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PREFACE

Veterinary ophthalmology has no deficiency of textbooks or atlases, and the available titles
are all very good. However, Small Animal Ophthalmology Secrets is different from the other text
books in the field. The format of The Secrets Series® relies on the authors to pose a question that
is commonly asked on exams or in the clinic and then follows up with an answer that is founded
on years of the authors' experience. The goal of this text is not to be all-inclusive; the standard
texts serve that purpose. The format and the content of this text provide key information in a way
that will save readers time and energy concerning topics that they need to know.

It is my hope that The Secret Series® will expand to include other veterinary ophthalmology
titles, such as large animal species and exotic species, because ophthalmology still turns me on.
It has been enjoyable working with my colleagues to complete this text, and their contributions
are much appreciated. In addition, we are all indebted to our animal patients, clients, students, in
terns, residents, and, last but certainly not least, veterinary technicians.

Ronald C. Riis, DVM, MS, DACVO
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FIGURE I. Dog nictitans. Diagnosis: follicular hyperplasia.

FIGURE 2. Pigeon iris. Diagnosis: normal "eye sign."

FIGURE 3. Dog iris with focal pigmentation. Diagnosis: iris nevus.

FIGURE 4. Cat cornea with central pigment and neovascularization. Diagnosis: sequestrum.



FIGURE 5. Dog eye with lens opacity. Diagnosis: cortical and perinuclear cataract.

FIGURE 6. Dog iris bulging pigemented tumor. Diagnosis: anterior uveal melanoma.

FIGURE 7. Cat cornea with neovascularization infiltrate. Diagnosis: stromal abscess.

FIGURE 8. Cat iris. unusual shape. Diagnosis: typical iris coloboma.



FIGURE 9.

FIGURE 10.

FIGURE 11.

FIGURE 12.

Cat iris with stromal rarification. Diagnosis: senile iris atrophy.

Dog cornea with extensive neovascularization. Diagnosis: keratoconjunctivitis sicca.

Dog iris. swollen and disfigured. Diagnosis: ocular manifestation of lymphoma.

Dog lens opacity. Diagnosis: congenital inherent cataracts.



FIGURE 13. Chocolate Labrador retriever fundus. Normal variation. Note choroidal vessels (*) and small tapetal
islands (**).

FIGURE 14. Tri-collie fundus. Diagnosis: small optic disc coloboma (*).

FIGURE 15. Dog fundus. Diagnosis: uveitis associated with pyometra (*).

FIGURE 16. Dog fundus with hemorrhage. Diagnosis: hemorrhage secondary to thrombocytopenia. Note:
hemorrhage is located in the intraretinal and photoreceptor layers, vitreal haziness over disc secondary to plas
moid effusion.



FIGURE 17. Merle collie fundus. Diagnosis: subalbinotic with small optic disc coloboma (*) and choroidal
hypoplasia (**).

FIGURE 18. Golden retriever. Diagnosis: normal variant. Note excessive myelination of optic disc (*) (pseudo
papilledema).

FIGURE 19. Cat fundus with large areas of altered reflectivity (*). Diagnosis: chorioretinal scars. Rule out
toxoplasmosis.

FIGURE 20. Cat fundus with linear scars (*). Diagnosis: ophthalmomyiasis (larvae tracks).



FIGURE 21. Cocker spaniel fundus with linear scars (*). Diagnosis: retinal folds or retinal dysplasia.

FIGURE 22. Portuguese water dog tapetal fundus showing vascular attenuation and hyperreflectivity. Diagnosis:
progressive retinal atrophy.

FIGURE 23. Labrador retriever fundus with tapetal hyperreflectivity (*), vascular attenuation (**), and nontapetal
pigmentation (***). Diagnosis: progressive retinal atrophy.

FIGURE 24. Springer spaniel fundus with scarring, unpigmented (*1 and pigmented (**1. Diagnosis: retinal
dysplasia.



FIGURE 25. Siberian husky with an albinotic tigroid fundus. Diagnosis: Bergmeister's papilla (*) (pearl-gray spherical body in center of optic disc).
FIGURE 26. Springer spaniel fundus. Diagnosis: retinal dysplasia (*) and optic disc hypoplasia.
FIGURE 27. German shepherd fundus. Diagnosis: flat retinal detachment (*).
FIGURE 28. Dog fundus. Diagnosis: bullous retinal detachment (*).
FIGURE 29. Owl fundus. Diagnosis: retinal hemorrhage (*) adjacent to and involving pecten secondary to trauma.
FIGURE 30. Cat fundus. Diagnosis: multifocal retinal detachments secondary to antifreeze toxicity.



FIGURE 31. Sable collie fundus. Diagnosis: large optic disc coloboma (*) and choroidal hypoplasia (**).
FIGURE 32. Dog fundus. Diagnosis: choroidal hemorrhage secondary to hypertension.
FIGURE 33. Dog fundus. Diagnosis: focal retinal detachment (*).
FIGURE 34. Chinchilla fundus. Diagnosis: normal.
FIGURE 35. Dog fundus. Diagnosis: multiple retinal scars secondary to distemper.
FIGURE 36. Rabbit fundus. Diagnosis: central optic disc depression and myelinated nerve fibers.



I. General

1. ELECTRICAL ACTIVITY OF THE VISUAL
SYSTEM: THE ERG AND THE VER

Ellis R. Loew, Ph.D.

1. What is the electroretinogram (ERG)?
The first step in the process of vision is the absorption of light by the primary receptor cells

and the transduction of this event into a membrane potential change. This change in potential is
called the receptor potential. The primary receptor cells (i.e., photoreceptor cells) of the visual
systemare the rods and cones. They are derived from ciliated cells and respond to a light increase
with a membrane hyperpolarization due to the closing of Na + channels. There is also a redistri
butionof ions in the inter- and intracellular spaces that results in extracellular currents. The mem
brane potential change leads to a change in transmitter release that affects the electrical activity
of neuronal elements proximal to the photoreceptors. These subsequent changes also produce ex
tracel�ular currents in the retina. In the end, stimulation of the ganglion cells leads to the produc
tion of action potentials that move over the inner retinal fiber layer and exit the eye via the optic
nerve. Only the ganglion cells produce action potentials. All other electrical activity in the retina
is graded. By measuring the changes in retinal activity in response to known stimuli, one can de
duce many of the characteristics of retinal processing underlying the visual process.

2. What is the electrical basis of the ERG?
There are always ions flowing within the retina because of the action of pumps, membrane leak

age and other potential differences. Moving charges are called a current, and a current flowing
through the resistance provided by the retinal structure produces a voltage according to Ohm's law
(E = IR where E is voltage, I is current, and R is resistance). To measure voltage, place two elec
trodes attached to some kind of voltmeter at two points in the current path separated by some dis
tance. If the line joining the electrodes is parallel to the current path, the full ohmic voltage is mea
sured. If the line joining the electrodes is normal to the path, and the current flow is uniform along
the path, then no voltage is measured. The magnitude of the measured voltage is a sine function of
the electrode axis relative to the current path. This is of great importance in measuring neuronal po
tentials because it points out the importance of electrode geometry in making accurate measurements.

The electrical events recordable from the retina are of two types. Intracellular recordings make
lise of microelectrodes and can measure the activity of single cells. The main voltage source being
measured is the transmembrane membrane "battery." Extracellular recording measures the poten
tial differences that arise between different parts of a cell or between cells. In these cases, the elec
trodes do not pierce the cell membrane, and, in fact, the electrodes can be quite large and remote
from the cells of interest. Extracellular measurements of retinal activity take advantage of the geom
etry of the retina, the location of "voltage sources," and the presence of a resistive layer (remember,
current flowing through a resistor produces a voltage-that is Ohm's law). Remember that there is
a continuous extracellular dark-current flowing from the inner segment to the outer segment of rods
and cones. This current is moving in a radial direction. Electrodes placed at the ends of the pho
toreceptor cell would record a voltage that was proportional to the current and the extracellular re
sistance (from Ohm's law!). If the electrodes were placed on either side ofthe outer segment, no po-
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tential difference would be recorded. If we imagine a layer of parallel outer segments with the elec
trodes "bridged" to the ends of all the cells using a conductive solution, the voltage we measure
would be the sum of the contributions from all the cells. This is called a mass-cell potential. The
concept to be gained from the above example is that those cells having currents flowing radially in
the eye can be recorded with the electrodes placed across the retina, whereas the cells whose extra
cellular currents flow in the plane of the retina will not be measured. Also, the potential seen by dis
tant electrodes represents the sum of all the radial currents flowing through the retinal resistance.

3. How is the ERG performed?
The vertebrate ERG takes advantage of the above geometrical considerations so that the re

sponse of the retina or whole eye can be recorded using external electrodes. In practice, a reference
electrode is placed on some part of the animal unresponsive to light but close to the eyes (e.g., the
forehead or the bridge of the nose), while a second, active electrode is placed in contact with the
cornea. Because the eye is filled with conductive solution and also sits in a conductive "pocket,"
these electrodes are effectively recording across the whole retinal layer. The active and reference
electrodes are connected to a differential amplifier whose output is the difference between these
two inputs. In this way, any signals such as motion artifacts or power line noise are minimized or
eliminated since signals common to the two inputs will cancel each other out. A third, common or
ground electrode placed on the ear or nape of the neck establishes the zero level of the system.

4. What are the ERG components?
The retina responds to a flash of light with a series of electrical changes representing the pas

sage of the stimulus through the retinal circuitry. As cells in the information pathway change their
electrical state, they contribute to the overall current flow within and across the retina. The record
ing electrodes sum these changes in space and time so that the potential measured at any instant
in time represents the activity of all the cell types electrically active at that time. This leads to the
appearance of a complex waveform of varying amplitude and polarity recorded under the corneal
electrode (Fig. I). In order to understand what is happening in the retina in response to a stimu
lus, it is necessary to ascertain how each contributing current generator in the retina responds sep
arately. Theoretically, if one knew the response characteristics of each cell type in isolation, the
complex ERG waveform could be reproduced by simple summation. There are three main com
ponents, or processes (P), that sum to produce the ERG: PI, PII, and PIII following the designa
tion of Granit (for a more detailed discussion of these and a number of minor components the
reader is directed to reference 3). PI is a slow, cornea positive wave that appears to be generated
by the pigment epithelium. It is not normally used in veterinary ERG diagnostics and will not be
further considered. PII is a fast cornea positive wave localized to the bipolar and Miiller cells. PIII
is a cornea negative wave issuing from the photoreceptors.

5. How do the components sum to produce the multiphasic ERG?
Figure I demonstrates how these components sum. The generation of the ERG proceeds from

the absorption of a photon train (a flash of light) by the photoreceptor cell outer segments. This
leads to activation of PlII, which pulls the corneal potential negative resulting in the initial nega
tive deflection of the ERG. The electrical changes in the photoreceptors, reflected in PIII, lead to
a change in transmitter release that, after a time delay, result in changes in bipolar and horizontal
cell activity as well as changes in extracellular ion concentrations activating PII. The horizontal
cell currents flow mainly in the plane of the retina and thus contribute little to the ERG. The rise
time of PII is faster and its amplitude greater than PIII because of amplification between the pho
toreceptors and the more proximal cells. This leads to a rapid increase in corneal positivity and a
resulting negative peak in the ERG, producing the a-wave. PII peaks rapidly and with its decay
produces another peak and identifiable wave, the b-wave. Because the decay of PII is faster than
that of PIlL there is often a late negativity in the ERG. Note that the only part of the ERG that can
be unequivocally correlated with the activity of a single cell type is the descending limb of the a
wave, which is a pure photoreceptor cell.
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Figure I. Component analysis of the vertebrate ERG. As seen, the negative monophasic wave generated by
the photoreceptor cells sums with the positive monophasic wave generated by the Miillerlbipolar cells to pro
duce the multiphasic ERG at the top.

The waveforms and amplitudes of the components depend on the intensity, duration, and
wavelength of the stimulus as well as adaptation state. As for all sensory responses, rise times and
amplitudes are proportional to the log of the stimulus intensity (i.e., as the stimulus intensity in
creases response amplitude increases and the time-to-peak decreases). For the ERG, this means
that the amplitudes of the a- and b-waves will increase as the stimulus intensity increases and their
time-to-peak or implicit times will decrease. These changes can be seen in Figure 2. Over a de
fined range, stimulus duration multiplied by stimulus amplitude is a constant. However, with in
creasing duration, there is the risk of initiating adaptational processes that can affect ERG wave
form. Wavelength affects response characteristics because of the spectral sensitivity of the
photoreceptors as determined by their contained visual pigments.

6. What kinds of stimuli are best for eliciting the ERG?
Although the retina can follow slowly changing stimuli, a rapid rise time stimulus such as

that produced by a photographic strobe, fast shutter, or light emitting diode (LED) ensures a rapid
activation of the transductional cascade and good temporal segmentation of the ERG waves. The
geometry of the stimulus is also important. The ERG is a mass cell response. Therefore, the best
responses will occur when the entire retina is stimulated. This is best achieved by placing the eye
in an integrating sphere ensuring that the visual field is filled with a uniform stimulus (a Ganzfeld
stimulator). A uniformly irradiated, frosted contact lens covering the pupil is a good approxima
tion of a true Ganzfeld. Sources that do not stimulate the entire retina can also be used success
fully as long as they stimulate a large retinal area. Intraocular scatter will ensure that areas not di
rectly stimulated will ultimately contribute to the ERG (this is particularly true for tapetal
animals).
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Figure 2. The effect of increasing stimulus intensity on the canine ERG (brightest at top). Note the a- and b
wave amplitude increases and decreases in implicit times. The stimulus was a 50-msec flash from a 470-nm
blue LED.

7. What are the minor ERG components?
A number of minor components and ERG features may be of diagnostic significance in cer

tain situations:
The c-wave. This is a slow, positive wave arising from PI and is believed to be due to changes

in RPE activity. It is best produced using long duration stimuli on the order of seconds. It is also
sensitive to adaptation state. Because it is a slow wave, it is best recorded using a direct current
(DC) amplifier or one with a long time constant-both of which require stable preparations.

The d-wave. This is an off effect again seen with long stimuli. Interestingly, it usually has
the same polarity as the normal "on" ERG event and is therefore not a typical rebound effect. This
may come from the fact that on and off responses are carried by different retinal pathways and
show different response properties. The d-wave shows the same changes with stimulus amplitude
as the on event.

The e-wave. This is a late event coming many seconds after an appropriate stimulus. Unlike
other waves, the implicit time of the e-wave increases with increasing stimulus intensity. It has
been associated with afterimage activity as the result of bright flashes given under defined adap
tation states.

Oscillatory potentials (P waves). Under conditions of fast rise times and bright stimuli, os
cillations may be seen on the ascending limb of the b-wave extending over the peak. These arise
from local feedback circuits operating between the retinal layers.

8. What parameters are measured in the clinical ERG and how do they relate to retinal
abnormalities?

In order to use the ERG diagnostically, it is necessary to establish normal values for the ERG
parameters most likely to be affected by retinal pathologies. This means generating ERGs with
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known and accepted stimuli and cataloging associated waveform parameters. The most obvious
parameters to record are the amplitudes and implicit times of the ERG wavelets. These can be
used to generate slopes, which in some cases may be more useful than their parent parameters.
For example, the slope of the descending limb of the a-wave is sensitive to changes in the trans
ductional cascade that are often associated with primary photoreceptor cell degenerations. Before
proceeding, it should be remembered that in some cases it is only important to determine that the
retina is responding to light with a qualitatively normal-looking response. This "all-or-none" ERG
is most commonly used for evaluation of prospective cataract extraction patients.

Some examples of possible ERG abnormalities can illustrate the utility of the test:
• Because the ERG is a mass cell response, it will be affected by a decrease in the number

of stimulated cells or by changes in their response characteristics. In the case of primary
photoreceptor cell degenerations, such as canine PRA, abnormal transduction and degen
erative changes lead to a decrease in PIlI for a given stimulus intensity. This would be seen
as decreased a-wave amplitude, increased implicit time, and decreased a-wave slopes. Be
cause activation of PII depends on PIlI, the b-wave is also affected with decreasing slopes
and amplitudes and increased implicit times. However, a-wave changes often may precede
b-wave changes owing to the gain between PIlI and PII. An intensity series also shows
changes in the normal pattern of ERG changes with stimulus intensity.

• Processes such as optic neuritis may differentially affect the inner and outer retinal layers.
In some cases this can lead to decreases in PII with a sparing of PIlI. This leads to a "neg
ative" ERG with only PIlI contributing substantially. As the neuritis resolves, the ERG may
return to normal with the return of PII. Increased intraocular pressure may also isolate PIlI
as the blood supply to the inner layers is reduced. Transient or early glaucoma can produce
the negative ERG waveform.

• PIll activates PII so that anything interfering with this activation will lead to a decrease in
b-wave with an increase in negativity. This kind of pattern is seen in some forms of con
genital stationary night blindness where there is a defect in synaptic transmission.

• The ERG results from retinal currents flowing through the retinal resistance (following
Ohm's law). A decrease in retinal resistance would lead to decreased ERG amplitudes with
implicit times staying normal. Changes in retinal resistance can be produced by structural
defects or metabolic changes in the resistive elements, such as the retinal pigment epithe
lium (RPE). One way to differentiate between amplitude decreases due to photoreceptor
cell pathologies or resistive changes is to calculate the a- to b-wave ratio and compare it to
normal values.

• One may stimulate the eye and get no recordable ERG as is seen in sudden acquired reti
nal degeneration (SARD) and advanced progressive retinal atrophy (PRA). Simply put, no
photoreceptor cells, no ERG!

9. What are the limitations of the clinical ERG?
Although the ERG can be used to differentiate among a number of retinal pathologies, it can

not be used to diagnose blindness. For example, imagine a situation where 90% of the retina has
been wiped out with only a small central 10% area remaining. With such a small number of cells,
the ERG could be lost in the noise and yield no response even though the animal can still func
tion visually. It is also possible to have a perfectly normal ERG in a functionally blind animal.
Remember that the usual ERG is an outer layer retinal phenomenon. A pathology of the ganglion
cells or their axons (i.e., optic neuritis) could stop information flow and cause blindness. Obvi
ously, central lesions could also produce blind animals with normal ERGs. The lesson here is that,
for the ERG to be useful in all but the all-or-none situation, it should be evaluated in the light of
other factors such as pedigree, ocular exam, and behavior.

10. What is the visual evoked response (VER)?
VER, also known as the visual evoked cortical potential (VECP or YEP), represents the ac

tivity of cortical areas resulting from retinal stimulation.
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11. How is the VER measured?
The exact protocols may vary, but the general idea is to place an active electrode over the oc

cipital region and reference this to an electrode placed at the vertex or nasion. Stimuli from a
strobe lamp, an ultrabright LED, or pattern stimulator are presented to the eyes and the responses
averaged over a second. The VER is seen as a series of waves occurring after the main ERG com
ponents, which are usually present as an artifact.

12. How is the VER used diagnostically?
In human medicine, VER is used to confirm the patency of the visual pathways, measure vi

sual acuity. check for albinism, and measure progression of multiple sclerosis by using delays in
the appearance of VER peaks. However, in companion animals, the VER normally is used only
to test for visual pathway patency.

13. Why is the VER not a standard diagnostic tool for companion animals?
Although it is easy to obtain a VER from a companion animal, standardization and the de

velopment of normal patterns to be used diagnostically are problematic. The measurement of the
VER is not as straightforward as the ERG because of large variations in the geometry of the skull
and the three-dimensional nature of the VER "generator" - the visual cortex. Variations among
breeds have not been cataloged nor have there been adequate age studies. The lack of quantita
tive data limits the usefulness of the VER. There is also the problem of electrode placement stan
dardization. In humans, the standard 10-20 EEG positions are used with the electrodes over the
visual cortex (0, and O2) being successively connected to one side of an amplifier whereas ref
erence electrodes are attached to the other. Standardization is possible because head dimensions
vary very little when expressed as percentage distances between landmarks such as the inion and
nasion and preauricular depressions. However, this is not the case for dogs and cats where dif
ferent breeds can have radical differences in head dimensions and placement of the head relati ve
to the rest of the body. This makes it almost impossible to develop a standard for dogs or cats. In
addition, interference from the ERG is a problem. In some breeds the relationship between skull
shape and eye placement makes it difficult to distinguish between late ERG components and the
VER, especially when bright flashes are used as stimuli. Although late VER waves can usually
be detected, any value of the early components is lost because of this uncertainty.
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2. COLOR VISION IN ANIMALS
Ellis R. Loew, ph.D.

1. What is color vision?
Light illuminating an object can be reflected, transmitted, or absorbed. These interactions im

part information about the object onto the light field that emanates from the object. The visual
system is adapted to extract object information from the two-dimensional light field and use it to
detect, recognize, and distinguish such objects from other objects and from the background. Dif
ferences between objects and backgrounds integrated over the spectral bandwidth of the illumi
nating light subserve brightness detection and discrimination. Spectral changes in the illuminant
due to interactions with objects are interpreted as color. Color vision is the ability to recognize
and distinguish objects based on their spectral reflectance as opposed to their relative broad-band
intensity variations.

2. What are the requirements for color vision?
The most fundamental requirement for color vision is the presence of at least two photore

ceptor cell populations (usually cones) differing in spectral sensitivity. Having two different vi
sual pigment opsins expressed in each of the populations satisfies this requirement. However,
spectral sensitivity may also be adjusted by interposing filters in front of the outer segments (e.g.,
oil droplets as in birds and reptiles) or through optical means (e.g., wave-guiding). In addition to
the two spectrally different detectors, there must be a neural network capable of comparing the
outputs of these two detector classes and extracting color or chromaticity signals from them.
Lastly, there must be interpretive centers that can "paint" the color information onto the percep
tual map of the visual world.

3. Why is color vision adaptive?
This is actually a question of the evolution of color vision by a species, which must improve

the probability that an individual having the capability will survive to reproduce. The need for
chromatic discrimination may not extend over the whole of the available spectrum but may only
have to be active over a particular spectral region of particular importance to the organism. We
often hear that this or that animal has color vision but it is not as "good" as ours. This is a mean
ingless statement since "good" can only be judged within the context of the visual world in which
the organism in question lives.

4. How does one determine if an animal has color vision?
As mentioned above, the presence of at least two spectral classes of photoreceptor is a pre

requisite for color vision. Given this, it might be thought that if one could confirm the presence
of two or more classes, color vision could be assumed. Unfortunately, this is not the case for it is
possible to have sensitivity in different spectral regions without extracting the information nec
essary to name colors. Nonetheless, finding more than one class is certainly suggestive of color
vision and often points the way toward experiments that can confirm color vision.

The two most common ways of checking the retina for different spectral classes of photore
ceptor are microspectrophotometry (MSP) and electrophysiology. In MSP, a retina is isolated
in the dark and the cells dispersed by maceration. Microbeams are shown through the outer seg
ments of the rods and cones and the contained visual pigment measured. The absorption spectrum
of the visual pigment, together with any pre-outer segment filters, sets the spectral sensitivity of
the cell. Once the visual pigment complement has been identified, the capabilities of a color vi
sion system based on these pigments can be modeled.

Electrophysiologic methods can be applied at any point in the visual pathway to measure
spectral sensitivity that can be referred back to the retinal photoreceptors. The paradigm is one in

7
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which stimuli that differ in color are used to excite the system, and the response is analyzed in
terms of the spectral nature of the stimulus. Constant response criteria are preferred, but constant
stimulus intensity series are also useful. If done at the level of the photoreceptor with either in
tracellular or suction electrodes, the data should be similar to that obtained using MSP, which
seems to be the case. If done at higher levels the responses are much more complex, but infor
mation about color capabilities is still possible. Recently Jacobs and his collaborators have used
a flicker method to isolate and number the spectral sensitivity channels in a number of vertebrates
including companion animals. The paradigm involves alternating a colored stimulus with a broad
band white one and asking the question, "what intensity colored stimulus is required to match the
response to the white stimulus?" This is done for a series of colored stimuli from the red to the
near ultraviolet (UV). The series is then repeated, only this time in the presence of a background
light chosen to desensitize red-sensitive cells. If such cells are present, there will be a change in
the spectral sensitivity curve, and by subtracting one from the other the spectral sensitivity of the
red channel can be calculated. In this way, Jacobs has found evidence that the majority of mam
mals are dichromats-they have two spectral sensitivity channels. Trichromacy, as seen in hu
mans and several other primates, is relatively rare.

Most recently, molecular techniques have been used to check for color vision. Starting with
the excellent studies of Nathans (1986) on the human color vision system, steady progress has
been made in examining many other species. The basic technique involves determining the opsins
(the protein moiety of the visual pigment) expressed in the retina by isolating mRNAs, making
cDNAs, using probes to pick out likely opsin candidates, and obtaining their nucleotide se
quences. These can be translated into amino acid sequences. Once the amino acids present at spe
cific "tuning" sites are known, the spectral absorption of the visual pigment that uses the opsin
can be calculated. It is also possible to insert a constructed opsin gene into an expression system
and then reconstitute the visual pigment by adding vitamin A aldehyde to the expressed opsin.
The absorption spectrum of the reconstituted visual pigment can be measured directly. This tech
nique has been most successfully applied to primates and rodents.

Of course, the best test for color vision is to demonstrate it behaviorally. That is, can an an
imal discriminate among objects based only on spectral characteristics as opposed to brightness
differences? In a typical test, animals would be trained to always go to a red card verses a white
card using classical conditioning techniques. Once the animal was operating at a reasonable con
fidence level, it would be asked to discriminate the red card from cards of other colors and bright
nesses. The whole process would then be repeated after training to another color. In this way a
color space could be constructed indicating which colors could be discriminated and how differ
ent they had to be to be discriminated. Although this sounds straightforward, it is fraught with dif
ficulties. Training the animal is difficult, and there are problems controlling for other cues such
as texture, position, or even odor. Only a few cases of behavioral testing have been unequivocal
in demonstrating color vision.

S. What about color vision anomalies?
It is well known that humans can suffer from alterations to their color vision system ren

dering them incapable of making color discriminations in particular spectral regions - that is,
they are color blind. It is now known for certain that color blindness results when one of the
normally present visual pigments is absent due to a mutation that eliminates one of the opsins.
For example, a person lacking the opsin for the red photoreceptor cannot distinguish between
reds and greens and is called a protanope. Loss of the green or blue opsins leads to discrimi
nation loss in other spectral regions. It is to be expected that such mutations would be present
in nonprimates. However, behavioral color blindness has not been confirmed in any other
species.

Of greater interest are mutations that alter the opsin at the sites that spectrally tune the visual
pigment. In these cases the normal number of opsins are present, but they are not in the "normal"
spectral position. This leads to a distortion ofthe color space meaning that these individuals would
see the world differently from their "normal" conspecifics. In humans such amino acid differences
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lead to conditions such as protanomaly and deuteranomaly. There is behavioral evidence that this
occurs in animals, particularly primates.

6. What do other animals see?
This is a common question and one that captures the imagination of animal owners and prac

titioners. If asked within the context of television, it can be said with certainty that our color tele
vision sets do not "work" for dogs and cats. Color television is designed specifically around the
human system and appears as color nonsense to other animals with different visual pigments and
spectral sensitivities. This does not mean that animals cannot recognize things on a television
screen, only that they cannot use color as a recognition cue. If one knew enough about the color
vision system of an animal, a true color television system could be made that would provide the
full richness of color we expect from our system. Only for the honeybee has such a system been
constructed, but once the canine genome is available, some enterprising person will probably fill
the void and offer a pet color television system complete with synthesized color movies for the
pet's enjoyment. Cat and horse television cannot be far behind!

7. What about color vision in other vertebrates?
Remembering the minimum requirements for color vision, it is not surprising that nonmam

malian vertebrates also have color vision systems. Among the best studied are fish, reptiles, and
birds. However, whereas three color channels appears to be the maximum number for mammals,
it is not uncommon for other animals to have four, five, or even six color channels. A good ex
ample from fish is the goldfish, which has four visual pigments in four separate classes of cones
including double cones. There are three cones sensitive in the human visible range as well as an
ultraviolet sensitive cone. In fact, most diurnal nonmammals have an ultraviolet cone leading to
the potential for quadrachromatic vision at higher order color vision systems. The goldfish is also
interesting because instead of using vitamin Al as the chromophore for making visual pigment,
it uses vitamin A2. The substitution of vitamin A2 for vitamin Al shifts the absorption spectrum
for visual pigments toward the red end of the spectrum. In general, freshwater fish use vitamin A2
for making visual pigments, and marine species use vitamin AI. For example, a switch to vitamin
A2 in humans would push the long-wave pigment from a Amax of 565 nm to approximately 625
nm. As a consequence, the spectral range over which the goldfish color vision system operates is
greater than for humans and other mammals, extending from the ultraviolet to the infrared. The
same is true for many tropical coral reef fish.

However, it is in reptiles and birds where vertebrate color vision really expands. Diurnal
reptiles not only have up to five visual pigments, some using vitamin A2 as the visual pigment
chrornophore, but they also can have a variety of highly colored oil droplets in their cones that
act as filters that change their spectral sensitivity (Fig. 1). These droplets act as cut-off filters
that can improve the spectral resolution in certain spectral regions. The combinations of pig
ments and droplets can lead to as many as six different chromatic channels before chromophore
type even comes into play!

The presence of so many color channels in other vertebrates begs the question of what we are
missing by having only trichromatic color vision that excludes the ultraviolet and infrared parts
of the spectrum. Spectroradiometric measurements of many natural objects show reflectance dif
ferences extending into the UV and the infrared. For example, many fruits have substantial UV
reflectance that not only could improve contrast, but also could add to the already available color
information in the visible spectrum to increase recognition cues for frugivores. It is also known
that many animal parts, such as the feathers in birds and the dewlaps in lizards, show variable UV
reflectance. At the other end of the spectrum, chlorophyll-containing plant parts are highly re
flective in the infrared with the spectral character ofthis reflectance depending on such factors as
chlorophyll concentration, age, prior light exposure (plants can tan!), or disease. We can only
guess at how rich in color the world would appear if we could look at it through the eyes of other
animals.
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3. OPHTHALMIC IMAGING
David A. Wilkie, D.V.M., M.S., andA. Michelle Willis, D.V.M.

1. What imaging techniques are available for imaging the eye and orbit?
Many varied imaging modalities can be applied in ophthalmology to assess the architectural

structure of the globe, adnexa, orbit, and visual system. Traditional imaging modalities include ra
diography and ultrasound, but as access to sophisticated equipment becomes more commonplace,
computed tomography (CT) scan and magnetic resonance imaging (MRI) are becoming routine
procedures in the assessment of clinical patients. In addition, newer imaging modalities are allow
ing access to in vivo ultrastructure and multidimensional views of the globe to permit a better un
derstanding and earlier diagnosis of ocular disease. The clinician must remember that ocular imag
ing is an addition to, not a replacement for, routine ophthalmic and physical examination.

Routine Imaging Modalities
Radiographs

Plain
Contrast studies

Ultrasonography
MRI
CT scan
Fluorescein angiography
Fundus photography

New Imaging Modalities
Ultrasound biomicroscopy
Color Doppler ultrasound
Confocal microscopy
Confocal scanning laser ophthalmoscopy
Nerve fiber analyzer
Optic coherence tomography

2. How do I decide which imaging technique to use?
The decision on the imaging modality depends on several factors. Availability and cost are of

ten the two most important factors because access to many of these tests is limited and many re
quire sophisticated and expensive equipment and diagnostic expertise in the interpretation of re
sults. The area of anatomic interest is also a factor. Imaging of the anterior and posterior aspects
of the globe require the ability to view soft tissue with high resolution while having a different re
quirement for depth of axial resolution. Although B-scan ultrasound can image the entire globe and
orbital contents, the axial resolution of ultrasound biomicroscopy and confocal microscopy is lim
ited in imaging the anterior-most aspect of the globe. Imaging of the adnexa and orbit varies de
pending on whether the soft tissue or bony structures are of interest. In general, radiographs and
CT scans are preferred for evaluation of the bony orbit and nasal and sinus cavities whereas MRI
and ultrasound are superior for the globe and orbital soft tissue, and MRI is best for central ner
vous system evaluation. Evaluation of the nasolacrimal apparatus and vascular anatomy can be per
formed using contrast radiographs and techniques such as dacryocystorhinography. Fundus pho
tography is used to document retinal vascular and optic nerve head changes for future comparison.
When combined with the technique of fundus photography, fluorescein angiography allows visu
alization of retinal arterial and venous blood flow and optic nerve and choroidal blood flow (Fig.
I). Areas of delayed filling, nonperfusion, leakage, and blocked fluorescence are evaluated.

Selection of an orbital imaging technique requires a thorough understanding of pertinent
anatomy applied to relevant clinical history and detailed ophthalmic examination. The clinical
findings should direct the clinician to the imaging study that provides maximum information and
narrows diagnostic considerations for the individual patient.

3. Which imaging modalities are clinically applicable and which are research tools?
In addition to a routine ophthalmic examination, ocular ultrasonography is perhaps the most

useful diagnostic imaging modality, allowing for rapid examination of the globe and orbit with
out requiring chemical restraint. Radiographs are also a common and useful aid, especially in

II
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Figure 1. Late-venous phase fluores
cein angiogram of a normal canine
retina.

evaluating orbital and sinus disease. In recent years, MRI and CT scan have become more read
ily available and are considered routine in most specialty practices.

While currently only available in limited facilities, the newer imaging modalities are offer
ing insight into disease pathogenesis and allowing accurate evaluation of extent of damage. Ul
trasound biomicroscopy and confocal microscopy are applicable for anterior segment disease, and
the nerve fiber analyzer, confocal scanning laser ophthalmoscope, and optical coherence tomog
rapher examine the posterior segment and are most applicable in the understanding of glaucoma
tous retinal and optic nerve damage. Color Doppler ultrasonography allows evaluation of oph
thalmic and orbital blood vessels to assess blood velocity and vascular resistance. This has
applications in diseases with altered hemodynamics such as glaucoma and diabetes mellitus.

4. What is the goal of performing ophthalmic imaging?
The goal of the clinician should be to assess intraocular and periocular structures not visible

by routine biomicroscopy or indirect ophthalmoscopy, to evaluate the extent of intra- and ex
traocular involvement in a disease process, and to examine structures that relate to the visual
process such as optic nerve, optic chiasm, optic tracts, and visual cortex that cannot be adequately
evaluated by routine examination. In addition, imaging techniques may help obtain a diagnosis,
formulate a treatment plan, or give a more accurate prognosis of outcome.

S. What are the indications for skull radiographs in ophthalmology?
Radiographs of the skull are indicated to evaluate orbital trauma, to evaluate nasal, sinus, and

oral disease with periorbital or intraorbital extension, and to look for bony destruction (Fig. 2).
The variation in the inter- and intraspecies (especially canine) anatomy of the skull combined with
the superimposition of structures often makes interpretation difficult. Use of lateral, dorsoventral,
ventrodorsal, oblique, skyline, and open-mouth views is often required to fully evaluate the orbital
and periorbital anatomy.



Figure 2. A, Plain radiograph of a 10
year-old canine with a swelling ven
tral to the right eye. Lucency sur
rounding rostral and caudal roots of
right maxillary PM4, compatible
with apical abscessation is noted. B,
Close-up of abnormal right rostral
and caudal roots of maxillary PM4.
C, Close-up of normal left premolars.
(Courtesy of J. Reichle.)
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6. When do I choose contrast as compared to plain radiographs?
Plain radiographs are indicated to evaluate the bony orbit, nasal and sinus cavities, and skull

(Fig. 3). They are obtained following head trauma, with exophthalmos and orbital disease, to eval
uate nasal and sinus cavity disease resulting in or affected secondarily to orbital disease and to
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Figure3.Plain lateralradiograph of a
dolicocephalic dog.Acircularareaof
bony sclerosis is visible anterior to
the orbit abovethe molars.

evaluate for radioopaque foreign bodies such as pellets. General anesthesia is advised, and dor
sal, lateral, and oblique views should be obtained. Evaluate the radiographs for fractures, bony
lysis/proliferation, and increased soft tissue density.

Following plain radiographs, contrast radiographs can be used to evaluate the nasolacrimal
apparatus, performing a dacryocystorhinography, and the vascular anatomy, using orbital
venograms and arteriograms. Dacryocystorhinography is performed by cannulating the superior
punctum and slowly injecting 1-2 ml of a radiopaque contrast agent into the nasolacrimal ap
paratus while occluding the inferior punctum (Fig. 4). The contralateral side is used as a normal
control if possible. In general, use of other contrast radiographic techniques to further evaluate
the orbit has been replaced by CT and MRI. In addition, CT and MRI are better suited to ascer
tain the extent of involvement of nasal, sinus, and orbital neoplasia prior to surgical or radiation
therapy.

Figure4. Contrast material has been
used to performa dacryocystorhino
gram of the dog in Figure3. The ra
diopaque contrastagent is poolingin
the area of previously noted bony
sclerosis, identifying a cysticdilation
of the nasolacrimal duct.

7, What are the indications for ophthalmic ultrasonography?
Ultrasonography is an inexpensive, noninvasive, safe procedure that allows evaluation of the

intraocular and retrobulbar tissue without sedation or general anesthesia. Ocular ultrasonography
is indicated whenever opacity of the transmitting media of the eye (cornea, aqueous humor, lens,
vitreous humor) prevents a complete ophthalmic examination. Ultrasound aids in evaluation of
intraocular mass lesions, differentiation between solid and cystic structures, evaluating the extent
of damage following ocular trauma, examination for a foreign body, axial length determination,
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and examination of retrobulbar orbital structures. The most common clinical indications for ocu
lar ultrasound are to evaluate for the presence of a retinal detachment in eyes with a cataract, to
assess posterior segment damage and examine for the presence of a foreign body following
trauma, and to evaluate intraocular structures in eyes with severe corneal opacification. In addi
tion, orbital evaluation can be performed in instances of exophthalmos or orbital trauma. New ul
trasound technologies include three-dimensional imaging, tissue characterization, and very high
frequency (50 MHz) ultrasound biomicroscopy. For a further discussion of ocular ultrasonogra
phy, please see Chapter 4.

8. What is ultrasound biomicroscopy?
Ultrasound biomicroscopy is similar to a conventional B-scan ultrasound, but uses an oper

ating frequency of 40-100 MHz to provide a high-resolution image of the cornea and anterior
segment. The axial resolution is 2-5 mm, but the image resolution is similar to a histopathologic
section. The cornea, sclera, limbus, iris, anterior chamber, iridocorneal angle, lenticular zonules,
and ciliary processes are all imaged. This technique is most useful in evaluation of the iridocorneal
angle in glaucoma and assessment of anterior uveal neoplasms, and it may prove useful in the de
termination of the depth of corneal involvement of squamous cell carcinoma or other infiltrative
corneal diseases.

9. What is the difference between CT and MRI?
CT, or CAT, stands for computer axial tomography. In general, CT scans provide high de

tail cross-sectional images with excellent contrast resolution compared with conventional radi
ographs. In addition the information can be manipulated to view the anatomy in any desired plain
of section. Like radiographs, CT scans rely on a radiation source to transmit x-rays, but do so by
rotating the source to create cross-sectional, two-dimensional scans. The data is then digitized and
analyzed to create a gray-scale reconstructed image. The lighter the appearance of the area im
aged (e.g., bone, muscle) the greater the absorption of x-rays; conversely, the darker the image
(e.g., fat, liquids), the lower the x-ray absorption. CT scans are excellent for evaluation of the or
bit, nasal, and sinus cavities and are good for the intraorbital portion of the optic nerve. CT is not
as good as MRI for soft tissue (globe, optic nerve) or intracranial examination. CT is most often
used to evaluate the extent of neoplastic involvement of the orbit and adjacent structures prior to
surgical and radiation therapy (Figs. 5 and 6).

Figure 5. A CT scan of an ll-year
old canine with progressive exoph
thalmos and strabismus of the left eye
of I month duration. A soft tissue
mass with bone production and de
struction is evident in the left
orbit/nasal cavity. Diagnosis: chon
drosarcoma. (Courtesy of J. Reichle
and Colorado State University.)
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Figure 6. A CT scan of a 13-year-old
canine. A soft tissue mass arising
from right nasal cavity with bone de
struction and invasion into orbit and
is evident. Diagnosis: probable nasal
adenocarcinoma (Courtesy of J. Re
ichle.)

MRI like CT allows information to be reformatted and viewed in any plain of section. Con
trast and spatial resolution are excellent and permit differentiation of soft tissue and fluid. MRI
images are obtained using a strong, static magnetic field that causes hydrogen protons to align
with the magnetic field. Radiofrequency pulses are then applied, changing the axis of rotation of
the protons, which then return to their previous alignment when the pulse is discontinued. This
generates a signal that is used to create an image. The image depends on proton-density and pro
ton-relaxation dynamics representative of the chemical and physical tissue properties. With MRI,
proton-density, Tl-weighted, and T2-weighted images are used with proton-density best for dis
criminating between gray and white matter, Tl-weighted images better for anatomic detail and
contrast enhancement, and T2-weighted for identifying masses, edema, and other fluids. T2 im
ages of the globe are easily identified by the white, high-density vitreous signal. In addition, con
trast enhancement using gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA) may help to
highlight areas of blood-brain barrier breakdown.

Appearance on MRI a/Various Tissues

GRAY WHITE LENS
WATER MATTER MATTER FAT BONE CORNEA CAPSULE LENS VITREOUS

Tl Black Light gray Medium gray White Black Gray White Black Light gray
T2 White Dark gray Dark gray White Black White Not seen Black White

10. When do I choose CT versus MRI?
CT is preferred for evaluation of orbital trauma, foreign body detection, and evaluation of os

seous, cartilaginous, or calcified structures. CT is most often used to evaluate the extent of neo
plastic involvement of the orbit and adjacent structures prior to surgical and radiation therapy.
MRI is better suited for assessment of soft tissues (Fig. 7). It is indicated to assess extraocular ex
tension of an intraocular neoplasm; evaluate orbital soft tissue, optic nerve, and optic chiasm; and
examine for intracranial disease (neoplasia, inflammatory). Use of fat-suppression and contrast
enhancement techniques makes MRI a superior technique over CT for intraocular and optic nerve
images. MRI is generally considered to be contraindicated when a metallic foreign body is sus
pected. An additional difference is that CT is generally significantly less expensive than MRI and
more widely available.



Figure 7. MRI of a 5-year-old canine,
blind in the left eye with peripapillary
retinal separation and retinal hemor
rhage. Enlargement and increased in
tensity of the left optic nerve on the
dorsal (coronal) view is seen. (Cour
tesy of J. Reichle and DC Davis.)
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4. OPHTHALMIC ULTRASONOGRAPHY
David A. Wilkie, D.V.M., M.S., andA. Michelle Willis, D.V.M.

1. What are the indications for ophthalmic ultrasonography?
Ultrasonography is a noninvasive, safe procedure that allows evaluation of the intraocular

and retrobulbar tissue without sedation or general anesthesia. Ocular ultrasound is an addition to,
not a replacement for, routine ophthalmic examination.

Ocular ultrasonography is indicated whenever opacity of the transmitting media of the eye
(cornea, aqueous humor, lens, vitreous humor) prevents a complete ophthalmic examination. Ul
trasound aids in evaluation of intraocular mass lesions, differentiation between solid and cystic
structures, evaluation of the extent of damage following ocular trauma, examination for a foreign
body, axial length determination, and examination of retrobulbar orbital structures.

The most common clinical indications for ocular ultrasound are to evaluate for the presence
of a retinal detachment in eyes with a cataract, to assess posterior segment damage and examine
for the presence of a foreign body following trauma, and to evaluate intraocular structures in eyes
with severe corneal opacification. In addition, orbital evaluation can be performed in instances of
exophthalmos or orbital trauma.

New ultrasound technologies, including three-dimensional imaging, tissue characterization,
and very high frequency (50 MHz) ultrasound biomicroscopy, have become available recently.

2. What type of ultrasound probe do I need?
When performing ocular ultrasonography, it is desirable to have high resolution, but it is not

essential to have deep tissue penetration. It is best to use a sector scanner with a small scan head
diameter (footprint) to facilitate optimal placement on the cornea. Transducer probes are avail
able in a range of frequencies. A low-frequency transducer (5 MHz) gives greater tissue penetra
tion but poor near-field axial resolution, and a high-frequency transducer (10 MHz) gives lower
tissue penetration but high near-field axial resolution. In simple terms, the higher the transducer
frequency the better the visualization of superficial structures such as those found within the eye.
The optimal ophthalmic transducer is a 10-15 MHz with a focal range of 3-4 em. This probe will
provide adequate depth of penetration to visualize the retrobulbar structures, enhanced resolution,
and ability to visualize the anterior intraocular structures such as the iris, ciliary body, and ante
rior and posterior chambers. Alternately, a 7.5-MHz transducer will give good ophthalmic images
of the lens, posterior segment, and retrobulbar structures, but the anterior segment will be lost in
the near-field reverberation artifact. To overcome the near-field loss a stand-off device, using in
creased sterile coupling gel or performing the ultrasound examination through closed eyelids may
help when using a 7.5-MHz transducer.

3. What is the gain setting?
Gain is measured in decibels and is also known as the sensitivity setting. In effect, increas

ing gain is similar to turning up the volume on a radio. By increasing the gain, you alter the in
tensity of the returning echo that is displayed on the screen, but do not alter the energy signal that
is emitted. This allows amplification of weaker signals such as those in the vitreous. Increasing
the gain setting too high will amplify background noise and result in false interpretation of struc
tures such as the vitreous. Decreasing the gain allows only the strong echoes to remain and ef
fectively increases axial and lateral resolution and decreases depth of sound penetration because
deeper, weak echoes are not displayed.

4. How do I perform an ophthalmic ultrasound?
Topical anesthesia of the cornea (proparacaine 0.5% [Alcaine, Alcon Laboratories]) and man

ual restraint is usually all that is required for ultrasonographic ophthalmic examination in most
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small animal patients. Sterile ultrasound coupling gel or K-Y Jelly is placed on the transducer tip
or on the corneal surface. Cellulose-based coupling gels should be avoided because they may
cause corneal irritation. The transducer is placed directly on the cornea, or the scan may be per
formed through closed eyelids or an offset device. Performing the examination through the eye
lids or an offset device will facilitate examination of the anterior portions of the globe, whereas
direct corneal contact provides a superior image of the posterior segment and orbit. When imag
ing through eyelids or an offset device, it may be necessary to increase the gain setting, and sig
nificant reverberation artifact may occur from air in the offset or that is trapped under the hair.
The globe is imaged in both the horizontal and vertical planes through the visual axis. Oblique
positioning of the probe should also be used for a complete examination. A temporal approach
has also been described that entails placing the probe caudal to the orbital ligament and directing
it ventrally to evaluate the retrobulbar structures. This technique allows superior visualization of
the optic nerve, extraocular muscles, and orbital fissure. At the completion of the study the cou
pling gel should be irrigated from the eye and conjunctiva using sterile eyewash.

The image is projected to and viewed on a built-in monitor and can be output to a television,
VCR. thermal printer. computer, or other image capture device.

5. What does a normal ultrasound look like?
In general, ultrasonographic images are described as hyperechoic, hypoechoic, and anechoic.

There are four major ocular acoustic echoes within a normal eye: anterior cornea, anterior lens
capsule, posterior lens capsule, and the retina/choroid/sclera (Fig. 1). When ultrasound energy
travels across these interfaces, energy will be reflected back to the transducer in the form of an
echo and will be seen as an echodensity. The iris, corpora nigra, ciliary body, optic nerve, orbital
fat, muscles, and other orbital structures may generate additional echodensities. The optic nerve
head or lamina cribrosa appears as a hyperechoic structure with the optic nerve itself seen as a hy
poechoic structure extending posteriorly from the optic nerve head. The orbital muscle cone ap
pears as an echodensity extending posteriorly from the equatorial region of the globe and con
verging toward the orbital apex. The anterior and posterior chambers, lens cortex and nucleus,
and vitreous chamber are normally anechoic.

6. What is the difference between A and B scan ultrasonography?
Ocular ultrasonography as a diagnostic tool includes both amplitude-mode (A-scan) and

brightness-mode (B-scan) ultrasound. In veterinary ophthalmology, B-scan ultrasound provides
a two-dimensional, cross-sectional, real-time image and is the most common mode of ultrasound

Figure I. IO-MHz Bvscan (top) and
A-scan (bottom) ultrasound of a nor
mal canine eye. The Bvscan echoden
sities, from left to right, are cornea,
anterior lens capsule. posterior lens
capsule. and posterior eye wall. Cor
responding A-scan peaks are evident
below. A portion of the anterior uvea
(iris, ciliary body) and retrobulbar
tissues are also evident.
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used in a clinical setting to obtain architectural information. A-scan is a one-dimensional, time
amplitude display and is used to determine axial length measurements, calculate intraocular lens
power for lens replacement surgery, and quantify the echodensity (tissue characterization) of a
structure. Most dedicated ophthalmic ultrasound units will display A-scan and B-scan images si
multaneously (see Figure 1).

7. What features are evaluated during the ultrasound examination?
The eye should be examined from anterior to posterior in both the horizontal and vertical

planes. The examiner evaluates the image in real-time allowing a mental three-dimensional com
posite to be created. First, determine that all normal structures are present, in normal position and
of normal echogenicity. This includes the anterior chamber, iris, axial anterior and posterior lens
capsule, vitreous, posterior eye wall, optic nerve, and orbital tissues. Evaluate for the presence of
echogenic material in a normally anechoic space such as the anterior chamber, lens cortex and
nucleus, and vitreous cavity. Determine the axial length of the lens and globe. Is the position of
the lens normal with respect to the iris and posterior eye wall? Interpretation of orbital tissues is
more difficult, but the contralateral orbit often can be used as a control, thereby aiding in the
interpretation.

8. How is ultrasound used in the preoperative cataract patient?
Prior to cataract surgery, an ocular ultrasound should be performed to evaluate the axial

length of the lens and the posterior segment. Specifically, lens resorption, vitreous degeneration,
retinal detachment, persistent hyperplastic primary vitreous, and persistent hyaloid remnant may
be noted. When cataractous, the entire lens circumference is visible and internal echos are seen
(Fig. 2).

In one retrospective study, the combination of cataract and retinal detachment was present in
13% and cataract and vitreous degeneration in 21% of dogs evaluated prior to cataract surgery.
Retinal detachment was seen in 7% ofthe eyes with immature cataract, in 9% of the eyes with ma
ture cataract, and 19% of the eyes with hypermature cataract (Fig. 3). Vitreous degeneration was
seen in 7%, 20%, and 28% of eyes with immature, mature, or hypermature cataract, respectively.

A-scan is also used to measure the axial length of the globe, which is required for intraocu
lar lens power determination. This is more common in human cataract surgery.

Figure 2. Ultrasound (7.5 MHz) of a
canine eye with a mature cataract.

9. How is ultrasound used in hyphema?
Hyphema can be the result of trauma, hypertension or hyperviscosity, bleeding disorders, in

traocular neoplasia, congenital abnormalities, and anterior uveitis. If the hyphema is severe
enough to prevent a complete ophthalmic examination, ultrasound may aid in determination of
the etiology and the prognosis. Hemorrhage in the posterior segment or a retinal detachment are
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Figure 3. Ultrasound (7.5 MHz) of a
canine eye with a cataract and a com
plete retinal detachment. This is the
contralateral eye of the dog in Figure
2. Note the subretinal space is ane
choic.
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both negative prognostic indicators for vision. Intralenticular echo indicates a cataract. The eye
should be evaluated for the presence of a foreign body or mass lesion suggesting a neoplasm. It
is important to assess the posterior eye wall in eyes with traumatic hyphema because expulsive
rupture of the posterior globe can occur.

10. How is ultrasound used in retinal detachment?
The diagnosis of retinal detachment is made based on the presence of an echodense linear

structure in the posterior segment. Many of these remain attached at the optic disk and ora ciliaris
retinae. During B-scan ultrasonography, a waving motion of the detached retina may be noted af
ter the eye has stopped moving, termed aftermovement. The presence of echogenic material in
the subretinal space suggests hemorrhagic or exudative detachment (Fig. 4).

Figure 4. Ultrasound (7.5 MHz) of a
canine eye with a complete retinal
detachment secondary to intraocular
blastomycosis. Note the exudative
material in the subretinal space.

11. How is ultrasound used in orbital disease?
Ultrasound examination of the orbit is best performed using a 7.5-MHz probe, which

allows deeper tissue penetration than is obtainable with a lO-MHz probe. Typically, orbital
ultrasonography is performed in instances of exophthalmos to examine for retrobulbar space
occupying lesions, to evaluate the optic nerve (Fig. 5), or following orbital trauma to assess
type and extent of damage. If an orbital mass lesion is present on ultrasonography, an attempt
is made to characterize it as cystic or solid and to determine its location within the orbit. If a
mass lesion is detected, it is possible to then obtain an ultrasound-guided fine-needle aspirate
or biopsy to assist in diagnosis. A temporal approach may be of benefit in evaluating orbital
disease.
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Figure5. Opticneuritis withintravit
real projection of the optic nerve
headandwidening of theopticnerve
shadow.

12. How is ultrasound used in intraocular neoplasia?
Ultrasound can be used to diagnose a mass lesion in eyes with hyphema or other opacities of

the transmitting media. With ultrasound, the extent of a mass can be determined and the image
used to help owners understand what is happening inside the eye. In addition, many ultrasound
units will allow area and volume calculations of the mass. This information is used to assess re
sponse to therapy, such as laser photocoagulation, or progression of an untreated tumor.

13. What do vitreous echoes indicate?
Liquefaction of the vitreous (syneresis) occurs in vitreous degeneration. The liquefaction

may be variable within the vitreous cavity resulting in tissues with different acoustic impedance.
Therefore. multiple echogenic lines or areas will be seen ultrasonographically in the vitreous cav
ity. The detection of vitreal syneresis depends on the gain setting of the ultrasound probe. By in
creasing the far field gain, subtle differences in echogenicity will be more pronounced, making
vitreous syneresis easier to detect. If the ocular examination is not performed at various gain lev
els. vitreous degeneration may go unnoticed.

Asteroid hyalosis is the accumulation of calcium and phospholipid particles. It is more com
mon in older dogs. in association with diabetes mellitus, retinal degeneration, and intraocular neo
plasia. Ultrasonographically, asteroid appears as many echodense structures suspended in the vit
reous (refer also to Chapter 45).

Vitreous hemorrhage may be seen in association with ocular trauma, hyphema, retinal de
tachment, and hypertension (Fig. 6). It is a negative prognostic indicator because it indicates more
severe ocular damage and may progress to fibrosis of the vitreous with resulting contraction and
retinal detachment.

Figure6. Traumawith hyphema and
intravitreal echodensity suggestive of
intravitreal hemorrhage.
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14. When is ultrasound indicated in ocular trauma?
Ultrasonography helps to determine the extent and severity of the injury, evaluate position

of the lens. assist in treatment selection, and allow the clinician to give a more accurate progno
sis. In many instances, ultrasonography is the only examination method of value in an eye that
is otherwise severely painful and opaque. In instances of severe eyelid swelling, the examina
tion can be performed directly through the eyelids. Care should be taken to avoid further trau
matizing the globe through excessive pressure exerted on the globe by the ultrasound probe. In
addition, avoid exposure of intraocular contents to the coupling gel in instances of corneal lac
eration or uveal prolapse.

Sequelae of penetrating trauma include shallow anterior chamber, fibrin in the anterior cham
ber, lens capsule rupture, hyphema, retinal detachment, vitreous hemorrhage, and possibly pos
terior eye wall rupture. Blunt or concussive trauma causes a rapid increase in the intraocular pres
sure and often results in an expulsive rupture of the weak areas ofthe globe such as the limbus or
posterior pole. Such an expulsive rupture will expel intraocular contents (lens, uvea, vitreous, and
retina) out of the eye and onto the face or into the surrounding environment. In addition, hyphema,
vitreous hemorrhage, retinal detachment, cataract, lens (sub)luxation and rupture, and choroidal
detachment can all occur with blunt trauma. It is important to assess the posterior eye wall in eyes
following blunt trauma because expulsive rupture of the posterior globe can occur.

15. What is ultrasound biomicroscopy?
Ultrasound biomicroscopy is similar to a conventional B-scan ultrasound, but it uses an op

erating frequency of 40-100 MHz to provide a high-resolution image of the cornea and anterior
segment. The axial resolution is 2-5 mm, but the image resolution is similar to a histopathologic
section. The cornea, sclera, limbus, iris, anterior chamber, iridocorneal angle, lenticular zonules,
and ciliary processes are all imaged. This technique is most useful in evaluation of the iridocorneal
angle in glaucoma and assessment of anterior uveal neoplasms, and it may prove useful in the de
termination of the depth of corneal involvement of squamous cell carcinoma or other infiltrative
corneal diseases.

16. Are artifacts or false readings possible?
The normal lens acts to refract the sound waves from the transducer, resulting in a faster pas

sage of sound through the peripheral compared with the central lens. This fact may result in the
posterior eye wall appearing to be closer to the probe and will be seen as two discrete retinal el
evations at the retinal surface, the size of which will vary with the scan angle. This artifact has
been termed "Baum's bumps."

Reduplication echoes result from the echo passing from an intraocular structure to the trans
ducer and back again. Because it will take longer for this echo to reach the probe and return into
the eye to be imaged, the artifact always appears deeper in the globe than the tissue of origin. The
typical reduplication echo occurs from the lens capsule to the transducer and back again and ap
pears as linear hyperechodensities in the mid to posterior axial vitreous and can be confused with
vitreous hemorrhage, inflammatory debris, or degeneration.

Absorption artifact occurs when a dense structure such as a cataract or intraocular foreign
body results in an acoustic shadow. This occurs because of the almost complete reflection of
sound from the dense structure with little or no sound passing beyond to image the deeper tissues.
This appears as an anechoic area some distance posterior to the hyperechoic structure and can be
confused with a mass lesion.

Additional artifacts occur when there is a failure to use adequate coupling gel resulting in a
gap between the transducer and the eyelid or cornea.
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II. Cornea and External

5. THE RED EYE

Daniel R. Priel1s, D.V.M., and Amy Knollinger, D.V.M.

1. What is the most common clinical sign of ocular disease recognized by the owner?
The red eye. Most cases of the red eye are benign. However, some cases can be vision threat

ening. Understanding the anatomy of the eye is important to diagnosing the etiology ofthe red eye.

2. What are the main causes of the "red eye"?
Conjunctivitis Keratitis
Episcleritis Scleritis
Uveitis Erosions/ulcers
Glaucoma Hyphema

3. Is localization of the redness important?
Yes, the redness may be focal or generalized. It may involve the eyelid, conjunctiva, epis

clera, sclera or corneal tissue. It may also involve the intraocular structures (Fig. 1).

4. What is the first step when a dog or cat presents with a "red eye"?
A thorough history and physical examination is mandatory. Important questions to ask in-

clude:
• Is there any history of trauma?
• Has there been any medication administered or change in current medication?
• Is there any illness to which your pet is currently being treated for?
• Any history of known or potential toxin exposure?
• Any history of previous eye surgery (nictitans gland removal, entropion, or eyelash

surgery)?
• Has there been any significant behavior changes?
• Any significant medical problems (nose bleed, blood in the feces or urine, generalized

malaise)?

Figure 1. Acute FHV-l conjunctivi
tis/keratitis in a kitten. Note the hy
peremia and intense chemosis.
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S. What is the next step?
A complete ocular examination is warranted. Localization of the redness is very important.
• Is it a focal or generalized problem?
• Does it involve the adnexa and/or is the redness intraocular?
Once the area involved is localized, a differential diagnosis can be made and further diag

nostics and therapeutic modalities can be initiated.

Episcleral Vessels

High tor

*Glaucoma

Low lOP

*Anterior uveitis

Normal lOP

*Episcleritis/

~etiS ->-8 .7'~-
Conjunctival Vessels

Allergic conjunctivitis
Viral conjunctivitis

Bacterial/fungal conjunctivitis
Eyelid abnormalities

Eyelash abnormalities

Keratoconjunctivitis sicca

Corneal ulceration

Orbital disease

Mass

Prolapsed nictitans gland

Nodular fascitis
Neoplasia

<,
~Focal

Hemorrhage

Trauma

Hyphema

Figure 2. Algorithm for Determining the Cause of a Red Eye in the Dog or Cat

6. How can I tell if the redness involves the conjunctival or episcleral vessels?
The conjunctival vessels are generally smaller and less intensely red. They are more mobile

than the episcleral vessels and blanch when I% epinephrine or 2.5% phenylephrine is applied.
Although not a hard and fast rule, generalized conjunctival hyperemia is associated with ex
traocular disease, and episcleral vessel engorgement is associated with intraocular disease.

7. What are the most common causes of conjunctivitis in the feline?
Conjunctivitis is usually infectious in the cat. Many times there will be a history of or con

current upper respiratory infection (URI). The most common cause of conjunctivitis is feline
herpesvirus-l (FHV-I), although Chlamydia and Mycoplasma may be the offending pathogen
(Figs. 3 and 4).

Figure 3. Chronic and severe FHV-l
infection in a kitten.



Figure 4. A grass awn was located in
the bulbar surface of the nictitans, al
though this case presented as bacter
ial conjunctivitis.
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8. How is FHV-l diagnosed?
FHV-I should be suspected any time a cat has conjunctivitis. FHV-1 is usually observed in

younger cats, although clinical signs can be seen at any age. It can be a bilateral or unilateral prob
lem. The presence of dendritic corneal ulcerations is highly suspicious of FHV-I, but these are
not commonly observed. Many times the history and presence of conjunctivitis that is nonre
sponsive to antibiotics are all the clinician has to use to make a clinical diagnosis.

9. Are there any laboratory tests that can be done to diagnose FHV-l?
Virus isolation, immunofluorescence assay (IFA), and serology are all available diagnostic

tests. Virus isolation is impractical and cost-prohibitive in the clinical setting. IFA has been proven
to be insensitive for FHV-I and therefore not usually used. Serology is also not practical because of
lack of predictable rising titers and cross-reactivity to antibodies that are produced by vaccination.

10. Are there new testing techniques available?
Yes, polymerase chain reaction (PCR) testing is becoming more available to clinicians. PCR

has high sensitivity and specificity for viral DNA and should be the test of choice for diagnosing
FHV-I. Conjunctival swabs or corneal or conjunctival scraping are simple diagnostic procedures
and all that are needed for testing. As more laboratories perfect this technique and make this test
available, FHV-I will be an easy and accurate diagnosis.

11. How is feline conjunctivitis treated?
In the event of an acute case, treatment starts with topical antibiotics administered three times a

day. Tetracycline and chloramphenicol are the first-line antibiotic therapies. If there is no response
to this medical management after 3-4 days, consider concurrent use of antiviral medications such as
trifluridine (I % (Viroptic), a commercially available topical antiviral medication. This medication is
expensive and can cause some irritation after application. Additionally, this medication needs to be
applied 5--6times a day during an acute outbreak. Another antiviral medication is idoxuridine (0.1%),
which must be compounded by a pharmacist. This medication is more cost-effective and causes less
conjunctival irritation. Although some laboratory evidence suggests that trifluridine is more effec
tive, it is preferable to start with 0.1% idoxuridine administered 4-6 times daily. Vidarabine mono
hydrate 3% (Vira A) ointment is also available and may be applied topically 3-4 times a day. Oral
antiviral medications appear to be effective with human and rabbit herpes virus outbreaks, but they
do not seem to have the same effect over FHV-I. Acyclovir shows the most promise for control of
FHV-I, but at this time it is not approved for use in felines because the full spectrum of side effects
has not been established. This therapy should be reserved for the most resistant of FHV-I infections.

12. Are there any good oral supplements that can be used?
Some evidence suggests that the oral supplementation ofL-lysine (250 mg capsule, every 12

hours) mixed in the food may lessen the severity of the herpetic lesions and lengthen the time be-
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tween recurrences. L-Iysine is an arginine inhibitor that slows the replication of FRV -1. This
amino acid is commonly used by humans with oral herpes problems.

13. If after using these medications, the eye has not responded, what should be done next?
FHV infections can be very frustrating for the clinician, the owner, and the animal. Refrac

tory or nonresponsive cases should be referred to a veterinary ophthalmologist. New antiviral
medications along with the use of oral or topical interferon may provide some control of FHV-I.
Although it is recommended never to administer topical or systemic corticosteroids with FHV-l
infections, some forms of stromal herpetic keratitis require anti-inflammatory therapy or non
steroidal anti-inflammatory solutions.

14. Conjunctivitis is present, but white plaques have formed on the conjunctiva and cornea
of a cat. What should I do?

A conjunctivial or corneal scraping is warranted. This is a common presentation of an
eosinophilic conjunctivitis and keratitis. The predominate cell type is usually the eosinophil, al
though plasma cells and lymphocytes may be present (see Chapter 9).

15. What causes this and how should it be treated?
The etiology of eosinophilic conjunctivitis/keratitis is unknown; however, a large percentage

of these cats are positive for FHV-I. Allergies and other viruses have been implicated but never
confirmed. The treatment is directed toward decreasing the immune response around the eye. Top
ical corticosteroids (0.1% dexamethasone phosphate) may be all that is needed to control the in
flammation. Treatment should be started every 8 hours and tapered by the response. Concurrent
FHV-I must be monitored, and, if suspected, antiviral medications may need to be administered.
If the infiltrates are nonresponsive to therapy, give 20 mg of methylprednisolone (Depo-Medrol)
subcutaneously, and a dramatic response is seen. Occasionally, systemic megestrol acetate can be
used at the dosage of 5 mg PO every 24 hours for 5 days and then tapered. Megestrol acetate is a
last resort for control of feline eosinophilic conjunctivitislkeratitis because of the systemic effects
caused by long-term usage, such as diabetes mellitus and pyometra.

16. Is canine conjunctivitis as difficult to treat as it is in the feline patient?
No. Vary rarely is canine conjunctivitis associated with a viral infection. Bacterial and fun

gal conjunctivitis is uncommon and usually secondary to eyelid abnormalities and keratocon
junctivitis sicca. Allergic conjunctivitis is also commonly seen and is often associated with atopy.
The use of a topical antibiotic and corticosteroid solution (neomycin-polymixin-dexamethasone)
is usually sufficient to control inflammation. Of course, it is necessary to rule-out a corneal ul
ceration with a fluorescein stain test before application of a topical corticosteroid. Corneal cul
tures may be warranted if infectious conjunctivitis is suspected. Other causes of conjunctivitis in
the dog need to be explored.

The ocular examination is very important. Any conformational eyelid abnormality such as en
tropion or ectropion could cause conjunctival irritation. If they are present, appropriate surgical
correction is warranted. The presence of distichiasis, trichiasis, or ectopic cilia will cause signifi
cant irritation. Very close ocular examination is needed because these cilia are difficult to visual
ize. The use of Rose Bengal stain is helpful in the localization of the offending cilia. Rose Bengal
stains devitalized corneal epithelial cells. A corneal ulceration does not need to be present to have
a positive Rose Bengal stain. Always be careful not to overlook a conjunctival foreign body. Grass
awns or other plant material hide behind the nictitans and cause an intense hyperemia (Fig. 4).

17. Excessive mucoid discharge is present. In fact, the owners reports that they need to
clean the discharge from the eye hourly. What should I do?

A Schirmer tear test (STT). An STT ofless than 10 mmlmin for dogs and less than 5 mmlmin
for cats is diagnostic of keratoconjunctivitis sicca (KCS). Many breeds such as cocker spaniels,
West Highland white terriers, bulldogs, shih tzus, and Lhaso apsos are predisposed and KCS
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should be considered in any red eye problem. Treatment of topical cyclosporine (Optimmune)
should be started. Adjunct therapy of tear supplementation, antibiotic, or antibiotic-corticosteroid
combination therapy should be used as indicated by the severity of the inflammation.

18. Are there any other causes of KCS?
Yes. Iatrogenic causes of KCS include the systemic use of sulfonamides and the surgical re

moval of the third eyelid. Systemic disease such as hypothyroidism, diabetes mellitus, Cushing's
syndrome, canine distemper, and chronic blepharoconjunctivitis should be considered. Systemic
nonsteroidal anti-inflammatory medication has recently been implicated as a cause of KCS. Fur
ther data are needed to confirm the association of KCS with their administration. KCS is rare in
cats but can be associated with chronic FHV-l infections (see Chapter 10).

19. Along with the red eye, the globe appears to be pushed forward. What should I do?
Exophthalmos is an indication of orbital disease. A common mistake is to confuse exoph

thalmia with buphthalmia (enlargement of the globe). If the globe itself is normal, the possibility
of retrobulbar disease needs to be explored. Anatomic variations can give the appearance of ex
ophthalmos and must be considered in the brachycephalic breeds. Lagophthalmia can also con
tribute to this variation.

20. What diagnostic tests should be done?
A complete ophthalmic examination is needed to assess the extent of the pathology present.

Increased resistance on digital retropulsion indicates an orbital mass. Pain observed on manual
opening of the oral cavity may indicate a retrobulbar lesion. A thorough examination is needed
to evaluate the soft palate especially in the area of the second molar. Ocular or orbital ultra
sonography will help to define the retrobulbar lesions. Radiographs, MRI,and CT scan may be
warranted (see Chapter 3).

21. What are the major categories of the orbital disease?
Inflammatory, cystic, and neoplastic causes should be considered. Orbital abscesses can cause

a red, exophthalmic globe. Once the diagnosis is obtained, appropriate therapy should be initiated.

22. Are there any extraocular neoplastic disease that can cause a red eye?
As previously discussed, orbital neoplasia needs to be considered. Although rare, conjuncti

val neoplasia is possible, and any mass identified should be biopsied and resected. Appropriate
adjunct therapy should be considered as determined by the type of neoplasia. Neoplasia of the nic
titans is more commonly observed. Biopsy should be considered prior to removal of the entire
third eyelid because the gland is responsible for 20-30% of tear production. Therefore, the re
moval of the third eyelid could predispose the animal to KCS (Fig. 5).

Figure 5. A melanoma located at the
leading edge of the nictating mem
brane.
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23. Neoplastic cells were not reported on my conjunctival biopsy. A diagnosis of episcleritis
was given. What does it mean?

Inflammatory diseases of the episcleral tissue are rare and can be difficult to define. The first
thing to do is to eliminate other causes of episcleral tissue inflammation. Keratitis, uveitis, and
glaucoma must be ruled out. Episcleritis is thought to be an underlying autoimmune disorder al
though the etiology is frequently not determined. Episcleritis is defined as generalized, necrotiz
ing, or nodular. Generalized episcleritis is usually responsive to topical corticosteroids. Necro
tizing episcleritis is extremely challenging, rare, and a topic unto itself. Nodular episcleritis is
more difficult to treat and is characterized by raised nodules usually at the limbus. Many names
such as nodular episcleritis, nodular fascitis, fibrous histiocytoma, and others have been given to
this condition. The criteria for naming this condition can be confusing, and the type and number
of cell types (plasma cells, histiocytes, lyrnphoytes, and fibroblasts) are used to classify the lesion.
It is possible that all these lesions are essentially the same, just at different stages of development
(see Chapter 48).

24. Although naming the condition of episcleritis is important, how do you treat it?
This can be a very difficult disease to manage. Along with topical corticosteroids, systemic

immunosuppressive medications are warranted. Topical 0.1% dexamethasone can be used 3-4
times daily along with a tapering dose of oral prednisolone (I mg/kg every 12 hours for 4 days,
than I mg/kg every 24 hours for 4 days, and then I mg/kg every other day). If the inflammation
is severe, use azathioprine at a dosage of 1-2 mg/kg daily for 2 weeks and then taper as dictated
by response to the medication (Fig. 6).

25. It appears nodules could just be surgically resected. Is medical treatment necessary?
For isolated nodules. the inflammatory tissue can be debulked surgically followed by use of

liquid nitrogen to freeze the area of concern. However, systemic immunosuppressive medication
should still be used in conjunction with the surgery. Reoccurrence is commonly observed, and
multiple cryosurgery procedures may need to be performed (Fig. 7).

26. What is scleritis?
Scleral inflammation is associated with the stromal elements of the sclera. This has a deep

red or bluish-red appearance. The engorged vessels are not movable. Scleritis can be quite un
comfortable and, when the necrotizing form is present, quite devastating to the eye. Etiology is
assumed to be autoimmune, and systemic immunosuppressive medications should be used as dis
cussed with episcleritis (Fig. 8).

27. Are engorged, deep episcleral or scleral vessels always considered scleritis?
No. Glaucoma and uveitis are also possibilities that need to be considered. The redness can

be intense and associated with considerable discomfort with both of these disease processes. The

Figure 6. Episcleritis in a mature cat.
It was partially responsive to topical
corticosteroid therapy.



Figure 7. Nodular episcleritis in a
collie.

Figure 8. Generalized scleritis in a
Labrador retriever.
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measurement of intraocular pressure (lOP) is critical to differentiate uveitis from glaucoma. Glau
coma is associated with lOP> 22-25 mmHg. Corneal edema, epiphora, and light sensitivity can
be associated with both disease processes. However, the presence of a dilated nonresponsive pupil
is usually indicative of glaucoma. The measurement of lOP in conjunction with clinical signs
should help you to key in on your clinical diagnosis. (For further discussion on glaucoma and
uveitis, see Chapters 13-15.)

28. Are there any other external ocular causes of a red eye?
Of course, we cannot forget to discuss the most common corneal problem. Corneal abrasions

or ulcerations are very common and can cause an intensely red and painful eye. The use of fluo
rescein stain will help to aid in this diagnosis. The type of ulceration is important to discern so
appropriate therapy can be started. Ulcers that are refractory to treatment and do not heal within
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Figure 9. Indolent ulceration in a
boxer. Note the epithelial lipping pre
sent.

Figure 10. Infected corneal ulcera
tion in a canine. Pseudomonas aerug
inosa was cultured.

5-7 days may be considered an indolent ulcer or erosion. Indolent ulcers require epithelial de
bridement and a superficial punctate keratotomy to be performed to help stimulate healing. Ap
propriate antibiotic and anticollagenase medication may be necessary for treatment of infected ul
cerations (see Chapter 7) (Figs. 9 and 10).

29. What is hyphema?
Hyphema, or blood within the eye, will definitely cause the eye to appear red. Hyphema can

result from trauma, retinal detachment, coagulopathies, or vasculitis from uveitis or neoplasia.
Retinal detachment as a sequela to systemic hypertension can result in hyphema. A very thorough
physical examination is warranted to evaluate for other systemic problems. If systemic problems
are identified, proper treatment should be started immediately. Ocular treatment is focused on de
creasing any existing uveitis to prevent secondary glaucoma (see Chapter 35).
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6. CORNEAL DYSTROPHIES

Alexandra van derWoerdt, D.V.M., M.S.

1. What are the clinical characteristics of corneal dystrophy?
Corneal dystrophy is usually a bilateral, symmetrical, familial, noninflammatory corneal dis

ease that is not associated with systemic disease.

2. What is the most common owner complaint?
Owners will often notice a "white spot" in the cornea without ocular discomfort.

3. Describe the clinical appearance of corneal dystrophy in general.
Corneal dystrophy usually appears as a very focal, well-demarcated, white, crystalline or

metallic-like lesion in the (para) central cornea. The lesion is often in the anterior stroma, and the
epithelium covering the dystrophic area is usually intact. Affected dogs do not experience any oc
ular discomfort if the epithelium is intact. It is usually bilateral. One eye may be affected prior to
the other eye becoming affected (Figs. I and 2).

4. How do I distinguish corneal dystrophy from corneal fibrosis?
Corneal fibrosis has a diffuse gray-whitish appearance and is always the result of some sort of

insult to the cornea such as trauma, previous ulceration, or chronic Keratoconjunctivitis sicca
(KCS). These lesions usually have neovascularization. Corneal dystrophy has an intense white ap
pearance and consists of multiple little crystal-like opacities rather than a diffuse opacity (Fig. 3).

5. How do I distinguish corneal dystrophy from corneal edema?
Corneal edema may be either focal or involve the entire cornea. Corneal dystrophy is always

a focal lesion. An edematous cornea has a hazy, bluish appearance, and a grid pattern can be seen
with magnification. The dystrophic area in the cornea has a bright white appearance, and multi
ple crystal-like structures can be seen on close inspection. Corneal edema is often associated with
other (intra)ocular diseases such as glaucoma, anterior uveitis, lens luxation, and corneal ulcera
tion. Corneal dystrophy is not usually associated with other intraocular diseases.

6. In which layers of the cornea is the dystrophic material located?
The subepithelial stroma is most commonly affected. In the beagle and Siberian husky,

deeper layers of the stroma may be affected as well.

Figure I. Circular superficial lipid
corneal dystrophy. This lesion was
found in both eyes by the owner. No
discomfort was noted.
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Figure 2. Elliptical (race track) su
perficial lipid corneal dystrophy. No
neovascular response, which is typi
cal of these dystrophies.

7. What is the biochemical composition of the infiltrate in corneal dystrophy?
The infiltrate in the cornea consists of a combination of cholesterol, cholesterol esters, phos

pholipids, and neutral fat.

Figure 3. Multiple punctate lipid
corneal dystrophy.
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8. What additional diagnostic tests should be performed?
A biochemistry profile including cholesterol, high-density lipoprotein, low-density lipopro

tein, and triglycerides is recommended. Evaluation of adrenal and thyroid function may be indi
cated as well. Addressing any abnormalities found may help arrest the dystrophy.

9. Describe the treatment for corneal dystrophy.
Medical treatment is usually not effective in corneal dystrophy. A superficial keratectomy

may be used to remove the affected area of the cornea. Excimer laser therapy has been used to
treat selected cases of corneal dystrophy.

Some superficial epithelial dystrophies exfoliate the outer layers of the cornea enough to
cause hypersensitivity to the sensory nerves, inducing squinting and possibly tearing. These cases
heal in a matter of days. Artificial tears used frequently reduces the sensitivity and aids in the heal
ing process.

10. Which breeds of dogs are most commonly affected?
Although this disease has been reported in many breeds, the breeds in which this disease has

been described in most detail are the beagle and the Siberian husky. Other breeds include the Shet
land sheepdog, Cavalier King Charles spaniel, and Airedale terrier.

Corneal Dystrophy in the Dog: Affected Breeds'-!"

BREED AGE OF ONSET LOCAnON IN CORNEA INHERITANCE

Airedale terrier 6--1 I months Axial, all layers Sex-linked, recessive
Alaskan malamute > 2 years Similar to beagle
Beagle 3.5 years Nebular: anterior stroma

Race track: all layers
White arc: stroma and

subepithelial plaques
Bearded collie > I year Subepithelial
Bichon frise > 2 years Subepithelial
Cavalier King 2-5 years Anterior stroma
Charles spaniel
Collie (rough) 1--4years Anterior stroma
English toy spaniel 2-5 years Stroma
German shepherd 1-6 years
Golden retriever < 2 years Anterior stroma
Lhasa apso Subepithelial
Mastiff Subepithelial
Miniature pinscher 1-2 years Subepithelial
Pointer Similar to Siberian husky
Poodle (miniature) > I year Epithelial Suspect recessive
Samoyed 5 months-2 years Stroma
Shetland sheepdog 4 months Subepithelial, superficial stroma
Siberian husky 0.4-2 years All layers of cornea Autosomal recessive

Ring-shaped Variable expression
Weimaraner 1-8 years Subepithelial
Whippet 3-5 years

Other Breeds Affected6,l O

Afghan hound
Basenji
Belgian sheepdog
Boston terrier
Boykin spaniel
Boxer
Briard
Chesapeake Bay retriever

Chinese shar pei
Cocker spaniel
Curly coated retriever
Dachshund
English setter
English springer spaniel
German pinscher
Irish wolfhound

Labradorreuiever
Nova Scotia duck tolling retriever
Rottweiler
Standard schnauzer
Vizsla
Yorkshire terrier
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11. Describe the clinical appearance of corneal dystrophy in the beagle.
The lesions are oval, horizontal and on average 3 X 5 mm in size. Three clinical types have

been described.
I. The nebular form is located in the anterior third of the stroma and has a uniform ground

glass appearance.
2. The race-track form involves the stroma full thickness and has a dense outer ring sur

rounding a lighter center.
3. In the white-arc form, white plaques located subepithelially are overlying a nebular or

race track form lesion. The epithelium is usually intact.
The opacities may progress from nebular through race-track to white-arc patterns.

12. What is the clinical appearance of corneal dystrophy in the Siberian husky?
Corneal dystrophy in the Siberian husky can manifest itself in five different patterns de

pending on the location within the corneal stroma. The infiltrate may be present (I) in the anterior
part of the stroma, (2) as refractory crystals in the posterior stroma, (3) as homogenous deposits
in the posterior stroma, (4) as a combination of both anterior and posterior stroma, or (5) as full
thickness corneal dystrophy (the most severe form). The infiltrates are present in a doughnut
shaped pattern (Fig 4).

13. Why is corneal dystrophy in the Shetland sheepdog different from corneal dystrophy
in most other breeds of dogs?

Corneal dystrophy in the Shetland sheepdog is characterized by muItifocal, superficial irreg
ular rings 1-3 mm in diameter that are initially located in the (para)central cornea. Recurrent
corneal erosions may occur associated with the dystrophic lesions, making this a potentially
painful disease. Distichiasis, decreased tear film break up time, low T4 levels, and abnormal lipid
profiles have been reported in affected dogs. Treatment consists of treating the corneal ulcerations
associated with the dystrophy using topical antibiotics with or without atropine, cyclosporine, or
hyperosmotic agents. These ulcers may behave as indolent ulcers and additional treatments such
as grid keratotomy, punctate keratotomy, or soft contact lens placement may be required. A viral
etiology has been suggested, but not proven, to be present. Antiviral therapy, such as idoxuridine,
has been suggested in treatment of this disease.

14. Do dogs go blind from corneal dystrophy?
Corneal dystrophy rarely results in visual impairment with the possible exception of the

Siberian husky and the Airedale terrier. The dystrophy can involve a large area of the cornea in
these breeds resulting in visual impairment.

15. Is corneal dystrophy inherited?
There appears to be a genetic predisposition in certain breeds. It is presumed to be caused by

Figure 4. Siberian husky corneal dy
strophy. This dystrophy is deep stro
mal and a little more difficult to visu
alize.
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Hyperlipoproteinemia
Diabetes mellitus
Hypercalcemia
Hypervitaminosis D

a recessive gene with variable expression in the Siberian husky. A possible sex-linked, recessive
inheritance has been suggested in the Airedale terrier. A recessive mode of inheritance is sus
pected in the miniature poodle.

16. Do I need to recommend against breeding a dog that has corneal dystrophy?
The Canine Eye Registration Foundation (CERF) in cooperation with the American College

of Veterinary Ophthalmologists has established guidelines for breeding advice for each individ
ual breed of dogs. Contact your veterinary ophthalmologist for further details on specific breeds.

17. What are the characteristics of corneal degeneration?
Corneal degeneration may affect one eye or both eyes. It is a secondary change in the cornea.

It is often asymmetrical if it involves both eyes. It is usually associated with inflammation in the
cornea, and it may be associated with systemic diseases. In addition to lipids and cholesterol, cal
cium may be present in corneal degeneration as well. Corneal ulceration and vascularization of
the affected area is common.

18. Name a few systemic diseases that may be associated with corneal lipid or calcium in
filtration.

Hypothyroidism
Cushing's disease
Pancreatitis
Uremia

19. What is the treatment for corneal lipid infiltration?
Diagnosis and treatment of the underlying disease mayor may not result in spontaneous res

olution of the lipid infiltration. Corneal lipid infiltration secondary to hypercholesterolemia may
respond to a fat-restricted diet.

20. What is endothelial dystrophy?
Endothelial dystrophy or endothelial degeneration refers to the premature loss of endothelial

cells that is most commonly seen in the Chihuahua, Boston terrier, and dachshund. The loss of
endothelial cells results in progressive corneal edema and may lead to bullous keratopathy and
nonhealing corneal ulcers (Figs. 5 and 6).

21. How do you determine that endothelial dystrophy is the cause of corneal edema?
This is a diagnosis by exclusion. Other important causes of corneal edema such as glaucoma,

anterior uveitis, anterior lens luxation, or corneal ulceration need to be excluded. Diagnostic tests
include measurement of the intraocular pressure, fluorescein staining of the cornea, careful ex-

Figure 5. Boston terrier with endothe
lial dystrophy. The graying of the
cornea is stromal edema. Note the
clear (normal) zone ventrally.
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Figure 6. This endothelial dystrophy
caused so much edema centrally that
the cornea bulged forward (kerato
conus). Also present are multiple blis
ter-like areas (bullous keratopathy).
Some resolution was obtained by the
use of hyperosmotic ointments.

amination of the eye for the presence of signs of anterior uveitis (i.e., conjunctival hyperemia,
aqueous flare, miosis), or lens luxation (lens in the anterior chamber, deep anterior chamber if the
lens has luxated posteriorly). Specular microscopy may reveal a decreased number of endothelial
celis, but this is not usually available in a clinical setting.

Examination tip: Globe digital pressure applied through the lids will temporarily cause hy
pertension within the globe to increase the density of the corneal edema if endothelial degenera
tion is present).

22. What is the treatment for endothelial dystrophy?
There is no treatment for the disease itself. The loss of endothelial cells is permanent. The

secondary corneal edema can be treated using hypertonic solutions or ointments (2.5-5% NaCI
ointments). Corneal ulcers associated with the corneal edema will often behave as indolent ulcers
and may need to be treated as such (see Chapter 7). Thermokeratoplasty may be beneficial in ad
vanced stages of the disease. Penetrating keratoplasty is the treatment of choice in human beings.
Its use in veterinary ophthalmology is limited, mainly because of donor cornea availability.

23. What is posterior polymorphous dystrophy and in which breed of dog does this occur?
This is a focal dysfunction of corneal endothelial cells resulting in multifocal posterior

corneal opacities. This has been reported in the American cocker spaniel.
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7. CORNEAL EROSIONS (INDOLENT ULCERS)

Alexandra van derWoerdt, D.V.M., M.S.

1. What is an indolent ulcer?
An indolent ulcer is a nonhealing superficial corneal ulcer or erosion with nonadherent ep

ithelial edges.

2. Name a few other terms that are used to describe an indolent ulcer.
Boxer ulcer
Recurrent erosion
Refractory corneal ulcer
Rodent ulcer

3. In how many days does an uncomplicated ulcer usually heal?
An uncomplicated corneal ulcer should heal within 3-5 days. Erosions are called persistent

if they have been present for more than 14 days.

4. In which species have indolent ulcers been reported?
Dogs, cats, and horses.

5. What breeds of dogs most commonly develop indolent ulcers and at what age?
The boxer is the breed in which this condition has been most extensively studied. Other

breeds that appear to be predisposed include the Australian cattle dog, Boston terrier, English
springer spaniel, golden retriever, Labrador retriever, miniature poodle, miniature schnauzer, and
Welsh corgi. The average age of affected dogs is approximately 9 years.

6. Describe the histopathologic abnormalities in a cornea with an indolent corneal ulcer.
Ultrastructural examination of affected corneas has revealed abnormalities in the basal cell

basement membrane complex with a lack of hemidesmosomes and a thickened and irregular
corneal epithelial basement membrane. A thin superficial acellular zone ofhyalin collagen, which
may act as a barrier to epithelial adhesion, has also been shown to be present in affected areas.

7. What are the most common complaints of owners of dogs with an indolent ulcer?
Dogs with an indolent corneal ulcer usually present with the complaints of redness of the eye,

chronic discharge from the eye, and mild blepharospasm. If the dog has already been treated by
another veterinarian, owners may indicate a lack of response to treatment with topical antibiotic
ointment or solution with or without atropine. A dog with an indolent corneal ulcer may show sur
prisingly little discomfort considering the size of the ulcer.

8. How are indolent ulcers diagnosed?
An indolent ulcer is diagnosed by clinical signs and exclusion of other etiologies of a non

healing superficial ulcer. The tear production should be measured using a Schirmer tear test to rule
out keratoconjunctivitis sicca (KCS). A careful examination of the conjunctiva and eyelids should
be performed looking for the presence of distichiae or ectopic ciliae. The conjunctival cul-de-sac
should be inspected for the presence of a foreign body. After application of a topical anesthetic,
the loose epithelium can easily be removed from the edges of the ulcer using a dry cotton swab.

9. List the most common ophthalmic abnormalities in an eye with an indolent ulcer.
Ophthalmic examination may reveal the following abnormalities:

Mild blepharospasm
Mild epiphora
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Exposure keratitis
Lagophthalmos
Neurotrophic keratitis
Presence of a foreign body
Infection

Conjunctival hyperemia
Superficial corneal ulcer with redundant epithelial edges

A reflex miosis of the pupil usually does not occur in dogs with an indolent ulcer, and the
pupil is usually of normal size. Fluorescein stain may migrate under the loose epithelial edges. In
general, indolent ulcers are superficial and do not involve the stroma, and there is no cellular in
filtration into the ulcer. Cytology may be normal or show nonseptic inflammation (Figs. 1-3).

Figure 1. Corneal erosion showing
the irregular edges of the epithelial
exfoliation.

Figure 2. A corneal erosion showing
the roughened epithelium at the
edges of a fluorescein-stained lesion.
Note the stain is positive beyond the
edges of the loosened epithelium.
Once the loose epithelium is re
moved, the original erosion is made
considerably larger.

10. What is the differential diagnosis of an indolent ulcer?
Other causes of nonhealing ulcers include:

Decreased tear production
Goblet cell deficiency
Distichiae
Ectopic ciliae
Other eyelid abnormalities (e.g.,

entropion, eyelid tumors)
Endothelial cell degeneration with secondary corneal edema predisposes the cornea to the de

velopment of bullous keratopathy (blisters), which may progress to superficial corneal ulcers.

11. What additional diagnostic tests should be performed?
Tear production should be measured. The conjunctival cul-de-sac should be carefully inspected

for the presence of abnormal hairs or foreign bodies. Evaluate a thyroid panel. Approximately 44%
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Figure 3. An erosion stained with flu
orescein showing the stain uptake un
der the visible edges of the lesion.
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of the erosions evaluated in boxers also had hypothyroidism. Supplemental thyroxine decreased
healing time and prevented either recurrence or the opposite eye from developing an erosion.

12. How is an indolent ulcer treated?
The loose epithelium needs to be debrided using dry cotton swabs after application of topical

anesthetic to the cornea. After debriding the cornea, the resulting ulcer is usually significant larger
than the original ulcer. Aftercare consists of topical antibiotic solution or ointment three to four
times a day with or without topical atropine. (Therapy tip: Keep in mind that some antibiotics, es
pecially the "rnycins," inhibit epithelial mitosis and cell migration-so don't over medicate).

Additional procedures that can aid in healing of these ulcers include a grid keratotomy using
a 25-gauge needle or punctate keratotomy using a 20-gauge needle and placement of a soft con
tact lens or collagen shield. The dog may experience some discomfort after these procedures,
which can be treated with an oral nonsteroidal anti-inflammatory drug (NSAID) such as buffered
aspirin at a dose of 10 mg/kg/body weight once or twice daily.

Additional medications that have been used to aid in healing include 5% NaCI ointment or
solution if significant corneal edema is present, autogenous plasma or serum, fibronectin, aprotinin,
epidermal growth factor, and polysulfated glycosaminoglycans. Ophthalmic tissue adhesives and
superficial keratectomies have also been used in the management of these lesions (Figs. 4 and 5).

An Elizabethan collar is indicated if excessive rubbing of the eye occurs.

13. Describe the mechanism of action of aprotinin in treatment of an indolent ulcer.
Aprotonin inhibits the enzymes (chymo)trypsin, plasmin, and kallikrein. Excessive plasmin

levels have been shown to be present in animals with persistent corneal erosions.
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Figure 4. A central ulcer being
strengthened by tissue adhesive (N
butylcyanoacrylate). Note that the
adhesive should be a thin overlay al
lowed to extend to the edges of the
erosion.

Figure 5. Tissue adhesive in place over an erosion. Ap
proximately 2-3 weeks are required for healing and re
jection of the glue.

14. Why do polysulfated glycosaminoglycans have a beneficial effect on healing in some
dogs with an indolent ulcer?

Polysulfated glycosaminoglycans act by inhibiting protease activity. The proteolytic activity
of lacrimal fluid in eyes with an indolent ulcer has been shown to be significantly higher in a high
percentage of affected dogs than the proteolytic activity of lacrimal fluid of normal eyes.

15. Explain the beneficial effect of epidermal growth factor on healing of indolent ulcers.
Epidermal growth factor (EGF) stimulates mitosis in the corneal epithelium. Topical appli

cation of EGF resulted in resolution of an indolent ulcer in 8 out of 10 affected dogs witbin 2
weeks, compared to 2 out of 10 dogs treated with a placebo.

16. How is grid keratotomy performed?
Topical anesthetic is applied to the cornea, and the abnormal epithelium is removed using a

dry cotton swab. A 25-gauge needle is used to make multiple superficial microincisions
(scratches) into the cornea in a grid pattern, 1-2 mm apart. The grid should cover the entire ulcer
and extend a few millimeter into normal cornea.
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17. What is a punctate keratotomy?
Punctate keratotomies can be performed with a 20-gauge needle or a Yag laser. Prepare the

surface as with the grid procedure. The objective is to disrupt the exposed stroma by superficially
fracturing the collagen. The needle technique superficially penetrates the stroma from a 45-60°
angle then exits the stroma at 90°. This produces a ticking sound. Each site leaves a stellate white
abrasion, which serves as an anchor site for migrating epithelium to adhere onto. The entire area
should be treated. Once healed, these punctate sites become imperceptible except on slit lamp ex
amination (Fig. 6).

18. Which surgical procedures have been used in the management of indolent ulcers?
Chemical cauterization, temporary tarsorrhaphy, nictitans and conjunctival flap procedures

and superficial lamellar keratectomy have all been reported in the management of indolent ulcers.
A nictitans flap was found to have no beneficial effect in one study. A superficial keratectomy
may be highly beneficial in refractory cases, with the disadvantage of requiring specialized
equipment and general anesthesia.

19. What is the reported success rate of debridement with a cotton swab only?
In one large retrospective study, 84% of indolent ulcers healed with one or more debridement

procedures of the cornea in an average of 23.4 ± 11.1 days. Sixteen percent needed additional
surgical procedures to heal.

Figure 6. Punctate keratotomy proce
dure.
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20. What is the reported success rate of debridement followed by grid keratotomy?
In one large retrospective study, all ulcers treated with debridement and grid keratotomy

healed, although 17% of cases required more than one procedure. Average healing time was 13.4
::!:: 5.1 days. Similar findings were obtained with punctate keratotomy.

21. What is the reported success rate of superficial keratectomy?
In one large retrospective study, all ulcers treated with superficial keratectomy healed with

one treatment in an average of 9.3 ::!:: 3.9 days.

22. Explain the mechanism through which grid keratotomy and superficial keratectomy en
courage healing of an indolent ulcer.

Abnormal hyalin collagen is present in the corneal stroma in the area of an indolent ulcer that
acts as a barrier to epithelial adhesion. Both grid keratotomy and superficial keratotomy will dis
rupt this barrier, allowing migrating corneal epithelial cells to be exposed to the subepithelial type
I collagen. This will lead to a more effective attachment between the epithelium and the stroma.

23. Why might an ulcer appear to be healed but then recur?
The epithelium may migrate over the ulcer bed but fail to properly attach to the underlying

basement membrane and stroma. This may give the impression that the ulcer has healed, but the
weak epithelium will quickly retract from the stroma creating the impression of a recurrence when
in fact the original ulcer has never healed properly.

24. What can be done to prevent these ulcers from recurring?
There has been little information reported in the literature regarding prevention of indolent

corneal ulcers. Application of a lubricating ophthalmic ointment twice daily may help to protect
the cornea from environmental irritants and may help to decrease the forces applied to the corneal
epithelium by the eyelids during normal blinking.

25. What infectious agent may be associated with indolent ulcers in cats?
Geographic corneal ulcers associated with feline herpes virus type I may behave as indolent

corneal ulcers.

26. Is the treatment of an indolent ulcer the same for dogs and cats?
No. The use of a grid keratotomy has been associated with the development of a corneal se

questrum in cats. Repeated debridement of the cornea using a cotton tipped applicator is indicated
in the treatment of a nonhealing ulcer in the cat. Antiviral therapy is indicated when herpes virus
is suspected to be an etiologic factor.
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8. FELINE CORNEAL SEQUESTRUM
Ronald C. Riis, D.V.M, M.S.

1. What is unique about feline corneal sequestrum?
It is a keratopathy seen predominantly in the feline species.

2. What other names have been given to this condition?
Corneal mummification
Corneal nigrum
Corneal necrosis
Necrotizing keratitis
Corneal sequestrum.

3. What are the characteristic clinical signs?
A dark brown-to-black spot in the central or paracentral cornea. Depending on chronicity, the

cornea mayor may not have neovascularization. The surface of the sequestrum has no epithelium.
Fluorescein stain does not light up sequestra, only around the sequestra. Sequestra usually pre
sent with minor blepharospasm and little mucopurulent discharge but with brownish tears. They
are usually initially unilateral with the opposite eye at high risk. Recurrence is also possible. The
highest incidence of occurrence of sequestra is found in brachycephalic cats (Figs. 1-4).

Figure 1. Central corneal sequestrum
with associated diffuse corneal edema.
Fluorescein stain is positive only
around the pigment.

4. What is the etiology of these sequestra?
Corneal sequestra have not been reproduced in experimental studies. Prolonged exposure

of the central cornea from causes such as neuroparalytic or neurotrophic conditions and sicca
have been suggested. Sequestrum following a bout of rhinotracheitis (FVH-l) has been re
ported clinically and experimentally; polymerase chain reaction (PCR) herpesvirus DNA have
been found in keratectomized samples.

5. What is the treatment for sequestra?
Removal by superficial keratectomy is recommended. It is difficult to judge the depth of

the sequestrum prior to surgery. Therefore, the keratectomy may begin as a superficial proce
dure and end with a more radical procedure if the majority of the corneal thickness has to be
removed. Because more radical procedures involve many options, it is much easier to keratec
tomize small, superficial sequestra than to wait and see if the cornea will vascularize to reject
the sequestrum.

46



Feline Corneal Sequestrum

Figure 2. Large superficial sequestrum
that was not noted by owner; however, the
dark discharge was a complaint.

Figure 3. Large superficial and deep se
questrum present for 6 months. Note the
neovascularization and scarring. Surgical
keratectomy required a free Tenon's grafts
to support the compromised cornea.

Figure 4. Sequestrum that was finally extruded after
9 months. Note the damage to the cornea generated
by months of reaction as evidenced by neovascular
ization and scarring.
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6. What other procedures may be necessary to remove sequestra?
If the surgical site needs to be supported with additional tissues, the options are numerous.

Conjunctival flaps (180-360° and pedicle), Tenon's free graft, sliding corneal conjunctival graft,
corneal grafts, and surgical adhesives all do the job. Ifdonor corneas are available, both full-thick
ness and lamellar keratoplasties give postsurgical results that have clear central corneas as do the
sliding corneal-conjunctiva grafts. Leukomas are usually the sequelae of grafts from Tenon's cap
sule, flaps, and glues (Figs. 5-8).

Figure 5. Deep keratectomy of a cen
tral corneal sequestrum showing the
incision extending away from the se
questrum into the conjunctiva.

Figure 6. The sequestrum is removed
by lamellar undermining with a Mar
tinez spatula. The corneal splitting is
carried beyond the limbus into the
conjunctiva.

Figure 7. The split corneal layers are repositioned to appose
together into the void left by the excised sequestrum.
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Figure 8. The sliding conjuncti
val-corneal graft is sutured to the
adjacent cornea with 8-D Vicryl.
Note the central cornea now has
clear tissue, but the periphery of
the graft is opaque from the con
junctiva.

7. Following the surgical procedure elected, is it necessary to medicate the eye topically?
Yes, most ophthalmologists prefer to medicate a corneal wound with a broad-spectrum an

tibiotic. Culture and sensitivity tests from the surgical site should be submitted on all keratectomy
cases. The results many times are negative, possibly because the patient has been on topical an
tibiotics presurgically. Those that have resulted in positive cultures have a high incidence of Mi
CroCOCClIS, which usually will respond to antibiotics, such as tobramycin (Tobrex) or ciprofloxacin
(Ciloxan). Ointments are preferred mainly for their longevity. Allografts and heterografts should
also be treated with 0.2% cyclosporine (Optimmune) twice a day for 3-6 months, depending on
acceptance of the graft. In addition to the above, topical corticosteroids (dexamethasone) should
be used for regression of neovascularization once the healing has taken place.

8. Should atropine be used postoperatively?
Initially, mydriasis is indicated, so a dose of 1% atropine pre- and postoperatively usually

lasts 3-5 days. If atropine solution is used frequently and over days to weeks, the medication
causes adverse effects that outweigh the desired effects.

9. If some pigment remains in the deep stroma after the keratectomy, is that bad?
The incomplete removal of the stromal pigment does not have adverse long-term consequences.

A faint tint of brown may be the worst remaining consequence, but the healing will progress.

10. Where does the pigment come from?
It is not known for sure. It may arise from the lacrimal gland or from the conjunctival flora.

The pigment, whatever its source, can be noted in the tears. It can stain the hairs around the eyes;
it can be absorbed onto tissue paper; and, if you treat an ulcerated cornea with a soft contact lens,
it will densely stain the contact. Attempts to identify the stain have proven the pigment to be a
protein (Fig. 9).

11. In which cat breeds are sequestra most prevalent?
The breeds of highest incidence of sequestrum occurrence are the Burmese, Himalayan, and

Persian. These breeds all have shallow orbits and protruding eyes, which make their corneas par
ticularly vulnerable to microtrauma from trichiasis, entropion, lagophthalmia, and associated dis
eases of the adnexa.

12. Is there anything that can be done to prevent recurrence if the diagnosis of sequestra
tion has been made and surgical treatment instigated?

Although there are no guarantees, it is helpful to start a topical antiviral at the first indication
of corneal irritation and confirmation of an ulcerative process. Also, vaccines should be main-



50 Feline Corneal Sequestrum

Figure 9. Contact lens removed from
a postkeratectomized eat's cornea
after only 2 days of placement. The
pigment absorbed into the contact on
the left with such affinity that it could
not be washed away.

Figure 10. Champion Persian with
unilateral sequestrum.

Figure 11. Champion Persian close
up of the left eye sequestrum shown
in Figure 10.

tained faithfully to keep the titer high. Supplemental oral lysine can be considered. Antivirals can
be used in conjunction with antibiotics. Even Champion Persians are susceptible (Figs. 10 and 11).
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9. FELINE PROLIFERATIVE
KERATOCONJUNCTIVITIS

Ronald C. Riis, D.v.M, M.S.

1. Is the feline species the only species to acquire proliferative keratoconjunctivitis?
No, the equine species also has a similar syndrome.

2. Have these syndromes been identified?
Collectively, they have been called eosinophilic keratitis.

3. Why is that term used?
The typical lesion is pink to white and is proliferative, from the surface of the cornea, con

junctiva, or nictitans. It is irregular on the surface and in shape. Transillumination of the eye dis
plays dense neovascularization reacting to the involved areas. If cytology is performed from the
lesions that are whitish and raised, the cellular response has high numbers of eosinophils among
a mixed population of other inflammatory cells (Figs. 1-5).

Figure l. Note the proliferations at
the limbus. This is an early manifes
tation of the syndrome.

4. What factors might confuse the interpretation of the cytology of proliferative kerato
conjunctivitis?

Inflammatory cells and high numbers of free rod-like bodies sometimes appear similar to rod
bacteria. Comparing the intact numbers of eosinophils found with other cells will clarify whether
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Figure 2. This pink thickening of the
medial cornea is a rather smooth in
filtration of proliferative keratitis.

Figure 3. The proliferative compo
nent of this keratoconjunctivitis
looks severe, but complete resolution
was obtained with treatment.

Figure 4. The appearance of this le
sion is raised enough to rule oulin situ
neoplasms, but cytology confirmed
tremendous numbers of eosinophils.
The response to treatment was excel
lent.
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Figure S. Electron microscopy of feline proliferative keratopathy. The inflammatory cells on the surface are
eosinophils with their characteristic cytoplasmic granules (7,ll7X).

Figure 6. Electron microscopy at the edge of a lesion of feline proliferative keratopathy. Epithelial degener
ation with vacuolation at the basement membrane and stromal collagen disorganization (lIS,300X).
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eosinophils have released their cytoplasmic granules. The slide preparation technique may cause
this traumatic fracture of the cells; a gentle blotting or rolling of the material gathered usually
yields more intact eosinophils.

5. Are the eye manifestations in any way related to the dermatologic syndromes?
No, the ocular lesion is unique.

6. Is there any consistency to ocular involvement or breeds involved?
Usually, the condition presents as a unilateral problem; however, it has been seen bilaterally.

Previously diagnosed cases can re-present with the opposite eye involved. There is no breed or
sex predilection.

7. What is the etiology of proliferative keratoconjunctivitis?
The etiology is uncertain, however, one study found PCR-positive results against feline

herpesvirus-I (FHV-1) in 76.3% of the surgical samples taken from proliferative lesions. To add
to the uncertainty, this author has diagnosed and treated specific-pathogen free (SPF) cats with
proliferative keratoconjunctivitis.

8. What is the treatment for proliferative keratoconjunctivitis?
The lesions respond to corticosteroids. Depending on how aggressive you choose to be, top

ical, subconjunctival, and oral medications all are effective. If the cat is difficult to treat and the
lesions are large, all three routes can be used. Initially, give 0.1 ml of 40 mg/ml of methylpred
nisolone (Depo-Medrol) subconjunctivally. Oral megestrol acetate should be prescribed: 5
mg/day for 1 week, then 5 mg/every other day for 1 week, then 5 mg/every third day for 2 weeks,
and tapering off after 6 weeks. Minor lesions need to be treated only with the topical medication.

9. Are there concerns over the use of megestrol acetate?
Yes, owners should be warned about possible polydipsia-polyuria signs. Most cats lose these

adverse signs once the dose is reduced or stopped. Some weight gain has also been noted on Ov
aban, which is now off the market.

10. Causing a flare-up of FHV is a concern with corticosteroids use. Do nonsteroidal anti
inflammatories work?

Topical 0.1% diclofenac, 0.03% flurbiprofen, 1.0% indomethacin, and 1.0% Suprefen all re
duce the neovascularization and, therefore, slow the proliferative course of the disease. These
medications need to be used 4-6 times per day for several months, but the results still may not be
as good as with corticosteroids. Another drawback is that cats become tired of frequent, long-term
eye medications, and their owners feel they cause a bonding loss with this ritual.

11. Can a different therapy approach be used other than corticosteroids?
Yes, immunomodulators have been used.

12. Which immunomodulator has worked?
Interferon alfa-2a has been successful when used at an oral dose of 1000 IUlday/week, fol

lowed by no treatment for 1 week, then again back on medication. This alternating schedule is
continued as necessary, but eventually the treatment is completely cancelled. In severe cases, oral
interferon is supplemented with topical steroids.

13. How is the interferon prepared?
Interferon alfa-2a (Roferon-A Roche Pharmaceuticals) is sold in units containing 3 million

IU. Aliquots are made up with 10,000 IU/ml and dispensed with directions to give oral 0.1 ml
(1000 IU)/day.
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14. Are there any adverse effects from interferon in cats?
The only reported side effect is a reduced white blood cell level, which returns once the in

terferon is stopped. The alternating weekly dose helps keep the white blood cell level.
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10. KERATOCONJUNCTIVITIS SICCA

Seth A. Koch, V.M.D., M.M.Sc., and John Sykes, D.V.M.

1. What is Keratoconjunctivitis sicca (KCS)?
KCS (kerato means "cornea" and sicca means "dry") is a disease in which the primary

lacrimal gland has, for a variety of reasons, stopped functioning. The primary lacrimal gland sup
plies the aqueous portion of the precorneal tear film.

2. Describe the portions of the precorneal tear film.
Of the three parts of the precorneal tear film, the aqueous layer is the most copious, the lipid

layer and the mucin layer are produced by the tarsal glands and the conjunctival goblet cells, re
spectively. The aqueous layer is responsible for causing KCS.

3. What is the primary lacrimal gland?
There are two lacrimal glands in the canine and feline. The primary lacrimal gland is located

at the lateral aspect of the upper lid (2-3 mm from the lid margin). The ducts of the lacrimal gland
bathe the corneal surface. The secondary or accessory lacrimal gland, or gland of the third eye
lid, is responsible for about 30% of the total aqueous tear production. This gland can be negli
gently or mistakenly removed when it becomes swollen ("cherry eye"). Removal of this gland
may result in significant decrease in tear production. In susceptible patients (breed related), there
will be a resultant "dry eye" syndrome. A number of accepted surgical techniques should be used
to ensure appropriate cosmesis and continued function of the gland. For discussion of the various
surgical techniques see Chapter 12.

4. Which breeds are susceptible to KCS?
A number of breeds are disproportionately affected with KCS. The English bulldog, cocker

spaniel, Pekingese, West Highland white terrier, schnauzer, and Yorkshire terrier are the most
common breeds observed with the syndrome. The Yorkshire terrier has been reported to have con
genital acinar hypoplasia as a genetic defect, and KCS is, therefore, seen in the young "Yorkie."

5. What are the clinical findings of KCS?
As with many other ocular irritative diseases involving the conjunctiva and cornea, the pa

tient will exhibit discomfort, photophobia (discomfort in bright light), blepharospasm (blinking),
copious ropey mucopurulent discharge, crusting of the lid margins, corneal neovascularization,
ulcers, and keratinization (pigment deposition) (Figs. I and 2).

6. This sounds just like a conjunctivitis. Where's the sicca?
The sicca part of the KCS is what makes the diagnosis of the disease definitive. Any case of

conjunctivitis seen in practice should have a Schirmer tear test performed to distinguish KCS from
the other conjunctivitides.

7. What is the Schirmer tear test?
The tear test is a piece of filter paper of a specific type that is usually dye-impregnated for

ease of reading. The strip of paper is bent at the indicated crease and inserted into the inferior con
junctival cul-de-sac at the lid margin. The amount of wetting that occurs in I minute is the
recorded result. The conjunctival cul-de-sac should be cleansed with a dry cotton-tipped applica
tor to remove the debris prior to doing the test.

8. What's a normal reading for the Schirmer tear test?
Using the dye-impregnated strips, a finding of 12-15 mm of wetting in 1 minute is consid

ered normal.
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Figure I. Dog eye with classical mu
copurulent discharge. Note the dry
ness of the cornea allowing the dis
charge to stick to the surface and
accumulate in the medial canthus.

Figure 2. Dog eye with chronic kera
toconjunctivitis sicca. The cornea is
densely pigmented with a central
leukoma. The eye is very red and the
discharge mucopurulent.

9. Does the disease occur only in dogs?
No. KCS occurs in cats as well. In fact, any case of conjunctivitis in the cat should have a

Schirmer tear test performed. The normal Schirmer tear test for a cat is 10 mmJl minute.
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10. What causes KCS?
There are many etiologies. The most commonly stated is immune deficiency disease. Other

etiologies include viral distemper; congenital acinar hypoplasia (Yorkshire terrier); iatrogenic, ei
ther by drug-induced disease (sulfa class of drugs) or by removal of the secondary gland ("cherry
eye") (30% of the tear film production); trauma; neurologic; endocrinopathy (thyroid, Cushing's,
diabetes); and, of course, neoplasia.

11. How is KCS treated??
If the primary etiology can be determined and it is treatable, then obviously it should be

treated. For example, KCS from thyroid disease may resolve with thyroid therapy. In addition or
if the etiology is not known, the eye must be kept moist. The modalities for a "wet eye" are arti
ficial tears, cyclosporine, pilocarpine, antibiotics, and corticosteroids.

The consensus is that many KCS cases are immune related, and cyclosporine is the modal
ity of choice for this etiology. Cyclosporine stimulates the lacrimal gland by its action as a T-cell
immunosuppressant.

Artificial tears have an effective life of 8-10 minutes, so it takes a lot of applications to keep
an eye moist. If both "mom" and "dad" are working 8 hours a day, not much is accomplished with
artificial tears. Topical antibiotics and antibiotic-corticosteroid combinations are used to re
duce infection and inflammation wherever appropriate (if there is an accompanying corneal ulcer,
antibiotic-corticosteroid is contraindicated).

Pilocarpine is a parasympathomimetic that can stimulate the lacrimal gland to function, if
there is any gland to stimulate. It must be given in high enough doses to have a systemic effect,
and therefore it can also negatively affect the respiratory and cardiovascular systems. Some have
advocated its use topically as an irritant to cause reflex tearing and as a direct parasympath
omimetic. These authors are opposed to pilocarpine for KCS treatment.

12. Is KCS a hard disease to treat?
It takes a lot of work: clean-up, treating, and "staying on top of it." A 60-day trial period of

topical therapy will be enough to determine the efficacy of the therapy. If, at the end of 60 days,
there hasn't been a dramatic change, then surgery is indicated. If there has been a positive change
in 60 days, medication must be continued indefinitely. Cyclosporine is only effective for short pe
riods of time and must be given continuously. Other supportive therapy is also necessary.

13. Are some KCS cases just not responsive to cyclosporine treatment?
A few breeds of dogs seem to be unresponsive. The German shepherd, samoyed, and West

Highland terrier top the list.

CONTROVERSIES

14. Is cyclosporine indicated when the etiology ofKCS is known not to be immune deficiency?
Probably no more than 60-70% of the patients treated with cyclosporine respond significantly.

15. Is surgery a good option for KCS?
Surgery to treat KCS involves transposing the parotid gland duct (PDT) from the mouth to

the inferior cul-de-sac so the animal in effect "spits" in the eye. This keeps the affected eye "wet."
The question then becomes, Is an excessively "wet eye" from PDT surgery better than a dry eye
that needs constant medication? Many authors say that the surgery has insurmountable side ef
fects. Others, including these authors, believe it is better to deal with the minimal problems of a
wet eye than having to deal constantly with a nonresponsive dry eye. This applies to the cat as
well. Before the advent of cyclosporine, PDT surgery was frequently performed. Because cy
closporine is not the "wonder drug" it was once thought to be, surgery is once again being per
formed with some degree of regularity.
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11. OCULAR PROPTOSIS
Dennis K. Olivero, D.V.M.

1. Define proptosis.
Proptosis is the rostral displacement of the globe with entrapment of the eye forward of the

eyelid margins. Subsequent orbicularis oculi muscle spasm rapidly compromises blood supply to
the displaced eye.

2. What causes proptosis?
Trauma frequently is involved in the development of ocular proptosis in animals. Blunt

trauma to the head and neck causes forward displacement of the globe. Small dogs grasped by the
neck and shaken by larger dogs have developed unilateral or bilateral proptosis. Excessive re
straint of brachycephalic breeds of dogs can result in proptosis, but most proptosis cases result
from injury from other animals or people or contact with moving automobiles.

3. Are certain breeds predisposed to proptosis?
Brachycephalic breeds of dogs comprise the majority of the cases of ocular proptosis.

Macropalepbral fissure and shallow orbits offer little resistance to forward displacement of the
globe with blunt injury to the head or neck. When proptosis occurs in dolichocephalic breeds of
dogs or in cats, severe trauma is involved and the patient should be carefully evaluated for other
injuries not involving the eye.

4. What is the most important first-response measure following proptosis?
When the veterinary client calls the clinic to report that the eye has "popped out," veterinary

staff should stress the importance of preventing exposure and dessication of the cornea. If saline
is available in the home, a soft towel or gauze squares can be soaked in saline and gently placed
around the eye during transportation. Any antibiotic or tear replacement eye ointment can also be
used to prevent drying of the cornea. Even petroleum jelly (Vasolene) can be applied on the eye
if no ocular lubricating agents are available.

5. What steps should be taken when the patient arrives at the hospital?
If the globe has not been lubricated, liberally apply antibiotic or tear replacement ointment

to the exposed ocular tissues. Next, evaluate the patient as a whole. Remember, in dolichocephalic
breeds of dogs and in cats, excessive trauma is required to displace the globe from fhe orbit. If an
automobile accident caused the injury, carefully evaluate the neurologic, cardiovascular, and pul
monary status ofthe patient. Administer IV fluids and corticosteroids for shock if necessary. Some
patients will not be immediately ready for anesthesia and globe replacement, depending on the
extent of their other injuries.

6. What is the prognosis for vision following proptosis of the globe?
In general, the prognosis for vision following ocular proptosis is guarded. Only 20% of pa

tients experiencing ocular proptosis have any useful vision in the involved eye following treat
ment. The prognosis specifically depends on fhe amount of force required to displace the globe.
Dogs with exaggerated brachycephalic conformational anatomic features can experience propto
sis with minimal trauma and sometimes as a complication of excessive restraint. If the globe is
immediately repositioned, vision is generally not affected. In most patients, however, more se
vere trauma is involved in globe displacement, and this affects the prognosis for vision (Fig. 1).

7. When is the prognosis for vision favorable?
A favorable prognosis for vision is offered for patients when the eye is displaced for a very

short period of time and those in which the displacement was associated with minimal trauma.
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Figure 1. This 7-year-old female shih
tzu dog suffered proptosis of the left
globe after being attacked by a larger
dog. Lateral deviation of the globe is
evident with medial rectus muscle
avulsion, but the anterior segment is
clear and there is minimal orbital he
morrhage. The globe was salvaged
but was not visual.

These patients show intact pupillary light reflexes or a miotic pupil in the affected eye with an in
direct pupillary response to the contralateral eye. Minimal or no hyphema and minimal orbital he
morrhage are present in patients who continue to have useful vision following proptosis. Intact
visual responses with a normal-appearing fundus confer a favorable prognosis.

8. When is the prognosis for vision grave?
When severe trauma resulted in globe displacement and it is accompanied by marked hy

phema, vitreal hemorrhage, or retinal detachment, the prognosis for future vision is grave.

9. Are there any ancillary tests that can be done to determine the prognosis for vision?
Most veterinary referral centers provide ultrasound imaging of the globe and orbit. Hyphema

in the absence of marked vitreal hemorrhage and retinal detachment would suggest a better prog
nosis compared with vitreal hemorrhage and complete retinal detachment. Blindness following
proptosis, however, is frequently the result of optic nerve injury. Visual evoked potentials can be
measured with specialized equipment, indicating the transmission of electrical signals from the
retina to the occipital (visual) cortex. This type of testing requires a clear ocular media and is rarely
considered in the emergency situation, but it can be useful in combination with electroretinogra
phy after the globe has been salvaged to determine amount of vision present (see Chapter 1).

10. Is it always possible to salvage the globe?
Some patients present with severe tissue damage to the globe and orbit. Patients with rupture

of the cornea, collapse of the globe, complete loss of extraocular muscle attachments to the orbit
(Fig. 2), or excessive corneal injury associated with drying and exposure are often scheduled for

Figure 2. This 8-year-old male York
shire terrier dog was attacked by a
German shepherd dog resulting in
proptosis of the left eye. No extraoc
ular muscle attachments remained in
tact, and marked orbital hemorrhage
is evident. The eye was enucleated
shortly after presentation.
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enucleation as soon as the patient is able to withstand general anesthesia. Enucleation can be con
sidered at any time during the course of treatment, however, and because of this most clinicians
attempt initially to salvage the globe. The prognosis for vision should be discussed with clients,
because some will prefer enucleation to rapidly resolve the medical situation if there is no hope
for future vision. Even if the globe is salvaged, chronic medical treatment may be necessary to
keep the patient comfortable.

11. Is there any danger of injury to the contralateral eye?
Most dogs with proptosis of the globe exhibit unilateral injury. There are case reports of

blindness in the contralateral eye that shows no visible evidence of displacement or traumatic in
jury. It is assumed that optic nerve tearing at the level of the optic chiasm results in contralateral
injury. Excessive traction on ocular tissues, especially in cats, can result in further optic nerve in
jury with potential involvement of the second eye. Some degree of vision loss in the contralateral
eye may occur more frequently than is realized because there is no easy way to assess partial vi
sion loss in veterinary patients.

12. What steps are taken to reposition the globe into the orbit?
General anesthesia is required in most cases to reposition the globe. If proptosis develops as

a result of restraint, the hairs can be grasped on the lids and pulled out away from the globe, al
lowing the eye to fall back into the orbital space. In this situation, anesthesia may not be neces
sary. With most traumatic cases of globe proptosis, excessive tissue swelling and orbital hemor
rhage will complicate globe repositioning and necessitate chemical restraint. Blood and debris are
removed from the periocular tissues prior to globe replacement.

When excessive tissue swelling and orbital hemorrhage are evident, a lateral canthotomy not
only will ease repositioning of the eye but also will immediately relieve vascular stasis to the
globe. Various techniques have been described for globe replacement. Essentially the eyelid mar
gins must be elevated and rotated away from the globe while gentle pressure is placed on the
cornea. Stay sutures can be placed in the eyelid tissue near the lid margin to allow manipulation
of the eyelids, or tissue clamps (Allis) can be used. Split-thickness mattress sutures of 3--0to 4--0
nonabsorbable material supported with stents are preplaced and gradually tightened to close the
lids around the displaced globe. Caution is used while placing sutures to avoid needle contact with
the cornea. Just prior to lid closure, all debris should be thoroughly flushed from the conjunctival
fornices using sterile saline. Most clinicians leave a gap medially or laterally for placement of an
tibiotic and atropine ophthalmic ointments. If a lateral canthotomy is made, it is closed routinely
after eyelid closure and stabilization of the globe.

13. Should there be supportive medical treatment after closure of the eyelids?
Following recovery from general anesthesia and in the absence of other severe injuries, most

patients with proptosis can be released for home care soon after replacement of the globe. An Eliz
abethan collar is often necessary and recommended to prevent self-injury or removal of the su
tures. Supportive medical care should include rest, oral antibiotics, and oral corticosteroids. Cor
ticosteroids are used at the anti-inflammatory level to help resolve panuveitis and optic nerve
injury in addition to orbital inflammation and swelling. If an opening was left between the eye
lids to facilitate application of medications, triple antibiotic ophthalmic ointment is applied 3--4
times daily and atropine ophthalmic ointment is applied I or 2 times daily to control pain associ
ated with ciliary spasm and anterior uveitis. Atropine ointment should be used judiciously because
it will contribute to sicca, which is frequently a complication of proptosis in dogs.

If the cornea is ulcerated at the time of globe replacement, evaluation of the ocular discharge
emerging from the medial or lateral eyelid opening is an important way to monitor for secondary
corneal bacterial infection. If copious white discharge emerges from the opening and the patient
shows excessive and progressive discomfort, the sutures can be temporarily removed to further
assess the condition of the cornea. Microscopic evaluation of debris collected from the ulcer bed
can categorize the inflammation and aid in appropriate changes in antimicrobial therapy.
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14. How long should the eyelids be left closed after repositioning ofthe globe?
In general, the eyelids should be left closed for at least 2 weeks. Clients should be instructed

to evaluate the lid closure daily. As tissue swelling resolves, gaps may develop between the up
per and lower eyelid margins, allowing suture contact with the cornea. This may necessitate al
tering the tension on the sutures or replacing them. After 2 weeks, the sutures are removed and
the globe is assessed for vision and any other irreversible injury that is evident. If excessive
lagophthalmos and exophthalmos persist, the lids should be closed again for an additional 2 weeks.

15. What complications are commonly encountered after the eyelids are opened several
weeks following the injury?

Common complications following ocular proptosis include strabismus associated with ex
traocular muscle injury, both ulcerative and nonulcerative keratitis, keratoconjunctivitis sicca,
lagophthalmos, and blindness. Traumatic cataract, iris bornbe glaucoma secondary to hyphema,
retinal detachment, and phthisis bulbi can occur additionally.

16. Why does strabismus occur following proptosis?
The medial rectus muscle frequently is torn from the globe at its insertion when the eye is ac

celerated forward. This results in lateral strabismus in most dogs following proptosis. Reportedly,
the strabismus improves with time, presumably associated with readjustment of tension on the
remaining viable extraocular muscles (Fig. 3). Although clients have requested reattachment of
the medial rectus muscle, finding and reattaching fragments of torn muscle is not likely to be suc
cessful following proptosis injury.

Figure 3. This 3-year-old female
Pekingese dog suffered proptosis of
the right eye 6 weeks prior to this pho
tograph. The final outcome of treat
ment is evident with lateral strabis
mus but a quiet, comfortable eye. The
strabismus will probably partially re
solve in the following months.

17. Why is keratitis frequently a problem following proptosis?
Ulcerative keratitis develops rapidly secondary to exposure after injury. Following treatment

of proptosis using a temporary tarsorrhaphy, keratitis can result from poor tear production and
lagophthalmos. Poor tear production can result from direct injury to lacrimal glands or as a result
of nerve damage or vascular damage supplying these structures. Treatment with ophthalmic cy
closporine ointment (Optimmune) mayor may not improve tear production because sicca fol
lowing traumatic proptosis of the globe is frequently neurogenic in origin.

Anesthesia of the cornea is common following proptosis, presumably associated with loss of
function of the cranial nerve five sensory endings in the cornea. This also contributes to lagoph
thalmos and sicca because blinking and tearing are at least partially controlled by reflexes origi
nating in the corneal stroma. Lack of sensation in the cornea in addition to exposure and sicca will
promote ulcerative keratitis, referred to as neurotropic keratitis. Ulcers associated with anes
thesia of the cornea frequently are very slow to resolve with supportive treatment alone, and other
surgical procedures may be necessary.
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18. Are there any steps that can be taken to prevent proptosis?
Dogs that experience proptosis with minor trauma frequently have exaggerated brachy

cephalic anatomic features that provide little support or protection for the globe. Reduction of the
excessive palpebral fissure size with lateral or medial canthoplastic procedures can reduce the
chances of proptosis in the future. After loss of vision in one eye, many veterinary clients will
consider palpebral reduction surgical procedures to protect the second eye.

CONTROVERSIES

19. Should the medial rectus muscle be reattached during globe replacement to minimize
postoperative strabismus?

For repair of the medial rectus muscle: Repair of the medial rectus muscle prior to globe re
placement can minimize or resolve strabismus, which is common following proptosis injury in
animals. After induction of general anesthesia, a lateral canthotomy can be immediately per
formed to reduce vascular stasis to the globe. Medial rectus muscle is reattached to the sclera at
its insertion prior to performing the temporary tarsorrhaphy.

Against repair of the medial rectus muscle: Traumatic proptosis of the globe in animals is
usually associated with marked orbital edema and hemorrhage, which prohibits identification of
medial rectus fragments for attempted repair. It is questionable whether or not the extended anes
thetic time required for extraocular muscle repair and further manipulation of an already trauma
tized eye is warranted when repositioning of the globe and stabilizing of the patient are of para
mount importance. Emergency clinic veterinarians and primary care veterinarians are more likely
to initially manage ocular proptosis cases than specialists, and these individuals are not likely to
have available specialized surgical instrumentation for strabismus surgery.

20. Should every effort be made to salvage the globe for a cosmetic appearance?
For salvage of the globe whenever possible: Emergency clinic and primary care veterinarians

initially manage the majority of cases of ocular proptosis in animals. If the eye is irreversibly dam
aged, enucleation is discussed and recommended. Inall other situations the eye is replaced in the or
bit in hopes of future vision. Specialists later become involved in case management, and with more
sophisticated equipment the prognosis for vision can be clearly established. Emergency and primary
care veterinarians are reluctant to recommend enucleation in the absence of such information.

Against salvage ofthe globe when blindness is inevitable: Most veterinary ophthalmology ref
erences indicate that every effort should be made to salvage the globe even if enucleation may be
necessary at some later point. This advice may be hard to justify in light of the overall poor prog
nosis for vision in most cases of traumatic proptosis of the globe. The recommendation becomes
even more difficult to justify when consideration is made of the time of patient discomfort follow
ing salvage versus enucleation and when medical expenses are considered for the various ap
proaches to treatment. Obviously, enucleation is not recommended if there is any hope for vision,
but enucleation perhaps should be considered early on for hopelessly blind eyes when clients are
more concerned with patient discomfort and/or medical expenses than the final cosmetic appear
ance. Following enucleation of the globe, most animals have fully recovered from inflammation
and discomfort 5 days after surgery. Traumatized eyes may be inflamed and painful for weeks or
months after injury. Most veterinary clients are not well informed on the usual appearance of sal
vaged globes, and the "cosmetic" appearance of laterally deviated and oftentimes phthisical eyes
can be debated. After induction of general anesthesia to replace the proptosed globe, ultrasonog
raphy can be performed quickly.lfthis shows excessive ocular hemorrhage and retinal detachment,
then enucleation can be strongly considered to rapidly alleviate patient discomfort.
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12. NICTITANS ABNORMALITIES
AND THERAPIES

James F. Swanson. D.V.M., M.S., and M. Kahle Herrmann, D.V.M.

1. Some owners notice a pigment band on the dorsal bulbar conjunctiva of their pets' eyes.
What are they seeing?

At times, the third eyelid will extend dorsally. Owners may think that there is a tumor or some
other disease process. By manually prolapsing the third eyelid, one can see the extension of this
structure (Fig. I). It does not cause any problems and the owners should be reassured that this can
be normal. This is not a fault in show dogs. The American cocker spaniel seems to be the most
common breed with the encircling third eyelid.

Figure 1. American cocker spaniel;
note linear pigment outlining the dor
sal encirclement of the third eyelid.

2. Are there any problems with a nonpigmented third eyelid?
A nonpigmented edge of the third eyelid may be unilateral or bilateral. The hair coat color has

a bearing on the degree of pigmentation. Dogs that have white hair coats or a merling factor have
the highest incidence. Usually a nonpigmented third eyelid does not cause any problems. Own
ers may complain that the affected eye looks larger or that it seems redder. There may be a slightly
higher incidence of conjunctivitis, which can be treated with topical antibiotic-steroid combina
tions. Dogs' and cats' nictitans may be at increased risk for squamous cell carcinomas when the
third eyelid is not pigmented.

3. Can dermoid cysts occur on the third eyelid?
Dermoid cysts of the third eye lid are rare but do occur. Dermoids are found in both dogs and

cats with Burmese cats exhibiting the highest incidence. Dermoids can cause chronic irritation
due to cilia rubbing on the cornea. These lesions should to be excised, and the conjunctiva sutured
to ensure no cartilage is exposed. Be certain to either bury your knot or tie your knot on the ante
rior surface of the third eyelid. Suture such as 6-0 Vicryl works well.

4. If the third eyelid has been lacerated, what should I do?
If the tear is small, involving only the edge, and no cartilage exposed, the defect may be

trimmed or just left in place. When lacerations are more extensive or involve the cartilage, the de
fect should be repaired. Make sure the conjunctiva is positioned, and suture to cover any exposed
cartilage. All knots should be buried, as in a subcuticular pattern, or brought to the anterior sur
face of the third eyelid. Again, 6-0 Vicryl suture is preferred.
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5. Do eosinophilic granulomas involve the third eyelid?
Eosinophilic conjunctivitis may affect the third eyelid. Most ofthe time there is concomitant

corneal involvement. Feline herpesvirus infection may be the underlying cause for this lesion in
cats. Cytology will reveal eosinophils and, at times, mast cells. Topical corticosteroids can be used
first if there are no herpetic lesions on the cornea. Oral steroids can be used in resistant cases.
Megestrol acetate can also be used and works very well (see Chapter 9).

6. What does a prolapsed third eyelid mean?
Usually there is an underlying disease process. This could include a retrobulbar mass, hem

orrhage, myositis, ocular pain, tetanus, loss of orbital fat, or a neurologic disorder.
With a retrobulbar mass the globe will not retropulse back into the orbit. Ocular retropulsion

is accomplished by gently pressing on the globe to determine if it will recede back into the orbit.
Always compare both eyes. In painful orbital conditions such as orbital cellulitis, the animal ex
hibits pain when the globes are retropulsed or the mouth is opened.

If there is orbital hemorrhage, the globe often does not retropulse normally. Examine the mu
cus membranes for evidence of petechiation or pale coloration as would be seen with clotting
disorders.

Inflammation of the extraocular muscles and temporal muscle myositis can cause the third
eyelid to prolapse (Fig. 2). Usually there is swelling and sometimes pain noted in the muscles of
mastication. Opening the mouth is often painful, also.

Ocular pain can cause the animal to retract the eye and prolapse the third eyelid. This can be
seen with corneal ulcers, glaucoma, and uveitis.

Loss of orbital fat in older animals or animals with chronic orbital cellulitis can cause the
globe to sink into the orbit, allowing the third eyelid to prolapse. Although various implants have
been used to reverse the signs of enophthalmos, to date all have met with only limited success.

Systemic disease, such as tetanus, can cause the animal to have elevated third eyelids. Usu
ally the ears will be upright and the animal will have a wide palpebral opening. There is often his
tory of a wound or injury.

Neurologic disorders such as Homer's syndrome, idiopathic prolapse of the third eyelid of
cats, and generalized dysautonomia may cause the third eyelid to be elevated (Fig. 3). Homer's
syndrome is caused by preganglionic or postganglionic sympathetic nerve injury. The most com
mon is a postganglionic lesion originating at the craniocervical ganglion or above. Lesions may
involve the cavernous sinus, middle ear, or orbit. The middle ear seems to be the most common
site of involvement. By using 10% phenylephrine drops, one can test for pre- or postganglionic
lesions. It usually takes 40 minutes or more to dilate the pupil in a preganglionic lesion. Only
about 20 minutes are needed to dilate the pupil with a postganglionic lesion. The third eyelid will
usually go back to a nearly normal position. If there are some visual problems then 2.5% phenyle
phrine can be used (see Chapter 24).

Figure 2. Mixed breed dog with tem
poral myositis exhibiting temporal
muscle swelling and third eyelid pro
lapse.
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Figure 3. Third eyelid protrusion and
miosis caused by Horner's syn
drome.
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Cats may have an idiopathic protrusion of the third eyelid referred to as "haws." Rarely is the
cause known, and it is usually bilateral with no pupillary involvement. Sometimes there is a his
tory of gastrointestinal problems. A drop of 2.5% phenylephrine will cause the third eyelid to re
turn to its normal position and can be used 2--4 times a day if visual problems are occurring.

Generalized dysautonomia or Key-Gaskell syndrome in cats can cause a protrusion of the
third eyelid. The pupils are usually dilated and unresponsive to light. There is also a decrease in
tear production. Other systemic signs are seen with this disease.

7. Is there any reason to remove the third eyelid?
The only reason to remove the third eye lid is neoplasia. The most common third eyelid tu

mors we see are melanosarcoma (Fig. 4), adenocarcinomas, hemangiomas, hemangiosarcomas,
and squamous cell carcinomas of the gland of the third eyelid (Fig. 5). It is advisable to rule out
metastasis before excising the tumor. When the third eyelid is removed, be sure to suture the bul
bar conjunctiva to the palpebral conjunctiva. This will close off the space leading to the retrobul
bar area.

Occasionally a portion of the third eyelid may be removed when it has interfered with vision,
leaving the gland of the third eyelid. These cases were older animals that were enophthalmic or
had long-standing Horner's syndrome.

Figure 4. Malignant melanoma of the
third eyelid in a dog.

8. How does a foreign body of the third eyelid present?
The animal will most often exhibit sudden onset of lacrimation and blepharospasm. The third

eyelid can be prolapsed and thickened. A corneal ulcer may be present along with a mucopuru
lent discharge. Always be sure to use a topical anesthetic and look behind the third eyelid. Grass
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Figure 5. Squamous cell carcinoma
of a nonpigmented third eyelid in a
cat.

awns and plant material seem to be the most common foreign bodies. Pieces of porcupine quills
or cactus thorns may also be lodged in the third eyelid.

9. Are third eyelid Raps of any benefit?
Third eyelid flaps can be helpful when treating corneal ulcers in the cat. In some cats there is

a loss of corneal sensation and a superficial ulcer develops. Protection of the cornea by a third
eyelid flap often speeds healing. Third eyelid flaps may also be beneficial in the treatment of non
melting midstromal ulcers. When performing a third eyelid Rap, be sure to scarify the bulbar sur
face to create some bleeding. The resulting serum exuded helps to heal the ulcer more rapidly.
Size 5-0 nylon suture is used in a mattress pattern to place up the flap. The sutures are brought
out close to the upper fornix, and a stint (intravenous tubing or rubber band) is used to take ten
sion off the sutures to prevent pulling through the upper eyelid. Usually three sutures are used and
are left in place for at least 2 weeks. Topical medication can still be placed in the eye.

10. What does a thickened, meaty-looking third eyelid indicate?
If the dog is a German shepherd or a greyhound, the condition is probably a variant form of

pannus (Fig. 6). Cytologic examination reveals primarily plasma cells along with fewer numbers
of lymphocytes. The condition can be controlled with topical steroids or cyclosporine. Another
entity resulting in similar appearance is follicular conjunctivitis. The inner surface of the third
eyelid looks like raw hamburger meat (Fig. 7). The etiology is not known but could be a form of
chronic low-grade infection or allergic reaction to pollens. Treatment is symptomatic using cor
ticosteroid-antibiotic combinations. If the follicles persist, sedation and debridement of the af
fected surface with a gauze sponge usually bring improvement.

Figure 6. Depigmentation and folli
cle formation on the third eyelid of a
German shepherd affected with atyp
ical pannus.
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Figure 7. Severe follicular conjunc
tivitis affecting the inner aspect of the
third eye.
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11. How is a prolapsed gland of the third eyelid treated?
The gland of the third eyelid contributes a significant proportion of the aqueous tear film,

therefore the gland should be preserved. Prolapse of the gland is due to a lack of the connective
tissue band that fixes the gland to the periorbital tissues or from pressure due to an inflamed and
swollen gland. This appears to have an inherited basis and is seen in the beagle, bulldog, cocker
spaniel, great dane, Lhasa apso, Pekingese, and shih tzu. Burmese cats with this condition have
been observed with severe keratoconjunctivitis sicca when the gland has been excised, so the
gland should be surgically replaced.

Surgery is the treatment of choice, because the glands will not normally go back to their posi
tion at the base of the cartilage with medication. In dogs, removing the gland can be considered, but
the owners need to be informed that the animal runs the risk of developing dry eye (keratoconjunc
tivitis sicca) if the third eyelid is entirely removed. Surgical repositioning of the gland is recom
mended. The pocket technique described by Dr. Morgan works nicely in the majority of the cases
and is used when the gland is not excessively swollen. Be sure to separate the conjunctiva from the
cartilage, because this will allow you to suture the conjunctiva without incorporating the cartilage.
Dr. Gross's technique anchors the gland to the inferior sclera, and this procedure can be used when
the gland is enlarged. At times, a combination of these two techniques works best. Another fre
quently used procedure is Kaswan and Martin technique. Our suture of choice is 6-0 Vicryl with a
tapered needle to avoid cutting the conjunctival or scleral tissue. Be sure to bury your knots.

12. Are there any anatomic defects that occur with the cartilage of the third eyelid?
The third eyelid has aT-shaped cartilage that gives definition to the third eyelid. This carti

lage can bend due to trauma or a congenital defect (Fig. 8). When the cartilage bends away from
the globe (eversion) the inner surface of the third eye lid is exposed and can become inflamed and
infected. The animal may develop a mucoid ocular discharge. It is best to remove the deformed
vertical portion of the cartilage to allow the third eye lid to resume its normal position. As long
as the cartilage is exposed, you must suture the conjunctiva. In the larger breeds of dogs, it is ad
visable also to perform a pocket procedure (see above) to prevent subsequent prolapse ofthe third
eyelid gland. For suturing, 6-0 Vicryl can be used to close the conjunctiva. At times, the cartilage
can be sutured together.

Some animals will have a slight bend in the horizontal portions ofthe T cartilage (the horns).
It is rarely necessary to treat this defect. Some veterinary ophthalmologists will trim these areas.
It is not usually necessary to do any suturing.
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Figure 8. Deformed stem of the carti
lage in the third eyelid.
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III. Glaucoma

13. GLAUCOMA OVERVIEW

Seth A. Koch, V.M.D., M.M.Sc., and John Sykes, D.v.M.

1. What does the word glaucoma mean?
The word itself comes from the Greek (glaukoma) and means "blue" or "glazed." It was the

appearance of the pupil that prompted the word. It took a while for the ancients to distinguish
glaucoma from cataracts. Cataract was a fixable entity; glaucoma wasn't.

2. What is glaucoma?
The answer to this question is complex. Glaucoma is not merely an increase in intraocular

pressure, it is a disease of multiple etiologies that results in destruction of ocular structure and
function.

3. If glaucoma isn't a pressure disease, then what is the problem?
Glaucoma is a disease of the optic nerve, and perhaps "glaucomatous optic neuropathy" is a

better term for the disease entity. This neuropathy mayor may not be accompanied by a change
in intraocular pressure.

4. What do you mean by "glaucomatous optic neuropathy"?
The optic nerve is really a continuation of the axons of the ganglion cells of the retina. Glau

coma is a degeneration of the ganglion cells and because of this change we can consider the dis
ease to be of the optic nerve.

5. So what is the ultimate cause of glaucoma?
We don't know. Risk factors other than change in intraocular pressure play a role in the patho

genesis. What is clear is that the optic nerve is damaged independently of the level of the in
traocular pressure. The current thought is that apoptosis of the retinal ganglion cells occur. The
mechanism triggering the apoptosis is still unknown.

6. Well, what about all we've learned about intraocular pressure?
At some point in the development of the disease there mayor may not be a change in the in

traocular pressure (lOP). In humans, peripheral visual field loss and an observed change in the
appearance of the optic nerve occur with or without a change in the lOP. In the domestic species
we do not currently have a way of assessing peripheral visual field loss. We also do not appreci
ate a minimal change in the appearance of the optic nerve. We rely on increases in lOP to reach
a diagnosis of glaucoma. We miss the initial changes detectable in humans and may not make a
diagnosis until we observe the pressure change. In cases where there may be glaucoma without a
change in lOP, we may even see an animal with just unexplained visual loss.

7. How is lOP measured?
There are two ways. The first method is Schiotz tonometry in which a fixed amount of weight

is applied to the cornea and indentation is measured. The second method is applanation tonome-
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try where a known force is applied to the cornea and the resistance to change is measured. Ap
planation tonometry is more reliable, is easier to use, and can be used in all species.

8. What is normal lOP?
The mean is around 20 mm Hg, and pressure above 30 mm in the dog is considered to be ab

normal.

9. What are we really measuring?
roprepresents a balance between aqueous production and outflow. rop is the ocular tension

maintained by globe connective tissue and the intraocular fluids within.

10. What is the iridocorneal angle?
This is an anatomic space in which aqueous produced by the ciliary body percolates out of

the eye into the subconjunctival space (Fig. 1).

Figure I. The iridocorneal angle of a cat. The trabecular fibers form a meshwork between the iris on the bot
tom and the cornea on the top. Scanning electron microscopy.

11. Can we see the angle?
A special lens called a goniolens is used to view the angle, which is at the anterior aspect of

the ciliary cleft and the peripheral base of the iris. This area communicates with the anterior cham
ber and contains the trabecular meshwork that allows the fluid to flow through it. The width of
the angle (open or closed) is used as a predictor for potential glaucoma. A narrow angle may in
dicate susceptibility to glaucoma or it may be meaningless (Figs. 1-4).

12. What makes the eye susceptible to glaucoma?
Probably the most important factor is genetics. A number of breeds are prone to the disease

because of angle deformities or other causal factors. The breeds most commonly affected with



Figure 2. A goniolens used to view
the iridocorneal angle. This lens is
applied to the corneal surface after
topical anesthesia. Methy!cellulose is
used to protect the cornea.

Figure 3. A view through the go
niolens of an open angle in a dog.

Glaucoma Overview 75



76 Glaucoma Overview

Figure 4. A view through the go
niolens of a closed angle in a dog.

primary glaucoma are the cocker spaniel, basset, beagle, Boston terrier, dalmatian, miniature poo
dle, Norwegian elkhound, and chow chow.

13. What is primary glaucoma?
Glaucoma is classified as either primary or secondary. Primary glaucoma comprises those

cases in which there is no apparent inciting cause and the iridocomeal angle appears open and
normal in appearance.

14. What is secondary glaucoma?
Secondary glaucoma is attributed to some other inciting cause. Trauma, uveitis, and lens lux

ations are some examples of secondary causes.

15. What is the prognosis for vision in patients with glaucoma?
Terrible. Diagnosis and management in the domestic species has focused on rop. However,

ganglion cell degeneration is independent of and not caused by pressure changes. Controlling the
pressure slows down the degenerative process but does not halt it. The end point is inevitable. The
underlying ganglion cell degeneration has already preceded the pressure changes and is irre
versible, which may very well be the reason the disease is so difficult to manage.

16. Why is pressure control important?
If the pressure is reduced by a substantial amount early in the course of the disease, the pro

gression of the degeneration that occurs is delayed.

17. What is the relationship among lOP, angle deformity, and the reality of the ganglion
cell degeneration?

This remains an unanswered question. What causes the ganglion cell degeneration? What is
the real meaning of lOP? If the ganglion cell degeneration is the real cause for the visual loss, can
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we really ever cure glaucoma? All of these questions require answers, and until we have them,
glaucoma will remain the number one cause for blindness in both man and animals.
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14. SECONDARY GLAUCOMA
James E. Gaarder, D.V.M.

1. How is secondary glaucoma distinguished from primary glaucoma?
Glaucoma occurs when elevated intraocular pressure (lOP) impairs normal function of the

eye. In canine and feline glaucoma, lOP is elevated due to the reduced or absent egress of aque
ous from the anterior chamber. Glaucoma destroys vision by killing ganglion cells with the direct
effects of increased pressure and the indirect effects of impaired intraocular circulation. Unlike
primary glaucoma, secondary glaucoma is associated with concurrent and identifiable ocular dis
ease such as inflammation (uveitis), neoplasia, hemorrhage, and lens luxation. Careful examina
tion of the anterior and posterior segments with a focal light source, magnification, and indirect
or direct ophthalmoscopy will usually identify these underlying disorders.

2. Why is it important to distinguish these two types of glaucoma?
Primary glaucoma is, by definition, ultimately bilateral. Therefore, the normal fellow eye is

at risk and the owner needs to be aware of this. Primary glaucoma in dogs is an incurable disor
der that, at best, can be managed effectively for variable periods of time. It is also an inherited
disease, and affected dogs should not be used for breeding.

Secondary glaucoma is usually a unilateral disease and can sometimes be successfully treated
with preservation of vision if the underlying cause can be identified and corrected. Therefore, the
prognosis as well as the goal of treatment differs depending on the primary diagnosis, both for the
affected eye and the fellow eye.

3. How does uveitis cause secondary glaucoma?
Glaucoma secondary to uveitis results from decreased aqueous outflow due to peripheral an

terior synechiae, posterior synechiae, or iridocomeal angle occlusion with inflammatory debris. It
is important to recognize that the uveitic eye is usually a soft or hypotensive eye. This is why a pre
cise and objective method of estimating lOP such as applanation (e.g., TonoPen) or indentation
(Schiotz) tonometry is essential for evaluating any red eye without an obvious comeal defect. If
there are signs of active anterior uveitis, such as ciliary injection, miosis, aqueous flare, or photo
phobia, one would expect to find an lOP significantly lower than that in the normal eye (usually
less than 10 mmHg). A normal or elevated lOP in an actively inflamed eye should alert the clini
cian to the possibility of the development of secondary glaucoma. The eyes must be closely mon
itored, and immediate medical therapy should be instituted should the pressure become elevated.

4. How do intraocular tumors cause secondary glaucoma?
Secondary glaucoma can occur when an intraocular tumor grows anteriorly to a size that im

pedes aqueous outflow or when exfoliated tumor cells obstruct the iridocomeal angle. The most
common intraocular tumor resulting in secondary glaucoma in dogs and cats is the melanoma.
These pigmented tumors are often not diagnosed until they are quite large because they are not
obvious to the owner and do not cause ocular pain or redness until secondary glaucoma occurs.
If diagnosed early, they can sometimes be effectively treated or cured with surgical excision or
laser surgery. If not diagnosed until after the development of secondary glaucoma, usually the
only option is enucleation.

5. Is secondary glaucoma a concern when hyphema is present?
Yes, because free blood can also obstruct the drainage apparatus. Intraocular pressure must

be carefully monitored in eyes with anterior uveal hemorrhaging, and topical atropine should be
used judiciously in these cases because pupillary dilation can further impede aqueous outflow in
dogs and cats. The two most common causes of hyphema are ocular trauma and intraocular tu-
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mors. Other causes of hyphema include coagulopathies, severe uveitis, and retinal detachment
(see Chapter 35).

6. Does lens luxation cause glaucoma or does glaucoma cause lens luxation?
Although lens luxation does cause glaucoma, glaucoma can also cause lens luxation. As with

glaucoma, lens luxation can be divided into primary and secondary categories. Primary lens lux
ation occurs in certain predisposed breeds (e.g., terriers, Norwegian elkhounds, Brittanies, Welsh
springer spaniels, poodles, beagles). Although this form of glaucoma is usually considered sec
ondary to lens luxation, several characteristics of this syndrome in these breeds resemble primary
glaucoma. First, although the diagnosis of glaucoma in these breeds often coincides with lens lux
ation, removing the luxated lens in most cases does not cure glaucoma and glaucoma often pre
cedes overt anterior lens luxation. Second, primary lens instability or luxation, like primary glau
coma, is an inherited disease. Third, and most importantly, primary lens instability or luxation is
a bilateral disease, and the normal, unaffected eye is at risk. In contrast, in most nonterrier breeds,
lens luxation is secondary to zonular disinsertion in a buphthalrnic globe with chronic glaucoma
(Figs. I and 2).

Figure 1. Fox terrier with bilaterally
luxated lenses causing acute glau
coma. Transillumination helped de
fine the lens in the anterior chamber
despite the corneal edema.

Figure 2. Luxated lens-always pos
ing the question whether glaucoma
caused the luxation or the luxation
caused the glaucoma.

7. How does a luxated lens cause glaucoma?
Most often, a lens luxates anteriorly, producing a pupillary block. Aqueous, which is pro

duced posterior to the iris in the ciliary body, is then prevented from gaining access to the ante
rior chamber. Alternatively, the anteriorly luxated lens can fill the anterior chamber and directly
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block the iridocorneal angle. Whereas posteriorly luxated lenses and lens subluxations are warn
ing signs of an impending problem, the anterior lens luxation is an acute medical and often sur
gical emergency. Usually, these lenses must be surgically removed in order to successfully man
age this type of glaucoma.

8. What are the clinical signs that distinguish acute anterior lens luxation causing sec
ondary glaucoma from lens luxation secondary to chronic glaucoma?

In most cases of acute anterior lens luxation, the lens is clear, the eye is very red (ciliary injec
tion and episcleral congestion), and the eye is very painful (blepharospasm and photophobia). The
optic nerve and retina are initially normal ophthalmoscopically. There is usually an intact consen
sual pupillary light response (PLR) from the affected eye to the normal eye, and the lens can be
viewed clearly in the anterior chamber. When these clinical signs are apparent, this should be con
sidered an ocular emergency, and medical treatment should be instituted to lower lOP while dis
cussing referral to a veterinary ophthalmologist for Iensectomy. With lens luxation secondary to
chronic glaucoma, the eye is markedly enlarged (buphthalrnic) and blind. Ocular pain is less obvi
ous, and there is neither an intact direct nor indirect/consensual PLR. An aphakic crescent can of
ten be seen in addition to stretched and displaced lenticular zonules and a deep anterior chamber.
The lens is more commonly subluxated or posteriorly luxated than anteriorly luxated in these cases,
and the lens is often cataractous or opaque. This type of lens luxation is not an ocular emergency.

9. What factors are most important when assessing a glaucomatous globe?
After establishing a diagnosis of glaucoma with objective tonometric measurements, the vi

sion potential of the affected eye must be determined before appropriate therapy can be em
ployed. Eyes with chronic glaucoma are usually irreversibly blind and uncomfortable. Blind eyes
with acute glaucoma may still have potential for vision provided the lOP can be normalized in a
timely manner and the disease is still in its early stages. Because greatly elevated lOP can cause
irreversible damage to the visual potential of the eye within hours, acute glaucoma, whether pri
mary or secondary, is an ocular emergency.

10. What are the most common clinical signs associated with acute glaucoma?
Early in its course, glaucoma causes acute blindness, ocular pain, conjunctival and episcle

ral vascular congestion, and diffuse corneal edema. The pupil is usually dilated and unrespon
sive or sluggishly responsive to direct light stimulation. In addition, proteinaceous aqueous flare
and ciliary injection, an intraocular space-occupying mass, hemorrhage, and lens displacement
are also seen if the glaucoma is secondary to uveitis, neoplasia, hemorrhage, or lens luxation. Al
though these clinical signs are very suggestive, it is important to remember that there are no
pathognomonic signs of acute glaucoma (in contrast to chronic glaucoma). Therefore, tonometry
is essential for accurate diagnosis (Figs. 3 and 4).

11. How can it be determined whether an affected eye has vision potential?
Careful assessment of the direct and especially the consensual pupillary light response

(from the affected eye to the normal eye) is very helpful. The dazzle reflex can be used in eval
uating the optic nerve. A very strong light source (e.g., a fiber optic or Finhoff transilluminator)
when directed into the eye at close range should produce a rapid blink referred to as the dazzle
reflex. With acute glaucoma, these initial tests should be performed and repeated when lOP is nor
malized. Sometimes a simple test such as blindfolding the normal fellow eye and assessing func
tional vision using an obstacle course can be helpful. In acute glaucoma, the fundus, when it can
be seen, is usually normal.

FAVORABLE PROGNOSTIC StGNS FOR VISION

Normal direct and/or consensual PLRs
Normal dazzle reflex
Normal menace or functional vision

UNFA VORABLE PROGNOSTIC SIGNS FOR VISION

Absent direct and/or consensual PLRs
Absent dazzle reflex
Lack of detectable functional vision or history of

blindness for more than 3-5 days



Figure 3. Acute glaucoma in a bea
gle. This breed can present with nor
mal pupils despite elevated lOP. This
dog's anterior chamber was very nar
row.

Figure 4. Tonometry being per
formed with a Schiotz tonometer. In
strumental tonometry is essential for
the diagnosis and management of
glaucoma.
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12. How is chronic glaucoma distinguished from acute glaucoma?
The classic and pathognomonic clinical signs of chronic glaucoma include buphthalmia,

corneal striae, and optic disk "cupping." Buphthalmia occurs due to the stretching and thinning
of collagen fibers that compose the cornea and sclera. With buphthalmia, the cornea stretches and
linear tears occur in Descemet's membrane, allowing aqueous to enter the corneal stroma. These
linear breaks or tears are referred to as corneal striae, Descemet's striae, or Haab's striae and ap-
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pear as single or multiple parallel lines or bands deep within the cornea, usually spanning the en
tire corneal diameter. Optic nerve head cupping appears as a dark and depressed or recessed op
tic disk due to axonal degeneration and posterior displacement of the lamina cribrosa. This change
is best appreciated with indirect ophthalmoscopy, comparing the normal eye with the affected eye.
It should be emphasized that by the time lOP has been elevated long enough to cause buphthalmia,
irreversible damage has been done to the retina and optic nerve. Therefore, the big eye is almost
always a blind eye (Figs. 5 and 6).

Figure 5. A buphthalmic globe with
an aphakic crescent laterally. The op
tic disc was cupped. This was a blind
eye poorly responsive to antiglau
coma medication.

Figure 6. Buphthalmic globes are
candidates for many complications.
This eye had ulcerative keratitis sec
ondary to exposure.

13. Are there any exceptions to the "big eye, blind eye" rule?
An exception to this rule is occasionally seen in puppies. In the juvenile dog, buphthalmia

can occur within days due to the marked elasticity of the cornea and sclera in young animals. In
puppies, this elasticity may protect the retina because the eye can enlarge with even moderate in
creases in lOP. This makes lOP alone an unreliable indicator of glaucoma in young animals.
Buphthalmia in puppies may be reversible if lOP is normalized. Glaucoma is relatively uncom
mon in young dogs. Additional exceptions to this rule are occasionally seen in Chinese shar-peis,
chow chows, and beagles diagnosed with corneal striae and buphthalmia in sighted eyes affected
with primary glaucoma. This preservation of vision in enlarged eyes may be due to mucinosis of
collagen fibrils in the former two breeds, increasing the elasticity of the sclera and cornea and the
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insidious nature of primary open angle glaucoma, which almost exclusively affects the latter
breed.

14. What are some common diagnostic considerations when presented with a uveitic and
glaucomatous eye?

With secondary glaucoma, it is most important to identify and treat the underlying cause. For
glaucoma secondary to uveitis, the intraocular inflammation must be addressed to control the
glaucoma. A complete physical examination and routine laboratory work (CBC, serum chemistry
profile, urinalysis) must be performed to look for systemic illness. Radiographs and ultrasound
can also be helpful. Depending on the geographic location and animal's travel history, infectious
diseases must be considered. For dogs, leptospirosis, brucellosis, ehrlichiosis and the systemic
mycoses are important considerations. In cats, feline leukemia virus (FeLV), feline immunodefi
ciency virus (PlV), feline infectious peritonitis (PIP), toxoplasmosis, and the systemic mycoses
should be considered. Despite extensive diagnostic testing, etiologic determination can prove elu
sive. Symptomatic therapy to control intraocular inflammation and elevated lOP is imperative.

15. How does medical therapy for glaucoma secondary to uveitis differ from medical ther
apy for primary glaucoma for sighted or potentiaJJy sighted eyes?

Therapy for uveitis involves using topical and systemic corticosteroids and nonsteroidal anti
inflammatory medications. Comeal epithelial integrity (fluorescein dye testing) must be assessed
before using topical corticosteroids. The drugs selected, dosages, frequencies, and routes of ad
ministration will vary with severity of the inflammation. Some drugs that can be useful for pri
mary glaucoma should not be used if uveitis is present. For example, topical pilocarpine, a direct
acting cholinergic miotic, echothiophate iodide (Phospholine Iodide, Wyeth-Ayerst), and
demecarium bromide (Humorsol, Merck) should not be used in uveitic eyes because they poten
tiate the breakdown of the blood aqueous barrier and can intensify concurrent uveitis. In addition,
atropine, a strong mydriatic and cycloplegic agent that is generally recommended as adjunctive
therapy for uveitis, should not be used in hypertensive eyes because pupillary dilation will fur
ther impair an already compromised iridocomeal angle.

16. Is glaucoma secondary to an intraocular tumor treatable?
If an intraocular tumor has grown large enough to occlude the iridocomeal angle and cause sec

ondary glaucoma, surgical resection with preservation of vision is impossible. The key to successful
management of these cases is early detection and referral to a veterinary ophthalmologist. Some uveal
melanomas exfoliate cells that can occlude the iridocomeal angle. Remission and even cure is pos
sible in some cases using transcomeallaser (diode or Nd:YAG) surgery. Sector iridectomy or irido
cyclectomy has been successful in curing some intraocular neoplasms. These procedures are usually
applicable to tumors in their early stages, before secondary glaucoma has developed. Unfortunately,
in the majority of glaucoma cases secondary to an intraocular neoplasm, enucleation is the only treat
ment option. It is critical to have the enucleated globe examined by a veterinary pathologist in these
cases to further quantify the nature of the tumor and the potential for recurrence or metastasis.

17. What are special considerations when treating hyphema and secondary glaucoma?
The underlying cause of the hemorrhage must be determined. Ocular trauma and ocular tu

mors are the two most common causes. However, hyphema may also be secondary to thrombo
cytopenia, coagulopathies, severe iritis, congenital ocular anomalies (e.g., retinal detachment,
retinal dysplasia), and chronic glaucoma. Ocular ultrasonography is valuable in assessing the in
traocular structures if the posterior segment cannot be visualized ophthalmoscopically. Sympto
matic treatment of hyphema is similar to that of anterior uveitis except that systemic nonsteroidal
anti-inflammatory agents such as aspirin, flunixin meglumine, and topical ocular nonsteroidals
should be avoided. As with treating uveitis with secondary glaucoma, topical mydriatic or cyclo
plegic agents such as atropine should not be used. Topical corticosteroids such as prednisolone
acetate and dexamethasone are useful in controlling related inflammation. For traumatic hy
phema, once the intraocular bleeding has stopped and a stable clot has formed, intracameral tis-
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sue plasminogen activator (tPA)-a fibrinolytic agent-can be useful. Surgical removal of the
blood is also used in select cases but should be performed by a veterinary ophthalmologist.

18. When is lensectomy indicated as part of the treatment regimen for glaucoma secondary
to lens luxation?

Surgical management of sighted or potentially sighted eyes with early lens luxation/subluxa
tion is controversial. There is little doubt that acute anterior lens luxation in a sighted eye requires
emergency therapy consisting of medications to reduce lOP and intracapsular lensectomy to relieve
the associated pupillary block glaucoma. There is controversy among veterinary ophthalmologists,
however, regarding the management of the subluxated lens remaining in the patellar fossa posterior
to the iris. This author believes that intracapsular lensectomy in these eyes has an unacceptably high
complication rate, including vitreous presentation due to adhesion of the anterior vitreous to the pos
terior lens capsule and secondary retinal detachment. These eyes remain sighted for longer periods
of time with conservative medical treatment with miotic antiglaucoma medications to decrease the
access of the lens to the anterior chamber than with early lensectomy. Despite medical therapy, many
of these lenses eventually luxate into the anterior chamber and must be surgically removed.

19. What types of medical therapy are appropriate for managing blind and painful eyes due
to chronic secondary glaucoma?

Medical therapy has no place in the long-term management of blind and painful glaucoma
tous eyes. Most antiglaucoma medications are expensive and generally ineffective for long-term
use. More importantly, all antiglaucoma medications, including topical drugs, have the potential
for systemic toxicity and side effects. The oral carbonic anhydrase inhibitors are the most effec
tive antiglaucoma drugs, but they also have the greatest potential for severe side effects such as
polyuria/polydipsia, metabolic acidosis, depression, anorexia, vomiting, and diarrhea. Many hu
mans receiving pilocarpine therapy complain of a brow-ache and blurred vision. Topical beta
blockers can cause cardiovascular and respiratory compromise.

The expense and potential for side effects of antiglaucoma medications are warranted as long
as there is vision or at least potential for vision. However, if the eye is irreversibly blind and
painful, the animal and the owner are better served by a salvage procedure to make the eye com
fortable and eliminate the need for chronic medications.

20. When should surgery be performed and what types of surgery are available for blind,
end-stage glaucomatous eyes?

Salvage surgical procedures for the blind glaucomatous globe include enucleation, intraocu
lar evisceration-implantation. and pharmacologic ciliary body ablation using intravitreal gentam
icin. Not all of these options are indicated, however, in eyes that are blind and painful due to sec
ondary glaucoma. Pharmacologic ciliary body ablation is only appropriate for blind eyes affected
with primary glaucoma. It should be used with caution in eyes that have any active inflammation
because it can exacerbate uveitis. It should never be used in eyes with intraocular tumors or eyes
with glaucoma of an undetermined cause (often the case with secondary glaucoma). Intraocular
evisceration-implantation offers a high success rate and results in a relatively cosmetic and very
comfortable globe that usually requires no further therapy. The implant procedure produces a high
rate of client satisfaction, and complications are rare. It should not be used in eyes with a known
intraocular tumor. When the procedure is performed in a blind glaucomatous eye of undetermined
cause, it is essential for the uveal tract and lens to be submitted for histopathologic examination
because neoplasia cannot always be definitively diagnosed preoperatively. When blind painful
eyes with secondary glaucoma are removed, it is always important to have the globe examined
histopathologically by a veterinary pathologist because these findings can often have systemic im
plications and implications for the fellow eye (see Chapter 17).
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15. MEDICAL TREATMENT OF GLAUCOMA
James E. Gaarder, D.V.M.

1. What are the major considerations when evaluating an eye affected with glaucoma?
Choosing the proper therapy depends on accurate and thorough diagnostic evaluation. It

must first be determined whether the eye is affected with primary or secondary glaucoma be
cause primary glaucoma is, by definition, ultimately bilateral and the normal fellow eye is at risk.
Primary glaucoma is also an incurable disorder that, at best, can be effectively managed only for
variable periods of time. Secondary glaucoma is usually a unilateral disease and can sometimes
be treated and even cured with preservation of vision if the underlying cause can be identified
and corrected. Secondary glaucoma is associated with concurrent ocular disease such as inflam
mation, neoplasia, hemorrhage, and lens disorders. Vision or potential for vision of the affected
eye must be assessed before appropriate therapy can be employed. Eyes afflicted with chronic
glaucoma are usually irreversibly blind and uncomfortable. Blind eyes with acute glaucoma may
still have potential for vision provided the intraocular pressure (lOP) can be normalized in a
timely manner and the disease is still in its early stages. Because greatly elevated lOP can cause
irreversible damage to the visual potential of the eye within hours, acute glaucoma is an ocular
emergency. By the time the signs of chronic glaucoma are evident, the vision potential of the
eye is usually lost.

2. What is a reasonable therapeutic goal for the treatment of primary glaucoma?
It must be communicated to the clients that primary glaucoma in dogs and cats (although the

disease is much more common in dogs) is not a curable disorder. The goals of therapy are to main
tain vision and ocular comfort for as long as possible using medical or surgical therapy and, if
unilateral, to prevent or delay occurrence in the fellow eye. Multiple drug therapy is often re
quired. One should be aware that most antiglaucoma drugs lose their efficacy over time. When
the pressure begins to rise despite medical therapy, surgical intervention is indicated. When the
eye becomes irreversibly blind and painful, a salvage procedure (enucleation, intraocular evis
ceration-implantation, or pharmacologic ciliary body ablation) is indicated.

3. What is the therapeutic goal for treating secondary glaucoma?
The underlying cause must first be identified and corrected if possible. For glaucoma sec

ondary to uveitis, aggressive anti-inflammatory therapy (topical, systemic or both) is critical and
should be combined with antiglaucoma therapy. The various etiologies of uveitis in dogs and cats
should also be investigated. When glaucoma is secondary to a primary intraocular tumor, med
ical therapy is usually ineffective. Eyes affected with glaucoma secondary to metastatic neopla
sia can sometimes be managed in conjunction with treatment of the systemic disease (lym
phosarcoma is a common example). Surgical lensectomy is usually required for managing
glaucoma secondary to anterior lens luxation. Therefore, the therapeutic goal for treating sec
ondary glaucoma depends on the primary cause and the ability to treat it.

4. What are the initial therapeutic goals for treating sighted or potentially sighted eyes?
The goal of medical therapy for primary or secondary glaucoma is to decrease intraocular pres

sure by shrinking the intraocular volume, decrease aqueous production, or increase aqueous outflow.
Osmotic agents are useful in the emergency treatment of acute glaucoma because they rapidly

dehydrate the vitreous and decrease intraocular volume. Carbonic anhydrase inhibitors, l3-blockers,
and sympathomimetic agents decrease aqueous production. Miotics, sympathomimetic agents,
and prostaglandin analogues increase aqueous outflow.

85



86 Medical Treatment of Glaucoma

5. How do osmotic agents work and when should they be used?
Hyperosmotic agents include intravenous mannitol and oral glycerol and are used in acute

severe elevations of lOP in sighted or potentially sighted eyes. Hyperosmotic agents increase
plasma osmolality, producing an osmotic gradient between the ocular vasculature and intraocu
lar fluids (primarily the vitreous). Hyperosmotics are the most potent medical therapy available
in terms of reducing severe lOP elevations, and they usually produce ocular hypotension lasting
2:: 5 hours within 30 minutes of administration. They are useful in emergency situations but lose
their effectiveness after the second or third administration making osmotherapy ineffective for
chronic therapy. Mannitol should be administered intravenously at a dosage of 1-2 gm/kg over
20 minutes. High concentrations of mannitol (over 20%) may crystallize at room temperature,
so warming the solution in a water bath to dissolve the crystals and administering the solution
through a blood filtration set are indicated. Mannitol is never the sole agent used for treating
glaucoma. An oral carbonic anhydrase inhibitor should be given during or before mannitol ad
ministration along with one or more topical agents. Glycerol (50%) is an oral osmotic diuretic
and also produces ocular hypotension. It is not as potent as mannitol and often produces vomit
ing. Glycerol should not be used in diabetics because it can cause hyperglycemia. Water should
be withheld for a minimum of 4 hours after hyperosmotic administration to maintain intraocu
lar dehydration.

Hyperosmotic Agents

USP OR TRADE ONSETIDURATION
NFNAME NAME PREPARATION DOSE ROUTE OF ACTION COMMENTS

Mannitol Osmitrol 25% 0.5-2 g/kg IV 30-60 min/6 hr Useful in emergency
therapy of acute
glaucoma in
potentially visible
eyes

Glycerol 50% 1-2 gmIKg PO May cause vomiting
Do not use in
diabetic dogs

For acute glaucoma, after the lOP is normalized and maintained, referral toa veterinary oph
thalmologist should be discussed with the client. If lOP does not normalize within 6-8 hours af
ter instituting therapy, emergency referral to a veterinary ophthalmologist should more strongly
be considered.

6. How do carbonic anhydrase inhibitors lower lOP?
Oral carbonic anhydrase inhibitors (CAIs) are the mainstay of veterinary medical therapy for

glaucoma and are the only systemic agents used in long-term management. Carbonic anhydrase
catalyzes the combination of carbon dioxide and water to form carbonic acid. The CAls decrease
the production of aqueous by blocking this process. Because CAls reduce the production of aque
ous, they are useful in managing all forms of glaucoma. Therapeutic effect of orally administered
CAls begins 2-3 hours after administration, the maximum effect occurs within 4--8 hours, and
lOP is usually reduced by 20-30%. Although oral CAls are the most potent medical agent for
long-term control of lOP and are the foundation for the medical management of glaucoma, they
also have the greatest incidence of side effects.

7. Why do oral CAls have so many side effects?
The carbonic anhydrase enzyme is present in many nonocular tissues, including the kidney,

pancreas, central nervous system, red blood cells, and lungs. Because of the ubiquitous nature
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of carbonic anhydrase, side effects of CAls are expected and include polyuria/polydipsia, meta
bolic acidosis, depression, confusion, anorexia, vomiting, diarrhea, and rarely blood dyscrasias.
In humans, these side effects are severe enough in 40-50% of patients to require the discontin
uation of therapy. Potassium excretion is increased by oral administration of CAls, and hy
pokalemia is a potential sequela of chronic use. Supplementation with oral potassium is recom
mended. Although dogs appear more tolerant than humans to systemic CAl therapy, side effects
are not uncommon in the canine patient. Similar to the pain of glaucoma, these side effects may
be subtle and not easily appreciated by the owner or veterinarian until discontinuation of ther
apy produces notable change in the animal's attitude, activity level, and appetite. When severe
side effects are noted, reducing the dosage, substituting another oral CAl, or discontinuing oral
CAl therapy is recommended. Most dogs appear to tolerate dichlorphenamide and methazo
lamide better than acetazolamide. Currently, only methazolamide and acetazolamide are readily
available, because the production of dichlorphenamide has been discontinued. If the side effects
are mild and the animal remains sighted, continued CAl therapy is warranted. If the side effects
are severe or the animal is permanently blind and in pain, other options are available. In contrast
to dogs, cats appear to poorly tolerate systemically administered CAls. When warranted, met
hazolamide is the CAl of choice in cats because it is available in 25-mg tablets for more accu
rate dosing.

Carbonic Anhydrase Inhibitors

ONSETIDURATION
USP OR NF NAME TRADE NAME PREPARATION DOSE OF ACTION

Acetazolamide Diamox 125-, 250-mg tablets 2.2 mglkg q 12 hr 2 h4/4-6 hr
500-mg (timed-release)

capsules
Available 125-, 250-mg tablets

generically
Acetazolamide Diamox 500 mg 5-10 min/2 hr

sodium Parenteral
Brinzolamide Azopt 1% ophthalmic 1-2 times/day

suspension
Dichlorphenamide Daranide 50-mg tablets 2.2 mglkgq 30 min/6 hr

8-12 hr PO
Dorzolamide Hel Trusopt 2% ophthalmic 2-3 times/day

solution
Methazolamide Glauctabs 25, 50 mg tablets 2-4 mglkg 2 hr/4-6 hr

(maximum dose:
4-6 mglkg)

MZM 25, 50 mg tablets q8-12h PO
Neptazane 25,50 mg tablets
Available 25, 50 mg tablets

generically

8. How do topical CAIs compare to oral CAIs?
Topical CAls are relatively new additions to the ophthalmologist's armamentarium. Cur

rently, three are available: dorzolamide (Trusopt, Merck), brinzolamide (Azopt, Alcon), and a
combination of dorzolamide and timolol (Cosopt, Merck). Preliminary clinical results have indi
cated that these agents may be effective and beneficial in some cases of canine and feline glau
coma. Although these agents are not as effective in reducing lOP as oral CAls, the side effects
appear to be minimal. Because of a similar mechanism of action, there is generally little benefit
from using a topical CAl in conjunction with an oral CAL The main disadvantage of topical CAls
is that they, like oral CAls, are expensive. Topical CAls do not have as many systemic side ef
fects as oral CAls.
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Internet Antiglaucoma Medication Price Comparison*

DRUGSTORE.COM PLANETRX.COM DRUGEMPORIUM.COM AMERICARX.COM

Timolol (5%)
5ml $11.24 $11.85 t $16.15 N/A
15ml $17.36 $17.63 t $34.15 $13.87

Trusopt (2%)
5ml $24.10 $22.53 N/A $23.50
10ml $45.10 $45.95 N/A $43.75

Cosopt 2 (0.5%)
5ml $40.12 $41.60 N/A $38.25
10 ml $77.07 $78.69 N/A $76.50

Neptazane'
25 mg $39.72/60 $13.39/60 $26.95/60t $15.00/60
50 mg $58.85/60 $18.57/60 $38.95/60t $21.00/60

Xalatan (0.005%)
2.5 ml $42.10 $44.01 $50.95 $40.05

*Price as of 2000.
"Generic drug.

9. What are the indications and contraindications for using a miotic agent as part of the
treatment for glaucoma?

Topical miotic agents produce pupillary constriction, contraction of the ciliary musculature,
and increased outflow of aqueous through a configurational change in the trabecular meshwork.
Pilocarpine is a direct-acting cholinergic miotic available in several concentrations; 2% appears
most effective in the dog. Theoretically, pilocarpine is most effective in treating primary open
angle glaucoma (POAG), the least common form found in dogs. Most forms of canine glaucoma
are due to narrowing or closure of the iridocorneal angle, not the trabecular meshwork, making
the effectiveness of pilocarpine questionable for closed-angle glaucoma (CAG), the more com
mon form found in dogs. Advantages of pilocarpine include its effectiveness for some forms of
glaucoma and its relatively inexpensive cost. Disadvantages include its topically irritating quali
ties and the frequency of administration (3-4 times daily). A 4% pilocarpine gel (Pilopine HS,
Alcon) is available and has the advantage of once-daily administration. Because it can potentiate
breakdown of the blood aqueous barrier, pilocarpine should not be used when uveitis is present
or when treating secondary glaucoma. Indirect-acting miotics include echothiophate iodide
(Phospholine Iodide, Wyeth-Ayerst) and demecarium bromide (Humorsol, Merck) and act by in
hibiting cholinesterase, thus increasing endogenous acetylcholine. These agents are less irritating
and longer-acting than pilocarpine but are more expensive. As with pilocarpine, they can activate
latent uveitis and intensify concurrent uveitis. Thus, they are most useful in primary glaucoma.
They are especially useful in primary glaucoma with early lens luxation or subluxation because
they produce miosis and discourage a luxated lens from gaining access to the anterior chamber,
resulting in acute pupillary block glaucoma, which necessitates surgical intervention.

10. Which of the (3-adrenergic blocking agents are commonly used in veterinary ophthal
mology and when are they useful?

Although topical (3-blockers are the most frequently prescribed agents for treating glaucoma
in man, their efficacy in dogs and cats is controversial. (3-blockers reduce lOP by decreasing aque
ous production. The most commonly used drug is 0.5% timolol maleate (Timoptic, Merck). Tim
0101 is useful in both primary and secondary glaucoma and unlike topical miotic agents, does not
potentiate uveitis. Because (3-blockers decrease aqueous production by a mechanism other than
CAls, their ocular hypotensive effect when used together with CAls is additive. Timolol is most
commonly used as an adjunctive therapy and combined with oral CAls. Although it is not ade
quate as the sole agent when treating a glaucomatous eye, it may be useful in prophylactic ther
apy for the fellow eye in cases of primary glaucoma. Timolol is also available in an ophthalmic
gel forming solution (Timoptic-Xli, Merck) that allows for once daily dosing. Be careful to dis-
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pense or prescribe timolol in the 0.5% concentration as the 0.25% concentration that is also avail
able is ineffective in dogs and cats. A common side effect of timolol (a nonselective J3-blocker)
in humans is bronchoconstriction and bronchospasm (predominantly in patients with preexisting
bronchospastic disease). Although this side effect is uncommon in animals, betaxolol (Betoptic,
Alcon), a selective J3-blockerhas fewer side effects and can be used as an alternative. Betaxolol
does not appear to be as potent as timolol in reducing lOP.

[3-Adrenergic Blocking Agents

GENERIC NAME TRADE NAME CONCENTRATION DOSE SIZE(S) (ML)

Betaxolol hydrochloride Betoptic-S 0.25% 2 times/day 2.5,5,15
Betoptic 0.5% 2.5,5, 10, 15

Carteolol hydrochloride Ocupress 1% 1-2 times/day 5,10
Levobunolol hydrochloride Akbeta 0.25%,0.5% 1-2 times/day 5,10,15

Betagan 0.25%,0.5% 1-2 times/day 2,5,10,15
Available generically 0.25%,0.5% 1-2 times/day 5,10,15

Metipranolol OptiPranolol 0.3% 1-2 times/day 5, to
Timolol hemihydrate Betimol 0.25%,0.5% 1-2 times/day 2.5,5, 10, 15
Timolol maleate Timoptic 0.25%,0.5% 1-2 times/day 2.5,5, 10, 15

Available generically 0.25%,0.5% 5, 10, 15
Timolol maleate (gel) Timoptic-XE 0.25%,0.5% 1 times/day 2.5,5

11. How do sympathomimetic agents reduce lOP?
Adrenergic compounds decrease lOP by stimulating a-receptors and increasing aqueous out

flow, and by stimulating J3-receptors and decreasing production. As with J3-blockers, they are
minimally effective when used as sole agents but can be useful adjuncts when combined with
other classes of drugs. Topical epinephrine and epinephrine-pilocarpine combinations are avail
able. Dipivefrin hydrochloride (Propine, Allergan) is an epinephrine prodrug that is converted to
epinephrine in the anterior chamber. Dipivefrin hydrochloride is the drug of choice in this group
because it is less irritating, has better intraocular penetration into ocular tissues, and has more po
tency and less toxicity. However, it is more expensive than either epinephrine or epinephrine-pi
locarpine combinations.

Sympathomimetics

GENERIC NAME TRADE NAME CONCENTRATION (%) DOSE SIZE(S) (ML)

Dipivefrin hydrochloride Akpro 0.1 1-2 times/day 5,10,15
Propine 0.1 1-2 times/day 5,10,15
Available generically 0.1 5, 10, 15

Epinephryl borate Epinal 0.5, I 1-2 times/day 7.5
EppylN 1 7.5

Epinephrine hydrochloride Epifrin 0.5,1,2 1-2 times/day 5,10,15
Glaucon 1,2 10

12. What are prostaglandin analogues?
Prostaglandin analogues (prostanoids) are a new class of topical glaucoma medications de

veloped for once-daily usage in humans. The prototype in this class is latanaprost 0.005% (Xalatan,
Pharmacia and Upjohn). Several similar drugs currently are becoming available. Prostaglandin
analogues reduce lOP by increasing aqueous outflow by the unconventional or uveoscleral route.
The mechanism of action is different from that of other antiglaucoma medications. In dogs and
cats, the uveoscleral outflow has been considered a less important avenue for normal aqueous loss
than the conventional outflow pathway through the iridocorneal angle. However, latanaprost has
been very useful in treating some cases of acute primary glaucoma in dogs (used alone or in com
bination with conventional hyperosmotic and oral CAl therapy). Although this particular
prostaglandin analogue has not been extensively evaluated for efficacy in animals, topical appli-
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cation of prostaglandin FZa (PGF Za ) and similar drugs was shown to cause significant lOP reduc
tion in rabbits, cats, dogs, and monkeys. The recommended dosage in humans is once daily at
bedtime, and the most common side effect is an iris color change with long-term use. The iris
color change has not yet been noted in animals. Latanaprost, in addition to its antiglaucoma ef
fects, is also a very potent miotic and often produces profound pupillary constriction in cats and
dogs. It is usually administered once or twice daily in animals. It is expensive but can be very use
ful in selected cases.

uz-Selective Agonists and Prostaglandin Analogues

GENERIC NAME TRADE NAME CONCENTRAnON DOSE SIZE(S) (ML)

Aprachlonidinne lopidine 0.5% 2-3 times/day 5
1.0% Single use bottle

Brimonidine Alphagan 0.2% 2 times/day 5, 10, 15
Latanoprost Xalatan 0.005% I times/day 2.5
Travoprost Travatan 0.004% I time/day 5

13. What is acute glaucoma?
Acute glaucoma results from a rapid increase in lOP over a course of several hours. Clinical

signs include acute blindness, ocular pain, conjunctival and episcleral vascular congestion, and
diffuse corneal edema. The pupil is usually dilated and unresponsive or sluggishly responsive
to bright light stimulation. The combination of these clinical signs is very suggestive of acute
glaucoma but they are not pathognomonic. Because any or all of these signs can be seen in other
ocular disorders, tonometry is essential for accurate diagnosis. When in doubt about the visual
potential of the eye, institute emergency therapy to reduce lOP. If the eye is irreversibly blind,
this will become apparent soon (see Figure I).

Figure 1. Acute glaucoma in an
American cocker spaniel. The in
traocular pressure was 60 mmHg.
Also note the cataract, which is in
significant to the glaucoma.

14. How should emergency treatment of acute glaucoma be approached?
A complete ophthalmic examination including tonometry is the first step. The clinician

should look closely for any sign of underlying intraocular disease such as uveitis, hemorrhage, or
intraocular tumor. If primary glaucoma is diagnosed (no underlying abnormalities) or if a cause
of secondary glaucoma is addressed, the focus of therapy should be on reducing lOP as rapidly
as possible. Permanent ganglion cell and optic nerve damage can occur within hours following
marked elevations in lOP. Therefore, rapid intervention is critical. Emergency medical treatment
should consist of the administration of a hyperosmotic agent such as intravenous mannitol or oral
glycerol. Mannitol is preferred because it is more potent and has fewer side effects. Hyperosmotic
agents are the most potent medications available for the acute reduction of lOP. In addition, an
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oral carbonic anhydrase inhibitor such as methazolamide or dichlorphenamide should be admin
istered. These oral CAls begin to reduce lOP 2-3 hours after administration. lOP should be mea
sured every hour until it normalizes. Mannitol can be repeated in 4-6 hours if necessary. Metha
zolamide or dichlorphenamide are continued at a dose of 2--4 mglkg every 8-12 hours. Referral
to a veterinary ophthalmologist should be considered.

15. Which topical drugs are useful for acute glaucoma?
There is a wide variety of topical medications. Topical r'l-blockers such as timolol or Betax

0101 are useful becauase they can be used in all forms of glaucoma and provide an additive effect
to hyperosmotic agents and oral CAIs. They are not useful as sole agents for acute glaucoma be
cause they only reduce lOP by 5-10 mmHg. Pilocarpine is useful for primary open-angle glau
coma and in some cases of primary closed-angle glaucoma, but it should not be used in cases of
secondary glaucoma because it can worsen uveitis. A sympathomimetic agent such as dipivefrin
can be used in conjunction with a topical r'l-blocker if necessary. The prostaglandin analogue la
tanoprost is also very useful in breaking high-pressure attacks of primary glaucoma in affected
dogs when used alone or in conjunction with intravenous mannitol and an oral CAl.

16. If immediate referral to an ophthalmologist is impossible, what are the best medications
for treating acute glaucoma?

For acute primary glaucoma, administer topical latanoprost and oral methazolarnide and
recheck lOP in 30-60 minutes. IflOP is not significantly reduced (to less than 30 mmHg), begin
intravenous mannitol. Add 0.5% timolol (b.i.d.), dipivefrin (b.i.d.), and/or 2% pilocarpine if nec
essary. If latanoprost is unavailable, begin mannitol administration immediately. For acute sec
ondary glaucoma, avoid latanoprost and pilocarpine and use topical and/or systemic anti-inflam
matory agents as necessary for any underlying uveitis. Topical drugs causing miosis (latanoprost
and pilocarpine) should not be used in cases of glaucoma due to anterior lens luxation.

17. Which medications are most useful after lOP has normalized?
There is not a single correct method for long-term medical management of the visual but

glaucomatous eye. In general, the clinician should try to find the one medication or combination
of medications that will control lOP and result in the fewest side effects. In some cases, topical
administration of one agent is sufficient. In others, multiple medications are required. If lOP re
mains controlled for several weeks, the drug dosages or frequency of administration can be grad
ually reduced. Long-term medical management is challenging and requires frequent and careful
monitoring, dosage adjustments, and drug changes. Most patients are best managed with an oral
CAl and one or more topical agents of different classes. Remember that most antiglaucoma med
ications lose their efficacy over time and eventually surgical intervention becomes necessary. If
the eye is irreversibly blind and painful, a surgical salvage procedure is indicated. Glaucoma
tous eyes require frequent monitoring, and tonometry should be performed at least every 3
months.

18. What is the prognosis for acute glaucoma?
Although many cases of acute glaucoma can be successfully managed for a period of time,

the long-term prognosis for preserving vision in most cases is guarded to poor. Initial response to
therapy can be a useful indicator of future success. With aggressive medical or surgical interven
tion, many animals regain or retain vision for several months or longer. However, even with suc
cessful management of the lOP, glaucoma is almost always progressive and incurable. Fortu
nately, there are many surgical options available for the blind painful eye that provide comfort
and alleviate the need for chronic medication.

19. When is surgery indicated for glaucoma?
There is considerable controversy within the veterinary ophthalmology community regard

ing when surgical intervention is appropriate. Some ophthalmologists prefer to manage glaucoma
in the visual eye medically until medical management begins to fail. Others advocate early sur-
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gical intervention in hopes of alleviating the need for chronic medical management and prolong
ing vision in the affected eye. It remains to be seen which method works best. The surgical modal
ities employed all have potential complications, are expensive, and have risks. As with medical
management, they can prolong vision in an affected eye but do not cure the disease.

20. Can primary glaucoma be prevented from developing in the fellow eye?
Primary glaucoma always has bilateral potential. In at least 50% of cases, the initially nor

motensive fellow eye becomes overtly glaucomatous within 6-12 months after the onset of dis
ease in the affected eye. In dogs with primary glaucoma, it appears that prophylactic therapy us
ing a topical l3-blocker, sympathomimetic, or miotic is effective in prolonging the period of time
until the fellow eye becomes affected, but does not necessarily prevent glaucoma. In addition,
prior prophylactic therapy may make glaucoma-if it occurs-easier to manage.
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16. GONIOIMPLANTS
Dennis E. Brooks D.V.M., ph.D.

1. Is there an optimal way to medically and surgically manage cases of canine glaucoma?
The optimal clinical management to aid preservation of vision has not been developed for

each of the different types of primary glaucomas in dogs. Medical treatment usually provides a
few months of effective control of intraocular pressure (lOP). Traditional surgical therapies for
canine glaucomas may also provide short-term lOP control.

2. What is the cause of elevation of intraocular pressure?
The basic mechanism for the elevation in lOP found in the primary canine glaucomas in

volves progressive accumulation of biochemical substances in the aqueous outflow pathways
such that aqueous humor is unable to exit the globe and the lOP levels become harmful to the in
traocular structures. This outflow obstruction may also be associated with inherent microcircula
tory disturbances to the retina and optic nerve. As this progressive iridocorneal angle closure oc
curs, the choice of medical, surgical, or most frequently a combination of both therapeutic
modalities to maintain lOP at "safe" levels in canine glaucomas must change.

3. Why is surgical therapy important in glaucoma?
Eyes with glaucoma eventually become refractory to medical therapies to reduce lOP. Sur

gical treatment is thus important in maintaining lOP at physiologic levels in glaucomatous dogs
with iridocorneal angles that are narrow or closed. Unfortunately older surgical treatments of pri
mary glaucomas in the dog such as iridencleisis, corneoscleral trephination, cyclodialysis, com
bined iridencleisis and cyclodialysis, and posterior sclerectomy have not been very successful at
lowering lOP for long periods. Anterior chamber shunts (gonioimplants) appear to be the most
physiologically appropriate means to provide longer periods of successful control of lOP because
they increase outflow rather than reduce production of aqueous humor.

4. What are gonioimplants?
Anterior chamber shunts or gonioimplants are surgical filtration devices that provide an al

ternate pathway of aqueous humor drainage around the obstructed, nonfunctioning iridocorneal
angle. Aqueous humor is redirected by a tube in the anterior chamber that is connected to a plate
sitting on the sclera. This scleral plate or explant induces formation of a fibrous capsule perme
able to the aqueous humor. Aqueous humor thus moves through the tube to the scleral explant to
be absorbed beneath the conjunctiva. A subconjunctival swelling or "bleb" is noted to form over
the scleral explant when the gonioimplant is functional.

5. Which eyes are the best candidates for gonioimplantation?
The optimal canine candidates for the antiglaucoma surgeries are visual patients with early

glaucoma, no iridocyclitis or lens subluxation, and normal-appearing optic discs. Patients with vi
sion and lOP that is increasing despite maximum levels of medical therapy are also good candi
dates. Surgical treatments for blind eyes with advanced glaucomas not under adequate medical
control are probably going to be less successful and require different strategies. In the author's
practice, the anterior chamber shunts thus are reserved for glaucomatous eyes that are visual or
have the potential to regain vision.

6. When are gonioimplantation surgeries most successful?
Higher success rates may result when the filtering techniques and the gonioimplants for the

canine glaucomas are employed early in the glaucomatous disease process. The reasons for the ap
parently higher success rate include: (1) there is still some remaining aqueous humor outflow; (2)
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damage to the retina and optic nerve head is not advanced and vision is present; (3) the likelihood
of lens subluxation, buphthalmia, peripheral anterior synechiae, and ciliary cleft collapse is re
duced; and (4) the complications of concurrent iridocyclitis, preiridal rubeosis, and vitreous within
the posterior or anterior chamber are reduced. In addition, the aqueous humor of humans with pri
mary glaucomas, as well as with uveitic glaucomas, seems to stimulate proliferation of the sub
conjunctival fibroblasts more than normal aqueous humor, and this may be related to previous glau
coma drug administration and higher levels of growth factors in chronically affected eyes.

7. What preoperative treatment is needed for gonioimplantation?
Preoperative considerations in the treatment of primary glaucoma include: (1) preoperative

control of lOP to near normal; (2) suppression of any concurrent iridocyclitis with topical corti
costeroids and nonsteroidals; (3) maintenance of the desired pupil size; and (4) dehydration and
reduction in the size of the vitreous with osmotic agents. lOP must be reduced to 15-20 mmHg
with medical therapy. A sterile Schiotz tonometer can be used to estimate lOP immediately be
fore entry into the anterior chamber. If lOP is 30 mmHg or higher, paracentesis is recommended
to prevent anterior vitreous presentation, retinal detachment, and expulsive choroidal hemor
rhage. Many types of canine glaucoma also exhibit concurrent iridocyclitis. Topical and systemic
corticosteroids and nonsteroidal anti-inflammatory agents are indicated to suppress inflammation
and reduce inflammatory cells and proteins in the aqueous humor. These exudates can compro
mise short-term and long-term aqueous humor outflow through the new surgical filtration site.
lOP lowering medications are continued till bleb patency is assured.

8. Are there different types of gonioimplants?
Gonioimplants are divided into those with unidirectional valved systems designed to permit

aqueous humor passage at about 10-12 mmHg and those with bidirectional nonvalved systems
that have no pressure regulatory devices, except for the limited resistance in the shunt's tubing.
In the early 1980s the silastic Krupin-Denver valve was evaluated in the beagle dog with inher
ited glaucoma. This small implant consisted of a small tube placed in the anterior chamber, a valve
mechanism to prevent hypotony, and a short tube that extended a few millimeters into the sub
conjunctival spaces. Without a broad area for the reabsorption of aqueous humor to occur, the exit
opening of this implant became scarred and occluded in 50% of the dogs by 6 months. A modi
fied (nonvalved) silicone Joseph implant was evaluated in 15 dogs (21 eyes) with primary glau
coma with encouraging results. Additional reports have evaluated silicone Ahmed, Baerve1dt, and
other anterior chamber shunts in dogs. Without effective antifibrosis therapy, lOP rises about 3-6
weeks postoperatively from the fibrous capsule that forms around the extrascleral implant. The
presence or absence of the valve mechanism in the anterior chamber shunt influences the imme
diate postoperative management because lOP below 5 mmHg is injurious to the eye and long
term function of the implant. The Ahmed valve has been evaluated in an in vitro system at flow
rates that approximate the rate of aqueous turnover in the dog (Fig. 1).

9. Why do some gonioimplants have valves?
Clinical utilization of a valved or nonvalved system affects the immediate postoperative clin

ical management. Valved or unidirectional systems maintain a minimal lOP, which prevents oc
ular hypotony and collapse of the anterior chamber immediately after surgery. The nonvalved or
bidirectional flow-systems in the immediate postoperative period may result in ocular hypotony
(~ 5 mmHg), but rarely a shallow anterior chamber and disruption of the blood-aqueous barrier.
After the fibrous capsule forms around all extrascleral implants several weeks postoperatively, re
sistance develops to increase lOP. In the long term, there is no difference in lOP control between
valved and nonvalved implants.

10. What is the surgical procedure for installation of anterior chamber shunts?
A120-140° fornix-based dorsal bulbar conjunctival flap is prepared using mainly tenotomy

scissors and alternating sharp and blunt dissection. This is continued posteriorly between Tenon's



Figure I. Ahmed gonioimplant with
scleral strap attached to increase the
surface area of the subconjunctival
bleb.
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capsule and sclera and between the dorsal and lateral or dorsal and medial rectus muscle inser
tions. The implant is usually positioned at or just posterior to the equator, its rostral end about
10-12 mm from the limbus. The anterior border of the implant should be posterior of the dorsal
rectus muscle insertion. The episcleral or main portion of the anterior chamber shunt is placed be
tween the dorsal rectus and medial rectus muscles or the space between the dorsal rectus muscle
and the lateral rectus muscle. Once the surgical site has been adequately dissected and excessive
epibulbar fascia excised, the area may be treated with a sterile surgical cellulose spear soaked with
mitomycin-C (0.25-0.5 mg/ml) to impede the fibrosis that develops about this base. After expo
sure of the tissues to the intraoperative mitomycin-C for 5 minutes, the area is flushed profusely
for an additional 5 minutes with lactated Ringer's solution. Mitomycin-C should not have access
to the anterior chamber or to the leading edges of the conjunctival wound. All anterior chamber
shunts are checked prior to placement for function and patency. A 25-27-gauge hypodermic nee
dle is cannulated into the end of the anterior chamber tubing, and sterile lactated Ringer's solu
tion is injected. With the shunt system filled with fluid, it is "primed" and ready for implantation.
The device is carefully positioned into the sub-Tenon's capsule space, making certain that the im
plant borders are in contact with the sclera. Once the device is properly positioned, it is secured
to the sclera and Tenon's capsule by 2-4 nonabsorbable 7-0 sutures, usually placed at the ante
rior border and near the extraocular muscle insertions (Fig. 2). The overall length of the anterior
chamber silicone tubing is carefully measured. If cut too long, it may contact the posterior sur
face of the cornea and produce focal edema. However, if cut too short, the tubing lumen can be
come obstructed by the base of the iris or preiridal inflammatory membranes. Once in the ante
rior chamber, the tubing should not touch either the iris or cornea and should avoid crossing the
center of the pupillary axis. The tip of the tubing is usually cut in a slightly beveled position to
facilitate insertion into the anterior chamber. A limbal-based partial-thickness 5 X 8 mm scleral
hinge is prepared by a scalpel to prevent tube erosion through the conjunctiva due to upper lid
pressure. Entry into the canine anterior chamber is usually at about the 12 o'clock with a 20-22
gauge hypodermic needle (Fig. 3). The hypodermic needle is quickly removed and the beveled
silicone tubing inserted. Manipulation of the tubing with special silicone tubing thumb forceps is
recommended to prevent damage to the soft silicone tubing. Aqueous humor will generally be
noted flowing through the device. Provided little aqueous humor has escaped through the anterior
chamber needle track, lOP should be about 10 mmHg. The comers of the scleral hinge are ap
posed to the underlying host sclera with four simple interrupted 6-0 to 7-0 absorbable sutures.
The conjunctival flap wound is apposed using several simple interrupted or a continuous 6-0 to
7-0 absorbable suture. To minimize development of fibrin in the aqueous humor and within the
implant postoperatively, 25 fLg of tissue plasminogen activator (tPA) is usually injected into the
anterior chamber at the limbus.
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Figure 2. Implant being attached to
the sclera intraoperatively.

Figure 3. Tube present III anterior
chamber of a dog.

n. What is needed for postoperative management?
The general postoperative management includes:
• Control and resolution of the iridocyclitis with topical and systemic corticosteroids and

nonsteroidal anti-inflammatory agents
• Moderate pupillary dilatation and encouraging pupil movement with careful use of mydri

atics, such as 1% tropicamide
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• Prevention of infection with topical and systemic antibiotics
• Maintenance of normal levels ofIOP with carbonic anhydrase inhibitors and, if necessary,

[3-blocker adrenergics; and
• Maintenance of a patent anterior chamber tubing (intracameral injections of 25 f.Lg tissue

plasminogen activator). Digital massage may be performed daily.

12. What lOP is expected postoperatively?
Successful anterior chamber shunts will provide lOP, immediately after surgery, of about 5

mmHg with the nonvalved shunts and 8-12 mrnHg with the valved shunts. Occasional spikes of
10mmHg or higher may develop in the first few weeks as the shunt tube is temporarily plugged
with fibrin. With development of the capsule about the base of the scleral shunt explant in 3-6
weeks, lOP will gradually increase to 12-20 mmHg several weeks postoperatively.

13. What if tube occlusion occurs?
Anterior chamber shunt tubing may occasionally become occluded to cause an elevation in

lOP, and yet examination of the anterior chamber portion of the system may appear normal. Ul
trasonography through the upper eyelid over the area of the shunt will demonstrate no surround
ing aqueous humor "pool" or bleb if the tube is occluded. In these patients, either digital massage
or the intracameral injection of TPA will often cause in a rapid decrease in lOP and re-establish
ment of patency. 10 Presumably, a fibrin clot within the tubing has produced a temporary occlu
sion of the system (Fig. 4).

Figure 4. Subconjunctival bleb pre
sent over the scleral implant 3
months postoperatively.

14. What if a loss of bleb patency occurs?
Long-term failure of anterior chamber shunts is usually associated with development of an im

permeable capsule about the episcleral base of the device. Aqueous humor may contain a number
of cellular stimulants that promote continued capsule formation. With time, the capsule becomes
thicker or less permeable, and lOP gradually increases over weeks or several months. Surgical re
moval of the capsule on the top and sides of the implant, which is not disturbed, will immediately
restore normal levels of rop. As the capsule is stripped from the implant, aqueous humor will im
mediately flow into the incision, and ropwill decrease to about 10 mrnHg with the valved sys
tems. A loss of explant bleb patency may also occur with time to prevent filtration of aqueous and
thus result in increased lOP. Topical corticosteroids, such as 1% prednisolone, are instilled post
operatively for several months to impede capsule formation about the anterior chamber shunt base.

15. Are there complications of using anterior chamber shunts?
There is a learning curve with anterior chamber shunts as with any new surgical procedure.

Every attempt should be made to control uveitis before surgical entry into the anterior chamber
because some iridocyclitis is present postoperatively in the dog due to the hypodermic needle pen-
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etration into the anterior chamber, further stimulation of a preexisting iridocyclitis, or the initia
tion of a new iridocyclitis by the presence of the tube. Any fibrin or blood in the anterior cham
ber may occlude the anterior chamber tubing either temporarily or permanently. If fibrin is de
tected in the tip of the tubing, injection of tPA will usually digest the clot, but higher levels of
corticosteroids and nonsteroidal anti-inflammatory agents are also indicated to resolve the irido
cyclitis for the long term. Infectious or sterile endophthalmitis is also an unusual but possible com
plication of gonioimplants. Use of mitomycin-C may predispose to endophthalmitis, which may
occur months after the surgery and require enucleation.

16. What are the surgical results of gonioimplantation?
Strategy for placement of anterior chamber shunts in dogs is still evolving, but some guide

lines have emerged. Optimal canine candidates for gonioimplants are visual patients with early
glaucoma, no iridocyclitis or lens subluxation, and normal-appearing optic discs. An implant with
a valve mechanism may be optimal for these patients. Anterior chamber shunts for canine patients
with advanced glaucoma that is not under adequate medical control are probably going to be less
successful. Anterior chamber shunts without valved systems and perhaps with a fairly large di
ameter anterior chamber tubing and episcleral implant may be the choice for these patients.

At this time, the success for anterior chamber shunts is encouraging, but additional im
provements are necessary. In a report of21 eyes of 15 dogs with primary glaucomas that received
the modified Joseph shunt, 20 eyes were normotensive at 4 weeks, and 17 eyes were still nor
motensive at 9-15 months.? About 50% of these eyes were also receiving oral dichlorphenamide
daily (1.6--2.5 mg/lb). Of the 9 eyes with vision preoperatively, 8 were still visual at 9 months. A
larger study involving 83 eyes and 65 dogs compared four different Ahmed anterior chamber
shunts for treatment of the primary glaucomas.> The criteria for success were maintenance of vi
sion and levels of lOP ~20 mmHg. The median time that lOP began to increase postoperatively
depended on the shunt and ranged from 4 to 15 months. The median time for vision loss to de
velop postoperatively again varied by shunt and ranged from 4 to 9 months. Fifteen of the 22 eyes
with ~ 20 mmHg lOP were still visual 1 year postoperatively. The most promising shunt was the
large Ahmed shunt attached to a silicone band. Only 18% of all ofthe operated eyes were still vi
sual I year postoperatively.
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17. THE BLIND BUPHTHALMIC
EYE OF GLAUCOMA

Kenneth L. Abrams, DVM.

1. How do you differentiate the buphthalmic eye of glaucoma from a retrobulbar disease
causing protrusion ofthe globe?

Is the eye actually larger (i.e., buphthalmic) or is it exophthalmic from a retrobulbar mass
that is the question. This question can be difficult to answer in subtle cases. Two techniques can
help answer this question.

I. The corneal diameter can be measured and compared to the opposite eye; if it is larger,
the globe is probably larger.

2. Digital pressure applied directly posteriorly through a closed upper eyelid can help deter
mine if there is a retrobulbar mass causing protrusion of the globe. Simultaneously compare each
eye by using the index fingers to retropulse the globes.

2. How do you determine if the patient is blind from glaucoma?
Several findings during the eye exam can indicate whether the patient has lost vision in the

problem eye. Certainly, when the eye is severely buphthalmic with severe corneal pathology, we
know that the eye is blind. Abnormalities associated with chronic glaucoma include buphthalmos,
luxated lens, Haab's striae (corneal endothelial stretch lines), optic nerve cupping and atrophy,
and retinal degeneration. Some shar-pei, chow chow, and beagle dogs seem to maintain vision
longer even with severe buphthalmos and associated chronic changes. The reason for this clini
cal observation is unknown.

3. Is the menace response helpful in determining whether the patient is blind in the glau
comatous eye?

Careful evaluation of the menace response comparing your findings to the sighted eye can
help determine whether vision is still present. The response involves a threat gesture made by the
examiner's hand to the test eye while covering the non-test eye, a positive response involves a
blink and possibly head motion away from the threatening gesture. An intact menace reflex re
quires clear cornea and ocular media, optic nerve function cranial nerve II [CN2J, cortical func
tion, and facial nerve (CN7). Young patients may not be mature enough to understand the threat
gesture, and therefore the age of patient is important when performing this test. Also, patients with
facial nerve palsy will have a negative response unless they retract the globe causing third eyelid
protrusion. Facial nerve palsy can be evaluated separately with the palpebral response by touch
ing the eyelids to elicit a blink.

4. What specific changes are associated with optic nerve disease and retinal degeneration
in glaucoma?

Indirect or direct ophthalmoscopy techniques are used to view the posterior segment of the
eye; the cornea, lens, and fluid media have to be clear in order to see the fundus. Glaucoma causes
optic nerve damage sooner than retinal degeneration, but by the time the globe is buphthalmic
many abnormalities can be found on the fundus. Optic nerve cupping is a depression of the nerve
head behind the level of the sclera and classically was thought to be caused by simple mechani
cal damage from the elevated intraocular pressure. However, more current information about the
pathogenesis of glaucoma indicates possible chemical or vascular alterations may be responsible
for the optic nerve damage. The diseased optic nerve head will be less vascularized when com
pared to the normal eye and will first appear more pale, then finally very dark in the end stages of
the disease. Often times there is a halo of hyperreflectivity around the nerve head early in the dis-
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ease process. Retinal degeneration changes associated with the buphthalmic eye include tapetal
hyperreflectivity, vascular attenuation, and depigmentation of the non-tapetum.

5. Could a tumor cause the problem?
Intraocular tumors such as lymphoma, iris and ciliary body adenomas and carcinomas,

melanomas, and metastatic carcinomas often cause secondary glaucoma. Two issues should be
considered in these patients. First, if the glaucoma is thought to be caused by a tumor evidenced
by direct viewing of the intraocular mass or other clinical indications of neoplasia, a complete
medical work-up should be performed to help make an overall treatment plan package. Second,
if a tumor has caused the glaucoma, emphasis should be placed on enucleation rather than med
ical management or evisceration. Evisceration and prosthesis may be considered risky in an eye
with a tumor since some tumor cells may be left behind with this procedure.

6. Is a buphthalmic eye painful, even if the patient seems to have normal behavior at
home?

It is often difficult to determine the degree of discomfort in patients with a chronically large
globe. However, once the eye is surgically removed, clients report that the patient becomes much
more active, and they admit that they had no indication that the pet was previously uncomfortable
with the large eye. We can, therefore, assume that the buphthalmic globe is a painful condition.

7. Can you treat a blind or glaucomatous patient with medication?
Often times clients are surprised to learn that their pet is blind in the affected eye since the

patient usually functions well with the remaining sighted eye. Initiating treatment with glaucoma
medications is reasonable to attempt reduction of the intraocular pressure and to give the client
time to accept the blindness in their pet's glaucomatous eye. It is best to use medications as a tem
porary measure unless there are specific reasons not to proceed surgically such as financial and
patient age or health issues. Most of the topical glaucoma medications approved for humans re
duce the intraocular pressure around 5-7 mmHg, which may be crucial for early detected glau
coma in people, but the dog or cat with a buphthalmic globe often has an intraocular pressure in
the 50-70 mmHg range and these medications are not very useful. There are many new topical
glaucoma medications including topical carbonic anhydrase inhibitors and latanoprost, but these
drugs are very expensive and are probably a waste of the client's money for the blind or buph
thalmic eye. Systemic carbonic anhydrase inhibitors such as methazolamide (Neptazane,
Glauctabs) and dichlorphenamide (Daranide) are more effective at reducing the lOP but can have
short- and long-term side effects such as vomiting, diarrhea, anorexia, panting, neurologic signs,
and hypokalemia.

8. If medical treatment is chosen, does it have to be given for life?
Something is better than nothing. Some clients will never consider a surgical option for the

big, blind eye, and in these patients medical treatment may have to be given for the life of the pa
tient. Periodic rechecks with intraocular pressure evaluation should be performed to monitor
progress, and some chronic buphthalmic globes eventually degenerate and become smaller (ph
thisis bulbi) over a long period of time. If the globe becomes phthisical, medications can be
weaned, and rechecks can become less frequent than every few months.

9. What are the surgical options for managing the buphthalmic eye?
Some clients immediately accept the concept that the eye will never be useful to the pet and

could develop secondary complications such as corneal ulcers from exposure, whereas other
clients may need time to get used to the idea that the buphthalmic eye will never be useful to the
patient. Once the client understands that the patient will never see out of the eye, some type of
removal of the globe should be discussed with the owner. There are three ways to remove an
eye: enucleation, evisceration, and exenteration. Exenteration is removal of the globe and all sur
rounding soft tissue structures as would be performed with an orbital tumor and is usually not nee-
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essary with a buphthalmic globe. Enucleation is removal of the eye with preservation of orbital
structures by incising extraocular muscles near their insertions at the globe and leaving behind
mostof the normal orbital tissue. Evisceration is removal of intraocular structures with placement
ofan intrascleral silicone prosthesis for maximal cosmetic outcome. Enucleation and evisceration
are the techniques perforrned for glaucoma. Enucleation can be performed either as a transpalpe
bral or subconjunctival approach depending strictly on surgeon preference. Some surgeons will
placea silicone prosthesis into the orbit before closing so that the skin over the orbit does not sink
in, but closure of the orbital septum arising from the orbital rim usually prevents "sinking" with
out having to place a space-occupying sphere.

Management ofthe Buphthalmic Globe

TREATMENT METHOD

Enucleation

Evisceration/prosthesis

Medical management

Laser or cryotherapy

ADVANTAGES

No need for further concerns
Pain-free patient immediately
Less costly long-term

Cosmetic outcome
Pain-free patient
Less costly long-term

Lower short-term costs
Time for client to consider other options
Avoids anesthesia
Short procedure
Possibly discontinue the medications
Alternative option to medications

and removal options

DISADVANT AGES

Emotion for client
Initial cost
Requires surgical expertise
Cosmetic concerns
May be contraindicated-size?
Initial cost
Requires surgical expertise
Corneal concerns long-term
High long-term costs
Patient may remain painful

Potential side effects
May not be effective
Postoperative concerns

10. Do you leave the orbit open with enucleation?
No! After removal of the buphthalmic globe, the superior and inferior orbital septa arising

from the orbital rims are sutured together. The septum is isolated by placing forceps over the in
ner and outer aspects of the orbital rim and then "dragging" them to the edge to grab the tissue.
You'll know you have the septum and not just conjunctiva if you can start to lift the patient's head
off the surgery table after taking a bite with suture. Finally, the eyelid margins are removed and
the remaining skin sutured together.

11. Are all glaucoma patients candidates for cosmetic evisceration and prosthesis?
No, again! In fact, in order for this procedure to be successful with a good cosmetic outcome,

the cornea, sclera, and globe should be relatively normal, Buphthalmic globes with exposure ker
atitis, corneal ulcers, and other corneal pathology are contraindications for performing this pro
cedure. In this procedure, a prosthesis approximately the size of the patient's globe must be
placed, and the cornea is preserved. Therefore, any lagophthalmos-related exposure problems,
corneal pathology, and dry eye syndrome will persist after surgery. Having said that, if the globe
is only mildly to moderately enlarged without corneal pathology, the prosthesis surgery can be
performed using a slightly smaller prosthesis than the globe size so that over time the sclera and
cornea decrease in size to meet the prosthesis. Measure the limbal diameter of the normal cornea
and add 2 mm for the correct size prosthesis to be placed intrasclerally into the buphthalmic globe.

12. With a cosmetic prosthesis, does the owner have to take it out and clean it? Will it fall out?
The evisceration procedure involves a scleral incision, removal of all intraocular contents

(aqueous, vitreous, lens, and retina), followed by placement of the silicone sphere to fit inside the
scleral shell. The scleral and conjunctival incisions are sutured closed, and the prosthesis remains
inside the globe for life. The prosthesis is never touched again and should never be found on the
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client's dining room floor. This type of prosthesis differs from a painted prosthetic shell that fits
under the eyelids in humans after enucleation.

13. Are there any other surgical options besides removing the globe?
Removal ofthe buphthalmic globe is the most logical way to deal with such a blind eye. How

ever, some clients emotionally or financially may need more time to consider removal, or the pa
tient may have medical issues that need to be considered for general anesthesia. Other surgical
options include laser cyclophotocoagulation or cryotherapy to reduce intraocular pressure by de
creasing aqueous humor production, drainage procedures using various types of aqueous humor
shunts, and pharmacologic ablation of the ciliary body (gentamicin injection). These procedures
still require general anesthesia but since most of them are generally quicker and less invasive than
removal methods, certain patients with buphthalmic globes may benefit from one of these proce
dures (Figs. I and 2).

Figure I. Diode laser instrumentation
by Iris Medical Instruments used for
cyclophotocoagulation of the ciliary
area.

Figure 2. Cryotherapy on a blind
buphthalmic globe. Multiple sites are
frozen dorsally and ventrally to de
stroy aqueous production and stimu
late uveitis.

14. Will the eye rupture if it gets too large?
It is amazing how large the globe can stretch without rupturing! As the globe enlarges, the

sclera and cornea become thinner, and the black uveal tract will begin to show through the thin
sclera just posterior to the limbus. However, it is fairly unusual for the globe to rupture unless
central exposure corneal ulcers develop causing eventual rupture. Although it is not amusing to
the patient, it is also amazing to see a number of cases in which both eyes have become buph
thalmic with obvious blindness and the owner, totally unaware of medical anecdotal humor, re
lates, "Doc, it just started 2 days ago ...."
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15. Will the glaucoma spread to the other eye?
There are many causes of glaucoma including primary, breed-related glaucoma, and sec

ondary glaucomas such as inflammatory, neoplasia, and trauma. Primary glaucoma in purebred
dogs such as the cocker spaniel, basset hound, poodle, beagle, Samoyed, and several other breeds
is a concern for glaucoma to happen in the second eye. The disease does not spread to the other
eye, but those patients are at risk of developing the disease in the second eye. Recent information
shows that protection of the second eye with a topical beta blocker or parasympathomimetic pro
longs the interval before the second eye develops the disease from an average of 8-30 months.

16. If treatment had been started sooner, could vision have been saved?
The bottom line is that glaucoma causes blindness in millions of human and veterinary pa

tients each year. It is simply a bad disease that needs more questions answered before we really
know how to best deal with this problem. The disease is often detected much earlier in humans
than in domestic animal species; therefore, the disease is often undetected for a longer period of
time in dogs and cats. By the time the disease is noticed, the eye is blind and buphthalmic, Even
when glaucoma is detected earlier, as is often the case for the remaining eye, the disease results
in a blind and buphthalmic eye.

17. If the second eye becomes blind and buphthalmic, does the owner have to consider eu
thanasia?

Patients adjust extremely well to complete blindness, probably by fine tuning their already keen
senses of smell and hearing. Acute blindness can result in some anxiety and confusion in the patient,
but by the time a patient develops bilateral buphthalmos they have had time to get accustomed to
their handicap and perform very well. Many owners will readily agree to remove a single buph
thalmic globe when the other eye is normal but have difficulty in considering bilateral removal even
though the patient will only feel better after surgery (Fig. 3).

Figure 3. The cosmetic appearance of
a IO-year-old basset following a bi
lateral evisceration! intrascleral sili
cone prosthesis.

A second pet in the house is often helpful in guiding the blind patient around its environment.
The sighted pet seems to understand the blind pet's handicap and takes on the role of leader of
the pack. At least two books have recently been written to help owners handle a blind patient.
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18. OCULAR MELANOSIS IN CAIRN TERRIERS
Simon M. Petersen-Jones, DVetMed, Ph.D.

1. Is ocular melanosis an inherited disease?
Undoubtedly, ocular melanosis is a hereditary condition. However, the pedigree information

to conclusively prove a mode of inheritance has yet to be assembled.

2. At what age can ocular melanosis be detected?
The age at which signs typical of ocular melanosis develop varies considerably. Some dogs

develop changes that are typical for ocular melanosis at 4 or 5 years of age while others can pre
sent with the early changes as late as 12 or 13 years of age. The occurrence of dogs with a late
onset of signs complicates attempts to screen potential breeding dogs prior to their use, and it also
means that dogs cannot be considered to be free of ocular melanosis unless they remain ophthal
moscopically normal until they are over 12 or 13 years of age.

3. What are the early changes to look for?
The early stages of the disease are characterized by the presence of a bilateral hyperpigmen

tation of the irides with a marked circumferential thickening of the iris root (Fig. 1). This thick
ening causes the peripheral one-third of the iris to protrude into the anterior chamber. Sometimes
at this early stage, careful slit-lamp examination reveals the presence of a few pigmented cells
floating in the aqueous. At this stage, pigmentation of the sclera or episclera may not necessarily
have developed. As the condition progresses, this thickening of the iris becomes less apparent.

Figure I. Early stages of ocular
melanosis. Photograph taken through
goniolens showing a circumferential
thickening of the iris root, which pro
trudes into the anterior chamber.
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4. What will gonioscopy show in ocular melanosis-affected eyes?
In the early stages, the pronounced thickening of the peripheral iris may partly obscure visu

alization of the iridocorneal drainage angle (see Figure I). The drainage angle is darkly pig
mented, and as the condition progresses, deposited pigment cells appear as a dusting on the pecti
nate fibers and also deeper within the ciliary cleft obscuring visualization of the trabecular
meshwork (Fig. 2). Eventually the ventral drainage angle is completely obscured by deposited
pigment (Fig. 3), which partly fills the ventral anterior chamber and can be seen externally as a
pigment band lining the peripheral ventral cornea. The dorsal parts of the drainage angle are less
severely affected. Once glaucoma becomes established the resulting corneal changes makes ex
amination of the drainage angle more difficult.

Figure 2. Goniophotograph of early
stage ocular melanosis. Pigment is de
posited within the trabecular mesh
work and on the pectinate fibers.
Individual pectinate fibers are still
clearly visible.

Figure 3. Goniophotograph of the
ventral drainage angle of a preglau
comatous eye. A mass of deposited
pigmented cells is obscuring the
opening into the ciliary cleft and the
pectinate flbel's.

5. When do the characteristic scleral/episcleral pigmented patches develop?
Although they are not the first indicators of the condition, pigment deposits within the sclera

and episclera develop during the early stages. They first appear as small spicule-shaped, black
colored patches 3-5 mm posterior to the limbus (Fig. 4). These patches are readily differentiated
from conjunctival pigmentation, which is more superficial, not so dark in color, and typically
more diffuse in extent. The scleral/episcleral pigment patches can appear at any point around the
circumference of the sclera overlying the ciliary body region. As the condition progresses, the le
sions become larger (Figs. 5 and 6) and may eventually appear to bulge from the surface of the
globe (Fig. 7). The more ventrally positioned lesions tend to be larger in size.

6. How long does it take for secondary glaucoma to develop?
The time taken for sufficient blockage of the aqueous drainage pathways to cause secondary
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Figure 4. A small patch of scleral pig
ment in a cairn terrier with early stage
disease.

Figure 5. A preglaucomatous eye with
ocular melanosis. There are large
scleral/episcleral pigment patches and
pigment lines the ventral corneal en
dothelial surface sufficiently to show
from under the scleral overhang. Pig
mented particles can be seen sus
pended in the aqueous.

Figure 6. An eye with ocular
melanosis and secondary glaucoma.
There is a very large pigmented patch
in the ventral sclera/episclera. A wide
band of pigment deposited on the
ventral corneal endothelial surface
can be seen.
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Figure 7. An eye with ocular melanosis
and secondary glaucoma. The pig
mented patch shown is raised from the
surface of the globe. The pigmented
sclera is thinned and is therefore
bulging as a result of the raised in
traocular pressure.

glaucoma varies considerably between affected dogs. Some dogs will develop glaucoma as early
as 7 years of age. Dogs with late-onset, slowly progressive ocular melanosis may never develop
glaucoma.

7. Ocular melanosis can lead to secondary glaucoma, but are there any other problems as
sociated with it?

Glaucoma with a slow insidious onset is the major problem secondary to ocular melanosis.
Some affected dogs do develop attacks of acute anterior uveitis associated with release of large
amounts of pigment into the aqueous. This may result in depigmentation of patches of the ante
rior iris surface. The anterior uveitis usually responds well to topical steroid therapy. Iris atrophy
may become a feature prior to a sustained elevation in intraocular pressure. A progressive pig
ment deposition also affects the fundus and, some dogs develop superficial pigment deposits on
the surface of the optic nerve head (Fig. 8). Following sustained glaucoma, complications typical
of chronic glaucoma may develop, including severe buphthalmos, exposure keratitis, and phthi
sis bulbi.

Figure 8. A spicule-shaped pigment
deposit is present on the optic nerve
head of this cairn terrier with ocular
melanosis.

8. How should I manage the condition?
We have not yet identified a method of slowing down or preventing the proliferation of pig

ment that characterizes this condition. Affected dogs should have their intraocular pressure mon
itored on a regular basis, particularly as the pigmentation progresses. Conventional antiglaucoma
medication may slow down the development of irreversible glaucomatous damage of the optic
nerve head and retina. However, the development of an intractable glaucoma is inevitable in the
dogs that develop ocular melanosis at a younger age. Only dogs with later onset and slow progres-
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sion may maintain useful eyesight up until death. Laser cyclophotocoagulation is not recom
mended because the sclera of affected dogs is already thinned and weakened considerably; there
fore. staphylomas can develop following this method of glaucoma management. Glaucoma
drainage shunts have been used with moderate success in the short term.

9. Can I do anything to help the research into the etiopathogenesis of ocular melanosis?
The author has an active research program supported by the Cairn Terrier Club of America

aimed at eventually identifying the gene mutation responsible for this condition. Sending a blood
sample for DNA extraction, a pedigree. clinical descriptions. and any enucleated eyes will help
forward this research.

10. Are other breeds affected with ocular melanosis?
There are anecdotal reports of a condition of similar appearance in other breeds. Ocular

pathologists report receiving globes from golden retrievers with a similar melanosis. However,
conclusive evidence that the conditions reported in other breeds are identical to ocular melanosis
in cairn terriers is lacking.
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IV. Cataracts

19. OVERVIEW OF CATARACTS
Jane o. Cha, D.V.M.

1. What is a cataract?
A cataract is defined as a lens opacity. It may be small and focal, taking up only a small part

of the lens, or it may take up the whole lens completely. An object that is opaque, by definition,
does not allow light to pass through it. (This is distinguished from translucent, where light rays
do pass through but are bent at different angles such that objects on one side are visible from the
other, but not clearly [e.g., frosted glass].) The opacity that comprises a cataract represents an area
of disarray of the lens fibers, which normally have a very regular arrangement within the lens to
maintain clarity. Other cellular (fibroblastic cells) or noncellular (collagen, lens proteins) ele
ments may be involved in lens opacity as well.

2. How are cataracts classified?
Cataracts may be classified in various ways: by stage of maturity, etiology, location/shape,

or time of onset. These categories may overlap.
The classic stages of cataract maturation include:
• Incipient (small, incomplete, and not affecting vision)
• Immature (more developed than incipient, reducing vision, but still incomplete)
• Mature (complete and opaque white)
• Intumescent (lens fibers are swollen, the lens itself may be enlarged and "clefts" are of

ten present at the sutures)
• Hypermature (undergoing resorption or dissolution of lens proteins, with a subsequent re

duction in lens size)
• Morgagnian (a stage ofhypermaturity where the entire lens cortex is resorbed and the nu

cleus has settled to the bottom of the lens capsule)
Not all cataracts will progress through all stages, although cataracts at later stages have likely

gone through the preceding stages. Some types are more typical of certain etiologies. For exam
pel, cataracts due to diabetes mellitus are often mature and intumescent (Figs. 1-10).

A cataract may be metabolic, senile, inflammatory, or traumatic (e.g., lens puncture) in ori
gin, or it may be a primary breed-related condition. Other less likely causes of cataracts include
nutritional deficiencies, electric shock, and periocular radiation therapy. It is important to test for
diabetes mellitus in dogs with a sudden onset of bilateral cataracts.

Cataracts may be at any location in the lens and can be described as being nuclear, cortical
(anterior and/or posterior), equatorial, subcapsular, perinuclear, suture-tip, axial (along the cen
tral visual axis), paraxial (off-center), peripheral, or any combination of the above. Shape de
scriptions that have been used to characterize cataracts include lamellar (flat and sheet-like),
(multi)focal, pulverulent ("candy floss"), wedge-shaped, triangular or pyramidal (typically at the
posterior pole), and coronary (peripheral cortical). A "brunescent" cataract is commonly seen in
humans and has a diffuse pale brown coloration due to the presence of urochromes.

Cataracts may be congenital (developing before birth), juvenile (developing in young to mid
dle-aged animals), or senile (developing in aged animals, concurrent with nuclear sclerosis). The

III
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Figure 1. An immature cataract lux
ated anteriorly and medially. An
aphakic crescent allows a good view
of the posterior segment dorsally and
laterally.

Figure 2. An immature cortical
cataract.

Figure 3. A congenital-inherited cor
tical cataract in an 8-month-old pug.



Figure 4. A perinuclear cataract in a
9-year-old American cocker spaniel.

Figure 5. A mature cataract in a 16
year-old bichon frise.

Figure 6. An 8-year-01d mixed breed
dog with diabetes mellitus. Note the
suture "clefts.' This is an intumes
cent cataract.
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Figure 7. This mature cataract is lux
ated into the anterior chamber.

Figure 8. This cataract is hyperma
ture with resultant uveitis. The me
dial aspect of the cataract is anteri
orly subluxated.

Figure 9. This nuclear cataract is what
remains of this hypermature lens. It is
termed a morgagnian cataract. This
was an I l-year-old poodle.



Figure 10. The opacity noted is min
eralization on a wrinkled lens cap
sule. all that remains of a hyperma
ture cataract following dissolution.
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classification "juvenile" is not commonly used among veterinary ophthalmologists, probably be
cause it contributes little in specifying the etiology of the cataract.

3. What is the difference between primary and secondary cataracts?
As with other conditions, primary cataracts are seen in the absence of other ocular or sys

temic abnormalities (such as microphthalmia, persistent hyaloid artery [PHA], retinal dysplasia,
or diabetes mellitus). Primary cataracts in purebred dogs are often a heritable, autosomal reces
sive, breed-related condition, although the exact pattern of heritability in most cases is unknown.
Mixed-breed dogs may also develop primary cataracts.

Secondary cataracts are those caused by other ocular or systemic abnormalities. Other than
those listed above, ocular conditions that may lead to the development of secondary cataracts in
clude uveitis (of any origin) and retinal disease (notably end-stage progressive retinal atrophy
[PRAD. Cataracts occur with these conditions because of the presence of an abnormal intraocu
lar metabolic environment. Put simply, the lens depends on the physiologic stability of its milieu
to maintain clarity; when these strict conditions are altered, lens opacity may develop.

It can be difficult to differentiate a secondary cataract from a primary cataract with sequelae
to the cataract. A full ophthalmologic examination and physical examination are necessary to rule
out other causes.

4. What is nuclear sclerosis?
Nuclear sclerosis, also called (senile) nuclear sclerosis or lenticular sclerosis, is a normal

aging change of the lens. It is characterized by a hardening (sclerosis) of the nucleus of the lens
at about 7 years of age. This hardening represents the compression of lens epithelial cells (lens
fibers) into the center of the lens as the mitotic activity of the peripheral lens epithelial cells pro
gresses throughout life. Grossly, it is seen as a uniform pearly grey translucency (the nucleus)
within the pupil, and if the pupil is dilated, the round border of the lens nucleus within the lens
cortex may be distinctly visible, particularly when the eye is viewed in retroillumination. This
condition is always bilateral, and the fundus should be visible through such nuclei via ophthal
moscopy. Nuclear sclerosis alone does not cause visual impairment that is readily discernable in
animals. In humans, presbyopia (the farsightedness of age) accompanies nuclear sclerosis, but
such fine changes in visual ability are not commonly observed in the behavior of animals with nu
clear sclerosis.

S. How can nuclear sclerosis be differentiated from cataracts?
To distinguish cataracts from nuclear sclerosis, the technique of retroillumination can be

used. This technique allows visualization of nuclear sclerosis and other subtle optical irregulari
ties. The pupils are dilated (in nonglaucomatous animals, use I drop of 1% tropicamide au and
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wait 10-15 minutes for dilation), and the animal is examined in a darkened room with focal illu
mination. Nuclear sclerosis will reveal a visible nuclear border with a clearer periphery. The fun
dus should be visible using direct or indirect ophthalmoscopy; the dense nuclei should not block
the path of light to the back of the eye.

Keep in mind that cataracts may exist in addition to nuclear sclerosis.

6. Is the location of focal cataracts significant?
Information regarding progression can sometimes be gained by properly identifying the lo

cation of a cataract within the lens. Without the aid of a slit-lamp biomicroscope, lens opacities
can be distinguished from vitreal opacities, and the location of cataracts can be ascertained by ex
amination in a darkened room with the patient's pupil dilated (see above). The patient and exam
iner should be positioned so that the patient's tapetal reflection is shining brightly back at the ex
aminer. The light source is moved slowly from side to side into the patient's eye from about 6--12"
while the observer remains stationary; the location of the opacities as they are silhouetted by the
tapetal reflection (retroilluminated) are then observed carefully as they appear to move from side
to side. Focal opacities in the lens will appear to move in the same direction as the light source;
those in the vitreous will appear to move in the opposite direction. Opacities in the anterior half
of the lens will move further and more rapidly than those in the posterior half. This technique uti
lizes the concept of Purkinje-Sansom images, and is based on the principles of parallax and the
fact that the nodal point of the eye is located at the posterior pole of the lens.

Cataracts that are strictly nuclear are more likely to be developmental, congenital, and non
progressive; those in the cortex of the lens are acquired and typically progressive and may even
tually include the whole lens. Posterior polar cataracts, particularly if associated with blood, may
be due to PHA. In some retriever breeds (golden, Labrador), triangular posterior polar cataracts
are often very slowly progressive. Small, triangular, suture-tip opacities seen in the lenses of some
puppies may resolve with time. Bilateral, small, pinpoint, diffusely scattered opacities may be due
to hypocalcemia.

7. What are the consequences of having a cataract?
Of course, some vision loss is to be expected with cataracts that are large enough or axial

enough to obstruct the passage of light to the retina. However, the degree of vision loss may be
highly variable, and it can be very difficult to correlate degrees of behavioral vision loss with oph
thalmic examination findings. It may also be difficult to compare degrees of vision loss between
individual animals.

An important sequela to hyperrnature cataracts is uveitis. Lens-induced uveitis is caused by
the leakage of antigenic lens material from the lens into the anterior chamber. Hyperrnature
cataracts are the most likely type of cataract to incite anterior uveitis due to the dissolution of lens
material. Anterior uveitis is characterized by blepharospasm, conjunctival hyperemia, miosis,
aqueous flare, ciliary spasm and hypotony (low intraocular pressure [lOP]). More chronic or se
vere cases of lens-induced uveitis may have keratic precipitates, clots of fibrin, or, rarely, sterile
hypopyon in the anterior chamber. Secondary glaucoma, retinal detachment, or phthisis bulbi may
also result from chronic, severe, untreated lens-induced uveitis, leading to permanent blindness.
Because some of the signs of uveitis are similar to those of glaucoma, it is essential that the lOP
be measured when either uveitis or glaucoma is suspected.

Eyes with lens-induced uveitis should be treated for uveitis until the cataracts can be surgi
cally removed. If no corneal epithelial defects are present, topical steroids and atropine are often
effective at stabilizing the blood-aqueous barrier, reducing uveitis, and increasing ocular comfort.
If the lOP is elevated, topical or systemic antiglaucoma drugs are also necessary (see Chapter 16),
and mydriatics should not be used.

8. What are common dog breeds that develop primary cataracts?
As mentioned above, primary cataracts may be seen in both purebred and mixed-breed dogs.

Examples of purebred dogs that develop primary cataracts include beagles, Boston terriers,
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Chesapeake Bay retrievers, cocker spaniels, Doberman pinschers, dachshunds, English springer
spaniels, German shepherds, golden retrievers, Irish setters, Labrador retrievers, Lhasa apsos,
Norwegian elkhounds, Old English sheepdogs, poodles (toy, miniature, and standard), rottweil
ers, shih tzus, schnauzers (miniature and standard), Siberian huskies, and Yorkshire terriers.

New breed predispositions for cataracts are noted every year by veterinary ophthalmologists
in the United States and throughout the world. Lists of these predispositions (for both cataracts
and other ocular conditions) are printed in a publication by the American College of Veterinary
Ophthalmologists entitled Ocular Disorders Presumed to be Inherited in Purebred Dogs.

9. Are there any specific breeding recommendations for dogs with cataracts?
The genetics of primary cataracts in most dog breeds have not been fully characterized or

tested. In a number of breeds, primary cataracts have been found to be autosomal recessive in in
heritance; in a few they are known to be autosomal dominant. Unknown degrees of penetrance
make the elucidation of the genetics of canine cataracts even more difficult. However, familial
tendencies and the possibility of a heritable component to primary cataracts often cannot be ruled
out in an individual case. Consequently, breeding of any dog with even suspected primary
cataracts is generally not recommended.

Conditions that can lead to secondary cataracts mayor may not be heritable. Breeding rec
ommendations in these cases should be made on a case-by-case basis depending on the cause.

10. Can cats develop cataracts?
Both domestic shorthair and various breeds of purebred cats have occasionally been seen with

primary cataracts. Previously reported cases of primary cataracts in cats have been congenital in
origin, sometimes associated with multiple ocular abnormalities. This author has seen several
cases of what appeared to be primary, bilateral, acquired feline cataracts in domestic shorthair
breed cats and kittens.

Lens diseases in adult cats are more commonly secondary to other ocular disease and are of
ten due to long-standing anterior uveitis of any origin. Thus they may be accompanied by clini
cal signs of acute or chronic uveitis. Diagnostics and treatment for uveitis should be initiated if
these are suspected.

11. What treatments are available for cataracts?
Although medical therapies have been attempted to treat and prevent cataracts throughout

history, none have been proven to be widely successful.
Cataracts are most appropriately treated with surgical removal. However, not all eyes with

cataracts are acceptable surgical candidates (see Chapter 20). Eyes that have cataracts secondary
to retinal disease (e.g., PRA) are not considered appropriate cataract surgery candidates. If meta
bolic disease, trauma, or inflammation is the cause of cataracts, these conditions should be as
sessed, treated, and stabilized before cataract surgery.

In some cases, vision loss due to focal axial cataracts may be treated temporarily with phar
macologic mydriasis. If a cataract is small and in the axial lens, it may reduce vision, especially
under bright lighting conditions when the pupil is small. Mydriasis may provide extra pathways
for light to reach the retina if the peripheral lens is still clear. The entire lens should be examined
(after pupillary dilation), and the lOP should be measured as normal before recommending this
treatment. Pharmacologic mydriasis will not prevent progression of an established cataract. It is
a symptomatic treatment that only allows for additional pathways for light to reach the retina. In
addition, recall that parasympatholytic mydriatics (such as atropine) are also cycloplegics, which
prevent ciliary muscle activity and accommodation of the lens. Thus, visual acuity may theoreti
cally be reduced by parasympatholytic therapy due to the loss of accommodation. This is partic
ularly true in eyes in which accommodation plays a significant role in vision (e.g., humans) and
may not be clinically important in dogs and cats. Sympathomimetic therapy may be more appro
priate for this type of therapy.
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1. When is cataract surgery indicated?
Cataract surgery is generally indicated when cataractous lenses obstruct the path of light to

the retina; the goal of surgery is to improve vision by removing this optical obstruction. To this
end, successful cataract surgery requires that other intraocular structures (most importantly the
retina) be functional. Cataractous lenses may also be removed when they are the cause of other
problems, including chronic lens-induced uveitis (e.g., when cataracts are hypermature or when
lens rupture has occurred), phacomorphic glaucoma (glaucoma due to the presence of an enlarged,
intumescent lens, which pushes the iris root forward, narrowing the iridocomeal drainage angle,
and reducing outflow of aqueous), and cataractous anterior lens luxation (potentially causing
acute pupillary block glaucoma). However, the most common indication for cataract extraction
is vision loss due to the obstruction of light.

2. Are all eyes with cataracts candidates for cataract surgery?
No. Cataract surgery is an elective procedure, and preoperative conditions should be made

as close to ideal as possible for the best success.
Eyes with active uveitis or any of its sequelae generally make poorer candidates for cataract

surgery than those without uveitis. Uveitis should be medically controlled before cataract surgery
can be considered. If a cause of uveitis other than a lens-induced etiology is suspected (such as a
systemic infectious disease or ocular neoplasia), this possibility must be explored first.

Certain types of cataracts, such as those due to retinal disease, are not appropriate cataract
surgery candidates. Many breeds of dogs that are predisposed to cataracts are also predisposed to
progressive retinal atrophy (PRA). Because cataracts that develop due to PRA may be clinically
indistinguishable from primary cataracts, additional diagnostics (electroretinogram [ERG] and ul
trasound) must be used to rule out retinal disease.

Cataracts due to a persistent hyaloid artery (PHA) or persistent hyperplastic tunica vasculosa
lentis/persistent hyperplastic primary vitreous (PHTVLlPHPV) may be associated with a patent
hyaloid artery. The hyaloid artery is an embryonic vessel that is associated with the primary vit
reous and travels from the optic disc to the posterior pole of the lens, supplying blood to the oth
erwise avascular developing lens. This vessel may feed a network of vessels (the tunica vascu
losa lentis) that surrounds the lens. These vascular structures are present in the normally
developing eye, but should be almost fully atrophied by 14 days of age. Persistence of a hyper
plastic hyaloid artery or tunica vasculosa lentis may cause lens opacity, particularly at the poste
rior pole of the lens. Cataract surgery may be particularly difficult in cases of patent lens vascu
lature because of to the risk of intraocular bleeding. Waiting for regression of these structures may
permit less complicated surgery.

3. How should one decide when cataract surgery should be performed?
Because the goal of cataract surgery is improvement of vision, the degree to which a cataract is

currently causing visual deficits is important when considering the timing of surgery. There is much
debate among ophthalmologists over how visually compromised an animal "should" be before the
surgery can be considered necessary or helpful. Whereas some feel that a significant visual deficit
due to the cataract should be present (e.g., completely ophthalmoscopically obscured fundus, absent
menace response, bumping into objects in unfamiliar surroundings), others would consider a dog
with a focal cataract and little visual deficit (e.g., mostly visible fundus, intact menace response, lit
tle or no hesitation in navigating unfamiliar surroundings) to be acceptable as long as a detectable,
potentially progressive cataract was present. (Note that even an eye with a mature, blinding cataract
will usually have an intact pupillary light response as long as the retina is functional.) The owners
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should be involved in the decision to proceed with cataract surgery and be made aware of the ad
vantages and disadvantages of each option. The visual status of the dog before surgery will have an
impact on the impression of degree of visual improvement after surgery (Fig. I).

Figure l. A l2-year-old chocolate
Labrador retriever with nuclearscle
rosis and multifocal cortical opaci
ties. This Labrador is visual, and
cataract surgery at this stagemaynot
result in clinically evidentvisualim
provement.

4. When a dog has a complete cataract in one eye and a small or no cataract in the other
eye, should cataract surgery be performed?

In addition to the discussion above regarding the degree of preoperative visual deficit in a
single eye, when considering the whole animal, regard must also be given to the degree of visual
compensation that the fellow eye provides when considering surgery. As described above, much
debate exists as to when cataract surgery is indicated in cases of asymmetrical cataract formation.

Before phacoemulsification techniques for cataract removal (see question 6) became wide
spread, older lens extraction techniques (extracapsular lens removal) required cataracts to be al
most fully mature. This is the origin of the concept of waiting for a cataract to "ripen" before
surgery. Now that newer lens removal techniques are widely available, cataracts of any degree of
maturity (and even normal lenses) can be removed with similar degrees of success.

Arguments for the early bilateral removal of such asymmetrical cataracts include a potential
reduction in pre- and postoperative complications and avoidance of a preoperative period of vi
sual impairment. However, the early removal of a mostly normal lens would result in the loss of
any accommodative ability that the normal parts of the lens might still be able to provide. The op
tical effects of aphakia may be reduced by the implantation of an intraocular lens (see question
10). Arguments that might support a plan to delay surgery (and monitor cataract progression, with
possible lens removal later) include a greater improvement in post versus preoperative vision and
the possibility of avoiding surgery altogether in the less affected eye.

Unilateral cataract surgery has been performed in dogs with a significant unilateral cataract
and no or a small nonprogressive cataract in the fellow eye. Issues to be considered in unilateral
versus bilateral cataract surgery include cost (often bilateral surgery is less than twice the cost of
unilateral surgery), number of anesthetic episodes, number of postoperative/recuperation periods,
the potential need to do surgery in the second eye at a later date, and the potential risks to the
cataractous eye (lens-induced uveitis, glaucoma, or retinal detachment) while monitoring pro
gression in the fellow eye.

As mentioned above, these issues should be discussed with the owner so that an informed de
cision can be made.

If monitoring for progression of the fellow eye is the chosen plan, the owner should be in
formed to watch for signs that might indicate that complications are developing. These include
redness (conjunctival or scleral hyperemia), pain (blepharospasm, rubbing of the eye, depression),
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generalized whiteness to the cornea obscuring the iris (corneal edema), and globe enlargement
(buphthalmos due to chronic glaucoma).

In any case, early referral for individualized discussion with a specialist is never inappropriate.

5. What type of patient is the ideal cataract surgery candidate?
With the above caveats in mind, the ideal cataract surgery patient:
• Has vision loss solely due to the presence of cataracts
• Has lenses that are in place (nonluxated)
• Has no other ocular disease such as uveitis, keratoconjunctivitis sicca, glaucoma, or

corneal opacities of any type
• Is tractable and will tolerate topical medication
• Is systemically as normal as possible (well-controlled diabetes, well-controlled hyperlipi

demia) and can tolerate general anesthesia
• Has an owner or caretaker who is willing to administer multiple topical medications, po

tentially for long periods of time
• Has an owner or caretaker available to present the animal for recheck examinations
• Has an owner or caretaker who understands the risks and financial responsibilities required

While some of these characteristics are more important than others, it should be emphasized that
cataract surgery is an elective procedure.

6. What are the techniques used for cataract surgery?
Currently in both animals and humans, cataracts can generally be removed using three tech

niques: intra- and extracapsular extraction and phacoemulsification. Laser technology for initial
cataract extraction is experimental at this time and is not routinely used in animals.

Intracapsular cataract extraction (ICCE) or intracapsular lens extraction (ICLE) involves
removal of the entire lens intact. The zonules holding the lens in place are broken down or dis
solved before the lens can be removed using this technique. This is accomplished by the use of
enzymatic zonulolysis (such as with a-chymotrypsin) or mechanical zonular rupture. Because the
entire lens is extracted whole, a relatively large corneal incision must be made to accommodate
the lens. This technique often disrupts the anterior vitreous face and may potentially dislocate the
rest of the vitreous body and retina. The resulting aphakic eye ideally has vitreous behind the
pupil, and the vitreous body is held in place by its peripheral attachments to the posterior ciliary
body and retina, which are relatively weak.

Extracapsular cataract extraction (ECCE) or extracapsular lens extraction (ECLE) re
quires an initial removal of the central portion of the anterior lens capsule. This anterior capsulo
tomy is ideally a continuous curvilinear capsulorrhexis (CCC), formed by tearing ("-rhexis") of
the capsule. A corneal incision is made large enough to accommodate the lens nucleus. The hard
lens nucleus is then delivered using a broad instrument outside the eye to push the nucleus onto
a second spatula-type instrument. Fibers of the lens cortex (which are adherent to the interior of
the lens capsule) are then irrigated and aspirated out of the capsule. This technique ideally pre
serves the posterior capsule within the eye, leaving the vitreous undisturbed.

Phacoemulsification (PE) utilizes ultrasound energy delivered directly to the lens through a
hollow needle-like probe. This probe is inserted into the lens through relatively small incisions in
the cornea and lens capsule. Ultrasound energy is used to liquefy (or emulsify) the lens fibers, and
the resulting liquified material is aspirated. A CCC is performed before or after phacoemulsifica
tion. After emulsification of the hard nucleus, removal of the adherent cortical lens fibers is per
formed using an automated irrigation/aspiration (IIA) handpiece. The posterior lens capsule is
usually preserved with this technique, and the posterior segment of the eye remains untouched.
Phacoemulsification is made possible by a machine that supplies electrical power to generate ul
trasound energy, creates a vacuum enabling aspiration, and controls flow of irrigation fluids. This
is currently the preferred technique for removal of most cataracts in both humans and animals.

"Phaco-" is the prefix denoting "lens" (from the Greek phakos, meaning "lentil" or "lentil
shaped object").
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7. What is viscoelastic material?
Viscoelastic (often referred to as "visco") is a clear, gel-like material used for many purposes

in intraocular surgery. It is used to maintain depth and normal anatomy of the anterior chamber,
to provide a protective coating for intraocular structures, to atraumatically manipulate structures
such as the iris and lens capsule, to hydrodissect the lens capsule away from the cortical lens
fibers, and to tamponade hemorrhage. Its specific rheologic properties (viscosity, elasticity,
pseudoplasticity, surface tension) make it ideal for these purposes. Various materials are used for
visco, including hyaluronic acid, chondroitin sulfate, and hydroxypropylmethylcellulose. Differ
ent combinations of these substances in different concentrations provides a variety of visco prod
ucts with a range or rheologic properties.

Visco is typically supplied in syringes and is injected through a blunt-tipped cannula.

8. Why is the anterior lens capsule removed in cataract surgery?
The interior surface of the anterior lens capsule is lined with a monolayer of viable lens ep

ithelial cells. The lens epithelial cells located in the periphery (at the lens bow) normally undergo
mitosis throughout the animal's life, with individual cells elongating and migrating centrally
within the lens with maturation. Lens epithelial cells retain mitotic capability even after pha
coemulsification. Ifleft behind, they can proliferate and form clumps oflens-like material (called
lentoid). This lentoid can both optically obstruct the pupil, mimicking a cataract, and serve as a
continuing source of lens-induced uveitis. By removing a large area of anterior lens capsule,
most lens epithelial cells will be removed, reducing the possibility of the postoperative lentoid
production.

Removal of the anterior lens capsule will also allow the placement of an intracapsular in
traocular lens (IOL). In this case, the anterior capsulotomy should be large enough to enable pas
sage of the IOL into the capsule, but small enough to keep it there. The circular shape of an an
terior CCC allows for maximal flexibility and stretch of the opening without tearing of the
capsule.

9. Why is the posterior capsule left in place in cataract surgery?
Following routine extracapsular cataract procedures, the posterior capsule is left in place as

a physical barrier between anterior and posterior segments. The presence of this capsular "di
aphragm" can provide stability to the posterior segment of the eye, specifically the vitreous and
the retina. An opening in the posterior capsule may allow vitreous to herniate into the anterior
chamber, especially if the vitreous is degenerate and liquified. Anterior vitreal displacement may
facilitate retinal detachment due to traction on the anatomic adhesions between the vitreous and
retina. An intact posterior capsule also helps keep an intracapsular IOL in place.

Despite these advantages, in some cases an opening in the axial posterior lens capsule is made
on purpose at the end of cataract surgery. This is generally done to treat or prevent axial posterior
capsular opacities (PCOs), or opaque plaque-like areas in the center of the posterior lens capsule.
These PCOs, if dense enough, can effectively mimic a cataract. They may be present at the time
of cataract surgery or develop at any time after surgery. If severe enough at the time of primary
surgery, removal of PCOs is performed at that time in order to improve optical clarity of the eye.

10. Why are IOLs used?
Prosthetic IOLs are used to improve the optics of an aphakic eye. An eye without a lens is

severely hyperopic, or farsighted, since the lens is not present to focus incoming rays of light onto
the retina. The image formed in an aphakic eye is focused at a plane behind the retina. In general,
aphakic canine eyes are approximately +14 diopters (D) hyperopic. When an intraocular lens is
used, incoming light rays are refracted such that this focal point is at the retinal plane (a condi
tion called emmetropia), producing sharper images and a corresponding improvement in vision.
In humans, preoperative measurements are made of the globe and cornea, and the proper optical
strength required for an IOL for that particular eye is computed. Refractive studies have shown
that most dogs require an IOL of approximately 41 D to establish emmetropia or near-
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emmetropia. Emmetropia may be particularly important for a working dog that requires excellent
vision for its job.

Another advantage to using IOLs is that they may reduce the degree of postoperative PCO
formation. By directly contacting the axial posterior capsule, IOLs can reduce the amount of ax
ial fibrous pseudometaplasia from migrating residual lens epithelial cells, thereby decreasing sub
sequent capsular folding and opacification.

Eyes with implanted IOLs are termed pseudophakic.

11. Are there any disadvantages to using IOLs?
Despite their great theoretical benefits, IOL use may be associated with some drawbacks. Im

planting IOLs increases the cost and duration of cataract surgery. If an IOL eventually becomes
displaced (decentrated) within the eye or remains mobile within the eye, any optical advantage
the IOL once provided may be considerably reduced because the IOL may then produce distorted
images on the retina. Current IOL technology in dogs requires that the initial corneal incision be
significantly enlarged to place an IOL; a wider corneal incision can increase risk of both intra
and postoperative complications. Intraocular lenses that are placed in the anterior chamber (used
sometimes in humans) or those that luxate from the posterior into the anterior chamber directly
contact the anterior iris face, potentially leading to irritation and mechanical chafing of the iris.
In addition, some ophthalmologists believe that the use of IOLs may lead to chronic postopera
tive uveitis. This uveitis may be so severe as to negate any benefit from the original cataract
surgery. As a foreign body implanted within the eye, IOLs may induce chronic inflammation that
may only be partially responsive to medical therapy (Fig. 2). Occasionally, explantation ofIOLs
are necessary when the IOLs become either excessively irritating or displaced.

Figure 2. An IOL with a cloudy ap
pearance. Cloudiness may be due to
the presence of cells, proteins, and
minerals on the IOL surface and opac
ity and wrinkling of the lens capsule.
In this case, the fundus can still be vi
sualized despite the opacity.

12. What do IOLs look like and what are they made of?
The basic design of IOLs includes a central optic, or lens, and peripheral supporting devices

called haptics. The optic is a lens- or lentil-shaped clear structure that is to be placed in the pupil
lary path of light. This is held in place with any of a variety of supporting haptics, from curved (J
or C-shaped) arms to angled (V-shaped) arms to flat trapezoidal plates. Both haptics and optics of
ten have small circles or loops cut into them to aid in proper IOL placement. The eventual location
of the IOL (anterior chamber, intracapsular or "in-the-bag," "ciliary sulcus" or posterior chamber)
and fixation method (sutured or sutureless) all determine the haptic shape and orientation (Fig. 3).
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Various clear synthetic materials have been used to make IOLs, including polymethyl
methacrylate (PMMA), acrylic and silicone. Lenses made of PMMA are rigid. Only thin struc
tures made of PMMA (e.g., thin J-shaped hapties) can bend to any degree, but these will break if
they are excessively stressed. Acrylic and silicone lenses are softer and potentially bendable.
Some IOLs are made of two different materials (the optic of one material and the hapties of an
other) to take advantage the benefits of each.

Intraocular lenses with optics made of PMMA require corneal incisions large enough to ac
commodate them, usually 5-7 mm, about twice the size of the incision required to do pha
coemulsification. Both silieone and acrylic are flexible, allowing bending or folding of the optic.
These increasingly popular foldable lenses allow for smaller (3--4 mm) corneal incisions to be
used in cataract surgery. The technology for such lenses is widely used in humans but is in an
early stage of development in veterinary ophthalmology, and may gain more widespread use as
techniques for their use advance.

Figure 3. An IOL 19 months after
surgery. The IOL is nicely centered
in the lens capsule. There is no reac
tion to the IOL, and the owners claim
that the dog has very good vision.

13. Do all eyes that have cataract surgery have an IOL placed?
Not necessarily. All the considerations discussed above should be weighed for the individ

ual case. Surgeon preference is also very important. In addition, the question of which eyes are
mechanically able to properly hold an IOL must be addressed.

The majority of IOLs placed in animals are intracapsular IOLs, so conditions of the lens
capsule must be appropriate for ideal IOL placement. Secure and proper placement of intra
capsular IOLs requires that the anterior capsular opening is the correct size and shape to both
allow insertion of an IOL and retain the IOL after surgery. Because the haptics hold the lens in
the capsule and keep the optic in the center of the capsule, the integrity of the lens zonules is
important for keeping the capsule and IOL in an axial location. If an IOL is placed in a sub
luxated lens capsule (i.e, lens zonules are torn), the IOL will be correspondingly subluxated as
well. The posterior lens capsule should be clear (or removed axially) to derive the full visual
benefit of the IOL.

Removal of a lens via ICLE results in an eye with no lens capsule. In this case, a sutured
ciliary sulcus IOL may be placed. This type of IOL is secured with haptics that are sutured to
the sclera in two sites 1800 apart just behind the iris and in front of the ciliary body. Risks of
this procedure include hemorrhage, shifting/nonaxial optic positioning, and retinal detach
ment. Other methods of improving visual acuity in aphakic dogs (e.g., laser in situ
keratomileusis [LASIK]) have been used only experimentally in dogs and are not in wide
spread use.
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14. What is the typical postoperative medical regimen following cataract surgery?
The specific medical regimens used after cataract surgery are as varied as the surgeons do

ing the procedure.
• Anti-inflammatories, usually topical steroids, and less frequently topical nonsteroidal

anti-inflammatory drugs (NSAIDs), are given after cataract surgery. These can be supple
mented with systemic or subconjunctival anti-inflammatories. Anti-inflammatory drugs
are given to counteract the anterior uveitis that invariably results from canine cataract
surgery. Sutured surgical corneal wounds generally appear to heal well in the face of top
ical or systemic anti-inflammatory drug administration. However, these drugs should be
temporarily discontinued if a corneal ulcer develops postoperatively and resumed as soon
as possible after the ulcer heals.

• Antibiotics. Broad-spectrum topical or systemic antibiotics are usually given routinely
during and after cataract surgery because of the invasive nature of cataract surgery. Though
the risk of postoperative infection is remote, antibiotics may help to further reduce this risk.

• Mydriatics/cycloplegics. Topical mydriatics such as atropine or tropicamide are some
times prescribed to treat postoperative uveitis. These may help to stabilize the blood-aqueous
barrier, relieve painful ciliary muscle spasm, and reduce the possibility of posterior
synechia development, particularly small-pupil posterior synechiae.

• Antiglaucoma medications. Topical or systemic antiglaucoma medications are occasion
ally prescribed to relieve an elevated postoperative lOP that results from postsurgical
uveitis. If lOP elevation is not a primary condition (i.e., the animal does not have primary
glaucoma), antiglaucoma medications may not need to be administered indefinitely. How
ever, the decision as to when to discontinue antiglaucoma medications after cataract
surgery should be left to the surgeon.

15. How soon after cataract surgery can an improvement in vision be expected?
Many dogs have a rapid improvement in vision after surgery (2-5 days). The degree of per

ceived improvement often depends on the degree of preoperative visual impairment, whether the
dog is aphakic or pseudophakic, the individual dog's personality, activities, and lifestyle, and the
dog's use of other senses. Then ability to judge a dog's vision is (by necessity) subjective at best
and can be strongly influenced by external circumstances.
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1. What intraoperative complications might be seen with cataract surgery?
Complications that occur during cataract surgery (phacoemulsification, extracapsular lens

extraction) may be classified as minor or major.
Minor types of intraoperative complications include conditions that might make surgery dif

ficult but not impossible, minimally change the postoperative results, and may be treatable in
surgery. These include intraoperative miosis, lens subluxation, inappropriate lens capsular tears,
minor bleeding, minor iris prolapse through the corneal incision, and vitreous expansion. Major
complications include those that may substantially and adversely affect visual prognosis and pos
sibly the prognosis for keeping the eye. These include lens fragment loss into the vitreous and ex
pulsive choroidal hemorrhage.

2. Describe the different types of minor intraoperative complications and some ways to
treat them.

Minor intraoperative complications, which are often responsive to treatment, include the fol
lowing:

• Miosis limits the surgeon's visibility of the lens fibers and capsule. This makes lens re
moval more difficult and increases the risk of damaging the posterior capsule and iris. In
traoperative application of mydriatics (e.g., 0.1 ml of 1:10,000 epinephrine) into the ante
rior chamber may alleviate this.

• Lens subluxation can complicate surgery if the one-handed method of phacoemulsifica
tion is being used, because this technique relies on the physical immobility of the lens in
the globe. Conversion to a two-handed technique or extracapsular lens extraction (ECLE)
may be necessary if the mobility is severe.

• Inappropriate lens capsular tears can make the lens capsule unsuitable for proper in
traocular lens (IOL) prosthesis insertion or may predispose to lens fragment loss or ante
rior herniation of vitreous. Anterior herniation of vitreous can make phacoemulsification
much more difficult, and can eventually lead to pupillary block glaucoma, retinal detach
ment, or corneal edema.

• Minor bleeding, such as that which occurs when a conjunctival vessel is pierced in the
process of suturing an incision at the limbus, usually causes minor hyphema that resolves
spontaneously with time. Rarely, this bleeding may be more marked and require the use of
wet-field cautery or intracameral (i.e., injection into the anterior chamber) vasoconstrictor
drugs.

• Iris prolapse occurs when the surgical incision is excessively large, causing a portion of
the iris to herniate out the wound. This can be controlled by shortening the incision length,
applying intracameral miotic agents (e.g., carbachol), or utilizing viscoelastic material in
a strategic manner.

• Vitreous expansion is a phenomenon in which the volume of the vitreous presumably in
creases and causes a forward pressure on the lens and lens capsules from behind the lens.
This pressure tends to displace the intraocular structures in the direction of the incision and,
again, make surgery hazardous. Some have advocated the intraoperative use of intravenous
mannitol or highly viscous viscoelastic material for this problem. This condition usually
resolves when the wound is closed.

3. What are the major surgical complications that can occur during cataract surgery?
Lens fragment loss is one potential complication of cataract surgery. If the lens is unstable,

or if a break develops in the posterior capsule, the lens or fragments of lens material may escape
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into the vitreous. Most cataract surgeons operate with the patient in dorsal recumbency, with the
iris plane approximately parallel to the floor. Thus, if the vitreous is liquefied, these fragments
may settle to the dependent position at the posterior-most aspect of the globe, on the retina. Such
fragments can be very difficult or impossible to remove safely through the typical approaches used
for cataract surgery and with standard cataract surgery instruments. When this occurs in humans,
referral is made to a vitreoretinal subspecialist for vitrectomy and fragment removal. Unfortu
nately, few in veterinary ophthalmology are equipped or experienced in performing such proce
dures. Large fragments that are left in the vitreous may be a source of chronic, refractory inflam
mation and may lead to retinal detachment and other sequelae of posterior uveitis. Sometimes,
small lens fragments isolated in formed vitreous remain inactive and uninflamed for long periods
of time.

Expulsive choroidal hemorrhage is a very rare, but for obvious reasons, very serious in
traoperative complication. This sudden, unpredictable, massive bleeding from the posterior seg
ment makes further surgery on the lens impossible and may lead to blindness.

Fortunately, serious intraoperative complications are very unusual in routine cataract
surgery.

4. How can the incidence of intraoperative complications be minimized?
Proper choice of surgical candidates can reduce the incidence of surgical complications.

Dogs without active uveitis, luxated lenses, or corneal disease are better candidates than those with
these conditions (see Chapter 21); these animals should be treated for these complicating condi
tions first. Adequate pre- and intraoperative treatment with anti-inflammatories and mydriatic
agents can help control against excessive intraoperative inflammation and miosis.

Control of patient positioning can also reduce the incidence of surgical complications.
Proper positioning of the patient under the operating microscope is critical to a good outcome.
Position of the head must be changed as surgery is performed on each eye, and an experienced
surgical nursing staff can facilitate this intraoperative adjustment. Adequate skeletal muscle paral
ysis (with assisted ventilation) is also very important to positioning. Ideal globe position, with no
external pressure on the opened eye, is most easily achieved with full paralysis (using agents such
as intravenous atracurium or pancuronium). Canthotomy, stay sutures, and other globe immobi
lization techniques may also be helpful.

Proper surgical equipment and an experienced surgeon and staff can make a consider
able difference in the prevention and management of complications. Adequate lighting, an oper
ating microscope with excellent optics that can be adjusted by the surgeon, high-quality instru
mentation (including the ability to perform vitrectomy), appropriate viscoelastic materials, and
most of all meticulous surgical technique will help to reduce problems.

As with any surgery, preparation for the most likely complications is prudent. Items such as
injectable epinephrine, mannitol, and cautery are useful to keep in stock in case of emergency.

5. What are the most common immediate postoperative complications of cataract
surgery? How are they treated?

Some of the more common problems seen in the first 12-72 hours following cataract surgery
include uveitis, corneal edema, postoperative hypertension, corneal erosions or ulcers, hyphema,
and hypotony or surgical wound leakage.

Virtually every dog that undergoes intraocular surgery experiences some degree of postop
erative anterior uveitis. This develops for several reasons. One of the most commonly cited is
the predisposition of the canine anterior segment to irritability, particularly when compared with
the human anterior segment. Very little intraocular disturbance is required to incite anterior
uveitis in dogs. Infact, one model of experimentally induced canine uveitis involves only the sim
ple paracentesis of a small amount (0.1 ml) of aqueous. In addition to the dog's tendency for
uveitis. the mechanical trauma of surgery - the insertion and removal of instruments into and out
of the eye, the application of ultrasound, and the large amount of fluid circulated into the eye by
the phacoemulsitication handpiece (when this technique is used)-is a considerable stimulus for
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uveitis. Good surgical technique minimizes uveitis. Postoperative uveitis is treated routinely by
the use of topical, subconjunctival, and systemic anti-inflammatory drugs.

Corneal edema may develop around the surgical wound as fluid is imbibed by the stromal
lamellae that have been exposed by incision. Mild diffuse corneal edema may also develop due
to the generalized mechanical trauma of cataract surgery to the corneal endothelium. These forms
of corneal edema are common following cataract surgery. They are typically transient and require
no specific treatment.

Postoperative hypertension (acutely increased intraocular pressure [lOP] after surgery) is
theorized to develop secondary to (I) a temporary alteration in the anatomy of the drainage angle
due to surgery and (2) postoperative inflammatory products or viscoelastic material that "clogs"
the angle. Depending on the lOP, this condition mayor may not be treated. Topical and systemic
antiglaucoma medications, intracameral tissue plasminogen activator to break up fibrin that may
be blocking aqueous drainage, intracameral miotics to increase aqueous outflow, and sometimes
the mechanical removal of fluid from the anterior chamber have been used to treat extreme post
operative pressure spikes. Judicious monitoring of lOP after surgery is always warranted.

Corneal erosions or ulcers may develop as an unwanted result of general anesthesia and ex
posure, the effects of which are exacerbated by the use of muscle paralytics. Self-trauma and the
use of presurgical topical medications (which may be locally irritating or inhibit corneal healing)
may also contribute. Surgeons must be mindful of this possibility and take preventative action
wherever practical. Fortunately, these erosions tend to heal relatively quickly when treated ap
propriately (i.e., avoidance of topical steroids).

Hyphema (bleeding into the anterior chamber) may result from excessive activity, barking,
self-trauma (rubbing, head shaking), neck trauma, uveitis, or retinal detachment. Postoperatively,
cataract surgery patients should wear Elizabethan collars that are fitted appropriately, and should
be kept quiet.

Hypotony (excessively low lOP) may be due to surgical wound leakage. This situation is
best prevented by proper wound closure, but occasionally it is difficult to avoid. Flattening of the
anterior chamber, a visibly leaking wound, or a positive Seidel test are telltale signs of wound
leakage. Identification of wound leakage is facilitated by the use of dry cellulose sponges placed
at the sutured wound edge. If leakage is detected, another attempt at suture placement or a con
junctival flap placed is necessary to remedy the problem. These procedures may require a second
anesthetic episode. Alternatively, some have advocated the injection of a very small amount of
saline or other fluid into the corneal stroma at the wound site in an effort to create enough swelling
and corneal edema to seal the wound.

Figure I. American cocker spaniel
presenting several months after phaco
emulsification and IOL placement
surgery. Apparently uveitis resulted
in fibrin formation, which luxated the
IOL (lateral view).



128 Complications of Cataract Surgery

Figure 2. Same case as Figure 1showing the
frontal view.

Figure 3. The IOL was extracted and
the pupillary adhesions severed, giv
ing an improved aphakic vision.

6. How is a Seidel test performed?
A Seidel test is performed by applying concentrated fluorescein dye to the cornea without ir

rigation, then observing the area in question with a blue light for fluorescein streaming. Visual
ization of a fluorescent apple-green stream of fluid from the pool of orange dye on the corneal sur
face indicates leakage.

7. How common is infection following cataract surgery?
Fortunately, the catastrophic complication of iatrogenic endophthalmitis (infection within the

globe) as a result of cataract surgery is very rare in both dogs and humans. Despite the routine use
of steroids before and after surgery and the high incidence of diabetic and geriatric cataract pa
tients, there are very few cases of documented iatrogenic infection. This has been attributed to pe
rioperative antibiotic use, effective local immunity, small potential inoculum size, low virulence
of infectious organisms likely to enter the eye during surgery, and integrity of the posterior cap
sule (preventing posterior segment contamination).

8. What are the major long-term postoperative complications of cataract surgery?
The more common long-term complications (2: 3-6 months) after surgery include uveitis,

posterior capsular opacity, secondary glaucoma, and retinal detachment. Uveitis may manifest in
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a wide variety of ways. Corneal edema, keratic precipitates, anterior or posterior synechiae, uveal
pigment dispersion in the anterior chamber, optically significant pupillary membranes and cap
sular opacities, pupillary seclusion, iris bornbe, IOL luxation, and vitreal degeneration may result
from chronic anterior or posterior uveitis (Figs. 1-3). Both retinal detachment and especially sec
ondary glaucoma can develop due to chronic uveitis. Postoperative retinal detachment may also
be a result of small preexisting retinal tears, which can be difficult to identify before surgery, as
well as instability of the posterior segment (vitreous + retina) in the aphakic or pseudophakic eye.
Removal of the lens contributes to this instability.

Overall, the short-term success rate for cataract surgery as performed by phacoemulsification
has been quoted as 90-95% successful (favorable visual outcome at 4-5 weeks). This percentage
of success tends to decrease with length of postoperative time considered.

9. Do cataracts ever grow back or re-form?
Once cataract surgery has been performed, a cataract does not regrow to form an entire new

lens per se. However, lens remnants may proliferate and form an opacity that ultimately has the
same optical effect as a cataract. Posterior capsular opacities (PCOs) may form when residual lens
epithelial cells undergo fibrous pseudometaplasia, accumulate, or cause wrinkling of the capsule.
These cells and the wrinkled capsule together can grossly appear to be translucent to opaque
white, obstructing the path of light in the visual axis. Lens capsular opacification ("aftercataract")
is the most common complication following cataract surgery in humans, often requiring surgical
intervention.

Lens epithelial cells may also proliferate and accumulate to form a gray, globular material
called lentoid. This material may also block the visual axis. Lentoid accumulation is more likely
to occur in younger animals and in cases where the lens epithelial cells have not been completely
aspirated from the lens capsule. Lentoid may build up in the periphery between the anterior and
posterior lens capsules, forming either clumps ("Elschnig's pearls") or a doughnut shape ("Soem
merings ring"). If exposed to the intraocular environment, it may be a source of chronic uveitis
that will only be resolved by its removal. However, if it eventually becomes sealed off to the in
traocular environment in the contracting anterior and posterior lens capsule, it is less likely to in
cite lens-induced uveitis or obstruct the visual axis.

10. What can be done about peos and lentoid?
Significant PCOs that cause noticeable visual impairment have been treated with both laser

and surgical capsulotomy. The goal of these procedures is to create an optical clearing in the vi
sual axis. Laser capsulotomy is commonly performed using an Nd:YAG laser as a noninvasive
procedure. Laser energy is directed through the clear ocular media to any point in three-dimen
sional space. Each application of energy causes a focal dissolution of tissue, and laser spots can
be made to form a continuous curvilinear, cruciate, or spot pattern depending on the PCO shape
and orientation. Surgical capsulotomy is performed by using an intraocular needle or scissors to
cut the capsule and move the PCO away from the axis. The PCO may then be fully excised and
removed from the eye. If lentoid is causing uveitis or visual impairment, it is often readily re
movable with irrigation/aspiration. Thorough lentoid removal is simplified if the lentoid is not
sealed off by lens capsule or blocked from surgical access by an IOL.

11. Does IOL implantation change the rate of complications?
The complication rate of cataract surgery in dogs without IOLs was not noted to be signifi

cantly different from that with IOLs in one study, but detailed comparison in large-scale, long
term studies have not been performed.

Potential complications specifically associated with IOL use include IOL decentration, iris
capture, and uveitis. Decentration, or a shift of the IOL's position from the visual axis, is not un
common in humans. The IOL may tilt, luxate or subluxate, or come out of the capsular "bag," or
a haptic or the optic may get caught in the pupil (iris capture). Decentration may be exacerbated
by changes in the lens capsule that occur after surgery. Sutured-in IOLs (that have been placed in
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the ciliary sulcus after intracapsular lens extraction) are less likely to luxate, but may tilt or rotate
in place since they are secured at only two sites. Such alterations in the IOL position can be vi
sually distorting in humans, but seem to be rarely behaviorally significant in animals. Chronic
uveitis may arise when an IOL is used, regardless of how unreactive the IOL material or surface
is (see Chapter 20). Deposits of pigmented and unpigmented cells on the IOL surface, fibrinous
or fibrous membranes on the IOL, and posterior synechiae are some of the more common poten
tial sequelae to such uveitis. As noted in the prior chapter, IOL use may also reduce the incidence
of some complications; IOLs may decrease the amount of PCO formation, because the IOL con
tacts the lens capsule and thus reduces the migration oflens epithelial cells (see Chapter 20, ques
tion II).
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V. Neuro-ophthalmology

22. NYSTAGMUS
Alexander deLahunta, D.V.M, Ph.D.

1. What is nystagmus?
Nystagmus is an involuntary movement of the eyes associated with vestibular or visual stim

uli. The oscillations can be horizontal, rotatory, or vertical. The excursions can be equal in extent,
which is called pendular nystagmus, or they can consist of a fast and slow phase, which is ajerk
nystagmus. The latter is the most common.

2. What does a right nystagmus mean?
Nystagmus is defined by the direction of the fast phase of the jerk nystagmus.

3. Is nystagmus always abnormal?
No. Normal vestibular nystagmus occurs when you move your head in any direction. When

the head is moved in a horizontal plane to the right, the eyes will stay focused on an object in their
visual field, and as the head moves out of that field, the eyes will suddenly jerk in the direction of
the head movement. This is referred to as physiologic or vestibulo-ocular nystagmus.

4. Will this vestibulo-ocular nystagmus occur in a blind dog?
Yes. The anatomic pathways involved do not include the visual pathways.

5. What is the anatomic pathway involved?
The vestibular portion of the eighth cranial nerve carries impulses generated in the hair cells

of the maculae and cristae ampullaris of the membranous labyrinth of the inner ear that constant!y
monitor the position and movement of the head. Vestibular neurons responsible for eye move
ments synapse in the vestibular nuclei of the pons and medulla. Neurons in these vestibular nu
clei project rostrally in the medial longitudinal fasciculi of each side to synapse on the extraocu
lar somatic efferent neurons in the abducent, trochlear, and oculomotor nuclei. Testing this normal
nystagmus serves to evaluate both this vestibular pathway and the somatic efferent neurons. In
the horizontal nystagmus that results, the ocular abduction is a function of the medial rectus (ocu
lomotor nerve), and the abduction is a function of the lateral rectus (abducent nerve).

6. Are there any other ways to stimulate normal nystagmus?
Yes. Nystagmus can be generated by the convection currents in the endolymph that results

from the irrigation of the external ear canal with cold or warm water. This is called caloric nys
tagmus. Postrotatory nystagmus is the brief nystagmus that occurs after an animal has been
spun rapidly in a circle and then stopped. When the spinning stops the endolymph continues to
flow for a brief period, and this stimulates a jerk nystagmus directed to the side opposite to the di
rection of the spin. Optokinetic nystagmus can be generated by the visual stimulus on observ
ing a rotating striped drum. Caloric and optokinetic nystagmus are impractical in veterinary med
icine as is the postrotatory in a patient that is too large to be picked up.
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7. What is an abnormal nystagmus?
The presence of a continual jerk nystagmus with the head motionless in any position. This is

a spontaneous or resting nystagmus. Positional nystagmus is that which occurs with the head
placed in positions other than the normal resting posture. It may be brief or continuous in these
positions. Positional nystagmus is usually looked for with the head held with the neck flexed to
either side and in extension or with the animal held in dorsal recumbency. The extent of these ob
servations will be limited by the size and tolerance of the patient.

8. What is the cause of this nystagmus?
There is a constant transmission of impulses from the epithelial receptors to the vestibular

nuclei responsible for keeping the eyes in normal position with the head. Any interruption that re
sults in an imbalance in the transmission ofthese impulses can result in abnormal nystagmus. This
interruption can be at the level of the vestibular nerve or the nuclei in the brain stem or the cere
bellar structures that function with the vestibular system.

9. Students agonize over trying to remember what the direction of the nystagmus means.
How can this be simplified?

The only constant is that when the disorder involves the peripheral portion of the vestibular sys
tem, the nystagmus will always be directed to the side opposite to the lesion. In other words, with a
left head tilt and loss of balance to the left, the nystagmus will be horizontal or rotatory to the right.

10. How do I tell the direction when it is rotatory and especially with the round pupil of the dog?
Estimate the 12 0'clock position of the iris and determine the direction of the fast movement

from there.

11. If the lesion is on one side of the brain stem or cerebellum what will the direction be?
Any direction! Often it will be opposite of the side of the lesion, and therefore you must look for

other reasons to implicate the central components of the vestibular system in your anatomic diagnosis.
If the nystagmus is directed toward the side of the lesion, is vertical, or changes direction with

different positions of the head, the lesion is in the central components of the vestibular system.

12. Does the abnormal nystagmus always affect both eyes?
Usually. It is very rare to see only one eye affected, but sometimes the nystagmus is less in

one eye.

13. When does a pendular nystagmus occur?
Most often this is a congenital disorder that is idiopathic or is related to an abnormal devel

opment of the visual pathways. Many Siamese cats have more than the normal number of optic
nerve fibers that cross in the chiasm and therefore have a different architecture ofthe lateral genic
ulate nuclei. These cats sporadically exhibit a fine pendular nystagmus. An inherited failure of
crossing of the optic nerves occurs in Belgian sheepdogs. These achiasmatic dogs have a severe
constant pendular nystagmus.

14. Is pendular nystagmus ever acquired?
Only as part of a diffuse whole body tremor such as occurs with numerous poisonings or in

the severe form of the canine" shaker syndrome," which is an immune-mediated central nervous
system disorder that responds to immunosuppressant therapy.

15. Is there ever a situation when no nystagmus (normal or abnormal) can occur?
Yes. When the vestibular receptors in both inner ears do not form, undergo abiotrophy early

in life, or are destroyed by a progressive lesion such as bilateral otitis intema.
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23. THE PUPIL
Ronald C. Riis, D.V.M., M.S.

1. What is the most obvious pupil clinical sign?
The normal pupil symmetry in all lighting intensities is the characteristic we are all comfort

able with. Each species has a pupil conformation appropriate for its evolutionary needs. The ab
normal pupils are those showing asymmetrical size in similar lighting intensities or asymmetri
cal reactions to light challenges.

2. What controls the size of the pupil?
Animal pupils are influenced by smooth muscle to either dilate or constrict the pupil. The iris

dilator muscle causes pupillary dilation and is innervated by the sympathetic nervous system. The
iris sphincter muscle causes pupillary constriction and is innervated by the parasympathetic ner
vous system. These muscles can balance one another or override one another. When sympathetic
tone is increased, the pupil is larger. When parasympathetic tone is increased, the pupil is smaller.
Avian and reptile pupils are influenced by skeletal muscle.

3. What is the light reflex pathway for the positive pupillary reflex?
The pupillary light response begins with the rods and cones of the retina. Afferent pupillo

motor fibers travel through the optic nerves and optic tracts and exit before the lateral geniculate
body to enter the brain stem. Pupillomotor fibers synapse in the pretectal nuclei, which then pro
ject to the ipsilateral and contralateral Edinger-Westphal nuclei. The pupillary fibers travel with
the third cranial nerve (eN III) into the orbit where they synapse at the ciliary ganglion. Post
ganglionic fibers innervate the iris sphincter and cause pupillary constriction when stimulated.

4. What is the pathway for dilation or sympathetic pupillary reflex?
The first-order neurons began in the hypothalamus. The fibers travel caudally to terminate in

the intermedial lateral cell column of the cervical and thoracic spinal cord. Pupillomotor fibers
exit from the spinal cord at TI-T3 and ascend the sympathetic chain to synapse in the superior
cervical ganglion, constituting the second-order neuron. The third-order neuron begins with post
ganglionic fibers of the superior cervical ganglion. These fibers ultimately reach the orbit's cil
iary body and dilator muscle via the ciliary nerves.

5. What is an afferent pupillary defect and how should you examine for it?
In animals, use the swinging flashlight test to elicit a relative afferent pupillary defect (rAPD).

If you shine a light into one eye of a normal animal, both pupils constrict to the same amount. If
you swing the light over the other eye, the pupils stay the same size or constrict minimally. In an
imals with an rAPD, the affected eye behaves as if it perceives a dimmer light than the normal
eye; therefore, both pupils constrict to a lesser degree when the light is shone in the affected eye.
For example, if you shine the light in the right eye of a patient with left rAPD, both pupils con
strict. If you swing the light to the left eye, it is perceived as dimmer and the pupils dilate. Note,
however, that if both eyes are equally abnormal, there may be no rAPD.

6. Can the swinging flashlight test differentiate lesion locations for causes of anisocoria?
A positive swinging flashlight test is pathognomonic for unilateral retinal disease, unilateral

prechiasmal optic nerve disease, or both. Sometimes during the swinging flashlight test, a normal
pupil will dilate slightly during direct light stimulation but only after the initial contraction from
the stimulus. This pupillary escape is a normal response resulting from adaptation of the stimu
lated retina, and it should not be confused with the pathologic dilation resulting in a "positive"
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swinging flashlight test when direct light is shifted from the good eye to the bad eye. Nor should
pupillary escape be confused with hippus.

7. If an animal presents with an afferent pupillary defect, where is the lesion?
The lesion could be anywhere in the afferent pupillary pathway to cause a rAPD. You must

rule out retina, optic nerve, optic chiasm, and optic tract (pupillary fibers exit the optic tract prior
to the lateral geniculate body; therefore, lesions posterior to the lateral geniculate body don't
cause rAPD). A large retina lesion causes rAPD. An optic nerve lesion causes rAPD in the ipsi
lateral eye. A lesion in the optic chiasm may cause an rAPD if one optic nerve is affected more
than the other. A large lesion of the chiasm affects both pupils. An optic tract lesion causes an
rAPD in the eye with the most visual field loss. A mass lesion of the optic tract produces rAPD
in the ipsilateral eye, but an ischemic lesion causes rAPD in the contralateral eye. A lesion in the
brain stem in the area of the pretectal nuclei may cause rAPD without visual defects.

8. What is the diagnosis of an animal with unequal pupils or asymmetrical pupils?
Anisocoria, which is a difference in size between the two pupils. The question is, which pupil

is normal?

9. How should anisocoria be explored?
Examine the pupil size in both bright and dim light. If the anisocoria is greater in bright light, the

larger pupil is abnormal and constricts poorly-usually because of a defect in parasympathetic in
nervation. If the anisocoria is greater in dim light, the smaller pupil is abnormal because it dilates
poorly- usually because of a defect in sympathetic innervation. If the difference in size remains the
same in both bright and dim light, the anisocoria is physiologic or anatomic and not pathologic. In
cats, don't forget the spastic pupil syndrome as a differential. These cats may have pupils alternating
in size between their eyes, with or without intervals of normal pupils with equal appearance. This syn
drome results from a viral neuritis and has been reported associated with feline leukemia complex.

10. What are some rule-outs for a unilateral dilated, poorly reactive pupil?
• eN III lesion
• Pharmacologic paralysis (anticholinergic block from medications such as atropine or tropi

camide)
• Adie's pupil
• Anatomic lesion (adhesions-anterior or posterior synechiae secondary to trauma or in-

flammation; senile iris atrophy; congenital anomalies such as colobomas)
• Retinal detachment-partial or incomplete
• Glaucoma
• Anteriorly luxated lens

11. What is an Arlie's pupil?
Adie's pupil is a postganglionic defect in the parasympathetic innervation to the pupil. These

animals present with a dilated pupil that may have a slightly irregular shape that shows segmen
tal iris constriction with a slit lamp. These pupils also may show slow and tonic constriction and
redilation phases. This condition is generally benign and thought to be a denervation.

12. How do you test for an Adie's pupil?
An Adie's pupil constricts with dilute pilocarpine (0.125%), whereas a normal pupil does not.

This confirms a denervation hypersensitivity.

13. How do you treat an Adie's pupil?
Usually, the chronic condition requires no treatment because tolerance seems develop. The acute

conditions may present with photophobia and tearing especially in bright lighting circumstances. Mi
otic medication will overcome these symptoms (i.e., pilocarpine, phospholine iodide, neostigmine).
Keep in mind that miosis may have as many discomfort signs, if not more, than an Adie 's pupil.
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14. What are some causes of a unilateral, constricted, poorly reactive pupil?
Homer's syndrome Synechia
Pharmacologic stimulation Persistent pupillary membranes
Corneal lesion Uveitis
Neoplasia Brain stem lesion
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Progressive retinal atrophy (PRA)
Luxated lenses
Glaucoma
Mydriatics
Dysautonomia

15. What is included in the differential diagnosis for bilateral, widely, dilated unresponsive
pupils?

Optic neuritis
Central nervous system lesion
Sudden acquired retinal degeneration

(SARD)
Detached retinas

16. Is there a pupillary abnormality in poorly pigmented animals?
In the dog and cat, white hair coat, blue iris, and deafness have been studied. A white hair

coat in the cat and other species results from a dominant gene W. Cats with unilateral blue irides
and albinotic fundus have larger pupillary apertures in that eye. In a group of 185 white cats, 125
(68%) had blue irides, and 101 (55%) were deaf, whereas 68 (32%) had yellow irides and just 13
(2%) were deaf. Electroretinograms from these cats were normal, suggesting the anisocoria was
an anatomic difference. Dogs with blue irides do not have anisocoria unless accompanied by iris
colobomas, persistent pupillary membranes, iris cysts, dyscorias, or corectopia (Figs. 1-3). Blue

Figure I. Great Dane showing an iris
colobma that must be differentiated
from polycoria (two or more pupils in
one iris).

Figure 2. Dog iris dyscoria (an ab
normality in the shape of the pupil)
caused by a ciliary and iris mass.
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Figure 3. Toy fox terrier with corec
topia (an eccentric location of the
pupil).

irides associated with partial or complete albinism or merle hair coat have been attributed to an
incomplete dominant gene or a recessive trait with incomplete penetrance, respectively.

17. How and where can the most brisk pupillary reflex be elicited from a dog or cat?
Use a focal bright light source directed into the temporal fundus from the medial canthal area

of each eye.

18. What is the consensual or indirect pupillary light reflex?
The consensual or indirect reflex is the constriction of the pupil not stimulated by light but

generated by the opposite illuminated eye.

Figure 4. Cat pupil with dyscoria
caused by an anterior uveitis. Note
the nodular discolorations within the
iris stroma. Toxoplasmosis was the
etiology.
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19. Does a positive direct or indirect pupillary reflex imply normal vision?
No. Only a few functioning photoreceptors are necessary to activate the pupillary light reflex.

20. Does that mean the pupillary light reflex in bilateral cataract cases is not a reliable way
to predict normal retinal function?

Retinal function should be evaluated with electroretinograms, especially when the retinas
cannot be ophthalmoscopically examined and the animal is blind. This is a mandatory preopera
tive evaluation for all cataract patients (Figs. 4-8).

Figure 5. Cat pupil with dyscoria sec
ondary to a luxated lens with forward
displacement of lens and vitreous
causing an extremely narrow anterior
chamber.

Figure 6. Dog with D-shaped pupil
caused by infiltrating lymphosar
coma cells.
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24. OPTIC NEUROPATHIES
Jeffrey S. Smith, BVSc, FACVS

1. What does a blink response to the menacing gesture test indicate?
There is more to this test than a crude assessment of vision.
The response is initiated by the animal visualizing the gesture and interpreting it as threaten

ing. This requires afferent input from the retina, the optic nerve, and its radiations to the visual
cortex. Fibers from the cerebral cortex travel via the cerebellum to the nucleus of the seventh cra
nial nerve (CN VII). The efferent facial nerve travels through the petrous temporal bone to in
nervate muscles of facial expression, such as the orbicularis muscle closing the eyelids together.

Remember, the animal must regard the gesture as menacing. Very young animals will not
blink because they have little negative experience associated with this challenge. Similarly, de
pressed or trusting animals may not blink, giving a misleading interpretation.

Disturbing tactile hairs around the eyes by touch or air movement when performing the ges
ture will initiate a blink response (CNV and VII).

2. Upon assessment of an animal with a hypermetric gait and other signs of cerebellar dis
ease, you judge the animal visual and able to blink but not in response to a menacing ges
ture. How do you explain these findings?

As previously mentioned, the cerebellum is a conduit for messages from visual cortices to fa
cial nuclei. Cerebellar diseases such as neoplasia or cerebellar hypoplasia are possibilities (Fig. I).

Figure I. MRI demonstrating a unilateral cerebellar mass lesion right side. The dog did not blink in response
to a menacing gesture to the right eye despite having normal vision. (Courtesy Sydney University Veterinary
Clinic.)

3. Which cranial nerves are involved in the eye preservation blink reflex following tactile
stimulus?

Air puffer (syringe) or touch will stimulate CN-V afferents, which communicate with the fa
cial nuclei in the medulla. CN-VII responds by inducing lid closure (as well as reflex tearing).
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4. Your patient is an elderly Pekingese dog with bilateral corneal pigmentation and scar
ring. Touching the cornea with a cotton swab fails to elicit a blink response. Is this likely a
problem in the afferent or efferent arm of the reflex?

Brachycephalies have fewer afferent CN-V sensory nerve endings in the cornea than dolicho
cephalies. This results in reduced frequency of blinking, reduced tear film spread, and chronic ker
atitis. These complications lessen the compromised corneal sensitivity to compound the problem
(i.e., both arms of the reflex are involved).

5. A persistent superficial corneal ulcer in a middle-aged dog will resolve only partially
with your treatment for indolent ulceration. Blepharospasm, an indication of corneal pain,
is surprisingly absent. Have you checked the response to tactile stimulation?

The dog blinks when under observation but not in response to touching the cornea. Similarly,
eyeball retraction is not initiated by touch. Conclude a sensory CN-V lesion. The corneal epithelium
is dependent on normal CN-V innervation. Denervation can result in a nonhealing ulcer. It is im
portant to provide added lubrication to the cornea until the problem resolves or the cause of the deficit
is determined. Tarsorrhaphy is also an option. Determine sensory function of the other divisions of
CN-V (e.g., the lateral canthus and nares, testing the maxillary branch). Look for evidence of other
neuropathies such as facial palsy or cerebellar signs, which point to central verses peripheral disease.

6. Can the lesions responsible for failure of the efferent arm of the blink reflex (i.e., lesions
of eN-VII, the facial nerve) be localized?

In these cases, sensation (afferent CN-V) is normal. The animal will retract the eye (CN-VI)
and perhaps withdraw its head, but it will fail to blink. The extent of the facial paralysis must be
determined. Check for ear and lip droop (Fig. 2). Check for taste sensation with atropine applied
to the rostral part of the tongue on the affected side. Taste buds are innervated by special branches
of the facial nerve. Check for normal tear production and nostril wetting (see Chapter 10). Con
comitant hypalgesia indicating CN-V involvement points to a central (brain) location of lesions.

Figure 2. Lamb withear and lipdroop
because of facial palsy.

7. How important is the petrous temporal bone and the inner ear in cases of facial paral
ysis in the dog?

The facial nerve courses through the petrous temporal bone giving off branches to the
lacrimal gland and salivary glands en route to the stylomastoid foramen from where it exits the
skull to innervate muscles of facial expression. Inner or middle ear disease such as infections and
petrous osteitis can impair CN-VII function. Many cases of otitis media-interna are low-grade,
chronic infections that may not carry obvious clinical signs, and facial paralysis is written off as
idiopathic. Otitis extern a may not be present. All cases of facial paralysis (and Horner's syn
drome) should be given a careful evaluation of the middle ear; this includes radiography of the
petrous temporal bone. Increased yawning may be an added sign exhibited. Vestibular signs (e.g.,
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nystagmus) may be present as a result either of inner ear involvement or of a lesion in the brain
stem (central vestibular signs).

8. Can retinal and optic nerve function be assessed despite the presence of dense
cataracts?

This problem confronts the ophthalmologist frequently. The definitive test of retinal function
is the electroretinogram (ERG). No matter how dense the cataract, light will pass through the lens,
albeit scattered light, to stimulate the retina. The summed electrical potential (in millivolts) gen
erated by a normal retina can be recorded. The ERG may be normal despite optic nerve disease.

9. How should a brisk eyelid closure in response to a very bright light be interpreted?
In this test, called the dazzle response, a very bright light elicits an aversion response seen as

a blink of varying speed and intensity in dogs. Humans will avert their gaze, turn away, and even
sneeze. This test is not sensitive enough to detect early retinal degenerative disease. The reflex is
subcortical. It can be elicited through a cataract. A brisk response is an encouraging sign.

10. Which cranial nerve supplies parasympathetic visceral efferents to the lacrimal gland?
Abranch of the facial nerve (CN-VII).

11. What causes neurogenic keratoconjunctivitis sicca (KCS)?
One of the many pathogeneses of KCS is denervation of the gland by a lesion of the facial

nerve. Depending on the location of the lesion, other branches of CN-VII and sometimes CN-V
may be involved, with clinical signs consistent with these.

12. How do you interpret the finding of a dry nostril in conjunction with KCS?
Nasal moisture arises primarily from the lateral nasal gland, a serous secreting gland located

in the lateral nasal mucosa. Like the lacrimal gland, the nasal gland receives its innervation from
a branch of the facial nerve. This branch separates from that to the lacrimal gland at the level of
the pterygopalatine ganglion, ventrolateral to the orbital cone and dorsal to the pterygoid mus
cles. KCS together with a dry nostril (xeromycteria) suggests a preorbital nerve lesion most likely
in the petrous temporal bone.

13. Why is it necessary to assess sensation in the lateral canthus area in cases of KCS?
The branches of CN-VII that leave the pterygopalatine ganglion as postganglionic efferents

to the lacrimal gland travel to the gland with branches of CN-V, not with CN-VII. These CN-V
conduits are sensory to the lateral canthus area. Hypalgesia or anesthesia in the lateral canthal
skin, in combination with KCS, enables location of a neuropathy to a peripheral site susceptible
to injuries. Remember not all cases of KCS are neurogenic. However, the finding of a CN-VII
neuropathy in association with KCS confirms neurogenic KCS.

14. What are the ocular signs of sympathetic denervation (Horner's syndrome)?
Assuming that the Homer's syndrome is unilateral, as it is in most cases (Fig. 3), signs in

clude:
• Miosis in the affected eye. The pupil constriction is relative to the normal eye and is rel

atively less marked in bright light.
• Enophthalmos. The affected eye recedes into the orbit when the smooth muscle tone of

the periorbita is reduced (i.e., "squeeze" on the eyeball is reduced). This sign is the most
variable one that is seen.

• Narrowing of the palpebral fissure with loss of tone of upper and lower eyelid smooth
muscle. This sign will exaggerate the appearance of enophthalmos

• Third eyelid protrusion. This is mainly passive or secondary to enophthalmos in the dog;
it is a direct effect of loss of smooth muscle tone in the cat
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Figure 3. Left-sided Horner's syn
drome in a cat. Miosis and a nar
rowed palpebral fissure are the obvi
ous signsin thisphotograph.

15. What is meant by pre- versus postganglionic sympathetic denervation?
The term refers to the site of a lesion in relation to the cranial cervical ganglion, an impor

tant structure in the understanding of Horner's syndrome.
• The cranial cervical ganglion is the location of the cell bodies from which postganglionic

sympathetic axons stream forth to innervate all smooth muscle in the head area.
• The cranial cervical ganglion is located deep to the tympanic bulla.
• Preganglionic fibers arise in the hypothalamus and descend in the cervical spinal cord to

levels T I. T2, and T3. After synapsing at this level, the second-order neuron enters the tho
rax, joins the vagal trunk, and ascends the neck in the jugular groove to synapse in the cra
nial cervical ganglion.

• Postganglionic fibers travel to the eye and periorbita via the middle ear, go through the cav
ernous sinus, and then utilize the ramifying fibers of CN-V as a conduit.

16. What are some of the better documented lesions of the first- and second-order neuron
(i.e., preganglionic lesions) accounting for Horner's syndrome?

• Hypothalamic neoplasia
• Cervical cord compression
• Brachial plexus avulsion or neoplasia
• Anterior mediastinal space occupying lesions
• Trauma to the jugular groove area including iatrogenic needle stick injuries

17. What are some ofthe documented post-ganglionic lesions accounting for Horner's syn
drome?

Middle ear disease including iatrogenic injury with bulla osteotomy.
• Otitis media should not be overlooked.
• Ear examination, despite the common lack of external signs, should be conducted.
• Orbital lesions affecting the ophthalmic division of CN-V traveling through the orbital

cone combined with the sympathetics

18. Define strabismus, enophthalmos, and exophthalmos.
Strabismus refers to a deviation of the eyeball from the normal visual axis. It is caused by

abnormal neurologic innervation of extraocular muscles (CN-III, IV, and VI ), primary muscle
function disturbances, or space-occupying lesions of the orbit. Remember the vestibular appara
tus plays an essential role in the control of eyeball position through its input into the nuclei of CN
III, IV, and VI.

Enophthalmos refers to sinking of the eyeball into the orbit. It should not be confused with
active retraction. The most common neurologic cause is Horner's syndrome.

Exophthalmos refers to abnormal protrusion of the eye. This may be passive, as with shal
low orbits, or active, as with a space-occupying lesion in the orbit. Apparent exophthalmos oc-
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curs in the dog where the animal is blind with widely dilated pupils. A combination of apprehen
sion-increased sympathetic tone in the orbital fascia plus the "staring" attitude of a blind dog con
tributes to the exophthalmic appearance.

19. How would you expect the eye to deviate with a unilateral lesion of the oculomotor nerve
(CN-I1I)?

One should expect lateral strabismus with an inability to fix the gaze medially, dorsally, or
ventrally. Bilateral strabismus of this nature is called exotropia. Ptosis (drooping) of the upper
eyelid owing to levator palpebrae denervation mayor may not accompany the strabismus of ocu
lomotor nerve dysfunction. Similarly involvement of the pupils would depend on the location and
extent of the CN-III lesion.

20. What are the neurologic implications for a dog with a unilateral inability to retract the
eyeball?

Eyeball retraction can be induced as a preservation response to noxious stimuli of the eye (af
ferent CN-V). Usually manual or chemical restriction of simultaneous eyelid closure is necessary.
The withdrawal of the eye occurs via the abducens-innervated retractor muscle bundle. The third
eyelid will passively protrude. Loss of the retraction response indicates an afferent CN-V or ef
ferent CN-VI lesion. A CN-VI lesion will be associated with medial strabismus.

21. What advice can be given to the worried owner of a cross-eyed cat?
The Siamese breed is relatively prone to this trait although domestic shorthairs are affected

as well. The eyes are deviated inward. This is called a convergent strabismus or esotropia. Nys
tagmus may be seen also. Vision is not normal but adequate. The basis of the syndrome relates to
abnormal retinal pathways and projections to visual cortices. The eyes deviate to maximize spa
tial binocular vision.

22. What is the oculocardiac reflex?
Tension on extraocular muscles or retropulsion of the eye will result in slowing of the heart

in the normal animal. Orbital space-occupying lesions or manipulation (e.g., during eye removal)
can initiate the reflex.

23. Which cranial nerves comprise the oculocardiac reflex?
Afferent impulses are carried by the ophthalmic branch of CN-V to the sensory nucleus in

the medulla. The efferent arm belongs to the vagus nerve (CN-X). Vagal stimulation induces
bradycardia and can induce cardiac arrest.

Review ofcranial nerves involved in eye reflexes

REFLEX

Menace
Tactile blink
Tactile retraction
Dazzle

AFFERENT CRANIAL NERVE

II
V
V
II

EFFERENT CRANIAL NERVE

VII
VII
VI
VII

24. What is the differential diagnosis for an eye that is blind since birth despite appearing
normal with routine examination?

The problem most likely involves the retina or optic nerve and may be unilateral or bilateral.
Retinal dysplasia including detachment. This is seen as an inherited trait in some breeds (e.g.,

rough collie (see Chapter 38). Retinal dysplasia may also be the result of an intrauterine insult to
the developing eye (e.g., viral infections, teratogenic drugs). The detached retina looks like a gray
veil behind the lens

Optic nerve hypoplasia. The optic disc is very small, usually indicating an hypoplastic op
tic nerve (Fig. 4).
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Figure 4. Fundus photograph depict
ing a very small optic disc in a blind
puppy.

25. What is the differential diagnosis for sudden blindness in the dog?
Sudden acquired retinal degeneration (SARD). Vision loss is dramatic and bilateral.

Pupillary light reflexes are reduced but seldom absent in the early-presenting case. Retinal ex
amination may be normal or show subtle abnormalities in early stages, progressing to tapetal hy
perreflectivity with time. The dog often exhibits polydipsia and polyphagia. Blood cortisol levels
are elevated. The dog, however, is not a long-term hyperadrenocorticoid case and does not require
therapy for hyperadrenocorticism. Pathogenesis of SARD is not known. Electroretinography
(ERG) indicates generalized retinal dysfunction.

Optic neuritis (papilledema). Vision loss is dramatic although not necessarily equal in each
eye. Pupils are widely dilated and very poorly or not responsive. The presentation is similar to
SARD in that regard. On fundus examination, however, the optic disc is often swollen with retinal
vessels climbing up over the protruding disc. The retina may detach and "tent up" around the disc.
These features may not always be present and depend on etiology. ERG indicates normal retinal
function unless the dog has a concomitant retinitis, in which case the ERG may be suppressed.

26. List the causes of optic neuritis in the dog.
Granulomatous meningoencephalomyelitis (GME) is the most common cause. This multifo

cal central nervous system disease has a high likelihood of optic nerve involvement (Fig. 5). GME
may present initially with signs referable to optic nerve disease only (i.e., sudden blindness with
no other neurologic deficit).

• Distemper
• Cryptococcosis and more rarely other mycoses
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Figure 5. Fundus photograph of a swollen optic disc
consistent with optic neuritis.
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• Toxoplasmosis
• Neoplasia in the orbit, chiasm, or base of brain (e.g., pituitary gland)
• Trauma. Consider skull fractures around the basisphenoid, foreign bodies, and iatrogenic

trauma following orbital abscess drainage procedures

27. Sudden blindness is encountered with increasing frequency in old cats. Why?
Hypertensive retinopathy with retinal detachments and retinal hemorrhage is seen in the old cat

with blood pressure levels usually exceeding 200 mmHg (Figs. 6 and 7). Funduscopic examination
reveals vascular explosions and a billowing retina. The retinopathy is not always bilaterally sym-

Figures 6. Retinal detachment with hemorrhages in a
cat with blood pressure recorded at 300 mmHg.
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Figure 7. Ultrasound appearance of
the retinal detachment with the typi
cal "bird-wing" feature.

metrical. Affected cats may remain relatively more visual in one eye. Therapy directed at blood
pressure reduction may preserve vision or even restore vision at times.

28. What are some of the causes of optic neuropathy in cats?
• Cryptococcosis
• Toxoplasmosis
• FIP
• Lymphoma
One should expect signs of retinitis and uveitis with these diseases.
GME does not occur in the cat. Note: Optic disc edema is not a common sign of optic neu

ropathy in the cat.
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VI. Oculoplasties

25. EPIPHORA
Dennis K. Olivero, D.V.M.

1. Define epiphora.
Epiphora is a generic term used to indicate tear overflow onto the face or cheek without ref

erence to a specific cause.

2. Where are tears produced in dogs and cats?
The tear film is composed of three layers. An inner layer of mucus produced by goblet cells

of the conjunctiva provides adherence of the tears to the epithelial cells of the cornea. An outer
layer of oil is produced by the meibomian glands, and this prevents rapid tear film evaporation.
Between the inner mucus and outer oil layer is the aqueous or watery tears.

The aqueous tear layer is produced by two glands. The orbital gland lies in the periorbita of
the dorsolateral orbit and empties tear fluid into the adjacent conjunctival fornix. The third eye
lid tear gland, located at the base of the T cartilage of the nictitans, secretes tears into the ventral
conjunctival fornix. The orbital gland produces approximately 65% of the total tear volume with
the other 35% provided by gland of the nictitating membrane.

3. What function do tears provide for the eye?
The tears provide lubrication and protection to the surface cells of the eye. Mechanically, the

tears cleanse the ocular surface, removing environmental debris. Nutrient and waste exchange oc
curs between the tear film and the corneal epithelial cells. The tear film can also provide a limited
immune response with surface antibodies, complement, lactoferrin, and other proteins.

4. After lubricating and cleansing the ocular surface, where do the tears drain?
The nasolacrimal system drains tears to the nostril or mouth. Along the eyelid margin and

2-5 mm lateral from the medial canthus, the nasolacrimal puncta open. The puncta provide
drainage into the upper and lower canaliculi, respectively, which later converge in the lacrimal
fossa of the lacrimal bone as the lacrimal sac. A single duct drains the tears from the lacrimal sac
to the nostril. Fifty percent of dogs and cats have an accessory opening of the nasolacrimal duct
in the oropharynx. Orbicularis oculi muscle movements alter pressure gradients in the canaliculi,
actively pumping tears into the drainage system.

Sixty percent or more of the tear volume drains through the inferior branch to the lacrimal
sac, making this segment of the system most important in terms of tear outflow.

S. What is the clinical approach to epiphora?
It is helpful to categorize patients that present with tearing into three groups. One group of

patients have epiphora because they are producing tears at an excessive level, overwhelming the
capacity of the nasolacrimal system. A second group of patients demonstrate epiphora due to de
velopmental or acquired conditions causing partial or complete closure of the drainage system
(Fig. I). The final group of patients shows epiphora despite relatively normal tear production and
a seemingly patent and functional nasolacrimal system. These patients are often referred to as hav
ing "idiopathic epiphora" (Fig. 2).

147
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Figure I. A 3-year-old American
cocker spaniel dog presents for
epiphora. Note the imperforate lower
puncta with marked distention of the
lower canaliculi.

Figure 2. A 6-month-old female toy
poodle presents for epiphora. The
typical appearance of "idiopathic
epiphora" and marked tear staining
are evident.

6. What are the clinical features of patients that overproduce tears?
These patients show obvious signs of ocular discomfort with conjunctival hyperemia and

squinting. High Schirmer tear tests with saturation of the tear strip in less then I minute confirms
lacrimation. Fluorescein dye passage is confirmed at the nostril or in the mouth in 2-3 minutes,
indicating patency and function of the nasolacrimal system. The cause for lacrimation can be iden
tified with evaluation of the ocular adnexa and cornea. Common causes for epiphora include en
tropion, ectropion, distichiasis, trichiasis, ectopic cilia, conjunctivitis, and ulcerative keratitis.

7. How is epiphora managed in patients with lacrimation?
Epiphora resolves when the primary problem is treated. This can include plastic surgical pro

cedures to correct eyelid conformational problems, removal of irritating hairs in contact with the
cornea, and medical or surgical treatments for conjunctivitis and ulcerative keratitis.

8. What are the clinical features of patients with nasolacrimal system closure?
• Normal Schirmer tear tests
• No obvious signs of ocular irritation
• Fluorescein dye passage tests are negative after 5 minutes on the affected side
• Nasolacrimal drainage failure is confirmed with attempted flushing of the system

9. What does a negative fluorescein dye test indicate with respect to nasolacrimal patency?
If fluorescein dye is noted at the nostril after 5 minutes or less in animals, patency and func

tion of the nasolacrimal system are confirmed (positive test). Lack of dye presence (negative test)
means nothing with respect to function or patency of the system. Fifty percent of normal animals
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will have a negative fluorescein dye test to the nostril, many of these having an accessory duct
that drains into the oropharynx. A negative fluorescein dye test necessitates nasolacrimal flush
ing for further evaluation of the system.

10. Describe the technique used for flushing the nasolacrimal system.
Nasolacrimal system flushing usually can be performed in the absence of general anesthesia

or sedation. Topical anesthetic (0.5-1.0 % proparacaine HCl) drops are placed on the ocular sur
face repeatedly for 2 minutes prior to flushing. Topical anesthetic can then be placed on a cotton
swab and held on the superior puncta to further reduce sensation. The superior puncta is cannu
lated with a 23- to 25-gauge cannula and initially flushed with saline to confirm patency of both
canaliculi through the nasolacrimal sac. As soon as saline is noted exiting the lower puncta, the
examiner applies gentle pressure over the inferior puncta, and flushing is continued until saline
drains from the nostril or swallowing is noted. The ease of flushing and character of initial mate
rial exiting the inferior puncta or nostril should be noted.

11. What conditions can result in nasolacrimal system failure?
Imperforate puncta is the most common condition that results in drainage failure. This con

dition can affect the upper or lower puncta. Often imperforate superior puncta goes undetected
because gravity promotes drainage predominantly through the inferior puncta. Imperforate puncta
is noted most frequently in American cocker spaniels, Bedlington terriers, golden retrievers, poo
dles, and Samoyeds. Improved drainage is noted after a thin veil of conjunctiva is removed over
lying the most proximal aspect of the upper or lower canaliculi on the eyelid margin.

Aplasia or displacement of the canaliculi or duct is rarely reported in animals. In this situa
tion, primary surgical correction is not available unless clients elect to have an alternative tear
drainage pathway into the nasal or oral cavity established.

Trauma or scarring in the medial canthal region can result in cicatricial injury to the proxi
mal drainage system. Fractures of the nasal bone with excessive callus formation or aggressive
nasal tumors or infections (fungal) can result in loss of function of the lower aspect of the naso
lacrimal system.

Foreign body retention in the nasolacrimal system with chronic secondary bacterial infection
(dacryocystitis)occurs occasionally and is most commonly noted in hunting dogs. Foreign bodies fre
quently are trapped in the nasolacrimal sac, and thorough flushing from the superior puncta often will
produce the foreign material at the dilated inferior puncta. Chronic secondary infection of the naso
lacrimal system can subsequently be treated with cannulation of the system with silicone or plastic
tubing.Topical and systemic antibiotics are administered for several weeks while the tube is in place.

12. What ancillary tests are available to further define nasolacrimal system failure?
When nasolacrimal system flushing is unsuccessful and the system cannot be cannulated, the

extent to which the cannula can be advanced indicates the point of blockage. Contrast material
can be injected into the nasolacrimal system, and radiographs or fluoroscopy can be performed to
identify the exact location of the blockage (dacryocystorhinography). Advanced imaging tech
niques (Computed Tomography or Magnetic Resonance Imaging) can be used to determine the
level and cause of nasolacrimal system blockage when necessary.

13. What are the clinical features of patients with idiopathic epiphora?
These patients show no obvious signs of ocular discomfort or irritation and normal or high

normal Schirmer tear tests. Despite overflow of tears onto the face, the fluorescein dye passage
test is frequently positive, and, when it is not, the system can be readily cannulated and flushed
to confirm patency. Poorly understood anatomic features of these patients provide less resistance
to drainage of tears onto the face than through the nasolacrimal system.

14. Is any breed predisposition known for idiopathic epiphora?
Toy breeds of dogs including the poodle, bichon frise, Maltese, and Yorkshire terrier fre

quently present with the complaint of tearing. Brachycephalic breeds of cats often demonstrate
overflow of tears onto the skin of the medial canthus. The vast majority of patients that present
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for clinical evaluation have white or lightly colored hair coat. Dogs with darker hair coats can tear
excessively, but the associated brown stain of epiphora is not obvious to their owners.

15. What causes the brown stain associated with epiphora in dogs and cats?
Many theories have been advanced explaining the brown color associated with tearing in

cluding the presence of porphyrins in the tears or that the brown stain represents a by-product of
bacterial digestion of tear constituents on the skin. The exact nature of the brown stain associated
with epiphora in animals, however, is not known.

16. Are there any simple remedies for idiopathic epiphora?
A number of treatments have been advanced, but unfortunately a uniformly successful treat

ment has not yet been developed. Some "treatments" are considered highly controversial, and
those that are not are variably successful. Veterinarians spend considerable time convincing own
ers that tear staining is not harmful or vision threatening and that it represents predominantly a
cosmetic problem. Some clients will be satisfied with this explanation and will learn to clean the
medial canthal area daily. With time, the brown stains are eventually considered "normal" for
their dog or cat. Other clients will continue to seek remedies for epiphora staining in their pets.
Both medical and surgical options have been described.

17. What are the medical options for treatment of dogs with idiopathic epiphora?
Dogs with epiphora staining have been successfully treated with tetracycline and metronida

zole. By unknown mechanisms, both of these drugs, when given daily at low levels, result in res
olution of brown staining on the hair coat. Tear production is not altered, and the skin in the me
dial canthal region remains wet. These agents may affect porphyrin production by the tear glands
or alter local bacterial flora on the skin. As soon as the antibiotic agents are withdrawn, brown
staining reappears.

Oral antihistamines decrease saliva and tear production in people and animals. Variable re
sponses have been noted in dogs with epiphora after treatment with topical or oral antihistamine
drugs.

18. What are the surgical options for idiopathic epiphora?
When the goal is to improve tear drainage, there are two options. One approach involves im

proving drainage through the existing nasolacrimal system, and the other approach involves cre
ating alternative pathways for tear drainage away from the skin.

19. Describe procedures used to improve drainage through the existing nasolacrimal
drainage system.

Several seemingly minor anatomic features promote tear drainage onto the skin of the me
dial canthus in animals with epiphora. These include an excessively tight lower eyelid, which lim
its the lacrimal lake volume and may excessively bend or kink the inferior canaliculus, medial
lower eyelid entropion, or nasal folds that tend to roll the lid margin toward the globe with mar
ginal tissue folding over the inferior punctal opening, and hairs growing on the caruncle gland in
the medial canthus that provide a "wick" for tear movement onto the skin of the face. Dogs with
epiphora often show a "crease" in the skin in the medial canthus, which may act like a trough, si
phoning tears onto the skin with each blink. This crease results from attachment of the medial can
thal skin to the medial canthal tendon on the nasal bone and mild lower eyelid medial entropion.
Micropuncta may contribute to epiphora additionally.

Patients variably show improved nasolacrimal tear drainage with removal of the caruncle
gland and associated hairs, enlargement of the nasolacrimal puncta, and partial or complete eleva
tion of the medial canthal tendon to reduce tension on the lower eyelid, which relieves compres
sion on the inferior canaliculi. Entropion corrections can be used alone or in addition to nasal fold
reduction or resection to improve drainage via the inferior puncta. In certain cases, medial cantho
plastic procedures can be employed to elevate the upper and lower eyelid from the nasal bone and
recreate the medial canthus in the absence of a crease created by the medial canthal tendon.
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20. What percent of dogs with epiphora are improved with the above procedures?
Approximately 50% of patients show marked improvement in tear staining after the above

combination of surgical corrections. The other half of patients are only partly improved or show
no change.

21. Describe procedures used to create alternative drainage of tears?
Several procedures have been described to redirect tears from the medial canthal skin in dogs

with epiphora. One procedure involves creating a conjunctival-lined fistula from the ventral con
junctival fornix into the nasal passage (conjunctival rhinostomy) or maxillary sinus (conjunctival
maxillary sinusotomy). A second procedure involves rerouting tears via a conjunctival or mucosal
lined fistula under the facial skin from the ventrolateral conjunctival fornix to the mouth
(conjunctival buccostomy). These procedures can also be considered in patients with irreversible
damage to the nasolacrimal system secondary to trauma, neoplasia, or retained foreign body.

22. Can tear production be decreased surgically in dogs with idiopathic epiphora?
Surgical reduction or removal of the third eyelid tear gland has been advocated by some for

the treatment of idiopathic tearing in toy breeds of dogs. This form of treatment is considered con
troversial.

CONTROVERSIES

23. Should chronic administration of low dosages of tetracycline by mouth be used to alle
viate tear staining in dogs?

For chronic oral antibiotic therapy: Veterinary clients who are sufficiently concerned about
tear staining to seek professional advice may not be satisfied when told to ignore the unsightly
dark stains. These clients appreciate the improved appearance of their animals when treatment
with oral tetracycline is instituted. Low dose chronic antibiotic treatment with tetracycline is not
frequently associated with complications. The treatment is conservative, does not involve surgi
cal procedures, and is reversible. Tetracycline is not ordinarily used to treat life-threatening bac
terial diseases in dogs or cats.

Against chronic oral antibiotic therapy: Chronic antibiotic treatment always carries risk of
adverse reactions. Allergic reactions or idiosyncratic reactions have been reported with most com
mon antibiotics. Development of resistant strains of resident bacteria could later threaten the
health of the patient.

24. Should alternative tear drainage to the nasal cavity be considered in patients with a non
functional nasolacrimal system?

For establishment ofdrainage into the nasal passage: Tears normally drain to the nostril or
oropharynx. Creating a conjunctival-lined passage from the medial canthus to the nasal passage
will rapidly alleviate tearing and tear staining.

Against establishment ofdrainage into the nasal passage: The nostril and oropharynx as well
as the ocular surface are not sterile. The nasal passage employs hairs and a system of turbinates
to clean debris from air as it progressively passes from the upper to the lower airway. Drainage
of tears and mucus material from the ocular surface into the more distal nasal passages may re
sult in bacterial rhinitis.

25. Should toy breeds of dogs with epiphora have the third eyelid tear gland removed?
Yes. Patients with idiopathic tear staining syndrome frequently show high normal tear pro

duction. Although the nasolacrimal system is intact and functional it cannot accommodate the vol
ume of tears and staining develops. Removal of the tear gland of the third eyelid, reduces tear pro
duction by up to 35%, thereby alleviating excessive drainage of tears onto the skin.

No. Third eyelid gland removal has been studied thoroughly in dogs with prolapsed gland of
the nictitans or "cherry eye." One study shows a 37 times increased incidence of keratoconjunc-
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tivitis sicca in dogs that have the gland removed versus those in which the tear gland is surgically
replaced. Although epiphora is bothersome to clients and unsightly, it is not vision threatening.
Dry eye, on the other hand, can be vision threatening particularly in cases unresponsive to topi
cal cyclosporine. Third eyelid gland removal is irreversible.

Classification ofPatients with Epiphora

GROUP

II

1II

GENERAL MECHANISM

Overproduction of
tears (lacrimation)

Nasolacrimal system closed
(drainage failure)

Imperfect nasolacrimal system
drainage C'idiopathic
epiphora")

CAUSES

Conjunctivitis
Entropion/ectropion
Distichialtrichiasis
Ectopic cilia
Ulcerative keratitis
Foreign body
Congenital defects
Trauma
Retained foreign body

Tumor
Infection
Medial canthal

entropion
Nasal folds
Tight lower eyelid with

shallow lacrimal lake,
medial canthal crease

Caruncle hairs "wick" tears
Micropuncta
High normal tear production (?)
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26. BLEPHAROPLASTIC PROCEDURES
Robert J. Munger, D.v.M.

1. Is a blepharoplastic procedure permitted on a show animal?
The question of performing a blepharoplastic procedure on a show animal revolves around

two issues. The first is the cause of the defect or problem that warrants the procedure, and the sec
ond is the intended use of the animal after the surgery. Certainly, it is appropriate to perform what
ever surgery needs to be done to preserve structure, health, and function of the eye. If the patient
is to be used for show and the defect to be corrected is unrelated to inherited causes (e.g., it is as
sociated with trauma, neoplasia, or other disease), no conflict exists and the procedure may be per
formed without reservations or conditions. However, if the surgery would disguise or resolve an
inherited condition, the agency regulating the showing of animals of that breed should be consulted
and the owner should be advised when such surgery would disqualify the animal from showing.
Above all, the welfare of the animal must not be compromised, and surgery should be performed
to alleviate pain or potential loss of vision even when such disqualification would occur.

2. What breeds of dogs are predisposed to entropion?
Chow chow English bulldog
Norwegian elkhound Rottweiler
Chinese shar-pei Labrador retriever
St. Bernard Golden retriever
English springer spaniel Toy and miniature poodles
English and American cocker spaniels Mastiffs

3. What breeds of dogs are predisposed to ectropion?
The bloodhound, St. Bernard, Great Dane, Newfoundland, mastiff, basset hound, and many

of the spaniel breeds are predisposed to ectropion. The common denominator in these breeds is
the excessive amounts of facial skin and large palpebral fissures, so any dog with such features
regardless of breed should be regarded as being at risk of having or developing some degree of
ectropion. Such dogs may also have areas where the lids are entropic as well, especially those with
the diamond or pagoda-shaped palpebral fissures. These dogs may well require combined or mul
tiple procedures for correction.

4. At what age should entropion or ectropion surgery be performed on a puppy?
Generally, when only the corrective surgery is considered, it is ideal to wait until a patient

has achieved full growth and the conformation of the face and lids has reached its mature ap
pearance. Many clinicians arbitrarily set 4--6 months as the age at which surgery should be con
sidered. However, no rule is hard and fast, and the most compelling things to consider are whether
the condition is causing harm or pain and whether delaying the surgery will result in undue risk
to vision or function. Whenever such delay would be harmful, surgery is indicated. When per
forming procedures on young animals, the owner should be advised there is greater probability
that subsequent surgery may be required in the future. In very young puppies with severe entro
pion, such as in the Chinese shar-pei, lid tacking with vertical mattress sutures or other such tem
porary procedures may be performed to see if the puppy will outgrow the condition. If the con
dition persists or worsens, a modified Hotz-Celsus procedure or other permanent correction may
be considered superior to repeated temporary measures.

s. What are the causes of entropion and ectropion and how can they be evaluated?
Although it is easy to say that entropion and ectropion are genetically related, many factors

contribute to eyelid position. The relationships between the orbit, eyelids, and globe affect the po-

153



154 Blepharoplastic Procedures

sition of the lids, and the complexity of these relationships is at best difficult to define genetically.
Certainly, conformation is broadly defined as genetic, but other factors can affect the position of
the lids. For example, atrophy of orbital fat or musculature can result in enophthalmos that pre
disposes to entropion. Injuries, either acute or chronic, can result in scarring or blepharospasm
that also can cause defects in lid position. Therefore, the clinician must approach each case with
careful evaluation of both conformation of the lids, eye, and orbit and any other factors that are
present. When blepharospasm is present in association with ocular pain, topical local anesthesia
can be applied to evaluate the true degree of entropion when pain is not present. In some cases,
the discomfort may be so severe that blepharospasm in not eliminated by topical anesthesia. When
that occurs, local anesthetic can be injected to perform a palpebral nerve block to eliminate the
blepharospasm. In the large and giant breeds, excessive amounts of skin and lid coupled with a
lack of skin tone predispose such animals to ectropion. It may be further compounded by the pres
ence of entropion, especially when the palpebral fissure is large and the lid margins are redun
dant. Manipulation of the lids usually allows the clinician to judge the amount of correction
needed to eliminate excessive skin and lid margins.

6. When performing lid surgeries what are the most critical anatomic considerations with
respect to lid function and position?

The eyelids may be divided into two basic layers; the skin and muscle layer and the tarsocon
junctival layer. Dissection and apposition of these layers must be carefully attended during recon
structive surgery. The tarsal plate is thin in dogs and cats so the shape and support of their lids is
greatly dependent on the lid margins. Preservation of the lid margins is, therefore, of great impor
tancefor proper lid shape, mobility, and retention of tears in the lacrimal sac. The blood supply arises
mainly from the medial and lateral canthal areas. Therefore, dissections must strive to preserve this
blood supply. When flaps are fashioned from the lids, the medial or lateral pedicle should be 4--6
mm in width (with larger flaps requiring wider pedicles) to preserve good blood supply. The upper
lid covers the majority of the cornea during blinking and is more important than the lower lid for
protection of the globe. The lower lid is more important for prevention of tear overflow onto the
face. The medial and lateral canthi must remain well anchored and stable to allow the best approx
imation and function of the upper and lower lids with respect to their position and joint function.
Whenever possible it is important to preserve the upper and lower puncta in the medial aspect of the
lids, but the lower punctum functions to drain the majority of the tears because they are moved me
dially by blinking. Thus, its preservation should take precedence over the upper.

7. Which surgical instruments should be included in a basic surgical pack for lid surgery?
General soft tissue instruments are appropriate for handling the periocular skin, but a pack

should also include certain essential ophthalmic instruments.
• Strabismus or tenotomy scissors should be included for cutting tissues and suture.
• Delicate serrated and toothed forceps such as Bishop-Harmon forceps or 0.3 mm 1 X 2

Castroviejo scissors are excellent for handling the eyelids.
• Smaller toothed forceps such as Colibri or 0.12 mm Castroviejo forceps are excellent for

handling the conjunctiva.
• Scalpel blades should be small (Bard-Parker nos. 11and 15 or Beaver nos. 64 and 65), and

suitable handles for these blades should be included.
• Eyelid specula of appropriate size and rigidity are useful and are a matter of surgeon's pref

erence.
• A Barraquer wire eyelid speculum is appropriate for smaller delicate eyelids, but larger

more rigid specula are usually needed for larger palpebral fissures.
• An ophthalmic needle holder such as a Derf or large Castroviejo needle holder is essential

for handling the delicate needles and suture used in eyelid surgery.
• A Jaeger lid plate is useful as a backing for making lid incisions, although a sterile tongue

depressor may be used if this instrument is not available.
• Specialized forceps such as entropion forceps and chalazion forceps are useful in immobi

lizing and stabilizing the lids during procedures.
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8. Which sutures should be kept on hand for blepharoplastic procedures?
Suture preference varies widely among surgeons. In general, the suture and needle that should

be chosen is that which causes minimal trauma on passage with minimal tissue reaction and scar
ring. Closure of the tarsoconjunctiva and subcutaneous tissues is best performed with 4-0 to 6-0
absorbable sutures such as chromic gut, polyglycolic or polyglactic acid, and polydioxanone.
When placed in the tarsoconjunctiva, the knots should be well buried to avoid irritation, and
smaller suture size is preferable because migration or erosion of larger knots through the con
junctiva may cause corneal irritation and ulceration. Closure of the skin should be performed with
4-0 to 6-0 nonabsorbable suture, depending on the skin thickness and the required placement of
sutures. Smaller sutures are generally used in thinner skin and around the lid margins. In the past
silk sutures have been the norm, but modern monofilament materials such as polypropylene and
nylon are less reactive and are more commonly used in today's surgeries. The monofilament su
tures are more likely to be irritating if they contact the cornea, so extreme care must be observed
with their placement. Silk sutures are better tolerated in the event of corneal contact, and the dis
advantage of their tissue reactivity and potential for wicking, which allows bacterial invasion, can
be decreased when suture removal is performed 7-10 days after surgery. Obviously early removal
of sutures requires protection of the incision to prevent dehiscence.

9. How can notch defects of the lid margin be prevented when closing defects that involve
the margin?

Because of the mobility of the lids, stabilization of the lid margin presents a special challenge
to the surgeon. If a suture is not placed across the margin, a notch in the margin can develop, but
a knot tied at the margin is likely to irritate the cornea even when the suture ends are left long and
tied to other sutures. A cruciate or figure-8 suture allows stabilization of the margin with the knot
tied away from the margin. The figure below shows the passage of the suture to achieve the de
sired results. Initially the needle passes through the skin adjacent to the margin then across the
defect to the subcutaneous tissue at the lid margin. From there it passes outward, exiting the lid
margin at the level of the duct openings of the meibomian glands (the "gray line"). Next the su
ture passes across the defect to enter the margin at the gray line pass to the opposite side of the
incision through the subcutaneous tissue and out through the skin opposite the initial entry point.
Thus, when the suture is tied, the knot is in the upper loop of the figure 8 while the lower loop of
the 8 stabilizes the lid margin (see Figure 6).

10. What is the best way to control hemorrhage during blepharoplastic surgery?
Hemorrhage in lid procedures can usually be controlled with fine-point cautery whenever

simple pressure proves insufficient. Temporary clamping with a hemostat may be used to assist
such cautery, but ligatures are rarely needed except possibly with construction of flaps in some of
the more extensive blepharoplastic procedures.

11. Why does entropion occur in an older animal when it has been fine all its life and no in
jury or other problems occur?

Because the lids of dogs and cats lack a tarsal plate, contact with the globe is extremely im
portant for support of the lids. As animals age, atrophy of the orbital fat or other contents can re
sult in significant enophthalmos, which allows the lids to angle posteriorly. When that occurs,
frank entropion may develop and can be difficult to manage because persistent loss of support
from the globe can allow for enough tissue shift to allow later recurrence of the entropion. Any
orbital disease that results in atrophy or scarring of orbital structures can result in enophthalmos
mimicking that is age related.

12. How is the Hotz-Celsus procedure performed and when is it used?
The Hotz-Celsus procedure is the simplest, most versatile, and most often used blepharo

plastic procedure. It or one of its modifications may be used to treat congenital, developmental,
cicatricial, or senile entropion where the palpebral fissure is of normal size and the lid lengths are
normal. The procedure may also be applied in the management of distichiasis in order to evert the
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lid margin enough to shift the extra lashes away from the cornea. This latter application works
best in patients without excessive amounts of skin that predisposes to postoperative shifting that
can negate the eversion of the margin (shar-peis and the exophthalmic breeds with excessive nasal
fold skin). Eversion of the medial lid margin may also be used to evert the medial lower lid mar
gin to rotate the lower lacrimal punctum up and out to improve tear drainage in cases of epiphora.
The basic technique relies on the removal of a crescent-shaped strip of skin and underlying or
bicularis oculi muscle adjacent to the lid margin. The initial incision is usually made parallel to
and within 1-2 mm of the lid margin. The second incision is made distal to the first and connects
the medial and lateral aspects of the first incision (Fig. lA). The width of the incision is deter
mined by the degree of entropion that exists (determined prior to anesthesia) and should allow for
0.5-1 mm of additional eversion that can occur during postoperative healing. Suturing of the de
fect may be performed with simple interrupted sutures or with an inverse running pattern to en
sure there is no shifting of the incision edges. The positions of the incisions on the lid depend on
which parts of the lid are entropic. Two crescents may be removed when the lateral and medial
aspects are entropic but the central lid margin is in normal position (Fig. IB). In the event the lat
eral canthus is affected, the procedure can be modified with the crescent centered at the canthus
and its arms extending over the upper and lower lids (Fig. IC). When the lateral aspects of the
upper and lower lids are primarily involved with minimal entropion of the canthus itself, the pro
cedure may be further modified to create an arrowhead shaped defect (Fig. ID). The apex of the
defect is closed primarily with and interrupted suture followed by closure of the upper and lower
arms of the arrowhead. This modification allows correction of the entropion with minimal length
ening of the palpebral incision. In patients with atonic or excessively long or redundant lids, other
procedures must be used either alone or in combination with the modified Hotz-Celsus procedure
to achieve optimal correction and lid position.

A B

D
Figure l. Variations in the modified Hotz-Celsus procedure. A, Classic procedure. B, Modification of Hotz
Celsus procedure for correction of medial and lateral entropion. C, Application of Hotz-Celsus procedure for
lateral canthal entropion. D. Arrowhead modification for correction of lateral entropion of upper and lower
lids with minimal canthal involvement.
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13. When only mild entropion of the central lid exists, is there an alternative to the modi
fied Hotz-Celsus procedure?

The Y-to-V blepharoplasty may be used for correcting mild central lid entropion. The arms
of the Yare place within 1 mm of the lid margin and their span should encompass and be cen
tered on the entropic portion of the lid margin. The incisions extend through the skin to the depth
of the orbicularis oculi muscle and the vertical stem of the Y is of sufficient length to correct the
entropion. The triangular flap of skin and muscle is elevated and separated from the underlying
tarsoconjunctiva by blunt-sharp dissection using a tenotomy scissor. The apex of the triangle is
then sutured to the bottom of the Y with a simple interrupted nonabsorbable suture. The sides of
the flap are then closed with similar interrupted sutures to produce the characteristic V closure
(Fig. 2).

Figure 2. Y-to-V blepharoplasty. A, Preparation of initial Y incision adjacent to entropic lid margin. B, Skin
muscle flap elevated for shift and closure. C, Resultant V incision closed.

14. What is the best way of dealing with the severe entropion and excessive facial folds in
the Chinese shar-pei?

The correction of this severe entropion in the shar-pei may be accomplished either by com
bined modified Hotz-Celsus procedures and removal of the excessive folds of skin around the eyes
or by the "brow-sling" technique. The brow-sling technique is a modification of a brow or
frontalis suspension surgery used in humans with severe blepharoptosis. It has the advantages that
it is less invasive, involves less suturing, and preserves the skin folds that are typical for the con
formation of the Chinese shar-pei. The procedure was first described in modem veterinary med
icine by Dr. Susan Kirschner, and a series of cases was later reported by Dr. A. Michelle Willis
et al. It is well suited for dealing with the redundant brow and forehead skin folds that are com
mon in the shar-pei, chow chow, bloodhound, basset hound, bulldog, and St. Bernard. The tech
nique involves the use of buried braided polyester mesh or suture (such as Mersilene) to tense and
support the lids. After surgical preparation of the forehead and brows, two to three rows of inci
sions are made over each eye. The first row of incisions is located at least 5 cm dorsal to the or
bital rim, and the second is performed over the orbital rim itself. A third incision may be per
formed 2-3 mm dorsal to the upper eyelid margin (Willis modification) to aid in further elevation
and eversion of the upper lid margin. The frontalis muscle (and the underlying periosteum of the
frontal bone when possible) is engaged, and the strip or suture is passed inferiorly to the other in
cisions. At its closest approach to the lid margin, the needle traverses horizontally parallel to the
eyelid margin and is then redirected subcutaneously to the original incision. Once correct tension
has been achieved to create the needed suspension, the strip or suture is tied in place. The skin in
cisions are closed with interrupted 5-0 to 6-D nonabsorbable sutures. Usually two slings are
placed per eyelid, one medially and one laterally. When only two incisions are used (omitting the
incisions adjacent to the lid margins), a modified Hotz-Celsus procedure or other entropion
surgery may be used if needed to evert the lid margin and lashes (Fig. 3).
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Figure 3. Brow-sling procedure. A, Passage of Mersilene mesh or suture from dorsal brow incision subcutaneously
to eyelid margin and back with anchoring to the frontalis muscle. B, Two slings are used for each upper lid.

15. Describe the best way to cope with recurrence of entropion.
When simple undercorrection causes the recurrence, repeating the surgery to remove more

skin may be all that is required. However, when the entropion is severe and unassociated with
other lid deformities (macroblepharon, etc.), a central tarsal pedicle can be constructed using the
technique of Wyman and Wilkie to compliment and reinforce an additional Hotz-Celsus proce
dure. The initial incision is performed adjacent and parallel to the lid margin but does not pene
trate as deep as the orbicularis oculi muscle. At the level of the most extensive entropion, two par
allel incisions perpendicular to the lid margin are made in the orbicularis oculi muscle and the
tarsus with a scalpeL The sharp dissection is continued to free the pedicle from the skin and the
deeper palpebral conjunctiva, leaving its base attached to the lid margin. Next, a tunnel as wide
as the pedicle and long enough to correct the entropion is prepared with tenotomy scissors under
the distal skin edge. Using a double-armed 5-D nonabsorbable suture, a cruciate stitch is passed
through the pedicle and then extended through the tunneL The stitch is passed through the skin
and tied through a stent, thus correcting the entropion. The redundant skin can now be excised
creating the typical crescent of the Hotz-Celsus procedure, and the skin is closed with an inter
rupted or inverse running pattern of 4-0 to 6-D nonabsorbable suture. Multiple tarsal pedicles can
be created when large or multiple areas of the lid are affected (Fig. 4).

16. When the lateral canthus is unstable, is there a simple way to correct the attendant lat
eral canthal entropion?

When the size of the palpebral fissure is normal, Wyman's technique remains among the best
for correcting lateral canthal instability and entropion. It may also correct ectropion of the central
aspect of the lids when that is present in combination with the lateral canthal entropion. A crescent
shaped portion of tissue is removed as described for the modified Hotz-Celsus procedure
around the lateral canthus. The width of the crescent created by the two elliptical skin incisions
is determined by the amount of the correction for the lateral canthal entropion. The orbicularis
oculi is exposed and sharply dissected to create upper and lower pedicles attached at their base to
the lateral canthus. The two pedicles are united with a cruciate 5-D nonabsorbable suture that is
then passed laterally through the periosteum of the lateral orbital rim or the zygomatic arch. As
the suture is tied, the tension is adjusted to achieve the desired amount of lateral retraction and
eversion of the lateral canthus. The skin incisions are closed with interrupted nonabsorbable su
tures. One or two nonabsorbable 2-D sutures may be used instead of the dissected orbicularis oculi
muscle pedicles to create lateral tension to evert the lateral canthus. In this variation the suture is
passed through the lateral canthus and the periosteum of the zygomatic arch, and tension is tight
ened as the knot is tied prior to the closure of the skin (Fig. 5).
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Figure 4. For the central tarsal pedicle for entropion, a tarsal pedicle anchored at the eyelid margin is com
bined with the Hotz-Celsus procedure. A, The initial skin incision is about 1-2 mm from the eyelid margin.
B, A tarsal pedicle is constructed by scalpel with its base at the eyelid margin at the site of most extensive en
tropion. C. Through a subcutaneous tunnel made by scissors, a 5--D nonabsorbable cruciate suture attached to
the tarsal pedicle is secured with a stent below the surgical wound. D, The second skin incision of the Hotz
Celsus method is performed, and the crescent of skin is removed with tenotomy scissors. The width of the
crescent depends on the extent of the entropion. E, The skin wound is closed with 5--D nonabsorbable simple
interrupted sutures. (From Gelatt K (ed): Handbook of Small Animal Ophthalmic Surgery. Tarrytown, NY,
Elsevier, 1994, with permission.)

Figure 5. Wyman's lateral canthoplasty and construction oflateral canthal ligament. A, Two elliptical incisions
are performed with the width of the crescent of tissue to be removed sufficiently to correct the entropion present.
B, Two orbicularis oculi myotomies are performed to create two strips of muscle with their bases at the lateral
canthus that will act as the new lateral canthal ligament. C, After subcutaneous dissection with tenotomy scis
sors, a cruciate 5--D nonabsorbable suture is used to anchor the orbicularis pedicle (arrow) to the periosteum of
the zygomatic arch. D, The skin is closed with 4--D to 5--D interrupted nonabsorbable sutures. (From Gelatt K
(ed): Handbook of Small Animal Ophthalmic Surgery. Tarrytown, NY, Elsevier, 1994, with permission.)
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17. If immediately after entropion surgery the lids appear to be ectropic, should further
surgery be performed to roll the lid inward again?

At the end of surgery it is not uncommon for swelling to result in mild to moderate ectropion (the
more reactive the lid skin and conjunctiva, the more ectropion may be apparent). Commonly, the lid
will return to the appropriate position as the swelling subsides as long as the amount of correction
performed is consistent with that measured prior to the surgery. Therefore, resist any temptation to
modify the results, and wait for several weeks after suture removal to evaluate the final results.

18. What techniques are most often used for the correction of ectropion?
Simple wedge resection
Modifications of the Kuhnt-Szymanowski procedure
Kuhnt-Helmbold procedure

The V-Y or Wharton-Jones blepharoplasty is indicated for the correction of cicatricial ectropion.

19. When is the wedge resection technique indicated for the correction of ectropion and
what factors are critical in performing this procedure?

The wedge excision procedure is a full-thickness resection usually performed adjacent to the lat
eral canthus in order to avoid the lacrimal punctae and third eyelid present at the more heavily an
chored medial canthus. The surgeon should usually undercorrect the ectropion because postopera
tive contraction of the tissues may account for an additional 0.5-1 mm of correction. Closure occurs
in two layers, using 5--0or 6--0absorbable sutures in a continuous pattern to close the tarsoconjunc
tiva and 5--0to 6--0nonabsorbable sutures in an interrupted pattern to close the skin. A nonabsorbable
cruciate suture at the lid margin ensures there is no postoperative notching ofthe lid margin. A mod
ified Hotz-Celsus procedure may be performed concurrently if needed to correct any entropion ad
jacent to the wedge resection. With lids that are excessively long, the wedge resection can be per
formed on both the upper and lower lid, but a rhomboid canthoplasty may be superior, especially in
cases complicated by lateral canthal entropion. Knots placed in the tarsoconjunctiva should be well
buried to prevent irritation of the cornea, and the eye should be monitored closely after surgery for
irritation associated with knot migration as the sutures are absorbed in the tissues (Fig. 6).

A

Figure 6. Stable suturing of a lid margin defect. A, Removal of a lateral wedge of lid. B, Enlarged view of
placement of a cruciate suture at the lid margin after initial closure of the palpebral conjunctiva with an ab
sorbable continuous suture. C, Closure completed. The knot of the cruciate suture is away from the lid mar
gin and cannot irritate the cornea.
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20. What is the difference between a V-shaped resection and a pentagonal or four-sided
full-thickness resection of the lid?

The pentagonal or four-sided full-thickness resection is superior to the V-shaped resection
for larger resections because it provides a larger surface area for distribution of tension and thus
provides for better apposition and cosmesis.

21. When is the V-to-Y technique indicated in the correction of ectropion?
This technique should be reserved for correction of cicatricial entropion. It is basically a re

verse of the Y-to-V technique described above for entropion, and, unless the lid margin is re
sected, it does not result in any shortening of the eyelid.

22. What is the difference between the Kuhnt-Szymanowski and Kuhnt-Helmbold proce
dures and what advantages and disadvantages do they pose?

Both procedures involve an extensive splitting of the lid margin to create an outer triangular
skin-muscle flap and an inner tarsoconjunctival flap. The lid shortening with both techniques is
achieved by a central wedge resection of the tarsoconjunctiva and a more lateral wedge resection
of the skin-muscle flap. The difference is that the Kuhnt-Szymanowski (K-S) procedure carries
the triangular flap dorsally and beyond the lateral canthus and the wedge of skin-muscle is re
moved from the lateral aspect. With the Kuhnt-Helmbold (K-H) procedure, the wedge removed
from the skin-muscle is medial to the lateral canthus. The advantage of both procedures over the
simple full-thickness wedge resection technique is that the resected portions are separated and
thus less susceptible to dehiscence. The advantage of the K-S procedure over the K-H procedure
applies to lids that lack tone and are in need of the greater support. Carrying the triangular skin
muscle flap beyond the lateral canthus creates a sling effect that supports the lid and restores tone
to the lid. The disadvantage of both procedures is that they split a significant portion of the lid
margin along the gray line introducing a significant potential for complications associated with
scarring of the margin and its structures (Figs. 7 and 8).

cA

B
Figure 7. The Kuhnt-Szymanowski procedure supports the lid and improves tone. (From Gelatt K (ed): Hand
book of Small Animal Ophthalmic Surgery. Tarrytown, NY, Elsevier, 1994, with perrnission.)
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B
Figure 8. The Kuhnt-Humbold procedure. A, Splitting of the lid margin. B, Dissection of the skin-muscle flap
and wedge resections. Note that the skin-muscle flap does not extend beyond the lateral canthus. C, Closure
of the incisions is complete. (From Gelatt K (ed): Handbook of Small Animal Ophthalmic Surgery. Tarry
town, NY, Elsevier, 1994, with perrnission.)

23. What sutures are used and how are they placed with these procedures?
The wedge resection in the tarsoconjunctivallayer should be closed with a continuous pat

tern of 5-0 or 6-D absorbable suture. A few absorbable interrupted sutures may be placed between
the flap and the tarsoconjunctiva to eliminate dead space. The skin flap should be closed with sim
ple interrupted sutures of 4-0 to 6-0 nonabsorbable sutures.

24. How is the Munger-Carter modification different from the K-S procedure and what is
its advantage?

The Munger-Carter modification has the advantage of not splitting the lid margin since the
incision to create the skin-muscle flap is 1-2 mm distal to the lid margin, This preserves the lid
margin and allows for combination of the procedure with the modified Hotz-Celsus procedure
when concomitant entropion is present. In that event, a crescent of skin can also be removed from
the edge of skin-muscle flap adjacent to the margin to evert the margin and correct the entropion,
The defect in the lid margin created by the wedge resection is closed with a cruciate nonab
sorbable suture. Knots in the skin sutures along the margin are less likely to irritate the cornea
than those with the K-S and K-H procedures (Fig, 9).

Figure 9. Munger-Carter modification of the K-S procedure. A Initial skin incision and skin-muscle flap. B,
Wedge resection of the lid margin and tarsoconjunctiva. C, Closure of the lid margin and tarsoconjunctiva. D, Re
moval of a triangular wedge equal in width to the tarsoconjunctival wedge from lateral aspect of the skin-muscle
flap. E, Final closure. Note that the lid margin is not disturbed and the suture knots are not adjacent to the cornea.
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25. Describe how to correct a diamond- or pagoda-shaped palpebral fissure with significant
lateral canthal entropion when shortening of the palpebral fissure is desired.

A rhomboid or diamond lateral canthoplasty may be used to concurrently evert the lateral
canthus and shorten the palpebral fissure (Fig. 10). The lid margin to be removed is measured
from the lateral canthus to the point on the margin appropriate to achieve the desired shortening
of the palpebral fissure. Both the upper and lower lids are incised perpendicular to their margins
and the incisions extended dorsolaterally (for the upper lid) and ventrolaterally (for the lower lid).
The length of each incision is approximately 1-2 times the width of the margin to be excised de
pending on the desired degree of entropion correction. These two incisions form the medial arms
of the rhombus or diamond. From the ends of these incisions, two more incisions are made per
pendicular to the first to intersect in a right angle lateral to the lateral canthus. The incisions de
fine the diamond-shaped area of skin and tarsoconjunctiva excised to create the typical rhomboid
defect. The cut end of the upper and lower lid margins are then joined with a 5---D to 6---D nonab
sorbable suture using a cruciate pattern to recreate the lateral canthus. The conjunctiva is next
closed with a continuous pattern of 5---D to 6---D absorbable suture. The lateral canthus is then ap
posed to the lateral corner of the diamond with an interrupted subcutaneous absorbable suture.
The subcutaneous tissue is closed with a continuous pattern of absorbable suture, and the skin is
closed with interrupted nonabsorbable sutures. The result is a curved sutured incision that tenses
the lateral canthus laterally, and the procedure has shortened the palpebral fissure.

(

A B

D
Figure 10. Rhomboid canthoplasty. A, Delineation of the tissue to be excised in the rhomboid canthoplasty.
B. Initial closure of the lateral lid edges to reform the lateral canthus. C, Closure of the conjunctiva and sub
cutaneous tissues with continuous absorbable suture. D, Final curvilinear skin closure resulting in narrowed
palpebral fissure and resolution of the lateral canthal entropion and ectropion.

26. What techniques can be used to deal with lagophthalmos?
Lagophthalmos associated with transient ocular or orbital swelling may be countered by a

temporary tarsorrhaphy using 1-3 nonabsorbable mattress sutures passed though the lid margins
at the level of the gray line. When there is little tension on the lids, the sutures may be placed with-
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out stents. When lagophthalmos is associated with a permanent condition (e.g., macropalpebral
fissure, conformational exophthalmos, lid paralysis), permanent canthoplasty may be performed
either laterally or medially depending on the area of the globe and cornea most exposed and which
placement will best preserve lid function.

27. In brachycephalic breeds with exophthalmos and lagophthalmos or pigmentary ker
atitis, what options are available to protect the globe?

Because the eyes of the brachycephalic breeds are usually somewhat exotropic, the medial
sclera is often more exposed than the lateral. Therefore, a partial medial tarsorrhaphy or so-called
medial canthal closure not only protects the eye and reduces exposure, it also is superior cosmet
ically because the pupil is then better centered in the palpebral fissure than with a lateral canthal
closure. In addition, the medial canthal closure allows removal of hairs associated with the
lacrimal caruncle and eliminates contact between the cornea and hairs of the medial lower lid and
nasal folds. Medial canthoplasty or canthal closure is usually performed by one of two techniques.
The simplest involves the removal of the medial lid margin and adjacent skin while avoiding the
lacrimal punctae. The skin can then be closed in two layers. The tarsoconjunctiva is closed with
a continuous pattern of 5--0 to 6--0 absorbable suture, and the skin is closed with 4--0 to 6--0 non
absorbable interrupted sutures. This procedure allows preservation of both lacrimal punctae, but
the closure is thinner and more subject to stretching than the pocket-flap technique described by
Jensen. With the pocket-flap procedure, the medial upper and lower lids can be split along the
gray line to create pockets 10 mm deep. The split in the lower lid passes anterior to the lower
lacrimal punctum thus preserving its function. A triangular tarsoconjunctival flap from the upper
lid is sutured into the pocket in the lower lid using a 4--0 nonabsorbable suture. The suture is
passed through the skin into the ventral aspect of the lower lid pocket, up though the pocket, and
then through the tip of the triangular flap. It is then passed back down into the pocket, out through
the skin, tightened to pull the flap into the pocket, and tied. The outer margins of the split lids are
removed and the skin closed with 4--0 to 5--0 interrupted nonabsorbable sutures. While the supe
rior punctum is sacrificed, the resulting closure results in superior support of the medial canthus.
Figures II and 12 illustrate the technique and cosmetic appearance that can result.

I
I

\
\ I
v

A

Figure I I. The Jensen technique for medial canthal closure to narrow the palpebral fissure. A, Splitting of the
medial upper and lower lids to create the pocket and tarsoconjunctival flap for closure. B, Passage of the suture
from the pocket to draw and anchor the flap into the pocket. C, Final closure narrowing the palpebral fissure.
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Figure 12. Medial canthal closure protects the globe while narrowing the palpebral fissure and masking the
medial sclera. Most brachycephalic breeds show more sclera medially resulting in an exotropic appearance.
Medial canthal closure to narrow the palpebral fissure (extent indicated by the dashed line) not only protects
the globe but also improves the cosmetic appearance.

28. Is there a simple way of dealing with medial canthal trichiasis?
The simplest and perhaps most effective way to resolve medial canthal trichiasis is to use

cryoablation of the offending hairs. The tissue from which the hairs arise can be frozen with a liq
uid nitrogen spray (being careful to ensure the adjacent structures are protected from freezing).
The tissue should be frozen twice, separating each freeze by a slow thaw. In patients with lagoph
thalmos in which a partial medial tarsorrhaphy is contemplated, the lacrimal caruncle and other
structures from which the hairs arise may be removed prior to closure.

29. When confronted with removal oflarge lid tumors, how much of the lid may be removed
and still allow simple apposition and closure?

The rule of thumb is that up to one-fourth of the lid may be removed by a simple wedge re
section without requiring more than simple closure. However, all rules have exceptions, and more
lid may be removed in dogs with more expansive or elastic periocular skin and lids. Figure 13
presents a good example from a cocker spaniel with a large sebaceous adenoma on the upper lid.
A pentagonal, full-thickness resection is used to remove the tumor, and because the upper lid is
long, primary closure can be achieved. While the resultant upper lid shortening narrows the palpe
bral fissure, the elasticity of the tissue has allowed closure, and gradual stretching allows the
palpebrae to assume a more normal and quite acceptable appearance by the time of suture re
moval. Further remodeling and reshaping will continue with time.

30. What is an H blepharoplasty and how is it performed?
H-plasty uses a sliding skin flap to move adjacent skin vertically into a lid defect. The tissue

removed at the lid margin represents the first section of the H, and the flap of skin to be mobilized
represents the second. Once the full-thickness resection of the lid lesion has been performed, two
slightly diverging incisions are extended away from the defect. These incisions should be twice
the height of the lid defect, and two triangles of equal size (Burow's triangles) are removed from
the skin adjacent to the distal extent of the sliding flap. The flap is then dissected free from the
subcutaneous tissue and advanced, closing the triangles. The deep surface of the flap may be cov
ered by adjacent palpebral and fornix conjunctiva, conjunctiva from the opposite lid, or a free
graft from the buccal mucosal. The skin flap is advanced to 0.5-1.0 mm beyond the adjacent lid
margins to compensate for postoperative contraction of the graft. The sides of the skin flap are
apposed with 4--D to 6-0 simple interrupted nonabsorbable sutures. The conjunctiva or mucosal
graft is attached to the flap with continuous 5-0 to 6-0 absorbable sutures using either a contin
uous pattern or interrupted sutures with knots carefully buried or positioned away from the edge
of the flap to avoid contact with the cornea (Fig. 14).

31. Describe how larger upper eyelid defects (those that cannot be closed by primary ap
position of the edges) can be repaired to preserve optimal lid function.

Because the upper lid covers the majority of the cornea during blinking, preservation of its
function is extremely important for optimal lid function. Preservation of upper lid mobility and
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Figure 13. Simple closure of a large eyelid defect. A. Preoperative appearance of large sebaceous adenoma. B,
Pentagonal defect at time of resection. C, Checking apposition. D, Immediately after closure. E, Close-up ap
pearance at II days postoperatively after suture removal. F, Comparison with fellow eye 11 days postoperatively.

Figure 14. H-plasty. A. Initial incisions for removal of mass and formation of sliding skin-muscle flap. B, Lid
defect and Burow's triangles performed in preparation of sliding of the flap. C, Skin-muscle flap sliding into
position with collapse of the Burow's triangles. D, Final closure with flap advanced 0.5-1.0 mm beyond lid
margins to allow for postoperative contraction of the skin. (From Gelatt K (ed): Handbook of Small Animal
Ophthalmic Surgery. TalTYtown, NY, Elsevier, 1994, with permission.)

provision for a good lid margin are critical factors that cannot be achieved with advancement
and rotational flaps. Munger and Gourley describe a cross lid flap that uses a lower lid flap to re
construct the upper lid, thus providing for both a lid margin and mobility for the upper lid. The
width of the flap from the lower lid is 3/4 of the width of the defect in the upper lid because the
adjacent upper lid tissue can be stretched to fill l/4 of the defect. The pedicle of the flap must be
at least 4 mm wide to preserve blood supply to the flap. The pedicle may be either medial or lat-
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eral, but the lower lacrimal punctum must be preserved in either case. The flap is rotated 1800

into the upper eyelid defect, and closure is accomplished in two layers using 5-0 to 6-0 inter
rupted absorbable sutures for the conjunctiva and subcutaneous tissues and 5-0 to 6-0 inter
rupted nonabsorbable sutures in the skin. A cruciate suture is used to appose the margins. After
14-21 days, when vascularization of the flap is ensured, the pedicle is resected, rotated up, and
sutured to reform the lid margin. The lower lid defect is then closed either by primary closure
(when sufficient lower lid remains) or by advancement skin flap from the infraorbital skin tissue
(Fig. 15).

D'

Figure 15. Cross lid flap for repair of large upper eyelid defects. A, Diagram of a large upper eyelid tumor.
B. Full-thickness pedicle flap is constructed from the lower lid with the margin. It is the full depth and three
fourths of the width of the upper eyelid defect. The pedicle (d') is directly opposite the center of the upper
eyelid defect. C. The cross lid flap has been rotated across the palpebral fissure and sutured in place. Point
c in the flap would be somewhere in the vicinity of point d. D, After 14-21 days, the second stage is per
formed severing the pedicle and rotating the pedicle into position with d' apposed to point d. An l-l-plasty
has been performed here to close the lower lid defect and can be lined with conjunctiva or mucosal from
the nasal or oral cavity. E, Final closure illustrating the reconstructed upper lid margin from the lower lid
margin.

32. When reconstructing lid lacerations that involve the lacrimal canaliculi, how can the
canaliculus be identified and restored?

A pigtail probe is an excellent instrument for use in reconstructing the lacrimal canaliculus.
The probe is passed through the lacrimal punctum and canaliculus of the opposite lid and rotated
out through the medial aspect of the severed canaliculus. A 3-0 to 4-0 monofilament nonab
sorbable suture is passed through the "eye" in its tip so that when the probe is withdrawn it pulls
the suture through the canaliculi and out the punctum. The probe can next be passed through the
lacrimal punctum on the injured lid and out through the lateral severed end of the canaliculus. The
suture is then reengaged and pulled back through the punctum. Silastic tubing is passed over the
end of the suture that is then clamped inside the tubing with a hemostat. By gentle traction on the
suture, the silastic tubing can then be pulled through the lacrimal canaliculi and left in place un
til healing of the laceration is complete. The silastic tubing may be sutured in place after passing
it through or over each lid or it may be tied in place in the medial canthus (Fig. 16).
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27. EYELID NEOPLASMS
Annajane B. Marlar, D.V.M.

1. How common are lid tumors in dogs and cats?
Lid tumors are quite common in dogs. By contrast, in cats, lid tumors are rare and make up

only 2% of neoplasias. In one study of ocular neoplasia, tumors of the lid and conjunctiva com
bined comprised 25%, but in reality the figure is probably even lower.

2. When do most lid tumors arise and in what location?
The average age of onset for lid tumors in dogs is 9 years. Malignant neoplasms tend to de

velop in dogs older than average, whereas benign tumors such as histiocytomas have a tendency
to develop in younger patients. The central portion of the upper and lower lids is the usual loca
tion for tumors with the upper lid being slightly more common than the lower. Canthal involve
ment is uncommon. In cats, the age of onset is greater, and the medial canthus is a more common
location than in the dog.

3. What are the most common types of tumors in dogs?
Most lid tumors encountered in the dog will be benign. The most frequent types encountered

include sebaceous adenomas, papillomas, and melanomas. If the lesion is pigmented and smooth,
it is likely a melanoma. Benign behavior is typical of eyelid melanomas, although sometimes
these tumors can be more aggressive. When malignancies occur, the lid lesion is usually the pri
mary site, and metastasis from the eyelid is generally slow. Of the malignancies that can develop
in this area, sebaceous adenocarcinoma, mast cell tumor, squamous cell carcinoma, and basal cell
carcinoma seem to be most common. Mesenchymal tumors of the eyelid are uncommon. Gener
ally, if one thinks about the tissue types in this area, then a list of possible tumor types can be con-
structed: skin, sebaceous glands, conjunctiva, etc. (Figs. 1-3). .

4. How does this differ in the cat?
Although benign lid tumors can occur in the cat, malignant types are more frequent and com

prise 75% of eyelid neoplasms. The most common type of lid tumor is squamous cell carcinoma,
particularly in patients with light coat color or with white fur around the face. One benign process
described is xanthoma, which presents as a focal or multifocal, yellowish mass within the lid and

Figure 1. A typical sebaceous ade
noma of the lid margin. Note the
involvement of the conjunctival
surface.
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Figure 2. A melanoma on the up
per lid. These are locally invasive
but usually do not metastasize.

Figure 3. A squamous cell carci
noma of the lower lid. These can
be a challenge (see Chapter 27).

conjunctiva. Other tumor types that have been reported include meibomian gland adenoma and
adenocarcinoma, basal cell tumor, melanoma, mast cell tumor, and fibroma/fibrosarcoma (Figs.
4 and 5).

5. Are all mass lesions neoplastic?
Some conditions of the eyelid may be difficult to distinguish from neoplasms (e.g., granuloma,

chalazion. and even some acute lesions such as marginal inflammatory conditions). Patient history
can be helpful in the identificationbecause most lid tumors tend to grow gradually rather than rapidly.
A lesion that is bilateral and symmetric is unlikely to be neoplastic. Eyelid lesions that are associ
ated with pruritus are less likely to be neoplastic (mast cell tumor may be the exception). If all lids
are affected with nodules, consider immune-mediated blepharitis or sterile pyogranulomas as a pos
sible etiology. The diagnosis is best made with histopathology of an area of affected lid margin.

6. How can I tell if a tumor is benign or malignant?
Histopathology is recommended for all lid tumors. Without it, you cannot be 100% sure

whether you are dealing with a benign or malignant process. However, several characteristics
point to malignant neoplasms and may prove useful tools during examination of the eyelids.
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MALIGNANT

Destruction of hair follicles
Lesion is ulcerative
Rapidly growing

BENIGN

Hair follicles intact
Lesion is not ulcerative
Lesion is slow growing
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7. If the mass is not irritating to the cornea, why remove it?
As discussed earlier, although many lid tumors will be benign, it is not always possible to

differentiate their behavior based on examination only, and many benign lid tumors will still cause
extensive local destruction of tissue if left untreated. For many patients requiring extensive re
construction, early intervention may have prevented procedures that prove to be more uncom
fortable for the patient and more costly to the client. Therefore, it is becoming widely accepted

Figure 4. Multiple conjunctival
tumors which were diagnosed as
melanosarcomas

Figure 5. A large lower lid papilloma.
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that lid masses should be removed or treated prior to onset of clinical symptoms. At the earlier
stage, it may be possible to retain both functional and cosmetic lid margin.

8. When is it appropriate to biopsy a mass before excision?
If the mass is extremely ulcerated and extending away from the lid margin, consider biopsy

prior to definitive surgery. The diagnosis may alter the treatment options. An example of this is a
large squamous cell carcinoma that may be amenable to therapies other than surgery. If the lesion
is less than one-third the length of the eyelid, it is more appropriate to perform an excisional
biopsy or biopsy and cryotherapy.

9. How should the tissue be processed?
Tissue that is removed should be placed in an appropriate container with 10% formalin as

fixative. If the mass is small, microcassettes can be used to better preserve the tissue and make it
easier to process. This is very helpful when tissue specimens are small, and it avoids calls from
the laboratory that tissue was misplaced! Even with a treatment modality other than surgical ex
cision, submitting a sample for pathology is still recommended.

10. What are the anatomic considerations when choosing a treatment plan?
There are two main goals to consider when considering treatment alternatives. The first is to

preserve mechanical lid function and normal glandular function. Maintaining the lid margin as a
mucocutaneous junction is key. The second is the preservation of a cosmetic eyelid. The location
of the mass also may be important with regard to the lacrimal puncta. The superior punctum is
less important to normal lacrimal flow than the inferior punctum. The latter should be preserved
if at all possible to prevent chronic epiphora.

11. What is the most common method of mass removal?
For lesions that constitute less than 25-30% of the lid length, a full-thickness, four-sided

(wedge) resection is the standard technique and provides a functional and cosmetic result by pre
serving the lid margin completely. The incision is closed in two layers. The subconjunctiva should
be closed with an absorbable suture such as 6--0 Vicryl with knots buried. The skin can be closed
with a number of suture patterns of 5--0 or 6--0 nonabsorbable suture; generally, an interrupted
pattern provides the best results. In darkly pigmented patients, a colored suture such as Prolene is
a good choice because it is easy to see. It is important that the lid margins are aligned correctly
during this closure and that the suture ends and knots cannot contact the cornea to prevent irrita
tion. An Elizabethan collar is suggested to prevent self-trauma, and suture removal is performed
after 2 weeks.

12. What instrumentation do you need for this type of surgery?
A basic set of ophthalmic instruments are ideal for lid surgeries.
• Mosquito hemostats X 2
• Castroviejo needle holder
• Steven's tenotomy scissors
• Tissue forceps or Bishop Harmon forceps
• Magnification (either head loop or glasses)
• Optional: Jaeger lid plate, chalazion clamp

13. How do I choose a reconstructive technique if I need one?
In human reconstructive techniques, planning involves consideration of relaxed skin tension

lines (RSTL) and lines of maximum extensibility (LME). In veterinary ophthalmology, attention
is paid to skin biomechanics, but there is another factor to consider: the direction of hair growth.
Particularly when using flap techniques, it is important to plan with attention to normal hair di
rection. For inferior lid defects, the primary techniques that have been described include H-plasty
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and several rotational flaps. For superior lid defects, there is an increased likelihood of corneal ir
ritation from lid margin, and, therefore, marginal reconstruction becomes more important. Many
of the flap techniques that have been described originate in the human literature and have been
modified for veterinary ophthalmology. The Table lists some common techniques and areas of lid
in which they may be helpful.

TECHNIQUE SUPERIOR LID INFERIOR LID

Wedge resection + +
H-plasty ± +
Sliding rotational + +
Transposition + +
Lip to lid +
Cross-lid flap +
Bucket handle +
Z-plasty (canthal) + +

14. What other surgical modalities are available for eyelid neoplasms?
For many years, the only other surgical modality used in the treatment of eyelid neoplasia

was cryosurgery, which is the use of a freezing agent, typically liquid nitrogen or nitrous oxide,
to ablate both normal and abnormal tissue. Recently, however, more and more clinicians are us
ing laser technology to treat lid conditions including neoplasia. The carbon dioxide laser has in
creased in availability and is now used on a routine basis. The carbon dioxide laser provides not
only sharp dissection capability but also generalized ablative function.

15. How does cryosurgery work?
The freezing of tissue causes events at a cellular level that occur in three phases: immedi

ate, delayed, and late. During the immediate phase, cells are destroyed because of dehydration
with concentration of toxic solutes, formation of both intracellular and extracellular ice crys
tals, denaturation of proteins, and direct thermal shock. In the delayed phase, cellular destruc
tion occurs because of vascular stasis resulting in thrombosis, ischemia, and cell death. Finally,
in the late phase, there may be an immunologic, response to freezing with formation of anti
bodies to the altered tumor cells. Normal cells tend to show increased resistance to the above
effects, and, therefore, there is a sparing effect of normal tissue. Isolation of the local blood
supply will increase the effectiveness of this technique particularly in highly vascular tissues
such as the eyelid.

16. How is cryosurgery performed?
The most common cryogen used in veterinary medicine is liquid nitrogen which has a tem

perature of -195.8°C. The most common delivery device is a hand-held unit such as the Cryo
gun (Brymill Corporation), but others are also available. There are a variety of probes available.
Both spray and solid probe tips can be used, although spray tips will often result in more rapid
freezing of tissue. If solid tips are used, the size should be approximately the size of the lesion to
ensure a rapid freeze. In general, the goal is to freeze the tissue to -80°C or below for a duration
of I minute or more to induce cryonecrosis. A rapid freeze and slow thaw are optimal. If possi
ble, the lesion should be debulked (often tissue for biopsy is removed during this process). The
lesion should be treated for two to three freeze/thaw cycles. Thermocouples are ideal to measure
tissue temperature. One can also use the size of the ice ball to gauge the depth of freeze. The vi
sual advancing of the ice ball only represents oac, and therefore only 75% of the visible ice ball
is likely to be at optimal temperature. In general, an area of 5-10 mm of normal tissue would be
desirable for most malignancies. Remember that the ice ball formation is three dimensional and
the depth of freeze should be monitored closely in order to prevent freezing the tissue too much
or too little. Probe freezing is less lethal but easier for persons inexperienced with these tech
niques. The probe can be applied directly to the tumor for contact freezing. If the lesion is circu-
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lar, a biopsy can be taken from the center of the mass with the probe introduced into the lesion to
achieve a circular freezing pattern.

Another commonly used cryogen is nitrous oxide. Spray tips of this cryogen are not very ef
fective. However, gas supercooling a probe is very effective. Probe tip temperatures of -89°C
can be achieved. Its use is usually restricted to masses smaller than 2-3 cm. After care includes
topical antibiotics, Elizabethan collar, and sometimes the use of systemic antibiotics and anti-in
flammatory drugs (Figs. 6 and 7).

17. How is laser technology utilized?
In recent years, laser technology has become more available to the veterinary profession. The

carbon dioxide laser is receiving some attention as a useful tool in ophthalmic adnexal surgery.
The carbon dioxide laser operates at wavelengths of 10,600 nm, which is in the far-infrared por
tion of the light spectrum. It is invisible to the naked eye, and therefore, a coaxial red helium or
neon aiming beam is used. The tissue absorption of this laser is independent of tissue pigmenta
tion. The carbon dioxide laser has higher water absorption, which minimizes the depth of pene
tration making it a precise cutting tool. It can be used in both cutting and ablative modalities. With
regard to eyelid neoplasia, some clinicians use it to remove small lesions by sharp dissection and
also to ablate larger lesions in a similar fashion to cryosurgery. Adequate documentation is still
lacking in the veterinary ophthalmic literature as to the advantages and disadvantages of one sur
gical modality over the other and of specific protocols.

18. What about chemotherapy?
Systemic chemotherapy is of little value in treating most eyelid neoplasias unless the lid tu

mor is not a primary lesion. Intralesional chemotherapy has been used primarily for squamous

Figure 6. A cryosurgical unit made by Frigitronics, a product of Cooper Surgical. The stand houses two ni
trogen gas cylinders for the cooling source of the hand piece.
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Figure 7. A close-up of a hand piece containing sensors for temperature. The monitor in the background shows
temperature in celsius and cylinder pressure.

cell carcinoma. Cisplatin, carboplatin, and 5-fluorouracil (5Pu) have been used mostly in feline
patients, but the technique may also be applicable to canine patients with varying success. In ad
dition, some anecdotal reports exist of using intralesional injection of distilled water as a treat
ment modality of mast cell tumor.

19. Are there any other treatment modalities available?
Yes. Radiation therapy, brachytherapy, and radiofrequency hyperthermia are all acceptable

treatment modalities, although their use has declined in recent years, most likely because of ear
lier diagnosis and treatment of eyelid neoplasms. Radiation therapy, in particular, can cause se
vere ocular damage; its use should be considered carefully, and it is indicated only in the event of
aggressive neoplasms that are difficult to treat with other modalities (e.g., fibrosarcoma). Photo
dynamic therapy is a relatively new technique where a photosensitizing chemical is administered
systemically and preferentially retained by the tumor. The site is then irradiated with wavelengths
absorbed by the chemical. This technique can be used only in superficial tumors and is still in
early stages of clinical use.

20. Should enucleation ever be considered when treating eyelid neoplasia?
The goal of any treatment should be to preserve the function and cosmesis of the eye when

ever possible. However, if a tumor is malignant and too large in size to allow for sparing of ocu
lar function. then enucleation should be considered in an attempt to prevent systemic disease.
Such a decision should not be made without a diagnosis of the mass and possibly evaluation by a
specialist, particularly if the patient is monocular. The most common tumor requiring enucleation
that this author has seen is eyelid fibrosarcoma because often radiation therapy will be required.
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VII. Uveal Disease

28. UVEITIS IN GENERAL
Cynthia C. Powell, D.V.M., M.S.

1. What is the uvea or uveal tract?
The structure of the eye consists of an outer wall (cornea and sclera), inner retinal layer, and

the uvea, a highly pigmented, vascular layer sandwiched between the sclera and retina. The uvea
consists of the iris, ciliary body, and choroid. The iris and ciliary body are collectively referred to
as the anterior uvea. The posterior uvea is the choroid. Although the anatomic regions have dif
ferent names, the tissues are basically continuous with each other.

2. How is the uvea different from the uvula?
In contrast to the ocular uvea, the term uvula stems from a Latin word that means "little

grape." The palatine uvula is a small, pendulous, fleshy mass hanging from the posterior soft
palate edge above the root of the tongue in humans. Other structures associated with the term
uvula include the bladder (uvula vesicae, a rounded elevation at the bladder neck) and cerebel
lum (uvula vermis, part of the cerebellum vermis between the pyramis and nodulus).

3. What is uveitis?
Uveitis is inflammation of one or more of the uveal tissues. Inflammation that involves a sin

gle tissue is termed iritis, cyclitis, or choroiditis if the iris, ciliary body, or choroid is inflamed, re
spectively (Fig. I).

Figure 1. Dog with uveitis. Note the congested conjunctival
vasculature and the swollen iris with miotic pupil.
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4. What is anterior uveitis?
Inflammation of both the iris and ciliary body.

S. What is posterior uveitis?
Choroidal inflammation.

6. Can inflammation involve the anterior and posterior uvea simultaneously?
The division of the uvea into anterior and posterior does not imply a physical barrier between

the two regions. Inflammation often involves both anterior and posterior portions. The terms
uveitis. endophthalmitis, and panophthalmitis are used to describe diffuse uveal inflammation.

7. What is endophthalmitis?
Inflammation of the entire uveal tract is called endophthalmitis. Because of the close appo

sition of the choroid and retina, choroidal inflammation rarely occurs without retinal involvement
(i.e., chorioretinitis). Thus, the prognosis for vision with endophthalmitis is poor (Figs. 2 and 3).

Figure 2. Cat with endophthalmitis. Note the vascular response with hemorrhage and fibrin.

Figure 3. Dog with endophthalmitis. This is a very painful disease.
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8. What is panophthalmitis?
Uveal tract inflammation coupled with scleral and corneal inflammation is termed panoph

thalmitis, It is difficult to maintain a normal-appearing globe with inflammation of this severity
and distribution, Preserving vision is hopeless (Fig, 4).

Figure 4. Chronic panophthlamitis in a dog, Note
the severe neovascularization of the cornea and the
periocular inflammation,

9. What are the major clinical signs of uveitis?
Anterior uveitis typically causes a painful eye with conjunctival and episcleral hyperemia.

miosis, aqueous flare and cell accumulation, corneal edema, iris swelling and hyperemia, and re
duced intraocular pressure (hypotony). Vision is impaired but rarely lost with simple anterior
uveitis. Vision loss indicates more extensive ocular tissue damage and usually occurs with in
creased severity or duration of inflammation. An ophthalmoscope is required for assessment of
posterior uveitis. Ophthalmoscopic signs include loss of the normal tapetal color, retinal detach
ment, subretinal transudation or exudation, and loss of retinal pigment epithelial cell and
choroidal pigmentation. Posterior uveitis almost always also involves the retina (chorioretinitis)
and may cause blindness.

10. Can the clinical signs be used as an indication of chronicity, severity, or prognosis?
The spectrum and magnitude of signs depend on the severity of insult. The Table differenti

ates acute versus chronic anterior uveitis based on clinical signs. If trauma, vasculitis, or bleed
ing disorders are underlying causes of uveitis, hyphema and anterior chamber fibrin clots are com
mon. Septic or neoplastic disorders also can induce the above changes and are often bilateral with
varying degrees of hypopyon (white blood cells within the aqueous humor) or keratic precipitates
(white blood cells and fibrin adherent to the corneal endothelial surface). Posterior uveitis war
rants a guarded prognosis for vision. Acute signs include retinal edema, retinal hemorrhage, loss
of normal tapetal color, subretinal fluid accumulation, and decreased vision. Chronic signs con
sist of hyperreflective areas in the tapetal fundus (caused by retinal atrophy and thinning), abrupt
color changes of the tapetum, and pigment proliferation or loss (Figs. 5-7).
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ACUTE ANTERIOR UVEITIS

Mild conjunctival hyperemia
Iris swelling
Aqueous flare
Mild episcleral hyperemia
Miosis
Photophobia

Uveitis in General

CHRONIC ANTERIOR UVEITIS

Deep corneal vascularization
Iris hyperpigmentation
Iris neovascularization
Synechia formation
Cataract
Secondary glaucoma

Figure 5. A cat with chronic ante
rior uveitis. Note the hazy iris and
the fine keratic precipitates (KP)
on the corneal endothelium.

Figure 6. Cat with chronic uveitis.
Note the iris color. Multifocal
nodules give the surface a mottled
appearance. Ventrally the cornea
is less clear because of hypopyon
(fibrin) in the anterior chamber.

Figure 7. Cat with retinitis showing
retinal edema and flat detachment
secondary to posterior uveitis.
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11. What is the significance of aqueous humor flare and cell accumulation?
The blood-ocular barrier maintains the low total protein content (0.15--0.55 mg/dl in the cat)

and cell-free state of the aqueous humor. Uveal inflammation disrupts this barrier, resulting in an
increased amount of protein and influx of cells within the aqueous humor. The increased protein
causes light directed into the eye to back-scatter, thus imparting a turbid characteristic to the aque
ous humor. This phenomenon is termed flare and is subjectively graded using a scale ranging
from 0 to 4+ (0 = normal and 4+ = fibrin clot formation). The accumulation of cellular mater
ial may consist of white blood cells, red blood cells, pigment, or tumor cells as well as pigment
granules. The presence of increased amounts of aqueous protein indicates inflammation (with the
severity approximating the magnitude of the flare reaction). Likewise, cell accumulation indicates
inflammation but suggests a more severe inflammatory response. Flare and cells (including hy
popyon) may be the result of sterile inflammation or infection.

12. Which is more common, anterior uveitis or posterior uveitis?
Anterior uveitis is more common, especially considering the propensity for the globe to suf

fer traumatic injury. The anterior segment (cornea, iris, ciliary body, and lens) is more frequently
damaged than the posterior segment (vitreous, retina, optic nerve, and choroid) in ocular trauma.
The posterior location of the choroid within the orbit gives the choroid considerable protection,
but contrecoup forces may result in choroidal contusion. Anterior and posterior uveal inflamma
tion are both common with other causes of uveitis.

13. What are the common causes of uveitis?
Uveitis is a component of most intraocular disease processes and a frequent result of trauma

to the globe. Despite the ease with which uveitis can be recognized clinically, most cases are clas
sified as idiopathic. Many endogenous causes of uveitis have been recognized (see Table). Com
mon causes of uveitis in companion animals presented for emergency care include blunt trauma,
corneal ulceration, and perforation of the cornea or globe.

Causes ofEndogenous Uveitis in Dogs and Cats

CANINE UVEITIS

Algae
Proto theca spp.

Bacterial
Brucella canis
Borrelia burgdorferi

Fungal
Blastomyces dermatitidis
Coccidioides immitis
Cryptococcus neoformans
Histoplasma capsulatum

Parasitic
Dirofilaria immitis
Diptera spp. (fly larvae)
Ocular larva migrans (Toxocara and Baylisascaris spp.)

Protozoan
Leishmania donovani
Toxoplasma gondii

Rickettsial
Ehrlichia canis or platys
Rickettsia rickettsii

Viral
Adenovirus
Distemper (lymphosarcoma)
Herpesvirus

FELINE UVEITIS

Fungal
Blastomyces dermatitidis
Candida albicans
Coccidioides immitis
Cryptococcus neoformans
Histoplasma capsulatum

Parasite
Cuterebra larva
Dirofilaria immitis
Metastrongylidae nematodes

Protozoan
Toxoplasma gondii

Viral
Feline immunodeficiency virus
Feline infectious peritonitis
Feline leukemia virus (tumor formation)

Idiopathic
Trauma
Neoplastic disorders

Fibrosarcoma
Primary tumor (melanoma)
Secondary tumor

(Table continued on next page.)
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Causes ofEndogenous Uveitis in Dogs and Cats (cont'd)

CANINE UVEITIS FELINE UVEITIS

Idiopathic
Trauma
Toxemia (e.g., pyometra, pancreatitis)
Ulcerative keratitis

Neoplastic and paraneoplastic disorders
Hyperviscosity syndrome
Granulomatous meningoencephalitis
Primary neoplasia (ocular melanoma, adenocarcinoma)
Secondary neoplasia (lymphosarcoma most conunon)

Metabolic disorders
Diabetic cataract (lens-induced uveitis)

Miscellaneous causes
Coagulopathy

Immune-mediated disorders
Immune-mediated vasculitis
Lens trauma (phacoclastic uveitis)
Cataract (lens-induced uveitis)
Uveodermatologic syndrome

14. What significance can be attributed to anterior uveitis?
Anterior uveitis indicates injury to the anterior uveal tissue resulting from either an exoge

nous cause, such as trauma or surgery, or an endogenous cause, such as systemic infection, Bi
lateral uveitis is more likely to result from systemic disease. Although the presence of uveitis is
not necessarily an indication of infection, infectious causes should be considered. However, any
pathophysiologic mechanism that results in uveal damage will trigger an inflammatory response.
Because many intraocular tissue antigens are not recognized by the host as self, immune responses
to antigenic material, released as a result of the inflammation, can propagate the inflammatory
process and contribute to the development of chronic uveitis. Chronic anterior uveitis often leads
to development of synechia. When extensive, synechia can obstruct aqueous humor outflow,
causing secondary glaucoma.

15. Can a prognosis be determined in emergency cases with uveitis?
Obviously, the prognosis depends on the actual condition or injury, However, the prognosis

for vision in cases with mild-to-moderate degrees of uveitis is favorable. Severe cases have a
guarded prognosis. Within 24-48 hours of treatment initiation, the prognosis needs to be reeval
uated and possibly upgraded or downgraded. In cases of endophthalmitis or panophthalmitis, the
prognosis for vision is poor, and the prognosis for globe salvage is guarded to poor. If secondary
conditions develop as a result of uveitis (e.g., hyphema, glaucoma, intensified pain), a guarded
to-poor prognosis is warranted.

16. How should anterior uveitis be treated in an emergency setting?
If not contraindicated by the patient's overall condition, nonspecific anti-inflammatory ther

apy with topical or systemic corticosteroids is optimal. Although not as effective, nonsteroidal
anti-inflammatory drugs (NSAIDs) can be used as an alternative to corticosteroids when neces
sary. NSAIDs should be avoided in cases associated with coagulopathies or intraocular hemor
rhage. Topical preparations should be used with caution in cases of globe perforation, because the
drug, vehicle, or preservatives may damage intraocular tissues. If an infectious cause is suspected,
topical or systemic antimicrobial agents can be used. If antibiotics are indicated, use of a topical
triple antibiotic ophthalmic solution and systemic first-generation cephalosporin is appropriate.
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Initial Therapy for Uveitis by Grade ofSeverity
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INFLAMMATION
GRADE

Mild

Moderate

Severe

DESCRIPTION

Subtle to pronounced
miosis, subtle flare,
photophobia

Aqueous flare and
cells, iris swelling,
blepharospasm, corneal
edema

Hyphema, hypopyon,
aqueous fibrin, irregular
pupil shape and iris
swelling

TREATMENT

Topical corticosteroids
Topica NSAIDs
Topical cycloplegics

(e.g., atropine)
Systemic

corticosteroids
(e.g., prednisone)

Topical corticosteroids
(e.g., I % prednisolone or
0.1 % dexamethasone)

Topical NSAIDs
Cycloplegics

Systemic corticosteroid
pulse-therapy
initially (e.g.,
methylprednisolone
sodium succinate)

or
Systemic corticosteroids

(e.g., prednisone)

Topical corticosteroids
(e.g., 1% prednisolone
or 0.1% dexamethasone)

Topical NSAIDs

DOSE

3 times/day
3 times/day
Every 24 hr

I mg/kg/day

4 times/day

4 times/day
2 times/day until

mydriasis occurs
30 mg/kg IV over

20-30 min

2 mg/kg/day in place
of or 6-12 hours
after pulse-therapy

Every 1-2 hr
until improved,
then 4 times/day

4 times/day
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29. UVEITIS: OCULAR MANIFESTATIONS OF
SYSTEMIC DISEASE IN DOGS

Craig A. Fischer, D.v.M., andThomas Evans, D.V.M.

1. Can one look into an eye and diagnose a systemic disease?
Not usually. As with most things in medicine, pathologic changes within the eye such as

uveitis often contribute to a piece of the diagnostic pie that can ultimately lead to a definitive di
agnosis. It is best for the clinician to have a thorough grasp of the patient's history and clinical
and diagnostic findings before expecting the ocular changes to significantly help in completing a
definitive clinical and etiologic diagnosis (Table). There are some systemic disorders in which
uveitis is expected (e.g., systemic mycoses) and others where it occurs only occasionally (e.g.,
ocular filariasis--canine heartworm disease).

Clinical Signs of Uveitis in Dogs

ANTERIOR
UVEITIS (IRIS AND
CILIARY BODY)

Aqueous flare
Cataract
Conjunctivall

episcleral
hyperemia

Corneal edema
Corneal neovasculari-

zation (deep)
Eye pain
Hyphema
Hypopyon
Intraocular pressure

decrease
Iris color change

(usually darker)
Iris swelling
Keratic precipitates
Miosis
Phthisis bulbi
Rubeosis iridis (or

preiridal fibro
vascular membrane
formation)

Secluded pupil and
iris bombe

Secondary glaucoma
Vision decrease

INTERMEDIATE UVEITIS
(PARS CILIARIS RETINAE

AND PERIPHERAL CHOROID)

Cataract (posterior capsular)
Intraocular pressure

decrease
Vitrealopacification

anterior (accumulation of
inflammatory components
in anterior vitreous and
onto posterior lens
capsule)

POSTERIOR UVEITIS
(CHOROID)

Fundic hyperpigmentation
(tapetal region)

Fundic hypopigmentation
(nontapetal region)

Granuloma(s) (focal
or multifocal)

Optic neuritis
Retinal detachment

(usually exudative)
Retinal hemorrhage
Vision decrease
Vitreal opacification

(preretinal)

PANUVEITIS

One or more of the
signs of anterior,
immediate, and
posterior uveitis
are present

2. What is uveitis and its significance in relation to systemic disease?
Uveitis in a complex inflammatory process characterized clinically by altered vascular per

meability and cellular infiltration of the uveal tract and intraocular spaces (anterior chamber,
posterior chamber, vitreous, and subretinal space). In most cases the basic pathophysiologic
characteristics of the systemic disease process are present in the uveal tract as well as in other
tissues.
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3. What specific characteristics of uveitis can a clinician use to match it with a specific sys
temic disease?

The location within the uvea (anterior, intermediate, posterior) where the inflammation oc
curs is often specific to certain systemic diseases (e.g., anterior uveitis with canine adenovirus 1,
posterior uveitis and retinitis with canine distemper virus). The presence or absence of blood
within the eye is important. Other characteristics includes whether the inflammation is unilateral
or bilateral, sudden or insidious, self-limiting or chronic, recurrent or continuous, and nongranu
lomatous or granulomatous. In addition, complications such as cataracts and glaucoma are help
ful in differentiating one systemic disease from another.

BASIC CHARACTERISTICS OF UVEITIS

Basic Characteristics and Incidence of Uveitis in Selected Systemic Diseases in Dogs

INCIDENCE
OF UVEITISDISEASE

Infectious
Borreliosis
Brucellosis
Leptospirosis
Endogenous gram-

negative bacterial
infections, endotoxin
associated (e.g.,
E. coli in pyometra)

Septicemia
Canine adenovirus I
Canine distemper
Toxoplasmosis

Leishmaniaisis
Ehrlichiosis
Rocky Mountain

spotted fever
Blastomycosis
Coccidioidomycosis
Histoplasmosis
Cryptococcosis

Noninfectious
Diabetes mellitus
Granulomatous mening

oencephalitis
Neoplasia-infiltrative

(e.g., lymphosarcoma)
Systemic hypertension
Uveodermatological

syndrome (similar to
Vogt-Koyanagi-Harada
syndrome in humans)

Anterior, intermediate, andlor posterior uveitis, blood common
Anterior and intermediate uveitis, blood common
Anterior, intermediate, andlor posterior uveitis, blood common
Anterior, intermediate, andlor posterior uveitis

Anterior, intermediate, and/or posterior uveitis, blood common
Anterior uveitis, corneal edema
Posterior uveitis, retinochoroiditis, optic neuritis
Anterior, intermediate, andlor posterior uveitis,

retinochoroiditis, optic neuritis
Anterior and intermediate uveitis
Anterior, intermediate, andlor posterior uveitis, blood common
Anterior, intermediate, andlorposterior uveitis, blood common

Panuveitis, exudative retinal detachment
Panuveitis, exudative retinal detachment
Panuveitis, exudative retinal detachment
Panuveitis, exudative retinal detachment, optic neuritis

Anterior uveitis, cataract induced
Posterior uveitis, optic neuritis

Anterior, intermediate, andlor posterior uveitis, blood common

Posterior uveitis, serous retinal detachment, blood common
Panuveitis

Uncommon
Uncommon
Unconunon
Unconunon

Common
Common
Common
Common

Uncommon
Common
Common

Common
Common
Uncommon
Common

Common
Common

Common

Common
Common

4. What are the pathophysiological mechanisms in which systemic infections can lead to
uveitis?

Direct destruction of the uveal tissues by infectious agents is one mechanism (e.g., toxoplas
mosis). Immune-mediated events associated with infectious agents, including all four of the clas
sical hypersensitivity responses (I, II, III, and IV), have been proven to occur within the uveal tract
of the eye. Where immune-mediated uveitis is present in systemic infections the organism is often
not located in the eye but in a distant tissue(s). Also cytokine-induced inflammation within the
uveal tract has been associated with endotoxemia related to gram-negative infections such as seen
with E. coli in canine pyometra patients. Other possible foci of gram-negative bacterial infections
that may lead to uveitis include the heart, kidneys, prostate, and gingival or dental regions.
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5. What is the significance of the presence of blood in the eye along with uveitis in relation
to systemic diseases?

Blood in the eye is often associated with uveitis, and its presence can be suggestive of some
systemic diseases (e.g., tick-borne rickettsial diseases, brucellosis, systemic hypertension).
Uveitis leads to compromise of the blood-ocular barrier, which can lead to leakage of red blood
cells particularly if other hemostatic-inhibiting mechanisms are associated with the systemic dis
ease process. These include vasculitis, thrombocytopenia, thrombocytopathy, coagulopathy, sys
temic hypertension, hyperviscosity, anemia, intraocular neoplasia, and intraocular neovascular
ization. Also red blood cells and their breakdown products further promote uveitis and, when
present in the vitreous, have been found to be retinotoxic.

Figure I. Retinochoroidal lesions in the tapetal (A) and nontapetal (B) regions in the fundus of a young dog
with concurrent acute neurologic signs associated with canine distemper.
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Figure 2. Subacute anterior uveitis with mild hyphema (A) in the right eye and multifocal peripapillary retinal
hemorrhages (8) in the left eye in a dog with ehrlichiosis.
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6. Besides the usual diagnostic tests used to differentiate one systemic disease from an
other, what ocular diagnostic modalities can be used in patients with uveitis to further bring
about a definitive diagnosis?

Ocular ultrasonography is often helpful to discern changes in the posterior segment of the
eye. particularly if the ocular fluid is cloudy or if there is a significant cataract present. Changes
such as detached retina, posterior segment granulomas, accumulation of intravitreal blood, and
intraocular neoplasia can be evaluated using ultrasonography. In addition, anterior chamber para
centesis can be done to determine cytologic features, serologic testing, and microbial culture. In
cases of posterior uveitis with exudative retinal detachment, vitreocentesis or subretinal aspira
tion can be particularly helpful for cytologic study and microbial culture.

7. What infectious systemic diseases that cause uveitis have geographic predilections?
The systemic fungal diseases tend to be geographically endemic. Blastomycosis is seen more

in the midwest regions of the United States than any other location. Coccidioidomycosis is mainly
seen in Mexico. the southwest United States, and California, particularly in the San Joaquin val
ley region. Histoplasmosis is classically seen in the Ohio and Mississippi river valley regions of
the U.S. Cryptococcosis appears to be more geographically ubiquitous. The filamentous fungal
diseases, such as aspergillosis, are more concentrated in the deep south of the U.S. Borreliosis is
more likely diagnosed in the northeast United States. However, its incidence is increasingly seen
in other parts of the United States as well as the tick-borne rickettsial diseases. Old World Ieish
maniaisis (Leishmania donovani) is seen in the Mediterranean area, Africa, and Asia. New World
leishmaniaisis (Leishmania donovani chagasi) is found in certain parts of the United States and
Central and South America.

Because of these geographic predilections, the clinician should always question the owners
about previous travel and living locations of the affected patient. In addition, it should also be kept
in mind that some infectious agents might be harbored in a subclinical form. When these patients
are exposed to immunosuppressive events (e.g., corticosteroids or other immunosuppressive
drugs. debilitating disease, old age), the hidden infection may have become clinically evident.

8. What is the treatment for uveitis in a patient with systemic disease?
The basic treatment is to maintain the functional visual capacity of the eye. Therefore, drugs

that control inflammation are fundamental. Of course. specific therapy is also instituted for the
systemic disease process if it is identified initially.

Corticosteroids are the most common group of drugs used to control uveitis. Even in cases
of infectious systemic diseases where the uveitis is mainly initiated and promoted by immune
mediated events, corticosteroids are used along with appropriate antimicrobial drugs. The ex
ceptions for their use would be in cases such as systemic mycoses and septic endophthalmitis in
which the eye pathology is caused principally by the direct destructive presence of the organ
isms and immunosuppression by corticosteroids is to be avoided. Also, corticosteroids may be
withheld initially in cases where an infectious systemic disease is suspected but the definitive di
agnosis can only be based on serologic. cytologic, or microbial findings that are not initially
available. In these cases other forms of systemic anti-inflammatory therapy may be initiated un
til the definitive diagnosis is established.

In general, in marked cases of anterior uveitis and especially in intermediate and posterior
uveitis. corticosteroids, usually prednisone, are delivered orally at an initial dose of 1 mg/kg/day
(anti-inflammatory dose) to 2 mg/kg/day (immunosuppressive dose). To achieve rapid blood lev
els of corticosteroids, an initial injection of dexamethasone sodium phosphate at 1 mg/kg may be
given intravenously. In addition, flunixin meglumine (although not labeled for use in dogs) may
be given at 0.2 mg/kg IV. Depending on the initial response of the uveitis to corticosteroids and
the chronicity of the disease process, the oral corticosteroids may be tapered from 1 to 2 mg/kg
per day for 3-5 days to I to 2 mg/kg every other day for 10 days and then 0.5 to 1.0 mg/kg every
other day for another 10 days, and so on.
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Figure 3. Exudative retinal detachment (A) and a subretinal granuloma (B) associated with diffuse choroidi
tis in a dog with blastomycosis (arrows).
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In those noninfectious immune-mediated systemic diseases that are characterized by their
prolonged nature, such as uveodermatologic syndrome (similar to Vogt-Koyanagi-Harada disease
in humans), anti-inflammatory or immunosuppressive drugs such as azathioprine are often used.
The usual dosage is 2 mg/kg/day for 5 days, then I mglkg/day for 10 days, then 0.5 mg/kg/day
thereafter for maintenance. Oral cyclosporine (5 mglkg/day) is beginning to be used more fre
quently as well. For whatever reason, if systemic corticosteroids cannot be used to control uveitis,
oral nonsteroidal anti-inflammatory drugs (NSAlDs) such as aspirin may be used at an anti-in
flammatory dosage rate of 15 mg/kg three times daily.

Most cases of uveitis associated with systemic diseases include the iris and ciliary body (an
terior uveitis). Topical ophthalmic medications are formulated in such a way that they enter, to
some extent, the anterior and posterior chamber structures. Therefore, topical anti-inflammato
ries, particularly dexamethasone 0.1 % and prednisolone acetate I %, are usually used. Depending
on the intensity of the anterior uveitis they may be used as frequently as 4 times daily. In the case
of preexisting corneal ulceration, direct intraocular invasion by systemic mycotic agents, or other
situation where topical corticosteroids are contraindicated, topical NSAIDs may be used. Avail
able topical NSAIDs include diclofenac 0.1 %, f1urbiprofen 0.03%, ketorolac 0.5%, indomethacin
I%, and suprofen I%. In addition, in cases of marked anterior uveitis, a combination of both top
ical corticosteroids and topical NSAIDs may be used.

Mydriatics, such as atropine sulfate I%, have often been advocated to treat anterior uveitis
to prevent posterior synechiae formation and to inhibit eye pain. The use of mydriatics, however,
must be weighed against the possibility of iridocorneal angle compromise including obstruction
because mydriatics may actually promote increases in intraocular pressure (glaucoma). Glaucoma
secondary to anterior uveitis is particularly common in certain breeds that have an inherited pre
disposition for glaucoma such as the American cocker spaniel. In cases where glaucoma is pre
sent or presumed to be likely, topical antiglaucoma therapy such as carbonic anhydrase inhibitor
drugs (dorzolamide 2%, brinzolamide 1%) may be used to suppress aqueous humor production
at a dosage of I drop three times daily.

Topical antimicrobials notoriously have poor anterior chamber penetration capabilities. Usu
ally systemic antimicrobials have a greater ability to enter the intraocular structures through a
compromised blood-ocular barrier that occurs with uveitis. Subconjunctival administration of cer
tain antimicrobials such as gentamicin (10-20 mg) and cefazolin sodium (100 mg) may be given.
Also, intracameral (into the anterior chamber) delivery of certain antimicrobial drugs, such as flu
conazole in the case of systemic mycotic infections, have also been used.
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30. UVEODERMATOLOGIC SYNDROME
Ronald C. Riis, D.v.M., M.S.

1. What is unique about uveodermatologic syndrome?
This syndrome combines eye, hair, and skin involvement. Although not necessarily all in uni

son, the three symptoms change not only how the animal sees, but how it appears (Fig. 1). This
syndrome has a human counterpart known as Vogt-Koyanagi-Harada (VKH) syndrome, named
for the authors who first described it.

Figure I. Three-year-old black Labrador retriever with predominant eye and facial skin and hair involvement.

2. Is there any sex or age predilection?
The mean age is 2.8 years, and there is no sex predilection.

3. Is there a breed predilection?
Yes, the northern Asian breeds lead the list, but others have been reported. These include the

Akita, chow chow, Samoyed, and Siberian husky. Less frequently, the Australian shepherd,
golden retriever, Irish setter, Labrador retriever, Old English sheepdog, S1. Bernard, and Shetland
sheepdog.

4. How do these dogs usually present?
The ocular manifestations are usually the chief concern. These include bilateral anterior

uveitis or panuveitis; both showing aqueous flare and depigmentation of the iris and nontapetal
fundus. Secondary glaucoma is frequently a part of the syndrome as is retinal detachment-both
causes of blindness. Recurrent episodes of the uveitis generally damage the lens with synechiae
and cataract sequelae (Figs. 2-5).

S. What dermatoIogic manifestations accompany the ocular signs?
Poliosis and vitiligo ranging from mild to severe. Depigmentation of the lid and lip margins

or any of the mucocutaneous junctions. Remarkable hair color loss is possible. Pigmentation loss
of the nose, footpads, and scrotum. The loss or return of skin and hair pigment is frequently the
easiest clinical sign for the owners to monitor. They become the barometric gauge of when the
medications are controlling the syndrome (Figs. 6-8).
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Figure 2. Three-year-old Shetland sheepdog
with typical uveitis and lid margin depig
mentation.

Figure 3. Three-year-old Shetland sheepdog
with acute uveodermatologic syndrome
showing the multifocal nontapetal depigmen
tation.

Figure 4. Siberian husky at 2 112-years-old
with acute uveodermatologic syndrome.
Note the hazy fundus view through a flare but
still able to make out the multifocal depig
mentations.

Figure 5. Same Siberian husky as Figure 4 af
ter 2 weeks 011 immunotherapy.
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Figure 6. Same Shetland sheep
dog as Figure 2 showing lip de
pigmentation

Figure 7. Same Shetland sheep
dog as Figure 2 showing early
nasal planum depigmentation.

6. Is there a known etiology for the syndrome?
No, but melanin is highly suspected as being a part of this syndrome, both in humans and

dogs. Antimelanin antibodies have been demonstrated, and the syndrome is responsive to immune
suppression therapy.

7. What is the treatment for this syndrome?
Both topical and systemic corticosteroids are recommended, but long-term use has typical un

desirable side effects. Initially, use prednisolone (1 mg/kg twice a day), but taper the dose systemi
cally while adding azathioprine (2 mg/kg/day) for 1 week and reduce the daily frequency to every
other day; over the course of weeks reduce even further to every third day. Every 2 weeks, monitor
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Figure 8. Shetland sheepdog as a puppy (A), as
a 2-year-old (B), as a 3-year-old (C), and at 3
years showing complete loss of nasal. iris, and
nontapetal pigment but still visual (D).
(Courtesy of Dr. D. Walton.)
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the white blood cell count while on azathioprine (Imuran). If the count falls to :5 2000, discontinue
until it regains normal levels, then return to an every other or every third day administration. The
owners will monitor lid or lip pigmentation and eye comfort signs. If the uveitis is severe, give 0.1
ml of 40 mg/ml methylprednisolone (Depo-Medrol) subconjunctivally. After topical anesthesia, the
injection is given into the dorsolateral fornix. The subconjunctival injection may be repeated in 2-3
weeks, if necessary. Topical antibiotic-corticosteroids are also used as is cyclosporine.

8. How successful is treatment?
Resolution of most signs are possible, but just when things look good a recurrence may hap

pen. The prognosis for long-term control is poor. Many patients can be maintained on Imuran
every third day for years. Aggressive treatment is vital initially for saving the vision; once that
has been achieved, the long-term control depends on owner compliance and observational skills.

9. What are the histopathologic findings in eyes lost to this syndrome?
These eyes show severe granulomatous panuveitis. Within the iris and choroid are infiltrates of

chronic inflammatory cells, histiocytes, and macrophages containing melanin granules consistent
with antimelanocytic autoimmunity. Destruction of the vascular choroid by these infiltrates leads to
retinal detachment as well as retinal infiltrates. A breakdown in the blood-retinal barrier and expo
sure to retinal-specific antigens leading to antiretinal antibodies compounds the uveitis complex.

10. Does the skin histopathology aid the diagnosis?
Yes, biopsies of the lips at the mucocutaneous junctions show lichenoid pathology with his

tiocytic cells, plasma cells, and chronic inflammatory cells.

11. Are other species known to develop this syndrome?
Yes, including Arabian, Camergue, Lippezan, and Percheron horses, Sinclair minipigs, and

Dam chickens.

12. What are the current etiology hypotheses?
Autocytotoxic
Immune or autoimmune
Neurochemical

13. Have any other therapies been tried besides immunosuppression?
Yes. Immunomodulators have been tried when the patient has become intolerant to conven

tional therapy. The most success has been with tetracycline and niacinamide given orally three
times a day over extended time periods (6-9 months). The dosing is rather broad for dogs: (dogs
:5 50 pounds, 250 mg of tetracycline and niacinamide three times per day; dogs> 50 pounds,
500 mg of both three times per day).
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31. THOUGHTS ABOUT PIGMENTARY UVEITIS
IN GOLDEN RETRIEVERS

Ronald C. Riis, DV.M., M.S.

1. How does pigmentary uveitis in golden retrievers generally present?
Usually without the knowledge of the owner. On routine ocular evaluations. one iris color

may be darker brown than the opposite. This heterochromic characteristic may be noticed by the
owner. Depending on the chronicity, the pupil may be adhered to the lens capsule, so pupillary
reflexes can be asymmetrical.

2. What does the term "pigmentary uveitis" imply?
The uveitis components fit most of the applied uveitis signs of hypotonia, flare, photophobia,

tearing, and conjunctival hyperemia. However, an additional sign of "pigmentary" applies to the
deposits of pigment on the lens capsule and corneal endothelium. The pigment is within
macrophages that most probably arose from the anterior uveal tract (Fig. 1).

Figure I. This golden retriever de
veloped uveitis followed by glau
coma. Pigment adhesions and de
posits are located predominantly
on the anterior lens capsule.

3. Other than the pigment and uveitis, what other signs have been noticed?
The smoldering uveitis many times encourages a good deal of fibrin to accumulate in the an

terior chamber. Plasmoid aqueous from dilated iris vasculature is rich in fibrinogen. Clotting puts
clumps of fibrin onto iris, lens capsule, and cornea.

4. What can be done to clear the fibrin accumulation?
Treat the uveitis with corticosteroids or nonsteroidal anti-inflammatories. In addition, if the

clot appears fresh (within 2 weeks old), tissue plasminogen activator (tPA) can be injected into
the anterior chamber to dissolve the clot (tPA dose: 25-40 f.Lg injection with a 30-gauge needle).

5. Is this disease associated with any other systemic abnormalities?
So far it has not been associated with other abnormalities. Usually the pursuit of an etiology

results in no significant findings. Blood values generally are completely normal, anterior peri
centesis for culture are negative, and cytology may yield mononuclear inflammation (ANA titers,
Brucella and Leptospira titers negative). The hunt for a neoplastic antigen (i.e., radiographic
and/or ultrasound evaluation of the chest and abdomen) is usually nonproductive. Because so
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much money has been spent trying to find an etiology to no avail, this disease has become recog
nized as a possible immune-mediated uveitis unique to the breed.

6, So the disease can self-destruct the eyes?
Yes. The uveitis may be unilateral at first, but usually becomes bilateral. The chronic uveitis

creates posterior synechiae, postinflammatory cataracts, and ultimately glaucoma. The glauco
matous globes usually end up enucleated or eviscerated.

7. What would the outcome be if the eyes were prophylactively treated for glaucoma in
the initial uveitis stages?

Adding an intraocular pressure-reducing medication to an eye that is hypotonic does not help
prevent the occlusion of the drainage angles. If the medication is directed at the aqueous produc
tion, a balance of outflow versus production may be maintained for a while. Unfortunately, the out
come is always the same in the long run despite anti-inflammatory and antiglaucoma medication.

8. To what extent has the treatment of the uveitis been explored?
The use of topical medication has been extended to parental immunosuppressive doses of

prednisolone, azathioprine, and cyclosporine. These medications each have positive effects but
also their own adverse effects. Usually because of the latter, the dose frequency is tapered off, and
that is when a recurrence of the uveitis causes more damage. To avoid this, start with prednisolone
orally and subconjunctivally, and later add azathioprine for long-term maintenance while de
creasing the prednisolone. Topically, the frequency of dexamethasone and cyclosporine admin
istration should depend on the need and comfort.

9. Iris cysts are commonly seen in golden retrievers; are they related to this disease?
Iridociliary cysts are often seen along with pigmentary uveitis. They are also seen frequently

in golden retriever glaucoma (13 out of 18 cases in one study), leading to the conclusion that they
may be important in the pathogenesis of glaucoma. Although glaucoma and pigmentary uveitis
have cysts in common and most pigmentary uveitis cases end up with glaucoma, a direct rela
tionship between cysts and uveitis in unproven (Fig. 2).

10. Has histopathology given any clues to this syndrome?
No. The role of histopathology should be to permit a diagnosis that clinical examinations

were unable to make. However, most eyes sectioned are those that have end-stage glaucoma.
These eyes have usually been treated with antiglaucoma and immunosuppressive medications
both topically and systemically. Recently, this author evaluated the uveal tract from a golden re
triever with this history. The uveal tract showed few cellular infiltrates (lymphocytes and plasma
cells), indicating that the medications were doing their job. Special stains of IgA, IgG, IgM,
CD79a, BLA36. and CD) were essentially unhelpful. A review of other patient files for cases of pig
mentary uveitis and glaucoma untreated with immunosuppressive medication revealed similar
cellular responses.

11. Explain the theory behind use of these special stains.
Immunophenotypic analysis uses antibodies that specifically bind to marker molecules on the

cell surface membrane, cytoplasm, or nucleus. The major application of this type of analysis has
been to classify lymphomas based on the cell origin (i.e., B-cells or T-cells). Veterinary re
searchers attempt to use the markers to diagnose and stage tumors and monitor the response. CD79
stains membrane markers of B-cell differentiation. CD) and CD4 stain membrane markers of T
cell differentiation.

An immune theory is presumed for the etiology of pigmentary uveitis in golden retrievers
mainly because some relief is obtained by the symptomatic treatment results. Because lympho
cytes and plasma cells are involved with immunoregulation, cell-mediated immunity, antibody
production, suppression ofother T-cells, tolerance, cytotoxicity, and probably many unknown im
mune activities, their presence is expected in pigmentary uveitis.
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Figure 2. A typical finding in a golden re
triever: a free-floating iris cyst in the anterior
chamber as well as several attached cysts in
the posterior chamber.
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12. What is the best way to classify this uveitis?
The etiology of pigmentary uveitis in golden retrievers is unknown. Histopathology does not

bring us more precision on the etiology, at least not yet. Therefore, the preferred classification
based on the clinical signs rather than the pathologic signs prevails.
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32. FELINE TOXOPLASMOSIS
Cynthia C. Powell, D.V.M., M.S.

1. How are cats infected by Toxoplasma gondii?
Cats are infected most commonly by ingestion of tissue cysts in prey species, but they may

also be infected in utero or lactationally from an infected queen or by ingestion of sporulated
oocysts that have been shed in the feces.

2. How do humans usually get toxoplasmosis?
Humans can be infected with T. gondii by ingesting sporulated oocysts or tissue cysts or

transplacentally. Cats only shed oocysts in the feces 1-3 weeks after they become infected. The
oocysts are unsporulated when shed and require 1-3 days in the environment to sporulate; how
ever, the oocysts can live in the environment for months to years. Tissue cysts are usually ingested
in undercooked meats, especially pork. Transplacental infection is the result of primary exposure
of the mother during pregnancy.

3. What are the clinical signs of generalized toxoplasmosis in cats?
The clinical signs of toxoplasmosis depend on the organ system involved. Fever, anorexia,

and lethargy are common findings. Dyspnea is frequent in cats with pneumonia, abdominal pain
and jaundice are common in cats with hepatitis, and various neurologic signs are reported with
central nervous system (CNS) involvement. However, in cats, most infections with T. gondii are
subclinical.

4. What are the clinical signs of ocular T. gondii infection?
Histopathology from eyes of cats with generalized toxoplasmosis shows that the organism

invades the uveal tract, retina, and optic nerve. Thus, the clinical signs of ocular toxoplasmosis
include anterior uveitis, posterior uveitis, and optic neuritis. Aqueous flare, keratic precipitates,
iritis, hypherna, retinal hemorrhages, focal or diffuse chorioretinitis, decreased pupillary light re
flexes, and blindness are common findings (Figs. 1-9).

Figure 1.An 1I-year-old domestic
shorthair presenting with uveitis
and glaucoma. Aqueous flare,
irregular iris surface, and hazy,
velvety-appearing keratic precipi
tates were among the clinical signs
of ocular toxoplasmosis.
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Figure 2. Right eye of a 7-year-old domestic
shorthair with a fibrinous clot in the anterior
chamber. Uveitis compromised the blood
eye barrier, allowing the formation of plas
moid aqueous and an organizing fibrin clot.

Figure 3. Left eye of the cat with ocular toxo
plasmosis in Figure 2 showing a slightly
more chronic nature to the uveitis. The clots
are darker and adhere to the lens capsule.

Figure 4. Note the nodular appearance of the
iris. This was clinically diagnosed as nodular
iritis, which was biopsied to show granulo
matous lesions with toxoplasmic cysts.
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Figure 5. Fundus view ofretinitis caused by
toxoplasmosis.

Figure 6. A subalbinotic fundus with retinal
edema and flat retinal detachment secondary
to toxoplasmosis.

Figure 7. A domestic shorthair showing eNS
signs and a color change to the tapetal fun
dus. Edema and multifocal chorioretinitis are
present.

Figure 8. The periphery of the eye in Figure
7. A large area of inflammation within the
retina secondary to toxoplasmosis.
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Figure 9. Chorioretinal scars, most likely sec
ondary to toxoplasmosis.
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5. Is it possible for cats to have ocular toxoplasmosis without having generalized disease?
The role that T. gondii plays in causing ocular disease in cats that show no evidence of other

organ involvement is controversial. Ocular histopathology from cats with uveitis and that are
seropositive for T. gondii rarely identifies the Toxoplasma organism. This has led some to believe
that ocular toxoplasmosis is rare or does not occur in cats that are infected with the organism but
are otherwise healthy. However, some studies have shown that uveitis is more prevalent in sys
temically healthy cats that are seropositive for T. gondii than in healthy cats from the general pop
ulation. Thus, it is likely that T. gondii does cause uveitis in some cats that show no other clini
cal signs of toxoplasmosis. Also, there is evidence that different strains of the organism vary in
their ability to cause ocular disease. This helps to explain why there are so many cats with posi
tive serology for T. gondii but so few with ocular disease.

6. How do you determine if ocular disease is caused by T. gondii infection?
A definiti ve diagnosis of ocular toxoplasmosis is difficult to make. Serum IgG antibodies de

velop approximately 2 weeks postinfection and may remain elevated for years, even in healthy
animals. Although positive titers for T. gondii have been detected in as many as 74% of cats with
uveitis, depending on the region the seroprevalence of T. gondii can be as high as 50% in the gen
eral cat population. A positive IgG titer is supportive but does not confirm the diagnosis of ocu
lar toxoplasmosis.

7. Are there any other tests that will help confirm the diagnosis?
An increasing IgG titer (four-fold increase over 2-3 weeks) indicates recent or active infec

tion and correlates better with disease than a stable titer. Serum IgM against T. gondii also can be
used as an indication of recent infection, because this antibody class is usually not detectable af
ter 9 weeks postinfection, Detection of T. gondii IgM is also superior to IgG for correlation with
clinical illness because it is rarely detected in the background population of healthy cats (1.2%).
Detection of T. gondii antibody production in the aqueous humor is also used to support the di
agnosis of ocular toxoplasmosis in cats.

8. How does the aqueous humor antibody test work?
This test uses an enzyme-linked immunosorbent assay (ELISA) to detect antibodies to T.

gondii in both serum and aqueous humor. The Goldman-Witmer coefficient (C-value) is calculated
to adjust for antibody leakage from the serum. A C-value greater than I indicates T. gondii-spe
cific antibody is being produced in the eye. Because IgM production has only been detected in the
aqueous humor of cats with uveitis, detection of IgM might indicate disease due to the organism.

9. If the diagnosis of ocular toxoplasmosis is so difficult to make, when should a specific
anti-Toxoplasma drug be used?

Systemically ill, T. gondii-seropositive cats should always be treated with an anti
Toxoplasma drug. Incats with uveitis alone, treatment with an anti- Toxoplasma drug can be jus-
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tified in T. gondii-seropositive cats when other causes of uveitis have been ruled out, particularly
if there has been a failure to respond to glucocorticoid therapy.

10. What drugs are commonly used to treat T. gondii infection?
Clindamycin is the drug of choice for treating clinical toxoplasmosis in cats. Recommended

dosages are 8-17 mg/kg orally or intramuscularly every 8 hours or 10-12.5 mg/kg orally or in
tramuscularly every 12 hours for 4 weeks. Liquid oral clindamycin, administered cold (4°C), is
tolerated by most cats. Trimethoprim-sulfonamide combination therapy (15 mg/kg PO every 2
hours for 2--4 weeks) also can be used for treatment of toxoplasmosis, although it is less suitable
because of the potential side effects of folic acid deficiency in cats. Frequent monitoring for men
tal depression, anemia, leukopenia, and thrombocytopenia are required especially if treatment is
longer than 2 weeks. Azithromycin is a potential alternate choice for cats intolerant of clin
damycin or sulfa drugs; however, the most appropriate dose has not been determined.

11. How should the eyes be treated when T. gondii infection is suspected?
Anterior uveitis should be treated with a topical glucocorticoid, such as I % prednisolone ac

etate, to control inflammation, and a parasympatholytic, such as I% atropine sulfate, to relieve
ciliary and iris muscle spasm and to avoid formation of posterior synechia. Chorioretinitis is best
treated by systemic administration of clindamycin hydrochloride.
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33. PHACOLYTIC UVEITIS
Bruce H. Grahn, D.V.M.

1. What is phacolytic uveitis?
Phacolytic uveitis is one of two forms of uveitis induced by the lens. The other form is pha

coclastic uveitis. Phacolytic uveitis is a mild uveitis, and it develops secondary to progressive
cataract development. This is a common syndrome, and most advanced cataracts in the dog are
associated with some degree of phacolytic uveitis. Phacolytic uveitis is presumed to develop sec
ondary to leaching of soluble lens proteins through an intact lens capsule. Exposure of the uvea
to minimal concentrations oflenticular proteins induces an immune tolerance; however, increased
exposure to soluble crystalline and insoluble albumen induces a breakdown of the anterior uveal
blood-ocular barrier (i.e., the tight junctions of the iridal endothelium, and the ciliary epithelium).
This allows plasma proteins to seep into the aqueous and vitreous humor and lymphocytes and
plasma cells to accumulate in the anterior uvea (Fig. 1).

Phacolytic Uveitis

Figure l. The release of lenticular proteins from a
hypermature cataract and pathogenesis of pha
colytic uveitis. The soluble proteins pass through the
lens capsule. and the increased concentration of
these proteins induces a breakdown in the anterior
uveal blood-ocular barrier, This allows plasma pro
teins to leak into the aqueous and vitreous humor
and lymphocytes and plasma cells to collect in the
iris and ciliary body.

2. What are the clinical manifestations of phacolytic uveitis?
Phacolytic uveitis has two clinical presentations, a mild and severe form. The mild form, which

is subtle, is the most common. It presents as mild miosis, subtle aqueous flare, increased iridal pig
mentation, and resistance to pharmacologically induced mydriasis (Fig. 2); when the condition is
long-standing, hypotony, posterior synechia, and vitreous degeneration may develop. The severe
form ofphacolytic uveitis is less common and manifests as marked uveitis, hypopyon, keratic pre
cipitates, miosis, marked aqueous flare, posterior synechia, hypotony, and hyalitis (Fig. 3).

3. How is phacolytic uveitis diagnosed?
The clinical diagnosis of phacolytic uveitis is a diagnosis of exclusion. It is an anterior uveitis

that is always associated with a cataract. Most commonly, the cataract will be hypermature
(shrunken, wrinkled lens capsule, liquefied cortex); however, immature, mature, and intumescent
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Figure 2. Note the hazy hemorrhagic
iris surface secondary to a reaction to a
cataractthat was intumescent.

Figure 3. A miniature schnauzer with
diabetes showing severe lens-induced
uveitis. Theplaques on the insideof the
corneaare keratic precipitates made up
of inflammatory cells.

cataracts may be accompanied by phacolytic uveitis as well. Phacolytic uveitis is common, and
it is prudent to assume that it is present with most mature and hypermature cataracts or even im
mature cataracts when the ophthalmic examination reveals subtle miosis and loss of the three dis
tinct color bands in the iris, hypotony, mild aqueous flare, and a resistance to papillary dilatation
with a mydriatic. Unfortunately, there is no definitive way to confirm the diagnosis, and several
differential diagnoses need to be ruled out.

4. What is the differential diagnosis for phacolytic uveitis? How are the other diagnoses
excluded?

The clinical manifestations of phacolytic uveitis are not specific. A cataract will always ac
company phacolytic uveitis, and usually only the anterior uvea is affected. The differential diag
noses include only those disorders that include a cataract and uveitis. However, cataracts and
uveitis also develop secondary to a ruptured lens capsule, which is present in phacoclastic uveitis
(Fig. 4). Phacoclastic uveitis is usually a fulminant uveal disease in the dog, and the confirming
manifestation is a ruptured lens capsule.

Nonseptic or septic endophthalmitis may develop from primary ocular disorders or develop
secondary to systemic diseases. It is prudent to consider systemic diseases as a cause for bilat
eral uveitis that is accompanied by incipient subcapsular cataracts, especially when a choroidi
tis is present. Posterior uveitis (choroiditis) is an infrequent accompaniment to phacolytic uveitis
and warrants a careful examination for systemic diseases. Bilateral panuveitis should always be
accompanied with a thorough physical examination with assessment of a complete blood count,
serum biochemical profile, urinalysis, and serum for evaluation of titers to common infective
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agents based on the geographic location of the animal. Chest and abdominal radiographs, ultra
sonography, or other advanced imaging may be required to rule out systemic diseases.

Traumatic uveitis may be accompanied with a history of the accident and evidence of phys
ical trauma. Hyphema is a frequent manifestation with traumatic uveitis, and this is rarely seen
with phacolytic uveitis.

Uveitis frequently develops secondary to ulcerative keratitis. Corneal ulcers are confirmed
with fluorescein staining.

Figure 4. Histopathology of pha
cophagocytosis with lens fibers infil
trated following a capsule break.
Uveitis and glaucoma developed as a
result of this reactive process (40 X).

5. Why does phacolytic uveitis require therapy?
Although phacolytic uveitis is usually subtle and may not be accompanied by overt mani

festations of discomfort (blepharospasm, severe miosis, marked aqueous flare), it is a progressive
disease with ongoing mononuclear cell infiltration of the uvea. These inflammatory cells are very
long lived, and the inflammation requires life-long medical management to prevent further infil
tration of mononuclear infiltrates, synechiae, preiridal or lenticular fibrovascular membranes, vit
reous degeneration, and retinal detachment. If cataract surgery is completed to restore vision, the
phacolytic uveitis should be controlled prior to the surgery, and postoperative uveitis may require
long-term topical anti-inflammatory therapy.

6. How is phacolytic uveitis treated?
Because phacolytic uveitis is usually mild and predominately involves the anterior segment

of the eye, topical ocular therapy with steroids or nonsteroidal anti-inflammatory drus (NSAIDs)
is usually adequate. The anterior segment inflammation responds to topical steroids (l% pred
nisolone acetate or 0.1 % dexamethasone) or NSAIDs (ketorolac, dichlorofenalac, or flurbupro
fen) applied every 8-12 hours for a few days to weeks. Once the clinical manifestations are sup
pressed, prophylactic maintenance therapy on a once-a-day, alternate-day basis is usually required
as long as the cataract is present.

7. What is the prognosis for an eye with phacolytic uveitis?
With appropriate medical management, phacolytic uveitis usually has a good prognosis.

However, life-long medication is required, and referral for cataract assessment and removal is rec
ommended (Fig. 4).
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34. ACUTE OCULAR TRAUMA
Cynthia C. Powell, D.V.M., M.S.

1. What are the major considerations in evaluating acute ocular injury?
Overall patient condition is the first consideration with acute trauma. Once the patient is sta

ble, attention then should be focused on the eye. Prognosis and therapeutic options vary depend
ing on cause and duration of injury and ocular structures involved. If other injuries preclude im
mediate evaluation and attention to the injured eye, it should be protected from further damage
with lubricants and a protective collar if necessary. In cases of chemical injury, the globe should
be examined to determine its integrity, and lavage should be instituted immediately.

2. Are certain injuries more threatening to vision or the integrity of the globe?
Ocular proptosis and injuries that rupture or perforate the globe often result in vision loss or

require enucleation and carry a guarded prognosis. In general, blunt traumatic injury carries a
worse prognosis than sharp penetrating injury because of the increased incidence of retinal de
tachment and broader scope of uveal damage. Alkali chemical bums, such as those due to am
monia, lye, lime, and magnesium hydroxide, are more likely to cause globe or sight-threatening
injury than acid chemical bums.

3. Why are alkali injuries worse than acid injuries?
Most acids coagulate corneal epithelial and stromal proteins, forming a barrier and limiting

corneal penetration. Alkalis, however, saponify plasma membrane lipids, denature collagen, and
readily penetrate the cornea, increasing possibility of anterior segment damage.

4. How are chemical burns of the eye treated?
Copious irrigation to decrease contact time and concentration should be instituted immedi

ately if a chemical bum is suspected or confirmed. Continuous lavage with a sterile solution of
lactated Ringer's and 5% dextrose in water or saline can be delivered through a standard IV set.
During irrigation, the conjunctival and corneal surfaces should be inspected and cleaned of chem
ical residue. Lavage should be continued for 30 minutes or until the pH of the ocular surface re
turns to normal range (7.3-7.7). After irrigation, the eye should be treated for corneal ulceration,
uveitis, and glaucoma, if present.

5. Do any specific therapies for alkali burns help treatment and improve prognosis?
Alkali corneal bums decrease aqueous and corneal ascorbic acid levels and may result in

impaired collagen synthesis in the injured cornea. Evidence suggests that topical 10% sodium
ascorbate applied every 1-2 hours and high doses of oral ascorbate, 30 mglkg 4 times/day, may
decrease the incidence (but not progression) of sterile stromal ulceration after alkali chemical
injury. Treatment is continued at this level for I week at which time the topical medication is
decreased to 4 times/day. Both topical and systemic medications are continued until the cornea
is reepithelialized. Topical sodium citrate 10% inhibits neutrophil activity and decreases sterile
ulceration and should be used every 2 hours for the first 10 days after injury. Tetracycline de
rivatives inhibit neutrophil and collagenase activity and can be administered both topically and
systemically.

6. What are some of the long-term sequelae of chemical burn?
Long-term complications of chemical bums include corneal scarring, uveitis, glaucoma, ker

atoconjunctivitis sicca, symblepharon, and entropion. If uveitis is severe, synechia and cataract
formation are also possible.
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7. What causes proptosis of the eye?
Trauma to the head either from a car accident or from a dog fight is the most common injury

associated with globe proptosis (refer to Chapter 11).

8. What clinical signs indicate the extent of ocular injury?
Physical ocular trauma may be blunt or sharp, perforating or nonperforating. The degree of

injury depends on the force of the injury, depth of penetration, and involvement of intraocular
structures. Blunt injury causing globe rupture almost always carries a poor prognosis because it
often is accompanied by severe uveal herniation, hemorrhage, and retinal detachment. Penetrat
ing wounds by sharp objects and nonperforating blunt trauma vary greatly in the amount of dam
age. Clinical signs indicating a guarded or poor prognosis include large or deep corneallacera
tion, collapsed anterior chamber, severe hyphema (more than one-third of the anterior chamber
full of blood), inability to visualize the iris due to corneal edema or anterior chamber opacity,
uveal prolapse, lens luxation, vitreous hemorrhage, and retinal detachment.

9. How can you tell if the eye has been perforated?
Large perforating scleral wounds result in severe hypotony and often marked subconjuncti

val and intraocular hemorrhage. Small perforating scleral wounds are harder to detect because
chemotic conjunctiva obscures the point of entry and intraocular pressure may be affected only
mildly. Large, full-thickness corneal lacerations result in anterior chamber collapse and iris in
carceration in the wound. Small, full-thickness lacerations may self-seal as a result of swelling of
the stroma when aqueous and tears enter the cornea. The Seidel test helps to detect small perfo
rating corneal injuries.

10. What is the procedure for the Seidel test?
A sterile fluorescein strip is moistened with sterile saline or eye wash, and a drop is admin

istered to the wound area. As aqueous fluid mixes with fluorescein, a bright green stream of fluid
will form. If the animal is under general anesthesia, gentle digital pressure can be applied to the
cornea to check for wound leakage.

11. What is the significance of a perforating wound if it has already sealed?
Eyes with full-thickness lacerations or perforations are at risk for endophthalmitis and should

be treated aggressively with a broad-spectrum, systemic antibiotic. In addition, perforating in
juries may involve intraocular damage not easily detected, such as lens rupture or retinal tear. If
the cause of the injury is not known, radiography or ultrasonography to look for a metallic for
eign body (BB or pellet) is warranted.

12. What treatment should be provided by the emergency care clinician?
The primary goals of emergency therapy are to prevent or treat infection, to protect and sup

port the wound, and to prevent sequelae by controlling intraocular inflammation. Ifperforation of
the eye is suspected, a broad-spectrum systemic antibiotic, such as a first-generation
cephalosporin, should be started as soon as possible. Trauma to the globe almost always results
in some degree of anterior uveitis and should be treated with topical or systemic nonsteroidal anti
inflammatory drugs (NSAIDs) and topical cycloplegics (see Chapter 28). Topical corticosteroids
should be avoided in the presence of ulcerative keratitis, and ophthalmic ointments should not be
used if the globe is perforated.

1. To control or prevent infection:
• If not perforated, topical antibiotic ointment or solution
• If perforated, systemic antibiotic (e.g., cefazolin) with or without topical antibiotic so

lution
2. To protect and support wound:

• Suture, if > half-thickness laceration of cornea
• With or without conjunctival graft
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3. To control intraocular inflammation:
• Corticosteroids: systemic (e.g., prednisolone, dexamethasone)
• NSAIDs: topical (e.g., diclofenac [Voltaren], suprofen [Profenal], flurbiprofen [Ocufen])
• Cycloplegic: topical (e.g., atropine, tropicamide)

13. What kinds of protection and support should be used?
Partial tarsorrhaphy decreases the palpebral fissure size and thus helps to protect the cornea

and maintain an adequate tear film. This is especially important in exophthalmic or lagophthalmic
animals. A nictitans flap should be used with caution because it interferes with topical medica
tion of the cornea and prevents observation of the wound. If self-trauma is a consideration, a pro
tective collar should be used. Other methods of support include a conjunctival graft or flap, tis
sue adhesive, and collagen shields.

14. When should a corneal laceration be sutured?
Small corneal lacerations « 3--4mm) of less than half thickness may be treated as a corneal

ulcer with topical antibiotics and mechanical support (see Chapter 7). Larger or deeper lacera
tions should be closed with 7--D to 9--D suture. If the iris is incarcerated in the wound, it should be
amputated or replaced into the anterior chamber before closure. A conjunctival graft placed over
the sutured wound may be used for added support if necessary. Before suturing a laceration that
has perforated the cornea. the integrity of the lens should be evaluated. Lens capsule perforation
necessitates lens removal, preferably at the time of corneal repair. If this is not possible, referral
for lens removal should be made as soon as possible to avoid severe uveitis associated with lens
rupture (Fig. I).

Figure 1. Lacerated cornea sutured
with 6-0 Vicryl. The sutures are not
full thickness but rather two-thirds
thickness. They will be rejected in ap
proximately 3--4 weeks.

15. When should a conjunctival graft or flap be used?
Conjunctival flaps not only provide mechanical support and surface protection to the cornea

but also furnish blood supply. Leukocytes, antibodies, anticollagenases, antiproteases, and nutri
ents for healing and wound repair are thus brought directly to the injury. Lacerations with loss of
deep stromal tissue that prevent adequate primary closure and lacerations in which the viability of
the sutured tissue is in question should be supported with a conjunctival flap (Figs. 2, 3, 4, and 5).

16. How can the collapsed anterior chamber be reformed?
In a healthy eye, the aqueous humor reforms at a rate of 2.5 ul/min in dogs and 15 p.l/min in

and cats. If the eye is not severely damaged, the aqueous production rate may be sufficient to re
form the anterior chamber within several minutes afterthe eye has been sealed. Usually, however,
the anterior chamber is reformed with lactated Ringer's or balanced salt solution. A 25- or 27-



Figure 2. A free graft of Tenon's tissue
taken from the dorsal area of the globe.

Figure 3. A pedicle graft covering a
large ulcerative wound.
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gauge needle is inserted at the limbus, parallel to the iris plane, and enough fluid is injected to re
store the anterior chamber to its normal depth without creating high intraocular pressure (lOP).
The lOP should be in the low-normal range (10-15 mmHg).

17. How and when should the entrapped iris be amputated or replaced?
When a prolapsed iris should be excised rather than repositioned is controversial. Recommen

dations are based on the time it takes for the exposed iris to become sufficiently contaminated to
cause infection if replaced. Recommended times range from I to 24 hours. It is safe to assume that
smaller prolapses take longer to pose a threat of infection. Magnification is essential if iris amputa
tion or replacement is attempted. Tissue to be excised should be grasped gently with fine forceps
and cut flush with the cornea. A dilute solution of epinephrine (1:10,000 in lactated Ringer's or bal
anced salt solution) aids hemostasis. To replace the iris, it is carefully freed from fibrinous corneal
attachments with an iris spatula or irrigating cannula or dissected with viscoelastic material. After
the iris is freed from the cornea, the anterior chamber is reformed with viscoelastic material (1%
sodium hyaluronate or 2% hydroxypropylmethylcellulose). Care must be taken to avoid trauma to
the corneal endothelium, iris, and lens. Just before placing the last suture, the viscoelastic material
can be gently flushed from the anterior chamber or left in place. This procedure is difficult for in
experienced practitioners and preferably should be performed by a trained ophthalmologist.
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Figure 4. A healing corneal perforation
covered with a conjunctival flap.

Figure 5. Corneal transplant into a de
generative cornea.

18. What type of suture pattern should be used in the cornea?
Simple interrupted sutures are the easiest to place correctly. If you experience a lot of ten

sion, horizontal mattress sutures may be placed first, followed by interrupted sutures. Correct su
ture placement is important to avoid internal wound gape (too shallow), wound override (sutures
of unequal depth and length on each side ofthe wound), and intraocular contamination (too deep).
Sutures should be approximately 75-90% of corneal depth, 1.5-2 mm in length, of equal depth
on each side of the wound, and 1-1.5 mm apart.
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19. What are the common types of foreign body-related injuries?
Corneal and conjunctival foreign bodies from plant material and sand are frequently en

countered in dogs, especially those used for hunting or field trials. Patients often present with an
acutely red and painful eye. Linear abrasions of the cornea are an indication for eversion of the
lid to examine for foreign material lodged in the upper palpebral conjunctiva. Superficial corneal
foreign bodies may present with variable amounts of discomfort and usually can be detected with
simple magnification (e.g., loupe or diagnostic otoscope head). Deeper corneal foreign bodies
may have the appearance of a puncture wound and are harder to detect without the use of a slit
lamp. Foreign body penetration into deeper ocular structures is often associated with Bls-pellet,
bird shot, and glass. Involvement of orbital structures, iris, lens, retina, or vitreous humor is pos
sible, and the prognosis is affected accordingly.

20. How should foreign bodies involving the ocular surface be treated?
Superficial foreign bodies can be removed with topical anesthesia in many cases, but some

animals may require sedation or general anesthesia. A spatula, corneal forceps, or hypodermic
needle (25- or 27-gauge) is used to elevate the foreign body from the ocular surface. If loosened
foreign material remains on the eye, it can be picked up with a moistened cotton-tipped swab. Hy
podermic needles should be held at a shallow angle to the cornea to avoid perforation. After re
moval, treat topically with a broad-spectrum antibiotic drop or ointment 3 times/day for 5-7 days.
A single application of I % atropine sulfate is given if the pupil is miotic.

21. What should be done to manage an intraocular foreign body?
Management of intraocular foreign bodies depends on how long the foreign body has been

in the eye, its location, and what it is made of. The potential for damage during removal should
be compared with the potential for damage if it is left in the eye. Organic material leads to sepsis
if not removed soon after penetration. Some metals and glass, however, may cause little reaction
if left alone and eventually become anchored by fibrin or scar tissue. If the foreign body is recent
and located in the anterior chamber, it should be removed through a limbal incision. Surgery to
remove a foreign body from the posterior segment often results in complications leading to a blind
eye and carries a poor prognosis. Broad-spectrum topical and systemic antibiotics should be used
to control infection. Topical corticosteroids, cycloplegics, and oral corticosteroids (anti-inflam
matory dosages) or NSAIDs may be used to treat uveitis. Corticosteroids should be used with cau
tion because of the potential for sepsis.

TYPE OF FOREIGN BODY

Organic
Nonferrous metal, glass,

or plastic
Ferrous metal

POTENTIAL FOR DAMAGE

Reactive; sepsis possible
Minimal; becomes walled off by fibrin

and fibrous tissue
Highly reactive; toxic to intraocular tissue
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35. OCULAR HEMORRHAGE
Cynthia C. Powell, D.V.M., M.S.

1. Name the common causes of ocular hemorrhage.
Trauma, coagulopathies, thrombocytopenia, vasculitis, and neoplasia are potential causes for

ocular hemorrhage. Trauma-related hemorrhage is probably the most common cause of ocular he
morrhage presented as an emergency.

2. What forms of ocular hemorrhage have emergency significance?
All forms of ocular hemorrhage have the potential to be associated with life-threatening sys

temic disease. If the cause of hemorrhage is not known, patients should be evaluated for systemic
diseases, especially those causing clotting abnormalities and vasculitis. Although the ocular he
morrhage may not require emergency treatment, the disease associated with hemorrhage might.
Intraocular hemorrhage alone or related to other diseases (e.g., uveitis or hypertension) can
quickly become sight-threatening, and prompt medical management is important. Complications
of intraocular hemorrhage that cause vision loss include glaucoma, cataract, retinal detachment,
retinal degeneration, and phthisis bulbi.

3. Why is blunt trauma so potentially damaging to intraocular tissues?
Tremendous tissue distortion results from blunt ocular trauma. The four phases of blunt in-

jury that induce tissue damage are:
I. Compression
2. Overshooting
3. Decompression
4. Oscillation
The initial anteroposterior globe compression at the cornea causes equatorial expansion and

shortening of the globe along the anteroposterior axis so that the cornea may touch the iris and
lens. As the momentary force of deformation is removed, the anteroposterior globe diameter in
creases, whereas the equatorial diameter decreases. The tissues overshoot so that the anteropos
terior diameter becomes momentarily greater than normal and the equatorial diameter less than
normal. The globe subsequently oscillates between these maximums and minimums with de
creasing amplitude for a brief time. This extreme stretching of the ocular tissues causes injury to
the choroid, lens, optic nerve, retina, and vitreous gel (Fig. 1).

Figure 1. Five days after blunt trauma
to the eye of a German shepherd police
dog. Clotting and resorption underway,
but mild uveitis needs to be treated.

214



Ocular Hemorrhage 215

4. Describe the implications of hyphema.
Hyphema is the presence of blood within the anterior chamber. Blunt or sharp trauma to the

globe is the most common cause. However, hyphema may be due to thrombocytopenia, coagu
lopathies, iritis, intraocular neoplasia, congenital ocular anomalies, chronic glaucoma, and hyper
tension. Initial examination should determine whether the globe has been penetrated. Hyphema
often causes little damage to the eye itself but may result in glaucoma, anterior uveitis, iris adhe
sions secondary to clot contraction, and capsular cataract formation. Anterior chamber bleeding
may not clot completely because the iris produces fibrinolysin. Maximal clot integrity requires
4-7 days. Hyphema should be treated as a clinical sign, and its cause should be determined as
soon as possible (Figs. 2 and 3).

Figure 2. Unclotted hyphema fills the
anterior chamber in this dog with a clot
ting factor deficiency.

Figure 3. Recurring hyphema from con
stant barking following this dog's
cataract extraction.

S. What clinical parameters should be evaluated in cases of hyphema?
A complete eye examination should be performed, and the entire animal must be evaluated

to assess concomitant injury or disease. In particular, globe rupture should be ruled out. Vision
should be estimated based on the degree of menace when bright light is suddenly directed into the
eye. Assuming that the examination light penetrates to the posterior part of the globe, the con
sensual pupillary light reflex indicates whether the retina and optic nerve are functional. If a globe
rupture is not present, intraocular pressure should be measured. Finally, the hyphema should be
graded by the anterior chamber volume occupied by the blood. The grading system is helpful
prognostically because it indicates the severity of hemorrhage and the degree of intraocular tis-
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sue damage in trauma cases. Hyphema of grade I severity generally clears in less than I week.
Grades 2 and 3 take several weeks or longer to resolve. Grade 4 hyphema often is associated with
globe atrophy (phthisis bulbi).

GRADE

I
2
3
4

AMOUNT OF BLOOD IN ANTERIOR CHAMBER

Less than one-third
One-third to one-half
One-half to nearly total
Total

6. How should hyphema be treated?
If a primary cause other than trauma is determined, initial treatment must address the under

lying problem. All animals with hyphema should be kept quiet and subdued, possibly by use of
sedation. Many medical treatments have been proposed, but no studies have evaluated their ef
fectiveness. Interest in some treatments continues, whereas others remain controversial. Basically
the treatments can be separated into the following categories:

Cycloplegics
Antifibrinolytic agents
Miotics
Fibrinolytic agents
Adrenergic agonists
Surgical intervention
Corticosteroids

7. What cycloplegics may be useful and why?
Cycloplegics are parasympatholytic drugs that cause paralysis of ciliary body and iris sphinc

ter smooth muscles. Thus, the ocular accommodation by the ciliary body is prevented, and the
pupil dilates. Prevention of smooth muscle spasm may enhance patient comfort and facilitate fun
dus examination. Topical atropine, I% solution once or twice daily, is sufficient. Once mydriasis
(pupil dilation) occurs, the frequency of treatment may be reduced and the drug used to effect.

8. What miotics are useful and why?
Parasympathomimetic agents are miotics that induce spasm of the ciliary body and iris

sphincter smooth muscles. In theory, use of a miotic such as pilocarpine I% should open the fil
tration angle. However, miotics also tend to increase intraocular inflammation, so when pupil size
is decreased, the chance of pupil obstruction by fibrin is increased. No scientific evidence sug
gests that they enhance the clearance of blood from the anterior chamber. Inthe author's opinion,
miotics should not be used to treat hyphema.

9. What adrenergic agonists have been advocated and why?
Sympathomimetic agents such as topical epinephrine I% and phenylephrine 2.5% have been

advocated to decrease anterior chamber hemorrhage by way of vasoconstriction. Such treatment
may be helpful with evidence of ongoing hemorrhage but usually provides little effect. It is rarely
considered an option in the treatment of hyphema in humans.

10. Which corticosteroids are best to use?
Invariably, traumatic hyphema is associated with anterior uveitis ranging from mild to se

vere. Thus, topical steroids such as prednisolone acetate, prednisolone sodium phosphate, and
dexamethasone ophthalmic drops are used 4 times/day. Their efficacy in improving outcome is
unproved. Systemic steroids are more controversial but commonly used. Certainly any concur
rent anterior uveitis will be lessened, and theoretical evidence suggests that steroids may enhance
clot stabilization. Controlled studies, however, are lacking.
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11. When is antifibrinolytic treatment indicated?
Agents such as aminocaproic acid have been proposed as a means of reducing rebleeding in

cases of traumatic hyphema. Rebleeding may result from premature clot lysis mediated by the fib
rinolytic system. The theoretical rationale is that the reduced rate of clot lysis allows more time
for the damaged blood vessels to heal. In humans, the current recommended dosage is 50 mg/kg
orally every 4 hours for 5 days. Antifibrinolytic drugs are contraindicated in cases of intravascu
lar clotting disorders, pregnancy, and cardiac, hepatic, or renal disease.

12. What is the purpose of fibrinolytic treatment?
Hyphema typically progresses from free blood to varying degrees of blood clot formation 1-7

days after injury. Once fibrin formation has occurred, clot lysis may be induced with fibrinolytic
agents such as tissue plasminogen activator (tPA). Clinically, tPA is used by injecting 25 J..Lg in
a 100 J..LI volume into the anterior chamber. Clot lysis typically occurs within 30-60 minutes of
injection. As clot lysis occurs, red blood cell clearance is facilitated. Topical application of tPA
is also promising.

13. What surgical interventions are used for hyphema?
If hyphema persists beyond 5-10 days or intraocular pressure increases, surgical removal

may be necessary. An anterior chamber wash-out is the simplest and safest surgical procedure to
clear free blood from the anterior chamber. Removal of the clotted blood is not required, only
evacuation of loose blood cells and debris. A 3D-gauge needle or cannula is used to irrigate a bal
anced salt solution into the anterior chamber, and a second 2-mm incision is made to allow fluid
egress. Removal of the entire clot is possible but may result in lens, iris, and corneal endothelial
trauma. Other surgical procedures are available but should be performed by someone experienced
and equipped for intraocular surgery.

14. What drugs may be contraindicated in cases ofhyphema?
Based on the antiplatelet effect ofthe cyclooxygenase inhibitors, nonsteroidal anti-inflammatory

drugs (NSAIDs) such as aspirin, flunixin megulamine, and topical ocular NSAIDs should be
avoided. Although cycloplegics such as atropine are advocated for medical management of hy
phema, a small percentage of patients develop glaucoma associated with use of atropine.

15. How can vitreous hemorrhage be recognized?
Disorders of the posterior segment (ocular tissues posterior to the lens) are more difficult to

detect and characterize because direct examination must be performed through the pupil, or indi
rect imaging techniques such as ultrasound must be used. Direct examination is impaired with
disease of the anterior segment and cornea. Dilation of the pupil, if possible, greatly facilitates
evaluation of the posterior globe. If vitreous hemorrhage is near the lens, it may be visible with a
penlight or transilluminator. Otherwise, an indirect ophthalmoscopic examination is the best way
to evaluate the vitreous cavity. Vitreous hemorrhage appears as strands, sheets, or diffuse areas
of blood accumulation. If the hemorrhage is preretinal (between the vitreous and retina), it may
resemble a "boat keel" because of gravitational settling of the erythrocytes (Figs. 4 and 5).

16. Does vitreous hemorrhage have special implications?
The most common cause of vitreous hemorrhage is trauma-induced rupture of uveal or reti

nal blood vessels. The animal should be evaluated closely for rupture of the cornea or sclera.
Causes of vitreous hemorrhage may be grouped as follows (Fig. 6):

• Tearing of a blood vessel in a congenital or acquired retinal detachment
• Retention of the fetal hyaloid artery system
• Widespread ocular disease (inflammation of the choroid and retina, optic neuritis, chronic

glaucoma, and intraocular neoplasia)
• Systemic disease (hypertension, coagulopathies, and thrombocytopenia)
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Figure 4. Vitreal hemorrhage from reti
nal vessels in the this domestic shorthair
cat with a monoclonal gammopathy

Figure 5. Preretinal hemorrhage and fo
cal retinal detachment in a dog follow
ing an automobile accident.

17. How is vitreous hemorrhage treated?
Other than dealing with the underlying ocular or systemic disorder associated with vitreous

hemorrhage, no simple treatment is available. If hemorrhage occurs into the solid vitreous gel,
clotting is rapidly activated because the gel matrix serves as a collagen framework for platelet ad
hesion. Infiltration of neutrophils and macrophages hasten clot removal but cause further vitreous
gel breakdown and inflammation. Preretinal hemorrhage clots poorly. Concurrent use of topical
and systemic corticosteroids is appropriate and may ameliorate the inflammatory reaction. If an-



Figure 6. Retinal hemorrhage in a dog
with thrombocytopenia.
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terior uveitis is present, the use of topical atropine as a cycloplegic is appropriate. Depending on
the hemorrhage area and density, resolution may take many months.

18. What does retinal hemorrhage look like?
The appearance of retinal hemorrhage depends on the retinal layer involved. Because of the

relatively loose attachment between the retina and vitreous gel and the retina and retinal pigment
epithelium, hemorrhage of large size may develop in either space. Preretinal hemorrhage (be
tween the retina and vitreous) frequently has a boat keel shape because of gravitational settling
of the erythrocytes. Intraretinal hemorrhages primarily are aligned vertically; their end on ap
pearance is round, and the hemorrhages are small. Nerve fiber layer hemorrhages are typically
feathered or striated and flat, because the hemorrhage follows the path of the nerve fibers. The
retinal depth of a focal hemorrhage may be estimated based on which structures are positioned
beneath and thus obscured or positioned above and thus visible (Fig. 7).

19. Explain the significance of retinal hemorrhage.
Retinal hemorrhage indicates disruption or inflammation of the vasculature. If there is no

clear history or physical evidence of trauma, systemic disorders must be considered. Infectious
diseases capable of causing vasculitis or retinitis must be considered. Disorders that may be im
mediately life-threatening are coagulopathies, severe anemias, and blood dyscrasias. Chronic dis
orders such as hypertension, hyperviscosity syndromes, and neoplasia may cause retinal hemor
rhage. Although not immediately life-threatening, such conditions may cause ocular signs that
can be confused with a more acute process. The clinician should consider performing a complete
blood count, serum chemistry profile, and clotting profile if retinal hemorrhage is noted. A por
tion of the serum should be saved for potential serologic testing (see Figures 2 and 3).
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Figure 7. Retinal hemorrhage in the
nerve fiber layer of a cat.

Figure 8. A IO-year-old basset hound
with intraretinal hemorrhages secondary
to hypertension. These hemorrhages
are located within the layers of the pho
toreceptors, outer nuclear, outer plexi
form, inner nuclear, or inner plexiform.

Figure 9. A 7-year-old Norwegian elk
hound with retinal hemorrhage and de
tachment secondary to renal disease.
These hemorrhages are both preretinal
and intraretinal.
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20. Is there any specific treatment for retinal hemorrhage?
No. If an underlying systemic disorder is identified or suspected, appropriate treatment is in

dicated. Severe subretinal or preretinal hemorrhage can be surgically removed or lysed with in
tracameral injection of tPA, but these procedures must be performed by someone well-versed in
intraocular and posterior segment surgery.
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36. ENDOPHTHALMITIS
Bruce H. Grahn. D.V.M.

1. What is endophthalmitis?
Endophthalmitis is an inflammation of the contents of the globe. Extension of the inflamma

tion through the sclera and into the orbit is panophthalmitis. Endophthalmitis develops when there
is disruption of the corneal, conjunctival, scleral, and blood-ocular barriers. Endophthalmitis af
fects both the anterior and posterior ocular segments. The etiology of endophthalmitis is diverse
and may be septic and involve infectious agents that arrive from outside the eye. These agents
may enter the eye through the ocular blood supply, through the central nervous system via the
central spinal fluid and optic nerve, or by perforation of the cornea or conjunctiva and sclera. Non
septic endophthalmitis may develop secondary to blunt trauma, cataracts, ruptured lens capsules,
or other varied disruptions of the blood-ocular barriers.

2. What are the clinical manifestations of endophthalmitis?
Endophthalmitis is manifested by a variety of nonspecific signs of uveitis including miosis,

aqueous flare, hyphema, hypopyon, hypotony, synechiae, exudative retinal detachments, and
hyalitis (Fig. I). Cataracts, ruptured lens capsules, and corneal or scleral perforations also may be
present. When endophthalmitis arises from a systemic disease, there is often an accompanying
general malaise, hyperthermia, altered respiration, vomiting, and diarrhea.

Endophthalmitis

Figure 1. Septic endophthalmitis that is developing
secondary to corneal perforation. Note the neutrophil
rich inflammatory infiltrates throughout the inside
of the eye.

3. What are the two types of endophthalmitis?
Septic and nonseptic.

4. How is septic endophthalmitis diagnosed?
The classic clinical manifestations for this acute progressive uveitis include hypopyon, hy

phema, hyalitis, and exudative retinal detachments. Once the vitreous becomes infected, the fun
dus usually cannot be visualized because of cellular and protein infiltrates. Detection of the
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exudative retinal detachments may require ultrasonography or other advanced imaging tech
niques. The diagnosis of septic endophthalmitis is confirmed by oculocentesis and cytologic ex
amination of a vitreous and aqueous humor aspirate. Cytology or bacterial cultures will reveal a
marked neutrophilic inflammatory infiltrate and may reveal infectious agents. Fortunately septic
endophthalmitis is an uncommon diagnosis.

5. What is the treatment for septic endophthalmitis?
This is a fulminant disease, and the prognosis for saving the eye is poor even when the diag

nosis is established within hours of onset. Septic endophthalmitis requires aggressive therapy in
cluding surgery (vitrectomy or enucleation) combined with systemic and topical medical therapy.
This condition is an emergency and requires immediate systemic therapy with antibiotics chosen
on the basis of cytologic identification of the infectious agent. If vision salvage is attempted, a
surgical vitrectomy is required to reduce contamination of the vitreous and allow reattachment of
the detached retina. Intrathecal antibiotics are indicated to eliminate the remaining infectious
agents, and nonsteroidal anti-inflammatory drugs (NSAIDs) should be implemented to stabilize
the blood-aqueous barrier. When chronic endophthalmitis has destroyed the globe or financial
conditions preclude a vitrectomy, an enucleation should be completed immediately to prevent ex
tension of the septic process into the central nervous system through the optic nerve and meninges.
Postsurgical medical management with appropriate antibiotics and NSAIDs are indicated for sev
eral days (Fig. 2).

Figure 2. Endophthalmitis and orbital
cellulitis. Usually these animals are in
severe pain.

6. How is nonseptic endophthalmitis diagnosed?
Nonseptic endophthalmitis is usually not as fulminant as septic endophthalmitis. The diag

nosis is also confirmed with fine-needle aspiration of aqueous and vitreous humor. Cytologic ex
amination of the aspirates will reveal a neutrophil-rich infiltrate; however, microbiologic culture
will fail to reveal infective agents. Many etiologies need to be considered in the case of nonsep
tic endophthalmitis including trauma, phacoclastic or phacolytic uveitis, lens luxations, retinal de
tachments, and immune-mediated uveitis. The etiology may be confirmed with a thorough phys
ical and ocular examination, and appropriate data collection (complete blood count serology,
urinalysis, ultrasonography) is required.

7. What is the treatment for nonseptic endophthalmitis?
Nonseptic endophthalmitis is usually treated medically with systemic and topical nons

teroidals, steroids, and cycloplegics. Topical and systemic antibiotics are given prophylactically
while the microbial cultures from the aqueous and vitreous humor aspirates are completed. When
the cornea, sclera, or lens capsule is perforated or the lens is luxated, surgical management is also
indicated to repair the cornea and sclera and remove the lens. Postoperative management is rec
ommended with NSAIDs, steroids, and cycloplegics until the endophthalmitis is controlled.
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Figure 3. Feline domestic shorthair with
septic endophthalmitis showing iris
bombe, fibrin, and hypopyon.

Figure 4. Feline domestic shorthair with
septic endophthalmitis secondary to a
cat claw perforation.

8. What is the prognosis for septic and nonseptic endophthalmitis?
The prognosis for an eye diagnosed septic endophthalrnitis is poor even with aggressive med

ical and surgical management. The eye with nonseptic endophthalmitis has a slightly better prog
nosis, provided that the diagnosis is established early and appropriate therapy is instituted for an
appropriate length of time (Figs. 3 and 4).
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VIII. Retina

37. ACQUIRED DISEASES OF THE FUNDUS
Michael G. Davidson, D.v.M.

1. What is a fundus?
The term fundus literally means the internal surface of an organ, farthest away from its open

ing. The fundus of the eye is therefore the internal, posterior section of the eye that is seen with
an ophthalmoscope. In small animals, the fundus is a composite of several different tissues in
cluding the optic nerve, sensory retina (and retinal blood vessels), choroid, tapetum (which is part
of the choroid), and sclera.

2. What is the best way to examine the fundus?
The fundus is examined by a technique known as ophthalmoscopy, which can be performed

with either a direct method or an indirect method after the pupil is dilated with tropicamide. The
direct method uses a direct ophthalmoscope headpiece and gives the examiner a highly magnified
view but only of a very small portion of the fundus « 2% of the surface area). The indirect
method uses a light source and an indirect ophthalmoscopy lens that is held in front of the eye,
which gives the examiner a less magnified, but much larger field of view.

3. Which method of ophthalmoscopy is the best?
Although the direct method is technically easier, it is not possible to examine the fundus ad

equately with the direct method because of the small field of view, so the indirect method is pre
ferred. However, the indirect method is technically more difficult to perform because the image
viewed, called a "virtual image," is upside down and reversed. Thus, a lot of practice is required
to become proficient at the indirect method.

4. When should I examine the fundus of my patients?
Ophthalmoscopy should be a part of a complete eye exam in patients with ocular disease of

any type, pupillary light reflex deficits, or vision loss. It should also be routinely performed in an
imals with undefined systemic illness or those with infectious, vascular, or neoplastic diseases,
because many times these conditions affect the tissues of the fundus.

5. When I look at the fundus of a dog or a cat, how can I tell if it is normal or if a lesion is
present?

Interpreting the appearance of the fundus can be challenging and requires a basic under
standing of the layers of the fundus (see question 1) and the normal variations (Fig. 1). The most
common variations of normal are those relating to the amount of pigment in the tissues of the fun
dus, the size and shape of the optic nerve, and the size and color of the tapetum. A good ophthal
mology atlas helps in recognizing these normal variants, but mostly it requires experience and
looking at a lot of normal animals.

6. What are the most common types of funduscopic lesions?
In the tapetal area of the fundus (which is usually the dorsal one-third to one-half), lesions

are characterized as being either hyporeflective if they are darker or grayer than the surrounding,
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Figure 1. Normal canine fundus. Note
well-developed tapetum, pigmented
nontapetal area, myelinated optic nerve
head, and retinal vasculature.

normal tapetum or hyperreftective ifthey are brighter. These lesions correspond to either a thick
ening of the retina (hyporeflecti ve lesion - the thick retina blocks some ofthe light reflecting from
the tapetum) or a thinning or degeneration of the retina (hyperreflective-the thin retina allows
more reflected light off the tapetum). These identical lesions appear differently in the nontapetal
fundus (ventral two-thirds to one-half) and appear as either a fluffy white lesion with indistinct
margins (thickening of the retina) or a white to gray lesions with distinct margins (thinning, which
is caused by loss of pigment in one of the retinal layers called the retinal pigment epithelium).
Other common lesions include certain pigmented lesions and hemorrhage. Lesions are generally
easier to visualize and understand in the tapetal fundus.

7. What is the significance of the hyporeftective lesion in the tapetum or the ftuffy white
lesion in the nontapetum?

These two lesions are exactly the same; they just appear differently because they are being
viewed against a different background (i.e., the tapetum versus pigmented background) and are
caused by thickening of the retina (Figs. 2 and 3). The most common mechanisms by which the
retina becomes thickened are:

• Congenital thickening (retinal dysplasia)
• Edema or inflammatory cells
• Neoplastic cells

8. What is the significance of the hyperreftective lesions in the tapetum or the depigmented
lesions in the nontapetal fundus?

These lesions are also analogous to each other and are caused by a thinning of the retina (Figs.
4 and 5). They are almost exclusively caused by atrophy or degeneration (this is the way the retina

Figure 2. Multifocal areas of tapetal hy
poreflectivity in a young domestic
shorthair cat. In this case, the lesions
are caused by exudate accumulation in
the sensory retina caused by corona
virus of feline infectious peritonitis in
fection.
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Figure 3. Multifocal areas of exudate adja
cent to a retinal blood vessel in the nontapetal
fundus of a young domestic shorthair cat with
retinitis

Figure 4. Two large hyperreflective lesions,
with pigmented center, in the tapetal fundus
of a dog. These lesions are caused by sensory
retinal thinning or atrophy, and the pig
mented lesion results from tapetal destruc
tion and pigment proliferation.
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"scars" or responds to insult, because it can't undergo a regenerative repair like most other tis
sues). This degeneration may be caused by a number of different diseases with different mecha
nisms including inflammation, ischemia, malnutrition, or an inherited type of degeneration called
progressive retinal atrophy. Focal lesions resulting from inflammation of the retina can be thought
of as an inactive lesions.
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Figure 5. Multifocal depigmented le
sions in the nontapetal fundus of a dog
with inactive chorioretinitis.

9. What diseases should be considered if a hyporeflective lesion is seen in the fundus of a
dog or a cat?

Remember that if the lesion is not due to dysplasia, then thickening of the retina is due to
inflammatory cells, neoplastic cells, or edema. Inflammation involving the retina is commonly
caused by a systemic microbial infection and less commonly by trauma or an immune-mediated
inflammation or hypersensitivity. Any systemic infection has the capability of affecting the fun
dus in this way. When the retina is the primary tissue affected, this is referred to as a retinitis or
retinochoroiditis, and when the choroid is the predominate tissue affected, it is called a chori
oretinitis. It is useful to think about the different microbial agents in broad categories that in
clude:

Bacterial
Fungal
Protozoal
Rickettsial
Viral
These hyporeflective lesions can also be caused by edema alone (with cells). When this oc

curs, the vascular system of the fundus is pathologically affected and leaks fluid into the retina.
This often results from:

• Systemic hypertension
• Disease causing hyperviscosity syndrome (e.g., multiple myeloma or ehrlichiosis)
• Profound anemia and hypoxia of the vessels
Lastly, the hyporeflective lesions can be caused by neoplastic cells. The most common type

of neoplasia affecting the fundus in this manner is lymphosarcoma. However, any malignant neo
plasia is capable of metastasizing to the tissue of the fundus, and this should also be considered.
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10. How can dysplasia be distinguished from these other causes of hyporefiective lesions?
Dysplasia affects certain breeds of dogs. American cocker spaniels, English springer

spaniels, King Charles spaniels, Labrador retrievers, and beagles are some of the common breeds,
but there are many others. Dysplasia is generally bilateral and does not change in appearance over
time. Dysplastic thickening of the retina often produces focal or multifocallinear lesions, whereas
inflammation tends to cause multifocal circular lesions. If there is a systemic disease present that
might cause inflammation, neoplastic infiltrate, or vascular insult to the retina, the hyporeflective
lesion probably is not dysplasia. (See Chapter 40.)

11. If dysplasia is ruled out as the cause of a hyporefiective lesion, what should be done
next?

Because there really are very few distinguishing or pathognomonic features of the different
diseases that cause these lesions, the diagnosis cannot be made by ophthalmoscopy alone. The oc
ular exam has simply provided a clue that a systemic disease process is occurring. Therefore, fol
low the normal diagnostic steps including a thorough physical examination and a differential di
agnosis list and perform the appropriate diagnostic tests to confirm or rule out these differentials.

12. What causes hyperrefiective lesions (or depigmented lesions in the nontapetal fundus),
and what is their significance?

These lesions are caused by atrophy or degeneration of the sensory retina. Characterize the
lesions as focal (or multifocal) or more diffuse. Causes of diffuse hyperreflectivity include:

• Progressive retinal atrophy (PRA), an inherited retinal degeneration occurring mostly in
pure-bred dogs

• Sudden acquired retinal degeneration (SARD), an idiopathic retinal degeneration affecting
mostly older, female, pure-bred dogs. Note that the fundus initially will appear normal with
acute SARD; only after several weeks to months will the hyperreflectivity appear.

• Diffuse retinitis or diffuse vascular insult that has resolved
• Rarely, nutritional deficiencies such as chronic taurine deficiency in cats or vitamin E de

ficiency in dogs
Focal or multifocal hyperreflective lesions are most commonly caused by either an inflam

mation or a vascular insult that has now resolved, causing a scarring of the retina. As with hy
poreflective lesions, there is no pathognomonic appearance to these lesions suggesting one spe
cific type of disease. In fact, these types of multifocal, degenerative lesions are often incidental
findings and do not require any diagnostic evaluation (because the insult by which they were
caused has already resolved).

13. Ifa hemorrhage is seen in the fundus, what does this imply?
As with most fundus lesions, there is nothing specific about the presence of a hemorrhage,

and both ocular and systemic diseases can cause this (Fig. 6). Examples of ocular disease that
cause funduscopic hemorrhage include:

• Inflammation (chorioretinitis)-look for the other lesions of this syndrome
• Trauma
• Retinal detachment
• Developmental disorders such as persistence of the hyaloid artery system
Systemic diseases that cause fundus hemorrhage are the same conditions causing bleeding

anywhere else in the body:
• Hypertension
• Coagulopathies such as clotting disorders, disseminated intravascular coagulopathy,

thrombocytopenia
• Profound anemia (from hypoxia of the retinal blood vessels)
Thus, once again, the funduscopic findings often characterize the ocular condition or indicate

that a systemic bleeding tendency is present. Proceed with the appropriate diagnostic evaluation
based on ocular and physical examination findings.
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Figure 6. Multifocal intraretinal hemorrhage
in a dog with thrombocytopenia.

14. What if, instead of a hyporeflective lesion, a darker lesion that looks like melanin or
some other pigment is seen? What can cause this?

Hyporeflective lesions, which generally have a grayish appearance, are distinguished from
pigmented lesions, which have a dark brown to black color. There are several mechanisms by
which melanin or other types ofpigment may become deposited in the tissues of the fundus. Most
commonly, this is seen with focal or multifocal retinal and choroidal degeneration or atrophy. This
results from damage to the tapetum or proliferation of pigment by the retinal pigment epithelium
(RPE) following inflammation or vascular insult. Typically, these lesions would be chronic and
"inactive," with no current inflammation. For example, a pigmented center is often seen in hy
perreflective lesions from these mechanisms. Also, pigment clumps are often seen in depig
mented, inactive lesions in the nontapetal fundus.

Although very rare, melanomas arising from the choroid can cause pigmented, raised lesions
in the fundus. These would progress slowly over time and are generally considered benign in dogs.

Remember that patchy clumps of pigment in the tapetal fundus can be a normal finding, caused
by focal areas where the tapetum did not develop. Therefore, look for other lesions such as the ap
pearance of hyperreflectivity or depigmentation before considering the pigment abnormal.

Rarely, other types of pigment besides melanin may be deposited in the retina. For example,
systemic vitamin E deficiency in dogs may cause an accumulation of lipofuscin, a golden-brown
pigment, in the RPE.

15. What is a retinal detachment?
Retinal detachment is actually a separation of two layers of the retina: the sensory retina and

the RPE, rather than a separation of the retina from the underlying choroid. Fluid accumulates in
the potential space between these two layers of the retina, referred to as the subretinal space.

16. What causes a retina to detach?
1. Exudative detachment is caused by edema or cells effusing into the subretinal space. This

is generally caused by inflammation in the choroid (or a chorioretinitis) or a profound vascular
insult to the retinal or choroidal vessels (e.g., severe systemic hypertension).
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2. Rhegmatogenoos detachment results from a tear in the retina, usually peripherally, that
allows liquefied vitreous to leak through the tear and into the subretinal space. This tear often is
created by pathologic changes in the vitreous. Vitreal changes can occur with aging, from
cataracts and other lens diseases, and following intraocular surgery.

3. Tractional retinal detachment results from blood or fibrin clots (or rarely from anomalous
vessels) in the vitreous that are attached to the retinal surface. As the clot retracts, it pulls the
retina, creating a detachment. Often, the traction also creates a tear that causes a rhegmatogenous
detachment. Tractional detachments are uncommon in veterinary patients.

17. How does retinal detachment appear on ophthalmoscopic exam?
Because fluid collects in the subretinal space and in front of the tapetum (or the pigmented

RPE for the nontapetum), retinal detachments often appear as large areas of hyporeflectivity in
the tapetal fundus or as whitish, indistinct areas in the nontapetal fundus (Fig. 7). Hemorrhage in
the retina or even in the vitreous also can be seen, and occasionally this hemorrhage will migrate
anteriorly into the anterior chamber, producing hyphema. Because the retina is displaced forward
into the vitreous, the surface is out of focus to the ophthalmoscopic lens and observer and appears
fuzzy and indistinct. If the retina if detached forward to a great extent, the retinal blood vessels
maybe seen clearly and in focus without the use of an ophthalmoscope, simply by looking through
the pupil with a focal light source.

Figure 7. Total, bullous retinal de
tachment in a cat with systemic hy
pertension.

18. Is there any treatment for a retinal detachment? Can the eye regain vision?
The specific treatment and prognosis for retinal detachment depend largely on the mecha

nism (exudative versus rhegmatogenous) and duration of the detachment. Exudative detachments
are managed by treating the specific disease process (i.e., antimicrobial agents if infectious in
flammation; anti-inflammatory agents if traumatic or immune-mediated inflammation; antihy
pertensive agents if systemic hypertension is the cause). Rhegmatogenous detachments must be
treated surgically by sealing the tear, generally with laser or cryoprobe and various other adjuvant
surgical techniques. The eye has an effective mechanism to pump the subretinal fluid out, so if
the underlying problem is corrected, retinal reattachment and recovery of some vision are possi
ble. However, because the retina becomes ischemic, retinal detachment of > I week duration is
unlikely to become functional again. Unfortunately, most retinal detachments in animals are not
recognized in a timely fashion, and the visual prognosis is relatively poor (see Chapter 42).
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38. INHERITED EYE ANOMALIES OF
AUSTRALIAN SHEPHERDS, COLLIES,

AND SHETLAND SHEEPDOGS
Ronald C. Riis, D.V.M., M.S.

1. At what age should collies, Shetland sheepdogs, and Australian shepherds be examined
for eye anomalies?

The eye size and cooperation of the puppy have a lot to do with a successful evaluation of
the fundus, regardless of the expertise of the examiner. Ideally, puppies that are 7-8 weeks old
should be examined, but 6-9 weeks of age should be a sufficient window of time to accommo
date the variables.

2. Are the anomalies progressive?
No, generally, not, but there are exceptions.

3. Which are not progressive?
• Colobomas of the iris, ciliary body, and retina (Australian shepherd)
• Colobomas of the optic disc (small to medium)
• Choroidal hypoplasia
• Scleral ectasia

4. Which anomalies are progressive?
Large colobomas may predispose to retinal detachment. Small or incomplete retinal detach

ment may enlarge to generalized or bullous detachments.

5. Which anomalies cause vision problems?
Large colobomas have related visual impairment, but complete retinal detachment causes

blindness.

6. What does the breeder term "go normal" mean?
When puppies are examined at the recommended age and a finding of small or trace choroidal

hypoplasia is found, those characteristics may change with maturity, especially in tri- and sable
colored dogs. The maturing migrating pigment of the retinal pigment epithelium disguises the un
derlying choroid, and the hypoplasia appears to resolve. Although the choroidal hypoplasia re
mains, breeders say the eyes "go normal."

7. What is the importance of a "go normal" evaluation?
Evaluations done in the 6-9-week window allow minimally affected animals to be classified

correctly as phenotypically affected.

8. What breeding recommendations produce the best eye evaluations?
Obviously, the mating between two genotypically normal-eyed dogs is ideal. However,

breed standards dictate other qualities that allow for minor anomalies in order to express other
physical desirable traits.

9. What is allowable in eye anomalies for a breedable trait?
Inorder to breed away from undesirable traits, use a mate with extreme minimal traits (i.e.,

breeding a dog with minor choroidal hypoplasia with a normal-eyed dog).
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10. Does this breeding guarantee good eye examinations?
That depends on the breeder's interpretation of "good." Usually, any eye found with a trace,

small, or medium amount of choroidal hypoplasia is acceptable or "good." However, even dogs
bred with this degree of choroidal hypoplasia may produce offspring with colobomas and retinal
detachments if a dog considered "normal" is not genotypically normal.

11. When is breeding not recommended?
Dogs affected with colobomas and retinal detachments should not be bred. Poorly pigmented

dogs, such as whites and merles, that are bred together produce offspring with multiple sensory
deficits and ocular anomalies.

12. What is a scleral crescent?
A white elliptical characteristic adjacent to the optic disc. This is a patch of sclera without

overlying choroid (i.e., a focal choroidal hypoplastic area).

13. What is a staphyloma?
In association with these breeds, it is a protrusion of sclera posteriorly, lined with uveal tis

sue. It is also called scleral ectasia.

14. Is an eye with choroidal hypoplasia blind in the area affected?
No, the overlying retina is normal. Even though the vasculature of the choroid is deficient in

these areas, the retina has its own vascular sources.

15. Is retinal dysplasia (folds) a manifestation of choroidal hypoplasia, coloboma, and reti
nal detachment?

No, retinal dysplasia may be seen along with the other conditions or by itself. It is not thought
to be inherited as a manifestation related to the others (see Chapter 40).

16. Is optic nerve hypoplasia a manifestation of choroidal hypoplasia, coloboma, and reti
nal detachment?

No, optic nerve hypoplasia is thought to be on a separate gene. It, too, can be seen with other
anomalies, but rarely.

17. Is microphthalmos a manifestation of coloboma, choroidal hypoplasia, and retinal de
tachment?

No, microphthalmos is on a separate gene. Although the breed standard for collies and shel
ties states an almond eye is desirable, a globe that is asymmetrically smaller than the opposite eye
or bilaterally small globes with protruding nictitans are undesirable.

18. What other ocular abnormalities are seen in these breeds?
Corneal dystrophies, persistent pupillary membranes, retinal degenerations, lid deficits, gran

ulomatous proliferations, and cataracts.

19. Is the incidence ofcoloboma, choroidal hypoplasia, and retinal detachment decreasing?
Somewhat. Over the last 30 years, more animals have been examined and certified as free

from anomalies, but the percentage of affected collies with choroidal hypoplasia remains high.
Other anomalies are relatively low, mainly through the efforts of conscientious breeding.
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Incidence ofOptic Disc/Nerve Coloboma, Choroidal Hypoplasia,
and Retinal Detachment, 1991-1999

Optic disc/nerve coloboma
Choroidal hypoplasia
Retinal detachment

AUSTRALIAN SHEPHERD

0.27%
0.22%
0.13%

COLLIE

8.75%
66.7%
1.88%

SHETLAND SHEEPDOG

0.79%
0.39%
0.05%

Data from Canine Eye Registration Foundation, West Indianapolis, IN.

20. If a retinal detachment is diagnosed, is there anything that can be done?
Possibly. A partial detachment in an eye with pigment can be treated with laser surgery. Some

success at arresting the detachment and even reattaching the flat detachments has been achieved.
A subalbinotic or albinotic fundus absorbs the laser energy poorly, and success is less likely.
Therefore, cryosurgery may be the treatment of choice.

21. If a nonvisual eye is diagnosed in a puppy, is it necessary to surgically enucleate or evis
cerate the globe?

Surgical intervention is necessary only if the globe has other complications causing dis
comfort to the dog. Generally, an inherited blind eye is well-tolerated by the dog for the dura
tion of its life. Visually, the dog compensates with one eye. Ironically, the expression of severe
or extreme colobomas and retinal detachments are rarely bilaterally symmetrical.

22. What other breeds of dogs have excessively white hair coats and inherited ocular and
otic defects?

By breeding two merle-coat color patterns together, litters of puppies have been produced
with variable degrees of ocular anomalies, microphthalmia, and hearing deficits. These breeds in
clude border collies, dachshunds, fox hounds, Great Danes, and Norwegian dunkerhounds.

23. Because breeding merle-coated animals results in undesired traits, can the fundic ex
amination identify subtly merled dogs such as the sable merle?

Yes, the retinal characteristics can distinguish solid-coat dogs from merle-coat dogs. The
solid-coat dogs will have a normal tapetum and fundic pigment, whereas merles will be subal
binotic or albinotic. In the fundus of a merle, there is partial or complete absence of pigment in
the uveal tract, so that choroidal vessels can be seen as well as the retinal vasculature. Choroidal
vessels are broader, paler red, and parallel, inspiring the name "tigroid fundus" to the describe the
striped effect. Thinner retinal vessels run over or on top of the choroidal vessels. The tapetum is
faint or absent. Grossly, there is a very red reflex from the merle fundus; this also occurs in other
albinotic or subalbinotic animals such as the Siberian husky, Samoyed, white cat, Siamese cat,
Appaloosa horse, and albino or partial albino cattle.

24. Should the merle eye anomaly be considered different from the collie eye anomaly?
Yes. The eye anomaly of the homozygous merle has been confused with the collie eye anom

aly because the two conditions are similar in some respects. Both are inherited, have variable
severity of fundic lesions, and may result in blindness. Both anomalies have been documented in
the Australian shepherd, border collie, collie, and Shetland sheepdog. In these breeds, the differ
ential diagnosis is based on a few dissimilarities.

25. What are these dissimilarities?
In nearly all cases, homozygous merles are products of merle-to-merle breeding, and the coat

colors are whiter than their littermates. Collie eye anomaly can be found in all coat colors.
The homozygous merle condition is inherited as an autosomal recessive trait linked to the

incompletely dominant coat color-merle. The mechanism of linkage involves a transposable
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genetic element. Collie eye anomaly has been reported to be inherited through several genes, one
or more of which may be dominant. No linkage of collie eye anomaly to other traits has been
identified.

Microphthalmia is not associated with collie eye anomaly, although collies frequently appear
symmetrically and mildly microphthalmic. Microphthalmia in collies is inherited independently
of collie eye anomaly. Severe or asymmetric microphthalmia is a prominent feature of the ho
mozygous merle anomaly.

The lesions of collie eye anomaly involve the sclera, choroid, retina, retinal vessels, and op
tic disc only. No uveal or lens changes are associated with collie eye anomaly. In the homozy
gous merle, the lens and iris are frequently involved.

Funduscopically, focal choroid hypoplasia is common in collie eye anomaly. The hypoplas
tic area has a characteristic location temporal to the optic disc. Choroid hypoplasia in the ho
mozygote merle is multifocal or diffuse.

Colobomas in collie eye anomaly occur most commonly in the optic disc and occasionally in
the peripapillary area as scleral ectasia. Colobomas in the homozygous merle are most frequently
equatorial (i.e., iris and ciliary body). Ocular examinations of merle puppies should always in
clude a predilation as well as postdilation evaluation of the iris.

26. Has the incidence of merle eye anomaly decreased?
Yes, dramatically over the last 30 years. Occasional inadvertent breeding results in affected

puppies, but the word is being spread that merle eye anomaly can be eliminated only by not breed
ing merle to merle.

Figure I. Collie puppy fundus showing
white sclera with anomalous choroidal
vessels (i.e., choroidal hypoplasia).

Figure 2. A normal blue merle fundus.
This eye was albinotic and displayed
the choroidal vascular patterns.
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Figure 3. An albinotic fundus with
choroidal hypoplasia and slight optic
disc depression.

Figure 4. Choroidal hypoplasia, small coloboma at
6 o'clock within the optic disc, and a scleral cres
cent around the disc from 3 o'clock to 9 o'clock.

Figure 5. An albinotic fundus with
choroidal hypoplasia.
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Figure 6. Varying degrees of choroidal
hypoplasia and optic disc coloboma in
volving most of the disc area

Figure 7. Large choroidal hypoplasia
and a small optic disc coloboma at 3
o'clock.

Figure 8. Very large optic disc coloboma
(*) and associated retinal elevation (X).
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Figure 9. Optic disc coloboma, choroidal hy
poplasia, and scleral ectasia in an Australian shep
herd dog.

Figure 10. A collie with a focal retinal detachment
adjacent to the optic disc at the 10 o'clock to 12
o'clock position (*).
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Figure II. A Shetland sheepdog with unilateral
scleral crescent and faint choroidal hypoplasia.
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COLLIE EYE ANOMALY

Figure 12. Artist's interpretation of the collie eye anomaly showing anatomic abnormalities as they relate to
the normal ocular layers.
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39. RETINAL DEGENERATIONS

Ronald C. Riis, D.V.M., M.S.

1. Is generalized retinal atrophy always bilateral?
Yes, and usually very symmetrical.

2. Does generalized retinal atrophy lead to blindness?
Yes, but the blindness is varied in its completion depending on the breed. The visual loss is

progressive, hence the name progressive retinal atrophy (PRA).

3. What is the earliest complaint from the owners of a PRA dog?
Nyctalopia or impaired vision in reduced lighting. Keep in mind that dogs kept in familiar

surroundings do very well despite their diminishing vision. Therefore, their visual deficits may
not be noticed until something changes in their environment or their routine.

4. Is PRA painful?
No. Animals show no ocular signs of pain.

5. What are the ophthalmic signs of PRA?
The signs depend on the stage of degeneration. Advanced PRA is the easiest to diagnose be

cause the entire tapetum is hyperreflective with attenuated vasculature. The nontapetum is de
pigmented, sometimes in patterns. The optic disc is darker and smaller (Figs. 1-7).

Moderately advanced PRA will show either a well-demarcated color change or a gradual
color change between the normal and degenerated tapetal areas. The vasculature attenuates most

Figure I. Advanced PRA in a German shepherd.
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Figure 2. Advanced PRA in a cocker spaniel.

Figure 3. Advanced PRA in an Akita.

Figure 4. Advanced PRA in an Old English sheep
dog.



Retinal Degenerations

Figure 5. Advanced PRA showing avascularity in
the tapetal-nontapetal periphery.

Figure 6. Advanced PRA in the nontapetal fundus
of a standard poodle.

Figure 7. Advanced PRA in the nontapetal fundus
of a toy poodle.
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significantly within the degenerated zones and especially the periphery. Hyperrefiectivity is de
pendent on the incidence of light so it is variable from being dull to bright with an indirect oph
thalmoscopic evaluation. A slight decrease in pigmentation may be noted in the nontapetum.
Changes in the optic disc are slight and may be hard to document unless a normal eye is close by
to compare (Figs. 8 and 9).

Figure 8. Moderately affected PRA fundus with
hyperreflectivity and vascular attenuation

Figure 9. PRA in a miniature poodle. Moderately
attenuated peripheral vasculature.

Early PRA is sometimes difficult to diagnose. Slight peripheral tapetal color changes can be
misleading, especially if the dog is darkly pigmented where diffusion of pigment into the periph
eral tapetum appears gray. If it is PRA, the vasculature will show attenuation of the vessel diam
eters especially in the periphery and circumciliary vessels. Vessels in the mid periphery may have
variable wall diameters (called "boxcarring" or "beading"). Usually, the nontapetal area and op
tic disc look pretty good (Figs. 10-13).
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Figure 10. Moderately attenuated peripheral vas
culature and thinning of the peripheral retina (note
change in reflectivity).

Figure II. Early PRA in an English cocker spaniel.
Changes in reflectivity and tapetal color aid the
suspicion of PRA diagnosis.

Figure 12. Early PRA showing vascular attenua
tion.

Figure 13. Early PRA fundus changes in the lateral
tapetal fundus. Note the vascular changes.
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6. How can the diagnosis of PRA be confirmed?
The electroretinogram (ERG) and the DNA blood test are both diagnostic (see Chapters 1

and 41).

7. What if the owner doesn't give consent for those tests?
A simple visual ability test can be performed through a maze in different lighting. Keep in

mind that most dogs can see normally far better than we can in the darkness. Schedule future oph
thalmoscopic examinations, which may show the progressive character of the degeneration as
well as the visual impairment.

8. What should the owners of PRA dogs be advised concerning breeding?
Becauase most PRA is passed as an autosomal recessive trait, definitelyadvise against breeding.

9. If PRA is in the early-to-midstage of development, should the dog be dietarily supple
mented?

Studies have been done in both humans and animals with vitamin A, E, and long-chain fatty
acids to bolster the diet with these supplements since it is known that these are vital to the health
of the retina. Unfortunately, the course of the degeneration is not altered, and blindness is not cur
tained. In fact, vitamin A supplements seem to hasten the degeneration (i.e., supplements are not
recommended).

10. What other ocular abnormalities occur in PRA?
The pupillary reflex becomes more sluggish as PRA progresses. In advanced PRA, the rest

ing pupil is often wider than in normal-aged matched dogs. In some dogs, the major complaint
from the owner may be "large pupils" and "clumsiness." Cataracts are frequently secondary to
PRA in some breeds.

11. Why do cataracts develop in some PRA breeds?
The exact etiology has not been proven, but several theories make sense. The preferred the

ory is that the lens environment is no longer conducive to lens health. The degenerating retina
contaminates the fluids of the eye, affecting the lens fibers. The analogy is similar to fish in a pond;
polluted water eventually destroys the fish (Fig. 14).

Figure 14. Cataracts secondary to PRA in an
American cocker spaniel.

12. Are central progressive retinal atrophy (CPRA) cases different than PRA?
Yes, the degenerated retinas look different. The CPRA retinas have multifocal discolorations

throughout the tapetum with hyperreflective areas in between. The vasculature attenuates similar
to PRA, and the optic disc undergoes changes similar to PRA in the advanced stages. Histopatho
logically, the lesions differ predominantly by the accumulation of lipopigment material within the
retinal pigment epithelium; hence, the preferred term is now retinal pigment epithelial dystro
phy (RPED). The lipopigment is responsible for the multifocal discoloration (Figs. 15 and 16).
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Figure 15. Central fundus of RPED. Note the mul
tifocal dark areas in the tapetum.

Figure 16. Peripheral tapetal fundus of RPED.
Note the vascular absence and the multifocal ac
cumulations throughout.
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13. Are there dissimilarities within PRA?
Yes, PRA seems to fall into 2 broad categories: developmental or abiotrophy and degenera

tive diseases of the photoreceptors. Within these categories, more unique differences have and will
be discovered at the cellular and molecular levels, ultimately identifying each with gene symbols.

14. How can I keep these categories straight in my mind?
The degenerative categories are those retinas that were normal at some earlier point in time

and progressed to photoreceptor cell death. The abiotrophy or developmental categories encom
pass retinas that are structurally or biochemically abnormal before the retinas become mature.
Eventually both categories end up in blindness, but the developmental category is usually much
sooner.

15. Is there any other way to think about these categories?
Yes, the developmental category has also been given the description of photoreceptor dys

plasias, because the condition becomes clinically obvious before the first 1-1 1/2 years of life.
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Photoreceptor Dysplasias

PRIMARY PHYSIOLOGIC AND
DYSPLASTIC OPHTHALMOSCOPY HISTOPATHOLOGIC
CELL BREED DIAGNOSIS INHERITANCE ABNORMALITY

Cone Alaskan Small Autosomal recessive 6weeks: ERG-
malamute cone-, rod N

Rod and cone Belgian II weeks Unknown 4weeks: ERG-
shepherd rods and cones

Rod and cone Collie 16 weeks Autosomal recessive 6weeks: ERG-
cone 1, rod-

Rod and cone Irish setter 16 weeks Autosomal recessive 6weeks: ERG-
cone 1, rod-

Rod and cone Miniature 1.5-5 years Autosomal recessive 6weeks: ERG-
schnauzer cone 1 , rods 1

Rod and cone Norwegian 1.0-1.5 years Autosomal recessive 6weeks: ERG-
elkhound cone Nil, rod-

16. What are some examples of PRA photoreceptor degeneration?

PRIMARY PHYSIOLOGIC AND
DYSPLASTIC OPHTHALMOSCOPY HISTOPATHOLOGIC
CELL BREED DIAGNOSIS INHERITANCE ABNORMALITY

Unpublished Akita 1-3 years Autosomal recessive 1.5-2.0 years: ERG-
cone 1 , rod 11

Rods then American cocker 2.5-3 years Autosomal recessive 9 months: ERG-
cones spaniel cone 1 , rods 11

Rods then English cocker 3-8 years Autosomal recessive 2-3 years: ERG-
cones spaniel cone 1. rod 11

Rods then Labrador retriever 3-6 years Autosomal recessive 1.5 years: ERG-
cones cone 1 , rod 11

Rods then Miniature long- 6 months Autosomal recessive 4 months: ERG-
cones haired dachshund cone 1, rod 11

Early rods Norwegian 9-12 months Autosomal recessive 5 weeks: ERG-A
then cones elkhound wave dominate,

cone 1, rod 1
Unpublished Papillon 1.5-5 years Autosomal recessive 9 months-Lf years:

ERG-cone 1,
rod 11

Rods then Portuguese water 3-6 years Autosomal recessive 1.5 years: ERG-
cones dog cone 1 , rod 11

Unpublished Siberian husky 2 years Xvlinked I year: ERG-
cone 1 , rod 11

Unpublished Tibetan spaniel 3-5 years Xvlinked 1.5 years: ERG-
cone 1 , rod 11

Unpublished Tibetan terrier 1-1.5 years Xvlinked 10 months: ERG-
cone 1 , rod 11

Rods then Toy and miniature 3-5 years X-linked 9 months: ERG-
cones poodles cone 1 , rod 11

17. What does prcd stand for?
Progressive rod-cone degeneration indicates a PRA that affects the rods primarily and then

the cones. It is always bilateral histopathologically. It may vary slightly electrophysiologically
and ophthalmoscopically in the early and moderate stages.

18. List the purebred dogs that have been diagnosed with retinal degeneration.
Akita Irish setter
Alaskan malamute Italian greyhound
Australian cattle dog Labrador retriever



Retinal Degenerations 249

Australian shepherd
Basenji
Beagle
Belgian sheepdog
Border collie
Borzoi
Briard
Cardigan Welsh corgi
Chesapeake Bay retrieve
Cocker spaniel (American and English)
Collie
Dachshund
English springer spaniel
German shepherd
German shorthaired pointer
Golden retriever
Gordon setter
Great Dane
Greyhound

Lowchen
Mastiff
Miniature schnauzer
Norwegian elkhound
Nova Scotia ducktolling retriever
Old English sheepdog
Papillon
Pekingese
Poodles
Portuguese water dog
Rottweiler
Samoyed
Shetland sheepdog
Shih tzu
Siberian husky
Tibetan spaniel
Tibetan terrier
Welsh springer spaniel
Yorkshire terrier

19. Does retinal degeneration develop in the cat?
Yes, with a similar classification as found in dogs. Known classifications are abiotrophies,

degenerations or atrophies, infections, metabolic, nutritional, and toxic (Figs. 17 and 18).

20. What is known about the retinal abiotrophies in cats?
The most significant reports are in Persian cats that have a photoreceptor dysplasia that is au

tosomal recessive. Abyssinian cats have been reported to have a rod-cone dysplasia that is auto-

Figure 17. Cat retinal degeneration. Note the vas
cular attenuation. The hyperreflective character
was so intense that a green filter was used to pre
vent overexposure.
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Figure 18. Cat with retinal and optic disc degener
ation. Generalized hyperreflective tapetum and a
darker than normal optic disc. The retinal vessels
are just about absent.

somal dominant. Mixed breed domestic shorthair cats with a rod-cone dysplasia with possible au
tosomal dominance are also reported. These retinal lesions are diagnostic ophthalmoscopically at
an early age.

21. What is known about retinal atrophy as an inherited disease?
The Abyssinian cats have an autosomal recessive rod-cone degeneration that is progressive.

Mixed breed domestic shorthair cats with gyrate atrophy have been diagnosed to have an ornithine
aminotransferase deficiency that is inherited as autosomal recessive.

22. What are the infectious causes of retinal lesions in cats?
Kittens infected with panleukopenia virus 7 days before birth through 7 days postbirth are

known to develop retinal dysplasia or cerebellar hypoplasia. Those kittens are neurologically
ataxic and hypermetric. They are usually presented for these signs between the ages of 3 and 4
weeks of age. Funduscopic lesions are not always present but are pathognomonic when found
(Fig. 19).

Figure 19. Young kitten with retinal degenerative
areas throughout secondary to panleukopenia
virus infection.

23. What are the nutritional causes of retinal atrophy in cats?
Any cat breed is likely to develop a degenerative retinopathy if its diet is deficient in tau

rine. The early stages are classical as the degeneration is zonal within the area centralis pro
gressing horizontally from the central retina toward the periphery. Advanced degenerations look
like any other end-stage retinal atrophy. These lesions are known as feline central retinal de
generation (FCRD). Since taurine was discovered as a required amino acid in cat diets, the pet
food industry has dramatically reduced the incidence of this retinopathy by taurine supplemen
tation (Fig. 20).
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Figure 20. Feline central retinal degeneration sec
ondary to nutritional causes (i.e., taurine defi
ciency). The well-demarcated zones of hyper
reflectivity on either side of the optic disc are areas
of degeneration (»), At this stage, the cat is still vi
sual.
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24. What are some of the causes of retinal toxic degenerations?
Liver disease and gallbladder stones have an ocular manifestation of retinal degeneration. Re

cently, Baytril, given at the recommended systemic dose, has been reported to cause retinal de
generation in cats (Fig. 21).

Figure 21. Retinal degeneration thought to be secondary to en
rofloxacin (Baytril) administration. (To prevent retinal complica
tions, do not exceed 5 mg/kg/day.)

25. Are there blood tests available for cat retinal degeneration?
No. DNA-based tests are not currently available to identify cats that are affected, are carri

ers, or are genetically normal for PRA or other inherited retinal diseases.
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40. RETINAL DYSPLASIA
Ronald C. Riis, D.V.M., M.S.

1. What is the definition of retinal dysplasia (RD)?
RD is an abnormal development of the retina.

2. What causes the abnormal development?
RD lesions in puppies have been caused by adenovirus and herpesvirus infections and in kit

tens by panleukopenia virus. Some RD lesions are associated with genetic traits such as a simple
recessive in Bedlington terriers, golden retrievers, and Labrador retrievers and as recessive in
American cocker spaniels, beagles, collies, corgis, English springer spaniels, and Sealyham
terriers.

In addition to RD, other ocular lesions have been diagnosed, such as cataracts, colobomas,
persistent pupillary membranes, retinal detachments, hemorrhage, and microphthalmia.

The most noted breeds with RD and other anomalies include (* = most common):
Akita* American cocker spaniel* Australian shepherd*
Beagle Basset griffon Veudeen (petite) Bedlington terrier
Belgian Malinois Border collie Bull mastiff
Collie* Cavalier King Charles spaniel Chow chow
Clumber spaniel Doberman pinscher English springer spaniel*
Field spaniel German shepherd Golden retriever
Gordon setter Labrador retriever" Mastiff
Norwegian elkhound Old English sheepdog Pembroke Welsh corgi
Rottweiler Samoyed* Sealyham terrier
Yorkshire terrier

3. Has RD been referred to by other names?
RD was once called "vermiform streaks" because ophthalmoscopically the lesions looked

like worms imbedded in the retina. Because the pathology of RD may take on the appearance of
retinal rosettes or uplifting folds away from the retinal pigment epithelium, "retinal folds" became
a popular term, especially if the dysplasia was linear, with and without branching.

4. Are there degrees of RD?
Yes, the linear dysplastic lesions (folds) are usually the least serious. When the linear lesions

become numerous and fuse together, a larger area of retina is scarred. These areas take on vari
ous shapes with some appearing like states or countries on a map, thus the name "geographic RD"
(Figs. 1-8).

Figure I. Yellow Labrador puppy with multiple
linear retinal folds in the nontapetum and focal
scars in the developing tapetum.
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Figure 2. Young American cocker spaniel with
retinal folds.

Figure 3. Nontapetal retinal folds. Note venules
crossing retinal folds.
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Figure 4. Six-month-old beagle with many nontapetal
retinal folds that are fading with pigment from the reti
nal pigment epithelium.

Figure 5. A 6-week-old Australian shepherd puppy
with elongated retinal folds.

Figure 6. A 4-month-old Akita puppy with focal and linear reti
nal dysplasia.
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Figure 7. A 6-month-old bull mastiff puppy with
multifocal retinal dysplasia.

Figure 8. An adult springer spaniel with multiple
tapetal scars dorsal to the disc. Pigmentation has
proliferated among the hyperreflective areas.
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5. Can RD lesions heal
Yes and no. The first answer is yes because the retina will compensate in various ways. The

small linear lesions (folds) take on a gray or hyperreflective appearance within the tapetal fundus,
whereas the same type of RD lesion may pigment with melanocytes in the nontapetal fundus.
These areas never heal to become functional, but do scar to form pathologic thin areas of the
retina. Very large geographic RD lesions may also scar, but the larger lesions might be compli
cated with detachment.

Some of the infectious RD lesions take on punctuate or circular appearances in both the cat
and dog. They may become ophthalmoscopically healed or less numerous over the years. Even
though the RD may have been severe and only a few scars remain, the owner may comment about
some visual impairment.

6. When should the retinas be examined for RD?
Most conscientious breeders present their puppies for evaluation before they are placed in

homes. Between 6 and 9 weeks of age which is a good time to rule out RD in the "fold" category.
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However, examination at this age does not guarantee the puppies will be free of all types of RD.
Puppies that are free of linear fold RD at 6-9 weeks have later been found to have geographic RD.
Therefore, it is recommended to have examinations performed between the ages of 6 and 9 weeks
and again at 6-9 months.

7. Ifan animal is diagnosed with RD, should it be bred?
It depends on the type of RD and breed. The minor linear fold RD lesions are thought to be

nonprogressive and not visually impairing. Usually, these lesions are left to the breeder's discre
tion when rating animals for show and breeding quality.

The larger geographic RD lesions are serious enough that animals with them should not be
bred. RD is often associated with infectious or anomalous development and not genetic causes,
so these animals could be bred. However, it is difficult to judge etiology in older, scarred retinas,
so caution should be taken (Figs. 9-14).

Figure 9. An adult springer spaniel with non
tapetal retinal dysplasia and focal detachment.

Figure 10. A springer spaniel puppy with retinal
detachment and generalized retinal folds over the
entire fundus.

Figure 11. Retinal dysplasia adjacent to the optic
disc with associated retinal detachment.
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Figure 12. An adult beagle with multifocal coa
lescent retinal folds causing retinal detachment
dorsal to the optic disc.

Figure 13. A geographic retinal dysplastic lesion
in an American cocker spaniel.
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Figure 14. A very large geographic retinal dys
plastic lesion.

8. What is the most severe RD presentation?
Blind puppies with retinal detachment secondary to the dysplasia. These puppies usually

have a rotary nystagmus. The leukocoria present is the retina dislocated just behind the lens. Some
of these puppies also have microphthalmia or intraocular hemorrhage. Ironically, the severe pre
sentation does not always happen bilaterally.

9. What is the least severe RD presentation?
Those eyes that are entirely normal with the exception of a few small linear or dot retinal

scars.

10. If the minor RD lesions were reevaluated at an older age, couldn't they be potentially
normal?

The RD areas may fill in with pigment, especially if they were noted only in the nontapetal
fundus. Evaluation records have documented that animals do go from phenotypic affected to phe
notypic normal. However, the earlier evaluation determines whether the animal is geneotypically
affected, and the inherited traits will be passed on.

11. Is it difficult to examine eyes for RD lesions?
The early examination (6-9 weeks of age) is the most difficult. This age normally requires

good restraint, maximally dilated pupils, expertise with ophthalmoscopic techniques, and persis
tence for a good view of the fundus periphery.

12. Should all puppies be referred to a diplomate of the American College of Veterinary
Ophthalmologists (DACVO) for the early evaluation?

Not necessarily. If a veterinarian feels comfortable evaluating the puppies, referral may not
be required unless a lesion is questionable or a second opinion is recommended. If the breeder or
owner desires certification by the Canine Eye Registration Foundation (CERF), it is necessary to
refer to a DACVO member because CERF only accepts their evaluations.



13. Is there a DNA test for RD?
Not yet.
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14. Has RD been classified any other way?
RD has been classified histopathologically by the rosette architecture. Three layer rosettes

indicate a mature retina that has detached and in which folds have developed. Two layer rosettes
and one layer rosettes arise from either the outer or inner retinal layers. These are examples of
true dysgenesis (Figs. 15 and 16).

Figure 15. Histopathology of a retinal fold (forma
lin fixed). Note photoreceptor and outer nuclear
layer fold. 10X.

Figure 16. Histopathology of a large retinal fold
(formalin fixed). Note rosette of outer nuclear
layer.40X.

CONTROVERSY

15. Should animals with RD fold scars be bred?
For: Many breed organizations have taken a stand on this question. Because RD fold scars

are a minor flaw and all other characteristics about the animal may be highly desirable, it is irra
tional to cull the animal for this trait alone.
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Against: Top dogs are especially popular for breeding, and some have had RD. The incidence
of RD in several breeds has increased dramatically over the last 25 years. This high incidence
would not be a factor today if having RD had been discriminated against when breeding.
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41. GENETIC TESTING FOR PROGRESSIVE
RETINAL ATROPHY

Jeanette S. Felix, Ph.D.

1. Are there molecular genetic tests for inherited forms of progressive retinal atrophy
(PRA)?

The number of DNA-based tests for canine PRA is growing. Because various forms of PRA
are caused by various genetic defects, tests are developed specifically for each form. Most forms of
canine PRA are inherited as autosomal recessive conditions, although at least two breeds have an
X-linked form. One autosomal dominant form of PRA is known. Several of the mutant genes re
sponsible for PRA are detectable by DNA-based direct mutation tests or by marker/linkage tests.
Research on PRA is ongoing, so up-to-date information should be sought whenever you have a need.

2. Which forms of canine PRA can be detected and in which breeds?
At the time of this writing, seven genetic tests are available for retinal degenerative diseases,

involving a total of thirteen breeds. Congenital stationary night blindness (CSNB) is included in this
list because it is a nonprogressive retinal disease that can be confused with PRA. Because a breed
can exhibit more than one type of PRA (inherited or acquired), one needs to be specific about the
test used and its results. A dog that is normal by one test could be at risk for another form of PRA.

DISEASE

Congenital stationary night
blindness (CSNB)

Dominant PRA
Type A PRA
Progressive rod cone

degeneration (prcd)

Rod cone dysplasia 1 (rcdl)

Rod cone dysplasia 3 (rcd3)
X-linked PRA

BREED

Briard

Mastiff
Miniature schnauzer
Chesapeake Bay retriever
English cocker spaniel
Labrador retriever
Poodle
Portuguese water dog
Irish setter
Sloughi
Cardigan Welsh corgi
Siberian husky
Samoyed

GENE

RPE65

Unnamed
Unnamed
Unknown

PDE6B

PDE6A
Unnamed

GENETIC TEST

Mutation

Mutation
Mutation
Marker

Mutation

Mutation
Mutation

3. Are there genetic tests for canine retinal dystrophies or retinal dysplasias?
Not so far, but if a disease is inherited in simple Mendelian fashion, it is just a matter of work

and time (and funding for the research) before a test is developed (see Chapter 39).

4. Why is a genetic test done and when?
Reliable identification of "clear" dogs (those not carrying the mutant disease gene) is key to

preventing the disease. Through DNA-based genetic tests, this can be achieved with a high de
gree of reliability not possible with pedigree analysis or clinical examination. Genetically clear
(homozygous normal) dogs can be bred to another dog of any genetic status (clear, carrier, or af
fected) and not produce the disease. Offspring can be tested to identify carriers, and repeated se
lection for clear animals eventually will decrease the frequency of the mutant gene in the breed.

Genetic testing should be done before the owner uses the dog for breeding and whenever the
information is beneficial for diagnosis and decision-making. Testing can be done at any age, as
soon as a small blood sample or other useful tissue sample can be obtained.
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5. Is a genetic test useful if information from a clinical examination is already available?
A genetic test reveals the dog's genotype for the disease in question, thereby confirming its

normal status or revealing the affected status. In many cases, a genetic test provides information
not available otherwise. A normal clinical examination cannot always rule out PRA even after the
"typical age" of onset for the disease in a specific breed. A normal genetic test result definitely
rules out that form of PRA. If the dog appears suspicious for PRA on clinical examination, the
dog's genetic status can confirm or negate the tentative diagnosis. Also, a genetic test is useful to
confirm a clinical diagnosis of PRA, because many times PRA is incorrectly diagnosed.

6. Is a clinical examination useful if information from a genetic test is already available?
Examination by a certified veterinary ophthalmologist is always useful and is generally rec

ommended for dogs of all ages on an annual basis to look for a variety of inherited and acquired
eye conditions in addition to those for which genetic tests are available. In the United States, Ca
nine Eye Registration Foundation (CERF) examinations by a diplomate of the American College
of Veterinary Ophthalmologists (ACVO) and, in Europe, examinations by a diplomate of the Eu
ropean College of Veterinary Ophthalmology (ECVO) lead to eye examination certificates used
for registration purposes. If a dog is genetically normal or a carrier for a specific form of PRA, an
electroretinogram (ERG) will give no additional information about inherited PRA status. How
ever, when there is a possibility of a false-positive result (see question 13), and the dog in ques
tion is well beyond the typical age of onset, an ERG can be useful.

7. How many dogs in the pedigree must be tested in order to get a diagnostic result?
Most commercial marker and mutation tests make a diagnosis on an individual dog, without

information on other members of the pedigree. Research on a new test could depend on tracing
markers and the disease gene through a pedigree. In that case, a linkage test is done on a set of
samples including at least the test dog, its dam and sire, and one affected and one unaffected dog
from the same parentage.

8. What is the difference between a mutation test and a marker/linkage test?
A mutation test identifies the specific DNA abnormality responsible for the disease. The ab

normality might involve an altered DNA sequence, a substitution in the sequence, or a deletion
or addition of DNA. A mutation test is possible once the precise DNA defect for a specific dis
ease is known for the breed being tested. For example, the precise mutation in the RPE65 gene
that causes CSNB in briards is known and forms the basis of its test. Because different breeds can
have different mutations that cause the same clinical disease, the specific cause must be discov
ered for each breed.

In contrast, when a disease gene and its mutations are not known, it is sometimes possible to
develop a genetic test using DNA sequence markers closely linked to the gene. Genetic linkage
can be established without knowing the specific gene or mutation causing the disease. Instead,
DNA sequences that are always inherited with the disease gene (i.e., linked) are defined. By trac
ing such markers in a pedigree, conclusions are made about inheritance of the mutant disease
gene. Because recombination between these markers and the disease gene can occur, the proba
bility of such recombination must be factored into the value and interpretation of the test. The
good news is that some markers are so close to the gene that no recombination between the mark
ers and gene can be detected. Tests using such tightly linked markers allow greater accuracy than
tests with markers located farther from the gene. The prcd-PRA marker test uses markers that
never recombine with the prcd gene (see question 13).

9. Is the frequency of PRA disease and the frequency of the mutant gene known for each
breed?

Very few thorough studies have been done to establish the frequency of PRA or the frequency
of the causal mutation in dog populations, particularly within specific breeds. To do so with some
reliability, a direct mutation test applied to a large cross-sectional sampling of the breed is needed.
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The best study to date was reported for rcdl-PRA in Irish setters, showing a carrier rate of 7-10%
for the rcdl-PRA mutant gene in the United States. As more testing is done and the results shared
through breed club registries, more information on mutation frequency will accumulate.

10. Are new mutations frequent and do they impact test accuracy?
The probability of a new mutation is much less than I chance in several million meioses.

Thus, new mutations at any single gene are extremely infrequent, and there is no practical impact
on genetic test accuracy. The mutations causing the various forms of PRA are very old, most pre
dating modem dog breeds.

11. Does a normal test result certify that there is no risk for PRA in the tested dog?
It is important to remember that the test result applies only to the specific disease gene being

tested. Because there are multiple forms of PRA, sometimes more than one form in one breed, the
test result must be interpreted only for the gene being tested. For example, a dog determined to
be clear by DNA test for the prcd-PRA mutation could still be at risk for a different form of PRA
known to affect that breed. The genetic tests currently available are for the predominant causes
of PRA in the test breeds.

Of course, vision loss can be due to conditions other than PRA. Although PRA is by far the
predominant cause of retinal degeneration in those breeds currently being tested, there could be
other uncommon types of PRA, or vision could be affected by retinal dysplasias, cataracts, in
flammatory conditions, infections, or trauma. Genetic testing allows diagnosis and control of a
specific cause of blindness, but not for all possible causes of vision loss.

12. What tissue is sampled for a genetic test and how is the test actually done?
A small (1-3 ml) unclotted blood sample, obtained by a veterinarian or veterinarian techni

cian, is the most reliable source of DNA for testing because the dog's identity can be verified at
the time of drawing and contamination from other dogs can be avoided. Although it is easier to
take cheek scrapings, these can be contaminated by variables such as contact with other animals
and food. DNA can be prepared from other fresh or frozen tissues, such as, semen or liver, but
testing of these tissues is not done routinely in a service lab.

DNA is extracted and processed to amplify the targeted gene through the use of specific DNA
primers and polymerase chain reaction (PCR) technology. This amplified DNA is run on an elec
trophoretic gel under conditions that will separate and distinguish the mutant gene (or markers)
from the normal. The DNA patterns on the gel are revealed by use of stains and ultraviolet illu
mination. If the precise sequence of the gene is known, automated sequencing technology can be
used to analyze the amplified DNA.

13. How are the results reported to the owner?
For mutation-based tests, results are reported as:
• Normal-clear, homozygous for the normal gene; no mutant gene is present
• Carrier-carrier of the disease with one normal and one mutant gene copy
• Affected-homozygous for the mutant gene; no normal gene is present
With linkage tests, the above results would be qualified further to indicate the probability of

a recombination between the linked marker and the disease gene in the tested dog. A recombina
tion event could yield a false-negative or false-positive result. A good linkage test will have a very
low probability of recombination.

With marker-based tests, such as the original test for prcd-PRA, the markers are so close
to the disease gene that no recombination between them and the gene has ever been observed.
This test gives a definitive result for normal/clear prcd status of a dog. However, carrier sta
tus (designated pattern B-probably a carrier) and affected status (designated pattern C-prob
ably affected) are qualified because of possible presence of a false-positive allele. This com
plexity will be resolved either with an improved marker test or with a direct mutation-based
test.
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In each case, the laboratory performing the test should provide sufficient information and ex
planation to interpret the results.

14. How are the results used?
Reliable identification of clear dogs that do not carry a mutant disease gene is the key to elim

inating diseases. Specific breeding recommendations depend on whether the disease gene is au
tosomal recessive or X-linked. The breeder can use test information to avoid producing affected
pups and to control the frequency and occurrence of the mutant gene in their line.

15. Outline the expected results for various breeding strategies with PRA.

Expected Results ofBreeding Strategies
Using DNA-Based Tests for Autosomal Recessive PRA

PARENT 2

PARENT I

Normal

Carrier

Affected

NORMAL CARRIER AFFECTED

All = Normal 1/2 = Normal All = Carrier
1/2 = Carrier

1/2 = Normal 1/4 = Normal 1/2 = Carrier
1/2 = Carrier 1/2 = Carrier 1/2 = Affected

1/4 = Affected

All = Carrier 1/2 = Carrier All = Affected
1/2 = Affected

Expected Results ofBreeding Strategies
Using DNA-Based Testsfor Recessive X-Linked PRA

DAM (XX)

Normal

Carrier

Affected

SIRE (XY)-NORMAL

All = normal

1/2 females = normal
1/2 females = carrier
1/2 males = normal
1/2 males = affected

All females = carrier
All males = affected

SIRE (XY)-AFFECTED

All females = carrier
All males = normal

1/2 females = carrier
1/2 females = affected
1/2 males = normal
1/2 males = affected

All = affected

16. What breeding strategies are recommended based on DNA test results?
This is straightforward for autosomal recessive diseases: the breeder should always select one

parent that has tested clear for the disease in question. The other parent can be untested, carrier,
or affected, because the offspring can be tested before planning the next generation.

For X-linked diseases, breeding is more restricted. The breeder should select only normal fe
males but can select either normal or affected males because no affected offspring will be pro
duced in these matings. For autosomal dominant diseases, the breeder should select only normal
male and female dogs, because all dogs with either one or two mutant genes will be affected.

17. Is the goal of canine genetic testing to eliminate the recessive disease or to eliminate the
recessive mutant gene?

A reasonable short-term goal for breeders is to avoid producing affected dogs by using one
parent that tested clear for the recessive mutant disease gene. With this approach, carrier and
even affected dogs of excellent quality for other traits can be kept in breeding schemes, and
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there is little risk of unduly restricting the gene pool of the line or breed. The longer term goal
of reducing the frequency of the recessive mutant disease gene, or eliminating it from the breed
altogether, must be pursued over many generations, making choices to retain the preferred qual
ities of the breed represented. Using this approach for the longer term goal will avoid coinci
dentally increasing the frequency of a recessive mutation for a different inherited disease and
perhaps even a new disease for the breed.

IS. What if a champion dog is diagnosed with autosomal recessive PRA by both clinical and
genetic test criteria? Should the owner exclude it and its offspring from further breeding?

No, even though this dog is homozygous for a form of PRA and its offspring will be at least
carriers, the DNA test allows it to be bred safely to any dog that does not carry the mutant gene.
These clear dogs can be bred to any mate-even to an affected or carrier dog-and no affected
pups will be produced. By breeding subsequent generations to clear dogs, not only will affected
dogs be prevented, but the mutant gene eventually will be eliminated from the line. And, the fine
qualities of this champion dog will be retained.

19. What if a valuable and unaffected dog comes from a pedigree with known PRA carri
ers or affecteds? Should it be pulled from breeding?

Not if more information can be obtained. Careful analysis of the pedigree might give use
ful information for a breeding plan. Better yet, if the form of PRA in question can be DNA
tested, this dog should be tested. Even if the dog carries an autosomal-recessive form of PRA,
it can be bred to a genetically normal dog with no risk of producing affected offspring. If the
PRA is X-linked and the dog is a genetically normal female, it can be bred to either a normal or
affected male. If it is male, it can be bred to a normal female. Refer to question 15 for breeding
strategies.

20. An IS-month-old Labrador retriever presents with severe PRA-like symptoms, but the
DNA test has shown at least one parent is genetically normal for prcd-PRA. How can this be
explained?

Dogs tentatively diagnosed with PRA, especially with an atypical clinical presentation at a
very young age, might have a nongenetic form of retinal disease or might have a genetic form that
is not detected by the DNA test used. To date, no false-negative result for the prcd gene test has
been verified. That is, every dog diagnosed clinically with the form of PRA that fits the standard
description of prcd-PRA for age of onset, progression, and degree of severity also is homozygous
for the mutant prcd DNA markers. Each dog would have received one mutant set of markers from
each parent. Therefore, for an explanation of this affected dog with a genetically normal parent,
several issues must be pursued:

I. Is the clinical diagnosis solid? Is this PRA?
2. If it is PRA, is it prcd-PRA or another retinal condition?
3. If it fits the criteria for prcd-PRA, genetic testing should be repeated and extended to more

family members to determine if there was a technical or procedural error or if this case is due to
genetic recombination or false-negative result.

4. Has parentage of the dog been verified? The possibility of mistaken parentage should be
ruled out.

21. What if a dog tests normal and clear for the prcd-PRA mutant gene or for another PRA
gene, but the owner reports the dog has PRA?

Because the prcd-PRA test result is completely accurate when it detects the normal, clear
genotype, this dog definitely does not have the prcd form of PRA. The same is true for the other
PRA genetic tests. It must have another form of PRA, retinal dysplasia, retinal dystrophy, or an
other cause for the retinal disease. Consultation with an expert in canine retinal conditions should
be obtained.
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22. A 6-year-old-dog has normal CERF and ERG examinations, yet the prcd-PRA marker
test gives a test result of pattern C - high risk to be affected. Why?

This is difficult to resolve using the pred-PRA marker test (available as of this writing) be
cause of detection of a false allele. As discussed in question 13, some dogs can be homozygous
for a set of markers that can segregate either with the pred mutation or the normal gene. This sta
tus is designated pattern C with the pred test. It is possible this dog actually is a carrier of pred or
is clear of the mutation. Unfortunately at this time, the frequency of the pred false allele is not
known.

The likelihood that the dog will not be affected with pred increases with the dog's age. If it
is beyond the latest known age of onset for the breed, false alleles probably were detected. Also,
if the pedigrees of both parents are clear of pred-PRA for several preceding generations, likeli
hood of the false allele increases. Finally, one must take into account the variable age of onset
among different breeds. Most cases of prcd in Chesapeake Bay retrievers, Labrador retrievers,
and Portuguese water dogs are diagnosed by 6 years. In contrast, English cocker spaniels have
been diagnosed as late as 11 years of age with the early ophthalmoscopic lesions of PRA.

23. Does coat color of the dog affect the use or interpretation of the test result?
Based on current experience, neither coat color itself nor color lines within a breed impact

use or interpretation of test results. The pred test applies to all color varieties of the breeds listed
above. The same is true for the red] test in Irish setters (solid reds and red/white have the same
PRA disease gene and mutation) as well as the other PRA genetics types.

24. Will more breeds have genetic tests for PRA in the future?
Some form ofPRA is recognized in more than 70 breeds, and usually the genetic type ofPRA

cannot be predicted based on the clinical picture of the condition. Several of these breeds are be
ing studied to determine whether the marker-based test for pred-PRA will detect their form of
PRA. Based on genetic and breeding studies, we know that other breeds have non-pred forms of
PRA. Development of tests for these diseases waits for discovery of the responsible genes or use
ful markers. Examples of breeds for which PRA is a major concern include:

BREED

Alaskan malamute
American cockerspaniel
Australian cattledog
Englishspringerspaniel
Italiangreyhound
Norwegian elkhound
NovaScotiaduck tollingretriever
Papillon
Poodle,toy and miniature
Roughcollie
Tibetanterrier

DISEASE

Conedegeneration (cd)
prcd
PRA (specific form understudy)
PRA(specific form understudy)
PRA (specific form understudy)
Early retinaldegeneration (erd)
prcd
PRA (specific form understudy)
prcd
Rod-cone dysplasia 2 (rcd2)
PRA (specific form understudy)

25. Is it surprising that there are so many genes causing PRA?
There are many parallels between canine and human inherited diseases, PRA in particular.

Human retinal degenerations, akin to canine PRA, also result from mutation in anyone of a grow
ing collection of genes whose functions are important to the retina. Given this experience, the
multitude of PRA-causing genes is not unexpected, and in fact, more such genes undoubtedly will
be discovered.

26. Are the chromosomal locations of the PRA genes of significance or of interest?
The specific chromosomal location of a gene is irrelevant diagnostically unless the disease is

linked to the X chromosome. thereby exhibiting an X-linked pattern of inheritance with breeding
consequences outlined above in question 15. For research purposes, knowing the general gene 10-
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cation is necessary for eventual cloning and sequencing of the gene. The location also gives clues
to candidate disease genes based on parallels with the human genome.

27. Have the American Kennel Club (AKC) and individual breed clubs set standards for
genetic testing?

Genetic testing, as a powerful tool for canine breeding strategies and health management, is
an emerging field. As more experience is gained, it is expected that health and breeding standards
will include certain genetic qualities as goals.

28. Is there a registry for genetic testing results?
In the United States, several AKC parent clubs have established breed-specific genetic reg

istries, either independently or as part of CERF's Canine DNA Registry or Orthopedic Founda
tion for Animals (OFA) registry. Several European kennel clubs have registries in place. Owners
should be encouraged to contact their parent club for information about registries and to partici
pate in developing a better breed based on shared genetic information.

29. How are genetic tests obtained?
Currently, DNA tests are not performed in private veterinary practice or clinic settings be

cause methodology requires use of high-cost instruments and specialized technical expertise.
Most of the genetic tests for canine PRA are available exclusively from OptiGen, LLC, a veteri
nary genetic service laboratory (www.optigen.com). Other companies offer tests for a growing
variety of diseases. The AKC-Canine Health Foundation maintains a list of genetic tests on their
Web site (www.akcchf.org).
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42. RETINAL DETACHMENTS
Samuel). Vainisi, D.V.M.

1. What is a retinal detachment (RD)?
A retinal detachment is the separation of the neurosensory retina (rods, cones, and inner lay

ers) from the retinal pigment epithelium. This results in the accumulation of fluid between the two
layers. RD is classified as a rhegmatogenous retinal detachment (RRD) if there is a break or tear
allowing vitreous to separate the retinal layers. A traction RD results if there is a pulling force
(band, membrane) in the vitreous, and an exudative RD is caused by fluid secondary to damage
to the blood barrier (choroiditis, hypertension).

2. What are the factors responsible for rhegmatogenous retinal detachments?
The most common cause is cataract surgery, especially if the RD is complicated by a tear in

the posterior lens capsule, vitreous loss, retained lens fragments, intraocular hemorrhage, or prior
lens-induced uveitis. Breeds with inherited retinal dysplasia, especially if there is retinal thinning
or holes along with vitreous degeneration (Labrador retrievers, English springer spaniels), are pre
disposed to RRD. Dogs with excessive vitreous degeneration, especially if they are violent head
shakers with toys, are prime candidates for RRD (shih tzus, Boston terriers, poodles). Trauma due
to penetrating injuries or with associated vitreous hemorrhage is also a cause of RRD.

3. What are the main causes of exudative retinal detachments?
Exudative RDs are due to the accumulation of fluid in the subretinal space. Conditions such

as choroiditis or hypertension may result in an exudative or serous RD. Immune-mediated dis
eases are frequent causes of this type of RD (Vogt-Koyanagi-Harada, sclerouveitis). However,
fungal, bacterial, or rickettsial infections that cause panuveitis also can cause this type of RD.
Choroidal tumors and optic nerve colobomas also may result in exudative detachments.

4. What does a retinal detachment look like?
For many general practitioners, the diagnosis may be difficult, especially if the RD is associ

ated with panuveitis and there is considerable inflammation. Ultrasound is helpful in the diagno
sis. If the media is clear, anterior displacement of the retina may be fairly obvious. With large
serous or exudative retinal detachments, the retina may almost be in contact with the posterior lens
capsule (Figs. I). If there is a large tear or retinal dialysis, the retina may appear as a gray curtain
floating loosely in the vitreous (Fig. 2), or the detached retina may appear as a blur while the at
tached retina is in focus (Fig. 3). If the tear or dialysis is approaching 360°, the retina will be at
tached only at the optic disc and the tapetum lucidum will be extremely hyperreflective (Fig. 4).

5. What is the treatment for retinal detachments?
Treatment will vary depending on the etiology. Exudative detachments will frequently re

spond to appropriate drug therapy: immune-mediated diseases to anti-inflammatories and infec
tious diseases to proper antimicrobials or antifungal drugs. It is usually necessary to use anti-in
flammatory therapy along with antimicrobial drugs to expedite retinal reattachment. RDs
associated with hypertension usually responds well to antihypertensive drugs unless there is a reti
nal break. Rhegmatogenous and traction retinal detachments always need some form of surgical
intervention to repair or to prevent progression of the RD.

6. Why does lens-induced uveitis (LID) predispose to a retinal detachment?
When cataracts develop rapidly or become hypermature, there is some leakage of the altered

lens protein out of the lens capsule. This altered lens protein elicits an inflammatory reaction in
the uvea that manifests clinically as episcleral inflammation and aqueous flare (Fig. 5). Several
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Figure I. Serous retinal detachment. A, Note retina
against posterior surface of the lens (inferiorly). B,
Note retina against posterior surface of the lens
(circumferentially). This is a bullous retinal de
tachment.

Figure 2. Retinal dialysis. Note edge of retina
(gray retinal band) folded on itself.
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Figure 3. Vertical retinal detachment. Note normal
retina in focus, detached retina out of focus («),

Figure 4. Giant retinal tear (360°). Retina is at
tached only at optic nerve. Tapetal area is hyper
reflective.
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Figure 5. Hypermature cataract with lens-induced
uveitis. Note episcleral congestion.
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sequelae from this inflammation may produce a RD: (1) vitreous retraction and degeneration, (2)
obliteration of peripheral retinal vessels with secondary retinal thinning and weakness, (3) for
mation of retinal cysts, and (4) transient glaucoma attacks with intermittent stretching of the globe
and further insult on the peripheral retina. Certain breeds (bichon frise, Siberian husky, Ameri
can cocker spaniel) with early onset cataracts are prone to LID because ofthe rapid development.
The association of LID and RD with resorbing cataracts or postcataract surgery has been reported
to be 10-30%.

7. Is there any prophylactic treatment prior to cataract surgery for cases with LID?
Because of the common occurrence of RD following cataract surgery where prior LID has

occurred, some form of retinopexy (laser or cryotherapy) prior to surgery is recommended. Ran
domized studies comparing RDs in eyes with or without prior retinopexy are not available. The
procedure can be performed 3 weeks prior to removing the cataract. It is important to do an ul
trasound at the time of the retinopexy surgery to be sure a small detachment does not already ex
ist. Retinopexy is also indicated in eyes where the fellow eye has detached either from prior
cataract surgery or from severe vitreous degeneration. Retinopexy may benefit certain animals
with retinal dysplasia where the dysplastic area is very thin and the vitreous has degenerated (bar
rier treatment around the dysplastic area). Laser retinopexy can be done either before, if possible,
or after luxated lens surgery.

8. What is the treatment for rhegmatogenous retinal detachments?
The surgical procedure depends on the type and extent of the RD. Small localized tears or

holes may be treated by barrier laser photocoagulation or cryotherapy (Fig. 6). If the RD is a ver
tical dialysis and no vitreal traction bands are present, then demarcation laser retinopexy may be
helpful. If the RD is a small superior tear, then pneumatic retinopexy (inert gas) may cure the prob
lem. Larger RDs over 3 clock hours (giant tears) or RDs with traction bands require more exten-

Figure 6. Retinal hole treated by barrier laser
retinopexy.
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sive surgery such as scleral buckling or pars plana vitrectomy. In the dog, pars plana vitrectomies
may be more successful than scleral buckling. In the former, three sclerotomy openings are made
at the pars plana: one for the infusion of fluids, one for a vitrector, and one for a fiber-optic light.
After removal of the vitreous strands, vitreous, and any other debris, a perfluorocarbon liquid is in
jected to flatten the retina back to normal position. Then, endolaser coagulation is done to form
chorioretinal scars. This fluorocarbon liquid is then replaced with silicone. It is a lengthy proce
dure, but has given this author the best results to date-approximately 72% success rate (Fig. 7).

Figure 7. Giant retinal tear repair in
the dog. Preoperative and postoper
ative fundus photograph

9. What is demarcation retinopexy?
This is an attempt to halt a RD in progress. In humans, it has been helpful in stopping tem

poral rhegmatogenous detachments before the RD extends to the macula. This "salvage
retinopexy" in the dog can be used for a vertical dialysis, either nasal or temporal, moving toward
the optic disc. If several rows oflaser coagulation are made along the leading edge of the RD (Fig.
8), there is a fairly good chance of stopping the detachment. It also has been helpful in horizon
tal RDs if the break is inferior, but not superior because gravitational forces seem to overcome
the adhesions.

10. What is pneumatic retinopexy?
Pneumatic retinopexy involves injecting air or an inert gas into the vitreous cavity in an at

tempt to have the gas bubble act as a tamponade against the retina, flattening it onto its normal
position against the choroid. Because the gas bubble tends to rise to the top of the eye, this pro
cedure has been very helpful for treating small breaks in the superior retina (8-4 o'clock). Prior
cryotherapy or postsurgery laser coagulation is done on the detached area. In order for pneumatic
retinopexy to work, the bubble must be kept against the detached area. Humans must position their
head several hours a day until the retina has reattached. This can be a problem with dogs for ob
vious reasons. The inert gases sulfur hexafluoride (SF6) and perfluoropropane (C3Fg) are the most
common used. SF6 will expand 2-3 times and remain in the eye approximately 2 weeks, whereas
C3Fg expands 4 times and remains about 4 weeks. Air will last 2-3 days. This author has used
C3Fg for small superior tears in the dog with a 60% success rate.

11. What are the predisposing factors for tractional retinal detachments?
In the dog, the most frequent cause is a membrane in the vitreous pulling on the retina. Pen

etrating wounds, vitreous hemorrhage, and vitreous disruption during surgery are common causes
of membranes forming in the vitreous and exerting traction on the retina. In dogs that have severe
persistent hyperplastic primary vitreous (PHPV), especially with persistent hyaloid vessels,
cataract formation with traction detachments is not uncommon. Proliferative vitreoretinopathy
(PVR) results in tractional membranes due to the proliferation of retinal pigment epithelial cells,
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Figure 8. Nasal retinal dialysis treated by three
rows of laser photocoagulation along leading edge
of detachment. Eye still visual 7 years post-treat
ment.
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fibroblasts, and glial cells on the anterior and posterior surface of the retina. PVR is usually as
sociated with rhegmatogenous retinal detachments and are seen more in man than in dogs. Most
cases occur with long-standing retinal detachments, especially in Labrador retrievers and English
springer spaniels with retinal dysplasia.

12. What is the treatment for tractional retinal detachments?
Treatment is always surgical and is dependent on releasing the traction. Pars plana vitrec

tomy with excision of the traction band in some cases is sufficient; however, many cases also re
quire additional laser photocoagulation or cryosurgery to maintain reattchment. Dogs with severe
PHPV along with persistent patient hyaloid artery (PHA) will generally require cataract surgery.
Usually also required are a posterior capsulorrhexis to relieve traction from the PHA and an an
terior vitrectomy and cautery to any patient hyaloid vessels. Laser retinopexy is sometimes
needed to firmly attached the retina. Surgery for PVR is much more involved and difficult, re
quiring complete vitrectomy with stripping, pealing, or cutting of all membranes attached to the
retina and the use of fluorocarbon liquid, laser, or cryosurgery and gas or silicone oil tamponades,
Although the success rate for surgical reattchment in man varies from 60% to 80%, the visual re
sults are generally poor. This author has not had good surgical results with the dog.

13. Is there a window of time for reattaching a retina with hopes of some vision?
If the retinal detachment is the exudative type, then the nature of the subretinal fluid and the

height of the detachment playa factor in the rapidity of photoreceptor death. Exudative detach
ments with considerable inflammatory debris or hemorrhage give a poorer prognosis than serous
types. This is evident clinically because it is more important to resolve more quickly an exuda
tive retinal detachment with inflammatory debris than one with serous fluid if some visual return
is the goal. Some serous RDs that have been elevated for as long as 3 months gradually reattach
with the return of some vision, whereas some inflammatory type RDs may reattach in 2-3 weeks
with no visual recovery.
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Regarding rhegmatogenous RDs, several experimental studies in animals including dogs
have attempted to determine the rate of degeneration once the retina is detached. Photoreceptor
death begins immediately; however, it tends to vary among the different species. In the dog, there
is significant degeneration of the inner and outer segments after 2 weeks, but the photoreceptor
nuclei appear to be preserved for a much longer period. In clinical cases of dogs with giant reti
nal tears (360°), this author has had visual return in many patients that have been clinically blind
for 6--8 weeks. Most of these cases have required 3-4 weeks before vision is detectable. It would
thus seen reasonable to assume that some inner and outer segment regeneration has taken place.
It appears that if there is still a moderate pupillary response, then there is some possibility for vi
sual return. The electroretinogram has not been found to be a valuable indicator. Obviously, the
sooner reattachment can be achieved, the greater the chance of vision.

13. Are there breeds of dogs with a higher genetic predilection for spontaneous detach
ments?

In a series of 200 cases with spontaneous RDs, the most frequent patient has been in a breed
with significant vitreous degeneration. Shih tzus accounted for almost 40% of surgical cases.
Other breeds are toy and miniature poodles, Boston terriers, Lhasa apsos, Yorkshire and silky ter
riers, and Italian greyhounds. Almost all of these animals were violent head shakers with toys.
Labrador retrievers and English springer spaniels with large areas of retinal dysplasia are also at
risk for spontaneous retinal detachment.

14. Once the retina has reattached, what are the possibilities for redetachment?
It is not uncommon for exudative RDs to redetach once therapy is decreased or stopped. Thus,

it may be necessary to keep these cases on maintenance level of drugs for months or even years.
Retinas that have been surgically reattached should stay attached if there is good retinal ad

hesion. However, several possibilities will lead to redetachment. Retinal tears or holes that were
inadequately sealed may loosen and allow fluid to migrate subretinally. This may also happen
with new holes or tears. Proliferative vitreoretinopathy may provide membranes that cause trac
tion of the retina. Incomplete removal of vitreous or vitreous bands, uveitis, glaucoma, postoper
ative trauma, or hemorrhage are all possible causes of redetachment. Removal of silicone oil be
fore the retina has firmly adhered is also an occasional cause.
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43. SUDDEN ACQUIRED
RETINAL DEGENERATION

Seth A. Koch, V.M.D., M.M.Sc., and John Sykes, D.V.M.

1. What is sudden acquired retinal degeneration (SARD)?
SARD, which was first described in the early 1980s, is a blinding disease in the canine. The

disease has not been reported in the cat. SARD probably existed prior to the date it was first re
ported but had not been recognized as an entity in itself.

2. What breeds of dog are affected?
All breeds in general are affected, but the schnauzer and the dachshund have been cited more

than other breeds.

3. Is there an age or gender specificity?
The majority are middle-aged dogs, and more females have been reported affected.

4. Is there a body condition unique to the disease?
Yes. Most of these dogs are pudgy or Rubenesque.

S. What are the clinical signs?
The most profound clinical sign is sudden loss of vision. These dogs are visual one day and

blind the next. Some other associated signs are present that generally can be elicited.

6. What are these associated signs?
Most of the dogs will exhibit polyuria and polydipsia. The most striking sign is a tremendous

increase in appetite prior to or concurrent with the visual loss. These dogs become "garbage
hounds," and their "pudgy" form becomes obese. They will beg incessantly; they will gobble
down their food and often even exhibit pica. Drinking often becomes excessive, and urine vol
ume increases concurrently.

7. What are the ophthalmoscopic abnormalities?
None.

8. How can there be no ophthalmoscopic abnormalities?
In the initial stages of the disease, there are no ophthalmoscopic abnormalities. There may be

pupillary dilation that may be responsive, but it usually is a diminished response.

9. Is the diagnosis based on history then?
Not entirely. However, the history, the visual loss, and the lack of any ophthalmoscopic find

ings put the index of suspicion very high.

10. What else is in the differential diagnosis?
The two entities that must immediately come to mind are acute optic neuritis and cortical or

optic chiasmal blindness. Other entities that should be considered are glaucoma, progressive reti
nal atrophy (PRA), retinal detachment, neoplasia, and meningoencephalitis.

11. Why consider optic neuritis'?
Optic neuritis is generally characterized by acute visual loss as well. With optic neuritis, there

is usually some swelling of one or both of the optic nerves. Optic neuritis is usually responsive to
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high levels of systemic corticosteroids with restoration of vision in 3-5 days. It becomes, in sim
ple terms, a diagnosis of exclusion.

12. How about the other diseases in the differential?
PRA is characterized by gradual loss of vision. Glaucoma has many other clinical signs be

sides visual loss. Retinal detachment does occur suddenly and causes an acute visual loss, but the
detachment is observed ophthalmoscopically. Meningoencephalitis usually has other clinical
signs as does neoplasia.

13. How do you differentiate SARD from cortical disease?
Because SARD is a disease of the retina, one can distinguish it from cortical disease by means

of an electroretinogram (ERG).

14. What is an ERG?
An ERG measures retinal response primarily from the retinal photoreceptors (rods and

cones). If there is photoreceptor degeneration (as in SARD) then the ERG will be extinguished.
With cortical disease or optic neuritis, where there is no retinal degeneration, the ERG will be
normal.

15. Are there any other clinical signs besides the visual loss and polyphagia?
Yes. Polyuria and polydipsia occur on occasion, and laboratory findings often show enzyme

abnormalities related to liver pathology that initially resembles Cushing's syndrome.

16. So these dogs have Cushing's disease?
No. They have Cushing's-like signs, but the findings are not consistent. Some of the indica

tors for Cushing's are the same (e.g., high ALKP activity and polyuria, polydipsia and polyphasia),
but they are inconsistent. A full compliment of cortical testing (urine, cortisol/creatinine, ACTH
stimulation, low-dose dexamethasone suppression) will usually distinguish SARD patients as not
truly cushingoid.

17. What causes SARD?
The etiology remains an unknown. Theories and suppositions abound. Among those bandied

about are abnormal fat metabolism, hepatopathy, excitotoxins, autoimmune disease, and the cur
rent favorite and pathologic buzz word of the 1990s, apoptosis,

18. What's next on the horizon?
The answer probably will be found in the world of immunocytochemistry or endocrinology

if we don't find that great toxin somewhere out there.
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44. FELINE HYPERTENSION
CAUSING OCULAR LESIONS

Ronald C. Riis, D.V.M., M.S.

1. What constitutes a diagnosis of hypertension in cats?
Systolic blood pressure> 170 mmHg.

2. What are the causes of hypertension in cats?
Chronic renal failure is the most common cause; however, diabetes mellitus, chronic anemia,

hyperthyroidism, and diets high in salt also have been indicated.

3. How frequently are ocular lesions seen in hypertensive cats?
Many studies suggest that 80-100% of hypertensive cats have ocular lesions.

4. What are these ocular lesions?
Retinal detachment (Figs. I and 2)
Hemorrhage
Intraretinal hemorrhage or edema (Fig. 3)
Subretinal hemorrhage or edema
Blindness

Figure 1.Retinal detachment of the right eye. Note
the asymmetry of the retinal reflex.

Figure 2. Retinal detachment of the cat shown in
Figure 1. The dorsal retinal vasculature is easily
focused because of its close proximity to the lens.
The cause of this hypertensive cat was mesothe
lioma.
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Figure 3. Hypertensive retinopathy with massive
intraretinal and subretinal hemorrhages. The blood
pressure varied around 250 rnmHg.

Renal failure
Recumbency
Weight loss

5. How do hypertensive cats usually present?
In one study, the primary complaint (68%) was sudden blindness or retinal detachment, hy

phema, or retinal or vitreous hemorrhage diagnosed by the referring veterinarian. The remaining
22% had a variety of clinical findings including:

Heart murmur
Heterochromia
Neoplasia
Neurologic signs

6. What neurologic signs are associated with hypertension?
Disorientation Paraparesis
Ataxia Tremors
Cervical ventrofiexion Vestibular signs

7. What are the cardiac auscultatory abnormalities found in hypertension?
• Systolic heart murmurs
• Cardiac gallop and sinus tachycardia

8. Do diagnostic imaging studies help with the diagnosis of hypertension?
One study used thoracic radiography or echocardiography and found 85% of the hyperten

sive cats had cardiomegaly. Abdominal radiography or ultrasonography may show hyperechoic
small kidneys, renal calculi, or renal cysts. Ocular ultrasound is very helpful in defining retinal
detachments in globes with hyphema (Fig. 4).

9. What are the findings for renal function in hypertensive retinopathy cases?
One study found 54 of 69 cats had elevations in blood urea nitrogen (BUN) or creatinine.

10. When is hypertensive retinopathy predictably seen?
Usually when the systolic blood pressures exceed 200 mmHg.

11. When should blood pressure be reevaluated after treatments have been instituted?
Indirect blood pressure measurements should be checked within 5-10 days after treatment

has begun. A good response to medication is achieved if the systolic blood pressure decreases
20% or to less than 170 mmHg. The decrease may take 1 month with a response range of I week
to 6 months. A relapse in hypertension is when the blood pressure increases by 20%.
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Figure 4. Ocular ultrasound
showing a detachment with B
scan. Note the typical "flying sea
gull" pattern. In this case, the
retina remained attached at the
optic disc and ora. With antihy
pertensive therapy, the entire
retina reattached.
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12. What antihypertensive drugs are used for cats?

DRUG DOSE

Atenolol
Propranolol
Enalapril
Captopril
Furosemide
Amlodipine besylate

6.25-12.5 mg every 24 hr
2.5-10 mg ever 8-12 hr
1.25-2.5 mg every 24-48 hr
3.125--6.25mg every 8-12 hr
3.G-D12.5 mg every 8-12 hr
0.625-1.25 mg every 12-24 hr

13. What antihypertensive drug has given the best results?
Amlodipine. Blood pressures fall within a more respectable range and the retinopathy usu

ally resolves. A study using amlodipine had ocular improvement in retinal lesions in one or both
eyes in 18 of 26 cats. In this group, 20 of 46 eyes with retinal detachment had less subretinal fluid,
partial-to-complete retinal reattchment, or both. Eyes that had retinal edema or hemorrhage with
out detachment (14 of 26) had partial to complete resolution of retinal lesions. In the amlodipine
treated cats, 30 eyes were blind on initial evaluation, and 4 eyes with complete retinal detachment
had reattachment and some visual recovery following treatment.

14. Do cats recover their vision if the blood pressure is controlled?
Not always. Even if the retina reattached, it may be too late and the retina maybe degenerate.

15. Why do ocular lesions develop in hypertension?
It is thought that the retinopathy results from a failure in vascular autoregulation of the retinal

arterioles. Increased blood pressure causes the arterioles to vasoconstrict, resulting in a compen
satory hypertrophy and hyperplasia of the vascular smooth muscle. Fibrinous changes within the
smooth muscle allow for plasma leakage into the vessel wall, causing hyalinization with smooth
muscle necrosis. Leakage results causing retinal edema, hemorrhage, and retinal detachment.

16. Is hyperthyroidism contributory to hypertension?
With hyperthyroidism, increased l3-adrenergic activity can result in tachycardia, increased

myocardial contractility, systemic vasodilation, and activation of the renin-aldosterone-angiotension
system, resulting in hypertension. In one study, mild-to-moderate systolic blood pressure increases
were detected in 34 of 39 hyperthyroid (87%) cats.
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17. Do hyperthyroid cats have ocular manifestations?
Most cats with hyperthyroidism do not develop retinopathy or hypertensive-associated ocu

lar manifestations. Ina large group (131) of hyperthyroid cats, obvious ocular manifestations such
as blindness were not reported. Another prospective study of hyperthyroid cats found 1 of 13 to
have funduscopic retinal lesions.

18. When diagnosing hemorrhagic retinopathy in a cat, what other organs should I worry
about?

Most cats with retinopathy that includes hemorrhage and detachment have one or more ab
normal renal function tests. Rule out kidney disease first. Although conflicting information is
available on the prevalence of retinal lesions in cats with chronic renal failure, a clear association
exists between chronic renal failure and systemic hypertension in cats.

19. Is it possible that a cause for hypertension cannot be found?
Once kidney disease and hyperthyroidism are ruled out, other causes such as pheochromo

cytoma, hyperadrenocorticism, hyperaldosteronism, and renal arterial stenosis must be ruled out.
Treatment of the hypertension is advocated despite the etiology. Amlodipine besylate treatment
gives satisfactory results without clinically evident adverse effects. After reduction in blood pres
sure, approximately 70% have improvement in ocular signs.

18. How many treated hypertensive cats with retinopathy recover their visual function?
Recovery of visual function in cats with retinal reattchment is dependent on several factors.

The most important factor is duration of detachment prior to diagnosis and treatment. Retinal de
generation is a common finding in cats with retinal reattachment, especially if detached 2--4
weeks. Approximately 50% of the cats with multifocal retinal edema and hemorrhages and con
trolled hypertension with amlodipine either lack progression of these retinal lesions or have par
tial resolution of these retinal lesions. Early recognition of hypertensive retinopathy prior to reti
nal detachment offers the best prognosis for vision once antihypertensive treatment is instituted.
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45. ASTEROID HYALOSIS AND
SYNCHYSIS SCINTILLANS

Ronald C. Riis, D.v.M., M.S.

1. What is asteroid hyalosis?
Asteroid hyalosis appears as "snow ball" opacities in the vitreous. These opacities are complexes

of lipid-mineral embedded in an amorphous vitreous framework. Asteroid bodies shimmer as col
ored balls when illuminated from the side and as white balls with direct illumination (Figs. I and 2).

Figure 1. Asteroid hyalosis in an
adult dog.

Figure 2. Asteroid hyalosis diag
nosed bilaterally in a lO-year-old
Labrador retriever. The dilated pupil
allows a more complete assessment.

2. What is the mineral component of asteroid hyalosis?
The human literature states the composition of mineral to be predominantly calcium and

phosphorus. Analysis of dog asteroid hyalosis found calcium and other minerals such as iron,
phosphorus, lead, nickle, copper, and zinc as well (Fig. 3).
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Figure 3. Microanalysis of vitreous
mineral content, comparing normal
to affected vitreous with asteroid
hyalosis. Analysis by radiographic
fluorescence spectrophometry.

3. What is synchysis scintillans?
Synchysis scintillans are degenerative bodies unattached to the vitreous framework. These

bodies are within the vitreous chamber, but the vitreous is liquified. The bodies are free floating;
therefore, when the eye moves, they also move and then settle inferiorly when the eye is station
ary. These bodies are reminiscent of snow globe paper weights.

4. What is the analysis of synchysis scintillans?
Synchysis scintillans are predominantly lipid or more specifically cholesterol crystals.

Grossly, they appear brownish or golden with direct oblique or retroillumination. Synchysis scin
tillans is also known as cholesterolosis bulbi. This term is preferred because of the known com
position, but also it is easier to say and remember.

5. Does the presence of asteroid or synchysis bodies indicate the eye has had other prob
lems?

Asteroid hyalosis is most commonly seen in older dogs and most without a history of ocular
inflammation or trauma. Very little visual disturbance seems to be typical. Asteroid hyalosis is
rarely diagnosed in cats. Synchysis scintillans frequently follows intravitreal hemorrhage or iri
docyclitis. It is rarer than asteroid hyalosis. Insults to the vitreous can result in liquification of the
vitreous without development of cholesterolosis bulbi.

6. How are these conditions of the vitreous usually diagnosed?
Usually these are noted on routine eye examinations. Many times they are diagnosed during

a precataract evaluation. Preoperative electroretinogram (ERG) and ultrasound examinations
should be part of the evaluation. Ultrasound identifies both asteroid hyalosis and cholesterolosis
bulbi (see Chapter 4). Their presence should be discussed with the owner presurgically. It is not
necessary to make special attempts to remove these bodies unless they are exceptionally dense
(Fig. 4).

7. Is there any evidence of asteroid hyalosis being inherited?
There is no published pedigree information, but owner comments suggesting that related

dogs also have been diagnosed with asteroid hyalosis suggest that it may be possible.

8. What age is asteroid hyalosis usually seen in the dog?
Asteroid hyalosis is unusual in dogs younger than 8 years of age. Dogs over 12 years of age

with dense asteroid hyalosis usually compound their visual impairment with nuclear sclerosis or
cataracts. Lens removal aids these dogs despite the presence of vitreal asteroid hyalosis.
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Figure 4. An ultrasound of the globe
showing dense asteroid hyalosis in
the vitreous cavity. The anterior seg
ment of the eye is at the apex on the
left. The hyperechoic area is asteroid
hyalosis (*).
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9. What are the histologic features of asteroid hyalosis?
Asteroid bodies are easily recognized in the vitreous as spherical bodies of approximately 0.1

mm in diameter. They stain weakly with hematoxylin and eosin, PAS, and acid mucopolysac
charide positive (Fig. 5). All lipid stains are positive. When examined with bright field or polar
ized light, they appear crystalline (Fig. 6).

Figure 5. Histosection of vitreous af
fected with asteroid suspended in a
collagen matrix. This section was
from an 18-year-old cat (lOOX H&E
stain).
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Figure 6. Dog asteroid hyalosis bod
ies magnified 64x. Slight polarized
light, extension one-quarter wave
length out, showing unique crys
talline character.

10. What does scanning electron microscopy tell us about asteroid hyalosis?
The scanning electron microscopy of asteroid bodies ironically looks just like miniature me

teoroids. The surface is pock-marked and smooth. Each body is held in place by strands of vitre
ous collagen (Fig. 7).

Figure 7. Dog asteroid hyalosis bod
ies magnified with scanning electron
microscopy.

11. What does transmission electron microscopy tell us?
The electron microscopy of asteroid hyalosis shows the bodies to be porous. The matrix is a

homogeneous granular texture filled with a stippling of clear holes. Very high magnification
shows filamentous structures (Figs. 8 and 9).

Figure 8. Dog asteroid bodies sec
tioned for transmission electron mi
croscopy and magnified (62,500X).
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Figure 9. Transmission electron mi
croscopic section of an asteroid body
magnified (2,750,000X).
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12. Diagnostically, what is the challenge?
Both asteroid hyalosis and cholesterolosis bulbi are findings that require positive location

within the vitreous (i.e., differentiating the opacities from lenticular densities or retinal infiltra
tions or Drusen). By concentrating on their location with good illumination or a slit lamp, note
any movement. Slight suspended movement identifies the opacities as asteroid hyalosis. Free
floating movement identifies the opacities as cholesterolosis bulbi (Figs. 10 and 11).

Figure 10. A funduscopic appearance
of asteroid hyalosis. Note the optic
disc ventrally at 6 o'clock (out of fo
cus).
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Figure 11. A funduscopic view of
concentrated asteroid hyalosis in the
ventral vitreous allowing a clear
tapetal view dorsally.
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IX. Ocular Tumors

46. INTRAOCULAR TUMORS

Robert L. Peiffer, \y., D.\l.M., Ph.D.

1. What is the epidemiology of ocular tumors in the dog and cat?
There is sparse data regarding the incidence of intraocular tumors in dogs and cats. Although

not common, they are not rare and in general tend to be underdiagnosed. Based on observations
from a comparative ocular histopathology laboratory of globes enucleated over a 20-year period,
primary intraocular tumors are more common than secondary or metastatic tumors in the dog; in
the cat, the relatively high incidence of ocular involvement with lymphosarcoma narrows the dif
ference between incidence of primary and secondary ocular neoplasia. The most common in
traocular neoplasms in dogs are those of melanocytic origin, occurring two to three times more
frequently than those arising from the ciliary body epithelium. In the cat, diffuse iris melanoma
is the most common primary intraocular tumor, followed in decreasing frequency by primary oc
ular sarcomas, nodular melanomas, and ciliary body epithelial neoplasms. Other primary in
traocular tumors may occur in either species and theoretically may arise from any of the neural,
connective tissue, vascular, or epithelial tissues that are normally encountered within the eye, but
they are quite rare.

In both species, lymphosarcoma is the most common secondary intraocular tumor, followed
by metastatic carcinoma. The eye itself is devoid oflymphatics; however, rich capillary networks
and the anatomic and physiologic features that sequester the eye somewhat from the immune sys
tem likely make it a preferential spot for the development of metastatic lesions from primary sites
elsewhere in the body.

Ocular neoplasia is most commonly seen in animals of middle or old age; there are excep
tions, however. Medulloepitheliomas, which arise from the primitive neuroepithelium, are typi
cally seen in younger animals. In the dog, melanocytic lesions of the uvea have been documented
in animals as young as 4 months of age. No breed or sex predisposition has been definitively doc
umented, but there is a suggestion that golden and Labrador retrievers and German shepherds may
be at greater risk for the development of melanocytic neoplasia of both the uvea and limbus, and
the possibility of an inherited anterior uveal melanoma has been proposed in the Labrador re
triever. Diffuse bilateral uveal melanocytosis is seen in older terriers, especially cairns, and cases
in German shepherds and boxers have been documented.

2. What are the clinical signs of ocular neoplasia?
The clinical signs of ocular neoplasia are variable and are based on location, extent, and na

ture of the particular process. With the exception of ocular melanocytosis, primary ocular neo
plasia is always unilateral; secondary intraocular neoplasia may involve one or both eyes. In gen
eral, rate of progression reflects biologic behavior; benign processes progress over months to
years, and malignant primary or metastatic lesions progress much more rapidly.

If located in the anterior segment, the patient may present with a noticeable change in the ap
pearance of the eye. With regard to nodular proliferations, degree of pigmentations and vascu
larization may provide some insight into the nature of the disease; pigmentation of melanomas
tends to be golden-brown to black, although amelanotic variants may misguide clinical diagno-
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sis. Ciliary body epithelial tumors tend to be gray, richly vascularized lesions, but those that arise
from the pigmented epithelium of the iris or ciliary body may retain features that make it chal
lenging to distinguish from a melanoma on clinical examination. Medulloepitheliomas are white
in color and in general not as well vascularized as ciliary body epithelial neoplasms; they may
have satellite lesions related to seeding of neoplastic cells. Metastatic lesions tend to be smaller
in size (1-3 mm) with variability both in vascular supply and coloration, from white to gray to
yellow. Lymphomas tend to be white to gray. Location of directly observable anterior segment
lesions may include the anterior chamber, iris, or the ciliary body; those that involve the iris root
may represent anterior extension of ciliary body lesions. Nodular ciliary tumors may extend into
the posterior chamber, between the posterior surface of the iris and the anterior surface of the lens,
or, less commonly, grow into the anterior vitreous to appear as retrolental lesions. Ciliary body
adenomas tend to demonstrate this endophytic pattern of growth, whereas adenocarcinomas tend
to invade the iris root. Tumor growth can occur along the inner surface of the cornea or through
the sclera, generally along the routes of vessels and nerves as they enter the eye, to appear as epis
cleral nodules. Uveal melanomas or melanocytosis may present with nodular or diffuse inter
calary brown pigmentation related to intra- or trans-scleral extension. The nodular lesion of lim
bal uveal melanocytoma most commonly occurs in the superior quadrants.

3. What complications do intraocular tumors cause?
Tumors of the anterior or posterior segments of the eye may be accompanied by complicat

ing factors of uveitis, spontaneous intraocular hemorrhage, or secondary glaucoma. Not uncom
monly, these complicating factors are the presenting cause, and by virtue of their effects on the
transparent media of the eye can make clinical diagnosis challenging (Figs. I and 2).

Figure 1. A posterior choroidal
melanocytoma in an Australian shep
herd is characterized by transscleral
extension with a nonpigmented ex
trascleral nodule. The dog presented
with acute intraocular hemorrhage.



Figure 2. A metastatic transitional
cell carcinoma of the bladder de
tected by careful abdominal palpa
tion was the cause of retinal and pre
retinal hemorrhages in this canine
patient.
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Uveitis is usually encountered in neoplasms that have outgrown or have a compromised vas
cular supply, with resulting tumor necrosis. Ocular lymphoma may demonstrate a uveitis related
to cytokine production by the neoplastic cells. Spontaneous intraocular hemorrhage can occur as
the result of vascular occlusion and erosion by metastatic emboli or, more commonly, as a con
sequence of the formation of fragile neovascularization on the anterior surface of the iris. Either
benign or malignant neoplasms elaborate vasogenic factors as they grow in order to produce their
own blood supply. These soluble factors can diffuse through the aqueous media of the globe to
stimulate other vascularized tissues, especially the iris, to produce new blood vessels, which typ
ically elaborate on the anterior iris surface as a preiridal fibrovascular membrane. These vessels
lack anatomic fortitude and may bleed spontaneously.

Glaucoma can occur by three mechanisms in association with intraocular neoplasia. The first,
and probably most common, is due to the proliferation of preiridal fibrovascular membranes
across the pectinate ligament with resultant obstruction of aqueous outflow either by the mem
brane itself or by associated peripheral anterior synechia. Ciliary body epithelial neoplasms are
notorious for their propensity to cause glaucoma by this mechanism. Second, tumor cells may
directly invade and obstruct the ciliary cleft and trabecular meshwork; this is the most common
pathogenesis of glaucoma seen with diffuse feline malignant melanoma, canine anterior uveal
melanoma, and ocular melanocytosis. Lastly, a large space-occupying posterior segment neo
plasm can result in anterior displacement of the lens and iris with resultant shallowing of the an
terior chamber, closure of the ciliary cleft, and anterior synechia.

4. What additional diagnostics are recommended if an ocular tumor is suspected?
Clinical diagnostics ideally should determine the presence of the neoplastic process; allow

determination of whether the neoplasm is primary or secondary; if primary, determine whether
the tumor is benign or malignant; and define complicating ocular factors and potential for vision.
With this data in hand, the clinician should be able to offer a course of management and prog
nosticate with reasonable accuracy both for the health of the eye and the general well being of the
patient. Few cases are ideal, however, and it is not unusual for definitive diagnosis to be obtained
only after enucleation and histopathologic evaluation.
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A thorough ophthalmic examination is requisite of both involved and fellow eye, including
tonometry, gonioscopy, and dilated examination of the posterior segment. Imaging techniques in
cluding ultrasound, CAT scan, or MRI are particularly valuable in determining the presence of a
proliferative lesion in the presence of opaque media due to such factors as severe corneal edema
or intraocular hemorrhage. Imaging modalities also can be useful in determining if there is in
volvement of the ciliary body or peripheral choroid, which can be difficult to directly visualize.
A thorough physical examination is indicated with emphasis on palpation of the regional nodes
(while the eye itself lacks lymphatics, the conjunctiva does and the orbit may possess them) and
lymph nodes in general and determination of the presence of a primary lesson elsewhere that
might have metastasized to the eye or a potentially malignant primary ocular tumor that has spread
beyond the globe. If there is a clinical suspicion of a malignant ocular tumor, chest radiographs
and clinical biochemistry to evaluate organ function may be helpful.

5. Can a biopsy be taken of an intraocular tumor?
Fine-needle aspiration biopsy of the aqueous or vitreous cavities or of observable ocular tu

mor masses has both its critics and its advocates and in general is likely underutilized as a diag
nostic tool. Some neoplasms, such as lymphoreticular tumors and melanomas, tend to have non
cohesive cells that are shed into the aqueous or vitreous and can be obtained by aqueous or
vitreous centesis. Uveal lymphoma is one tumor that is likely to lead to an accurate cytologic di
agnosis following a fine-needle aspiration of the mass itself. Other tumors are more likely to pro
vide samples that are low in cellularity and to be problematic for critical interpretation even by
experienced cytopathologists. Putting needles into eyes is not an innocuous procedure and can be
accompanied by complications such as hemorrhage, rupture of the lens capsule, and potential
seeding of neoplastic cells (Figs. 3-5).

Incisional biopsy likewise has the potential for significant intra- and postoperative compli
cations. In some instances, biopsy may provide an indication of tumor morphology at the time of
biopsy but is not predictive of future transformation. Diffuse iris melanoma in cats, for example,
may undergo a prolonged premalignant stage with relatively bland melanocytic cells confined to
the iris surface that at a future point in time can undergo transformation to a malignant invasive
neoplasm. A few intraocular tumors, those that are confined to the iris stroma or the ciliary body
processes, may lend themselves to excisional biopsy (see question 7).

6. What is the prognosis for ocular neoplasia?
Prognosis depends on the nature ofthe neoplasm and stage of tumor development. Two ques

tions need to be addressed: what is the prognosis for the globe both in terms of visual potential
and cosmesis? and what is the prognosis for the general well-being of the patient? In general, eyes
that harbor secondary intraocular tumors should be considered within the perspective of the whole
animal. Less aggressive means should be used to control ocular complications; topical and sys-

Figure 3. Ocular lymphoma in a ca
nine and feline; the left eye of this
dog shows a dyscoria related to a
space occupying iridal stromal lesion
and diffuse thickening of the bulbar
conjunctiva of the third eyelid.



Figure 4. The gray vascularized su
perior anterior chamber mass demon
strated is shown with a fibrohemor
rhagic anterior chamber reaction.

Figure 5. Iris intrastromal thickening
seen in the temporal quadrants of the
right eye of a feline patient. The di
agnosis was malignant melanoma.
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temic corticosteroids can control uveitis, and hypotensive agents should be used to treat glau
coma. The majority of canine melanocytic neoplasms-roughly 90%-are benign in terms of
their morphology. Of the remaining 10% that have morphologic features of malignancy, proba
bly only about half actually metastasize. Both nodular and diffuse iris melanomas in cats are ag
gressive, with metastatic rates as high as 50% reported. Whereas metastatic disease tends to man
ifest within months in canine malignant uveal melanoma (although isolated cases with long latent
periods prior to detectable metastasis have been documented), latency up to 2 years following
enucleation is characteristic of diffuse iris melanomas in cats. When it occurs, metastatic disease
in either species can affect any of the body's organ systems (Figs. 6 and 7).

In the dog, benign and malignant tumors of ciliary body epithelium occur with approximately
equal frequency. In the cat, the majority demonstrate worrisome histologic features. However, al
though malignant tumors of the ciliary body epithelium do possess malignant potential, actual
metastasis has been documented rather infrequently in both species (Figs. 8 and 9).

Primary ocular sarcomas in cats are very aggressive neoplasms, with mortality rates ap
proaching 100%. These tumors typically will invade the optic nerve to gain access to the central
nervous system, extend through the sclera into the orbit and beyond, and commonly metastasize
to distant sites.

Even benign intraocular neoplasias can grow slowly and expansively along the planes ofleast
resistance and result in complications that cause ocular pain or blindness. Preiridal fibrovascular
membranes may form associated with benign and malignant neoplasms. Even limbal melanocu
tomas can extend into the globe if neglected, and an intractable glaucoma invariably develops in
dogs with diffuse melanocytosis. Thus, as a rule of thumb, ocular neoplasia, either benign or ma
lignant, carries a guarded prognosis for the involved eye.



292 Intraocular Tumors

Figure 6. Diffuse malignant melanoma
of the left iris in a cat.

Figure 7. Melanomas most com
monly present as a diffuse velvety
thickening of the anterior surface of
the iris.

Figure 8. Ciliary body epithelial tu
mors. Ciliary body adenomas typi
cally present as proliferative lesions
extending into the posterior segment
or anterior vitreous as evidenced in
the nasal quadrant of this patient.
(Photograph courtesy of Dr. RIE
Smith).

7. What are the management options for ocular neoplasia?
Management options are limited to observation; excisional biopsy, laser ablation, enucle

ation, and, if the tumor has extended beyond the glove, exenteration. Localized lesions in eyes
without tumor-associated complications may be managed by excisional biopsy, if amenable, or
by observation over time in order to gain a sense of their biologic behavior. Tumor size should be
carefully documented by photography or drawings. Notable increase in size over a relatively short
period of time (weeks) suggests more aggressive biological behavior and demands intervention.
In addition to excisional biopsy, laser ablation of tumors has been proposed as an effective means



Figure 9. Adenocarcinomas tend to
invade the iris root as seen in the tem
poral quadrants in this Brittany
spaniel.
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of treatment for these tumors, and some success has been reported using transscleral diode laser
application or direct application of diode laser energy using an indirect ophthalmoscope or oper
ating microscope attachment. A disadvantage of laser ablation is the failure to obtain a specific
tissue diagnosis, without which it is impossible to unequivocally recommend management op
tions. In addition, some neoplasms, notably diffuse iris melanomas in cats, may "seed" by shed
ding cells into the aqueous that become entrapped in the trabecular meshwork, beyond the reach
of laser energy and excisable only by enucleation. Observation of slow-growing lesions in eyes
without tumor-associated complications might also be indicated in an elderly canine patient or a
one-eyed canine patient. In this species, the odds are favorable that conservative therapy is not
likely to adversely affect general health and well-being. In general, cat eyes with diffuse primary
iris hyperpigmentation or nodular pigmented lesions that demonstrate rapid increase in size
should be enucleated. Some controversy exists as to whether cats can acquire a benign diffuse
primary iris hyperpigmentation that never undergoes malignant transformation; the data that has
been collected indicates that, although the premalignant stage may persist for years, malignant
transformation is likely inevitable at some point in time. Until proven otherwise, the axiom that
early enucleation will minimize the metastatic potential should be adhered to. Canine eyes with
rapidly growing lesions or eyes that have experienced tumor-associated complications should be
enucleated. Cat eyes with suspected primary ocular sarcoma, based on history of prior trauma,
change of appearance in a blind or phthisical, or the observation of a gray to white vascularized
tumor mass, should be promptly enucleated or exenterated, although prognosis for general health
is bleak. Indeed, the aggressive nature of this tumor and the strong association with ocular trauma
provide suggestions for prevention that are likely to be much more effective than treatment. Blind
phthisical eyes in cats should be enucleated, and cosmetic globe sparing procedures such as phar
macologic ablation of the ciliary body with intravitreal Cidofovir or gentamicin and evisceration
with an intraocular prosthesis are, in the opinion of the author, contraindicated in cats. Once the
tumor is characterized by pathology, consult with an oncologist regarding additional treatments
available.
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8. Are limbal melanomas different?
Limbal melanocytomas in dogs and cats are benign lesions in terms of potential for metasta

tic disease, even though they may increase in size relatively rapidly and on occasion may extend
through the sclera to involve the anterior uvea with a potential for tumor associated complica
tions. Options for treatment include laser or cryoablation with or without debulking of the tumor
and full-thickness eye wall resection and subsequent allografting. Unless complications occur,
which is an uncommon event, these eyes should not be enucleated (Figs. 10 and 11).

Figure 10. Limbal melanocytoma in
the left eye of a golden retriever.
There is intracomeal extension with a
leading edge of lipid degeneration.

Figure II. Nodular iris melanocy
toma is present in the left eye of this
middle-aged German shepherd dog,
involving the temporal quadrants and
extending to the iris root.

9. Is diffuse melanosis unique?
Diffuse ocular melanocytosis is a particularly challenging disease to manage because of the

insidious and relentless nature of the cellular proliferation and the secondary glaucoma that it
causes. Tumor involvement ofthe sclera makes the surgical manipulations used to treat glaucoma,
such as gonio implantation, difficult if not impossible to perform. Cycloablative procedures with
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either cryo or laser theoretically should be effective but more often than not fall short in terms of
controlling intraocular pressure and preserving vision. Topical and systemic hypotensive agents
are likewise likely to be unsuccessful in controlling the glaucoma, and visual prognosis in these
eyes should be guarded (Figs. 12 and 13).

Figure 12. Uveal melanocytosis is a
bilateral condition seen in elderly
cairn terriers. In this patient, the left
eye demonstrates diffuse iris hyper
pigmentation, intercalary hyperpig
mentation of the sclera, and pigment
flecks on the anterior lens capsule.

Figure 13. In the fellow eye, chronic
secondary glaucoma is present.

10. What type of follow-up is indicated in a patient with an ocular tumor?
All tissues obtained at surgery should be submitted for histologic interpretation, and mor

phology can provide guidelines for prognostication. Uveal melanocytomas in dogs have an ex
cellent prognosis and have not been demonstrated to recur even if the tumor has extended transs
clerally into the orbit. Transscleral extension and involved surgical margins in malignant tumors
are ominous harbingers of either locally recurrent or metastatic disease. The tendency for some
of these tumors to demonstrate long latency prior to metastasis has been discussed, and regular
follow-ups should be conducted over a 2-year period before the animal can be pronounced
"cured" of this disease. One-eyed animals function quite well with an excellent quality of life, but
enucleation or exenteration places a premium on the remaining fellow eye, and pet owners should
be instructed about the sensitivity of the globe to insult and to seek attention promptly at the ear
liest suspicion of any problems with the remaining eye.
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47. IRIS AND CILIARY CYSTS
Ronald C. Riis, D.v.M., M.S.

1. What is the identifying characteristic of an iris cyst?
Iris cysts are in the anterior chamber, attached to the iris, or in the posterior chamber. The cyst

may be black or clear depending on whether the origin was from the pigmented or nonpigmented
iris epithelium. Cysts are usually round to oblong. Their presence is usually not visually impair
ing. Owners usually present their pets for consultation when cysts are noted (Figs. I and 2).

Figure 1. Multiple free-floating iris
cysts in the anterior chamber of a
dog. The tapetal reflex helps transil
luminate the cysts.

Figure 2. Two large iris cysts stuck
between the cornea and lens. These
cysts interfered with vision, espe
cially when the pupil was small. De
flation helped this dog's vision.

2. How is a ciliary body cyst different than an iris cyst?
Ciliary body cysts are similar in their appearance, but usually are attached behind the iris. If

they should become free floating, they tend to locate into the anterior chamber but occasionally
stay in the posterior chamber. Ciliary body cysts go unnoticed by owners if they are in the poste
rior chamber (Figs. 3 and 4).

3. What is the differential diagnosis for cysts?
Cysts must be differentiated from intraocular tumors. An easy differentiation is possible with

a strong focal light source, directed from an oblique angle to illuminate the cyst enough to define
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Figure 3. An elongated pigmented
ciliary cyst in a cat.

Figure 4. A ciliary cyst protruding
into the anterior chamber of a 13
year-old domestic shorthair cat.

its translucency (Fig. 5). Cysts are filled with aqueous fluid. The cyst walls are only one or two
layers thick, so they transilluminate nicely. Another differentiating method is with ultrasound us
ing a standoff gel or water in a surgical glove between the probe and cornea. Differentiation is
necessary to rule out malignant melanoma.

4. Are cysts diagnosed frequently in dogs and cats?
The dog is much more frequently diagnosed with cysts than the cat.

5. Are cysts inherited?
Cystic characteristics are thought to be inherited in humans. Some dog owners have com

mented about related dogs having cysts. A documented pedigree identifying cysts has yet to be
published, but inheritance probably is a factor in some breeds. A recent publication identified an
affected male golden retriever related to many affected offspring.

6. Because most cysts are not vision impairing, is it necessary to remove them?
Small cysts need not be removed. Their presence may concern owners, but your assurance of

monitoring their size and location until they become obviously a problem is helpful.



Figure 5. An iris/ciliary cyst adherent
at the iris pupillary margin in an adult
cat. Note the light passing through the
pigmented cyst to rule out melanoma.
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7. How are cysts treated?
Before laser treatment, cysts were deflated with a fine needle. The needle technique usually

was not as successful as you wished. Successful deflation is always gratifying with the laser. It is
like "star wars" to shoot the cyst wall and visualize the results.

8. What laser is used?
The neodymium:yttrium aluminum-garnet (Nd:YAG) laser is ideal. These lasers have a tar

geting laser of helium and neon allowing you to synchronize the exact site for energy to explode
the cyst wall. Low energy of approximately I MHz is used.

9. Is the procedure of cyst deflation complex?
No, not at all. Most dogs and cats allow the procedure to be completed without tranquiliza

tion. Because most Nd:YAG lasers are designed for human use, the focal length of the laser is
closer than many long-nosed dogs are comfortable with, thereby requiring some restraint in un
usual positions. Once the position is obtained, the treatment is transcorneal. No topical anesthe
sia is required; however, topical lubrication is recommended if the lids are retracted for several
minutes. Lubrication helps clearly target the cyst wall through the cornea. The target point for de
flation should not be directly adjacent to the cornea or lens capsule because these sites allow for
the deflated cyst to adhere (Fig. 6).,Always dilate the pupil so a misfire will not traumatize the iris
for potential breeding.

10. What happens to the deflated cyst?
Once a hole is made, the deflated cyst sinks to the ventral iridocorneal angle.

11. Among dog breeds, are some notorious for cysts?
Yes, the golden retriever outshines the rest of the breeds. Uveal cysts (i.e., those associated

with the iris, ciliary body, and ora serrata) occur commonly in golden retrievers.
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Figure 6. Multiple cysts deflated by
Nd:YAG laser in a dog. Note the
holes made by the laser as well as the
deflated position. The remnants of
the cyst will remain in this undesir
able site permanently.

12. Are uveal cysts associated with any other ocular abnormality?
Uveal cysts often have been diagnosed in conjunction with pigmentary uveitis in golden re

trievers. A pathologic study of 18 glaucomatous eyes from golden retrievers revealed iridociliary
cysts in 13.
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48. ORBITAL INFLAMMATIONS
AND NEOPLASMS

DavidT. Ramsey, DVM.

1. What are the primary clinical signs of orbital disease?
Clinical signs of orbital disease are divided arbitrarily into primary and secondary categories.

Primary signs are referable only to the globe-orbit relationship and denote three-dimensional
changes in position, placement, or alignment of the globe within the orbit. There are four primary
signs of orbital disease. Exophthalmos and enophthalmos are terms applied to anterior and pos
terior displacement of the globe along the orbital axis. Strabismus is the term applied to invol
untary deviation of the globe from the normal optical axis. Shift is the term used to describe dis
placement of globe position in the horizontal (lateral, medial) or vertical (dorsal, ventral) meridian
or a combination thereof (oblique). Oblique shifts in position are designated as a combination of
the two directions in which the globe is displaced (e.g., dorsolateral oblique displacement).

2. What are the secondary clinical signs of orbital disease?
Secondary signs of orbital disease occur as a result of exophthalmos, enophthalmos, strabis

mus, or shift. Secondary signs include changes in anatomy or function of the globe, eyelids, or
bital structures, or surrounding tissues. These include alterations in vision, globe, ocular move
ments, eyelid and nictitating membrane position, pupillomotor function, sensation (pain or
numbness), globe indentation, vascular engorgement (conjunctiva, episclera, fundus), corneal or
conjunctival exposure, and pain during (or limitation of) mandibular excursion.

3. How do you localize the mass effect within the orbit to a specific location?
Lesion localization within the orbit may be broadly divided into three orbital compartments:

intraconal (within the endorbital muscle cone), extraconal (outside the endorbital muscle cone
but within the soft tissue confines of the orbit) and extraendorbital (beneath the periosteum).
When an orbital mass effect is present, the direction of globe displacement is generally opposite
the location of the mass or directly away from the mass lesion and along the path of least tissue
resistance. The table below summarizes the direction of globe displacement and localization of
the mass.

DIRECTION OF GLOBE DISPLACEMENT

Lateral displacement
Medial displacement
Dorsal displacement
Ventral displacement
Dorsolateral displacement
Dorsomedial displacement
Ventrolateral displacement
Ventromedial displacement
Axial anterior displacement

LOCAnON OF ORBITAL MASS

Medial mass effect
Lateral mass effect
Ventral mass effect
Dorsal mass effect
Ventromedial mass effect
Ventrolateral mass effect
Dorsomedial mass effect
Dorsolateral mass effect
Posterior mass effect

Intraconal mass lesions cause axial exophthalmos, minimal or absence of protrusion of the
nictitating membrane, and minimal strabismus (unless extensive in volume). Extraconal and ex
traendorbital mass lesions are characterized by exophthalmos, protrusion of the nictitating mem
brane, shift in globe position, and strabismus.

4. How are exophthalmos and buphthalmos differentiated?
Buphthalmos is absolute enlargement of the globe secondary to glaucoma. Both buphthal

mos and exophthalmos result in a widened palpebral fissure. In most instances, buphthalmos will
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not occur as the only clinical sign of glaucoma. When buphthalmos is evident, funduscopic ex
amination may show cupping and atrophy of the optic papilla and peripapillary or diffuse retinal
degeneration. Exophthalmos attributable to orbital mass effect may have moderately increased
intraocular pressure, but exophthalmos does not occur in glaucoma. Horizontal corneal diameter
may be measured and compared between eyes to differentiate buphthalmos from exophthalmos.

5. What are the major considerations when the eye recesses or ''sinks'' into the orbit?
Axial posterior displacement of the globe is termed enophthalmos. Enophthalmos does not

occur from a mass effect. Enophthalmos occurs most frequently as an active retraction response
to ocular pain. It also may occur with sympathetic denervation to the eye (Horner's syndrome) or
when there is loss of orbital mass (soft tissue, bone) in a disease process. Disease processes caus
ing loss of orbital mass include severe dehydration, weight loss, cachexia, orbital neoplasia, se
vere chronic myopathy (masticatory myopathy), neuropathy (trigeminal), constrictive myopathy
(tetanus), or restrictive myopathy (trauma, extraocular polymyositis) of the extraocular muscles
(Fig. 1).

Figure 1. Enophthalmos of the right
eye with prominent elevation of the
nictitating membrane secondary to
loss of orbital mass.

6. Does protrusion of the third eyelid signify an orbital mass effect?
The base of the nictitating membrane (third eyelid) lies within the orbit. It has passive move

ment in the dog but can actively be protruded in the cat. Protrusion of the third eyelid may occur
with exophthalmos (orbital mass effect displacing the base of third eyelid) or enophthalmos
(globe volume and extraocular muscle contraction displacing the base of the third eyelid). Pro
trusion of the third eyelid does not invariably signify orbital mass effect as the cause. Sympathetic
innervation to the third eyelid is primarily responsible for keeping the third eyelid retracted. Loss
of sympathetic innervation to the eye (Homer's syndrome) results in protrusion of the third eye
lid. Globe retraction also may occur in response to ocular pain (voluntary contraction of extraoc
ular muscles) or tetanus (involuntary contraction of extraocular muscles).

7. Does the rate of onset of clinical signs correlate with the type of orbital disease?
As a general rule, a history of rapid onset of clinical signs is most likely attributable to an in

flammatory orbital disease process. The opposite correlative is that slowly progressive signs of
orbital disease are most consistent with orbital neoplasia or cystic orbital disease. However, some
neoplastic orbital diseases (lymphoma, mast cell sarcoma) have an associated inflammatory com
ponent that can result in rapid onset of clinical signs and pain. Other neoplasms may have rapid
periods of growth or volume expansion and enlarge in mass rapidly, thereby exceeding their blood
supply and nutritional requirements, and result in necrosis of the neoplasm. When this occurs, an
inflammatory component is also common and may result in a rapid progression of clinical signs,
and pain may become more conspicuous suddenly.
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8. How do you differentiate neoplastic, inflammatory, and cystic classifications of orbital
disease?

Orbital neoplasia generally affects older animals (mean age for dogs, 8 years; mean age for
cats 8.9 years), resulting in slowly progressive clinical signs over a period of weeks to months,
and usually does not cause pain until the neoplasm is of considerable size. Orbital inflammation
can affect cats and dogs at any age but most often affects younger animals. Inflammatory orbital
disease usually has a history of sudden onset of clinical signs, pain when opening the mouth, and
chemosis, and the animal may be febrile. Cystic orbital disease may have a slow or rapid onset of
clinical signs, and pain is usually absent or minimal. When history and clinical signs direct your
index of suspicion toward a specific classification of orbital disease, diagnostic tests are indicated
to confirm or deny your tentative diagnosis and to identify the specific type of inflammatory, neo
plastic, or cystic orbital disease (see Chapters 3 and 4) (Figs. 2-5).

Figure 2. Exophthalmos with dorso
lateral displacement indicative of a
ventromedial mass that turned out to
be an adenocarcinoma.

Figure 3. Exophthalmos with lateral
displacement indicative of a medial
mass that turned out to be a heman
giosarcoma.

9. What is an orbital abscess?
An orbital abscess is a localized septic or nonseptic inflammatory response composed of pu

rulent exudate (primarily dead white blood cells and products of inflammation). Orbital abscess
occurs most frequently secondary to periodontal or endodontic disease in the dog and cat. It may
also occur from hematogenous, transscleral, or transmucosal (conjunctiva, nasal, oral, sinus) in-
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Figure 4. Exophthalmos with dorso
lateral displacement secondary to or
bital sarcoma.

Figure 5. Exophthalmos with axial
anterior displacement secondary to a
posterior orbital intraconal menin
gioma.

jury or disease resulting in inoculation of the orbital space with infectious organisms. When an
orbital abscess is suspected, orbital ultrasound should be done. When an orbital ultrasound clearly
shows an orbital abscess, surgery is indicated. However, the cause of orbital abscess should be
pursued. The oral cavity should be examined under general anesthesia. The caudal maxillary teeth
should be evaluated using a periodontal probe and dental explorer, and radiographs of the caudal
maxillary teeth should be made. The conjunctival fornices and oral cavity should be examined
closely for abnormalities (Figs. 6 and 7).

Figure 6. Orbital abscess causing sig
nificant swelling. Note the asymmetry.
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Figure 7. Orbital abscess (same case
as Figure 6) shown from a lateral
view. Fistulization of the abscess
through the ventral conjunctival
fornix is sometimes a natural route.
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10. How do you treat an orbital abscess?
Surgical drainage must be established. When concurrent dental disease is evident by direct ex

amination or radiographically with orbital abscess, transalveolar drainage of the abscess is indicated.
Extraction of the offending tooth to establish transalveolar drainage and treatment with orally ad
ministered broad-spectrum antibiotics are indicated after extraction. When dental disease is not ev
ident as the cause of the abscess, transmucosal surgical drainage may be done using ultrasound to
select the most appropriate surgical approach. A small incision is made in the oral mucosa cando
medial to the maxillary second molar tooth. A sterile blunt instrument is then introduced into the in
cision, forced gently through the medial pterygoid muscle using a short finger stop so that damage
to the globe does not occur. Purulent exudate should be collected for cytology and culture. The sur
gical wound should be allowed to drain on its own or with a drain positioned into the orbital space.

11. How do you differentiate an orbital abscess from orbital cellulitis?
Making a distinction between orbital abscess and cellulitis based on clinical signs and phys

ical examination is virtually impossible. Ultrasound of the orbit should be done to differentiate
orbital cellulitis from abscess. Diffuse orbital cellulitis produces a generalized loss of definition
of the orbital tissues, resulting in the optic nerve and extraocular muscles being difficult to visu
alize when compared with the opposite eye. Cellulitis also may produce focal mass lesions that
may be mistaken for a neoplasm. Abscesses are variable in appearance, but most are recognized
as a hypoechoic area within a well-defined hyperechoic wall. The abscess wall may not be seen
with ultrasound in all cases. When an orbital abscess is not evident ultrasonographically, broad
spectrum oral antibiotic and nonsteroidal anti-inflammatory drugs should be administered and the
animal monitored closely for improvement of clinical signs. Frequent orbital ultrasound is rec
ommended to determine if cellulitis is resolving, unchanged, or transformed into an abscess cav
ity. If unchanged or transformed to an abscess, or if clinical signs deteriorate, surgical interven
tion is indicated (see abscess) (Figs. 8 and 9).

12. What causes masticatory myositis?
Masticatory myositis is immune-mediated inflammation and swelling of the muscles of mas

tication (temporalis, medial pterygoid, and masseter) that has been reported in dogs. Cellular and
humoral mediated destruction of type 11M myofibers (common to masticatory muscles) is thought
to cause masticatory myositis. Because these muscles define the medial, ventral, and lateral bor
ders of the orbit, inflammation imposes upon and compresses orbital structures, resulting in ante
rior displacement of orbital contents (exophthalmos and/or protrusion of the third eyelid) (Fig. 10).

13. How is masticatory myositis diagnosed?
Dogs with masticatory myositis may have either the acute or chronic form of the disease. Acute

myositis is typified clinically by pain on opening the mouth, difficulty eating, swelling of the mas-
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Figure 8. Orbital cellulitis from a dor
sal view. Much pain is elicited upon
opening the mouth, which stems
from impingement of the coronoid
process of the mandible on inflamed
orbital soft tissue.

Figure 9. Orbital cellulitis (same case
as Figure 8) from a frontal view.
Retropulsion of the globe is usually
restrictive.

Figure 10. Myositis causing exoph
thalmos and strabismus with lateral
shift.
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ticatory muscles, unilateral or bilateral exophthalmos, protrusion of the third eyelids, and conjunc
tival hyperemia and chemosis. Infrequently, vision may be compromised. Atrophy and loss of mas
ticatory muscle mass, enophthalmos, protrusion of the third eyelid, pain or reluctance to open the
jaw, and trismus typify the chronic form, Mean age of affected dog is 3 years; male and female dogs
are affected equally. Definitive diagnosis is based on histologic evaluation of frozen muscle biop
sies sent to specialized neuromuscular laboratories. Serum from affected dogs may also be submit
ted to these laboratories to determine if circulating antitype lIM antibodies are present.

14. What is extraocular polymyositis?
Extraocular polymyositis is a rare, immune-mediated inflammatory myopathy that is limited

to the extraocular muscles in dogs. Young, female golden retrievers are affected most frequently
(median age of 8 months). An antecedent "stressor" (ovariohysterectomy, estrus, castration,
boarding at a kennel) occurred within 14 days of the onset of clinical signs in 43% of affected
dogs. The mononuclear cell infiltrate of extraocular muscles is composed primarily of CD3+ T
lymphocytes and macrophages directed against fine extraocular myofibers. Affected dogs have
axial exophthalmos, retraction of the upper eyelid, and absence of third eyelid protrusion, and
dogs are not in pain. This disease responds to a prolonged course of topical and oral corticos
teroids (Fig. 11).

Figure II. Extraocular polymyositis
with the classic "bug eyes." Although
this condition is usually seen in
golden retrievers, it is also seen in
other breeds such as this young rot
tweiler.

15. Are masticatory myositis and extraocular polymyositis the same disease?
Extraocular muscles do not contain type IIM myofibers. Type lIM myofibers are found only

in specific muscles innervated by the mandibular branch of the trigeminal nerve. Although both
diseases have similar inflammatory cell infiltrate within affected muscles, cellular and humoral
immunity is directed at distinctly different muscle antigens. Age, breed, and gender predilections
also exist and are different for both diseases. Therefore, these two diseases are distinctly differ
ent immunologically and clinically.

16. How is zygomatic mucocele differentiated from zygomatic sialoadenitis?
The floor of the orbit, in most animals, is formed by the zygomatic salivary gland. A zygo

matic mucocele is a collection of saliva outside the salivary ductal system. Zygomatic siaload
enitis is inflammation of the zygomatic salivary gland. Zygomatic mucocele and zygomatic
sialoadenitis mayor may not have signs of ocular involvement, depending on severity of disease.
Mucocele may protrude beneath the lower conjunctival fornix and appear as pale blue-gray when
transilluminated. It also may appear as a fluctuant swelling beneath the lower eyelid or as a pro
trusion beneath the oral mucosa caudal to the maxillary molar teeth. Mucocele is usually non
painful or minimally painful; however, clinical signs of pain similar to sialoadenitis may be pre-
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sent if mucocele has associated inflammation. Fine-needle aspiration of a mucocele will produce
a thick, tenacious, clear or rust-colored mucoid substance. Animals with zygomatic sialoadenitis
exhibit signs of pain when the mouth is opened and mayor may not have swelling along the side
of the face ventral to the palpebral fissure. Affected animals frequently have thick, tenacious, mu
coid saliva emanating from the zygomatic salivary papillae. Orbital ultrasound is useful to dif
ferentiate mucocele (hypoechoic or anechoic cavity) from sialoadenitis (diffuse hyperecho
genecity) (Fig. 12).

Figure 12. Zygomatic mucocele that
was stubbornly recurrent after re
peated surgeries.

17. How should zygomatic mucocele and sialoadenitis be treated?
Although surgical removal of zygomatic mucocele by orbitotomy is recommended in stan

dard surgical textbooks, treatment with a broad-spectrum antibiotic resolves zygomatic mucocele
in many instances. Culture and susceptibility testing of material collected from mucocele (aspi
rate) and sialoadenitis (collected from zygomatic papillae) should be done. When clinical signs
do not improve within several days of medical treatment, surgical intervention may be necessary
for the resolution of mucocele. Zygomatic sialoadenitis also should be treated with a broad
spectrum antibiotic or the antibiotics specified by culture and sensitivity. When exophthalmos is
present, the cornea and conjunctiva should be treated topically with an ophthalmic ointment to
prevent exposure and desiccation.
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49. THE ULTIMATE OCULAR HISTOPATHOLOGY
Ronald C. Riis, D.V.M., M.S., and Mary Lou Norman, B.S., H.T. (ASCP)

1. From a pathologist's standpoint, is an eye an unfortunate mixture of tissue?
Yes, because the sclera is a dense fibrous tissue through which fixatives permeate slowly.

Uveal retinal tissues have high metabolic characteristics which deteriorate rapidly and must be
fixed quickly. If these important factors are not addressed, then histopathology of the eye is a
study of postmortem artifacts.

2. What is the first secret of meaningful results?
First and foremost, the eye must be removed rapidly after death, at necropsy, or rapidly at

surgery. Trim off extraocular adnexa, fat, muscle, and promptly immerse in a fixative.

3. Is there anything special about enucleation techniques?
Although the enucleation must be done quickly, it must be done carefully to minimize the

production of artefacts. It is particularly easy to produce an artifactual retinal detachment. Al
though this can be determined histologically from an antemortem lesion, it is better to view and
analyze the photoreceptors intact and not around artifacts.

4. What is the best fixative for a globe?
Zenker's fixative (containing mercury) is the best considering the tissues being evaluated.

The fixative requires adding glacial acetic acid just before use, and this can be seen as inconve
nient. Bouin's fixative has been used with good results and compliance from necropsy. David
son's fixative is also among those that penetrate rapidly into the eye for excellent results.

5. What should be the fixative to globe ratio?
This is a very important point. The volume of fixative should be 20 times the volume of the

tissue being fixed.

6. Once the globe is rapidly removed, trimmed, and immersed in fixative, what is required
next?

The globe will float in Zenker's glacial acetic acid and Bouin's fixatives only until the fixative
penetrates equally into the globe chambers. Once the globe sinks to the bottom, it is fixed. How
ever, it is not recommended to leave it in the fixative for more than 24 hours. The globe should be
washed in running tap water and stored in 70% alcohol. IfBouin' s is used, the picric acid will color
the alcohol yellow. Changes of alcohol are recommended until the alcohol remains clear.

7. Can the globe be kept in fixative until processed?
This is not ideal because prolonged exposure to Zenker's or Bouin's fixatives causes the lens

to become rock hard, adding another artifactual challenge to the sections. The exception to this is
10% neutral buffered formalin.

8. What about cutting a bole in the globe to allow fixatives to enter or injecting fixative
into the globe?

Both the procedures are unnecessary if Bouin' s or Zenker's fixatives are used. It is actually
harmful to do either one of these because it adds an iatrogenic lesion that may be noted.

9. What fixative can be used if Zenker's or Bonin's are not available?
Ten percent neutral buffered formalin is better than no fixative. Formalin is good for the

cornea and lens, but terrible for the retina. If formalin is all that is available, it can be injected into
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the vitreous to expedite retinal fixation. Artifactual changes of the retinal architecture limits the
retinal evaluation due to formalin.

10. Many times we have no control over the time of death and fixation. What harm has been
done?

The histologic examination of eyes from animals that have been dead for several hours is of
ten a useless exercise. Considerable artifact becomes prominent within the lens and retina in a
very short time. The only exception may be eyes infiltrated with tumors.

11. Can an eye be sent to any pathology laboratory for processing?
It is recommended sending the globe in 70% alcohol (after being in Bouin's or Zenker's fix

ative) or 10% formalin to a laboratory of notable ocular experience. The processing, embedding,
and sectioning after proper fixation involves considerably more expertise than other tissues. The
analysis of the final slide should be completed by an individual trained in veterinary ophthalmic
pathology.

12. What time frame should be expected to receive an answer back after submitting a fixed
globe?

Generally, a period of 2 weeks is required for globe sections. If tumors are attached to the
globe, they can be processed separately to expedite the turnaround time.

13. Can frozen globe sections be done for a quicker diagnosis as is done with other tissues?
No, globe sections cut at frozen thickness are approximately 10-15 urn, These sections are

too thick for retinal evaluation. The nature of the globe dictates paraffin infiltration to support the
lens and keep the retina in place for sections at approximately 5 urn.

14. What are the formulations of the fixatives discussed for light microscopic histopathology?

FIXATIVE INGREDIENTS AMOUNTS DIRECTIONS

Zenker's stock Distilled water lL Stir all ingredients until dissolved;
fixative Mercuric chloride 50 g add 5 ml of reagent-grade glacial

Potassium dichromate 25 g acetic acid to 95 ml of stock
Sodium sulfate 109 solution just before use to

prevent turbidity and a dark
brown precipitate (due to the
toxicity of mercury, zinc chloride
can be substituted without
compromise).

Bouin 's fixative Saturated picric acid in
distilled water (21 gin 1 L) 1500 ml

Formalin (37-40%) 500ml
Glacial acetic acid lOOml

Neutral buffered Formalin (37---40%) lOOml
formalin (10%) Distilled water 900ml

Sodium phosphate, monobasic,
monohydrate 4.0 g

Sodium phosphate, dibasic,
anhydrous 6.5gm

15. Can the above fixatives be used if the tissue requires transmission electron microscopy?
Transmission electron microscopy fixatives must be made fresh according to the require

ments of the laboratory. The above fixatives are not ideal for electron microscopy.
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50. MYTHS AND MISCONCEPTIONS IN
VETERINARY OPHTHALMOLOGY

Gary L. Blanchard, D.v.M., M.S.

To paraphrase Voltaire, veterinarians are people who treat disease of which they know little;
with drugs of which they know less; in patients of which they know nothing. The practice of med
icine has many times been described as both an art and a science. The result of which has been
many anecdotal treatments and interventions from which clients expect to receive benefit for their
pet. The client also has developed some curious, amusing, and entertaining misconceptions of
medicine. These perceptions are very prominent in veterinary ophthalmology as a result of the
mystique of the eye and human's own great dependence on this sensory organ. These perceptions
are not only in the mind of the lay person, but also in that of the professionals. The following are
some of the classic misconceptions and misguided comments overheard in the clinic:

Old English sheepdogs will go blind if you trim the hair from their eyes.
All cocker spaniels have red eyes.
Both his parents are normal. How can he have progressive retinal atrophy [insert your fa

vorite inherited disease]?
Do you use lasers for cataracts?
My dog has only 90% vision; he only catches 9 out of 10 cookies. [heard after cataract

surgery]
Will the vision leak out because of the corneal perforation?
His favorite color is red.
She doesn't like white coats.
He has never bitten anyone except his doctor.
Can you transplant a new eye?
Retinal atrophy is related to light exposure due to his dilated pupils.
Since his eyes are so big [buphthalmia], can he see better?
He's overweight because he can't see.
Brown tears are normal in the Persian [Himalayan, etc.].
The eye medication didn't work, so I stopped using it.
I didn't give him his glaucoma medication today so you can see him without it.
My brother is a doctor [or nurse, EMT, animal technician, fireman, school teacher-add your

favorite], and he said it's ....
My breeder says his animals never had PRA [cataracts, etc.] in their lines.
Will he have dry eye if you treat him for glaucoma?
My doctor said blue eyes are normal,
Will my PRA dog see better if I leave the lights on?
He can see the neighborhood cat [squirrel, etc.], but he constantly bumps into things.
Shar-peis are supposed to have small eyes.
He doesn't like television anymore; can he still see?
Their eyes [brachycephalies] are prominent, so they'll see better.
She has always had wet eyes [tearing], so I guessed she would have glaucoma.
Dogs with blue irises see better.
Could my cat have caught herpes from me [or vice versa]?
Cats with crooked tails are always cross-eyed.
He's such a good watch dog, he even sleeps with his eyes open.
My diabetic can't see; that's why we can't regulate his insulin.
His mother had cataracts when she was four. We want to breed him before he goes blind.
He'll be able to see with the "new" [prosthetic] eye, won't he?
When she's in the car, my dog sees everything, especially with her head out the window.
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The various therapies for ocular and medical conditions add to the mystique of medicine. The
Egyptians once distilled sacred bull urine as a treatment for cataracts. Vitamin E and selenium
elixirs and beef liver extracts have also been recommended to treat cataracts.

Dr. Louis Dor of Lyons (La Clinique Ophthalmologie, 10 Janvier 1911) published a cure of
incipient cataracts in man with an iodine salt, as recommended by Bodal. He based his investi
gations on the well-established idea that cataract is produced by a ferment that passes into the
aqueous humor, when it ought to remain in the blood. The ferment, which is a hydrating one, de
termines the hydration of the albumin of the lens. With a view to the destruction of this ferment,
Dor experimented with many drugs and combinations and proposed the following as the best:

Desiccated sodium iodide-S gm
Crystallized calcium chloride-S gm
Distilled water-400 gm

He averred: "With this solution, one can check the progress at least eight cataracts out often,
can cure one, and can expect failure in the tenth. It is used in the form of an eye bath and should
be continued over a long period, dropped, and then recommenced."

In 1914, Gray stated, "the different methods of surgical intervention employed in human
cataract practice have all been used in dealing with animals (i.e., discission, reclination or "couch
ing," depression, or displacement and extraction); and it must be admitted that all who have at
tempted these operations are unanimous in stating that conditions are in every way less favorable
to success than in man."

Killed typhoid bacillus was once injected and utilized as "fever" therapy for uveitis. It is now
known that this stimulated ACTH release and hence a nonspecific steroidal anti-inflammatory re
sponse. Phlebotomy (bleeding) was once popular therapy. Today, this sometimes parallels what
is called "diagnostics" by internists. While some therapies and concepts appear quaint, archaic,
or obsolete, remember Herbert Spencer, "There is a principle which is a bar against all arguments
and which cannot fail to keep man in everlasting ignorance. That principle is contempt prior to
investigation. "

A TRIBUTE TO DOGS' EYES

"Far more than by his bark a dog communicates through his eyes-from a soulful half-raised
eyebrow when denied a special treatto the wide and sparkling 'Yippee! We're going for a walk!'.
Perhaps nothing can wrench the heart of a dog lover more than the pitiful, hardly-daring-to-be
hopeful gaze of an abandoned dog waiting to be adopted." (J.R.E.)

"One of the saddest sights is to see a Dane ill. Their big eyes are a picture of misery, for make
no mistake, a sick Dane puts on everything it can to get all the love and sympathy when it feels
ill." (Barbara Woodhouse, 1910-1988)

"It is by muteness that a dog becomes for one so utterly beyond value; with him one is at
peace, where words play no torturing tricks .... Those are the moments that I think are precious
to a dog--when, with his adoring soul coming through his eyes, he feels that you are really think
ing of him." (John Galsworthy)
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Abscess, orbital, 29, 303-305, 304, 305
differentiated from orbital cellulitis, 305
as optic neuropathy cause, 145

Abyssinian cat, rod-cone dysplasia in, 249-250
Acetazolamide, 87
Acid injuries, 208
Acyclovir, as feline herpesvirus-related conjunctivitis

treatment, 27
Adenocarcinoma

as exophthalmos cause, 303
of eyelid, 170
of iris root, 293
of nictitating membrane, 69
sebaceous, 169

Adenoma
of ciliary body, 288, 292

as glaucoma cause, 100
of eyelid, 166
of iris, as glaucoma cause, 100
of meibomian gland, 170
sebaceous, 169, 169

Adhesives, tissue
as acute ocular trauma treatment, 210
as corneal sequestrum treatment, 48
as indolent corneal ulcer treatment, 44

Adie's pupil, 134
Adrenergic agents, as hyphema treatment, 216
Afghan hound, corneal dystrophy in, 35
Aftermovement, 21
Airedale terrier, corneal dystrophy in, 35, 36-37
Akbeta,89
Akita

progressive retinal atrophy in, 242, 248
retinal degeneration in, 248
retinal dysplasia in, 252, 254
uveodermatologic syndrome in, 192

Alaskan malamute
corneal dystrophy in, 35
progressive retinal atrophy-related photoreceptor

degeneration in, 248
retinaldegenerationin,248

Alkali chemical bums, 208
Alphagan, 90
American College of Veterinary Ophthalmologists, 37,

258
American Kennel Club, 267
Aminocaproic acid, as hyphema treatment, 217
Amlodipine, as hypertension-related ocular lesion

treatment, 279, 280
Anemia, chronic, as feline hypertension cause,

277
Angiography, fluorescein, II, 12
Aniscoria, 133-134, 135
Anorexia, toxoplasmosis-related, 200
Anterior chamber

blood within. See Hyphema
collapse of

reformation of, 21D-211
trauma-related, 209

foreign bodies in, 213
Anterior chamber shunts. See Gonioimplants

Antibiotic-corticosteroid combinations
as keratoconjunctivitis sicca treatment, 59
as uveodermatologic syndrome treatment, 196

Antibiotic prophylaxis, in cataract surgery patients,
124

Antifibrinolytic treatment, for hyphema, 217
Antiglaucoma medications, 84, 85-92, 93

cost of, 88
post-cataract surgery use of, 124

Antihistamines, as idiopathic epiphora treatment, 150
Antihypertensive drugs, for cats, 279
Anti-inflammatory drugs. See also Nonsteroidal anti-

inflammatory drugs
as acute ocular trauma treatment, 209, 210
post-cataract surgery use of, 124

Antimelanin antibodies, 194
Antiviral agents, as feline herpesvirus-related conjunc

tivitis treatment, 27
Apoptosis

as glaucoma cause, 73, 76-77
as sudden acquired retinal degeneration cause,

276
Appetite increase. See Polyphagia
Aprachlonidine, 90
Aprotinin, as indolent corneal ulcer treatment, 41
Aqueous flare

endophthalmitis-related, 222
toxoplasmosis-related, 200
uveitis-related, 179, 181, 183,205,206

Aqueous humor antibody test, for Toxoplasma gondii
detection, 203

Arteriography, orbital, 14
Artificial tears, as keratoconjunctivitis sicca treatment,

59
Ascorbate, as alkali burnt treatment, 208
Asian dog breeds. See also specific breeds

uveoderrnatologic syndrome in, 192
Aspergillosis, as uveitis cause, 188
Aspirin, hyphema as contraindication to, 217
Atenolol, as feline hypertension treatment, 279
Atropine

as glaucoma cause, 217
as hyphema treatment, 83, 216, 217
postoperative use of, 49
as uveitis treatment

in systemic disease, 190
in toxoplasmosis, 204

Australian cattle dog, retinal degeneration in, 248
Australian shepherd

inherited eye anomalies in, 23Z-:240
posterior choroidal melanocytoma in, 288
retinal degeneration in, 249
retinal dysplasia in, 252, 254
uveodermatologic syndrome in, 192

Autoimmune diseases, as sudden acquired retinal de
generation cause, 276

Autosomal recessive diseases, breeding strategy in,
264

Azathioprine
as uveitis treatment, 190, 198
as uveodermatologic syndrome treatment, 196
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Azithromycin, as feline toxoplasmosis treatment, 204
Azopt,87

Bacterial infections. See also specific bacterial
infections

as uveitis cause, 181
Barking, excessive, as hyphema cause, 127, 215
Basal cell carcinoma/tumor, of eyelid, 169, 170
Basenji

corneal dystrophy in, 35
retinal degeneration in, 249

Basset griffon Veudeen, retinal dysplasia in, 252
Basset hound

entropion in, 153
glaucoma in, 74, 76, 103
intrascleral silicone prosthesis in, 103

"Baum's bumps," 23
Baytril, as retinal degeneration cause, 251, 251
BB-pellets, as ocular foreign body, 213
Beagle

cataracts in, 116--117
corneal dystrophy in, 35, 36
glaucoma in, 74, 76, 79, 81,82,103
lens luxation in, 79
prolapse of nictitating membrane gland in, 71
retinal degeneration in, 249
retinal dysplasia in, 229, 252, 254, 257

Bearded collie, corneal dystrophy in, 35
Bedlington terrier

imperforate puncta in, 149
retinal dysplasia in, 252

Belgian Malinois, retinal dysplasia in, 252
Belgian sheepdog

corneal dystrophy in, 35
progressive retinal atrophy in, 248
retinal degeneration in, 249

Beta-blockers, as glaucoma treatment, 85, 88-89
Betagan,89
Betaxolol, 89, 91
Betimol,89
Betoptic, 89
Bichon frise

cataracts in, 113
corneal dystrophy in, 35
idiopathic epiphora in, 149
lens-induced uveitis in, 271

"Big eye, blind eye" rule, 82-83
Biomicroscopy, ultrasound, 15,23
Biopsy

conjunctival, 29, 30
of eyelid tumors, 172, 173-174
of intraocular tumors, 290, 292-293

Birds, color vision system of, 9
Bladder cancer, metastatic, as retinal hemorrhage

cause, 289
Blastomycosis, 21

as uveitis cause, 185, 188, 189
Blepharoplastic procedures, 153-168

anatomic considerations in, 154
basic surgical pack for, 154
brow-sling procedure, 157, 158
for ectropion correction, 160-162
for entropion correction, 153-160
H blepharoplasty, 165,166
Hotz-Celsus procedure, 155-157,156,158,159,160
suturing of lid margin defects. ISS, 160

Blepharoplastic procedures (cont.)
V-Y blepharoplasty, 160, 161
Y-to-V blepharoplasty, 157,157

Blepharospasm
corneal sequestra-related, 46
indolent corneal ulcer-related, 39
keratoconjunctivitis sicca-related, 57
uveitis-related, 183

Blindness
acute ocular trauma-related, 208
animals' adjustment to, 103
cataract-related, 116
congenital, differential diagnosis of, 143
corneal dystrophy-related, 36
glaucoma-related, 76, 80, 84, 85, 90, 99-104
as indication for euthanasia, 103
progressive retinal atrophy-related, 247
proptosis-related, 61-62, 65

in contralateral eye, 63
retinal atrophy-related, 241
retinal detachment-related, 231
retinal dysplasia-related, 258
sudden, differential diagnosis of, 144
toxoplasmosis-related, 200
uveitis-related, 179, 182
uveodermatologic syndrome-related, 192

Blink responses
dazzle response, 80, 141

cranial nerves involved in, 143
to menacing gesture, 139, 139

cranial nerves involved in, 143
for determination of glaucoma-related blindness, 99

to tactile stimulus, 139
cranial nerves involved in, 143
for facial paralysis evaluation, 99

Blood urea nitrogen, feline hypertensive retinopathy-
related increase in, 278

Blunt injury, as globe rupture cause, 208, 209
Body fat, magnetic resonance imaging of, 16
Bone, magnetic resonance imaging of, 16
Border collie

inherited ocular and otic defects in, 234
retinal degeneration in, 249
retinal dysplasia in, 252

Borreliosis, as uveitis cause, 185, 188
Borzoi, retinal degeneration in, 249
Boston terrier

cataracts in, 116--117
corneal dystrophy in, 35
endothelial dystrophy in, 37, 37
glaucoma in, 74, 76
spontaneous retinal detachment in, 274

Bouin's fixative, 309, 310
Boxer

corneal dystrophy in, 35
indolent corneal ulcers in, 40-41

Boykin spaniel, corneal dystrophy in, 35
Brachycephalic breeds

corneal insensitivity in, 140
corneal sequestrum in, 46
idiopathic epiphora in, 149
medial canthal closure in, 164, 164
proptosis in, 61

Brachytherapy, for eyelid tumors, 175
Breeding

in autosomal recessive diseases, 264
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Breeding (conI.)
contraindications to

cataracts, 117
coloboma, 233
progressive retinal atrophy, 246
retinal dysplasia, 256, 259-260

for elimination of mutant genes, 264-265
in X-linked diseases, 264

Briard
corneal dystrophy in, 35
progressive retinal atrophy in, genetic test for, 261
retinal degeneration in, 249

Brimonidine,90
Brinzolamide, 87
Brittany spaniel

lens luxation in, 79
ocular adenocarcinoma in, 293

Brucellosis
as glaucoma cause, 83
as uveitis cause, 185, 186

"Bug eyes," extraocular polymyositis-related, 307
Bulldog. See English bulldog
Buphthalmos

differentiated from exophthalmos, 29, 301-302
glaucoma-related, 81, 82, 82, 99--104
in puppies, 82
surgical treatment of, 100-102, 102

Burmese cat
corneal sequestra in, 49
nictitating membrane dermoid cysts in, 67
prolapse of nictitating membrane gland in, 71

Burn injuries, chemical-related, 208

Cairn terrier
diffuse bilateral uveal melanocytosis in, 287
ocular melanosis in, 105-109, 105, 106, 107, 109

Cairn Terrier Club of America, 109
Calcium

as asteroid hyalosis component, 281, 282
corneal infiltration by, 37

Canine Eye Registration Foundation, 37,258, 262
Canine DNA Registry of, 267

Canthoplasty
for lagophthalmos correction, 164
rhomboid, 163,163
Wyman's lateral, 158, 159

Canthotomy, lateral, as proptosis treatment, 63
Canthus, lateral, in keratoconjunctivitis sicca-related

neuropathy, 141
Capsular opacities, posterior, 129, 130
Captopril, as feline hypertension treatment, 279
Carbonic anhydrase inhibitors, as glaucoma treatment,

85,86-87
in acute glaucoma, 90-91
in combination with beta-blockers, 88
oral, 84, 87
side effects of, 84, 86-87, 100
topical compared with oral, 87

Carcinoma, intraocular. See also Tumors, intraocular
as glaucoma cause, 100

Cardiomegaly, hypertension-related, 278
Carteolol hydrochloride, 89
Cataracts, 90

bilateral, pupillary light reflex in, 137
in cats, 117
chemical burn-related, 208

Cataracts (conI.)
classification of, 111, 115, 112-115
complications of, 116
definition of, III
differentiated from nuclear sclerosis, 115-116
lens protein leakage from, 205

as retinal detachment risk factor, 268, 271, 271
location of, 116
luxation of, 114
medical treatment of, 117
morgagnian, 111, 114
overview of, 111-117
phacolytic uveitis associated with, 205-207
primary, differentiated from secondary, 115
progressive retinal atrophy-related, 246
retinal and otic nerve function evaluation in, 141
retinal detachment-related, ultrasonographic evalua-

tion of, 15
secondary, differentiated from primary, 115
ultrasonographic evaluation of, 20-21, 20, 21

Cataract surgery, 117, 118-124
complications of, 125-130

hyphema,215
intraoperative, 125-126
postoperative, 126-130, 127,128
retinal detachment, 268, 271

contraindications to, 118
indications for, 118-120
intracapsular intraocular lens (IOLs) placement fol-

lowing, 121-123,122,123
patient positioning for, 126
postoperative medical regimen of, 124
as retinal detachment cause, 268, 271
techniques of, 120-123
timing of, 118-119
unilateral versus bilateral, 119-120

Cats. See also names ofspecific breeds
brachycephalic breeds

corneal sequestrum in, 46
idiopathic epiphora in, 149

cataracts in, 117
chronic uveitis in, 180
ciliary cysts in, 298, 298
conjunctivitis in, 25, 26,26, 27-28
corneal sequestrum in, 46--51, 47, 50

with diffuse corneal edema, 46
removal of, 48--49, 48, 49

cross-eyed, 143
diffuse iris melanoma in, 287, 290, 292, 293
episcleritis in, 30
eyelid tumors in, 169-170
hypertension in

diagnosis of, 277
drug therapy for, 279
as ocular lesion cause, 277-280,277, 278, 279,

280
in older cats, as retinopathy cause, 145-146

indolent corneal ulcers in, 39, 43
keratoconjunctivitis sicca in, 58
nictitating membrane protrusion in, 69
older, sudden blindness in, 145-146
proliferative keratoconjunctivitis in, 52-56,52,

53-54
retinal degeneration in, 249-250, 249, 250
retinal hemorrhage in, 220
retinitis in, 180
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Cats (cont.)
toxoplasmosis in, 200-204, 200. 201-202, 203
vitreal hemorrhage in, 218

Cavalier King Charles spaniel
corneal dystrophy in, 35
retinal dysplasia in, 229, 252

Cefazolin sodium, as uveitis treatment, 190
Cellulitis, orbital, 306

differentiated from cellulitis, 305
endophthalmitis-related, 223
pain associated with, 68

Cerebellar disease, lack of blink reflex in, 139, 139
Chemical burns, 208
Chemotherapy, for eyelid tumors, 174--175
"Cherry eye," 57, 59

nictitating membrane gland removal in, 151-152
Chesapeake Bay retriever

cataracts in, 116-117
corneal dystrophy in, 35
progressive retinal atrophy in, genetic test for, 261
retinal degeneration in, 249

Chihuahua, endothelial dystrophy in, 37
Chlamydia. as conjunctivitis cause, 26
Chloramphenicol, as feline herpesvirus-related con-

junctivitis treatment, 27
Cholesterolosis bulbi (synchysis scintillans), 282, 285
Chondrosarcoma, computed tomographic scan of, 15
Chorioretinitis, 228, 228

toxoplasmosis-related, 200, 202. 204
uveitis-related, 179

Choroid, 225
hypoplasia of

in Australian sheepdogs, collies, and Shetland
sheepdogs,232-234,235.236,23~238,239

"go normal" evaluation of, 232
Choroiditis

definition of, 177
diffuse, blastomycosis-related, 189
phacolytic uveitis-related, 206

Chowchow
entropion in, 153
glaucoma in, 74, 76, 82
retinal dysplasia in, 252
uveodermatologic syndrome in, 192

Cilia, ectopic, 28, 39, 148
Ciliary body

cysts of, 297-300, 298, 299, 300
epithelial tumors of, 292

in cats, 287
clinical signs of, 288
as glaucoma cause, 289
malignant, 291

pharmacologic ablation of, in blind glaucomatous
eyes, 84

Clindamycin, as feline toxoplasmosis treatment, 204
Clumber spaniel, retinal dysplasia in, 252
Coagulopathy

as hyphema cause, 79
as ocular hemorrhage cause, 214

Coccidioidomycosis, as uveitis cause, 185, 188
Cocker spaniel

anterior uveitis-related glaucoma in, 190
cataracts in, 113,116-117
dorsal extension of nictitating membrane, 67
entropion in, 153
epiphora in, 148

Cocker spaniel (cont.)
glaucoma in, 74, 76, 90. 103
imperforate puncta in, 149
intracapsular intraocular lens-related hypotony in,

127-128
keratoconjunctivitis sicca in, 28-29, 57
lens-induced uveitis in, 271
posterior polymorphous dystrophy in, 38
progressive retinal atrophy in, 242, 245

cataracts associated with, 246
genetic testing for, 261
photoreceptor degeneration in, 248

prolapse of nictitating membrane gland in, 71
retinal degeneration in, 249
retinal dysplasia in, 229, 252, 253, 257

Collagen shields, for acute ocular trauma, 210
College of Veterinary Ophthalmology diplomates, eye

exarninationsby,262
Collie

corneal dystrophy in, 35
inherited eye anomalies in, 232-240
progressive retinal atrophy in, 248
retinal degeneration in, 249
retinal dysplasia in, 252

Collie eye anomaly, 234--235, 239
Coloboma, 135

in Australian shepherds, collies, and Shetland sheep
dogs,232,233,234,235,236,23~238

as contraindication to breeding, 233
Color television, animals' perception of, 9
Color vision, 7-10

anomalies of, 8-9
testing for, 7-8

Computed tomography (CT), 11, 12
differentiated from magnetic resonance imaging,

15-16
Conjunctiva

foreign bodies in, 213
tumors of, 169, 171

Conjunctivitis
allergic, 28
eosinophilic, 28
as epiphora cause, 148
feline herpesvirus-related, 25, 26,26, 27-28
follicular, 70, 71
as "red eye" cause, 25

Contact lens, removal from postkeratomized cornea, 50
Copper, as asteroid hyalosis component, 281, 282
Cornea

abrasions of
foreign body-related, 213
as "red eye" cause, 31

chemical burns of, 208
degeneration of, 37
edema of

cataract surgery-related, 127, 129
with corneal sequestrum, 46
differentiated from corneal dystrophy, 33
endothelial dystrophy-related, 37-38, 37-38
glaucoma-related, 80, 90
uveitis-related, 179, 183

fibrosis of, differentiated from corneal dystrophy, 33
foreign bodies in, 213
insensitive, in brachycephalic breeds, 140
lacerations of, 210, 210
magnetic resonance imaging of, 16
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Cornea (cont.)
neovascularization of. in keratoconjunctivitis sicca,

57
postoperative wound care for, 49
in proptosis

anesthesia of. 64
protection of. 61

sequestrum of. in cats. 46-51, 47, 50
with diffuse corneal edema, 46
removal of, 48-49, 48, 49

sutures and suturing techniques for, 2/0, 211. 212
ulceration of

alkali bum-related, 208
cataract surgery-related, 127
in cats, 70
corneal degeneration-related, 37
indolent, 39-45, 40, 41, 42, 43
keratoconjunctivitis sicca-related, 57
nictitating membrane foreign body-related, 69
proptosis-related, 63
as "red eye" cause, 31-32,32

Corneal dystrophy, 33-38, 33,34,35,36,37,38
Corneal striae, 81-82
Corneal transplant, into degenerative cornea, 212
Cortical disease. differentiated from sudden acquired

retinal degeneration, 276
Corticosteroids

as anterior uveitis treatment, 182, 183
as eosinophilic granuloma of nictitating membrane

treatment. 68
as episcleritis treatment, 30, 30
as hyphema treatment, 83, 216
as optic neuritis treatment, 275-276
as pigmentary uveitis treatment, 197
as proliferative keratoconjunctivitis treatment, 55
as uveitis treatment, 188, 290-291
as uveodermatologic syndrome treatment, 196
as vitreal hemorrhage treatment, 218

Cosopt, 87, 88
Cranial nerve(s), involved in eye reflexes, 139, 143
Cranial nerve III (oculomotor nerve), unilateral lesion

of, 143
Cranial nerve V (trigeminal nerve)

corneal connections of, in brachycephalic breeds,
140

in eye preservation blink reflex, 139
lesions of, 140

Cranial nerve VII (facial nerve)
anatomic course of, 140
in eye preservation blink reflex, 139
as lacrimal gland innervation, 141

Creatinine. feline hypertensive retinopathy-related in
crease in, 278

Cross-eyed cats. 143
Cryosurgery/cryotherapy

for buphthalmic eye, 101, 102,102
equipment for, 174, 175
for eyelid tumors, 173-174
for rhegmatogenous retinal detachment, 271

Cryptococcosis
as optic neuropathy cause

in cats, 146
in dogs, 144

as uveitis cause, 185, 188
Cushing's disease, as corneal lipid or calcium infiltra

tion cause, 37

Cushing's disease-like signs, of sudden acquired retinal
degeneration, 276

Cyclitis, definition of, 177
Cyclooxygenase inhibitors, hyphema as contraindica

tion to, 217
Cycloplegics

as hyphema treatment, 216
post-cataract surgery use of. 124
topical. as acute ocular trauma treatment, 209

Cyc1osporine
as keratoconjunctivitis sicca treatment. 59, 64
as pigmentary uveitis treatment. 198
as uveodermatologic syndrome treatment. 196

Cysts
dermoid. of nictitating membrane, 67
iris/ciliary, 297-300, 298, 299, 300

relationship with pigmentary uveitis. 198, 199
toxoplasmic, 201

Dachshund
cataracts in, 116-117
endothelial dystrophy in, 37
inherited ocular and otic defects in, 234
miniature long-haired, progressive retinal atrophy in,

248
retinal degeneration in, 249
sudden acquired retinal degeneration in, 275

Dacryocystorhinography. 14, 14, 149
Dalmatian, glaucoma in, 74. 76
Daranide, 87
Dazzle reflex, 80,141

cranial nerves involved in, 143
Deafness, in poorly pigmented animals, 135
Debridement, of indolent corneal ulcers, 42, 43
Demercarium bromide, 88
Depigmentation, uveodermatologic syndrome-related,

192,193,194,195
Descernet's striae, 81-82
Dexamethasone, as uveitis treatment, 188, 207
Diabetes mellitus

megestrol acetate-related, 28
ophthalmic manifestations of

asteroid hyalosis, 22
cataracts, 113
corneal lipid or calcium infiltration, 37
hypertension-related. 277
uveitis, 185

Dialysis, retinal, 268, 269, 272, 273
Diamox,87
Dichlorphenarnide, 87, 90-91

side effects of, 100
Dichromacy, 8
Diclofenac, as proliferative keratoconjunctivitis treat

ment,55
Dipivefrin hydrochloride, 89
Distemper

as keratoconjunctivitis sicca cause, 59
as optic neuropathy cause, 144
as retinochoroidallesion cause, 186

Distichiasis, 28, 148
DNA (deoxyribonucleic acid) testing

for ocular melanosis, in cairn terriers, 109
for progressive retinal atrophy, 246, 261-267

Doberman pinscher
cataracts in, 116-117
retinal dysplasia in. 252
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Dog fights, as proptosis cause, 61, 62, 209
Dogs. See also specific breeds ofdogs

Asian breeds, uveoderrnatologic syndrome in, 192
asteroid hyalosis in, 281-286
brachycephalic breeds

corneal insensitivity in, 140
medial canthal closure in, 164, 164
proptosis in, 61

conjunctivitis in, 28-29
corneal dystrophy in, 35
eyelid tumors in, 169
indolent corneal ulcers in, 39, 43
sudden acquired retinal degeneration in, 275-276
toy breeds, nictitating membrane tear gland removal

in, 151-152
Dolichocephalic breeds, proptosis in, 61
Dorzolamide, 87
"Dry eye" syndrome, 57,152
Dysautonomia, generalized, 69
Dyscoria

anterior uveitis-related, 136
of iris, 135, 138
iris melanoma-related, 138
luxated lens-related, 137

Dysplasia
of photoreceptors, 247-248
retinal. See Retinal dysplasia

Dyspnea, toxoplasmosis-related, 200
Dystrophy

corneal, 33-38, 33, 34, 35, 36, 37, 38
endothelial, 37-38, 37-38
posterior polymorphous, 38
retinal pigment epithelial (RPED), 246

Echothiophate iodide, 88
Ectropion

causes of, 153-154
as epiphora cause, 148
surgical correction of, 160-162

Edema, corneal. See Cornea, edema of
Ehrlichiosis

as glaucoma cause, 83
as uveitis cause, 185, 187

Electrical activity, of the visual system, 1-6
Electron microscopy, in asteroid hyalosis, 284, 284,

285
Electrophysiology, of color vision, 7-8
Electroretinography (ERG), 1-5,276

for asteroid or synchysis bodies diagnosis, 282
c-waves of, 4
definition of, I
d-waves of, 4
electrical basis of, 1-2
e-waves of, 4
limitations of, 5
multiphasic, 2-3
oscillatory potentials (P waves) of, 4
performance of, 2
for progressive retinal atrophy diagnosis, 246
in retinal abnormalities, 4--5
for retinal and optic nerve assessment, with dense

cataract, 141
"Elschnig 's pearls," 129
Emergency treatment

for acute glaucoma, 90-91
for acute ocular trauma, 209-210

Emergency treatment (cont.)
for anterior uveitis, 182-183
for septic endophthalmitis, 223

Emmetropia, 121-122
Enalapril, as feline hypertension treatment, 279
Endodontic disease, as orbital abscess cause, 303
Endophthalmitis, 178, 206, 222-224

definition of, 178
iatrogenic, following cataract surgery, 128
nonseptic, 222, 223, 224
perforated wound-related, 209
prognosis for, 182, 224
septic,222-223,222,224

Endothelial dystrophy, 37-38, 37-38
English bulldog

entropion in, 153
keratoconjunctivitis sicca in, 28-29, 57
prolapse of nictitating membrane gland in, 71

English springer spaniel. See Springer spaniel, English
English toy spaniel, corneal dystrophy in, 35
Enophthalmos, 302, 302

definition of, 142,301
Horner's syndrome-related, 141, 142

Entropion
causes of, 153-154
chemical burn-related, 208
cicatricial, 161
as epiphora cause, 148
in older animals, 155
recurrence of, 158
surgical correction of, 153-160, 161

with Holz-Celsus procedure, 155-157,156, 158,
159, 160

with Y-to-Vblepharoplasty, 157,157
Enucleation

artifacts caused by, 309
of blind glaucomatous eye, 84,101

bilateral, 103
as eyelid tumor treatment, 175
as feline ocular tumor treatment, 293
follow-up of, 295
as proptosis treatment, 62, 62-63
of ruptured or perforated globe, 208
as septic endophthalmitis treatment, 223

Eosinophils
conjunctivitis/keratitis-associated, 28
proliferative keratoconjunctivitis-associated, 52, 53,

54, 55
Epidermal growth factor, as indolent corneal ulcer

treatment, 41
Epinephrine, as hyphema treatment, 216
Epinephrine hydrochloride, as glaucoma treatment, 89
Epinephryl borate, 89
Epiphora, 147-152, 148

brown stain associated with, 150
idiopathic, 149-150, 152
indolent corneal ulcer-related, 39

Episclera, melanosis-related pigment in, 105, 106,107
Episcleral vessels, engorged, 30-31
Episcleritis

necrotizing, 30
nodular, 30, 31
as "red eye" cause, 25, 30
treatment for, 30, 30

Esotropia, 143
Euthanasia, of blind animals, 103
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Evisceration, of buphthalmic eye, 101, 103
Excitotoxins, as sudden acquired retinal degeneration

cause, 276
Exenteration

of buphthalmic eye, 100-10 1
follow-up of, 295

Exophthalmos
computed tomographic scan of, 15
definition of, 142-143,301
differentiated from buphthalmos, 29, 301-302
intraocular tumor-related, 303
myositis-related, 306
orbital intraconal meningioma-related, 304
orbital sarcoma-related, 304
ultrasonographic evaluation of, 21

Extraocular muscles
inflammation of, as nictitating membrane prolapse

cause, 68
polymyositis of, 307, 307

Eyeball, unilateral inability to retract, 143
Eyelid

defects of, surgical correction. See Blepharoplastic
procedures

third. See Nictitating membrane
Eyelid surgery. See Blepharoplastic procedures
Eyelid tumors, 169-175

benign differentiated from malignant, 170-171
removal of, 165, 166, 171-175

Facial nerve. See Cranial nerve VII
Facial paralysis, 140-141,140

evaluation of, 99
Feline central retinal degeneration, 250, 251
Feline herpesvirus-I (FHV-I)

as conjunctivitis cause, 25, 26, 26, 27-28
diagnosis of, 27
as eosinophilic granuloma of nictitating membrane

cause, 68
as indolent corneal ulcer cause, 43
as keratoconjunctivitis sicca cause, 29, 55

Feline immunodeficiency virus, as glaucoma cause,
83

Feline infectious peritonitis, as optic neuropathy cause,
146

Feline leukemia virus, as glaucoma cause, 83
Fever, toxoplasmosis-related, 200
Fibrin deposition, in pigmentary uveitis, 197
Fibrinolytic treatment, for hyphema, 217
Fibroma, of eyelid, 170
Fibrosarcoma, of eyelid, 170, 175
Fibrosis, corneal, differentiated from corneal

dystrophy, 33
Field spaniel, retinal dysplasia in, 252
Fixatives, for globe, 309-310
Flaps

conjunctival
in acute ocular trauma, 210, 212
in corneal sequestrum, 48

cross lid, 166-167,167
sliding skin-muscle, 165,166
third eyelid (nictitating membrane), in cats, 70

Flunixin meglumine
hyphema as contraindication to, 217
as uveitis treatment, 188

Fluorescein dye test. See also Seidel test
in corneal sequestrum, 46

Fluorescein dye test (cont.)
negative, implication for nasolacrimal patency,

148-149
Flurbiprofen, as proliferative keratoconjunctivitis treat

ment,55
Foreign bodies, 213

metallic, 209
in nasolacrimal system, 149
in nictitating membrane, 69-70

Formalin, as globe fixative, 309-310
Fox hound, inherited ocular and otic defects in, 234
Fox terrier

glaucoma in, 79
toy, corectopia in, 136

Fractures
of nasal bone, 149
of skull, as optic neuropathy cause, 145

Fundus
acquired diseases of, 225-231

hyperreflective lesions, 225-226, 227
hyporeflective lesions, 225-226, 229

albinotic, 135, 236
definition of, 225
examination of, 225

in merle-coated dogs, 234, 235
hemorrhage in, 229, 230
melanin deposition in, 108, 230
normal, 225, 226
in progressive retinal atrophy, 244, 245
in toxoplasmosis, 202

Fungal infections. See also specific fungal infections
as optic neuropathy cause, 144
systemic, as glaucoma cause, 83
as uveitis cause, 181, 185, 188

Furosemide, as feline hypertension treatment, 279

Gait, hypermetric, 139
Ganglion cells, retinal, apoptosis of, 73, 76-77, 78
Genetic tests

for progressive retinal atrophy, 261-267
registries of, 267
sources of, 267

Gentamicin, as uveitis treatment, in systemic disease,
190

German shepherd
cataracts in, 116-117
corneal dystrophy in, 35
cyclosporine-resistant keratoconjunctivitis sicca in,

59
nodular iris melanocytoma in, 294
ocular blunt trauma in, 214
ocular melanocytic tumors in, 287
pannus in, 70
retinal degeneration in, 249
retinal dysplasia in, 252

German shorthaired pointer, retinal degeneration in,
249

Glass, as ocular foreign body, 213
Glaucoma, 275

acute, 90-91
differentiated from chronic, 81-82
prognosis for, 91

acute pupillary block, prevention of, 88
atropine-related, 217
as blindness cause, 99-104
buphthalmic eye treatment in, 99-104
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Glaucoma (COni.)
chemical bum-related, 208
chronic, 80
color Doppler ultrasonographic evaluation of, 12
contralateral eye in, 78, 84
definition of, 73
differentiated from sudden acquired retinal degener-

ation, 275, 276
differentiated from uveitis, 30-31
diffuse ocular melanocytosis-related, 294-295, 295
engorged episcleral or scleral vessels associated

with, 30-31
evaluation of, 85
genetic factors in, 74,76
gonioimplant treatment for, 93-98, 95, 96, 97
intraocular pressure in, 30-31, 73, 76-77,100

in acute glaucoma, 90
in blind eyes, 85
causes of, 93
gonioimplant treatment for, 93-98
pharmacologic management of. See Antiglau-

coma medications
in secondary glaucoma, 78, 82
in young animals, 82

intraocular tumor-related, 288, 289
medical treatment for, 84, 85-92, 93

after cataract surgery, 124
cost of, 88

overview of, 73-77
phacomorphic, 118
photocoagulation treatment for, 102, 102

contraindication in melanosis, 109
primary, 76

bilateral, prevention of, 92
differentiated from secondary glaucoma, 78
spread to contralateral eye, 103
therapeutic goal in, 85

as "red eye" cause, 25
secondary, 76, 78-84, 85

"big eye, blind eye" rule of, 82-83
cataract-related, 116
cataract surgery-related, 128
differentiated from primary glaucoma, 78
intraocular tumor-related, 100
melanosis-related, 106,107, 108-109
uveitis-related, 32, 78, 190, 198,206
uveodermatologic syndrome-related, 192

surgical treatment for, 93, 100-102
indications for, 91-92

transient, as retinal detachment cause, 271
vision prognosis in, 76, 80

Glauctabs, 87
Globe

blunt trauma to, 214, 215
in brachycephalic breeds, medial canthal closure

protection for, 164, 164, 165
buphthalmic

assessment of, 80
removal of, 100-102, 102
rupture of, 102

displacement of
anterior. See Exophthalmos
posterior. See Endophthalmos

fixatives for, 309-310
inflammation of. See Endophthalrnitis
repositioning of, in proptosis, 63-64

Globe (coni.)
salvage of, in proptosis, 62-63, 65
shift of, 30 I
trauma-related rupture or perforation of, 208, 209

Glycerol, for intraocular pressure control, 86
Glycosarninoglycans, polysulfated, as indolent corneal

ulcer treatment, 41
Golden retriever

cataracts in, 116-117
corneal dystrophy in, 35
entropion in, 153
imperforate puncta in, 149
iris/ciliary cysts in, 298, 299

relationship with pigmentary uveitis, 198,199
limbal melanocytoma in, 294
ocular melanocytic tumors in, 287
ocular melanosis in, 109
pigmentary uveitis in, 197-199
retinal degeneration in, 249
retinal dysplasia in, 252
uveal cysts in, 299, 300
uveodermatologic syndrome in, 192

Goldfish, color vision system of, 9
Gonioimplants, 93-98
Goniolens, 74, 75, 76
Gonioscopy, of ocular melanosis, 105, 106, 106
Gordon setter

retinal degeneration in, 249
retinal dysplasia in, 252

Grafts
conjunctival, in acute ocular trauma, 210
corneal-conjunctival, in corneal sequestrum, 48, 49
pedicle grafts, for ulcerative wound coverage, 211
Tenon's

for acute ocular trauma repair, 211
for corneal sequestrum, 47, 48

Granuloma
eosinophilic, of nictitating membrane, 68
subretinal, 189

Gray matter, magnetic resonance imaging of, 16
Great Dane

entropion in, 153
inherited ocular and otic defects in, 234
prolapse of nictitating membrane gland in, 71
retinal degeneration in, 249

Greyhound. See also Italian greyhound
pannus in, 70
retinal degeneration in, 249

Haab's striae, 81-82, 99
Hair color loss, uveodermatologic syndrome-related,

192
"Haws," 69
Hearing impairment, congenital, 234
Heart murmur, hypertension-related, 278
Hemangioma, of nictitating membrane, 69
Hemangiosarcoma, ocular

as exophthalmos cause, 303
of nictitating membrane, 69

Hemorrhage, ocular, 214-221. See also Hyphema
during blepharoplastic surgery, 155
cataract surgery-related, 125, 126
expulsive choroidal, cataract surgery-related, 126
fundal, 229, 230
intravitreal, asteroid or synchysis bodies associated

with,282
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Hemorrhage (cont.)
orbital, as nictitating membrane prolapse cause, 68
retinal, 145, 145, 219,219,220,221

feline hypertension-related, 278, 278, 280
hypertensive retinopathy-related, 145,145
magnetic resonance imaging of, 17
toxoplasmosis-related, 200
uveitis-related, 179, 187

spontaneous, intraocular tumor-related, 288, 289
uveitis-related, 178, 179, 187
vitreous, 22, 22,217-219,218

trauma-related, 209
Hexafluoride, use in pneumatic retinopexy, 272-273
Himalayan cat, corneal sequestra in, 49
Hippus, 134
Histopathology, ocular, 309-311
Histoplasmosis, as uveitis cause, 185, 188
Horner's syndrome, 140, 141,302

left-sided, 142
as nictitating membrane prolapse cause, 68, 69, 69

Horses
indolent corneal ulcers in, 39
proliferative keratoconjunctivitis, 52

Hotz-Celsus procedure, 155-157, 156, 158,159, 160
Hyalitis

endophthalmitis-related, 222
phacolytic uveitis-related, 205

Hyaloid artery, persistent, as cataract cause, 115, 118
Hyalosis, asteroid, 22, 281-286, 281-286
Hypercalcemia, as corneal lipid or calcium infiltration

cause, 37
Hyperemia

indolent corneal ulcer-related, 40
uveitis-related, 179

Hyperlipoproteinemia, as corneal lipid or calcium infil
tration cause, 37

Hyperosmotic agents, 88, 90
Hypertension

cardiac auscultatory abnormalities associated with,
278

feline
diagnosis of, 277
drug therapy for, 279
as ocular lesion cause, 277-280, 277, 278, 279
in older cats, as retinopathy cause, 145-146, 145

as fundus hemorrhage cause, 229
neurologic signs of, 278
as retinal detachment cause, 32
systemic, as hyporeflective fundus lesion cause, 228

Hyperthermia, radiofrequency, as eyelid tumor treat
ment,175

Hyperthyroidism, as feline hypertension cause, 277,
279,280

Hypervitaminosis D, as corneal lipid or calcium infil
tration cause, 37

Hyphema,215-217
cataract surgery-related, 127
conjunctivitis-related, 25
definition of, 32, 215
drugs contraindicated in, 217
endophthalmitis-related, 222
as glaucoma cause, 78-79, 83-84
intraocular tumor-related, 78-79
intravitreal hemorrhage associated with, 22
as "red eye" cause, 25, 32
severe, 209

Hyphema (cont.)
severity grading of, 215-216
surgical treatment of, 217
toxoplasmosis-related, 200
trauma-related, 78-79
ultrasonographic evaluation of, 20-21,22
uveitis-related, 183, 187

Hypokalemia, carbonic anhydrase inhibitors-related,
87

Hypoplasia
acinar, congenital, 57, 59
choroidal, "go normal" evaluation of, 232
of optic nerve, relationship with other inherited eye

anomalies, 233
Hypopyon

endophthalmitis-related, 222, 224
uveitis-related, 180, 181, 183

Hypothyroidism
as comeallipid or calcium infiltration cause, 37
indolent corneal ulcers associated with, 40-41

Hypotony
cataract surgery-related, 127, 127-128
endophthalmitis-related, 222
perforating scleral wound-related, 209
uveitis-related, 179,205,206

Idoxuridine, as feline herpesvirus-related conjunctivitis
treatment, 27

Imaging, ophthalmic, 11-17. See also Computed to
mography; Magnetic resonance imaging; Ultra
sonography

new modalities of, 11, 12
Immunoglobulin G, as toxoplasmosis indicator, 203
Immunoglobulin M, as toxoplasmosis indicator, 203
Immunomodulator therapy

for proliferative keratoconjunctivitis, 55-56
for uveodermatologic syndrome, 196

Immunophenotypic analysis, of pigmentary uveitis,
198

Immunosuppressive therapy
for uveitis

pigmentary uveitis, 198
in systemic disease, 190

for uveodermatologic syndrome, 194
Imperforate puncta, 149
Indomethacin, as proliferative keratoconjunctivitis

treatment, 55
Inflammation, orbital, 303
Inherited eye anomalies, in Australian shepherds, col

lies, and Shetland sheepdogs, 232-240
Inner ear, in facial paralysis, 140-141
Interferon

as proliferative keratoconjunctivitis treatment,
55-56

side effects of, 56
Intracapsular intraocular lens (IOLs), 121-123,122,

123
effect on cataract surgery complication rate,

129-130
haptics of, 122
luxation of, 127, 129-130
sutured ciliary sulcus, 123

Intraocular evisceration-implantation, of blind glauco
matous eyes, 84

Intraocular pressure
after cataract surgery, 124
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Intraocular pressure (cont.)
in anterior chamber reformation, 210-211
in buphthalmic eye, 100
excessively low. See Hypotony
in glaucoma, 30-31, 73, 76--77,100

in acute glaucoma, 90
in blind eyes, 85
cause of, 93
gonioimplant treatment of, 93--98, 95. 96, 97
pharmacologic management of. See Antiglau-

coma medications
in secondary glaucoma, 78, 82
in young animals, 82

measurement of, 73-74
normal, 74

IOLs. See Intracapsular intraocular lens
lopidine, 90
Iridectomy, sector, 83
Iridocorneal angle

definition of, 74
in glaucoma, 74. 75. 76.76--77,93

Iridocyclectomy, 83
Iridocyclitis

asteroid or synchysis bodies associated with, 282
gonioimplant-related, 97-98

Iris
benign hyperpigmentation of, in cats, 293
blue, pupillary abnormalities associated with,

135-136
cataract surgery-related prolapse of, 125
cysts of, 297-300, 297, 299, 300
hemorrhagic, cataract-related, 206
melanoma of, 138
melanosis-related thickening of, 105, 105. 106
prolapsed, amputation or replacement of, 211

Iris bornbe, cataract surgery-related, 129
Irish setter

cataracts in, 116--117
progressive retinal atrophy in

genetic test for, 261, 263, 266
photoreceptor degeneration in, 248

retinal degeneration in, 248
uveodermatologic syndrome in, 192

Iritis
definition of, 177
toxoplasmosis-related, 200, 201

Iron, as asteroid hyalosis component, 281, 282
Irrigation, of chemical ocular burns, 208
Italian greyhound

retinal degeneration in, 248
spontaneous retinal detachment in, 274

Jensen technique, for medial canthal closure, 164, 164.
165

Keratectomy
as corneal sequestra treatment, 46, 47, 49
stromal pigment in, 49

Keratinization, keratoconjunctivitis sicca-related, 57
Keratitic precipitates

anterior uveitis-related, 180
cataract surgery-related, 129

Keratitis
eosinophilic, 28, 52
neurotropic, proptosis-related, 64
as "red eye" cause, 25

Keratitis (cont.)
ulcerative

as epiphora cause, 148
as uveitis cause, 207

Keratoconjunctivitis, feline proliferative, 52-56, 52.
53-54

Keratoconjunctivitis sicca, 28-29, 57-60, 61
chemical burn-related, 208
definition of, 57
following removal of nictitating membrane gland,

71
iatrogenic, 29
neurogertic, 141
Schirmer test for, 39, 57, 58
surgical treatment for, 59

Keratopathy, bullous, 38
Keratoplasty, as corneal sequestrum treatment, 48
Keratotomy, as indolent corneal ulcer treatment, 32,

43,43
Key-Gaskell syndrome, 69
King Charles spartiel. See Cavalier King Charles

spaniel
Kittens, retinal degeneration in, 250, 250
Kuhnt-Helmbold procedure, 160,161, 162,162
Kuhnt-Szymanowski procedure, 160, 161

Munger-Carter modification of, 162, 162

Labrador retriever
cataracts in, 116--117, 119
entropion in, 153
ocular melanocytic tumors in, 287
progressive retinal atrophy in

with genetically normal parent, 265
genetic test for, 261
photoreceptor degeneration in, 248

retinal degeneration in, 249
retinal dysplasia in, 229, 252, 252
scleritis in, 31
uveodermatologic syndrome in, 192, 192

Lacerations
of cornea, 210,210
as endophthalmitis cause, 209
of eyelid

involving lacrimal canaliculi, 167,168
of rtictitating membrane, 67

Lacrimal canaliculi, laceration repair of, 167, 168
Lacrimal gland, 57

innervation of, 141
Lagophthalmos, 29

proptosis-related, 64
surgical correction of, 163-164

Laser ophthalmoscope, confocal scanning, 12
Laser therapy

for buphthalmic eye, 10 I, 102
for eyelid tumors, 174
instrumentation for, 102
for intraocular tumor-related glaucoma, 83
for intraocular tumors, 292-293
for iris/ciliary cysts, 299,300
for retinal detachment, 271, 272, 273
as retinopexy, 271, 271

Latanoprost, 90
Lead, as asteroid hyalosis component, 281, 282
Leishmaniasis, as uveitis cause, 188
Lens

cataract surgery-related fragment loss of, 125-126
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Lens (cant.)
magnetic resonance imaging of, 16

Lens capsule
anterior, removal in cataract surgery, 121
cataract surgery-related tears of, 125

Lensectomy, as lens luxation-related glaucoma treat
ment, 84, 85

Lens luxation
cataract surgery-related, 125
as dyscoria cause, 137
as glaucoma cause, 79-80, 79, 84, 85
trauma-related, 209

Lenticular proteins, leakage from cataracts, 205
as retinal detachment risk factor, 268, 271, 271

Lenticular sclerosis, 115
Lentoid, 121, 129
Leptospirosis

as glaucoma cause, 83
as uveitis cause, 185

Levobunolol hydrochloride, 89
Lhasa apso

cataracts in, 116-117
corneal dystrophy in, 35
keratoconjunctivitis sicca in, 28-29
prolapse of nictitating membrane gland in, 71
spontaneous retinal detachment in, 274

Lipids, corneal infiltration by, 37
Lipofuscin, 230
Lizards, color vision system of, 9, 10
Lowchen, retinal degeneration in, 249
Lymphoma, ocular, 290

as glaucoma cause, 100
as optic neuropathy cause, in cats, 146
uveal,290
as uveitis cause, 289

Lymphosarcoma, ocular, 287
clinical signs of, 288
as glaucoma cause, 85
pupillary, 137

L-Lysine, as feline herpesvirus-related conjunctivitis
treatment, 27-28

Magnetic resonance imaging (MRI), 11-12
differentiated from computed tomography, 15-16

Maltese dog, idiopathic epiphora in, 149
Mannitol

as glaucoma treatment, 86, 88, 91
for intraoperative vitreous expansion management,

125
Marker/linkage test, differentiated from mutation test,

262
Mast cell tumors, of eyelid, 169, 170

intralesional distilled water therapy for, 175
Mastiff

corneal dystrophy in, 35
entropion in, 153
retinal degeneration in, 249
retinal dysplasia in, 252, 255

Medial canthal closure technique, 164, 164
Medial canthal trichiasis, 165
Medial rectus muscle, proptosis-related injury to, 64, 65
Medulloepithelioma, ocular, 287, 288
Megestrol acetate

as eosinophilic conjunctivitislkeratitis treatment, 28
as eosinophilic granuloma of nictitating membrane

treatment, 68

Megestrol acetate (cont.)
as proliferative keratoconjunctivitis treatment, 55
side effects of, 55

Meibomian gland, adenoma of, 170
Melanin

deposition in fundus, 230
in uveodermatologic syndrome, 194

Melanocytorna, ocular
lirnbal, 291, 294
posterior choroidal, 288

Melanocytosis, ocular
diffuse, 291
uveal, 288, 295

Melanoma, ocular
clinical signs of, 287-288
of eyelids, 169, 170,170
as glaucoma cause, 100
of iris, 138

in cats, 287, 290, 292
lirnbal, 294
of nictitating membrane, 29, 69,69
nodular, in cats, 287
uveal,288

as miosis cause, 138
Melanosarcoma, ocular

conjunctival, 171
of nictitating membrane, 69

Melanosis
in cairn terriers, 105-109, 105, 106, 107, 109
diffuse ocular, 294-295
glaucoma associated with, 106, 107, 108-109

Menace reflex, 139, 139
cranial nerves involved in, 143
for determination of glaucoma-related blindness, 99

Meningioma, posterior orbital intraconal, 304
Meningoencephalitis

differentiated from sudden acquired retinal degener
ation, 275, 276

granulomatous, as optic neuropathy cause, 144, 145
Merle-coated animals

inherited eye anomalies in, 234-235
nonpigmented nictitating membrane in, 67
pupillary abnormalities in, 135-136

Mesenchymal tumors, of eyelid, 169
Metals, as ocular foreign body, 213
Metastatic cancer, intraocular, 287

clinical signs of, 288
as glaucoma cause, 100

Methazolamide, 87, 90-91
side effects of, 100

Methylprednisolone, as uveodermatologic syndrome
treatment, 196

Metipranolol, as glaucoma treatment, 89
Metronidazole, as idiopathic epiphora treatment, 150
Micrococcus, 49
Microphthalmos, relationship with other inherited eye

anomalies, 233, 235
Microscopy, confocal, 12
Microspectrophotometry, 7, 8
Minerals, as asteroid hyalosis component, 281, 282
Miniature pinscher, corneal dystrophy in, 35
Miosis

as cataract surgery complication, 125
endophthalmitis-related, 222
Horner's syndrome-related, 141,142
uveal melanoma-related, 138
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Miosis (cont.)
uveitis-related, 179, 183,205

Miotics
as glaucoma treatment, 85, 88
as hyphema treatment, 216

Motor vehicle accidents
as preretinal hemorrhage cause, 218
as proptosis cause, 209

Mucocele, zygomatic, 308
differentiated from zygomatic sialadenitis, 307-308

Mucopurulent discharge, keratoconjunctivitis sicca
related, 57, 58

Mutation test, differentiated from markerllinkage test,
262

Mycoplasma, as conjunctivitis cause, 26
Mydriatics

as symptomatic treatment for cataracts, 117
use after cataract surgery, 124
as uveitis treatment, in systemic disease, 190

Myositis
masticatory, 305,306, 307
of temporal muscle, as nictitating membrane pro

lapse cause, 68, 68

Nasal bone, fractures of, 149
Nasal gland, innervation of, 141
Nasolacrimal duct

accessory opening of, 147
cystic dilation of, 14

Nasolacrimal system
closure of, as epiphora cause, 147,148, 148-149,

150-151,152
flushing of, 149

Neovascularization, corneal, keratoconjunctivitis sicca
related, 57

Neptazane, 87, 88
Neuritis, optic

differentiated from sudden acquired retinal degener
ation,275-276

toxoplasmosis-related, zoo
ultrasonographic evaluation of, 22

Neuropathies, optic, 139-146
glaucomatous optic, 73

Newfoundland dog, entropion in, 153
Niacinamide, as uveodermatologic syndrome treat

ment,I96
Nickel, as asteroid hyalosis component, 281, 282
Nictitating membrane

abnormalities of, 67-72
cartilage defects of, 71, 72
Homer's syndrome-related protrusion of, 141
lacerations of, 67
neoplasia of, 29, 29
nonpigmented, 67
prolapsed, 68-69, 69,302,302
prolapsed gland of, 71
removal of, 69-70
tear gland of, 147

Nictitating membrane tear gland, 147
Night blindness, congenital stationary, 261
Nitrous oxide, use as cryogen, 174
Nonsteroidal anti-inflammatory drugs

hyphema as contraindication to, 217
as keratoconjunctivitis sicca cause, 29
as proliferative keratoconjunctivitis treatment, 55
as septic endophthalmitis treatment, 223

Nonsteroidal anti-inflammatory drugs (cont.)
as uveitis treatment

in anterior uveitis, 182, 183
in phacolytic uveitis, 207
in pigmentary uveitis, 197
in systemic disease, 190

Norwegian dunkerhound, inherited ocular and otic
defects in, 234

Norwegian elkhound
cataracts in, II6-117
entropion in, 153
glaucoma in, 74, 76
lens luxation in, 79
progressive retinal atrophy in, 248
retinal degeneration in, 249
retinal dysplasia in, 252

Nostrils, dry, in keratoconjunctivitis sicca, 141
Nova Scotia ducktolling retriever, retinal degeneration

in, 249
Nuclear sclerosis, 115-116
Nyctalopia, progressive retinal atrophy-related, 241
Nystagmus, 131-132

absence of, 132
convergent strabismus-related, 143
definition of, 131

Obesity, in dogs, sudden acquired retinal degeneration-
related, 275

Oculocardiac reflex, 143
Oculomotor nerve. See Cranial nerve ill
Ocupress, 89
Ohm's law, I
Old English sheepdog

cataracts in, 116-I 17
progressive retinal atrophy in, 242
retinal degeneration in, 249
retinal dysplasia in, 252
uveodermatologic syndrome in, 192

One-eyed animals, 295
Ophthalmoscopy, for fundus examination, 225
Opsins,8
Optic nerve

enlarged, magnetic resonance imaging of, 17
functional assessment of, in dense cataract, 141
glaucoma-related damage to, 99-loo
hypoplasia of

as congenital blindness cause, 143,144
relationship with other inherited eye anomalies,

233
toxoplasmosis of, 200

Optic nerve head
"cupping" of, in glaucoma, 81, 82, 99
melanosis-related pigment deposition in, 108

Optic neuropathy
causes of

in cats, 146
in dogs, 144-145

as sudden blindness cause, 144
OptiPranolol, 89
Orbicularis oculi muscle, proptosis-related spasm of,

61
Orbital disease, 301-308

abscess, 303-305, 304, 305
differentiated from orbital cellulitis, 305
as optic neuropathy cause, 145

clinical signs of, 301, 302
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Orbital disease (cont.)
cystic, 303
as exophthalmos cause, 29
inflammatory, 303
localization of, 30 I
neoplastic, 303, 304

as nictitating membrane protrusion cause, 302, 302
ultrasonographic evaluation of, 21, 22

Orbital gland, 147
Orbitotomy, as zygomatic mucocele and sialadenitis

treatment, 308
Orthopedic Foundation for Animals, genetic testing

registry of, 267
Osteitis, petrous, as facial paralysis cause, 140
Otitis

interna, bilateral, absence of nystagmus in, 132
media-interna,140

Pain, ocular
entropion-related, 154
glaucoma-related, 80, 84, 85, 90, 100
as nictitating membrane prolapse cause, 68
orbital cellulitis-related, 306
septic endophthalmitis-related, 223
uveitis-related, 178, 179

Palpebral fissure
diamond- or pagoda-shaped, correction of, 163,163
Homer's syndrome-related narrowing of, 141
Jensen technique for narrowing of, 164, 164, 165

Pancreatitis, as corneal lipid or calcium infiltration
cause, 37

Panleukopenia virus infection, as retinal degeneration
cause, 250, 250

Pannus, 70, 70
Panophthalmitis

chronic, 179
definition of, 178, 179
prognosis for vision in, 182

Panuveitis
bilateral, 206
clinical signs of, 184
retinal detachment-related, 268
uveodermatologic syndrome-related, 192, 196

Papilloma, of eyelid, 169, 171
Papillon

progressive retinal atrophy in, 248
retinal degeneration in, 249

Parasitic infections, as uveitis cause, 181
Pedicle grafts, for ulcerative wound, 211
Pekingese

corneal insensitivity in, 140
keratoconjunctivitis in, 57
prolapse of nictitating membrane gland in, 71
proptosis in, 64
retinal degeneration in, 249

Perfluoropropane, use in pneumatic retinopexy,
272-273

Perforations, ocular, as endophthalmitis cause, 209
Periodontal disease, as orbital abscess cause, 303
Persian cat, corneal sequestra in, 49, 50
Phacoemulsification, of cataracts, 120

short-term success rate of, 129
Phenylephrine, as hyphema treatment, 216
Phospholine iodide, 88
Photocoagulation therapy

for buphthalmic eye, 102

Photocoagulation therapy (cont.)
contraindication in melanosis, 109

for retinal detachment, 271, 272, 273
Photodynamic therapy, for eyelid tumors, 175
Photophobia

keratoconjunctivitis sicca-related, 57
uveitis-related, 183

Photoreceptors, I, 3
dysplasia of, 247-248

Phthisis bulbi, cataract-related, 116
Pica, sudden acquired retinal degeneration-related,

275
Pigment deposition. See also Melanin

pigmentary uveitis-related, 197
Pilocarpine

contraindication in secondary glaucoma, 91
as keratoconjunctivitis sicca treatment, 59
side effects of, 84

Pilocarpine gel, as glaucoma treatment, 88
Plant material, as ocular foreign body, 213
Pointer, corneal dystrophy in, 35
Poliosis, uveodermatologic syndrome-related, In
Polycoria, 135
Polydipsia

carbonic anhydrase inhibitors-related, 86-87
megestrol acetate-related, 55
sudden acquired retinal degeneration-related, 144,

275,276
Polymerase chain reaction test, for feline herpesvirus

1,27
Polymethylmethacrylate, as intracapsular intraocular

lens material, 123
Polymyositis, extraocular, 307,307
Polyphagia, sudden acquired retinal degeneration

related, 144,275,276
Polyuria

carbonic anhydrase inhibitors-related, 86-87
megestrol acetate-related, 55
sudden acquired retinal degeneration-related, 275,

276
Poodle

glaucoma in, 103
idiopathic epiphora in, 149
imperforate puncta in, 149
lens luxation in, 79
miniature

corneal dystrophy in, 35
entropion in, 153
glaucoma in, 74, 76
progressive retinal atrophy in, 244, 248
spontaneous retinal detachment in, 274

retinal degeneration in, 249
standard

cataracts in, 116-117
progressive retinal atrophy in, 243

toy
cataracts in, 116-117
entropion in, 153
epiphora in, 148
progressive retinal atrophy in, 243. 248
spontaneous retinal detachment in, 274

Portuguese water dog
progressive retinal atrophy in, 248

genetic test for, 261
retinal degeneration in, 249

PRA. See Retinal atrophy, progressive
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prcd marker test, for progressive retinal atrophy, 265,
266

prcd (progressive rod-cone degeneration), 248
Prednisolone

as hyphema treatment, 216
as uveitis treatment

in phacolytic uveitis, 207
in pigmentary uveitis, 198
in toxoplasmosis-related uveitis, 204

as uveodermatologic syndrome treatment, 196
Prednisone, as uveitis treatment, 188
Pregnancy, in humans, toxoplasmosis during, 200
Progressive rod-cone degeneration (prcd), 248
Propranolol, as feline hypertension treatment, 279
Proptosis, ocular, 61--66, 62, 64

definition of, 61
prevention of, 65
trauma-related, 209
as vision loss cause, 208

Prostaglandin analogues, as glaucoma treatment, 85,
89-90

Prosthesis, cosmetic, as buphthalmic globe replace-
ment, 101-102,103

Protozoan infections, as uveitis cause, 181
Pseudomonas aeruginosa, as corneal ulcer cause, 32
Pseudophakic eye, 122
Pug, congenital cataract in, 112
Pupil,133-138

abnormalities of, 133-135
acute glaucoma-related, 90
afferent defects, 133, 134
in poorly pigmented animals, 135-136, 135

dilated nonresponsive, in glaucoma, 31
D-shaped, in lymphosarcoma, 137

Pupillary escape, 133-134
Pupillary light reflexes, 80, 133-134, 136, 137, 215

in cataract patients, 118
consensual (indirect), 80, 137

in hyphema, 215
in progressive retinal atrophy, 246
in sudden acquired retinal degeneration (SARD), 144
in toxoplasmosis, 200

Puppies
blindness in, 143,144,234
buphthalmia in, 82
entropion or ectropion surgery in, 153
retinal dysplasia in, 254, 255-256,255, 256, 258

Pyometra, megestrol acetate-related, 28

Radiation therapy, for eyelid tumors, 175
Reconstruction, of eyelid, 172-173
"Red eye," 25-32

localization of, 25-26
ocular foreign body-related, 213

Renal failure, chronic, as feline hypertension cause,
277

Renal function, in feline hypertensive retinopathy, 278,
280

Reptiles, color vision system of, 9, 10
Retina

functional assessment of, in dense cataract, 141
hemorrhage in, 219, 219,220,221
large tears of, 268, 270, 274
light response of, 2

Retinal abiotrophies
in cats, 249-250

Retinal abiotrophies (cont.)
in dogs, 247

Retinal atrophy
as blindness cause, 241
in cats, 250, 251
progressive, 229, 241, 245,246-251

advanced, 241,241,242-243, 244
bilaterality of, 241
central, 246, 247, 251
differentiated from sudden acquired retinal

degeneration, 275, 276
early, 244, 245
genetic testing for, 261-267
implication for breeding, 264-265
photoreceptor dysplasia in, 247-248
prcd marker test for, 265, 266
prcd (progressive rod-cone degeneration)-type,

248
Retinal degeneration, 241-251

after retinal reattachment, in cats, 280
asteroid hyalosis associated with, 22
in cats, 249-250, 249, 250, 280
glaucoma-related, 99,100
sudden acquired, 144,229,275-276
toxic, 251, 251

Retinal detachment, 268-274
appearance of, 268
blunt traumatic injury-related, 208
cataract-related, 116

ultrasonographic evaluation of, 15
cataract surgery-related, 129
causes of, 230-231
coloboma-related, 232, 233
as contraindication to breeding, 233
cryosurgical treatment of, 234
definition of, 230, 268
differentiated from sudden acquired retinal

degeneration, 275, 276
exudative, 230, 268,273, 274

blastomycosis-related, 189
endophthalmitis-related, 222-223

hypertension-related, 32
in cats, 146-146,277,277,278,279,279,280

as hyphema cause, 79
hyphema-reiated, 32
lens-induced uveitis-related, 268, 271, 271
ophthalmoscopic appearance of, 231
recurrence of, 274
retinal dysplasia-related, 257
rhegmatogenous, 231, 268, 273

causes of, 268
treatment for, 271-272, 271,272,274

serous, 268, 269
spontaneous, genetic predilection for, 274
total bullous, 231
tractional, 231, 268, 271-272, 273
trauma-related, 209
treatment for, 231, 268
ultrasonographic evaluation of, 21, 21,146
uveitis-related, 179
uveodermatologic syndrome-related, 192
vertical, 270

Retinal dysplasia, 252-260
as congenital blindness cause, 143
definition of, 252
relationship with choroidal hypoplasia, 233
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Retinal dysplasia (cont.)
relationship with coloboma, 233
relationship with retinal detachment, 233

Retinal pigment epithelial dystrophy (RPED), 246
Retinal separation, peripapillary, magnetic resonance

imaging of, 17
Retinitis, 228

diffuse, 229
uveitis-related, 180

Retinochoroiditis, 228
Retinopathy

diabetic, color Doppler ultrasonographic evaluation
of, 12

hypertensive, in cats, 278, 278, 279, 280
in older cats, 145-146,145

Retinopexy
demarcation, 272
laser, 271, 272, 273
pneumatic, 272-273
prior to cataract surgery, 271

Retraction reflex, cranial nerves involved in, 143
Retrobulbar disease, differentiated from buphthalmic

eye of glaucoma, 99
Rhinotracheitis, as corneal sequestra cause, 46
Rickettsial infections, as uveitis cause, 181, 186, 188
Rocky Mountain spotted fever, as uveitis cause, 185
Rottweiler

cataracts in, 116--117
entropion in, 153
retinal degeneration in, 249
retinal dysplasia in, 252

St. Bernard
entropion in, 153
uveodermatologic syndrome in, 192

Salt, dietary, as feline hypertension cause, 277
Samoyed

corneal dystrophy in, 35
cyclosporine-resistant keratoconjunctivitis sicca in,

59
glaucoma in, 103
imperforate puncta in, 149
progressive retinal atrophy in, genetic test for, 261
retinal degeneration in, 249
retinal dysplasia in, 252
uveodermatologic syndrome in, 192

Sarcoma, ocular, in cats, 287, 291, 293
Scarring, chorioretinal, toxoplasmosis-related, 203
Schiotz tonometry, 73, 81
Schirmer tear test, 28-29, 39, 57, 58, 148
Schnauzer

keratoconjunctivitis in, 57
miniature

cataracts in, 116--117
phacolytic uveitis in, 207
progressive retinal atrophy in

genetic test for, 261
photoreceptor degeneration associated with, 248

retinal degeneration in, 249
standard, cataracts in, 116--117
sudden acquired retinal degeneration in, 275

Sclera, melanosis-related pigment in, 105, 106,107,
108

Scleral crescent, 233, 239
Scleral ectasia, 233
Scleral vessels, engorged, 30-31

Scleritis, 30-31, 31
as "red eye" cause, 25

Sclerouveitis, 268
Sealyham terrier, retinal dysplasia in, 252
Seidel test, 128, 209
Sequestrum, corneal, feline, 46--51, 47, 50

with diffuse corneal edema, 46
removal of, 48-49, 48,49

Shar-pei
entropion and excessive facial fold correction in,

157,158
entropion predisposition, 153
glaucoma in, 82

Shetland sheepdog
corneal dystrophy in, 35, 36
inherited eye anomalies in, 232-240
retinal degeneration in, 249
uveodermatologic syndrome in, 192, 193,194,195

Shih tzu
cataracts in, 116--117
keratoconjunctivitis sicca in, 28-29
prolapse of nictitating membrane gland in, 71
proptosis in, 62
retinal degeneration in, 249
spontaneous retinal detachment in, 274

Show animals, blepharoplastic procedures in, 153
Sialadenitis, zygomatic, differentiated from zygomatic

mucocele, 307-308
Siamese cat, cross-eyed trait in, 143
Siberian husky

cataracts in, 116--117
corneal dystrophy in, 35, 36, 36
lens-induced uveitis in, 271
progressive retinal atrophy in

genetic test for, 261
photoreceptor degeneration associated with, 248

retinal degeneration in, 249
uveodermatologic syndrome in, 192, 193

Silky terrier, spontaneous retinal detachment in, 274
Skull fractures, as optic neuropathy cause, 145
Sloughi, progressive retinal atrophy in, genetic test for,

261
Sodium ascorbate, as alkali bum treatment, 208
Sodium citrate, as alkali bum treatment, 208
"Soemmering's ring," 129
Springer spaniel

English
cataracts in, 116--117
dysplasia in, 229
entropion in, 153
retinal degeneration in, 249
retinal dysplasia in, 252

retinal dysplasia in, 252, 256
Welsh

lens luxation in, 79
retinal degeneration in, 249

Squamous cell carcinoma
of eyelid, 169,170, 174--175
of nictitating membrane, 67, 69, 70

Staphyloma, 233
laser cyclophotocoagulation-related, 109

Strabismus
computed tomographic scan of, 15
convergent, 143
definition of, 142, 30 I
myositis-related, 306
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Strabismus (cont.)
proptosis-related, 64, 64, 65

Striae
corneal, 81-82
Descemet's,81-82

Subretinal space, 230
Sudden acquired retinal degeneration, 144,229,

275-276
Sulfa drugs, as keratoconjunctivitis sicca cause, 59
Sulfonamides, as keratoconjunctivitis sicca cause, 29
Sutures and suturing procedures

for blepharoplastic procedures, ISS, 160, 162
corneal, 210,211,212

Symblepharon, chemical bum-related, 208
Sympathetic denervation. See Homer's syndrome
Sympathomimetic agents, as glaucoma treatment, 85,

89
Synchysis scintillans (cholesterolosis bulbi), 282,

285
Synechiae

chemical bum-related, 208
endophthalmitis-related, 222
posterior

cataract surgery-related, 129
phacolytic uveitis-related, 205

Systemic disease
as nictitating membrane prolapse cause, 68
as uveitis cause, 184-191,206

Tapetum
as fundus component, 225
hyperreflective lesions of, 225-227, 229
hyporeflective lesions of, 226, 226, 230
uveitis-related color changes in, 179

Tarsorrhaphy
partial, for acute ocular trauma repair, 210
temporary, for lagophthalmos correction, 163

Taurine deficiency, in cats
as fundal lesion cause, 229
as retinal atrophy cause, 250, 251

Tear film, precomeal, 57
Tears

function of, 147
overproduction of, as epiphora cause, 147, 148,

151-152
production of, 147

Television, color, animals' perception of, 9
Temporal bone, petrous, in facial paralysis, 140
Temporal muscle, myositis of, 68, 68
Tenon's tissue grafts

for acute ocular trauma repair, 211
as corneal sequestrum treatment, 47, 48

Terriers. See also specific terrier breeds
lens luxation in, 79

Tetanus, as nictitating membrane prolapse cause, 68
Tetracycline

as alkali burn treatment, 208
as feline herpesvirus-related conjunctivitis treat

ment,27
as idiopathic epiphora treatment, ISO, lSI
as uveoderrnatologic syndrome treatment, 196

Therrnokeratoplasty, as endothelial dystrophy treat
ment,38

Third eyelid. See Nictitating membrane
Thrombocytopenia, intraretinal hemorrhage associated

with, 230

Tibetan spaniel
progressive retinal atrophy in, 248
retinal degeneration in, 249

Tibetan terrier
progressive retinal atrophy in, 248
retinal degeneration in, 249

Timolol, 87, 88-89, 91
side effects of, 89

Timoptic,89
Tissue plasminogen activator

as hyphema treatment, 83-84, 217
Tissue plasminogen activator, 83-84

as retinal hemorrhage treatment, 221
Tomography. See also Computed tomography

optical coherence, 12
Tonometry

for acute glaucoma diagnosis, 90
applanation, 73-74
Schiotz, 73, 81

Toxoplasma gondii, 200, 203-204
aqueous humor antibody test for, 203

Toxoplasmosis
in cats, 2~204, 200, 201-202, 203

as optic neuropathy cause, 146
subclinical, 200
treatment of, 203-204

in humans, 200
as optic neuropathy cause

in cats, 146
in dogs, 145

as uveitis cause, 185
Trauma, ocular

acute, 208--213
emergency treatment for, 209-210

as hemorrhage cause, 214
as hyphema cause, 78-79
as optic neuropathy cause, 145
as proptosis cause, 61-62, 62
as rhegmatogenous retinal detachment cause, 268
ultrasonographic evaluation of, 23
as uveitis cause, 207

Trichiasis, 28
as epiphora cause, 148
medial canthal, 165

Trichromacy,8
Trifluridine, feline herpesvirus-related conjunctivitis

treatment, 27
Trigeminal nerve. See Cranial nerve V
Trimethoprim-sulfonarnide, as feline toxoplasmosis

treatment, 204
Trusopt, 87, 88
Tumors

of eyelid, 165, 166, 169-175
intraocular, 287-296

asteroid hyalosis associated with, 22
clinical signs of, 287-288 .
complications of, 288-289
differentiated from iris/ciliary cysts, 297-298
epidemiology of, 287
as glaucoma cause, 78, 83, 100
as hyphema cause, 78-79
management of, 292-295
metastatic, 291, 295
as optic neuropathy cause, 145
prognosis for, 290-291
as "red eye" cause, 29, 29
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Tumors (cont.)
ultrasonographic evaluation of, 22
as uveitis cause, 181, 182

Tunica vasculosa, persistent hyperplastic, as cataract
cause, 118

Ulcers, corneal
alkali burn-related, 208
cataract surgery-related, 127
in cats, 70
corneal degeneration-related, 37
corneal edema-related, 38
indolent, 39-45, 40, 42.43, 44
keratoconjunctivitis sicca-related, 57
nictitating membrane foreign body-related, 69
proptosis-related, 63
as "red eye" cause, 31-32, 32

Ultrasonography, 11,18-24
artifacts or false readings in, 23
A-scan differentiated from B-scan, 19-20, 19
for asteroid or synchysis bodies diagnosis, 282, 283
color Doppler, 12
for hypertensive retinal detachment evaluation, 278,

279
indications for, 14-15, 18
performance of, 18-19
preoperative, in cataract patients, 20, 20, 21
for uveitis diagnosis, 188

Ultrasound phacoemulsification, of cataracts, 120
short-term success rate of, 129

Uremia, as corneal lipid or calcium infiltration cause,
37

Uvea
anatomy of, 177
anterior, 177
melanocytic lesions of, 287
posterior, 177

Uveitis, 177-183, 177
anterior, 179, 181, 182

acute, 180
cataract surgery-related, 126--127
chronic, 180
clinical signs of, 184
definition of, 178
dyscoria-related, 136
ocular melanosis-related, 108
treatment for, 190

cataracts-related, 116
cataract surgery-related, 126--127, 128-129
chemical burn-related, 208
chronic, 180
clinical signs of, 179, 180
common causes of, 181-182
corticosteroid treatment for, 290--291
definition of, 177, 184
differentiated from glaucoma, 30--31
endophthalmitis-related, 222
engorged episcleral or scleral vessels associated

with,30-31
foreign body-related, 213
as glaucoma cause, 32,78, 80, 83
hemorrhage associated with, 187, 218-219
as hyphema cause, 79
intracapsular intraocular lens-related, 122
intraocular tumor-related, 288, 289
lens-induced, 118

Uveitis (cont.)
as retinal detachment risk factor, 268, 271, 271

phacoclastic, 205, 206
phacolytic, 205-207, 205.206,207
pigmentary

in golden retrievers, 197-199
uveal cysts associated with, 300

posterior, 179, 181
clinical signs of, 184
definition of, 178

prognosis for vision in, 182
red blood cell leakage in, 186
as "red eye" cause, 25
systemic disease-related, 184-191

treatment for, 188, 189
toxoplasmosis-related, 200, 200.201,203-204

treatment for, 204
trauma-related, 207,214
ulcerative keratitis-related, 207
uveodermatologic syndrome-related, 192,193, 196
vitreous hemorrhage-related, 218-219

Uveodermatologic syndrome, 192-196
uveitis associated with, 185, 190

Uvula, 177

Vasculitis, as ocular hemorrhage cause, 214
Venography, orbital, 14
VER. See Visual evoked response
Vermiform streaks. See Retinal dysplasia
Vidarabine monohydrate, as feline herpesvirus-related

conjunctivitis treatment, 27
Viral infections. See also specific viral infections

as uveitis cause, 181
Viscoelastic ("visco") material, use in intraocular

surgery, 121, 125
Vision loss. See Blindness
Visual evoked cortical response (VEep). See Visual

evoked response (VER)
Visual evoked response (VER), 5--{j
Visual system, electrical activity of, l-6
Vitamin E deficiency, 229, 230
Vitamin supplementation, contraindication in progres

sive retinal atrophy, 246
Vitiligo, uveodermatologic syndrome-related, 192
Vitrectomy

pars plana, 271-272
as septic endophthalmitis treatment, 223

Vitreous
expansion of, cataract surgery-related, 125
liquefaction (syneresis) of, vitreous degeneration-re-

1ated,22
magnetic resonance imaging of, 16
persistent hyperplastic primary, 118, 273
"snow ball" opacities of, 281
synchysis scintillans of, 282, 285

Vitreous degeneration
cataract surgery-related, 129
as retinal detachment cause, 268, 271
vitreous liquefaction associated with, 22

Vitreous echoes, 22
Vogt-Koyanagi-Harada syndrome, 185, 190, 192,268

Wedge resection technique, 160,160, 162
Weimaraner, corneal dystrophy in, 35
Welsh corgi

progressive retinal atrophy in, genetic test for, 261
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Welsh corgi (cont.)
retinal degeneration in, 249
retinal dysplasia in, 252

Welsh springer spaniel
lens luxation in, 79
retinal degeneration in, 249

West Highland white terrier, keratoconjunctivitis
sicca in, 28-29, 57

cyclosporine-resistant, 59
Whippet, corneal dystrophy in, 35
White-coated animals

idiopathic epiphora in, 149-150
inherited eye anomalies in, 234
nonpigmented nictitating membrane in, 67
pupillary abnormalities in, 135-136

White matter, magnetic resonance imaging of, 16
Wounds, perforated, 209

Xalatan, 88, 90
Xanthoma, in cats, 169-170

Index

Xeromycteria, in keratoconjunctivitis sicca, 141
Xvlinked diseases, breeding strategy in, 264
Xvrays, 11-12

plain versus contrast, 13-14, 14
of skull, 13

indications for, 12

Yorkshire terrier
cataracts in, 116--117
idiopathic epiphora in, 149
keratoconjunctivitis in, 57,59
proptosis in, 62
retinal degeneration in, 249
retinal dysplasia in, 252
spontaneous retinal detachment in, 274

Zenker's fixative, 309, 310
Zinc, as asteroid hyalosis component, 281, 282
Zygomatic salivary gland, mucocele or sialadenitis of,

307-308


