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The first BSAVA Manual of Ophthalmology was published in 1983. i
has been cne of the most successful manuals we publish and was
reprintedin 1997, testament o the importance of the topic and the quality
of the content.

This second edition calls on the services of the original editors, Dr Simon
Petersen-dones and Professor Sheila Crispin, both well known to BSAVA
members and to their ophthalmological peers. The entire text has
completely updated and several new authors have been recruited,
resulting in what is, in effect, a new manual. As might be expected in a
BSAVA Manual, the authors, many of whom will be familiar to regular
visitors to the BSAVA Annual Congress, have been drawn from specialty
practice and academia in both Europe and the United States.

Readers will be particularly pleased to see that the new manual now
features sections on ophthalmic surgery, with analgesia, anaesthesia,
instrumentation and basic principles included. All aspects of canine and
feline ophthalmological disease are covered, and, in addition, the editors
are to be congratulated on including a chapter on rabbit ophthalmology.
As anyone in small animal practice will testify, the rabbit with an ocular
discharge is a very common presentation.

BSAVA manuals are justly renowned for both content and presentation,
with an easy-to-read layout and generous use of high-quality colour
Hlustrations supplementing clinically relevant text. This manual delivers
justthat. The editors, authors, and the members ofthe BSAVA Publications
Committee and the Publications team are to be congratulated.

Richard G Harvey BVSc PhD CBiol FIBiol DVD MRCVS
BSAVA President 2002/3
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Preface

if the aims of clinical medicine — as of every aspect of science — can be surnmed up in the
threefold object, ‘fo understand, to predict, to control,’ it must be accepted that any scientific
system of prognosis and treatment should depend upon complete and efficient means of
diagnosis. In this respect ophthaimology is favoured above alf other branches of medicine,
for no other organ in the body offers the same facilities for minute and delicate examination
as the eye. Elsewhere in the body the clinician reasons largely by inference; in the eye,
because of its ready accessibility and the transparency of ifs structure, he can observe
directly pathological processes as they occur in the living tissues. The opportunities for
elaborating refined methods of investigation are obvious, and their application has
undoubtedly made ophthalmology the most exact, and for that reason the most interesting,
of all medical sciences.

Redmond J. H. Smith and Stewart Duke Elder (1982} In: System of Ophthalmology ,
Volume VHll, edited by Sir Stewart Duke-Elder, p. 233. Henry Kimpion, London

The first edition of this manual was very well received and we hope that the
second edition will build on that success. Since the first edition was
published in 1993, veterinary ophthalmology has grown into a vibrant
specialty but this does not mean that veterinary surgeons in general
practice can abandon all pretence of mastering the complexities of
ophthalmic examination — quite the contrary.

Examination of the eye is an art, the practical aspects of which many
veterinary surgeons find difficult to perform effectively. This is unfortunate,
for the eye offers a unique opportunity for diagnosis, not just of ocular
disease but of disease elsewhere in the body. Ophthalmic examination,
performed with the aid of a few simple instruments, often yields an accurate
diagnosis, and repeated meticulous observation and record-keeping enable
accurate monitoring of the progression, or regression, of ocular disease.
The confidence that comes with experience allows key decisions {o be
made with regard to the best way of managing the case and early referral
to a specialist may be one of the options o be considered.

: A clear and concise guide to the examination of the eye is provided in the
i first section of Chapter 1 and is essential reading for those veterinary
surgeons lacking confidence in their ophthalmic examination technique.
Using the techniques described and the lists of differential diagnoses
provided in Appendix I, it should be possible for ocular lesions to be
identified and localised with precision. The relevant chapters can then be
consulted for more detailed information. The second section of Chapter 1
describes imaging techniques and the third section outlines some of the
laboratory investigations that can be selected in an attempt to establish a
specific aetiology.

Chapters 2 and 3 are new for this edition. Chapter 2 is in three sections
covering anaesthesia, surgical instruments and surgical principles, while
Chapter 3 is concerned with ophthalmic drugs. The twelve chapters that
follow deal with specific ocular conditions of dogs and cats. Progressing
from the adnexa {orbit and periorbital regions, eyelids and lacrimal system)
to the eye itself and thence to the connections between the eye and the
brain. Each chapter starts with a short section which considers the relevant
anatomy and physiology of that portion of the eye. In most cases the
conditions of the dog and cat are then considered separately, exceptwhere
there are close similarities between them.

vii
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Hereditary eye diseases are included, particularly those listed by the
British Veterinary Association/Kennel Club/international Sheep Dog
Society (BVA/KC/ISDS) Eye Examination Scheme. Although the
conditions listed under the scheme are up to date at the time of going to
press, they are under constant review and the reader should refer to the
latest published update, obtainable from the British Veterinary Association.
Appendix ll provides a brief overview of the BVA/KC/ISDS Eye Scheme,
the European College of Veterinary Ophthalmologists (ECVO)} Scheme
and the Canine Eye Registration Foundation (CERF) scheme.
Harmonization of the various eye schemes to produce an internationally
acceptable certificate is under review.

The last two chapters of the Manual describe ocular conditions of rabbits
and exotic animals, respectively, with emphasis both on the commoner
disorders and those which differ markedly from the conditions already
described for the dog and cat.

Colour photographs are used throughout the manual to llustrate both
normality and disease. Numerous line drawings and relevant imaging
photographs complement the colour illustrations. Each chapter includes
key and recent references, as well as suggestions for further reading. No
attempt has been made to make these lists exhaustive; nevertheless they
should provide a useful guide to the reader.

The Manual is intended as a practical consulting room guide to small animal
ophthalmology, with suggestions of which conditions require specialist
management. The subject is, however, covered in sufficient detail to satisfy
those who wish to study this fascinating specialty in greater depth.

Simon Petersen-Jones
Sheila Crispin
July 2002

Vi
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1a

Ophthalmic examination

John R.B. Mould

‘Diagnoses will not cluster around the ophthalmo-
scope like moths, just because we have switched on
the light.’

Dr H.B. Chawla (1988)

Introduction

The essence of ophthalmolegy, as with all branches of
veterinary medicing, is diagnosis which, in turn, de-
pends on good clinical observation and interpretation.
Without an accurate diagnosis, speculative treatment
is rarely successful, noris the use of ‘polypharmacy’ (a
sure sign of diagnostic insecurity) and both will delay
the start of specific therapy.

In the eye, more than in most systems, a diagnosis
can often be made at the time of examination. Addi-
ficnal laboratory or radiographic investigations are not
always necessary or helpful and will not make up for
inadequate clinical observation. It follows, therefore,
that much depends on the initial examination tech-
nigque. The following points are particularly importantin
the examination of eye cases:

¢ |tis crucial to be able to recognize what is
normal. This can only be appreciated from
personal experience gained from examining as
many eyes as possible. Confidence in the
examination of eyes will develop in time, but only
if it is regarded as a process of continuous self-
education, rather than a subject which is only
taken up reluctantly when an abnormal eye is
presented

* The most obvious clinical sign may not be
primary but secondary. The objective should
be to make a primary diagnosis whenever
possible. Do not expect a diagnosis to appear
immediately, but proceed methodically with
the examination and then take time to assemble
and evaluate all the information before reaching
a conclusion.

This chapter will discuss equipment required
and present a protocol for ophthalmic examination.
Additional investigative technigues that may be per-
formed at the time of initial examination are de-
scribed. Differential diagnoses and suggested
approaches for some common presenting signs are
included in Appendix 1.

Equipment

The essential equipment for the proper examination of
ophthalmic cases in general practice requires only a
maodest investment. Ophthalmic diagnosis is not a
matter of expensive hardware but, rather, the careful
use of readily available equipment. The first require-
ment is a rcom which offers gaed illumination and that
can also be darkened as required.

Focal illumination

A bright focal light source is needed for examination of
the adnexa and the anterior segment, and for testing
pupillary light responses. The familiar penlight is satis-
factory, but a focused beam can be more informative
than a diffuse beam. The Finhoff rigid fibreoptic transil-
lumination extension fits the ophthalmoscope handle
and provides a simple beam; it is more expensive than
a penlight, but is very durable.

Magnification

Simple head loupes have the advantage of leaving the
hands free. Magnifications in the range 1.5-2.5X are
typical. Spectacle-type examination loupes and oper-
ating spectacles are optically superior and offer mag-
nification ranges up to 6X, but are more expensive.
Hand lenses of various kinds are available, but both
hands are then required to hold the lens and a light
source. An otoscope with the speculum removed gives
reasonable magnification and field of view, and has its
own light source. The direct ophthalmoscope gives a
good view of the anterior segment and external eye,
but with much less magnification than for examination
of the fundus. The most sophisticated instrument for
examination of the anterior segment and adnexais the
slit lamp biomicroscope (see below}.

Direct ophthalmoscopes
Direct ophthalmoscopes are relatively cheap, durable
and portable, and are the most familiar instrument in
veterinary ophthalmelogy. For some applications, how-
ever, they are not easy to use properly and it is likely
that theirvalue is notfully realised in the field. Clinicians
wishing toimprove their ophthalmic examination should
first understand the features and capabilities of the
instrument, as outlined in this section, and then prac-
tise the techniques for its use, as described laterin the
chapter.

Some modern ophthalmoscopes have numerous
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functions and options, making them rather intimidating.
Furthermore, the examiner may inadvertently use in-
correct settings, with disappointing results. For veteri-
nary work, some of these features are of limited use.
The general clinician should look for a simple, well
made instrument which gives a clear, wide angle view.
Thereis no point in persisting with an outdated or faulty
instrument giving an inferior image.

It pays to become fully familiar with the instrument
before use, particularly where muitiple options are
available. Spectacle wearers are strongly advised to
remove their spectacles toc use a direct ophthalmo-
scope; this brings the instrument closer to the eye,
improving the field of view, and the spectacles will not
be damaged if the animal moves suddenly. The spec-
tacle wearer will need to establish his/her dioptre
correction and place a lens of the same value in the
viewing path for examining the fundus.

Essentially, the direct ophthalmoscope can be used
in three different ways:

= Distant direct ophthalmoscopy {see below}

+ Fundic examination (close direct aphthalmoscopy
(see below)

+ lllumination/magnification for anterior segment
and adnexal examination. High positive lenses
(+10 to +20 D) are used to examine from the lens
to the ocular surface. Magnification, however,
declines sharply from the fundus {approximately
15X} to the ccular surface (2X).

Direct ophthalmoscopes offer a selection of the
following features.

On/off switch

This incorporates a rheostat, aifowing the light intensity
to be varied. On full power, the light intensity would be
uncomfortable for most patients.

Beam selector
This provides a choice of beam types for different
applications: .

* Small diameter beam. This is used for small
diameter pupils, but consequently gives a
narrower field of view than the larger beam.
Where possible, dilate the pupil and use the
largest beam available

* Large diameter beam. This is the routine beam
for use with a pupil of adequate size

« Slit beam. This can indicate whether areas that
are out of focus on the fundus are depressions or
elevations by the way the slit moves over them

+ Graticule. This projects a pattern on the fundus
and is very occasionally of value as a rough
means of measuring the extent of a fundic lesion,
by comparing its size with the diameter of the
optic disc

* Hed-free light. The beam appears green and is
used for specialized cbservation of the retinal or
limbal vascular system, for the retinal nerve fibre
layer and for distinguishing retinal haemorrhages
from pigment

« (Cobali blue light. This is most commonly used to
enhance fluorescence after the topical
application of flucrescein to a corneal ulcer.

Lens magazine

Direct ophthalmoscopes contain a magazine of inter-
changeable lenses mounted on a disc or chain system.
These start at zero {i.e. plain} and then move in plus
dioptres, which can be accessed by moving the wheel
clockwise, and minus dioptres, which are found by
moving the wheel anticlockwise. Initially, they move in
intervals of one dioptre (1 D) but at higher values the
intervals may widen. An illuminated window indicates
which lens is in the viewing path. The lens magazine is
essential and serves three purposes:

« |t allows the examiner to compensate for the
refractive error in histher eye. Myopic (short- or
near-sighted) examiners reguire minus lenses
and hypermetropic {long-sighted) examiners
require plus lenses. If the refractive error is not
known, it can be established by trial and error by
looking through the instrument at a distant object
and finding the lens that gives the sharpest
image. Contact lens wearers and clinicians with
normal refraction need not be concerned with this

« |t allows the examiner to compensate for the
refractive error in the patient's eye. This is
important in people but animals’ eyes tend to fall
in a narrow range of refraction, which is near
normal

« Ii allows the examiner to focus on structures at
different depths in the eye. Like cameras,
ophthalmoscopes have limited depth of field, and
the whole eye cannot be seen in focus at once.
Positive dioptre lenses are needed to focus
through to the anterior eye and negative dioptre
lenses are needed to focus into a depression
such as a coloboma. It is also useful to know
when examining the fundus that a difference of
focus of 1 D represents a difference of level of
0.3-0.4 mm; this is important when assessing,
for example, excavated colobomatous defects, or
elevations caused by papilloedema.

Rapid lens-change switch

Some ophthalmoscopes have a rapid lens-change
switch, so that the examiner can make a substantial
change to the level of focus with a single movement
without going through the lenses in the magazine one
by one. Typically, the shift is 12—20 D, changing the
level of focus from the plane of the retina to that of the
anterior segment.

Indirect ophthalmoscopes

The direct ophthalmoscope gives a small, upright,
highly magnified image. Indirect methods give an in-
verted, reversed image which is less highly magnified
but covers a much wider angle of view. Binocular
instruments give the additional benefit of stereopsis.
Each type has its advantages and disadvantages and
the direct and indirect methods should be regarded as
complementary. The indirect method, however, has
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been undervalued in veterinary work. The wide-angle
view provides a great deal of information rapidly and
the technique is not more difficult to learn. The high
magnification of the direct mathod, although excellent,
is often not needed for the diagnosis of fundus lesions
in animals.

Binocular indirect ophthalmoscopes consist of a
light source and prism system worn on the head in the
form of either a headpiece or spectacles. After some
simple adjustments the headpiece requires no atten-
tion in use. Binocular indirect ophthalmoscopes are
several times more expensive than direct ophthalmo-
scopes and are only likely to be purchased by those
with a special interest in ophthalmology. They have the
advantages of a stereoptic view and a powerful, vari-
able light source which is excellent for examination
through opague media such as inflamed eyes or im-
mature cataracts.

All methods of indirect ophthalmoscopy require the
use of ahandlens heldin front of the eye. The examiner
views an image formed by this lens rather than viewing
the fundus directly, hence the term indirect
ophthalmoscopy. There is a wide choice of lenses
available, giving a range of magnification and field of
view. Glass [enses from the major manufacturers are
made to the highest optical standards and are expen-
sive but give excellentimage quality. Acryliclenses are
satisfactory for general use and coest much less than
glass lenses.

Indirect lenses vary in terms of dioptre value and
diameter. Low-dioptre lenses give higher magnification
with a harrower field of view. Theimage is brighter and the
working distance from the patient's eye is longer. Lenses
below 20D are quite difficult to use and are not advised for
general use. Higher-dioptre lenses in the region of
28-30D give a less magnified image with a wider field of
view. The image is less bright but the working distance is
closer and they are easier to use with a smaller pupil. For
these reasons higher-dioptre lenses are probably easier
for the beginner. Some higher-dioptre lenses have a
restrictingly small diameter but the Volk 30D 43 mm-
diameterlensis very suitable for animal use. The Volk 2.2
Pan-Retinal Lens offers something of the best of all
worlds, with a wide-angle bright view of suitable
magnification. Specialists are likely to have more than
one lens available. Indirect aphthaimoscopy technique is
described later in the chapter.

Tonometers

A tonometer is a device for measuring intraocular
pressure (JOP; see Chapter 11). The [OP cannot be
measured with any accuracy by digital tonometry; an
objective reading is always preferable. Tonometry is
not difficult and may provide crucial diagnosticinforma-
tion. The Schigtz tonometer is a simple mechanical
method which costs less than a direct ophthalmo-
scope. The Tonopen is an electronic instrument which
is much more expensive, but it is simple to use and is
probably the instrument of cheice in animals. In view of
the serious implications of glaucoma, veterinary prac-
tices with a large throughput of small animal cases
should certainly consider purchasing a tonometer and
learning how io use it.

Ophthalmic examination 3

Goniolenses

Glaucoma management often requires examination of
the iridocorneal or drainage angle. Unfortunately, this
cannot be seen by direct inspection in the dog and
requires the use of a convex contact lens called a
goniolens. Dedicated goniolenses are expensive and
the method and interpretation are technically demand-
ing, 80 goniolenses are likely to be used only by
specialists.

Tonometry and gonioscopy provide different infor-
mation in the evaluation of the giaucoma patient.
Tonometry is the easier technigue for the non-special-
ist, however, and provides immediate useful informa-
tion about the 10P. Full details of the investigation and
management of glaucoma are found in Chapter 11.

Lacrimal cannulae

Plastic and metal cannuiae are available in a variety of
materials, diameters and shapes (see Chapter 6).
Essentially, the choice is between flexible plastic can-
nelae and more rigid, but malleable, metal ones. Some
cannulae have a rounded bulb-type end which mini-
mizes trauma to the tissues.

Disposables
The following are required:

* Slides for impression smears

» Swabs for bactericlogy and virology sampling

» Transport medium for viral and chlamydial swab
samples

Schirmer tear test papers

Fluorescein dye

Proxymetacaine local anaesthetic drops
Tropicamide 1%

Sterile saline.

* - [ ] a [ ]

Rose bengal stain can be used to demonstrate the
presence of devitalized tissue on the ocular sutface
(see Chapter 8). Pilocarpine 1% and phenylephrine
10% are used in the investigation of certain pupillary
abnormalities (see Chapter 15).

Protocol for ophthalmic examination

With the eye, as with other body systems, the clinician
needs a routine for examination that ¢can be carried out
quickly using standard equipment, but that will identify
abnormalities and indicate what needs to be pursued
with further tests, special equipment or referral. This
section describes such a routine, beginning with taking
the history. The method may be varied according to
personal preference, the equipment available and the
individual case. The description of such a protocol
takes longer than the execution of it and may give the
impression that examination of eyes is more complex
or time-consuming than examination of other body
systems, but this is not the case.

Good equipment and a standard protocol will mini-
mize the chances of lesions being missed, but a
familiarity with the range of normal appearances is
paramount. This expertise will develop simply by ex-
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amining more eyes and will, ultimately, be more impor-
tant than the equipment or protocol used.

Signalment and history

Consideration of the breed of the patient can be very
useful in the dog, as many conditions show strong
breed associations. In taking a history, the same con-
siderations apply as in other body systems; they do not
need re-emphasizing. In addition, with ophthalmic prob-
lems, the following should also be established:

e The state of the patient's general health
*  Whether vision is affected

* Whether the condition is painful

*  Whether both eyes are affected.

With eye problems, the history should always be
interpreted in the light of the clinical findings. When the
patient has a painful eye, owners often assume a
traumatic incident when none has been observed. In
addition, owners are often poor judges of ocular pain.

Examination with normal illumination and
without instruments
This is an important stage; it can be very informative.

1. Begin by observing the patient from a distance;
assess for evidence of pain. This is the best time
to do so, as the signs may be less apparent
when the patient is being handled or subjected to
bright lights. Evaluate the blink rate, checking for
blepharospasm and photophobia.

2. Assess orbital and periocular conformation. Note
particularly any asymmetry, by assessing the orbit,
the globe size and position, and any strabismus.

3. Observe the lids more closely, still without
manipulating the region, as it can be difficult to
establish resting eyelid position once hands are
restraining a moving head. In particular, examine
the conformation of the upper and lower eyelids
and the position of the nictitating membrane.
Note the presence and nature of any discharge.

4. Now handle the patient (Figure 1.1). Examine the
lids and conjunctiva. Retract the upper lid and
examine the dorsal bulbar conjunctiva; evert the
lid margin and check the upper palpebral
conjunctiva and upper lacrimal punctum. Then
apply pressure to the globe through the upper lid
and protrude the nictitating membrane, checking
its leading edge, its alignment and its outer
surface. Finally, retract the lower lid and observe
the lower lacrimal punctum and the conjunctiva
as it enters the fornix. This can all be done in one
almost continuous movement. The normal
appearance of the conjunctiva shows regional
variation, which must be borne in mind in
diagnosing a ‘red eye’.

5. Check the corneal reflex (Purkinje image), which
in this instance is the smoothness and sharpness
of the reflection of a light (from a window or an
artificial light) on the corneal surface. This gives
information as to the optical smoothness of the
surface.

6. Note the resting pupil size in normal room light.
7. Attempt to repel the globes into the orbits by
pressing through the upper eyelids.

Figure 1.1 Handling the patient as part of the eye
examination. (Courtesy of SM Crispin.)

Testing vision
Vision can be tested by various means:

* The menace response is tested by directing a
finger towards the eye and observing a blink or
retraction of the head. Causing a draught of air to
contact the cornea may give a false normal result

e Vision may also be tested by the use of cotton
wool balls (Figure 1.2). The ball is held high and

Figure 1.2 A cotton wool ball can be dropped as a test
of vision. It should be noted, however, that some cats are
indifferent to this test; it does not mean that they cannot
see. (Courtesy of AH Sparkes.)
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the animal’s attention directed towards it by
making a noise. The ball is then released in the
animal’s field of view and the animal is observed
to see whether it follows its path

* Sighted animals, especially young ones, will
readily follow the beam from the ophthalmoscope
played on the examination table

* An obstacle course may be improvised from
chairs, waste bins, etc. (Figure 1.3). The animal’'s
performance may be assessed for both eyes or
with one eye covered, and in full light or dim light.

Figure 1.3 An
obstacle course
can be constructed
easily for a maze
test. (Courtesy of
DJ Gould.)

Examination in a darkened room, with
focal illumination and magnification

The penlight or transilluminator should now be used
with only a background light, or in darkness (Figure
1.4). This eliminates unwanted reflections and aids
concentration on the features under study. If magnifi-
cation is needed, this may be obtained using a head
loupe or by using an otoscope (Figure 1.5).

1. Examine the adnexa, paying particular attention
to the lid margins and conjunctival surfaces.

2. Examine the cornea, looking for lesions such as
irregularities, opacities, vascularization,
pigmentation etc., along with their depth and
distribution.

Figure 1.4 Penlight examination. The light should be
used from as many different angles as possible. (Courtesy
of SM Crispin.)
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Figure 1.5 An otoscope is a simple means of providing
both a light source and magnification. (Courtesy of SM
Crispin.)

3. Continue with the anterior chamber, noting its
depth and any abnormal contents. When
examining the anterior chamber; it is important to
direct the light beam from various angles and
also to look at it from different angles.

4. Examine the iris and pupil margin and then the
lens. Mydriasis is usually necessary for full
examination of the lens, but much may be
learned from distant direct ophthalmoscopy (see
below), which does not require the use of
mydriatics.

5. Test the pupillary light reflexes. Observe the pupil
size in normal room light initially. With the lights
down, direct a bright light axially through the pupil
in a distinct on/off fashion, observing the speed
and extent of the pupillary constriction. In the
‘swinging flashlight test, the light is directed at
each eye alternately, with the observer noting the
direct and consensual responses. Where there is
a unilateral afferent pupillary defect, the affected
pupil will dilate on stimulation.

The pupil size at rest and the light reflexes do
vary between patients, as will the examiner’s
technique and the brightness of the light source
used. Very anxious patients may have a larger
pupil size and show a diminished response, due
to raised circulating adrenaline. For these
reasons, the test is difficult to quantify, but may
be the best available indicator of afferent
function, depending on the circumstances. A
consistent method and repeated practice will aid
interpretation. It is important to note that
cataracts do not significantly affect the pupillary
light reflex.

The dazzle reflex may be tested by shining a
very bright light into the pupil. The normal
response should be a rapid blink. This is a further
test of afferent functior: (and should be normal in
the presence of a cataract) but, unlike the
menace response, the dazzle reflex is sub-
cortical. Further details of neuro-ophthalmological
testing and interpretation may be found in
Chapter 15.
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Ophthalmoscopy

Not all patients will require a full fundic examination
(and of those that do, some will have pupils of adequate
size) but, whenever necessary, the pupils should be
dilated with tropicamide 1% and 20 minutes should be
allowed foritto achieve its maximum effect. Examining
the fundus through too small a pupil is a difficult and
frustrating exercise, particularly for the beginner or
non-specialist, and the experience will be adeterrent to
ophthalmoscopy on the next occasion. Dogs and cats
have potentially large pupils, and full advantage should
be taken of this. Owners are not usually resentful that
their time is being wasted; rather, they appreciate the
thoroughness of the examination. Other patients can
be seen while the drops are taking effect.

Nursing staff should be informed about what is
required in restraint for ophthalmoscopic examination.
Good handling can be very helpful. An assistant can hold
the head steady with a hand under the angle of the jaw
and the other hand holding the eyelids apart if necessary.
The assistant’s hands should not interfere with the clini-
cian’s access to the eye. With fractious animals, the risk
ofinjury must always be minimized but, in general, only an
appropriate level of restraint should be used. Some dogs
resent having the muzzle held too tightly.

Distant direct ophthalmoscopy

This is a very useful technique, and strongly recom-
mended. The room should be darkened, but mydriatic
drops are not required. Set the ophthalmoscope to +1
to +2 D and find the tapetal reflex (the green or yellow
light reflected from the tapetum) by looking into the
pupil horizontally or slightly upwards. The examination
is conducted at arm’s length and there is no benefit in
being closer (Figure 1.6).

> WY
Figure 1.6 Distant direct ophthalmoscopy. (Courtesy of
SM Crispin.)

The essence of the technique is that any genuine
opacity in the path of the tapetal reflex will obscure itand
appear black. This provides a very good rapid assess-
ment of the degree and distribution of opacity in the
visual axis. The method is of particular value with
cataracts, but any opacity in the path of the light such as
corneal and vitreous opacities will also appear black.

Nuclear (senile) sclerosis is a normal ageing change
and gives the nucleus of the lens a hazy look in all older
animals. It should not be confused with cataracts, and
the two can be easily distinguished by distant direct

ophthalmoscopy. Nuclear sclerosis shows as a refrac-
tile ring at the nuclear cortical interface, usually just
inside the pupil margin, but there are no black areas and
light is transmitted normally through the centre of the
lens, even though it looks hazy in direct light. Nuclear
sclerosis and cataracts may well be present in the same
lens in older dogs. The clinician can also move from eye
to eye to compare symmetry of gaze and pupil size
(provided that no mydriatics have been used).

Lesions can be roughly localized in an anteroposte-
rior direction, by taking advantage of the effect of paral-
lax. As the observer moves to one side, the opacity may
alsoappearto move. The direction of this movementcan
give an indication as to the location of the opacity.
Opacities anterior to the plane of the pupil will appear to
move in the opposite direction. Opacities in the plane of
the pupil (i.e. anterior cataracts), will remain in the same
position. Opacities posterior to the plane of the pupil will
appear to move in the same direction as the observer.
Posterior polar cataracts, for example, can be made to
disappear completely under the side of the pupil towards
which the observer has moved.

Close direct ophthalmoscopy
The fundus cannot be seen by direct inspection with a
focal light. The direct ophthalmoscope is, therefore, a
means by which a structure that could not otherwise be
seen may be examined. The image is upright and
highly magnified, but the field of view is very narrow.
The correct position may be assumed in one of two
ways. One method is to start a little distance from the
eye and to obtain a tapetal reflex. Keeping this in view,
move closer until the fundus comes into focus. Alterna-
tively, and more safely, the hands and ophthalmo-
scope may be positioned first and then the instrument
is approached (Figure 1.7).

(b) .

Figure 1.7 Close direct ophthalmoscopy. (a) Placing the
ophthalmoscope. (b) Viewing the eye. Note that the
fingers holding the ophthalmoscope are resting against
the patient's head and that excessive restraint is
unnecessary, unless the patient is dangerous if
unrestrained. (Courtesy of SM Crispin.)
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The ophthalmoscope should be held vertically,
touching the examiner’s orbital margin, and be close to
the patient’s eye, so as to maximize the field of view
and eliminate distractions such as the iris (Figure 1.8).
The ophthalmoscope should be setbetween—1 and +1
D for most patients. The light intensity should be
sufficient for the purpose, but no more. Some animals
understandably resent bright light settings and thisis a
particular risk with mains powered units.

Figure 1.8 Close direct ophthalmoscopy. The head is
being restrained correctly, with the hand under the
mandible. The eye that is closer to the dog is being used
for the ophthalmoscopy. The ophthalmoscope must be
close to both the clinician’s eye and the patient's eye.

1. Find the optic disc initially, as this is more or less
at the posterior pole. Evaluate the disc for size,
swelling, colour, blood vessels, etc.

2. Make a systematic examination of the fundus.
One effective method is to divide it into quadrants
and to examine each in turn. Avoid wide changes
of direction, as the patient is probably doing the
same, and areas may be missed. Indeed, the
patient's own eye movements are often sufficient
to allow the clinician to see most areas of the
fundus. Attempt to see as far into the periphery
as possible; this requires very positive
movements of the head and neck on the
examiner’s part. Concentrate on keeping the light
beam directed through the pupil when the angle
of view is changed. Evaluate the retina for normal
variation or changes in colour, reflectivity,
pigment, haemorrhage, oedema and
detachment.

The direct ophthalmoscope gives a highly
magnified image providing superb detail, but only
a very small area of the fundus is seen at one
time. The examiner, therefore, has to create a
mental montage of the fundic appearance from a
series of small images. As the patient inevitably
moves its eyes, the examiner is moved to new
fields which may be difficult to relate to the
previous field. These are the most difficult
aspects of direct ophthalmoscopy, but they do
become easier with practice.

3. Then examine the fellow eye. Ideally, the
examiner should always look through the
ophthalmoscope with the eye closest to the
patient (i.e. the left eye for the patient’s left eye
and the right for the patient’s right). This gives
the best access for examining the fundus as fully
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as possible. Some people find it difficult to use
both eyes, though this can be practised.
Whatever the technique, every effort should be
made to cover as much of the fundus as possible
in both eyes.

4. Finally, focus back through to the anterior eye, as
required. It is, of course, equally acceptable to
proceed from anterior to posterior. Unless the
presence of vitreal abnormalities is suspected, it
is usually simpler to select a setting of around
+10 D to bring the lens into focus, the exact
setting depending partly on the distance from the
eye. This gives a good view of the lens, but with
less magnification than for the fundus. Higher
positive lenses of +15 to +20 D are required to
examine structures anterior to the lens. With
anterior structures, the examiner can simply
retain the ophthalmoscope in position and then
select progressively more strongly positive
lenses until the features of interest are in focus.
The absolute lens settings used are not
significant and depend anyway on the distance
from the eye.

Indirect ophthalmoscopy

All forms of indirect ophthalmoscopy require an ad-
equately dilated pupil and a reasonably cooperative
patient.

Binocular
Binocular indirect ophthalmoscopes offer various op-
tions and adjustments for the user according to the
individual instrument. The light intensity can be varied
but only an adequate level of light should be used,
since indirect ophthalmoscopy is relatively bright for
the patient. Some offer different beam types and set-
tings for different pupil sizes. The user should be
familiar with these options and the manufacturer’s
guidelines for their use before beginning. The instru-
ment should be adjusted to give a clear view with the
beam in or just above the centre of the field.
Essentially the lens is positioned in front of the
patent’s eye to form a wide-angle aerial image of the
fundus. The lens is held between the index finger and
thumb, and one or more of the other fingers should rest
on the frontal sinus area for stability (Figure 1.9).
Positioning of the lens is much the most important part
of the technique and the most likely to be at fault if the
image is poor.

Figure 1.9 Binocular indirect ophthalmoscopy. This
gives a wide-angle view of the fundus with stereopsis.
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* The axis of the lens must lie on the same axis as
the pupil (a relatively small movement away from
this axis will lose the image)

* The lens must be at the correct working distance
from the eye

e The lens must be parallel to the iris and not tilted

* In the correct position, the image of the fundus
should fill the field of view of the lens.

One method for the beginneris to start with the lens
close to the patient’s eye (when iris and lids will still be
visible) and then withdraw it along the axis of the pupil
until the fundus image fills the field of view. A steady
hand, making slow adjustments to position, is prefer-
able to wide sudden movements. The technique re-
quires practice, but no more than for the direct
ophthalmoscope, and once acquired the correct posi-
tioning of the lens becomes rapid and instinctive. The
wide-angle view can be very informative and adjusting
to the inverted, reversed image is easier than might be
imagined. Initially, the findings can simply be recorded
‘as seen’.

Monocular

For those without a binocular instrument, a simple and
effective form of indirect ophthalmoscopy may be car-
ried out using only a hand lens and a focal light source
such as a penlight or transilluminator and no apparatus
on the head. Stereopsis is not possible and the exam-
iner's second hand is now committed to holding the
light source but these are minor disadvantages com-
pared to the benefits of the wide-angle view at low cost.
The light source is held against the examiner’s temple
or in front of the nose, making sure that the observer’s
eye, the light source, the lens and the patient’s pupil all
lie on the same axis as far as possible (Figure 1.10).

- '-'_:.-'.r N -i’.',. d-" a
Figure 1.10 Monocular indirect ophthalmoscopy. Note
that the fingers holding the lens are in contact with the
patient's head. (Courtesy of SM Crispin.)

Further tests and examination techniques
Schirmer tear test

The Schirmer tear test uses standardized strips of filter
paper to quantify aqueous tear production. The strips
are supplied in sterile packs of two. Some manufactur-
ers may include instructions for performing and inter-
preting the test in people, but different timings are used
in animals. Where a deficiency in tear production is
suggested by the clinical findings, the tear test should be

carried out before any drops or irrigating fluids are used
on the eye. The strips are notched near one end and
should be bent slightly at the notch before removal from
the pack. Itis preferable to avoid touching the short end
of the strip with the fingers, so as to maintain sterility and
to avoid depositing cutaneous lipid on the paper, which
might interfere with aqueous tear absorption.

The short end of the stripis then placed in the lateral
half of the lower conjunctival sac so that the notch is at
the level of the lid margin and the strip is in contact with
the lower lid and the cornea (Figure 1.11). In most
cases, itis best for the examiner to hold the lids closed,
retaining the strip securely in position.

Figure 1.11 Schirmer tear test paper in position. In many
dogs, it is best to hold the lids together during the test.

Schirmer I test: The Schirmer | test measures aque-
ous production over one minute in an unanaesthetized
eye, and is therefore measuring basal and reflex tear
production. At the end of one minute the strip is
removed and the flow of agueous tears recorded,
either by measuring against the template on the box or
from the graduations printed on the strip itself.

Normal values for the Schirmer | test in the dog are
amean of 20 mm and a minimum of 15 mm. The range
10—15mm is often referred to as borderline, but evi-
dence of irritation and changes attributable to dry eye
can usually be found in dogs with <15 mm. Lower
normal values are usually quoted for the cat and the
pattern of disease is often different.

The Schirmer | test has proved to be the most useful
in veterinary ophthalmology and is the test on which
most of the veterinary literature on deficient tear pro-
duction is based.

Schirmer Il test: The Schirmer |l test measures basal
tear production only, by eliminating reflex tear produc-
tion induced by contact with the cornea and conjunc-
tiva. One or two drops of local anaesthetic are applied
to the eye, the excess is blotted away with a swab or
cotton wool, and a few minutes are allowed to elapse.
The test is then performed as above. Values will be
lower than for the Schirmer | test but typically not lower
than 50% of the Schirmer | reading and, in cats, about
80% of the value. The Schirmer Il testis used in human
patients, where high reflex tear production may mask
low basal tear production. This situation probably does
arise in animals but the test is not commonly per-
formed. Diagnosis of dry eye in cats and dogs is
described fully in Chapter 6.
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Fluorescein
Fluorescein is an orange dye that changes to green in
alkaline conditions such as contact with saline solution
or the tear film. It is highly lipophobic and hydrophilic.
Thus, whenitis applied to the surface of the eye it does
not remain in contact with the lipid-containing cell
membranes of the corneal epithelium but adheres to,
and is absorbed by, any exposed corneal stroma. Itis,
therefore, of great value in the diagnosis of corneal
ulcers, where the epithelium is absent and stroma is
exposed. Fluorescein is detectable in minute concen-
trations, especially when viewed in blue light. Only
disposable sources should be used, such as impreg-
nated strips or single dose vials, since multi-dose
bottles are readily colonised by Pseudomonas
aeruginosa, a potentially serious corneal pathogen.
The strip should be wetted with sterile saline or
water (this may not be necessary in patients with ample
tear production) and touched to the dorsal or ventral
bulbar conjunctiva (Figure 1.12). Alternatively, one
drop of fluorescein solution can be applied to the eye.
The eye is then irrigated with further saline to flush
excess fluorescein from the ocular surface.

Figure 1.12 Fluorescein application using a strip in the
lower conjunctival sac. (Courtesy of SM Crispin.)

Interpretation does not usually present problems.
Positive staining indicates a defect in the epithelium
and, hence, an ulcer. Fluorescein will not stain healed
ulcers that have re-epithelialized, evenifthereis stillan
obvious concavity as a result of stromal loss. Irrigation
is important in flushing fluorescein from such surface
defects, in order to prevent a false impression of dye
uptake. Irrigation will not flush dye from exposed cor-
neal stroma in the case of genuine ulcers. Under-run
epithelium atthe edge of ulcers is well demonstrated by
fluorescein. Ifinterpretation is difficult, especially where
minute punctate staining is suspected, then the use of
magnification and a blue light source may be helpful.
Descemet’s membrane does not stain with fluorescein,
so a clear area in the centre of a deep ulcer may be an
ominous, rather than an encouraging, sign.

Fluorescein is a valuable tool in the diagnosis of
ulceration and should be used routinely. ltusually gives
unequivocal results and there are no contraindications.
Corneal ulcers cannot always be diagnosed on simple
appearance alone and so it is often said that every red
painful eye should receive a fluorescein test and an
IOP measurement. Even in the presence of corneal
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perforations, sterile fluorescein is not harmful to
intraoculartissues. Indeed, fluorescein may be applied
to the eye in the Seidel test, when a small leaking hole
in the cornea is suspected. When a hole is present,
aqueous humour can be seen running through the film
of fluorescein on the corneal surface, turning it a bright
apple green (see Chapter 8). Fluorescein is easily seen
by owners, and this aids in client understanding of th
patient’s problem.

Fluorescein test for nasolacrimal patency: Where
tear overflow is suspected to be due to poor drainage,
rather than increased lacrimation, fluorescein can be
used in a simple functional test of nasolacrimal drain-
age. Further details of nasolacrimal disease can be
found in Chapter 6.

Fluorescein angiography: This provides additional
information about fundic lesions that are not visible by
simple ophthalmoscopy. However, this test is used
infrequently in veterinary medicine. Fluorescein is in-
jected intravenously and then the passage of the dye is
visualized as it passes through the fundic vasculature
and associated tissues. The fundus is viewed via a
camera fitted with exciter and barrier interference fil-
ters which, respectively, stimulate fluorescence by the
dye and filter out other wavelengths of light reflected
from the fundus. The result is that the film (or other
recording medium) effectively only records the
fluorescein. This provides valuable information about
the retinal and choriocapillaris vascular systems through
which the fluorescein travels and also indicates areas
of ischaemia, sites of vascular leakage and hyper- and
hypofluorescence in a variety of lesions.

It is usual to take rapid sequential photographs
within a few seconds of injection as the dye enters the
arterial system, and then to follow its passage through
the venous system. The frequency of photography
reduces, until finally so-called late stage appearances
are recorded after several minutes. _

The method may also be used in the investigation
of the anterior segment, for example if there is an iris
lesion, but is less informative with dark irises, which
excludes most dogs.

The injection can cause allergic reactions and even
anaphylactic shock, and appropriate precautions must
be in place before the start of the procedure.

Fluorescein angiography is very widely used in
human patients and there is a wealth of medical litera-
ture on the subject. The technique has been limited in
the veterinary field by problems of restraint of the
patient and the cost of the necessary equipment, as
well as problems associated with differences of anatomy
such as the degree of pigmentation and the presence
of a tapetum.

The patient must be effectively immobile for the
crucial initial seconds of the passage of the dye, as this
cannot be repeated. Deep sedation or general anaes-
thesia is therefore required. Even where the facilities
are available, the clinician must weigh the likely useful-
ness of the information against the difficulties of obtain-
ing it. Oral fluorescein avoids some of the technical
problems, but the dye accumulates more slowly in the
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tissues, allowing for only late stage photographs.

Posterior segment vascular and inflammatory dis-
ease is common in both the dog and the cat.
Vasculopathy associated with systemic hypertensive
disease in particular is now recognized as an important
veterinary problem. Fluorescein angiography would
add considerably to the understanding of some of
these diseases in animals and, notwithstanding the
technical difficulties, the method may become more
widely used in specialist centres in the future.

Rose bengal

Rose bengal is a dark magenta dye that stains dead
and devitalized tissue. It is slightly irritant on applica-
tion. Rose bengal is widely used in human patients to
demonstrate ocular surface damage in cases of dry
eye (see Chapter 6). It is also a particularly useful
diagnostic aid in the diagnosis of some forms of her-
petic keratitis in the cat, where the damaged area may
not stain with fluorescein. ltis likely that rose bengal is
undervalued in veterinary work and could be more
widely used in the management of ocular surface
disease.

Cannulation and flushing of the tear drainage
system

The anatomical patency of the nasolacrimal drainage
system may be investigated by cannulation and flush-
ing via the lacrimal puncta as described in Chapter 6.

Ocular ultrasonography

Ultrasonography of the eye is useful in the same
circumstances as in other organs: namely, in providing
good soft tissue detail when this is not visible clinically
or radiographically. There is the additional benefit of
the production of a dynamic image. Opacity of the
cornea, anterior chamber, lens or vitreous may impede
visual examination of intraocular tissues, making ultra-
sonography very useful in these cases. Furthermore,
ultrasonography may be useful in cases of anterior iris
displacement (iris bombé or iris thickening), intraocular
tumours (to assess their size and extent), preoperative
cataract assessment, vitreous opacity and detach-
ment, possible sub-retinal masses and posterior scle-
rallesions. Ultrasound is also very sensitive inidentifying
retinal detachment.

Ultrasonography is safe and painless. Sedation is
optional, depending on the individual patient and the
operator’s preference. General anaesthesia is not usu-
ally necessary and the ventral rotation of the globe
under general anaesthesia may be a problem.

Local anaesthetic drops are applied repeatedly to
the cornea. The probe, with adequate amounts of
ultrasound gel, is then applied directly to the cornea,
which avoids the problems inherent in using hairy skin.
Excessive pressure should not be used. Deep tissue
penetration is not required for the globe alone, so itis
best to use the highest frequency probe available,
commonly 7.5-10.0 MHz, to maximize tissue resolu-
tion. The probe is applied to the cornea and then moved
vertically and horizontally across the eye to cover the
entire globe. Forthe orbit, alower frequency probe may
be preferable; the orbit can be imaged obliquely though

the region of the orbital ligament. The technique is
described in detail and images shown in Chapter 1b.

Slit lamp biomicroscopy

The slit lamp biomicroscope is the best instrument for
examining the anterior segment and adnexa, combin-
ing higher magnification (at least 10X) with bright
focused illumination and a choice of full or slit beams
(Figure 1.13). It derives its name from its ability to
illuminate tissues with a slit beam of light, showing an
optical section of transparent structures such as the
cornea, agueous, lens and anterior vitreous.

Figure 1.13 Slit lamp biomicroscopy. The portable slit
lamp gives an excellent magnified view of the adnexa and
anterior segment. It is not a difficult technique, but cost
has been the main limitation for general use.

The full beam is also useful for examination of fine
detail in the adnexa. With the use of a special fundic
hand lens, an excellent wide angle stereoptic view can
be obtained of the posterior vitreous and retina. Port-
able slit lamp biomicroscopes are most commonly
used in veterinary work; cordless models are espe-
cially useful (Figure 1.14). They are relatively easy to
use but are expensive, and tend to be limited to those
with a special interest in ophthalmology.

Figure 1.14
Slit lamp
biomicroscopy
using a
rechargeable
cordless model.
(Courtesy of SM
Crispin.)
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Specular microscopy

The corneal endothelium is a monolayer of cells form-
ing the deepest layer of the cornea; it is in contact with
the agueous humourinthe anterior chamber. The main
action of the endothelium is in maintaining the cornea
in a state of relative dehydration by pumping water into
the aqueous.

The specular microscope provides a highly magni-
fied image of the endothelial cells. The cells can then
be evaluated for their density in each area and varia-
tions in their size and shape.

Specular microscopes for veterinary use are cur-
rently found in only a few specialist centres. Endothelial
disease is not rare in animals, particutarly in the dog,
where chronic endothelial degeneration can lead to
bullous keratopathy and painful refractory ulcers. The
use of specular microscopy is, therefore, likely to
increase in time.

Retinoscopy

A retinoscope is a handheld instrument, similar in size
and cost to an ophthalmoscope, which provides a
means of objectively measuring the refractive power of
an eye (i.e. how accurately light rays are focused on to
the plane of the retina). Historically, refractive error, i.e.
long and short sight, has not been a significant part of
veterinary ophthalmology, for various reasons:

* Most animals' refraction is probably near normal

* Refractive error is effectively not treatable

* The most familiar method of measuring the
refraction of the eye in people requires
responses from the patient and is therefore not
possible in animals.

The refraction of canine eyes is now of interest,
however, as a result of the increasing use of intraocular
lenses to correct the large refractive error resulting
from cataract and lens iuxation surgery. Use of the
retinoscope is, therefore, likely to increase among
veterinary intraocular surgeons.

Ocular centesis

There are situations where it is potentially informative
to analyse a sample of cells or fluid from within the eye.
Examples would include the differential diagnosis of
inflammatory, infectious or neoplastic disease. Ocular
centesis avoids more invasive diagnostic procedures
and may lead to earlier or more specific diagnosis and,
hence, treatment.

Technigue: Samples may be obtained fromthe anterior
or the vitreous chamber. General anaesthesia may be
required, Using a 25 gauge needle, orfiner, the anterior
chamber is entered via the conjunctiva and scleral shelf
dorsally, where there is a relatively elongated zone of
overlapping cornea and sclera overlying the anterior
chamber and anterior to the drainage angle. The needle
is introduced into the aqueous, taking care to avoid the
deep cornea, the iris and the lens, and sample material
is aspirated. The viireous may be entered via the sclera
overlying the pars plana. The needle is advanced into
the vitreous, avoiding the lens and retina.
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When ocular centesis is undertaken in the differential
diagnosis of an iris tumour, it may be useful to run the
needle carefully over the iris surface while applying a
slight negative pressure, in order to sample surface cells.

In all cases, material aspirated can be submitted for
cytology and/or culture, according to the circumstances
of the case.

The wound is self-sealing; it is usual to apply
antibiotic ointment and one drop of atropine to the eye
after the procedure.

The procedure requires some expertise and famifi-
arity with ocular anatomy, and should only be used
where its potential contribution to the management of
the case is clearly understood.

Complications and problems:

+ The consequences of cornea, iris and,
particularly, lens trauma during the procedure
could be serious

+ As with many investigative techniques, there
remains the possibility of inconclusive or false
negative results

» Tumour cells shed into the aqueous may be
unrepresentative of the main tumour mass, which
may contain a mixed population, or the aspirate
may consist only of cell debris

* Intraoccular bacterial infection is much more likely
to establish in the vitreous than the aqueous,
reqardless of the route of entry

* lens rupture may recruit large numbers of
polymorphonuclear neutrophils o the area, even
when the eye is sterile.

Cytology should, therefore, always be interpreted
by a pathologist with appropriate experience.

Electroretinography

Electroretinography {(ERG) records electrical discharges
fromthe retina in response to external light stimulation.
General anassthesia is usually necessary. An elec-
trode is applied to the cornea in the form of a contact
lens and reference and ground needle electrodes are
applied to the skin of the head. Under standardized
conditions, the eye is stimulated by flashes of light
and the responses recorded. The output consists of a
wave form composed of a-, b- and c-waves, which can
then be interpreted in terms of different aspects of
retinal function. Other electrophysiological techniques
such as visual evoked potentials (VEPs) are less
commonly employed.

ERG is valuable in canine ophthalmology in particu-
lar, as there are several circumstances in which retinal
function cannotbeinterpreted from the ophthalmoscopic
appearance alone {see Chapter 14a). ERG is usad in
the preoperative assessment of retinal function in dogs
with advanced cataracts.

There are also situations in which dogs may be
showing poor vision in the presence of a normal fundic
appearance. Inthese cases, ERG canindicate whether
the retinal function is normal and, hence, whether the
possihility of optic nerve or intracranial disease should
be considered.
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Retinal photography

Good quality photographs of the fundus can be valu-
able in the documentation of lesions, in research andin
education. Modern fundus cameras are very sophisti-
cated, with the addition of numerous features and
options, producing high quality images.

For various reasons, it is difficult for veterinary
surgeons to be able to take full advantage of these
instruments. They are expensive (and photography in
itself does not usually generate income} and they are
table mounted, making patient access and positioning
difficult. Hand-held fundus cameras have, therefore,
traditionally been used for animals. They give much
better access to the patient, but only give a relatively
narrow field of view, and they cannot be used for
fluorescein angiography without additional equipment.
However, they are very good for antericr segment
photography, giving high resolution images.

During the early use of a fundus camera, the
operator can expect to undergo a leaming curve.
Common mistakes include having the camera too far
from the patient’s eye, resulting in a white mark on the

photograph, or photographing obliquely through the
pupil, resulting in black or out-of-focus areas.

There may also be problems with the exposure.
The high proportion of light reflected from the tapetum
easily leads to overexposure of fundus photographs in
animals. In contrast, much moare light is required for
correct exposure of the anterior segment. Ideally, the
lowest and highest settings of the camera will be able
to cope with these two extremes, but it will be neces-
sary for the operator to experiment with film speeds
and light settings to determine the optimum protocol.

Further reading

Batlantyne AJ and Michaelson IG (1970} Methodical investigation of
the fundus. In: Textbook of the Fundus of the Eye, Znd edn, pp-
1-52. Livingstone, Edinburgh and London

Duke-Efder S and Smith RJH (1962) Clinical methods of examination.
In: System of Qphthalmology, Volume VIi. The Foundations of
Ophthalmology, ed. 8. Duke-Elder pp. 233—458. Henry Kimpton,
London

Strubbe DT and Gelatt KN (1999) Ophthalmic examination and diagnostic
procedures. In: Velerinary Ophthalmeology, 3rd edn, ed. KN Gelatt
pp. 427—468. Lippincott, Wiliams and Wilkins, Philadelphia
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Ocular imaging

Elizabeth Munro and David T. Ramsey

Iintroduction

During the last 20 years, there have been many
innovations in diagnostic imaging, including the
development of a variety of new imaging modalities
that have improved the clinician’s ability to diagnose
ocular and orbital disease. However, conventional
radiography and B mode ultrasonography remain the
most widely used forms of imaging, because the
advanced diagnostic imaging methods have restricted

availability and are relatively expensive for use in
private veterinary practice.

B mode ultrasonography is indicated in the
assessment of intraocular structures when direct
visualization is not possible. It should be the initial
imaging technique used for all animals with signs
of orbital disease, as general anaesthesia is not
required. A suggested protocol for the investigation
of orbital disease (adapted from Dennis, 2000) is
shown in Figure 1.15.

| B MODE ULTRASONOGRAPHY |
[ 1

' 1 {

Mass | Normal | |Uncertain|
| ]

| Abscess/foreign body |

[ Clinical signs of cellulitis? |
I

Y ¥
Yes No

|

| RADIOGRAPHY |
I

1
I Evidence of disease extension I
t

Is MRI/CT readily available Is surgery being
and easily affordable? considered?

v } iy

No Yes Yes No
1
Fine needle aspiration
of orbit
]
' t '
Diagnostic Diagnostic Non-diagnostic
of medically of tumour
treatable disease
Is surgery
being considered?
I
'
No Yes

| | MRl or CT |

Figure 1.15 A suggested protocol for the investigation of orbital disease (adapted from Dennis, 2000).




www.vetdarab.co.cc

by Itra

14 Ocular imaging

Further imaging techniques are computed tomo-
graphy (CT) and magnetic resonance imaging (MRI}.
The image quality provided by MRI is superior to that of
CT in most animals, except in cases of orbital trauma.
However, longer scanning times are required with MR,
and there is restricted access for animal monitoring;
these factors should also be considered when select-
ing the most appropriate technique for a particular
animal. With the limited availability of both MRl and CT
to the veterinary profession, however, a choice be-
tween the two rarely exists.

Radiagraphy

Plain film radiography

Plain fitm radiography is only diagnostic for conditions
involving alterations in architecture of the bony orbit,
and inthe detection of radiopaque foreign bodies within
the orbit or globe. Use of alternative imaging modalities
(cross-sectional imaging) is recommended for soft-
tissue imaging.

Radiography is usedtoinvestigate retrobulbar mass
lesions, in order io detect the presence of bone lysis in
osseous orbital, or neighbouring, structures. Lysis is
most readily appreciated when the destruction of bone
invoives the nasal chamber and paranasal sinuses.

Dental disease

Apical lysis of caudal maxillary dental structures (e.g.
tooth root, alveolus) attributable to dental disease
also occurs and is one of the most common causes of
inflammatory orbital disease (abscess and cellulitis)
in dogs. When inflammatory orbital disease is sus-
pected and the results of orbital echography (ultra-
sonography) are inconclusive or are normal, dental
radiographs are indicated.

Orbital neoplasia
When orbital neoplasia is suspected, the appropriate
views should be taken; general anaesthesia is re-
quired. These include the intracral and open-mouth
views of the nasal cavity, and the skyline view of the
frontal sinuses. The intraoral view of the nasal cavity is
the most sensitive for the detection of subtle nasal
turbinate lysis. High definition intraoral film should be
used, and the film placed, corner first, as far back into
the mouth as possible. This view will not include the
bony orhit, however, which is best assessed with a
ventrorostral—dorsocaudal view of the nasal cavity.
To obtain the open-mouthad ventrorostral-
dorsocaudal view, the animal is positioned in dorsal
recumbency, The jaws are opened maximally and
secured by separate lengths of crepe bandage, or
similar material, around the upper and lower canine
teeth. The beam is directed toward the cranium through
the open mouth at an angle of approximately 20 de-
grees, i.e. parallel to the mandibles. The abbreviated
description, V20°R-DCdO, describes the direction
of the beam from entry to exit point (V = veniro;
20°=beam angle; D = dorso; Cd = caudo, O =oblique).
Regardless of positioning, superimposition of bone in
the orbital region and the breed variation seen in

Figure 1.16 Dorsoventral radiograph of the head of an
18-month-cld Roitweiler with a poorly differentiated
sarcoma of the orkit. Bone lysis is identified around the
alveolus of M1 (long arrow), and the rostral border of the
vertical ramus of the mandible (short arrow). There is soft
fissue opacification of the nasal cavity on the affected side,
and soft tissue swelling over the rostral zygomatic arch.

canine skull shape or conformation hinder interpreta-
tion, but as malignant orbital disease is asymmetrical,
careful scrutiny may reveal loss of bone on one side
{Figure 1.186).

Frontal sinuses

The frontal sinuses should be evaluated using a
rostrecaudal view, obtained by positioning the animal
in dorsal recumbency with the atlanto-occipital joint in
flexion, until the hard palate is at right angles to the film.
The beam is directed through the frontal sinuses and
parallel to the hard palate.

In animals with orbital disease, opacification of the
frontal sinuses may be attributable to neoplastic infil-
tration or, more commonly, to fluid accumulation caused
by a mass obstructing the drainage of the sinus(es}
through the nasal cavity.

In some cases, oblique lateral projections may be
rewarding. Thoracic and abdominal radiographs, 1o
look for evidence of metastatic disease, should also be
considered when malignant disease is suspected.

Bone lysis
Radiographic evidence of bone lysis involving the bony
orbit and/or the nasal cavity generally indicates malig-
nancy or deep mycotic osteomyelitis, and a poor progno-
sis. If surgery is considered in these animals, further
assessment of the anatomical extent of the disease
process should be performed with CT or, preferably, MRI.
However, radiographic evidence of bone destruc-
tion is not a feature of all malignant orbital neoplasms.
When evidence of bone lysis is not apparent, orbital
malignancy cannot be distinguished radiographically
from benign inflammatory orbital disease.
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Contrast techniques

Dacryocystography

Dacryocystography is occasionally performed in the
diagnostic investigation of epiphota and ocular dis-
charge, to evaluate the anatomical course of the naso-
lacrimal system. The technigue is straightforward, but
rarely performed. itisindicated in animals with obstruc-
tion of the nasolacrimal system, when the cause of
obstructionis not apparent on plain film radiography, or
when an intraluminal foreign body is suspected.

Technique: Under general anaesthesia the upper lac-
rimal punctum is cannulated with an apprapriate size of
cannula (21 G for dogs, 26 G for cats). A small volume
{1—2 ml} of water-soluble iodinated contrast material is
gently injected via the cannula, while the lower punctum
is gently occluded using fine mosquito forceps. In the
rabbit, the sole lower punctumis cannulated. Lateral and
ventrodorsal views should be obtained immediately
after or during injection so that [eakage from the nasal
ostium dees not interfere with visualization of the duct.

Cranial sinus venography

This technique was developed to demonstrate mass
lesions, either in the orbit or in the region of the
cavemous sinuses, at the floor of the cranial vault. The
cavernous sinuses lie close to the pituitary gland and to
the second, third, fourth and sixth cranial nerves.
Masses adjacent to the vessels can alter the course of
the vasculature, or create filling defects by extramural
compression, CT and MR, if available, are superior to
this technique.

Technigue: General anaesthesia is required. The tech-
nigue is safe and applicable to the practice situation, but
itis time-consuming and interpretation can be difficult. A
plain film dorsoventral view of the skull is obtained,
following the induction of general anaesthesia. A large
roll of gauze is placed longitudinally over the jugular
furrow lateral to the trachea on each side of the neck.
The rolls of gauze are secured with tape around the heck
to occlude the jugular veins, but to spare occlusion ofthe
airway. The angularis oculi veins can be visualized
through the skin at the medial canthus. The skin on both
sides overlying the angularis oculi veins is clipped and
scrubbed. A catheter is then placed transcutaneously
into the angularis oculi vein on each side, and secured
to the overlying skin with glue or a suture. Approximately
5ml of awater-soluble iodinated contrast agent (420 mg
iodine per ml {mg /ml)) is injected simultaneously into
both angularis oculi veins. Dorsoventral and lateral
radiographs are then made and the tape encircling the
neck is removed (Lee and Griffiths, 1972).

Contrast orbitography

Positive or negative contrast orbitography may be
used to image specific intraorbital compartments. Un-
der general anaesthesia, air (negative contrast) or
water-soluble iodinated contrast agent (420 mg I/ml)
(positive contrast) is injected inte the intraconal space,
and radiographs are then made, in both dorsoventral
and lateral views. This technigue is used infrequently,
because of the increased resolution afforded by cross-
sectional imaging technigues.
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Sialography of the zygomatic salivary gland

This technique is indicated for suspected zygomatic
sialocoele, which is a rare cause of orbital disease
{Schmidt and Betts, 1978). The zygomatic salivary
gland forms part of the floor of the orbit, and may cause
exophthalmos when sialacoele or sialoadenitis ocours.

Technique: Ablunt 25 G cannulais introducedinto the
zygomatic papilla, which is found in the buccal mucosa
above the first molar tooth, about 1 em caudal and
ventral to the parotid papilla. Then 1-2 ml of iodine-
based water-soluble contrast agent (420 mg I/ml) is
slowly injected via the cannula. if the duct is ruptured,
a lateral radiograph will reveal contrast leaking inio
the mucocoele.

Cross-sectional imaging

Cross-sectional imaging comprises the powerful diag-
nostic tools of ultrasound, CT and MRI. The two-
dimensional image correlates with the selected
two-dimensional ‘slice’ through the animal. The advan-
tages of cross-sectional imaging include the ability to
obtain images in multiple sequential planes, and the
absence of tissue superimposition and summation that
is inherent in conventicnal plain-film radiography.

CT and MRI can greatly facilitate the diagnosis of
orbital and intracranial disease. Although certain con-
ditions of the globe, such as lens luxation or vitreal
haemorrhage, may also be identified with these
modalities, they are rarely used for this purpose, as the
globe can be adequately assessed with direct visuali-
zation and ultrasonography.

Ultrasonography

Ultrasonography is valuable in the investigation of both
ocular and orbital disease. It is safe, non-invasive,
rapidly performed and relatively inexpensive.

It is most frequently employed in ocular disease
when the cormnea, lens or ocular media have lost trans-
parency, and direct visualization of intraccular struc-
tures is compromised. ltis also useful for the evaluation
ofthe orbit. Whenever it is available, it should be usedin
all animals that have signs of orbital disease.

Image production and display

The principle underlying diagnostic ulirasonography is
that part of the incident sound beam is reflected to its
source when an interface between two tissue types is
encountered. Two kinds of echo are produced to form
the image on the screen:

« Specular echoes originate from interfaces at right
angles to the beam, and produce boundaries
between tissues that appear similar to those
geen in a gross anatomical cross-section

+ Scattered echoes usualiy combine with others to
produce a detectable echo. These echoes are
responsible for producing a visible texture within
tissues. They do not depend on the orientation of
the small structures that produce them.
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A and B modes: The earliest reports of ocular ultra-
sanography described the use of A (amplitude) mode.
In this mode, a single fixed beam of ultrasound is
directed through the eye, and returmning echoes are
shown as spikes on a horizontal line. Biometric meas-
urements can be reliably obtained with this method,
aithough it is not in common usage.

Real-time B (brightness) mode, an the other hand,
is both widely used, and more readily interpreted.
Muttiple sound beams are directed through the eye,
and the returning echoes are shown as dots on the
screen. The position of the dots corresponds to their
anatomical locations, and their brightness corresponds
to the sirength of the returning echo.

Resolution: In general, the higher the frequency of
sound produced by a transducer, the higher will be its
resolution. This improvement in image quality is at the
expense of tissue penetrance, although the technolog-
ical advances applied to the latest equipment have
overcome this problem to some extent. A5 or 7.5 MHz
transducer may be suitable for imaging the orbit,
whereas a 10 or 12.5 MHz transducer is ideal for the
globe. Both regions may be imaged with a 7.5 MHz
transducer, butitis impossible to differentiate the retina
from the choroid or the sclera with transducers of less
than 10 MHz.

Technigue
The globe and orbit should be imaged in both the
horizontal and vertical planes. The beam should be
swept from top to bottom in the horizontal plane,
and from side to side (e.g. left to right) in the vertical
plane. It is very important that the ulirasonographer
is aware of the image orientation on the screen at
the time of conducting the scan, otherwise the spheri-
cal nature of the globe, and the lack of distinguishing
features in the orbit, may cause confusion when
localizing lesions.

Gel should be removed by careful irrigation of the
eye with sterile eyewash after completing the ultra-
sound examination.

Placement of the transducer: The transducer (and
standoff, if used) is best placed directly on to the
anaesthetized cornea, after manually parting the eye-
lids. Acoustic gel is applied directly to the cornea.
Alternatively, the transducer may be placed againstthe
upper eyelid, when more liberal use of gel is required.
This technique is easier, but the image quality is
inferior. Imaging of the orbit may also be achieved
through the lateral periorbital tissues in the region of
the orbital ligament. The transoral approach may be
used, but this requires general anaesthesia.

Standoffs: A standoff is required to image the cornea,
anterior chamber and iris, and will improve the visuali-
zation of the ciliary body and lens. A built-in standoff,
available for some machines, is ideal. Failing this, the
finger of an examination glove may be filled with
acoustic gel and knotted, or a comercially available gel
padmay be trimmed toaless cumbersome size. These
are both ways of producing a home-made standoff.

Alternatively, a generous amount of sterile acoustic gel
may be applied to the surface of the globe, and may act
as a standoff. The posterior globe and orbitare scanned
without a standoff.

Patient behaviour: Most animals tolerate the proce-
dure well, following topical anaesthesia of the ocular
surface. The animal is scanned standing, sitting or in
sternal recumbency, with an assistant holding the head
steady. Occasionally, sedation is required.

Normal appearance

Anterior view: The comea, iris and anterior lens
capsule may only be visualized if the globe is scanned
using a standofi and high frequency transducer in
direct contact with the cornea. Under ideal conditions,
the cornea appears as two paraliel curvilinear lines
separated by an anechoic (black) stroma (Figure 1.17).
The iris may occasionally be seen as an echoic struc-
ture in close contact with the anterior lens capsule, but
it is difficult to image consistently,

Figure 1.17 Ocular ultrasound image of the anterior
aspect of a normai glebe, cbiained using a 10 MHz
transducer and a large amount of scanning gel as a
standoff. The gain has been adiusted to maximize
resclution in the near field. The cornea appears as two
hyperechoic lines at the left of the image. Reverberaticn
artefacts are evident directly posterior to the corneal
reflecticns. The antericr and posterior ens capsule are
represented as biconvex focal curvilinear reflections. The
retina, choroid and sclera cannot be differentiated from
each other in this image. The intraconal orbit appears as a
roughly triangular area posterior to the globe.

The anterior lens capsule is echogenic, but its
convexity causes peripheral echo dropout due to re-
fraction of the sound beam. ltis, therefore, not possible
to image its entire surface in any one scan plane. The
equatorial lens capsule and the echogenic ciliary body
are best imaged with the beam oriented at right angles
to their surfaces. The anterior chamber, vitreous and
lens (apart from its capsule) are normally anechoic.

Posterior view: The posterior lens capsule appears
as a concave curvilinear echo (see Figure 1.17). The
posterior wall of the globe produces a readily visualized
composite curvilinear echo that represents the retina,
choroid and sclera, when using a 7.5 MHz transducer.
The optic disc appears as a slightly brighter region that




www.vetdarab.co.cc
by Itra

may be either raised or depressed, relative to the
posterior globe, innormal eyes. Whena 10 or 12.5 MHz
transducer is used, the retina, choroid and sclera can
be clearly differentiaied. The retina appears as a single
thin hyper-reflective curvilinear echo directly adjacent
to a thicker hyporeflective curvilinear echo, represent-
ing the choroid (Figure 1.18). The posterior sclera
appears as a hyperechoic curvilinear echo, located
parallel and directly posterior and adjacent to the
hyporeflective choroid.

Figure 1.18 Ocular ultrasound image of the posterior
aspect of a normal globe, obtained using a 10 MHz
transducer. The retina appears as the first hyperechoic
curvilinear density apposed against the hypoecheic
choroid. The sclera appears as ancther hyperechoic
density, posterior to the choroid. Reverberation artefacts
are evident in the area of the crystalline lens.

The optic nerve and extraocular muscles are
hypoechoic, relative to the echogenic retrobulbar fat
separating them. These structures converge toward
the posterior orbital apex near the optic canal, forming
a cone shape, with the base at the posterior wall of
the globe.

Extraocular structures: The temporalis muscle is
seen laterallyin the horizontal plane, and dorsally inthe
vertical plane. The zygomatic salivary gland may occa-
sionally be identified, when scanning in the vertical
plane, as a hypoechoic structure adjacentto the ventral
extraocular muscles.

Any interface between the soft tissues within the
orhit, and the adjacent bones, will create an echogenic
boundary with acoustic shadowing (e.g. the appear-
ance of the frontal bene medially when scanning in a
horizontal plane). Itis useful to have a specimen skull
for reference and orientation.

Abnormalities

Intraocufar disease: Abnormalities within the globe
appear as mass lesions, membranous lesions, multi-
ple point-like echoes, or changes in echogenicity of
tissues. Disorders of the lens may be identified: lens
luxation can be recognized readily, and cataract forma-
tion is associated with increased echogenicity of the
normally anechoic lens material.
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Mass lesions:Neoplasia and organized haemorrhage
are the most commonly identified infraocular masses.
Primary intraocular neoplasms are most frequently
focalized at the anterior uveal tract, and may be seen
to displace the lens. Their association with the uveal
tract will distinguish neoplasms from organized vitreal
haemorrhage, which appears as a hyperechoic or
heterogenous mass in the vitreous.

Charoidal granutomas, attributable to oculomycoses
and aberrant parasite migration, can produce a similar
appearance {Figure 1.19), though they are more fre-
quently located in the choroid or subretinal space.
Such conditions are rare in the UK but may be common
in some countries.

Figure 1.19 Ocular ultrasound image of a 5-year-old
mixed breed dog. Note the hyperechoic mass arising from
the ventral cillary body located ventral t¢ the posierior lens
capsule reflection. There are numerous point-like opacities
throughout the vitreous body that represent asteroid
hyalosis. {10 MHz transducer; no standoft.)

Retinal detachment may be assaciated with any of
the above.

Intraocular foreign bodies are identified as a bright
interface assaciated with acoustic shadowing.

Mass lesions of the optic nerve head (prelaminar
optic neuritis/papillitis, papilloedema and neoplasms)
and the peripapillary retina and choroid are detected
infrequently. Papillitis and papilloedema cannot be
differentiated, based on their ulirasonographic
appearance, because they share characteristic
ultrascnographic features. In both cases, the optic
papilla is raised, protrudes into the vitreous chamber,
appears hyperechoic, and may have an associated
peripapillary retinal detachment. Retinal detachmentis
more likely to occur with inflammatory and neoplastic
lesions of the optic papilla, than with papilloedema.

Multiple point-likke echoes: Multiple point-like echoes
(see Figure 1.19) may be produced by inflammatory
cells or erythrocytes within the vitreous, and by degen-
eration of the vitreous humour (Mattcon and Nyland,
1995}, In one study, vitreous degeneration was identi-
fied in 23% of eyes of 147 dogs with cataracts (van der
Woerdt et al., 1993).

Membranous lesions: Ultrasonography has an im-
portant role to play both in the identification of retinal
detachmentin the opagque eye and in the differentiation
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of retinal detachment from posterior vitraous detach-
ment. Total bullous retinal detachment has a charac-
teristic appearance. The retina balloons forward,
producing a V or ‘seagull’ shape, by virtue of its
remaining attachments at the ora ciliaris retinae and
optic disc {(Figure 1.20). The detached retina will dis-
play slow and sinuous after-movements. It is very
important to identify the attachment to the disc (Figure
1.21)in orderto distinguish retinal detachmentfromthe
othermembranous lesions that may mimic this appear-
ance. These include vitreous membranes, which fre-
quently follow intravitreal haemotrrhage, and posterior
vitreous detachment. Posterior vitreous detachment
demonstrates ‘serpentine’ after-movements and, un-
like retinal detachment, does notattach to the optic disc
(Figure 1.22).

Partial retinal detachment produces a curvilinear
echo bowing forward from its points of attachment to

Figure 1.20 Ocular ultrasonography was performed as
part of the pre-surgical diagnostic testing in a 10-year-old
American Cocker Spaniel with mature cataracts. Note the
wo hyperechoic linear densities arising from the area of the
optic papilla, and coursing anteriorly toward the ora ciliaris
retinae. This finding indicated the presence of concurrent
retinal detachment and, therefore, precluded cataract
surgery in this dog. {10 MHz transducer; no standoff.)

Figure 1.21 Ccular ultrascund image of the left eye of &
9-year-old Miniature Poodle that suffered an acute onset
of blindness. A total retinal detachment appears
ultrascnographically as a hyperechoic line arising from the
arga cf the optic papilla and branching in the mid-vitreous
cavity. The homogeneous hypoechoic appearance in the
subretinal space represents haemorrhage in the subretinat
space. {10 MHz transducer; no standoff.)

Figure 1.22 Ocular ultrasound image of a 12-year-old
mixed breed dog with a posterier vitreous detachment.
Note the curvilinear hyperechoic density (arrowed)
located in the vitreous cavity, which is parallel to the
posterior globe and does not attach to the opiic papilla.
{10 MHz transducer; no standoff.)

the posterior globe (Figure 1.23). The demonstration of
subtle after-movements of this echo will differentiate
partial retinal detachment from local choroidal detach-
ment, which can appear similar but is less commonly
recognized (Mattoon and Nyland, 1985). The simulta-
neous use of A and B mode imaging may permit easy
differentiation between vitreous detachment and reti-
nal detachment (Figure 1.24).

Cataract: Because of the high association of retinal
detachment and cataracts in dogs, ocular ultrasono-
graphy is indicated as part of the pre-surgical diagnos-
tic testing whenever substaniial epacification of the
crystalline lens is evident. In one study, retinal detach-
ment was detected in 4% of eyes with immature cata-
racts, in 6.5% of eyes with mature cataracts, and in
19% of eyes with hypermature cataracts {van der
Woerdt ef al., 1993).

Figure 1.23 Ccuiar uitrasound image of a 6-year-old
Samovyed with cataracts. There is a bullous retinal
detachment (arrowed), characterized ultrasonographically
as a weil delineated hyperechoic line arising from the area
of the optic papilla. (10 MHz transducer; no standoff.)
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Figure 1.24 Ocular ultrasound image, obtained using
simultaneous B mode and A mode imaging, of a 7-year-old
Springer Spaniel with an exudative retinal detachment and
choroidal detachment. (10 MHz iransducer; no standoff.)

When the lens develops an opacity, it appears
hyperechoic instead of anechoic, and the entire lens
becomes evident on ultrasonagraphy. Diabetes mellitus
often results in the uptake of fluid by the lens, resulting
in an intumescent cataract and an increased axial
diameter of the lens (Figure 1.25). The resorption of
lens material is characteristic of a hypermature cata-
ract, and is typified ultrasonographically as a decrease
in the axial diameter of the lens (Figure 1.26).

Retrobulbar disease: Ultrasonography is an invalu-
able aid in the diagnosis of retrobulbar orbital disease,
and can be used toidentify the presence of orbital mass
lesions and foreign bodies. It provides relatively little
information about the nature of soft tissue masses,
however, and a distinction between inflammatory,
neoplastic and cystic disease may not be possible.
The accuracy of collecting fine-needle aspirates or
non-surgical biopsies to enable precise diagnosis may
be increased when this is performed under ultrasonic

Figure 1.25 Ulirasound image of the right eye of a
4-year-old diabetic Miniature Schnauzer, showing an
intumescent cataract. Note the farge axial diameter of the
lens. There are also numerous point-like opacities in the
vitreous chamber that are consistent with vitreous
degeneration, (10 MHz transducer; no standoff.)
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Figure 1.26 Ultrasound image of the left eye of the dog
in Figure 1.25, showing a hypermature cataract. Note the
small axial diameter of the resorbing lens. Vitreous
degeneration is characterized ultrasonographically by
multiple point-like opacities throughout the vitreous cavity.
(1C MHz transcucer; no standoff.)

guidance although, surprisingly, a recent study of or-
hital neoplasia found no significant increase in the
diagnostic yield acquired when samples were obtained
with guidance compared to without {Hendrix and Gelatt,
2000). A thorough knowledge of orbital anatomy, and
some practice, are required to master this technique.

Diffuse orbital cellulitis produces a generalized loss
of definition of the orbital tissues, rendering the optic
nerve and extraocular muscles difficult to visualize
when compared with the opposite eye. Cellulitis may
also produce focal mass lesions, that may be mistaken
for neoplasms (Dennis, 2000). Abscesses are variable
inappearance, butmostare recognized as a hypoechoic
area within a well defined hyperechoic wall (Figure
1.27) (Mattoon and Nyland, 1995). The abscess wall
may not be seen in all cases.

Figure 1.27 Orbital ultrasound Image from a dog with
acute-onset exophthalmos. Note the hypoechoic area of
homogeneous density posterior to the globe, An orbital
abscess was surgically drained. (10 MHz transducer;
no standoff.)
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Orbital ultrasonography reveals evidence of a mass
in 70-80% of animals with orbital neoplasia (Dennis,
2000; Hendrix and Gelatt, 2000). The majority of orbital
neoplasms are hypoechoic, relative to orbital fat (Figure
1.28), although osteogenic tumours and chondrosar-
comas of the skull that are invading the orbit will appear
strongly echogenic. Interpretation of bone involvement
is difficult, as only the soft tissue—bone interface can be
imaged. The anatomical extent of masses invading the
bony orbit will be underestimated when ultrasonography
is used as the sole imaging modality.

Figure 1.28 Ultrasound image of the left crbit of an
8-year-old Labrador Retriever with slowly progressing
exophthalmos. Note a homogenecusly hypoechoic mass,
causing posterior indentation of the globe. Ulirasound-
guided fine-needie aspiration and cytology of the mass
revealed a soft tissue sarcoma. (10 MHz transducer;

no standoff.)

Cystic orbital disease is characterized ultra-
sonographically by a well delineated structure with a
hypoechoic or anechoic centre, relative to the sur-
rounding orbital soft tissue echodensity (Figure 1.29).
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Figure 1.29 Orbital ultrasound image of a 3-year-old
German Shepherd Dog that presented for evaluation of
progressive exophthalmos of 1 week's duration. Note the
well delineated anechoic area in the caudoventral orbit.
Ultrasound-guided fine-needle aspiration revealed a
viscous material consistent with saliva. A zygomatic
sialocoele was removed surgically. (10 MHz transducer;
no standoff.)

Polymyositis of the extraocular muscles is a rare
cause of exophthalmos in young dogs (Carpenter et
al., 1989). Ultrasonographically, the rectus and oblique
muscles appear markedly enlarged and well deline-
ated (Figure 1.30).

Figure 1.30 Orbital ultrasound image of a young female
Golden Retriever with bilateral exophthalmes. Note the
prominent hypoechoic lateral rectus muscle. A diagnosis
of bilateral extraccular polymyositis was made.

High-frequency ultrasound biomicroscopy

Increasing the frequency of ultrasound used to exam-
ine the eye to 40-100 MHz will produce images of the
structures within the anterior 4-5 mm of the globe with
much greater resolution than conventional B mode
scanning. The resulting images appear similar to histo-
logical preparations viewedwith low power microscopy.
They also allow assessment of the iridocorneal angle
and ciliary cleft. This technology is not widely available
for diagnostic purposes, as the cost of the ultrasound
biomicroscope is usually prohibitive in private practice.,

Computed tomography

CT provides a computer-generated image of a cross-
sectional ‘slice’ through an animal, at the level at which
it is being examined. A thin collimated X-ray beam is
rotated around the animal, and moniiors register the
exiting photon doses. The computerthen generatesan
image, based on the output of these monitors. Sequen-
tial images are obtained along the area of interest. The
latest generation of CT scanners now have acgulisition
times of a few minutes. As it is essential that the animal
remains still during scanning, general anaesthesia is
always requlired.

Appearance of scans

As in conventional radiography, tissues that absorb
X-ray energy will appear lighter in a grey scale image,
and areas where there is little attenuation of the beam
will appear darker. The range of contrast in soft tissues
is much greater than that of conventional radiography.
The orbit is well suited to imaging by CT, given the
inherent high contrast of the tissues in the region. The
bony eorbit is clearly visualized, and the oplic nerve,
extraocular muscles, globe and zygomatic salivary
gland contrast well with the relatively radiclucent or-
bital fat. Intravenous injection of an iodinated radio-
graphic contrast agent improves visualization of many
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lesions (contrast enhancement) but is not an accurate
means of finding out which tissue type is (or are)
involved, or of diagnosing the presence of a specific
orbital neoplasm.

Indications

CT imaging is a valuable tool in the investigation of
orbital diseases, including neoplasia, optic neuritis,
foreign bodies and cystic or inflammatory orbital dis-
ease. It is superior to MRI in the detection of orbital
fractures, haesmorrhage and proliferation of bone, and
is the imaging modality of choice in orbital trauma. As
with MRI, CT offers considerable advantages over
ultrasonography in its ability to demonstrate tissues
beyond the confines of the bony orbit (Figure 1.31).

Figure 1.31 CT image of an 11-year-old cat with
exophthalmos of the left eye and severe distortion of the
side of the face. Lysis of the pars orbitalis of the frontal
bone is evident, with proliferation of bone matrix in the
frontal sinus and left nasal passage. There is an area of
soft tissue density extending from the orbital space into
the left fronfal sinus and nasal passage.

Reformatted images

Obtaining images in different planes requires the
repositioning of the animal within the gantry. Reformatied
CT images of the sagittal plane may be used to provide
a three-dimensional location of intraconal, extraconal,
or extraendorbital masses, by viewing sequential cross-
sectional images in succession. However, reformatted
images lose considerable image resolution, compared
with images obtained in the primary scan plane. Recon-
structed three-dimensional images can also be used to
demonstrate proliferative and lytic bone lesions by elimi-
nating soft tissue images from bone (Figure 1.32).

Detection of neoplasia

CT imaging has been used to evaluate orbital neo-
plasms in cats and dogs. Lysis of bone was present in
82% of malignant orbital neoplasms in cats (Calia et al.,
1994). However, images obtained by CT may not
clearly delineate the extent of a neoplasm within the
orbit or calvarium in cats (Ramsey et a/.,1994).
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Figure 1.32 Reformatted CT image of the cat in Figure
1.31, showing lysis of the left frontal bone at the anterior
orbital rim and of both nasal bones along the midline.
Osteosarcoma was the final diagnosis.

Guidance for diagnostic tests

CTimaging can also be used to guide the placement of
a needle precisely within pathological tissue for fine
needle aspiration and biopsy.

Magnetic resonance imaging
Magnetic resonance images are generated by placing
the animal within a gantry containing a powerful mag-
netic field that determines the direction of the angular
momentum of nuclei {particularly hydrogen). A small
surface coil is then placed within the magnetic field,
and pulsed radio wave sequences are delivered to the
surface coil to disturb the alignment of tissue protons.
Electromagnetic energy released from proton realign-
ment is then detected by computer sensors and ana-
lysed with regard fo tissue-specific properties, to
generaie an electron-dense image. .
The animal must remain stili during image acquisi-
tion and therefore general anaesthesia is required.
However, repositioning the animal within the gantry is
not necessary fo obtain images in multiple planes.
Volumetric acquisition of signals with direct multiplanar
MRI, in combination with different surface coil tech-
niques, provides very detailed anatomy and high reso-
lution of intra- and extraorbital tissues. Acquisition times
are longer for MRI than for CT, usually about 45 minutes.
Ferrous metals are not permitied in the scanner
room, and this must be considerad when designing
anaesthetic protocols, or when ferrous intraarbital or
intraccular foreign bodies are suspected. MRl is contra-
indicated when the differential diagnosis includes a
metallic foreign body, as this could migrate under the
influence of the magnetic field and induce serious
damage fo ocular tissues.

Resolution and contrast

The resolution of images produced by MR is superb,
and soft lissue differentiation is superior to that pro-
vided by CT. Image contrast sensitivity can be manipu-
lated by selection of different pulse sequences, or by
the intravenous injection of a paramagnetic contrast
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agent {gadolinium-diethylenetriamine penta-acetic acid,
DTPA). Bone is not imaged directly but bone destruc-
fionin orbital neoplasia is, nevertheless, recognized as
loss of the normal signal void.

Indications

MR images provide detailed anatomy of soft tissues,
with greater spatial and soft tissue resolution and
contrasithan CTimages (Figure 1.33). However, when
detailed images of bony structures are required, MRl is
less specific than CT. MRI may not show the extent of
mineralization within soft tissues, but it is better than
CT imaging when soft tissue detail and resolution are
necessary. Thus, the two are complementary.

a7t i R
Figure 1.33 MR image cf a 4-month-old Brittany Spaniel
with intermiitent excphthalmos of the right eye, attributable
to a cengenital orbital arteriovenous malformation (AVM).
Note the dilated orbital venous structure ventral and
medial to the globe. Laminar flow of blood within the
dilated vascular structure appears as different electron-
dense layers within the AVM,

By altering components of the pulse sequence, such
as repetition time (TR), interpulse delay (T1) and echo
time (TE), the operator can maximally differentiate the
electron density signals of many different soft tissues,
thereby maximizing the differentiation of soft tissues.

MRI is more sensitive than CT in the detection of
intracranial disease, and is, therefore, the imaging

technigue of choice in animals with clinical signs of
chiasmal or retrochiasmal disease, or orbital neo-
plasms with suspected intracranial extension. In a
recent study, MRI demonstrated abnormalities in 25
out of 25 dogs with orbital disease (Dennis, 2000).

As with ail imaging techniques, tissue type may not
be reliably determined in all cases, and distinguishing
between malignant and benign neoplastic disease
may not always be possible. Inferences about the likely
tissue type can, however, be made from the extent of
the disease process (which is clearly demonstrated)
and by assessing the signals produced with difierent
pulse sequences: these alter, according to certain
tissue characteristics.

For these reasons, MRI is the imaging technique
most likely to provide a definite diagnosis in crbital
disease.
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Laboratory investigation
of ophthalmic disease

David J. Maggs

Introduction

No other body structures lend themselves o more
complete visual examinaticn than the eyes and ad-
nexa. Therefore, laboratory examination is not always
necessary in ophthalmic disease. Laboratory investi-
gations tend to be required when neoplastic, genetic,
immune-mediated or infectious disease is suspected.
it is, therefore, essential that the clinician is well in-
formed with regard to the appropriate laboratory tests
for the suspected disease process, the correct method
of sample collection and handling, and the interpreta-
tion of the laboratory resulis, In all cases, close com-
munication with the laboratory is essential to define
these three aspects further.

In this section, sample collection and handling
techniques are discussed. Laboratory tests and
their interpretation are then considered under the
broad categories of cytological/histopathological,
microbiological and genetic assessment. For further
information regarding recommended tests and
their interpretation, the reader is also referred
to chapters of this manual dealing with individual
disease processes.

Sample collection and handling

Conjunctival and corneal swabs

A sterile swab may be rolled gently through the con-
junctival fornix or across the cornea to collect surface
samples. The technique is simple, and conjunctival
swabs can be taken without topical anaesthesia in
compliant patients. Although cellular integrity is well
preserved with this technique, the number of cells
collected is typically too small for complete cytological
assessment (Bauer et al, 1996). The technigue is
used more commonly for collection of microbial sam-
ples. It is tolerated better, and is more likely to yield
viable organisms, if the swab is pre-moistened with
appropriate culture media or sterile saline. Samples
may be collected by applying the swab directly to
the area to be sampled. However, samples with higher
numbers of cells can be harvested through scrapings
or aspirates {see below) and these can be applied in
a sterile manner t0 a pre-moistened swab. These
techniques yield more organisms, particularly obligate
intracellular pathogens.

Because anormal flora exists onthe ocular surface,
care must be taken not to contaminate the swab by
inadvertently touching it on tissues or regions without
obvious pathology. Mini-tip swabs are available for
obtaining samples from focal or delicate ocular sur-
faces such as deep corneal uicers (Fig 1.34).

Figure 1.34 instruments suitable for collecting
cytological and microbiclogical samples from ocular
surface tissues. From left to right: mini-tip swab; Kimura
platinum spatula; Bard-Parker scalpel blade with the
handle end exposed but the blade sheathed; cytobrush.

Eyelid, conjunctival and corneal scrapings
Superficial cells may be collected by genily scraping
the epithelium and superficial connective tissue of the
cornea, conjunctiva, or periocular skin. When con-
ducted properly, this technique is safe, well tolerated
and particularly useful for the assessment of inflamma-
tory or neoplastic cells, and/or infectious organisms
involving these surface tissues. Assessment of patho-
logy involving deeper sites usually necessitates surgi-
cal biopsy (see later).

Periocuiar skin scrapes are performed using a
scalpel blade inthe same way asthey are elsewhere on
the body. Care must be taken to avoid abrading spe-
cialized tissues of the eyelid margin. Gentle squeezing
of the skin and eyelid margin will cause expression of
material from hair follicles and glandular structures;
this technique is particularly important for the detection
of Demodex species. Collection of corneal or conjunc-
tival samples requires adminigtration of topical anaes-
thetic and adequate physical or chemical restraint to
avoid injury to the eye. Cormneal anaesthesia can be
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rapidly achieved by applying one ortwo drops of topical
anaesthetic, such as proxymetacaine. The highly vas-
cular nature of the conjunctiva may necessitate a more
sustained application of a topical local anaesthetic.
This is achieved by soaking a cotton-tipped applicator
in proxymetacaine and applying it to the conjunctival
surface for 2030 seconds. Care should be taken not
to abrade surface cells that may be diagnostically
important; however, surface mucus and debris should
always be removed prior to collection of cytological
samples. Furthermore, samples for culture should be
collected before parforming any procedure that could
alter or affect the microorganisms present.

Corneal and conjunctival samples are best collected
using a Kimura platinum spatula or the blunt end of a
scalpel blade (see Figure 1.34). A brisk scraping move-
ment, with pressure sufficient to abrade cells, is used to
harvest enough cellular material for assessment. Cells
collected in this manner may be gently spread on to a
clean dry microscope slide for cytological or immuno-
fluorescent antibody (IFA) assessment, applied to a
sterile swabfor culiure, or suspended in a sterile solution
for testing by polymerase chain reaction (PCRY).

Cytobrushes

The use of small, nylon-bristled gynaecological
cytobrushes (see Figure 1.34) for collection of conjunc-
tival cytology specimens has been described in veteri-
nary patients (Bauer &f al., 1996; Willis et al., 1997).
The brush is gently rolled in the conjunctival fornix or
across the corneal surface. Cells are then very gently
rolled out on to a glass slide before being air-dried.
Samples collected using cytology brushes tend to be
less cellular but to form more even monolayers than
those acquired by scraping. Other advantages of this
technique are safety and patienttolerance. Cytobrushes
are designed for single use.

Impression cytology

This technigue relies on cells that exfoliate easily and
is, therefore, most readily applied to investigation of
superficial conjunctival disease. A clean glass slide or
specially prepared cellulose acetate filter paper is
pressed firmly against the area to be sampled, and
exfoliated epithelial cells {including goblet cells) and
surface inflammatory cells are then examined cytologi-
cally. This technique has received some use in kerato-
conjunctivitis sicca (KCS) research, butdoes notusually
provide clinically significant advantages over cytolegi-
cal scrapings or brush samples, both of which tend to
collect more cells from deeper in the epithelium and
from superficial stroma.

Impression smears may also be made by lightly
pressing biopsy specimens on to a glass slide prior to
fixation. This technigue is not iniended to repface
histopathological assessment of tissue specimens but,
rather, to provide information more rapidly.

Aspirates

Fine-needle aspiration is an extremely useful tech-
nique for assessment of masses involving the eye,
adnexa or orhit. This technique provides an excellent
yield from tissues that shed cells relatively freely,

especially round cell neoplasms, such as mast cell
tumours and lymphoma, granulomas and abscesses.
Cystic masses tend to be less cellular unless there is
marked associated inflammation. Eyelid and conjunc-
tival masses may be aspirated using identical tech-
nigues to those used for skin masses at other sites.
Care should be taken to ensure that ocular penetration
does not occur, This can usually be assured with
adequate physical (or, less commonly, chemical} re-
straint and always by directing the needle away from
the globe. Where possible, the mass should be isolated
between the fingers, and the needle inserted into the
mass withouta syringe attached. The needle should be
redirected within the mass a number of times in order
to ensure that adequate and representative cellular
material is collected.

Prior to aspiration of orbital masses, imaging tech-
nigues are usually performed to define mass location,
extent and nature, and because aspiration is likely to
disrupt fissue architecture, or cause haemorrhage.
Orbital ultrasonography may also be used fo direct the
needle during aspiration. Because of the need for
imaging techniques, and because orbital aspirates
carry a relatively high risk of globe perforation if not
performed corttectly, they are best carried out by a
specialist familiar with the technigue. Oral, trans-
conjunctival, transpalpebral and lateral approaches
are possible, depending on the location of the mass. All
are usually performed under general anaesthesia.

Intragcular aspirates are indicated for investigation
of intraocular masses, uveitis and retinal detachment.
They are necessary when less invasive techniques
have not yielded a diagnosis. Typical targets for aspi-
ration are aqueous humour, intraocular masses, vitre-
ous, and subretinal fiuid. Intraocular aspiration is
performed under general anaesthesia, and frequently
with ultrasound guidance. Due to the risk of intraccular
haemorrhage, lens capsule rupiure and retinal detach-
ment, these are specialist procedures.

Orbital, adnexal, and intraocular aspirates may be
submitted for cytological or microbiclogical assess-
ment. For cytological assessment, aspirated material
should be expressed on to a clean glass slide, using a
syringe. A second slide is then used to spread aspi-
rated cells gently. The aim is to create areas of cellutar
monoclayer on the slide; these may be examined by the
cytologist. However, this must cause minimal mechani-
cal disruption of harvested cells. Less cellular aspi-
rates, such as those cbtained from the anterior chamber,
require centrifugation to yield sufficient celis for a
diagnosis. Cellular and fluid aspirates can also be
applied in a sterile manner to a pre-moistened swab,
for microbiclogical assessment. Cytological interpreta-
tion can be difficult and is best performed by patho-
logists experienced in cytology.

Biopsy

Biopsy is performed on tissues that are too deep to be
sampled using the cytological methods already de-
scribed, or when tissue architecture, rather than indi-
vidual cellular morphology, is likely to be diagnostically
important. Biopsy is routinely performed for investiga-
tion of conjunctival, eyelid, corneal and orbital disease.
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Biopsies of intraocular structures are performed infre-
quently, and usually only by specialists. Because
biopsy is likely to involve sedation or general anaesthe-
sia, it is often deferred until a cytological technique has
already been attempted.

Ocular tissues are very delicate, and special care
must be taken to handle them gently and as little
as possible, during the biopsy procedure. Samples
for histopathology should be placed immediately in
an adequate volume of fixative. Small samples can
be placed on filter paper or gently stretched over a
tongue depressor, prior to immersion in formalin to
maintain tissue orientation and to avoid loss during
processing. Before fixation, biopsy samples can be
divided in a sterile manner and a small section submit-
ted for culture. Samples for culture should be placed
in a sterile container and transported immediately
to the bacteriology laboratory. Where necessary,
impression smears can be prepared from a cut sur-
face, prior to fixation.

Conjunctiva

Conjunctival biopsy is readily performed on an
unsedated patient and may provide valuable informa-
tionthatis not always available from cytological exami-
nation. The area of conjunctiva to be sampled is
anaesthetized, using the same technique described for
conjunctival cytology. While an assistant restrains the
animal’s head and everts the eyelid, a small piece of
conjunctiva is delicately elevated using a fine-toothed
instrument, such as Bishop—Harmon forceps. A small
ship biopsy of conjunctiva and subconjunctiva is har-
vested by cutting across the base of the tented con-
junctiva using small tenotomy scissors (Figure 1.35).
No sutures are required, and haemorrhage is usually
minimal. Gentle pressure may be applied to the con-
junctival wound, if necessary.

Eyelid

Eyelid skin biopsies may be obtained using a scalpel or
skin biopsy punch, as would be done elsewhere on the
skin, and usually require local anaesthesia only. The
eyelid margin should be avoided unless there is signifi-
cant pathology at that site. If the margin must be used,
then the biopsy site should be closed using the figure-
of-eight technique described in Chapter 2c. Careful
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attention should be paid to realignment of the margin,
to avoid distortion, ectropion, entropion, trichiasis and
corneal ulceration.

Cornea and orbit

Corneal biopsy is performed by lamellar keratectomy.
This requires general anaesthesia and magnification.
Due to the need for special equipment and expertise,
this procedure is routinely performed by specialists.
Biopsy of the orbital contents also requires advanced
knowledge of orbital anatomy, and is best left to a
specialist.

Cytological and histological
assessment

The methods used for collecting cytological samples
are described above. Once collected, cells should be
spread as thinly as possible on glass slides, with
minimal disruption of cellular morphology. The three
techniques commonly used for collecting surface cells
have been compared, and their relative advantages
are shown in Figure 1.36 (Bauer et al., 1996; Willis
et al., 1997). Samples collected by swab tend to con-
tain insufficient cells for diagnosis, but those cells that
are collected are well preserved and spread in an even
monolayer. Samples collected by spatula are highly
cellular but tend to clump together, making cytological
interpretation more difficult. Samples collected using
cytobrushes tend to have high cellularity, integrity and
distribution on the slide.

Characteristic Swab [ Spatula | Cytobrush
Total cellularity + +++ +++
Cellular integrity +++ + 4+
Cellular distribution +++ + +++

Figure 1.36 Comparison of three methods for collecting
surface cells from the cornea or conjunctiva. Topical
anaesthesia is necessary with all techniques for corneal
specimens, though conjunctival sampling by swab or
cytobrush may be performed without.

+ = poor; +++ = good

Cytological specimens can be examined following
application of a Romanowsky-type stain, such as Diff-
Quik®. This allows rapid ‘in-house’ assessment of the
disease process, and immediate initiation of the appro-
priate treatment. However, in most cases, samples
should also be sent to a cytologist for review. If possible,
two or three slides should be left unstained until after
initial assessment, in case special stains are suggested.
Cytology is particularly useful for confirmation of sus-
pected neoplastic or immune-mediated diseases. It
should also be performed for any refractory or unusual
disease processes. Frequently, a predominantly
suppurative (neutrophilic) inflammatory responseis seen
in a cytology specimen collected from the ocular sur-
face. This must be interpreted cautiously, since it may
simply represent non-specific inflammation in response
to the overgrowth of flora. Further investigation should
be carried out to determine the primary pathology.
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Good samples for histopathological assessment
provide more, and frequently better preserved, cells
than does cytology. They also retain cellular relation-
ships and tissue architecture, and are more likely to
permit a definitive diagnosis. Numerous special stains
and immunohistochemical techniques are available to
characterize cellular details further.

Microbiological assessment

Microbiological diagnoses are arrived at either by
direct identification of the organism, or by demonstra-
tion of a specific host response. Methods of organism
detection used commonly in investigation of ophthal-
mic disease include direct microscopic examination,
culture, PCRand IFA. Host responses are assessed by
using antibody titres, usually within serum, although
intraocular antibody production can also be measured.

There are many tests available and each has distinct
advantages and disadvantages. The preferred test will
vary with many features, including abundance of
organism being tested for, stage of disease, and biologi-
cal behaviour of individual organisms. Figure 1.37
compares the features of four tests commonly employed
for investigation of feline herpesvirus-1 (FHV-1).

Regardless of the test modality or the organism, the
distinction must be made between simply detecting the
organism, or the host response to it, and proving that
the organism is the cause of the disease being inves-
tigated. This is particularly relevant for ocular surface
tissues, which have a normal flora, and for organisms
such as Chlamydiophila spp. and FHV-1 for which a
carrier state is established. The composition of normal
conjunctival and eyelid flora has been surveyed for
dogs and cats and comprises principally Gram-positive
bacterial species (Gerding and Kakoma, 1990). Some
variation occurs in specific composition due to geo-
graphical, climatic, seasonal and other factors; how-
ever, Staphylococcus and Streptococcus spp. tend to
predominate. Bacterial cultures from normal cats’ eyes
tend to yield organisms approximately half as fre-
quently as those from dogs’ eyes. Anaerobic species
are isolated very rarely from either species. Identifica-
tion of fungal and mycoplasmal species from healthy
ocular surface tissues is possible.

Direct microscopic examination

Microscopic examination of scrapings, smears, aspi-
rates and biopsy specimens often permits direct obser-
vation of organisms, as well as associated host cellular
responses. Largerorganisms, such as fungiand yeasts,
can be observed directly in routinely stained speci-

mens. The periphery of a moderately sized clump of
epithelial cells is frequently a rewarding place to look in
cytological preparations (Figure 1.38). Smaller organ-
isms, such as bacteria, may also be observed with
stains routinely used for histology, or cytology stains;
however, Gram’s stain makes identification easiest
and most specific. The presence of bacteria within cells
is generally considered to be more relevant than the
observation of extracellular organisms only. Results of
cytological examination and bacterial culture have
been compared, and found to be complementary
(Massa etal., 1999). Cytological examination provides
rapid and reliable identification of the organism type
and permits the initiation of therapy, pending culture
results. Therapy can then be modified, if necessary,
when susceptibility data become available.

L N R ]
Figure 1.38 Cytological specimen revealing fungal
hyphae adjacent to numerous corneal epithelial cells.
Wrights-Giemsa staining (Courtesy of R. Marrion.)

Although viruses, Mycoplasma spp. and
Chlamydiophilaspp. aretoo small to be seen by routine
light microscopy, occasionally, characteristic inclusion
bodies may be seen, particularly in acute infections.
The help of an experienced pathologist is valuable in
distinguishing inclusion bodies from pigment granules.
However, inclusion bodies are not a frequent finding,
and failure to detect them should not be considered
proof that these organisms are not present. IFA assays
have also been used as a diagnostic aid. The tech-
nique involves addition of a fluorescently labelled
antibody to an air-dried cytological preparation. The
antibodies are directed at microbial epitopes that are
expressed on host cell surfaces. Prior use of topical
fluorescein will produce a false-positive IFA test result.
Currently, IFA assays exist for canine distemper virus,
FHV-1 and Chlamydia spp. These tests are most likely
to give positive results in acute infections.

Feature Virus isolation Polymerase Indirect fluorescent | Serology
chain reaction antibody test

Detection of virus (V) or host response (H) | V Vv v H

Viable virus necessary Yes No No No

Prior use of vital stains affects test result Yes No Yes No

Collection and transport techniques Detailed Detailed Simple Simple

Figure 1.37 Comparison of testing modalities for FHV-1.
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Culture and susceptibility (sensitivity)
testing

Ocular surface tissues may be cultured using swabs,
scrapings or brushings. Cultures of deeper tissues
may be obtained from aspirates or biopsy specimens.
In all cases, better results are likely when sufficient
material is submitted for culture. Refrigeration (hot
freezing) of the sample will assist in maintaining
viable organism numbers if a delay in testing is
anticipated. Bacteria, chlamydiae, mycoplasmas, fungi
and viruses have different culture requirements.
Attention must, therefore, be given to swab type,
transport medium and storage and transport condi-
tions. This requires close communication between
the practitioner and the laboratory to which the sam-
ple will be sent. In some cases, specialized labora-
tories need to be contacted for culture of certain
organisms. The following are general guidelines.

Bacteriology

Cultures from ocular surface tissties are usually
submitted foraercbicculture, while aspirates and deeper
biopsies, particularly from orbital masses, may require
anaerobic culture. Chlamydiophila and Mycoplasma
spp. must be collected into, and transported in, special
media. Bacteriological samples should, ideally, be
collected prior to the start of antibiotic administration;
however, organisms that persistin the face of antimicro-
bial use are also relevant. The application of topical
anaesthetics is essential prior to collection of corneal
samples, due to the extreme sensitivity of this tissue.
Although topical anaesthetic preparations contain pre-
servatives, it is unlikely that they alter cultures in a
clinically relevant way (Champagne and Pickett, 1995).
Topical anaesthetic is not usually necessary priorto the
collection of conjunctival or eyelid specimens. Differen-
tiation of pathogens and normal flora may be difficult;
however, cultures of narmal flora tend to be represented
by more than one isolate, and usually appear in light
growth, often only in enrichment media.

Susceptibility testing of aerobic bacteria is highly
recommended. Most laboratories will conduct a mini-
mum inhibitory concentration (MIC) determination. This
technique determines the viability of bacteria at various
concentrations of each antibiotic tested. This method
is generally considered to provide more clinically
relevant data than the Kirby—Bauer agar disc-diffusion
test. However, there are some important considera-
tions specific to the treatment of ocular surface patho-
gens. First, the clinician should verify that the laboratory
isable to test antibiotics that are applied topically, since
these are not routinely included in all test panels.
Secondly, topical application achieves a higher drug
concentration at the corneal surface than is possible
with systemic administration. Therefore, it is possible
that frequent topical administration of an antimicrobial
agent may produce a perfectly adequate clinical re-
sponse, even if MIC testing suggests that the isolate is
only moderately susceptible to that drug.

Susceptibility testing of anaerobic isolates is
not commonly performed, but their susceptibility
patterns tend to be more predictable than those of
aerobic bacteria.
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Virology

The most frequent ophthalmic application for viral
culture or virus isolation (V1) has been the diagnosis
of FHV-1. A number of steps are important to maxi-
mize the chances of collecting, transporting and
culturing viable virus. Dacron- or cotton-tipped
swabs should be used, since calcium alginate swabs
can be inhibitory to some herpesviruses. Swab tips
should be pre-moistened with viral transport medium.
The conjunctival fornix, cornea, or sometimes the
oropharynx, should be swabbed aggressively enough
to harvest cells, since FHV-1 is an obligate intra-
cellular organism. Following collection, the swab
should be broken into a vial of viral transport medium.
Testing prior to application of stains, such as
fluorescein and rose Bengal, is essential, since these
stains are toxic to herpesviruses. Refrigeration and
shipping of samples onice are usually recommended.
The sample should be rapidly frozen if an extended
delay in shipping or testing is likely. The laboratory will
adsorb the sample on to monolayers of a permissive
cell line, and observe cells for characteristic viral
cytopathic effects. This is usually rapid, but can take
up to 10 days. While VI does detect FHV-1 reliably,
viral presence within the eyes of cats does not corre-
late with disease in all cases, since FHV-1 can be
isolated from the conjunctival fornix of up to 11% of
normal cats using this technique {(Maggs et al,, 1999).

Mycology

Otherthan eyelid dermatophytosis, ccularfungalinfec-
tion is uncommon in the UK, but this should be consid-
eredinanimals from geographical regions where orbital,
intraocular, systemic or keratoconjunctival mycosis is
possible. Fungal involvement is suggested by inade-
guate response to appropriate antibacterial agents, or
following systemic or local immunosuppression of pro-
longed use of antimicrobial drugs that may have
altered bacterial flora. Material harvested by orbital or
intraocular aspirates, deep biopsies, swabs, scrapings,
or by plucking hairs from the periorbital area, can be
submitted for fungal culture. Dermatophytes may be
identified more rapidly by culturing plucked hairs on an
agar slope. Fungal susceptibility testing is available at
specialist laboratories, but tends 1o be expensive,
Although fungi can be found as part of the normal flora
in dogs and cats, detection of these organisms in a
diseased eye may prompt the clinician to consider
treatment with an appropriate antifungal agent.

Polymerase chain reaction (PCR)

PCR technology has revolutionized microbiological
testing. The technique can be performed only if a
“target’ section of DNA from the organism in question
has been sequenced. Multiple copies of this region of
DNA are then constructed in vilro, by the repeated
cycling of sample DNA and nucleic acid ‘building blocks’
with Tag polymerase enzyme, under highly regulated
conditions. This is done in an automated fashion, and
each cycle approximately doubles the previous number
of copies made. The result is an exponential increase
in copy nurmber of target DNA, fo levels at which it can
be visually detected when appropriately stained or
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labelled. PCR is, thus, an exquisitely sensitive (and
specific) test. Sensitivity is primarily dependent on the
number of test cycles performed.

This creates new dilemmas for clinicians and
laboratory personnel, regarding sample collection
and handling, and test interpretation. In the past, the
principal problem was that of ensuring adequate
sensitivity. By contrast, PCR requires great care at
all stages of collection, transport and testing, to
guard against contamination, since minute quantities
of DNA may be detected. Similarly, the chance of
truly positive, but clinically irrelevant, test resulls is
dramatically increased, particularly for diseases in
which a carrier state develops, or for those organisms
that are part of the surface flora. It is also important
to recognize that PCR detects DNA: it does not
require viable organisms to be present.

Because relatively large numbers of bacteria tend
to be present in ocular surface disease, and because
they can usually be readily cultured, PCR has infre-
guent application in detection of conjunctival or corneal
bacteria; however, it has been used to diagnose
endophthalmitis.

The major ophthalmic application for PCR at this
stage is diagnostic testing for Chlamydia psittaci,
Mycoplasma spp. and FHV-1. A number of tech-
niques have been reported, and some are available
commercially. Although special laboratory protocols
may be necessary, any lissue sample, theoretically,
can be tested for the presence of DNA from these
organisms. Because they are obligate intracellular
pathogens, highly cellular samples are more likely
to yield positive results. This means that biopsy
samples are more likely 1o vyield a positive result
than scrapings, which, in turn, are more likely than
swabs to yield positive results. Because C. psittaci
and FHV-1 can be detected in the conjunctival fornix
of cats with healthy eyes, it is also important to
know the expected number of positive test results in
unaffected cats, for each laboratory’s test protocol.
PCR tests have also been devetoped for feline
coronaviruses, feline leukaemia virus (FelV) and
feline immunodeficiency virus (FIV). Due fo the
existence of reliable serological assays for FelV
and FIV, PCR testing for these organisms is not
widely used at this stage. A PCR assay that reliably
differentiates enteric coronavirus from the virus
responsible for feline infectious peritonitis {F1P} has
yet to be developed. Due to the frequency with which
the feline coronaviruses mutate, identifying reliable
genomic targets is challenging.

Serology
Serology is frequently used to assess the host re-
sponse to an organism. It gives evidence that the host
has been exposed (at some time in the past) to the
organism being tested for, or to any other organisms
{including vaccine variants) that cross-react in that
assay with the organism that is being scught. This
highlights two features of serological testing that must
be considered when interpreting resulis:

First, organism exposure and disease are not
automatically correlated. An example is the sero-

logical assay for FHV-1. Approximately 87% of the
feline population shows serclegical evidence of
exposure to FHV-1. Mere detection of an antibody
response to this virus is therefore not sufficient proof
that FHV-1 is likely to have caused the disease being
investigated. Secondly, serological assays vary in
their specificity. For example, no serological assay
currently differentiates the coronavirus that causes
FIP from enteric forms of coronavirus. Provided that
these limitations are borne in mind, serological
tests may provide useful confirmatory evidence of
disease in some instances. Specific serological
assays and their interpretation are discussed in the
relevant chapters.

The comparison of intraccular and circulating
(serum) antibody titres has been used to indicate local
(intraccular) antibody production. This ratio is called
the Goldmann—Witmer coefficient or C-value:

total antibody
« concentration in serum

total antibody
concentration in
aquesus humour

organism-specific antibody

_itre in aqueous humour
organism-specific antibody
fitre in serum

C-value

This has been used to assess astiological agents in
uveitis. In theory, a C-value greater than 1 suggests
intraccular anfibody production and, therefore, a spe-
cific and local response. However, interpretation of this
test is confounded by information suggesting that a
C-value greater than 1 can also be caused by non-
specific immune stimulation.

Genetic assessment

Although phenotypic evidence of inherited ophthalmic
disease has been monitared for a long time, the recent
introduction of genotype testing promises to advance
the goal of selective breeding against inherited traits.
There are currently two types of test available.

Tests for specific mutations

Testing for a specific causal gene mutation is preferred
because it is highly specific; however, it requires know-
ledge of the mutation responsible for the genetic
defect. Tests of this type exist for five diseases of
ophthalmic importance:

s Rod/cone dysplasia (red) in [rish Setiers (red?)
{Clements ef al., 1993) and Cardigan Welsh
Corgis (red3) {Petersen-Jones and Zhu, 2000)

+ Progressive retinal atrophy in Miniature
Schnauzers and in Sloughis

+ Congenital stationary nightblindness in the Briard.

Itis likely that several other tests will be developed
over the next few years.

Tests for marker alleles

These tests target a marker allele that is closely linked
to the gene of interest and, therefore, is highly likely to
be inherited with it. So-called marker or linkage lests
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are available for progressive rod/cone degeneration
(pred) —a form of progressive retinal atrophy. This test
has currently been validated for English Cocker Span-
iels, Portuguese Water Dogs, Labrador Retrievers and
Chesapeake Bay Retrievers.

Because this is a marker test, its value lies in its
ability to identify homozygous normal dogs unequivo-
cally. However, some dogs identified by the test as
‘hornozygous affected’ are actually heterozygous, and
some dogs identified by the test as heterozygous may
actually be homozygous and normal. This is due to
what has been termed a ‘false allele’. The important
point for breeders to understand is that the identifica-
tion of homozygous normal dogs is reliable, and that
these dogs can be bred with all other dogs.

These tests have been introduced only recertly
and are affording new information as test resuits
are accumulated. One predicted difficulty in test
interpretation is that there appear to be gene pool
differences between large groups within the same
breed. This has reinforced the need for continued
annual examinations by a veterinary ophthatmologist,
regardless of test results.

All these tests require canine DNA and, therefore,
necessitate the submission of highly cellular samples.
In most cases, DNA may be provided by a venous
blood sample collected into EDTA or citrate tubes.
Occasionally, laboratories utilize buccal mucosal
scrapings. As always, direct correspondence with
the laboratory to which the sample will be submitted
is essential.
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Anaesthesia and analgesia

Sheilah Robertson

Introduction

Eye disease requiring surgery is common in compan-
ion animals, and practitioners often perform proce-
duresranging frombasicentropion correction in healthy
young animals, to advanced intraocular surgery in
geriatric animals that may also have concurrent dis-
eases. Because of the wide variety of procedures and
clinical status of patients, the anaesthetic protocol will
be different for each individual patient, but a good
outcome is not difficult to achieve if the following are
considered carefully and understood:

Pain associated with eye disease
Special handling of ophthalmic patients
Special handling of blind animals

Special handling of animals with elevated
intraocular pressure (IOP)

* The type of surgery to be performed.

It is also important to be knowledgeable about
ocular physiology e.g intraccular pressure, the
oculocardiac reflex, the influence of concurrent and
intraoperative medications, and the influence of con-
current disease (e.g. diabetes mellitus).

It should be remembered that older animals may
have impaired cardiac, renal or hepatic function. There
may also be unique requirements of the surgeon and
difficulties associated with the anaesthesia of an oph-
thalmic patient including patient positioning, complete
immaohbilization of the globe, and difficulty in monitoring
a patient when access to the head is limited. The
patient may have cphthalmic pain.

Pain and pain relief

Qcular pain is often severe and requires prompt treat-
ment. Signs of ophthalmic pain are not always obvious;
for example, animals with glaucoma may become quiet
and subdued. An animal with painful or irritated eyes
may rub and scratch vigorously, leading to worsening of
the original disease. Corneal foreign bodies and ero-
sions produce superficial pain, which is acute and sharp.
Keratitis, iritis and glaucoma result in a dull, deep pain
that may often be caused partly by inflammation. It is
important to determine the cause of pain and to treat the
primary disease; for example, once glaucoma has been
confirmed, therapy is aimed at reducing the intraccular

pressure. In some cases, enucleation may be the only
way to relieve the animal’'s pain. If pain is associated
wiih bright light (photophobia), placing the animal in a
darkened room may bring substantial relief.

Local anaesthetics

For relief of corneal pain, topical local anaesthetics
such as tetracaine, procaine and proparacaine are
excellent, but cannot be used frequently because they
inhibit corneal re-epithelialization, interfere with lacri-
mation and may produce corneal swelling and in-
creased permeability. Topicallocal anaesthetics shouid
be used only for ocular examination, minor proce-
dures, such as removal of a foreign body, or as an
adjunct to general anaesthesia. The effects of topical
morphine sulphate on comeal sensitivity in both rabbits
and humans have beenreported (Peyman efal., 1995).
This drug is rapid acting and provides excellent an-
algesia for corneal abrasions without delaying epi-
thelial wound healing. However, the efficacy of this
treatment has not been studied in dogs or cats.

Anti-inflammatory agents

Inflammatory pain may respeond well to corticosteroids
or non-steroidal anti-inflammatory drugs (NSAIDs) (see
Chapter 3). NSAIDS can be used short term or long
term. In recent years, several new drugs in this category
have become available for use in cats and dogs. The
newer agents such as carprofen and meloxicam are
more specific inhibitors of the cyclo-oxygenase (COX) -2
enzyme that is initiated in the inflammatory process. In
theory, these agents cause less disruption of the COX-1
pathway and prostaglandin production that is critical for
gastrointestinal protection, renal perfusion and platelet
aggregation. NSAIDs should not be used in animals with
pre-existing renal disease. If NSAIDs are used
preoperatively, renal perfusion must be maintained by
providing adequate intravenous fluids and maintaining
adequate systemic blood pressure. Gastrointestinal
bleeding and/or renal and hepatic dysfunction can occur
with chronic NSAID use, and these should be monitored
on a regular basis. Compared to dogs, cais are more
susceptible to the unwanted side-effects of NSAIDs but,
with care, these agents can be used in cats over long
periods of time. Dosing must be accurate, and both the
owner and veterinary surgeon should monitor the cat's
health closely. Meloxicam is particularly useful in cats
because of its palatability, and reports from practice
indicate few problems {Lascelles, 1999). A loading dose
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of 0.3 mg/kg crally, followed by 0.1 mg/kg for the next
4 days, is recommended for the management of acute
pain. If chronic therapy is indicated, treatment may be
continued with lower doses; 0.1 mg/cat/day or 0.2-0.3
mgfcat two or three times a week have been suggested.

Opioids

Opioid analgesics are most commonly used for short
periods of time to relieve surgical pain. Oral morphine
can be used for longer periods of time and may be
useful in an animal when surgery is not an option and
medical treatment of the ophthalmic condition does not
fully alleviate the pain. The pure opicid agonists, such
as morphine and pethidine, may cause miosis in dogs
and mydriasis in cats, and these side-effects should be
considered when formulating an analgesic plan. Al-
though unusual in animals that are in pain, morphine
may cause vomiting with resultantincrease in lOP (see
below for details). The partial agonist, buprenorphine,
is ideal in ophthalmic patients because it has fewer
effects on the eye, does not cause vomiting and is
relatively long acting (4-8 hours). Oxymorphone is
also a good choice.

Special handling of ophthalmic
patients

Blind patients may hecome quite distressed when
removed from their familiar surroundings. Care should
be taken to ensure they cannot injure themselves in a
cage or run, and that they can find their water bowl. It
is important to talk to these patients when approaching
them and to maintain physical contact when working
with them.

increased venous pressure raises the intraccular
pressure, so patienis with elevated |OF or serious
ocular diseases such as deep corneal ulcers or pene-
trating foreign bodies should not be restrained with
neck callars or leashes (Figure 2.1a). A leash can be
placed around the front of one shoulder and behind the
other (Figure 2.1b) or a harness may be used.
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Aspects of ocular physiology

Intraocular pressure

The baiance between aqueous humour production and
removal, the volume of vitreous humour, the blood
volume within the uveal vasculature and exiraocular
muscle tone determines intraocular pressure. Sudden
increases can have disastrous consequences includ-
ing compromised retinal blood flow in a closed globe,
oriensand vitreous prolapse inan open globe, The |IOP
is influenced by several factors, which include:

* Venous pressure

« Direct pressure on the globe
* Endotracheal intubation

* Ventilation

+ Blood pressure

* Drugs.

Venous pressure

As previously mentioned, elevation of the venous pres-
sure causes elevation of the 10OP. Venous pressure will
increase if the jugular veins are occluded to obtain a
blood sample, or by a collar around the neck (see
Figure 2.1a). Careless positioning of an animal for
surgery, or pressure from equipment lying on the neck
will have the same effect (Figure 2.2). The head and
neck should be elevated to avoid venous congestion.
Airway obstruction also causes dramatic increases in
venous pressure in addition to the obvious conse-
quences of not being able to inhale cr exhale. Endo-
tracheal tubes can become occluded when animals
are positioned in a flexed neck position for intraocular
surgery. To prevent this, special spiral-embedded
(armoured) tubes that do not kink should be used
{Figure 2.3).

Vomiting also raises the |OF, so potentially emetic
drugs such as morphine, xylazine and medetomidine
should not be used in animals when increases in*IOP
must be avoided. Coughing has a similar effect, and if
the animal is known to be coughing, this should be
treated aggressively; the agonist—antagonist opioid

Figure 2.1 (a) Animals
with eye injuries or
increased intraocular
pressure should not be
restrained with coliars or
leashes around their
neck. (b) Correct
placement cf a leagh
when increases in
intraocular pressure
must be avoided.
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Figure 2.2 Careless positioning of equipment can raise
jugular venous and intraocular pressure. When pulse
oximeter probes are placed on the tongue of ophthalmic
patients they must be well secured.

A P\ -
Figure 2.3 Special reinforced endotracheal tubes should
be used to prevent airway occlusion when the neck is

flexed; positioning of the patient for ocular surgery
involves flexion of the neck.

butorphanolis an effective antitussive agent. Attempting
endotracheal intubation under a light plane of anaesthe-
sia will induce coughing and should be avoided.

Direct pressure on the globe

Accidental pressure on the globe will raise the IOP.
This can happen with careless placement of facemasks
and positioning of an anaesthetized patient.

Endotracheal intubation

Coughing, laryngeal reflexes and blood pressure
changes all increase IOP during endotracheal
intubation. As previously mentioned, coughing occurs
when attempting to intubate lightly anaesthetised ani-
mals. Laryngeal reflexes and changes in systemic blood
pressure can be minimized by touching (of) the larynx as
little as possible. In animals with a perforated globe,
where sudden increases in IOP could be disastrous,
topical lignocaine (lidocaine) can be sprayed on the
larynx before intubation. Alternatively, intravenous ligno-
caine (2 mg/kg) or fentanyl (1-2 ug/kg) given 2-3
minutes before intubation will greatly decrease
laryngeal reflexes.

Blood pressure

IOP is stable over a wide range of systemic blood
pressures, but sudden increases will cause transient
changes. Ensuring an adequate plane of anaesthesia
and good analgesia can alleviate sudden changes
associated with any surgical stimulus.

Ventilation

The adequacy of ventilation plays an important role in
controlling blood flow in ocular vessels. Hypercapnia
causes vasodilation and increased IOP; therefore,
arterial, venous or end-tidal CO, should be monitored
during anaesthesia and the anaesthetist should aim for
normocapnia (pCO, 40—45 mmHg) or mild hypocap-
nia. Monitoring is discussed later in this chapter.

Drugs

The choice of anaesthetic drugs is important when
changes in IOP are of concern. The only specific drug
that is absolutely contraindicated is succinylcholine, a
rarely used depolarizing neuromuscularblocking agent,
because it produces an initial increase in skeletal
muscle tone, including the extraocular muscles before
resulting in a longer period of muscle relaxation.

The commonly used premedicant agents acetyl-
promazine and the benzodiazepines cause either no
change, or a decrease in IOP. The opioids have litile
effect on IOP, unless emesis occurs. Analgesia is
important for ophthalmic surgery; good choices of
opioids are discussed above. Ketamine alone is not
recommended, because nystagmus may occur and
the palpebral reflex remains strong. The increased
muscle tone associated with ketamine includes the
extraocular muscles and this will elevate IOP. A rough
emergence from anaesthesia, which is common if
ketamine is used alone, is undesirable in ophthalmic
patients. Fortunately, many of these problems can be
counteracted with the prior use of acetylpromazine or
the benzodiazepine agents (diazepam and midazolam),
making ketamine, if given subsequently, a usefulagent
formany ocular procedures. However, ketamine should
be avoided when the eye is already perforated or likely
to perforate, for example in an animal with a penetrat-
ing foreign body or deep corneal ulcer.

Thiopentone and propofol can be used safely for
induction of general anaesthesia for ophthalmic sur-
gery. For short procedures, anaesthesia can be main-
tained with propofol, but more commonly, inhalant
agents such as halothane, isoflurane and sevoflurane
are used. Isoflurane and sevoflurane are preferred
because they cause less sensitization of the heart to
catecholamines than does halothane; this is relevantin
ophthalmic surgery when adrenaline may be instilled
into the eye and absorbed systemically.

Oculocardiac reflex

The oculocardiac reflex (OCR) occurs when a stimulus
to the eye (pressure, manipulation or traction) is trans-
mitted centrally through the ciliary nerves to the oph-
thalmic branch of the trigeminal nerve and continues to
the trigeminal sensory nucleus. Here, connections
continue through the visceral motor nucleus of the
vagus to the vagus nerve itself, finally reaching the
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heart. Initiation of the reflex can result in profound
bradycardia, arrhythmias or asystole, which are well
documented and not uncommon in humans during
ophthalmic surgery. In dogs, the OCR appears to be of
minor clinical importance (Clutton et al., 1988), but the
effects can be dramatic when it does cccur. The
incidence of the OCR in cats has not been reported.

Theoretically, the reflex can be blocked on the
afferent side by retrobulbar injection of local anaesthet-
ics, or by anticholinergic agents such as atropine and
glycopyrrolate, which act on the vagal component of
the reflex. Neither of these techniques guarantees
complete inhibition of vagally induced slowing of the
heari, and both carry risks. Performing a retrobulbar
block (see later for full description) can in itself initiate
the reflex and other inherent dangers of this technique
include puncture of the globe and retrobulbar haemor-
rhage. Atropine can promote arrhythmias, and in ani-
mals with cardiac disease the resultant tachycardia
and increased myocardial oxygen demand can be
detrimental. For these reasons, the best policy is 10
monitor the heart rate closely during ocular surgery and
if significant bradycardia occurs, stop the initiating
stimulus and give atropine (0.02 mg/kg i.v.).

Use of anticholinergic drugs in dogs with glaucoma
is controversial and is not recommended by all authors.
Awell designed study (Frischmeyer ef al,, 1993} meas-
ured changes in fOP after systemic administration of
antichalinergic drugs in normal dogs and those with
pre-existing glaucoma. This study concluded that the
risks of inducing angle-closure glaucoma were very
low and that the decision to use these drugs should be
based on other criteria.

Preoperative evaluation

Influence of concurrent disease

Preoperative evaluation of ophthalmic patients must
include a thorough history and clinical examination.
A cause for any abnormal heart rate or rhythm should
be investigated. Each individual will warrant its own
preoperative work-up, but in older animals the car-
diac, renal and hepatic systems should be carefully
evaluated. Depending on current medication and
health status, acid—base and electrolyte analysis
may be justified.

A significant number of animals presented for cata-
ract removal have diabetes mellitus that may or may
not be well regulated. Various profocols have been
suggested; the recommended dose of insulin on the
morning of surgery ranges from zero to 100% of the
animal’s normal dose. These protocols have not been
critically evaluated in dogs until recently. Kronen et al.
{2000) compared the effect of giving 25% or 100% of
the normal insulin dose on the morning of surgery and
concluded that the former group was usually hyper-
glycaemic and ketotic prior to surgery and that a full
dose of insulin was more likely to reduce glucose to the
normal range. These authors cautioned that neither
protocol consistently produced normoglycaemia and
that most animals were ketoacidotic. it is advisable to
monitor blood glucose every 30-45 minutes in these
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patients and make adjustments according to the re-
sults; additional insulin or intravenous dextrose may be
required. Profound hypoglycaemia must be prevented
because the clinical signs of steepiness and coma are
masked by general anaesthesia.

Influence of concurrent and intraoperative
medication

Ophthalmic patients often have a history of muitiple
previous and/or current drug therapies, which may be
relevant to their anaesthetic management. As with all
patients, it is important to obtain a detailed history.
These patients may receive drugs for their ocular
condition or for other, unrelated, reasons. For exam-
ple, an older dog that is to undergo cataract removal
may be on corticosteroids or NSAIDs for arthritis, and
on cardiac medication such as angiotensin-converting
enzyme (ACE) inhibitors or B-blockers for cardiac
disease. Reviewing the implications of all concurrent
medication is outside the scope of this chapter, but
those specific and relevant to the ophthalmic patient
will be discussed.

Chronic administration of topical or systemic
corticosteroids often causes an elevation of liver
enzymes, and may result in iatrogenic hypoadreno-
corticism. These patients should not be abruptly
withdrawn from corticosteroids and some may require
additional corticosteroids in the pericperative period
{Court et al., 1988).

Mannitol {given intravenously) and glycerine (given
orally) reduce the IOP by their osmotic actions and may
be given to animals preoperatively. The benefits of
these agents must be weighed against the potential
problemsthey cause, whichinclude increasesin plasma
osmolarity, circulating blood volume and central ven-
ous pressure. These effects are detrimental to animals
with pre-existing cardiac disease.

Systemic carbonic anhydrase inhibitors such as
acetazolamide reduce production of agueous humour,
but their effects are not confined to the eye. Their renal
actions result in metabolic acidosis, hypokalaemia and
hyperchloraemia. If respiratory acidosis occurs during
anaesthesia, the problem is compounded. This, com-
bined with abnormal potassium balance, can lead to
compromised cardiac function. Newer topical carbonic
anhydrase inhibitors should have fewer undesirable
side-effects. .

The anaesthetist should be aware of pilocarpine
treatment in glaucoma patients, because systemic
absorption of cholinergic drugs can cause bradycardia.
Conversely, the topical use of adrenergic agonists
such as adrenaline, phenylephrine and dipivefrin may
lead to systemic hypertension and tachycardia, and
predispose the patientto arrhythmias during anaesthe-
sia. 3-Blockers may be used as a component of glau-
comatherapy, butside-effects thatneedtobe monitored
include bradycardia and bronchoconstriction.

It is always wise to anticipate which drugs may be
used by the ophthalmic surgeons so that one is pre-
pared, orcan take preventive measures against poten-
tial side-effects. For example, if the use of adrenaline
is likely, the inhalant agents isoffurane or sevoflurane
are preferred over halothane.
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The anaesthetic plan

Much of the information needed to formulate a plan has
been discussed above. A quiet recovery following
delicate ocular surgery is of paramount importance
and this is achieved with adequate sedation and an-
algesia. Figure 2.4 summarizes the preanaesthetic,
induction and maintenance agents that can be used in
these patients. If the surgical procedure involves the
cornea, applying topical local anaesthetic a few min-
utes before the surgeon begins is very beneficial. This
provides additional analgesia, decreases the initial
surgical stimulus and the sympathetic responses, and
prevents sudden changes in the plane of anaesthesia.

Preanaesthetic agents

Acetylpromazine
Midazolam
Diazepam
Pentobarbitone
Buprenorphine
Oxymarphone

Induction agents

Thiopentone
Propaofol
Ketamine

Maintenance agents

Propofol

Halothane

Isoflurane

Sevoflurane

Adjunct agents

Topical proparacaine

Intravenous lignocaine ®

Intravenous fentanyl ®

Neuromuscular blocking agents:
Pancuronium
Atracurium

Figure 2.4 Commonly used anaesthetic agents for
ophthalmic patients.
# Ketamine should not be used alone — see text for details.

" May be given prior to intubation to decrease laryngeal reflexes
— see text for details.

Special techniques

Retrobulbar block

This technigue involves injecting local anaesthetic
behind the globe (Skarda, 1996). It can only be per-
formed safely in cats and dogs after induction of
general anaesthesia. To perform the block, lignocaine
(lidocaine) and bupivacaine are mixed in a ratio of 1: 4,
not exceeding a total dosage of 3 mg/kg for the com-
bined drugs. This mixture results in fast onset (<10
minutes) and long duration of action (2—3 hours). One
of several described techniques is to deposit local
anaesthetic behind the globe by sliding a needle, which
has been slightly bent, along the inside of the orbit, on
the lateral side (Figure 2.5). Possible complications

Figure 2.5 A retrobulbar block with local anaesthetics
provides good analgesia for enucleation. The procedure
involves a long curved needle being inserted close to the
wall of the bony orbit and then being advanced gently.

include retrobulbar haemorrhage, injection into the
cerebrospinal fluid, penetration of the globe and initia-
tion of the oculocardiac reflex. Although intra- and
postoperative analgesia are excellent, this technique is
reserved for enucleation and evisceration surgery.

Immobilization of the globe for intraocular
surgery

A central, immobile eye is essential for delicate corneal
or intraocular surgery. The eye is central in a deep
plane of anaesthesia, but the inherent dangers associ-
ated with this are cardiopulmonary depression and a
prolonged recovery. Ideal conditions can be achieved
by using non-depolarizing neuromuscular blocking
agents (Young et al, 1991), such as pancuronium,
vecuronium and atracurium. These agents cause para-
lysis of all skeletal muscle; therefore, the animal must
be manually or mechanically ventilated. The extent
and duration of neuromuscular blockade is highly vari-
able between individuals and a peripheral nerve
stimulator is strongly recommended to monitor the
degree of muscle relaxation. Using a low dose of
pancuronium to paralyse the ocular muscles but ‘spare’
the respiratory muscles has been shown to be a
dangerous practice (Lee et al.,1998). It is essential to
ensure there is no residual muscle weakness when the
animal recovers and is extubated, otherwise poten-
tially fatal respiratory depression may occur. These
techniques are most commonly reserved for use in
specialist practices and the reader is directed to a
recent review by Martinez (1999).

Monitoring the ophthalmic patient

Monitoring a patient during eye surgery can be a
challenge because the anaesthetist cannot test jaw
tone and palpebral reflexes, which are commonly
used to assess the depth of anaesthesia. In addition,
it may not be obvious that the endotracheal tube
has become disconnected when it is hidden beneath
the drapes.
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Doppler flow probe

The peripheral pulse can be monitored with an in-
expensive Doppler flow probe placed over the digital or
dorsal pedal arteries. With the addition of a cuff, this
set-up can also be used to measure systemic blood
pressure. The Doppler reflects the systolic blood pres-
sureand, as ageneral guide, this should be > 80 mmHg.
This system is ideal because it produces an audible
sound and when there is a problem, operating room
personnel respond to audible monitors more quickly
than to visual ones. An ECG is useful in the event of
arrhythmias, butit must be emphasized that it does not
reflect the mechanical activity of the heart.

Pulse oximetry

Pulse oximeters have become very popularin practice
and are useful, if their limitations are understood. They
measure haemoglobin saturation, the normal value
being »95%. They are cammonly placed on the tongue
(Figure 2.2), and must be well secured in ophthaimic
patients. Alternatively, a hind toe web or a rectal probe
can be used. Pulse oximeters detect the peripheral
pulse, and usually emit an audible beep. These moni-
tors measure haemoglobin desaturation, but give no
indication of adequacy of alveolar ventilation, which is
reflected by end-expired, or arterial carbon dioxide
levels. In an anaesthetized animal breathing 100%
oxygen, a pulse oximeter will not detect serious resp-
iratory depression. The following example from a dog
undergoing cataract removal serves as an example
{normal values for dogs are given in parentheses):

Pulse oximeter reading 98%
Arterial blood gas results:

pH 6.944 (7.400}
2,0, 454 mmHg (4-5 times inspired concentration)
p.CO, 114 mmHg (40-45)

Base excess 12.2 mEqf (-4 fo + 4)

This dog had a severe respiratory acidosis that had
gone undetected. Severe hypercapnia may lead to
prolonged recoveries and contribute 1o arrhythmias.
The cause of the problem in this case was discovered
to be a partially occluded endotracheal tube caused by
extreme flexion of the neck. For these reasons, the
value of monitoring carbon dioxide is obvious.
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End-tidal carbon dioxide usually mirrors arterial
CO, levels and can be measured by a capnograph. It
may not be suitable for very small patients because of
the added dead space, and is inaccurate when used
with non-rebreathing systems (T-piece, Bain circuit).
Alternatively, a blood gas analyser may be used.
Venous samples are sufficient for measuring CQ,, but
give no indication of oxygenation status. With the
advent of affordable portable blood gas machines, this
option has become more feasible for practitioners.

Regardless of the monitoring equipment available,
the peripheral pulse should be palpated frequently
and an oesophageal stethoscope with extension tub-
ing can be used to auscultate the heart and monitor
breath sounds.
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Ophthalmic surgery:

instrumentation

David J. Maggs

Introduction

Although instruments used for general surgery can
also be used for certain ocular procedures, instru-
ments intended specifically for ophthalmic procedures
will reduce the frustration of the surgeon and the length
of the procedure, and improve surgical outcome and
client satisfaction. These benefits justify the purchase
of some dedicated ophthalmic instruments. These
instruments can be assembled in surgical packs and
preserved in excellent condition for delicate ocular
surgery. Ophthalmic instruments for procedures that
are commonly performed in general practice may be
conveniently divided into:

s Those required for enucleation and exenteration
¢ Thoserequiredforeyelidandthird eyelid procedures
* Those required for corneo-conjunctival surgery.

Suggested minimum contents for these three surgi-
cal packs are described in Figures 2.6, 2.7 and 2.8. In
each case, a list of additional instruments is provided for
veterinary surgeons with special interest or expertise in
ophthalmic surgery.

Because fine instrument control is essential when
operating on or near the eye, ophthalmic instruments
are designed to be manipulated with minimal movement

Suggested minimum set of instruments for enucleation or

exenteration

Bishop—Harmon tissue forceps (fine) 1

Brown-Adson tissue forceps 1

Hartman mosquito haemostatic forceps 2 straight;
2 curved

Kelly haemostatic tissue forceps 2 straight;
2 curved

Barraquer wire eyelid speculum 1

Bard—Parker scalpel handle 1

Stevens straight tenotomy scissors 1

Metzenbaum curved scissors 1

Storz pattern enucleation scissors 1

Derf needle holder with lock 1

Jones cross action towel forceps 2-4

Additional optional instruments

0.3 Castroviejo fixation forceps 1

Castroviejo eyelid speculum i

Allis tissue forceps 2

Metzenbaum straight scissors 1

Stevens curved tenotomy scissors 1

Suggested minimum set of instruments for surgery of eyelids

and the third eyelid

Bishop-Harmon tissue forceps (fine)

0.3 Castroviejo fixation forceps

Hartman straight mosquito haemostatic forceps

Desmarres chalazion forceps

Brown-Adson tissue forceps

Barraquer cilia forceps

Barraquer wire eyelid speculum

Jaeger stainless steel lid plate

Bard-Parker scalpel handle

Stevens straight tenotomy scissors

Westcott wide-handled curved tenotomy scissors

Meyerhoefer chalazion curette

Harms—Tubingen curved tying forceps

Derf Needle holder with lock

Barraquer curved tapered jaw needle holder
(non-locking)

23 gauge curved anterior chamber irrigating cannula

Jones cross action towel forceps

R QT | PG
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Additional optional instruments

Hartman curved mosquito haemostatic forceps
Castroviejo eyelid speculum

Stevens curved tenotomy scisscrs

Westcott wide-handled straight tenotomy scissors

—_ DO

Figure 2.7 Suggested instruments for a surgical pack for
procedures involving the eyelids and the third eyelid.

Suggested minimum set of instruments for corneal and
conjunctival procedures

Bishop—Harmen tissue forceps (fine)

Colibri type corneal utility forceps

0.3 Castroviejo fixation forceps

Hartman straight mosquito haemostatic forceps

Barraquer wire eyelid speculum

Martinez double-ended corneal dissector

10cm Beaver hexagonal scalpel handle

Stevens straight tenotomy scissors

Westcott wide-handled curved tenotomy scissors

Harms-Tubingen curved tying forceps

Derf needle holder with lock

Barraguer curved tapered jaw needle holder
(non-locking)

Small (4cm) serrefine

23 gauge curved anterior chamber irrigating cannula

Jones cross action towel forceps

e e A e o e S
o
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L

Additional optional instruments

Bishop—-Harmon tissue forceps (extra delicate)
Hartman curved mosquito haemostatic forceps
Castroviejo eyelid speculum

Storz pattemn straight iris scissors

Stevens curved tenotomy scissors

Westcott wide-handled straight tenotomy scissors

P R Y,

Figure 2.6 Suggested instruments for a surgical pack for
enucleation or exenteration.

Figure 2.8 Suggested instruments for a surgical pack for
corneal and conjunctival procedures.
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of the surgeon’s upper arms. Microsurgical instruments
are further refined to limit movement of the forearms
and wrists.

The major differences between instruments usedin
general surgery and those intended for ophthalmic
applications are:

e Their weight: many ophthalmic instruments have
holes in their handle shafts to minimize weight

¢ The need for tactile feedback with ophthalmic
instruments. This is usually provided via ridges,
flattened surfaces, or the knurling of handles

¢ Ophthalmic instruments are often sprung, so that
changes in hand or wrist position are not required
to reopen the instruments.

The following is a brief description of ophthalmic
instruments that might be used regularly by veterinary
surgeons in general practice, along with important
features of each instrument. The reader is referred to
the further reading list for description of microsurgical
instruments for corneal and intraocular use. Instru-
ments are grouped into those intended for stabilizing or
grasping tissues, those for separating and incising
tissues and those for reuniting or suturing them. Brief
discussions of disposable items and drapes, and care
of instruments, are also included.

Instruments for stabilizing tissues

Tissue and cilia forceps

Forceps are commonly used in ophthalmic surgery for
grasping eyelid skin, conjunctiva and comeal edges,
and for the epilation of cilia. Since it is essential to
minimize ocular tissue trauma, tissue forceps with
delicate teeth are common. A 1 x 2 intermeshing tooth
pattern (one tooth on one arm and two teeth on the
other) is typical. Forceps should be light enough to
cause minimal damage to the tissue grasped, without
being so delicate that they are bent by the tissue. Fine
tissue forceps should not be used to handle suture
needles. Tissue forceps should not be used to grasp
suture material, unless they have tying platforms incor-
porated into their design, since fine suture material is
easily damaged by instrument teeth. As a rule:

¢ Eyelids may be grasped using Brown—Adson or
Bishop—Harmon forceps

¢ Conjunctiva is best grasped using more delicate
Bishop—Harmon, Castroviejo or Colibri-style
forceps

e Cornea should be grasped with 0.3 Castroviejo
fixation forceps or Colibri-style forceps only

¢ Barraquer cilia forceps have finely finished blades
and are specifically indicated for the removal of
distichia (abnormal, inwardly growing eyelashes)

» Serrefines are attached to the end of the
conjunctival stay sutures to help position the
globe for surgery.

Examples of commonly used ophthalmic forceps
are shown in Figure 2.9.
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Figure 2.9 Forceps commonly used in ophthalmic surgery.
From left to right: Brown-Adson tissue forceps; Bishop-
Harmon tissue forceps; 0.3 Castroviejo fixation forceps;
Colibri-style corneal utility forceps; Barraquer cilia forceps.

Eyelid specula

Eyelid specula are inexpensive and of enormous value
in ophthalmic surgery, yet are frequently not owned by
veterinary surgeonsin general practice. The Barraquer
wire eyelid speculum (Figure 2.10) is a versatile, light
instrument that ensures ready visualization of the con-
junctiva, the cornea, and the third eyelid. Its degree of
opening may be manually adjusted prior to insertion, s0
as to provide adequate exposure. It should be placed
with its open end facing medially, by gently elevating
the eyelid margins using fine forceps (Figure 2.11).

Figure 2.10 (top) Barraquer wire eyelid speculum.
(bottom) Castroviejo eyelid speculum.

i@ Iy 1 LA
Figure 2.11 The correct positioning of a Barraquer wire
eyelid speculum.
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The Castroviejo eyelid speculum (Figure 2.10) is
heavier, and is opened and closed using a small
threaded screw. This speculum tends to be too heavy
and cumbersome to place, retain in position and to
work around in small animal patients.

Desmarres chalazion clamp

Desmarres chalazion clamps or forceps consist of
a stainless steel base plate and an opposing circular
or oval steel ring (Figure 2.12a). This clamp provides
ideal stabilization of the eyelid margin, while still
permitting surgical access to one side of the lid,
usually the conjunctival surface (Figure 2.12b). It is
indispensable for surgical resection of ectopic cilia or
curettage of eyelid masses, especially chalazia. It
also aids with haemostasis, which improves
intraoperative visualization, and, during cryosurgery,
facilitates rapid freezing and slow thawing of tissue
retained within the clamp. Numerous sizes are avail-
able, but a medium oval clamp is appropriate for most
patients and procedures.

Figure 2.12 (a) Desmarres chalazion clamp: (top) side
view; (bottom) front view. (b) The correct positioning of the
Desmarres chalazion clamp on the upper eyelid of a dog.

Jaeger eyelid plate

The smooth stainless steel surface of the Jaeger lid
plate provides a means of elevation and stabilization of
eyelids, a firm surface for incising against, and protec-
tion of the underlying globe from inadvertent penetra-
tion (Figure 2.13). The instrument is inexpensive and
will be frequently used in most general practices. Its
use is described more fully in Chapter 2c.

Figure 2.13 Jaeger eyelid plate. (lts use is shown in
Chapter 2c.)

Instruments for separating tissues
(incisions)

Scalpels and blades

Bard—Parker and Beaver scalpel handles and match-
ing blades are commonly used in ophthalmic surgery
(Figure 2.14). The number 3 Bard—Parker handle is
familiar to general surgeons and is the primary instru-
ment foradnexal surgery. The number 15 Bard—Parker
blade permits the surgeon to exert excellent control of
the depth and of the direction of the incision. Corneal
incisions are best made with the lighter and smaller
Beaver handle and number 64 Beaver blade. The
number 65 Beaver blade has a sharp pointandis useful
for stab incisions preparatory to intraocular surgery. A
variety of Beaver handles is available. While all are
similar to each other, it is essential that they provide
adequate tactile feedback to the surgeon, thereby
permitting accurate blade control.

= Figure 2.14
| Scalpel handles and
=1 blades commonly
= | used in ophthalmic
| surgery. Number 3
{ Bard-Parker scalpel
handle with number
| 15 Bard—Parker
blade. Hexagonal
| Beaver scalpel
| handle with number
=| 64 (right) and 65
= (left) Beaver blades.

Scissors

A number of different types of blunt-tipped scissors
are used in ocular and periocular surgery. Stevens
tenotomy scissors (Figure 2.15) are excellent general
purpose scissors. Their major use is the undermining
of conjunctiva during conjunctival graft harvesting or
transconjunctival enucleation. They may also be used to
undermine or to complete incisions in skin that have
been initiated with a scalpel blade. Scissors with sprung
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handles, such as Westcott tenctomy scissors (Figure
2.15), are ideal for more delicate incisions, as they may
be operated using only the fingers, and active motion
is necessary only for the closing action. Larger straight
or curved, blunt-tipped scissors, such as Mayo or
Metzenbaum designs, are used for surgery involving the
periocular skin, and for enucleation and exenteration.
Specialized enucleation scissors thathave sharply curved
blades, but blunt tips, are recommended 1o facilitate the
final retrobulbar dissection during enucleation.

Figure 2.15 (top) Stevens tenotomy scissors.
(bottom) Wesicott tenotomy scissors.

Meyerhoefer chalazion curette

The Meyerhoefer chalazion curette is a small, sharp
curette on a light handle (Figure 2.16}. It is designed for
curetting inspissated material from within a chalazion
or lipogranuloma of the eyelid glands. [deally, the
evelid is grasped using a Desmarres chalazion clamp,
and the chalazion is incised through the conjunctival
surface. Allinflammatory and secretory materialis then
removed with the Meyerhoefer curette, using a firm
sweeping action. A number of sizes, either with straight
or curved shafts are available; however, a straight,
medium instrument is usually all that is required.

Figure 2.16 Meyerhoefer chalazion curette. The inset
shows the curette at higher magnification.

Instruments for uniting tissues
(suturing)

Needle holders

Needle holders used in ophthalmic applications fall
into two broad groups based on the size of the needle
that they are intended to grasp. Small needles should
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be grasped with small-tipped microsurgical needle
holders, while Derf needle holders are practical for
larger needles (Figure 2.17). Microsurgical needle
holders may be damaged if they are used to grasp
large needles, and microsurgical needles are likely to
be damaged if they are grasped with Derf needle
holders. Opinions regarding the needile size at which
one needle holder is considered appropriate, and the
other inappropriate, vary. However, it is generally
recommended that microsurgical needle holders are
used for needles with a diameter of 0.203 mm or less
{Troutman, 1974). These are generally used with 6-0,
or smaller, suture material, although the needle size
can vary for a given suture material.

(bottom) Microsurgical needle holder.

Locking mechanisms are standard (and desirable)
for larger needle holders, and are optional on microsur-
gical needle holders. Their use in microsurgical opera-
tions should usually be avoided, as they inevitably
cause the instrument tips fo jump when the locking
mechanism is unlatched, and this can cause significant
damage, or needle misdirection.

Fine suture material should not be grasped using
needle holders with serrated tips or with toothed for-
ceps, asthese cansignificantly damage suture material.
Specialized forceps, such as Harms—-Tubingen tying
forceps, are available for this purpose, and are recom-
mended for the handling of fine suture material. This is
discussed more fully in Chapter 2c.

Suture material

A muliitude of suture materials and needles is now
available to the veterinary surgeon. A full description
of each suture material, its characteristics, advan-
tages, and disadvantages goes beyond the scope
of this chapter. An excellent review of suture and
needle types for ophthalmic surgery is available in
Ethicon's online catalogue. Further details of suture
materials may also be obtained from the relevant
chapters of this book; however, some general com-
ments regarding suture and needle selection are
appropriate here.
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There are three specific considerations when sutur-
ing eyelid skin:

* Needles and suture material should be of small
gauge, and the sutures should be closely spaced.
The reasons for this are discussed in Chapter 2c.
However, this can make suture removal
challenging in some non-compliant patients

¢ Periocular suture ends may, occasionally, abrade
the cornea

* A good cosmetic result is essential for surgery
involving periocular skin.

As in many biological situations, each of these
factors may suggest a different ‘ideal’ suture material.
Forexample, placement of an absorbable suture may
obviate the need for suture removal, a braided suture
material may be less likely to ulcerate the cornea than
a monofilament one, but fine non-absorbable mono-
filament suture may cause less tissue reaction and
provide a better cosmetic result. With all of these
features in mind, suture materials that are commonly
used in adnexal surgery are fine braided nylon,
polyglactin 910 or silk.

Fine, absorbable suture material is always used in
conjunctival incisions. Polyglactin 910 (6-0 or finer) is
anexcellentchoice. Cornealincisions in human patients
are usually closed using very fine (9-0 to 10-0) mono-
filament nylon, because it stimulates minimal tissue
reaction. Nylon must be removed from the cornea, and
thisrequires generalanaesthesia in veterinary patients.
Therefore, polyglactin 910 is commonly used to close
corneal incisions in animals. Ideally, 8-0 or smaller
should be used; however, this requires adequate mag-
nification, and is, therefore, more commonly selected
by specialists than by general practitioners.

Suture needles

The choice of the correct suture needle is critical for
ophthalmic surgery. The major consideration is needle
tip design. There are four commonly available designs:
taper point, cutting, reverse cutting and spatula tip
(Figure 2.18). Each leaves a different tissue tract, and
they cause different amounts of tissue damage. In
general, taper point needles are ideal for conjunctiva,

since they cause little tissue trauma. They are, how-
ever, not sharp enough for use in skin or cornea.
Cutting, or reverse cutting, needles are necessary for
suturing skin but should not be used forthe cornea, due
tothe increased tissue trauma that they cause, and the
difficulty experienced in accurately directing their depth
within tissue. Spatula-tipped needles are specifically
designedforuseinlamellartissues such as corneaand
sclera, because they are more likely to remain in the
desired tissue plane and their depth can be accurately
regulated by the surgeon.

Disposable materials and drapes

Although many standard drapes and disposable items
used in routine surgery will be applicable to ophthalmic
surgery, a number of specialized items warrant special
mention. Itis critical that gauze swabs and cotton wool,
which may be used routinely in adnexal procedures, do
not contact the cornea, as these materials can cause
corneal ulceration. The cornea should be blotted using
special cellulose foam sponges.

Although the eye and adnexa may be draped
using normal towels or disposable drapes, special
fenestrated drapes with pre-cut oval windows and
adhesive posterior surfaces provide a far more con-
venient alternative. Some of these drapes also have
a foam patch that provides an area of increased
friction, for the retention of instruments during sur-
gery. Rectangular, clear plastic adhesive drapes are
also available. These permit the surgeon to cut a
window of the desired size and shape for individual
patients and surgical procedures.

Care of instruments

The delicate nature and the expense of many ophthal-
mic instruments dictate that great care is taken in their
use, sterilization and storage. Routine steam steriliza-
tion of ophthalmic instruments is satisfactory, but can
dullinstrumentedges, after multiple applications. Where
available, ethylene oxide gas sterilization is preferred.
The removal of organic material prior to sterilization is
essential. This is best accomplished using distilled

Taper point Cutting
End-on ‘
view /
Oblique A
view Shaft profile
| Tissue '
‘ tract )k A

Reverse cutting

4

.‘
\ 4

Spatula tip

Figure 2.18 Suture needle tip designs and the tissue tracts they create. (Redrawn after Eisner (1990) with permission.)
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water and, where necessary, gentle brushing with a
toothbrush. Larger scrubhbing brushes should not be
used. Instruments must not be allowed to damage
gach other when being cleaned or stored. Special
fenestrated plastic caps that protect instrument tips,
but permit passage of the sterilizing agent, are avail-
able. Instrument trays provide an ideal method for
keeping instrument damage to a minimum, at all points
of the process. If instruments are damaged, they can
often be repaired at a cost that is lower than the cost of
replacing them; this should be done by a certified
repairer, usually the manufacturer.
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Ophthalmic surgery:

basic principles

David J. Maggs

Introduction

Patient and surgeon positioning

Due to the delicate nature of ocular tissues, marked
variability in anatomy and physiology of various struc-
tures and the need for the best possible cosmetic and
functional result, ophthalmic surgery requires different
and specialized knowledge, instrumentation and tech-
nigques from those commonly used in general surgery.
The optimal approach to ophthalmic surgery begins
with a thorough knowledge of surgically relevant
anatomy and physiology, followed by adequate atten-
tionto surgical technique, including surgeon and patient
positioning, stetile preparation of the eye and adnexa,
and fine control of instrument position, particularly
depth. This chapter includes a general discussion of
these basic principles, along with their practical appli-
cation for each ocular tissue. Specific surgical tech-
nigues are discussed in chapters devoted {0 individual
disease conditions.

Perhaps one of the most critical differences
between general and ophthalmic surgery is the need
for adequate magnification. This may be provided
by binocular head loupes (Figure 2.19), or an operat-
ing microscope. Head loupes vary widely in their
optical quality, magnification {2-8 X) and working
distance. Some surgeons are, initially, uncomfortable
with the fixed working distance dictated by loupes,
particularly at higher magnification. Therefore, loupes
that offer lower magnification (2-5 X) are more
practical for most adnexal procedures. Operating
microscopes provide optimal magnification and
resclution but are expensive and tend to be used
only by specialisis.

Figure 2.19 Binocular head loupes of variable quality,
magnification and working distance are available for
adnexal and some corneal procedures.

Maximizing the comiort of the surgeon and his or her
manual control is a critical first step in optimal surgical
technique. [n most cases, this is facilitated if the sur-
geon is seated, with the forearms or wrists comfortably
stabilized on the patient, operating table, or platforms
created by vacuum beanbags (see below). The height
of the table and position of the patient should be
arranged so as to increase the comfort of the surgeon.
A mental checklist of items to consider during prepara-
tion is recommended:

1. Adjust the chair height so that the positions of
your legs and body are comfortable

2. With the patient approximately in the required
position, adjust the table height so that a
comfortable arm position is attained

3. Make final, small adjustments to the position of
the patient, so that surgical access and
visualization are maximized

4. Recheck that the height of the chair and the
position of the patient permit an adequate
working distance, and focus, if you are wearing
binccular loupes that have a fixed focal distance.

The patient is usually best positioned so that the
surface to be operated upon is parallet with the table
surface. In most cases, lateral recumbency with the
nose raised provides adequate positioning. Ventral or
dorsal recumbency provides the opportunity to view
both eyes, which can be advantageous, if a symmetri-
cal surgical result is required. Vacuum beanbags are
an excellent means of firmly retaining a patient’s posi-
tion throughout the surgery. Arectangularbagis useful
for restraint of the patient’s body, and a U-shaped bag
provides excellent head restraint. These bags can also
be adjusted to form platiorms for stabilizing the sur-
geon’s wrists or forearms.

Sterile preparation

There are two important considerations when prepar-
ing the ocular surface for a sterile surgical procedure:

+ The conjunctival fornix is an external surface with
a normal flora (see Chapter 1c). This is
composed primarily of Gram-positive bacteria,
but may also include fungi and viruses
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= Qcular surface structures must be handled
gently during preparation for surgery, to avoid
excessive swelling, bruising, corneal trauma,
or chemical injury. The choice of ocular
disinfectants and method of surgical preparation
are therefore very important.

Clipping periocular hair

The minimum amount of periocular hair should be
carefully trimmed, using electric clippers with sharp,
fine blades, Clipped hair should then be removed
with a dry gauze and a vacuum, before being rinsed
from the eye and the surrounding skin, during sterile
preparation. Cilia may be trimmed, when necessary,
using small curved scissors. Electric clippers should
not be used for this procedure. A small amount of
ophthalmic ointment may be applied to the scissors,
so that trimmed cilia will adhere to the blades and
be prevented from falling into the conjunctival fornix.
If the surgical site does not include periocular skin
and the animal has short hair, it may be possible
1o avoid or minimize clipping by using an adhesive
drape that can be cut to surround the eyelid
margins closely.

Disinfection

Povidone—iodine, diluted 1:50in saling, is the preferred
antiseptic. This is easily formulated by adding 20 mi
of povidone—iodine solution to 1 litre of sterile saline. It
is essential that iodine sofution is used, since iodine
scrub contains detergents, and is irritating when
applied to the eye. Povidone—icdine has viricidal,
bactericidal and fungicidal activity at this concentra-
tion, but is minimally toxic to corneal and conjunctival
epithelium, and to inflammatory cells.

Chlorhexidine gluconate (0.05%), with 4% isopro-
pyl alcohol, is also safe and efiective for ocular surface
disinfection. Chlorhexidine diacetate, detergents and
surgical alcohol or spirit are toxic to ocular tissues, and
should not be used (Fowler and Schuh, 1992).

The cenjunctival farnix should be liberally flushed
with antiseptic solution, using a small syringe. Cotton-
tipped applicators provide an excellent means of gently
removing mucus, trimmed hairs and debtis from the
conjunctivalfornix, but should netbe permitted to touch
the cornea. More concentrated povidoneé-iodine solu-
tion (10%) may be applied to the eyelid skin, but this
solution should not be allowed to contact the cornea or
conjunctiva. Some dogs may develop blepharoedema
or wheals in reaction to this agent. Preoperative treat-
ment with ophthalmic cintments should be avoided,
since these will create a greasy operating surface, and
because the vehicle can lead to granulomatous inflam-
maticn if it contacts subcutaneous, subconjunctival or
intraocular tissues.

Relevant anatomy and physiology

The orbit, adnexa and globe are composed of a diverse
range of tissues, each with different anatorny and physi-
ology. The ophthalmic surgeon s, therefore, confronted
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by tissues that demonstrate diverse inflammatory
responses io surgical trauma, heal at very different
rates, and require different handling skills, surgical
techniques and instrumentation. One feature that is
consistent among all ocular tissues is their exquisite
sensitivity. This necessitates an adequate plane of
anaesthesia and, sometimes, postoperative analgesia.
An Elizabethan collar is usually provided postoperatively.

Orbit

The orbit is the most anatomically complex region
that the ophthalmic surgeon faces. Intimate know-
ledge of orhital structures is essential when consider-
ing specialist procedures, such as orbitotomy or
orbitectomy. However, there are a number of anatom-
ical and physiological considerations pertinent to
more commonly performed procedures, such as
enucleation and exenteration.

First, the orbit communicates with the central nerv-
ous system, via a number of foramina. Following
enucleation or exenteration, there are also potential
communications with nasal sinuses (via the naso-
lacrimal duct), and the skin surface (via the surgical
wound). Careful attention to asepsis is, therefore,
critical, particularly if an orbital prosthesis is used.
Secondly, care must be taken not to exert excessive
traction on the optic nerve during orbital procedures,
because this may cause damage to the contralateral
nerve, via the optic chiasm, particularly in the cat, or
may be asscciated with cardiac bradyarrhythmias, via
the oculocardiac reflex. Finally, the orbit contains a
number of large vascular structures that may require
special care and, sometimes, surgical ligation.

Eyelids

The primary functions of the eyelids are to protect the
cormnea, and to retain and disperse the tear film. There-
fore, normal blinking motions and eyelid position must
be preserved following any surgical procedure involv-
ing the lids. In practice, this requires that the facial
nerve is protecied from trauma as it traverses the
lateral aspect of the face, and that special attention is
given to preserving eyelid margin anatomy.

There are two landmarks that are useful for eyelid
surgery (Figure 2.20). The first is the meibomian
gland orifices. This line of small whitish-tan circles
demarcates the eyelid margin and provides an
important landmark for its realignment following
surgical procedures. Sutures that are placed in the
eyelid margin should always emerge just anterior to
the meibomian gland orifices, so that they are unlikely
to rub the cornea.

The second important landmark is the border be-
tween periocular skin bearing hairs and hairless eyelid
margin tissues. Incisions parallel to the eyelid margin,
such as those employed for entropion procedures,
should be placed at this site. :

The eyelids are highly vascular and, therefore,
demonstrate rapid and marked inflammatory responses
{e.g. cedema, hyperaemia). They must be handled
minimally and extremely gently. The eyelids also heal
more rapidly than less vascular sites, and suiures may
be removed relatively early postoperatively.
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Figure 2.20 Important landmarks for eyelid surgery. The
meibomian gland crifices (arrowed) demarcate the eyelid
margin. Sutures at the eyelid margin should emerge just
anterior to the meibomian gland orifices (to the left of the
arrow) so that they are unlikely to rub the cornea. The
border (arrowhead) between periocular skin bearing hairs
and the hairless eyelid margin tissues is the preferred site
for incisions parallel to the margin, such as those
employed for entropion procedures.

Conjunctiva

The conjunctiva is divided into four confluent regions:
bulbar, palpebral, forniceal and nictitans conjuncti-
vae. The bulbar and forniceal conjunctivae are highly
mobile but in close proximity to the globe and, there-
fore, should be incised and undermined only with
blunt-tipped scissors. By contrast, a blade may be
used for incising the more firmly adherent palpebral
and nictitans conjunctivae.

Tenon'’s capsule is an important surgical landmark
for conjunctival surgery. This fibrous connective tissue
attaches the conjunctiva to the underlying sclera. Iden-
tification and separation of this layer is an important step
in transconjunctival enucleation, and the harvesting of
conjunctival grafts. Because conjunctiva heals rapidly
and is exposed to minimal forces, smaller conjunctival
wounds do not always need to be closed.

Third eyelid and nasolacrimal system
The third eyelid plays a critical role in tear production,
retention and dispersion. ltis, therefore, important that
the gland and free margin of the third eyelid are
preserved during surgery. ldeally, mobility of the third
eyelid should also be preserved by surgical proce-
dures; however, this is not always possible.

The lacrimal puncta (and canaliculi) should always
be located, and sometimes cannulated, prior to eyelid

or conjunctival surgery that may endanger them.
Inadvertent damage to the lacrimal puncta or canaliculi
may lead to chronic epiphora. This is most notable with
damage to the ventral punctum or canaliculus.

Cornea
The carnea presents a number of technical challenges
to the ophthalmic surgeon:

* The canine or feline cornea is only 0.6-0.7 mm
thick. Controlled dissection is, therefore, critical
to avoid ocular perforation

* |nits normal state, the cornea is avascular, and
virtually free of immunologically active cells. This
renders it relatively susceptible to microbial
invasion as soon as the epithelium is ulcerated
and means that corneal repair is slow, compared
with that of more vascular structures

* Corneal stromal keratocytes are relatively sparse
and inactive. Repair of stromal deficits requires
keratocyte activation and subsequent fibroplasia,
which occurs slowly. Fibroplasia may be
augmented by vascular ingrowth.

The practical significance of these features of cor-
neal anatomy and physiology is that corneal disease
may be rapidly progressive and surgical intervention,
usually in the form of a conjunctival graft, may be
necessary to provide a more rapid supply of blood
vessels, fibroblasts, serum and inflammatory cells.

Intraocular structures

Intraocular surgery requires an intimate understanding
of relevant anatomy and physiology, specialized surgi-
cal training and instrumentation, and an operating
microscope. Forthese reasons, the majority of intraocular
surgery is performed by specialists. Discussion of these
techniques is beyond the scope of this chapter.

Principles of ophthalmic surgery

Although ocular tissues require special techniques,
some general techniques and principles apply to many,
or most, ophthalmic procedures. The basic require-
ments are as follows:

* Adequate restraint — usually general anaesthesia
(see Chapter 2a)

* Fine, light surgical instruments (see Chapter 2b)

« Adequate magnification

* Delicate surgical technique.

Surgical techniques can be divided into those
intended to separate (incise) tissues and those de-
signed to reunite (suture) them. Tissue stabilization
techniques (grasping) are common to both proce-
dures. In all cases, the prevailing principle is to exert
fine, three-dimensional control over tissues and instru-
ments, while minimizing tissue trauma.

Tissue stabilization (grasping)

Basic principles

Tissues are grasped during surgical procedures to
provide immobilization or mobilization. Adequate
immobilization is particularly important for surgery of
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highly mobile tissues, such as the eyelids, the conjunctiva
andthe globe. On the other hand, tissue mobilization may
be required to afford better visualization, orto improve the
angle of approach for another instrument. All grasping
instruments (principally forceps) rely on creating enough
friction (grasping pressure) to resist opposing forces
applied by the tissue and the surgeon. The ophthalmic
surgeon should aim to provide adequate fixation, without
damaging delicate ocular tissues. A common error is to
apply insufficient force, so that tissues are damaged by
the forceps slipping across and abrading their surfaces,
and due to frequent re-grasping. Correct instrument
choice, close attention and experience will ultimately
ensure that the correct force is applied.

Practical applications

The eyelids are not attached to underlying tissue over
much of their area; therefore, ensuring that there is
adequate eyelid stability, prior to surgical incisions or
suture placement is essential. Grasping of the eyelid
margin, especially with toothed instruments, should be
avoided. Instead, the lids can be tensed by placing firm
lateral pressure on skin outside the lateral canthus. If
this is performed by an assistant, then the surgeon may
further regulate the position and tension of the eyelid in
other planes (Figure 2.21). The placement of a Jaeger
eyelid plate into the conjunctival fornix and gentle
elevation of the lid will also provide adequate support
and protect the underlying globe (Figure 2.22).

.

Figure 2.21 The eyelids may be stabilized by an
assistant (left) placing firm lateral pressure on skin outside
the lateral canthus. The surgeon (right) may further
regulate eyelid position and tension in other planes.

= AT A

Figure 2.22 Placement of a Jaeger eyelid plate into the
conjunctival fornix. Gentle elevation of the lid will provide
adequate eyelid support and protection for the globe.
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Conjunctiva mustbe grasped with delicate-toothed
forceps (see Chapter 2b). Minimal re-grasping is
particularly important, as chemosis, ulceration,
hyperaemia and haemorrhage are induced very
readily. Due to the extreme mobility of this tissue,
incisions should always be made relatively close to
the site of fixation. Fixation of the globe itself, for
corneal surgery or transconjunctival enucleation, is
best achieved by grasping conjunctiva and some
underlying Tenon’s capsule at a point close to the
limbus. For this reason, the perilimbal incision for
transconjunctival enucleation should be made a
few millimetres from the limbus, thereby leaving
a ‘handle’ of conjunctiva and Tenon’s capsule for
manipulation of the globe.

The cornea can be grasped only when a free edge
is created by an incision, ulcer or laceration. In these
cases, the cornea should be grasped with Colibri or
Castroviejo forceps.

Tissue separation (incision)

Basic principles

Two common methods of separating tissues are
utilized in general and ophthalmic surgery. Sharp
dissection relies on the cutting of tissue fibres and
requires sharp scissors or scalpel blades. By con-
trast, blunt dissection relies on the overstretching
and rupture of tissue fibres and requires scissors
with blunt tips that will stay within a chosen tissue
plane. Sharp dissection is preferred in ocular
surgery because it tends to cause less inflammation
in highly vascular structures. The major roles for
blunt dissection are in: the separation of Tenon’s
capsule for harvesting conjunctival grafts; and
dissection within a given corneal tissue plane (lamel-
lar keratectomy).

Whether the surgical goal is a good cosmetic
result following an eyelid procedure, or avoidance
of globe penetration during corneal surgery, accu-
rately guiding the blade along the desired incision
path at the desired depth is of paramount importance.
The major determinant of incision path is tissue
sectility. Sectility is the tendency for tissue fibres to
be separated, rather than to be displaced, by a cutting
motion. Tissues of high sectility, such as the cornea,
are readily incised, with minimal displacement. By
contrast, tissues of low sectility, such as conjunctiva,
are readily displaced by blade motion. A good
general rule is that tissues of lower sectility should
be incised with scissors, while those of higher sectility
are better incised with a sharp blade. Sectility can
vary, due to the amount of tissue stabilization. For
example, perilimbal conjunctiva is more firmly
attached and, therefore, has greater sectility than
other bulbar conjunctiva. Similarly, traction on con-
junctiva with grasping forceps will increase the tissue
tension and, therefore, its sectility, on the side of
the incision on which it is grasped (Figure 2.23). In
these cases, the incision will tend to deviate in the
direction of lower sectility unless this is corrected for
by the surgeon.
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Figure 2.23 Asymmetrical sectility. Fixation of
conjunctiva (i.e. at the limbus or where it is grasped by
forceps) will create asymmetrical tissue tension. This
causes the tissue to shift toward the fixation point
(curved arrows) and the incision to deviate away from
the point of fixation (straight arrows) unless the
surgeon corrects for this. (Redrawn after Eisner (1990)
with permission.)

Practical applications

Incisions in the eyelid skin should be made in one fluid
movement, following adequate stabilization of the lids.
Due to the tendency for scissors, even sharp ones, to
exert crushing forces, a number 15 Bard—Parker blade
is preferred. If the scalpel is held like a pencil, the
surgeon can ‘draw’ the incision with the wrist rested on
the patient (Figure 2.24). The underlying globe should
be protected by cutting againsta Jaeger eyelid plate, or
by displacing the eyelid until it overlies the orbital rim.
Undermining the skin should be performed with scis-
sors. Sharp dissection is preferred to blunt dissection,
due to the tendency for eyelids to become swollen and
contused. The eyelid margin may be incised if neces-
sary; however, incisions should be made with a sharp
blade against a lid plate, or with sharp scissors, and
should be perpendicular to the margin. This ensures
that the margin may be accurately realigned during
closure. Eyelids are extremely vascular; however, ade-
guate haemostasis can usually be achieved with firm
direct pressure. Cautery should be used in moderation,
if at all, to minimize scarring.

Figure 2.24 Excellent control of the scalpel's path
through the tissue is obtained by holding it like a pencil
and ‘drawing’ the incision.

Conjunctival incisions are commonly made, either
to harvest a conjunctival graft or during transcon-
junctival enucleation. In both cases, sharp dissection
is used to reach the desired tissue plane (episcleral
for enucleation and just subconjunctival for grafts),
followed by blunt dissection, until the desired extent of
undermining is achieved. Blunt and sharp dissection
of conjunctiva is best achieved using Stevens or
Westcott tenotomy scissors.

The most common corneal surgery is keratectomy,
which is described in full elsewhere. Corneal incisions
must be made with a sharp blade, due to the high sectility
of this tissue. A number 64 Beaver blade is commonly
used and, with experience, allows excellent control of
both the incision path and its depth. In many instances,
better control of the path of the incision can be achieved
if the blade is pushed towards the grasping point (usually
a pair of Colibri forceps at the limbus), rather than being
drawn away from it. Judgement of the depth of the
corneal incision is dependent upen a number of tactile
and visual clues; this goes beyond the scope of this
chapter. Once the desired dissection plane is achieved,
lamellar dissection may be continued with the Beaver
blade or a Martinez corneal dissector.

Tissue uniting (suturing)

Basic principles
The aims, when suturing ophthalmic tissues, are to re-
establish function and achieve a good cosmetic ap-
pearance. This requires attention to the wound
alignment and compression.

Wound alignment relies upon:

» Placing the sutures perpendicular to the wound
margin. (Oblique sutures tend to cause lateral
movement of wound margins)

« Adequately apposing all tissue layers (not just
the most superficial layer)

= Using multiple, closely spaced sutures

»  Applying the ‘rule of bisection’ (discussed below).

Wound compression may be increased by:

* Placing the sutures closer together

* Taking larger bites of tissue in each suture (not
recommended)

¢ Tying the sutures more tightly (not
recommended).

These two lists highlight the critical role that
closely placed sutures play in both wound compres-
sion and alignment.

Fine suture material and delicate needles are also
essential to the achievement of a good cosmetic
result. These must be handled using special instru-
ments (see Chapter 2b) and techniques. Delicate
needles must be grasped gently, so as not to bend
them, but firmly enough that they can be directed
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Figure 2.25 Fine suture needles should be grasped in
the middle third of their arc, using just the fips of small-
tipped needle holders.

accurately through tissues. This is best achieved by
using small-tipped needle holders, and by grasping
the needle in the middle third of its arc, using just the
instrument tips (Figure 2.25).

The ‘dangle manoeuvre’ is used to aid in grasping
small needles (Troutman, 1974). This is technically
challenging at first, but can be learnt with practice. The
suture material is grasped using a non-toothed instru-
ment, such as tying forceps, and used to dangle or
suspend the needle on a tissue surface. The needle is
then grasped while stabilized on the tissue surface.
Very small needles can be suspended in the tear film,
without any risk of corneal injury.

Great care should be taken to avoid bending deli-
cate ophthalmic needles as they are passed through
tissue. The best method is to permit the needle to follow
a path through the tissue that is determined by its
curvature. This is achieved by directing the needle with
a rolling motion of the needle holders, and is facilitated
by ‘palming’ larger needle holders, so that the fingers
are not restrained by the ring handles (Figure 2.26).
Smaller microsurgical needle holders can be rolled in
the fingers, using the rounded handles. The rolling
technique is illustrated in Figure 2.27.

Standard square knots are used in ophthalmic
surgery, but excess tension should be avoided, to
prevent suture breakage. Fine suture material should
not be grasped with toothed or serrated instruments,
such as tissue forceps or standard needle holders.

|

Figure 2.26 Delicate needles should be directed along
a curvilinear path with a rolling hand motion. This is
facilitated by ‘palming’ larger needle holders.
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1. The tissue is entered with the needle perpendicular to the
tissue surface.

2. The needle is then directed through the tissue using a rolling
motion, so that the needle emerges at 90 degrees to the cut
tissue surface. The needle may be removed and re-grasped
before placement of the next bite, if necessary.

3. The opposite tissue surface is entered exactly opposite the
point where the needle emerged, and again at 90 degrees to the
cut surface. The needle is rolled up through the tissue to emerge
at a point opposite the initial entry point. Forceps can be used to
grasp the distal wound edge, or they can be used in a closed
position to place gentle pressure at a point just distal to the
intended needle emergence site sc as to shorten the arc of the

needle’s tissue path.

Figure 2.27 Minimal tissue trauma and maximal
wound alignment are achieved by directing the suture
needle along a curvilinear path. This is achieved in a
number of steps.

Suture material that is finer than 5-0 should be grasped
with tying forceps, and tightened carefully, ensuring
that it is not drawn around acute angles of the instru-
ments (Figure 2.28). In all cases, care must be taken to
ensure that the suture ends are cut short, and do not
abrade the eye or ulcerate the cornea.

Practical applications

Eyelid incisions are, usually, under little tension due to
normal muscle actions; however, the cosmetic appear-
ance, and correct alignment of the eyelid margin, are
major concerns. Incisions should be closed in one or
two layers, with a simple interrupted pattern in the skin,
and sometimes with a simple continuous suture pat-
tern in the subcutaneous layer. Care must be taken to
ensure that suture material does not penetrate through
the conjunctival surface, where it could abrade the
cornea. Skin edges should be apposed using multiple
closely spaced simple interrupted sutures, placed
using a cutting or reverse cutting needle. Eyelid in-
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(c)

Figure 2.28 (a) Cross-sectional view of the tips of tying forceps. (b) Fine suture material should be grasped with tying
forceps and tightened so that it does not pass over sharp edges of the instrument. (¢) Suture breakage is likely if it is
passed over sharper angles. (Redrawn after Eisner (1990) with permission.)

cisions may be closed using absorbable sutures, such
as 4-0to 6-0 polyglactin 910, both subcutaneously and
in the skin. A non-absorbable suture such as 4-0 to 6-
0 silk or braided nylon may be used in the skin in a
compliant animal, when suture removal is expected to
be straightforward. Suture ends should be cut so that
they cannot abrade the cornea, but are long enough to
be grasped for suture removal, if necessary. In some
instances, this is best achieved by cutting the suture
end directed towards the cornea relatively short, but by
leaving the other end longer. Early removal of eyelid
sutures may minimize suture granuloma formation,
and is usually possible in this highly vascular site.

Two special techniques are useful for closing eyelid
wounds or incisions:

* The ‘rule of bisection’. When suturing wound
margins of unequal length, such as those that are
created with a Hotz—Celsus procedure, sutures
should be placed so that each bisects the
distance between two previously placed sutures
(Figure 2.29). This helps with the wound
alignment and minimizes tissue redundancy at
the far end of the wound.

* The figure-of-eight’ closure. This ensures
excellent alignment of the eyelid margin, without
leaving sutures that may abrade the cornea. The
technigue is described in Figure 2.30.

Small conjunctival incisions may be left open,
because conjunctiva heals so rapidly, and because
sutures may be irritating or cause corneal ulceration.
Larger conjunctival lacerations should be closed, to

Figure 2.29 Application of the ‘rule of bisection'. Wound
margins of unequal length, such as those created in a
Hotz—Celsus procedure, are sutured so that each suture
bisects the distance between two previously placed
sutures. In this example, the order of suture placement
would be A-B-C-D.

1. A buried horizontal mattress
suture is placed as close fo the
eyelid margin as possible, without
penetrating it or the conjunctival surface.
The knot should be away from the eyelid
margin. This suture is critical for perfect
closure of the margin, and should be
removed and replaced if the surgeon

is not happy with the margin alignment
at this paint.

2. Longer incisions should be
closed by continuing this suture,
in & continuous mattress pattern,
from the eyelid margin to the
apex of the incision, to appose
the subcutis completely.

£\

3. The margin skin is closed using a
figure-of-eight’ suture. The suture
material emerges from and
re-enters the eyelid margin just
anterior to the meibomian gland
orifices, and as close to the
incision edge as possible. Both
suture ends are left long at this stage.

4. The rest of the skin incision
is then closed with a series of
closely spaced simple
interrupted sutures. The ends
of the ‘figure-of-eight’ suture
are incorporated into the knot
of the first simple interrupted
suture, so that they are
directed away from the eye.

Figure 2.30 The ‘figure-of-eight’ closure may be used
for any wounds or incisions involving the eyelid margin.
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minimize pain and the risk of orbital or subconjunctival
infection. A simple continuous pattern with buried knots,
using 6-0 to 8-0 absorbable suture, should be used,
and suture ends cut short to minimize ocular irritation
and risk of comeal ulceration.

Corneal suturing requires magnification, special
instrumentation and suture material and some experi-
ence. The most commonly used suture material is 8-0
polyglactin 910, with a swaged-on, spatula-tipped
needle. Sutures should be placed to approximately
three quarters of the corneal depth, or more, but
without penetration of the anterior chamber. Careful
attention must be given to the apposition of the surgical
margins o ensure a ‘watertight' wound. Specific
technigues for closing corneal lacerations and suturing
conjunctival grafts are described in Chapter 8.
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Although descriptions of specific techniques for
corneal suturing are beyond the scope of this chapter,
the rolling technigue of suture placement (see Figure
2.27) is particularly useful,
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Ophthalmic drugs

David Gould

Introduction

Topical drug preparations

Both local and systemic routes are used to administer
drugs to the eye. Local administration maxirmizes expo-
sure of drugs to the anterior segment while minimizing
systemic exposure and most commonly involves topical
application or subconjunctival injection. However,
administration of drugs by these routes does notachieve
therapeutic levels within the posterior segment and so
systemic (or accasionally intravitreal) administration is
indicated for conditions of the posterior segment.

Topical therapy allows the clinician to vary the
frequency of application of drugs depending on the
response to treatment. Fraquent application achieves
high local concentrations, which can be quickly re-
duced if necessary. The major disadvaniage of topical
treatment is variable owner compliance.

Subconjunctival injection should be reserved for
cases where topical therapy is not possible, such as in
fractious animals or if owner compliance is poor. A
small amount of the drug (typically 0.25-0.5 ml) is
injected beneath the bulbar conjunctiva after applica-
tion of a topical anaesthetic. Injection of drug into the
palpebral conjunctiva is not recommended, since most
will be absorbed into the eyslid and rapidly enter the
systemic circulation rather than be absorbed across
the eye. latrogenic globe injury and subconjunctival
granuloma formation are potential risks of subconjunc-
tival injection.

Intravitreal injection is uncommonly used in veteri-
nary practice, since it requires general anaesthesia
and carries a risk of iatrogenic damage tothe intraocular
structures. [t is the treatment route of choice for
endophthalmitis, since it provides therapeutic concen-
trations of drugs within the vitreous. Intravitreal injec-
tion of gentamicin, which is cyclodestructive (i.e.
destroys the ciliary bedy) in high concentrations, has
been used to treat end-stage glaucoma. Since this
treatment induces significant intraocular inftammation
it generally is not recommended.

The ability of systemically administered drugs to
reach therapeutic concentrations within the eye de-
pends on their ability to cross the blood-ocular bartier
{BOB). Lipophilic drugs are most efficient at this, but
other drugs may cross if the BOB is disrupted by
uveitis. Systemic administration is indicated for condi-
tions of the posterior segment but is also suitable for
conditions of the anterior segment, usually in combina-
tion with topical therapy.

Topically applied drugs may be in ointment or drop
formulation.

Qintmenis have a prolonged corneal contact
time, which allows a lower frequency of application.
They are used to deliver lipophilic drugs or to act as
long-acting ocular lubricants. In humans they cause
blurring of vision, but this is less of a problem in the
veterinary species.

Drop preparations (soluticns, suspensions and emul-
sions) are easier to apply and cause less blurring of
vision. Solutions are used for water-soluble drugs, sus-
pensions for poorly water-soluble drugs and emulsions
for lipid-soluble drugs. The delivery volume of a topical
eye drop is typically 50 p, of which only around 20 pl is
retained on the eye, with the rest draining down the
canaliculi or spilling overthe eyelid margin {Mathis et al.,
1999). Therefore, from a practical point of view, it is
pointless applying more than 1 drop to the surface of the
eye at a time. If applying more than one topical drug, it
is advisable to wait 5 minutes between applications.

Drop preparations are rapidly washed away in the
tear film. Therapeutic levels of topically applied drugs
can be increased by improving the drug retention time
{bythe use of corneal adherents or viscous agents; see
Tear substitutes, below), increasing the frequency of
application, reducing the washout time (by manual
occlusion of canaliculiimmediately after application) or
by increasing the concentration of the drug (e.g. by the
use of fortified drug preparations).

Intraocular penetration of topical drugs
Topically applied drugs vary in their ability to penetrate
the cornea and enter the eye. This is of utmost impor-
tance when selecting drugs to treat intraoccular dis-
ease. To enter the antericr chamber, drugs must cross
the lipophilic corneal epithelium and then the hydrophilic
corneal stroma. Therefore, they should have both
lipophilic and hydrophilic propertties.

Siabilizers and preservatives

Most topical drug formulations contain stabilizers such
as ethylenediamine tetra-acetic acid (EDTA}, o-toco-
pherol or sodium bisulphate, and preservatives such
as benzalkonium chloride or alcohol, These can be
irritant, and some are epitheliotoxic. Single-use formu-
lations bypass the need for such additives, but are
more expensive.
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Antibacterials

Systemic antibacterials are indicated for bacterial in-
fections of the eyelids, posterior segment and retrobul-
bar space. Topical antibacterials are used for bacterial
conjunctivitis, keratitis, anterior uveitis and, pro-
phylactically, in cases of ulcerative keratitis.

B-Lactam antibiotics

Penicillins and cephalosporins are bactericidal drugs
that block bacterial cell wall synthesis. They are not
metabolized by the body and are excreted rapidly via
the kidneys. Tissue distribution following systemic
administration varies between drugs, and intraocular
penetration may be poor unless the BOB is inflamed.
Topically applied penicillins and cephalosparins will
penetrate to the anterior chamber when the corneal
epithelium is disrupted.

The penicillins are mostly active against Gram-
positive organisms. Anincreased Gram-negative range
of activity is seen in the aminopenicillins (e.g. ampi-
cillin, ameoxicillin) and the carboxypenicilling (e.g. car-
benicillin, ticarcillin). Penicilling may be combined with
clavulanic acid, a B-lactamase inhibitor, to overcome
bacterial resistance.

Cephalosporins are closely related to the penicillins,
However, unlike the penicillins, they can be used safely
in rabbits and rodents. First-generation cephalosporins
(e.g. cephalexin, cephazolin, cefadroxil) are active
against Gram-positive and Gram-negative organisms,
but not against Proteus or Pseudomonas spp. Second-,
third-, and fourth-generation cephalosporins (e.g.
cefuroxime, ceftiofurand cefquinome, respectively) have
increasing anti-Gram-negative activity and reducing
anti-Gram-positive activity. The cephalosporins have a
useful synergistic action with aminoglycosides (which
are mostly active against Gram-negative organisms).

Cephalexin and amoxicillin/clavulanic acid are com-
monly used systemic preparations.

Topical preparations are uncommonly usedinsmall
animal practice butinclude cloxacillin and cephalonium.

Sulphonamides

These are broad-spectrum bacteriostatic agents that
block bacterial folic acid synthesis. Systemic admini-
stration gives good tissue and ocular penetration.
Potential side-effects with long-term use include kera-
toconjunctivitis sicca and, in Dobermann Pinschers,
immune-mediated polyarthritis. Because of these
potential side-effects and because of increasing bac-
terial resistance, sulphonamides are now used less
frequently in veterinary ophthalmic practice.

Tetracyclines

The tetracyclines are broad-spectrum bacteriostatic
drugs that bind the 30S subunit of bacterial ribosomes
and block amine acid attachment, Tetracyclines are
excreted in the gastrointestinal tract, via the biliary
system, andin the urinary system. Systemically admini-
stered tetracycline, oxytetracycline and chlortetra-
cycline penetrate the BOB poorly, butthe more lipophilic
doxycycline has good ocular penetration. Topically
applied tetracyclines may achieve therapeutic concen-
trations within the anterior chamber,
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Tetracyclines are active against intracellular bac-
teria including Chlamydiophila, Mycoplasma and Rick-

 efsia, plus arange of Gram-positive and Gram-negative

bacteria, However, resistance is common and they are
generally ineffective against Escherichia coli, Salmon-
elfa, Proteus and Pseudomonas.

Systemic doxycycline is used to treat chlamydial
conjunctivitis in cats. It generally is not recommended
in young animals since it can discolour the enamel of
the permanent teeth.

The only topical preparation available in the UK is
chlortetracycline. It can be used o treat chlamydial and
mycoplasmal conjunctivitis in cats. However, it may be
anirritant and the frequency and duration of application
{up to six times daily for 6 weeks in chlamydial conjunc-
tivitis) may limit owner compliance.

Aminoglycosides
These are bacteticidal agents that bind the 303 subunit
of bacterial ribosomes and inhibit protein synthesis by
causing misreading of mRNA. They are excreted via the
kidneys. Systemically administered aminoglycosides
do not penetrate the BOB effectively and are notused in
veterinary ophthalmic practice. Topically applied
aminoglycosides have poor comeal penetration, but
subconjunctival injection leads to therapeutic concen-
trations within the anterior chamber. Intravitreal injection
of aminoglycosides may be retinctoxic.
Aminoglycosides are effective against Gram-
negative and some aerobic Gram-positive organisms
(e.g. staphylococci). Aminoglycosides are ineffective
against streptococcl and against anaerobes. They
are synergistic with f-lactam antibacterials.
Gentamicin is indicated for Pseudomonas
aeruginosa conjunctivitis or keratitis. Tobramycin has
broad-spectrum activity including activity against
gentamicin-resistant Pseudomonas aeruginasa. Neo-
mycin is a broad-spectrum topical antibiotic with poor
corneal penetration, used for superficial infections.

Macrolides and lincosamides

These related drugs bind the 50S subunit of bacterial
ribosomes and block pretein translocation. Erythromyein,
tylosin, lincomycin and clindamycin are bacteriostaticand
predominantly have a Gram-positive range of activity.
Newer macrclide antibiotics, such as azithromycin, are
bactericidal and have a wider spectrum of aclivity. They
are metabolized in the liver. Systemic administration
feads to good tissue penetration.

Clindamycin is effective against anaerobic bacteria
and Toxoplasma gondii. Azithromycin is an effective
treatment for chlamydial disease in humans and shows
promise in the treatment of feline chlamydiosis (Ramsey,
2000). It is also effective against Pseudomonas spp.,
Branhamella spp., Pasteurella multocida and strepto-
cocci (Chu, 1999).

Fluoroquinolones .

Fluoroguinolones have broad-spectrum bactericidal
activity; they act by inhibiting bacterial DNA gyrase, an
enzyme which is essential for folding of bacterial DNA.
Most fluoroquinolones are partly metabolized in the
liver before being eliminated, although some (e.g.
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enrofloxacin) are excreted unchanged. Excretion is
mainly via the renal system, and clearance is signifi-
cantly impaired in the presence of renal failure. Tissue
distribution after systemic administration is good and
topical application achieves high anterior chamber
concentrations.

Fluoroquinolones are effective against most Gram-
negative organismsincluding Pseudomonasspp. They
have some activity against Gram-positive organisms,
but some staphylococci and streptococci may be
resistant (Miller et al., 1996). They have poor activity
against anaerobes and, therefore, they are a poor
choice of treatment for orbital infections.

Enrofloxacin, difloxacin and marbofloxacin are
systemic preparations. Enrofloxacin appears to have
a narrow therapeutic index in cats, with reports of
blindness due to a rapidly developing generalized
retinal degeneration resulting when the drug has
been given at doses greater than the manufacturer's
recommendation. Care should be taken to keep to the
manufacturer's recommended dose rate. Ciprofloxacin
is available in topical formulation, but is not licensed
for veterinary use.

Other antibacterials
Fusidic acid blocks binding of transfer RNA to the
bacterial ribosome, inhibiting protein synthesis. It has
good anti-Gram-positive and some anti-Gram-negative
activity. Itis poorly effective against Chlamydiophilaand
Pseudomonas. It has good corneal penetration.
Chloramphenicol is a broad-spectrum bacterio-
static agent that binds the 508 subunit of bacterial
ribosomes to block protein synthesis. If used sys-
temically it also may bind to mitochondrial ribosomes
of bone marrow cells to cause reversible, dose-
related bone marrow suppression and, very rarely,
aplastic anaemia. Topical use is not associated with
such side-effects. Chloramphenicol is active against
Pasteurellaspp., Chlamydiophilaspp., mostanaerobes
and most Gram-positive aerobes. Itis unreliable against
Mycoplasma spp., Proteus spp. and enterobacteria.
Although theoretically effective against Pseudomonas
aeruginosa, resistance is high.

Topically applied chloramphenicol is an excellent
choice for superficial eye infections in the dog; it also
has good corneal penetration and is used pro-
phylactically following intraocular surgery. It is not as
effective against Chlamydiophila spp. as the tetracy-
cline group, and so is not the first choice antibiotic for
superficial eye infections in the cat.

Bacitracin, gramicidin and polymixin B are poly-
peptide antibiotics that are bactericidal in action by
inhibiting cell wall or cell membrane synthesis. They
are toxic if given systemically. They do not penetrate
the cornea and are used to treat superficial bacterial
infections. Since bacitracin has a Gram-positive range
of activity and polymixin B a Gram-negative range,
they may be combined as part of a broad-spectrum
double or triple antibiotic preparation (e.g. polymixin
B/ zinc bacitracin or ngomycin/ polymixin B/ zinc
bacitracin).

Metronidazole is a bactericidal nitroimidazole anti-
biotic that is effective against anaerobic bacteria. It has
good tissue penetration when given systemically. It
may be used to treat anaerobic orbital infections. In
mixed infections it can be combined with a drug active
against aerobes, such as a cephalosporin.

Fortified antibacterial solutions

Use of a fortified antibiotic solution rapidly achieves a
high therapeutic drug concentration and is indicated for
rapidly progressive conditions such as liquefactive
corneal necrosis (‘melting’ ulcer). For Gram-positive
bacterial infections, 15 ml artificial tear solution added
to one 500 mg vial of cephazolin makes 33 mg/ml
fortified cephazolin solution for topical use, stable for
48 hours. For Gram-negative infections, 100 mg genta-
micin solution added to a 5 mlvial of topical makes 14.3
mg/ml fortified gentamicin solution for topical use,
stable for 30 days.

Since cephalosporins and aminoglycosides are
synergistic, the above fortified solutions can be used in
combination for mixed infections, or when the causal
organism is unknown.

Commonly used systemic and topical antibacterials
are summarized in Figures 3.1 and 3.2, respectively.

Antibacterial agent Tissue Range of activity Main indications
distribution
Cephalexin Good Broad-spectrum. Ineffective against anaerobes or Aerobic infections of orbit, eyelids or
Pseudomonas spp. globe
Amoxycillin/clavulanic | Good Broad-spectrum. Ineffective against anaerobes or Aerobic infections of orbit, eyelids or
acid Pseudomonas spp. glebe
Doxycycline Good Broad-spectrum but most effective against intracellular Chlamydial, mycoplasmal and

bacteria rickettsial infections
Azithromycin Goeod Intracellular bacteria, Pasteurella spp., Pseudomonas Promising for treatment of chlamydial,
spp. Gram-positive bacteria may be resistant mycoplasmal and rickettsial infections
Enrofloxacin Good Broad-spectrum but some staphylococci and streptococei | Gram-negative infections including
are resistant. Ineffective against anaerobic bacteria Pseudomonas aeruginosa
Clindamycin Good Gram-positive bacteria, anaerobic bacteria, protozoa Toxoplasmosis, anaerobic orbital
infections
Metronidazole Good Anagerobic bacteria Anaerobic orbital infecticns

Figure 3.1 Selected antibacterials for systemic use.
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Antibacterial agent | Corneal Range of activity Main indications
penetration
Fusidic acid Good Broad-spectrum, but ineffective against Gram-positive ocular surface infections, in
Pseudomonas aeruginosa particular canine bacterial conjunctivitis
Gentamicin Poor Broad-spectrum, but streptococci usually resistant Gram-negative ocular surface infections,
in particular Pseudomonas aeruginosa
Chloramphenicol Good Broad-spectrum, but Pseudomonas spp. may be Superficial eye infections, intraocular
resistant. Also effective against anaerobes infections, prophylaxis following intraocular
surgery or penetrating corneal injury
Ciprofloxacin Good Broad-spectrum, but some staphylococci and Gentamicin-resistant Pseudomonas
streptococci are resistant aeruginosa infections
Chlortetracycline Reasonable | Broad-spectrum, but resistance is common Feline chlamydial conjunctivitis
Neomycin Poor Broad-spectrum Mixed ocular surface infections
Polymixin B Poor Gram-negative bacteria, including Pseudomonas spp. } Often used in combination for mixed ocular
Bacitracin Poor Gram-positive bacteria, in particular streptococci surface infections

Figure 3.2 Selected antibacterials for topical use.

Antivirals

Antifungals

Antiviral medications are used to treat feline herpetic
keratitis. They are most commonly used for acute
ulcerative disease; the efficacy of these agents in the
treatment of chronic stromal keratitis is unknown.

Trifluorothymidine, idoxuridine, vidarabine,
bromovinyldeoxuridine and acyclovir have decreasing
in vitro efficacy against feline herpesvirus (FHV-1),with
trifluorothymidine being the most effective. The only
one of these currently available in the UK is acyclovir.
It has low effectiveness against FHV-1 in vitro but may
have some effect if used in conjunction with human
interferon-o, (IFN-oy). Trifluorothymidine can be im-
ported into the UK but is expensive and requires
frequent application: four to six times daily for a maxi-
mum of 3 weeks (Stiles, 2000).

Human IFN-c, has been used to treat FHV-1 infec-
tions but controlled studies have not been published.
Systemically administered IFN-c, is unlikely to be
effective since it is degraded by gastric secretions.
Very low dose topically applied IFN-c, (25-50 IU/ml)
has been used but reports are anecdotal. Since the
drugis suppliedin high concentrations (5 millien 1U/ml),
serial dilutions are required to obtain such low concen-
trations. Controlled studies in human viral dendritic
keratitis comparing the effects of trifluorothymidine
alone with those of trifluorothymidine plus high-dose
IFN-¢r, (30 x 108 |U/ml) showed that combination therapy
reduced healingtime from 6 daysto 3days (Sundmacher
et al., 1978).

Oral L-lysine (250 mg to 500 mg daily) has been
used in the treatment of chronic FHV-1 infection, based
onthe in vitro observation that it inhibits viral replication
in the presence of low arginine levels. Uncontrolled
clinical trials indicated a beneficial effect in human
herpes simplex infections (Griffith et afl., 1978) but
controlled studies have not been published. Clinical
trials are under way to determine the validity of using
this amino acid for FHV-1 infections. L-Lysine can be
obtained from health food shops, but preparations
containing propylene glycol should be avoided since
they may be toxic to cats.

Fungal infections are rarely encountered in small
animals in the UK but may occur in immunocompro-
mised animals or in animals imported from tropical
climates. Antifungal agents may be used topically
(for mycotic keratitis) or systemically (for mycotic
chorioretinitis). However, there are no antifungal
preparations licensed for topical use in small animals
in the UK. Intravenous preparations may be diluted
and used topically (e.g. amphotericin B 0.2% in aque-
ous solution) or unlicensed topical preparations may
be supplied by hospital pharmacies (e.g. clotrimazole
1% solution in peanut oil). The antiseptic agent
chlorhexidine (0.2% in aqueous solution) has been
reported to be effective againsthuman keratomycoses
(Martin et al., 1996).

For systemic mycoses, combination therapy using
amphotericin B and ketoconazole is often used. Newer
drugs that show promise include itraconazole and
fluconazole, both of which have good intraocular and
CSF penetration.

Anti-inflammatories

Anti-inflammatory drugs are indicated for extra- and
intraocularimmune-mediated diseases, including kerato-
conjunctivitis sicca (KCS), chronic superficial
keratoconjunctivitis, allergic conjunctivitis, eosino-
philic keratoconjunctivitis and uveitis.

Corticosteroids

The corticosteroids used in ophthalmic practice are
glucocorticoids, which have minimal mineralocorticoid
activity and powerful anti-inflammatory activity. Their
anti-inflammatory activity is mediated in a number of
ways but their primary action is to induce lipocortin, an
intracellular protein which inhibits phospholipase A,
(PLA,). PLA, is an endogenous enzyme that catalyses
the breakdown of cell membrane phospholipids to
arachidonic acid, the precursor to proinflammatory
leucotrienes and prostaglandins (Figure 3.3). Since
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| Membrane phospholipid |

< PLA

r Arachidonic acid |
lipo-oxygenase —-=
Figure 3.3 Inflammatory pathway. Phospholipase A; (PLA;)
catalyses the breakdown of membrane phospholipids into
arachidonic acid, the precursor of the proinflammatory

leucotrienes and prostaglandins. Glucocorticoids block
PLA,. NSAIDs block cyclo-oxygenase.

<« _ cyclo-oxygenase

Prostaglandins
Prostacyclin
Thromboxane

glucocorticoids act upstream of both lipo-oxygenase
and cyclo-oxygenase pathways of inflammation, they
are potent anti-inflammatory agents. At higher concen-
trations they are immunosuppressive.

The major ophthalmic contraindication for the use
of glucocorticoidsis corneal ulceration. Glucocorticoids
can exacerbate acute stromal collagenolysis (‘melting’
corneal ulcer) which can lead to globe perforation.

Long-term topical glucocorticoid use in humans
may cause cataract and glaucoma. Neither complica-
tion has been reported in veterinary clinical practice,
but in experimental cats medium-term topical gluco-
corticoid administration (three times daily application
for 2—-3 weeks) has been reported to cause a reversible
increase in intraocular pressure (IOP), while longer
treatment (more than 7 weeks) caused subcapsular
cataract formation (Zhan et al., 1992). Topical treat-
ment also causes a reversible increase in IOP in
experimental Beagles (Gelatt and Brooks, 1999).

Topical glucocorticoids

Several topical glucocorticoid preparations are avail-
able (Figure 3.4). They vary in their relative anti-
inflammatory activities and in their ability to cross the
cornea and reach therapeutic concentrations within
the anterior chamber. It is important that these differ-
ences are appreciated, since they influence the choice
of topical preparation for different inflammatory condi-
tions. Dexamethasone and betamethasone have the
greatest anti-inflammatory potency of all the
glucocorticoids (Figure 3.5). However, to be effective
inside the eye, glucocorticoids must be able to cross
the cornea and reach therapeutic concentrations
within the anterior chamber. The ability of a gluco-
corticoid preparation to cross the cornea depends on
its lipid solubility, since a major barrier to intraocular
penetration is the lipophilic epithelium. Lipid solubility
is a feature of the ester base to which the glucocorticoid
is bound. Phosphate bases are water-soluble and
penetrate poorly, so are suitable for supetficial inflam-
matory conditions (e.g. chronic superficial kerato-
conjunctivitis, eosinophilic keratoconjunctivitis).
Acetate, diacetate and alcohol bases are lipophilicand
penetrate well, so are suitable for the treatment of
anterior uveitis.

Generic name

Betamethasone sodium
phosphate 0.1%

Dexamethasone acetate 0.1%
in hypromellose

Fluorometholone acetate 1.4% | Superficial ocular inflammation
in polyvinyl alcohel and anterior uveitis

Prednisolone acetate 1% Anterior uveitis

Prednisolone sodium Superficial ocular inflammation
phosphate 0.5%

Figure 3.4 Topical glucocorticoid preparations.

Primary indication
Superficial ocular inflammation

Anterior uveitis

Glucocorticoid Relative anti-inflammatory potency
Hydrocortisone 1

Prednisolone 4

Fluorometholone >20

Dexamethasone 40

Betamethasone 50

Figure 3.5 Relative potency of glucocorticoids.

For superficial inflammatory conditions a suitable
first-choice preparation is fluoromethalone, which com-
bines good anti-inflammatory activity with minimal sys-
temic side-effects.

Thefirst choice preparation for treatment of anterior
uveitis is prednisolone acetate, since it has excellent
corneal penetration.

Topical antibacterial and glucocorticoid combina-
tions are probably over-used in clinical practice, but
they are indicated when both inflammation and bac-
terial infection are present.

Non-steroidal anti-inflammatory agents
NSAIDs inhibitthe cyclo-oxygenase pathway of inflam-
mation (see Figure 3.3) but have a number of additional
actions too, including effects at the spinal level which
may account for some of their analgesic properties. At
least two isoforms of cyclo-oxygenase (COX) exist.
COX-1 is constitutively expressed and is thought to
have physiological functions. Its inhibition may lead to
the side-effects occasionally seen with NSAIDs, such
as gastrointestinal bleeding. COX-2 is induced at sites
of inflammation and is the main anti-inflammatory
mediator. Thus, NSAIDs that specifically target COX-2
should have effective anti-inflammatory and analgesic
properties with fewer side-effects.

NSAIDs are used for post-operative pain relief and
for the treatment of uveitis. Studies have shown that
topical flurbiprofen is as effective as prednisolone
acetate in reducing aqueous flare (Ward et al., 1991).
Topical NSAIDs can be used in addition to topical
glucocorticoids and appear to be additive in effect.
They are contraindicated if anterior segment bleeding
is present.

Avariety of topical preparations is available (Figure
3.6). Many are supplied in single-use vials and are
used perioperatively during cataract surgery. Ketorolac
is supplied as a 5 ml multi-use formulation and is useful
for treatment of anterior uveitis when corneal ulcera-
tion is present; although topical NSAIDs delay corneal
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Indication and frequency of use
Cataract surgery; every 30 minutes for

Generic name
Diclofenac sodium

0.1% 2 hours preoperatively

Flurbiprofen sodium Cataract surgery; every 30 minutes for
0.03% 2 hours preoperatively

Ketorolac trometamol | Anterior uveitis; four times daily
0.5%

Figure 3.6 Topical NSAID preparations.

re-epithelialization (and so should be used with care in
such cases) they do not potentiate collagenolysis as do
topical corticosteroids.

Systemic NSAIDs should not be used concurrently
with systemic corticosteroids, or in cases of gastro-
intestinal bleeding. Carprofen and meloxicam are com-
monly used in small animal practice. They have some
preferential COX-2inhibition and should therefore have
fewer side-effects than some of the other NSAIDs
available, such as ketoprofen, aspirin, phenylbutazone
and flunixin.

Cyclosporin

Cyclosporin is a chemotherapeutic agent that is used
topically for a variety of superficial immune-mediated
and autoimmune conditions. It has multiple mechan-
isms of action. It acts as a T cell suppressor by inhibiting
the interleukin 2 expression required for clonal expan-
sion of T cells during the immune response (Figure 3.7).
More recent work shows that it also induces production
of transforming growth factor-p3 (TGF-p), a potent endo-
genous immunosupressant (Nabel, 1999).

In addition (and relevant to its ophthalmic use),
cyclosporin increases tear production in normal dogs,
possibly via effects on a prolactin receptor (Kaswan et
al., 1989).

plasma membrans
Cyclosporin
Cytoplasm
NF-AT
Cyclophilin mmjs— membrane
fwuce?”
Nucleus
IL-2 synthesis
T HELPER T helper cell
LYMPHOCYTE clonal expansion

Figure 3.7 Mechanism of action of cyclosporin.
Cyclosporin binds and inhibits cyclophilin, preventing it
from activating (by dephosphorylation) NF-AT (nuclear
factor of activated T lymphocytes). NF-AT activation leads
to upregulation of IL-2 expression. IL-2 induces clonal
expansion of T helper cells.

Cyclosporin is used to treat canine autoimmune
KCS. Inview of its direct neurogenic action, it may also
potentially be of benefit in the treatment of non-
autoimmune (e.g. neurogenic) KCS.

Cyclosporin is also an effective treatment for other
canine immune-mediated diseases such as chronic
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superficial keratoconjunctivitis, plasmacytic conjunc-
tivitis and episcleritis. In cats it has been reported
as a treatment for proliferative eosinophilic kerato-
conjunctivitis.

Topically applied cyclosporin does not penetrate
the intact cornea well and therefore has no therapeutic
value in the treatment of anterior uveitis.

Azathioprine

Azathioprine is a systemic cytotoxic agent with power-
ful immunosuppressive effect via its action on helper
T lymphocytes. In veterinary ophthalmological prac-
tice it is used to treat autoimmune diseases such as
uveodermatological syndrome and nodular granulo-
matous episclerokeratitis. A typical dose protocol would
be 2 mg/kg daily until remission is achieved, followed
by a slowly tapering course. Routine haematological
examination is required throughout the course of treat-
ment, since azathioprine can induce bone marrow
suppression. Other side-effects include vomiting, diar-
rhoea and acute hepatic necrosis.

Megoestrol acetate

Megoestrol acetate is a progestogen with immunosup-
pressive activity, which has been used to treat eosino-
philic keratoconjunctivitis in cats. A typical dosage
regimen is 5 mg orally for 5 days, then 5 mg every other
day for one week, then 5 mg weekly as maintenance.
Serious adverse effects include behavioural changes,
adrenocortical suppression and diabetes mellitus; there-
fore, treatment is generally reserved for patients that
do not respond to topical or subconjunctival cortico-
steroid therapy.

Antiallergic agents

Antihistamines competitively inhibit histamine binding
to cellular receptors. Sodium cromoglycate inhibits
mast cell degranulation. These agents are used in the
treatment of allergic conjunctivitis in humans. There
are anecdotal reports of their use in allergic conjunctiv-
itis in small animals but their efficacy is unknown
(Mathis et al., 1999).

Anti-glaucoma drugs

Anti-glaucoma drugs work by reducing agueous hu-
mour formation or by increasing its outflow. One should
bear in mind that many of these drugs have been
developed for treatment of human open-angle glau-
coma and are poorly effective as a treatment for canine
or feline glaucoma, which is usually closed-angle. For
this reason, many veterinary ophthalmologists con-
sider glaucoma primarily a surgical problem rather
than a medical one.

Ofthe anti-glaucomadrugclasses available, amongst
the most effective are the osmotic diuretics and the
carbonic anhydrase inhibitors. The recently introduced
prostaglandin analogues also show promise, although
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their use in veterinary ophthalmic practice is not yet well
evaluated. Beta-blockers may be of some use in selecied
cases. Parasympathomimetics (mioctics) and adrenergics
are of limited use in canine and feline glaucoma.

Osmotic diuretics

Osmotic diuretics are the first-line emergency treat-
mentforacute glaucoma. They are hyperosmotic agents
that promote water retention within the Kidney tubules,
leading to dilution of tubular sodium and a reduction in
sodium and water reabsorption. Their administration
[eads to a rapid reductionin intraocular pressure (I0P),
as water is drawn out of the aqueous and vitreous to
compensate for the increase in blood osmolarity. 1I0P
is reduced within 30 minutes and the effect lasts for at
least 5 hours. Since their effect is short-lived, alterna-
tive medical or surgical treatment is needed after
osmotic diurstics have been used to reduce the IOP in
the acute stage of disease.

The BOB must be intact for these drugs to be
effective, as uveitis will reduce their efficacy. Exces-
sive administration of osmotic diuretics can cause
acute hypovolaemia; in patients with compromised
renal function this could lead to pre-renal azotaemia or
renal failure.

Mannitol is supplied in 10% (100 mg/ml) and 20%
(200 mg/ml) concentrations for intravenous admini-
stration. 1t is used at a dose rate of 1 g/kg in dogs
{10 mi/kg of 10% solution) usually given rapidly over
30 minutes, then as a slow drip.

Glycerol is given orally at a dose rate of 1-2 g/kg
(2—4 ml/kg of 50% solution), but is unpalatable to dogs
and may cause vomiting.

Carbonic anhydrase inhibitors

Carbonic anhydrase promotes aguecus humour pro-
duction within the non-pigmented epithelium of the
ciliary processes by catalysing the reaction:

CO+H,0 = HCO; + H*

Bicarbonate neutralizes sodium ions, which are
actively pumped into the posterior chamber from the
ciliary epithelium, and water follows by osmosis. By
reducing bicarbonate levels, carbonic anhydrase in-
hibitors thus reduce aqueous humour formation. lOP is
lowered by up to 50% and, unlike the osmotic diuretics,
these agents can be used long term.

Systemic carbonic anhydrase inhibitors have been
largely superseded by iopical carbonic anhydrase in-
hibitors, which appear to be just as effective but have
minimal adverse effects. Side-effects of systamic car-
bonic anhydrase inhibitors are relatively common and
include depression, anorexia, vomiting, diarrhoea,
polyuria/polydipsia and increased respiratory rate.
These are related to alterations in metabolic state
including metabolic acidosis {(due to increased urinary
bicarbonate) and hypokalaemia. The side-effects can
be so severe as to necessitate discontinuation of these
drugs. Acetazolamide is the oniy systemic preparation
currently available in the UK. lt is associated with more
severe side-effects than dichlorphenamide and
methazolamide.

Dorzelamide is a topical preparation used three or
four times daily. kit can be used in combination with
other drugs such at topical beta-blockers.

Prostaglandin analogues
Low concenirations of certain prostaglandins (notably
PGF,,) lower IOP by increasing uveoscleral outflow
and so are of use as anti-glaucema drugs. Since
topically applied prostaglandins do not readily pene-
trate the cornea, prostaglandin analogues have been
developed. These combine a prostaglandin with a
lipid-soluble ester, which allows ocular penetration. An
analogue of PGF,,, latanoprost, has been developed
and is less irritating than its parent molecule.
Latanoprost 0.005% applied once daily causes
effective and long-lasting reduction in IOP in glauco-
matous human patients. Potential side-effects include
miosis and mild conjunctival irritation. Increased iris
pigmentation, reported in primate and human studies,
has not been documented in dogs or cats. Latanoprost
shows promise as a treatment for canine and feline
glaucoma and can be used in conjunction with other
agents such as dorzolamide.

Parasympathomimetics
Parasympathomimetics increase the outflow of aque-
ous humour by causing ciliary muscle contraction and
miosis, which widens the filtration angle. In severe
cases of glaucoma where the filtration angle is obliter-
ated, these drugs may be ineffective.

Direct acting parasympathomimetics
These directly stimulate the muscarinic acetylcholine
{Ach) receptors of the iris and ciliary body.

Pitocarpine hydrochloride is available as 0.5%, 1%
or 2% solutions. Topical application will induce miosis
within 10 minutes in a normal eye. Other local para-
sympathomimetic effects include conjunctival vaso-
dilation and increased lacrimation. Its lacrimomimetic
property is used in the treatment of neurogenic kerato-
conjunctivitis sicca (KCS). Side-effects of topical appli-
cation include local irritation {due to the low pH of
4.5-5.5} and salivation. Pilocarpine may aiso induce
transient agueous flare, Systemic side-effects (gastro-
intestinal tract irritation, cardiac arrhythmia, broncho-
spasm) are unlikely with topical application, but may
oceur with oral administration.

Carbachol is another direct-acting parasympatho-
mimetic, available as a 3% solution. It is used less
commonly than pilecarpine in veterinary ophthalmic
practice.

Indirect acting parasympathomimetics
Indirect acting parasympathomimetics inhibit acetyl-
cholinesterase and so prolong the action of

endogenously released acetylcholine. These rarely

used agents are classed as reversible carbamate
inhibitors (such as demecarium bromide) and irrevers-
ible organoephosphates (such as echothiophate). They
are more potent and longer acting than direct acting
parasympathomimetics, but cause more severe local
side-effects (ocular irritation, ciliary spasm) and carry a
higher risk of systemic toxicity.
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Adrenergic agenis

o- and B-adrenoreceptors are found in smooth muscle
of the arterioles and within the iris and ciliary body
musculature, Alpha stimulation lowers IOP via an
o,-mediated vasoconstriction of ciliary processes caus-
ing reduced aqueous production and an c-mediated
increase in aqueous outflow via the trabecular
meshwork. Beta-stimulation increases 10P by induc-
ing cAMP which increases agueous production. There-
fore alpha-stimulation or beta-blockade should lower
IOP. In practice, however, c-agonists (adrenaline,
phenylephrine, apraclonidine) are poerly effective in
canine and feline closed-angle glaucoma and, para-
doxically, may even reduce aqueous cutflow further via
their mydriatic action. For this reason they are not
recommended.

Beta-blockers are commonly used in human open-
angle glaucoma, but again their efficacy in canine and
feline closed-angle glaucoma is poorly documented
and likely to be limited. Timolol maleate 0.5% is most
commonly used, usually in combination with other
agents such as dorzolamide. Other beta-blockers in-
clude carteolol, metipranolol and levobunolol. Side-
effects of topical beta-blockers include local irritation,
miosis, and bradycardia.

Mydriatics and cycloplegics

Mydriatics are used to dilate the pupil for both diagnos-
tic and therapeutic purposes. Pupil difation is neces-
sary for examination of the peripheral lens and fundus,
for cataract surgery and to reduce the incidence of
synechiae in anterior uveitis. Cycloplegics relax the
ciliary body musculature and are used 1o relieve the
painful ciliary spasm associated with anterior uveitis.

Mydriatics are either sympathomimetic or para-
sympatholyticin their mechanism of action. Sympatho-
mimetic drugs {(phenylephrine, adrenaline) bind and
stimulate adrencreceptors of the pupillary ditator
muscle to cause pupil dilation. There are few
adrenoreceptors within the ciliary body, however, so
these drugs have no effective cycloplegic action. Para-
sympatholytic drugs ({atropine, tropicamide,
cyclopentolate) bind and block acetylcholine receptors
within the iris sphincter and ciliary body musculature to
cause mydriasis and cycloplegia. This dual action
makes parasympatholytics useful drugs in the treat-
ment of anterior uveitis.

Topical sympathomimetics can be used to localize
the site of a nerve lesion during the investigation of
Horner's syndrome (Bistner etal.,, 1970). Topical appli-
cation of 10% phenylephrine will resolve the signs of a
post-gangfionic (third-order) lesion within 5-10 min-
utes, while pre-ganglioniclesions respond more slowly.

Phenylephrine also causes rapid vasoconstriction
of conjunctival blood vessels and a slower vasocon-
striction of episcleral blood vessels, so can be used to
distinguish conjunctival from episcleral hyperaemia. It
may also be used as an adjunct to parasympatholytics
to induce optimal mydriasis, butis too short actingto be
effective as a sole agent. The mydriatic action of
phenylephrine is more variable in cats than in dogs.
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Topical adrenaline is ineffective as a mydriatic
agent, as it has poor corneal penetration. An adrena-
line prodrug, dipivefrin, has been developed; this pen-
etrates the cornea and is converied to adrenaline once
in the anterior chamber, but this is not yet available in
the UK. Adrenaline may be added to intraocular irrigat-
ing solutions to maintain mydriasis during phaco-
emulsification cataract surgery.

Atropine (atropine sulphate 1%) has mydiiatic and
cycloplegic effects. Its relatively slow onset and long
duration of acticn limit its use as a diagnostic agent, but
itisidealforthe treatment of ciliary spasm due to anterior
uveitis. In the normal canine and feline eye, maximal
dilation is achieved within one hour and lasts 60—120
hours. lis effectis more variable in the inflamed eye, and
it is usually applied four to six times daily until mydriasis
is achieved and then used to effect. Atropine will reduce
tear secretion, and so tear production should be mani-
tored with long-term use. Side-effects include
hypersalivation due to its bitter taste and, less com-
monly, systemic parasympatholyticeffects suchasbrady-
cardia and canstipation. Atropine is contraindicated in
canine and feline glaucoma, since it increases |OP.

Tropicamide (0.5%, 1%) has a more rapid onset
and shorter duration of action than atropine, so its
primary use is to cause mydriasis for diagnostic pur-
poses or prior to cataract surgery. Maximal mydriasis
occurs 30 minutes after application of 1% solution and
lasts for 8—12 hours.

Cyclopentolate (1%) has a range of activity inter-
mediate to atropine and tropicamide. Maximal mydri-
asis is achieved within 30-45 minutes and lasts
around 60 hours. It is used commonly in human
ophthalmology as a cycloplegic, but is not commonly
used in small animals.

Tear substitutes

Tear substitutes (lacrimomimetics) are importantin the
treatment of KCS. Their major disadvantage is the
frequency of application necessary to maintain ade-
quate ocular lubrication, and they are usually used in
conjunctionwithalacrimostimulant such as cyclospotine
or pilocarpine. Mimicking the three layers of the tear
film, the main classes of tear substitutes are agueous
drops, mucinomimetics and lipid-based ointments, or
combinations of these.

Aqueous tear substitutes

Aqueous preparations drain so quickly from the cor-
neal surface that additives are required to prolong their
action and give them therapeutic benefit. Many prepa-
rations contain methylcellulose or its derivatives.
Methyicellulose is a soluble and non-irtitant colloid that
increases viscosity and prolongs corneal retention.
Polyvinyl alcahol is a synthetic resin that has corneal
adhesive properties but is less viscous than
methylcellulose. Methylcellliose and polyvinyl alcohol
are common components of human artificial tear prepa-
rations, but the severity of canine KCS is such that
these are usually inadequate as a tear replacement in
this disease.
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Mucinomimetics

Linear polymers such as dextran, polyvinylpyrrolidone
and polyacrylic acid {carbomer 980) have
mucinomimetic properties and longer corneal contact
times than aqueous tear substitutes. For this reason
they are more suitable for the freatment of canine KCS.

Carbomer 980 is used four {0 six times daily and
appears to be one of the most effective artificial tear
preparations in dogs.

Some artificial tear preparations combine linear
polymers with methylcellulose-based preparations to
combat both aqueous and mucin tear deficits.

Viscoelastics such as hyaluronic acid and chon-
droitin sulphate also have mucinomimetic properties
and a hyaluron derivative has been used as a tear
replacement, although current reporis are anecdotal.

Lipid-based tear substitutes

Lanolin, petrolatum and mineral oil are ointments that
mimic the lipid portion of the tear film and prevent
evaporation of existing tears. They have good corneal
retention and so are useful when frequency of applica-
tion is a problem. They are used three or four times
daily. However, they may be more difficult to apply than
less viscous preparations and are likely to cause blur-
ring of vision. They are also useful as ocular protectants
during anaesthesia or if eyelid paresis is present.

Local anaesthetics

Local anaesthetics are weak bases that reversibly
block afferent and efferent nerve impulses by interfer-
ing with sodium ion influx into the neuron. Topical focal
anaesthetics are used as analgesics for diagnostic and
minor surgical procedures. Injectable local anaesthet-
ics are used for periorbital nerve blocks or for orbital
anaesthesia following enucleation surgery.

Topical local anaesthetics

Proxymetacaine {proparacaine) acts rapidly and its
effectiasts for 10-20 minutes. Amethocaine (tetracaine)
has a similar effect but appears to be more irritant when
applied and is more toxic to epithelial cells. Optimum
analgesia is achieved by applying 4 or 5 drops over
2-3 minutes.Topical anaesthetics must not be used
therapeutically to alleviate pain associated with cor-
neal ulcers since they are epitheliotoxic. Since they
block reflex tear production, they must not be applied
prior to Schirmer | Tear Test measurements.

Injectable local anaesthetics

Lignocaine (lidocaine) (1-2%) has a rapid onset of
action (10 minutes) and is relatively short-acting (60
minuies). Bupivacaine (0.25-0.75%}) has a slower on-
set of action (45 minutes) and is long-acting (6 hours).
Mepivacaine (1-2%)}) has an intermediate duration of
action (2 hours). Lignocaine is commeonly used for
periorbital nerve blocks, while bupivacaine is useful for
postoperative analgesia. An orbital injection of ligno-
caine and bupivacaine gives good peri- and postopera-
tive pain relief during enucleation surgery. Typically,
1-3 ml of a 1:4 mix of lignocaine 1%: bupivacaine
0.25% is given.

Ocular irrigating solutions

Surface irrigants

Ocular surface irrigants are used to remove debris and
bacteria from the cornea and conjunctival sac. Sterile
physiological saline (normal saline 0.9%) is commonly
used. Balanced salt solution {BSS) is suppliedin sterile
15 mi dropper bottles. Sterile distilled water is hypo-
tonic and therefore is not ideal. Many commercially
available eyewashes contain preservatives which may
be irritant to canine and feline eyes, so their use
generally is discouraged.

The addition of an antiseptic agent to reduce bac-
terial load is strongly advised prior to extraocular and
intraocular surgical procedures. Povidone—iodine is
most commonly used, It is important to use aqueous
solution (rather than alcoholic solution or surgical scrub)
to avoid damage to the corneal epithelium. It is also
vital to dilute the solution adequately {0 prevent tissue
toxicity. A 10% commercial solution of povidone—
jodine should be diluted 1:50t0 1:20 in normal saline to
give a final concentration of 0.2-0.5%, which can be
safely used to rinse the corneal surface.

Dilute chlorhexidine solution s also an effective
antiseptic. Dilute solutions {0.05%) are non-toxic to the
cornea, although high concentrations are irritant. As
with povidone—iodine, it is important that agueous
solution is used. Since chlorhexidine is unstable in
saline solution, it should be diluted with water.

Intraocular irrigants

Intraccular irrigation is required during intraocular
surgery, in particular during phacoemulsification
cataract surgery. lrrigating fluids must be isotonic
and non-irritant and should have a physiological pH
to prevent damage to the corneal endothelium.
Intraccular use of normal saline or BSS caused cor-
neal cedema in experimental rabbits and although
no such problems were found in a canine study
(Nasisse ef al., 1986), many ophthalmic surgeons
avoid their use during prolonged intraocular surgery.
Either BSS or sodium lactate solution (Lactated
Ringers’ or Hartmann’'s solution) is satisfactory for
short-term intraocular irrigation and is commonly
used during phacoemulsification surgery. BSS Plus
contains glutathione, which is protective to the cor-
neal endothelium and is more suitable for prolonged
intraccular irrigation.

Anticollagenases

Matric metalloproteases (MMPs) and serine proteases
are collagenases that may cause acute corneal stro-
mal lysis (‘melting’ corneal ulcer). Collagenases may
be released from bacteria (particularly Pseudomonas
and Streptococcus), neutrophils or keratocytes. Topi-
cal corticosteroids predispose to release of
collagenases by neutrophils and therefore are contra-
indicated when corneal ulceration is present.

A wide variety of anti-collagenase agents have
been proposed, but clinical studies are limited and the
efficacy of these drugs in a clinical setting is uncertain.
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MMPs require zinc and calcium, therefore metal
chelating agents such as sodium or potassium EDTA,
acetylcysteine, citrate and tetracycline have been rec-
ommended as anti-collagenase drugs (Mathis et al,
1999). Acetylcysteing 5% is applied hourly in an at-
tempt to inhibit collagenolysis due to MMPs. It should
be noted, however, that metal-chelating agents do not
inhibit serine proteases. Autologous serum contains
both serine protease inhibitors and MMP inhibitors so
should he an effective ‘broad-spectrum’ anti-colla-
genase. It is probably the treatment of choice for
medical treatment of collagenolysis. One drop of au-
tologous serum (collected from a recently centrifuged
blood sample) is applied hourly during the acute stage
of the melt. Alternatively, the placement of a conjunc-
tival pedicle graft allows a constant supply of serum to
the ulcer in addition to providing physical support.

Antifibrotic agenis

Mitomycin C and 5-fluorouracil are drugs that inhibit
fibroplasia. Their main use in ophthalmic surgery is to
prevent fibrosis around glaucoma draihage implant
sites and thus prolong their lifespan. Although seem-
ingly effective in humans, controlled clinical trials
have not been reporied in dogs, so their benefit in
canine glaucoma surgery is unknown. They are not
commonly used.

Mitomycin C is applied to the scleral drainage site
at the time of surgery, using a cellulose sponge. Cne
application is effective in prolonging drainage implant
life in humans but its efficacy in dogs is unknown. Side-
effects include breakdown of overlying conjunctival
tissue and ocular hypotony.

5-Fluorouracil is less commonly used, since it re-
quires repeated subconjunctivalinjections andis asso-
ciated with more severe side-effects.

Fibrinolytics

Tissue-type plasminogen activator (tPA) may be in-
jected intracamerally (i.e. into the anterior chamber) to
lyse blood clots within the anterior chamber, 1PA for
intraocular injection is usually reconstituted from 20 mg
powder to a 1 mg/mi solution, which is further diluted to
a final concentration of 0.25 mg/ml. Aliquots of 100 mi
(containing 25 ugtPA) can be stored at—70°C until ready
for use. Injection of the drug across the limbus into the
anterior chamber causes rapid clot lysis within hours.
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Intracameral injection should only be performed by
experienced ophthalmic surgeons, since incorrectinjec-
tion technigque can cause severe intraocular complica-
tions including iris haemorrhage, uveitis and lens rupture.
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The orbit and globe

John R.B. Mould

Introduction

Conditions of the orbit and globe in the dog and the cat
are sufficiently similar to justify considering the two
species together. Before describing specific condi-
tions, the clinical anatomy of the orbit and the general
principles of pathogenesis and investigation of orbital
disease will be outlined. An appreciation of these
principles helps greatly in understanding orbital dis-
ease (McCalla and Moore, 1989).

Clinical anatomy

The orbit is the anatomical region containing the eye,
optic nerve, lacrimal gland, extraocular muscles and
associated nerves and blood vessels. These struc-
tures form a cone, with the base rostrally and the apex
caudally. In humans this soft tissue cone is enclosed in
a distinct bony cone so that the anatomical concept of
the orbit is easy to grasp. In domestic carnivores,
however, these structures are only partially enclosedin
bone and large areas are bordered by soft tissue. The
terms ‘orbital’ and ‘retrobulbar’ tend, therefore, to be
used less precisely in these species.

A dog’s skull is shown in Figure 4.1. The rostral
margin of the orbitis bony for about three-quarters of its
circumference, the dorsolateral part being completed

Figure 4.1 Lateral view of a dog's skull, showing the
incomplete rostral bony margin to the orbit and the
frontal sinus overlying the orbit. The pattern of the
ethmoturbinates can just be made out through the thin
medial wall of the orbit; this may be a site for the
extension of nasal tumours. Note that there is only soft
tissue continuity between the soft palate caudal to the
last molar and the orbital region.

by the orbital ligament running from the frontal to the
zygomatic bone. This is palpable as a strong taut band
in the live animal.

Dorsally, the frontal sinus overhangs the globe.
Medially, the wall of the orbit is very thin where it
overlies the ethmoturbinates; this may be a site for the
invasion of nasal tumours into the orbit. Laterally, the
orbit is bordered by the zygomatic arch, which is easily
palpable, and ventral and medial to this are the mas-
seter and pterygoid muscles. The lacrimal gland is
situated deep to the orbital ligament. The zygomatic
salivary gland lies in a recess of the maxilla ventral to
the eye. The extraocular muscles enclose the optic
nerve and form a cone directed caudally, ventrally and
medially towards the optic foramen, where the optic
nerve enters the cranium.

These anatomical relationships have important clini-
cal consequences:

* The close proximity of masticatory muscles,
frontal and maxillary sinuses, caudal molar tooth
roots, caudal nasal chamber, pharynx and
zygomatic gland means that disease processes
in these structures may extend into or distort the
orbit and its contents

* The incomplete nature of the bony orbit means
that one option in the management of retrobulbar
abscess is drainage into the mouth

* The direction taken by the extraocular muscle
cone places the structures within it very deep to
the surface and surgical access is difficult.

Differential diagnosis and
investigation

Clinical signs of orbital disease
Orbital structures lie deep to the surface and so the
clinical signs of orbital disease often relate to the effect
that the primary lesion has on adjacent structures.
Clinical signs may include the following:

« Exophthalmos

e Protrusion of the nictitating membrane

* Strabismus

e Periorbital swelling

¢ Conjunctival hyperaemia or congestion/chemosis
= Lagophthalmos

e Pain or difficulty in opening the mouth.
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Some of these signs are not specific for orbital
disease: there are, for example, many other causes
of prominence of the nictitating membrane and
strabismus.

Differential diagnosis of retrobulbar swellings

¢ Retrobulbar abscess/cellulitis

¢ Retrobulbar neoplasia

« Extraocular polymyositis (dog only)
» Masticatory myositis (dog only)

and, less commonly,

* Retrobulbar haemorrhage

« Retrobulbar foreign body

» Cysts and tumours of the lacrimal, nictitans and
zygomatic glands

» Arteriovenous shunts (congenital)

» Eosinophilic infiltration (cat).

Investigation of orbital disease

History

A sudden onset with pain, malaise and difficulty in
openingthe mouth strongly suggests abscess/cellulitis
(or acute myositis). A gradual onset with slow progres-
sion and relatively little pain suggests neoplasia or cyst
formation. These are only broad distinctions and must
be interpreted in the light of all other findings.

Clinical examination

A full examination of the eyes and adnexa is required,
but certain points may be particularly informative here.
The eyes should be examined from both in front and
above to determine whether prominence is due to
buphthalmos or exophthalmos (Figure 4.2).

Chronic glaucoma causes enlargement of the globe
(buphthalmos). The enlargementis obvious when view-
ing the eye from in front, but when the eye is viewed
from above, the anterior cornea is only displaced in
proportion to the enlargement of the eye. Chronically
glaucomatous eyes will also show numerous abnor-
malities, so it should be relatively easy to establish that
the primary problem is ocular.

Exophthalmos (abnormal anterior displacement
of the globe) is more striking from above than from
in front.

Retropulsion of the globe can be a sensitive test for
the presence of an orbital lesion. Pressure should be
applied to the globe through the upper lid. There is little
resistance in the normal animal orin the presence of an
enlarged globe (unless the globe is painful to external
pressure) and the eye can be repelled a surprisingly
long way. The brachycephalic breeds are an excep-
tion, in that they have very shallow orbits and no space
for retropulsion of the globe. In most breeds, however,
the presence of a retrobulbar mass produces consider-
able resistance to retropulsion, especially when com-
paredtothe normal side. A unilateral problem suggests
the presence of an abscess or of neoplasia, but a
bilateral symmetrical problem suggests masticatory or
extraocular polymyositis.
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Figure 4.2 Two cats illustrate the value of examination
from in front and above. (a) There is a relatively subtle
widening of the palpebral fissure as a result of an orbital
mass. (b) Viewed from above, the exophthalmos is more
obvious. (c) This cat has greatly increased prominence of
the right eye, as a result of chronic glaucoma causing
globe enlargement. (d) However, there is relatively little
difference when viewed from above.
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Some of the above clinical signs are rather non-
specific, although exophthalmos with displacement of
the globe (strabismus, squint} and a long history
without pain suggests the presence of a focal mass
such as a tumour. A focal mass displaces the eye
away from the mass.

Diffuse retrobulbar swelling (as in abscessation or
myositis) usually causes an axial proptosis without
deviation, but this is variable. An intra-gral examination
should be attempted, but this may not be possible.
Severe pain on attempting to open the mouth suggests
abscessation/celiulitis or myositis rather than a tumaur,
unless the vertical ramus of the mandible is involved.

Diagnostic imaging

There are considerable limitations to the use of plain
radiography in orbital disease. Most of the structures of
interest in the orbit are soft tissue. Problems of super-
imposition produce poor soft tissue definition. Too
often they do not add to the information gained from the
clinical examination, with the important exception of
the demonstration of bony change.

Radiography: The three most useful views are the
dorsoventral, the ventrodorsal (open mouth), and the
rostrocaudal (frontal) views (see Chapter 1b}. The
lateral view is less useful due to superimposition. In all
views, it is useful to include both sides for comparison,

The dorsoventral view shows the bony margins of
the orbit and the vertical ramus of the mandible well.
Although not the ideal view for the nasal cavity, the
films should be checked for caudal nasal disease, and
an intraoral nasal view taken where indicated.

For the ventrodorsal {open mouth) view, general
anaesthesia is required and the jaws must be held as
far apart as possible. The maxilla should be as parallel
to the table as possible and the beam should be
centred on a line joining the upper molar teeth.

For the rostrocaudal {fronial) view, the patient's
nose should be pointing directly to the ceiling and the
beam should be directed along the long axis of the
skull. This is the view normally used for the ‘skyline’
view of the frontal sinuses, but the beam should be
cpened out ventrally to include the zygomatic arch and
vertical ramus of the mandible.

While the bony structures are well demonstrated in
these views, the soft tissues appear homogenous and,
in particular, the globes, optic nerves and muscle
cones cannot be delineated. The main purpose of plain
radiography is to indicate any bony involvement, par-
ticularly in the case of suspected orbital tumours, and
it is useful for that reason alone.

Several contrast techniques have been described
with a view to enhancing the soft tissue information
provided by radiographs, but, for various good rea-
sons, are little used and are not described here.

Suturing a metal ring around the limbus is a simple
way of locating the globe in radiographs.

Zygomatic sialography may be useful in suspected
zygomatic salivary gtand disease. The zygomatic
papilla is located caudal to the parotid papilla, close to
the gum margin. The ductis then cannulated with a fine
cannula and contrast medium is injected.

Computed tomography (CT) and magnetic reso-
nance imaging (MRI): Both CT and MRI overcome
many of the problems of conventional radiography
and give better soft tissue resclution and more
precise delineation of orbital lesions (Figure 4.3). Both
methods are now much more accessible to veterinary
patients than in the past, and their use should
be considered in appropriate cases, especially if sur-
gery is contemplated (LeCouteur et al., 1982; Calia et
al., 1994}).

Figure 4.3 CT scan of a dog presenting with signs of an
orbital mass. The two globes with the fenses can be made
out laterally. A tumour is presenti in the turbinates, which
have been largely destroyed, and in the orbit on the
affected side. This illusirates the superior tissue definition
nrovided by CT scanning, though conventional
radiography is usually capable of demonstrating nasai
tumours and beny involvement.

Ultrasonography: The resolution of ultrasonography
is not as good as that of CT or MRI. Most of the
structures of interest are a significant distance below
the surface and must, therefore, beimaged through the
globe itself, or through the lateral periorbital tissues in
the region of the orbital ligament (Morgan, 1989). If the
lateral oblique view is used, good ultrasonic contact is
required, which will involve close clipping of the hairs.

Diseases of the orbhit and globe

Conditions causing exophthalmos

Retrobulbar abscessation/cellulitis

Retrobulbar abscessation/cellulitis causes acute pain
and dysfunction, and usually requires prompt diagno-
sis and attention. Itis much less commenin the cat than
the dog. Retrobulbar cellulitis refers to diffuse inflam-
mation of the orbital tissues without localization of pus.
The cellulitis phase may precede the formation of a frue
abscess. The two conditions may be difficult to distin-
guish and are similar in many respects.

Pathogenesis: A retrobulbar abscess may arise from
periorbital skintrauma such as a bite, from extension of
sinus, tooth root or zygomatic gland infection, or from
foreign body penetration into the pharynx. In many
cases, however, the cause remains obscure. Most
cases are unilateral.
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Clinical signs: The onset is usually fairly rapid. There
is painful swelling of the periorbital region and exoph-
thalmos (Figure 4.4), which is generally axial, but there
may be some deviation of the globe. There is often
congestion of the conjunctiva with a purulent ocular
discharge and protrusion of the nictitating membrane.
There is severe pain on opening the mouth, because
the movement of the vertical ramus of the mandible
applies traction and pressure to the orbital tissues. This
painful reaction is highly suggestive of the condition.
The area behind the last upper molar should be exam-
ined for redness and swelling, although this is variable,
or the presence of fistulous tracts. This may not be
possible without general anaesthesia. There is usually
malaise and inappetence (as a result of the pain
elicited by eating).

Further investigation: An accurate diagnosis can
often be made from the history and clinical examina-
tion. There can be gquite good symptomatic relief with
antibiotics, so the picture may be confused if short
courses of antibiotics have been used, followed by
recurrences. Radiology usually demonstrates only
soft tissue swelling and adds no further information,
except in cases of tooth root or sinus infection. Some
foreign bodies may be radio-opague, but the majority
are not. Ultrasonography may reveal the presence of
a fluid-filled cavity in cases with a discrete abscess.
Under anaesthesia, a full examination of the mouth
should be made.

Management: The traditional treatment has been to
drain the abscess into the mouth. A cuffed endotrach-
eal tube is used and the pharynx is packed with a
known number of swabs or a wet gauze bandage (the
bandage may be tied to the endotracheal tube). An
incision is made with a No.11 scalpel blade approxi-
mately 1 cm behind the last molar tooth, but not
penetrating deeply. A pair of fine haemostats is in-
serted and directed dorsally to a greater depth. The
blades are gently opened to establish drainage. There
may be a free flow of pus, but this is variable. Gentle
probing is permitted, as the abscess may be loculated.

Damage to the globe or muscle cone is unlikely
unless the probing is very deep (2-3 cm should be
adequate in a medium-sized dog) or directed too
far medially. Swab samples of the pus should be
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taken and smears made so that the appropriate anti-
biotic therapy can begin immediately. If this is not
done, it should be assumed that Gram-positive or
mixed infections are present. Irrigation of the area
has been suggested but is probably unnecessary if
adequate drainage is established. Use of indwelling
drains has also been advocated, but these are only
advisable where there has been unusually extensive
orbital involvement. After the procedure, if swabs
have been used, they should be removed from the
pharynx and counted.

Some clinicians maintain that this drainage proce-
dure is neither necessary nor desirable. A large artery
runs across the floor of the orbit, and considerable
haemorrhage may be expectedifitis ruptured. Instead
of drainage, patients are placed on a course of broad-
spectrum antibiotics. Medical therapy should produce
a noticeable improvement over 24—48 hours and treat-
ment should be maintained for 3—-4 weeks, although
the length of the course is rather empirical. With this
approach, a general anaesthetic is avoided.

Prognosis: With both treatment approaches there
is usually prompt improvement and return to normal
function within 2-3 days. In the event of recurrence,
the antibiotics should be restarted or further investi-
gations considered.

Orbital neoplasia

Pathogenesis: Orbital neoplasiais poorly documented
inthe literature, but it tends to be serious and difficult to
manage when itoccurs (Kern, 1985; Gilger atal., 1992;
Attali-Sousay et al, 2001). The range of possible
tumour types is wide. Obtaining a tissue diagnosis and
good imaging of the area are difficult. The prognosis is
guarded to poor in many cases.

The most common type of tumour to be found in the
orbit of the dog is probably nasal carcinoma invading
through the thin medial wall of the orbit and causing
exophthalmos and lateral deviation of the globe. The
most common primary tumour of the orbit in the dog is
meningioma of the optic nerve (Mauldin ef al., 2000)
(Figure 4.5). The normal orbit contains a variety of
tissue types, however, and many of these have been
described as giving rise to tumours. Metastatic neo-
plasia also occurs, and the orbit may be involved in
multifocal disease such as lymphoma.
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Figure 4.4 An Englis

h Springer Spaniel with a retrobulbar abscess. (a) There is painful swellirg of the temporal and

(

masseter muscle areas and protrusion of the nictitating membrane. Considerable pain was evirced on cpening the mouth.
(b) A closer view of the right eye shows chemosis (oedema of the conjunctiva), protrusion of the nictitating membrane and
a mucopurulent discharge. Chemosis is uncommon in the dog (unlike the cat) but may occur in orbital disease. (c) The
interior of the mouth (under general anaesthesia) shows a fistulous tract (arrowed) caudal to the last molar. Pus was

released on enlarging this opening.
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Figure 4.5 Oplic nerve meningioma in a dog. The
tumour is wrapped around the optic nerve. Local and
intracranial recurrence is a risk with optic nerve
meningiomas. Histology showed that this example was not
fully removed posteriorly.

History and clinical signs: Orbital tumours are sel-
dom directly visible or palpable from the surface, so
that the clinical signs are the result of secondary
changes in adjacent structures. The onset is typically
gradual and tumour growth results in slowly progres-
sive exophthalmos, deviation of the globe and protru-
sion of the nictitating membrane (Figure 4.6). The
degree of nictitating membrane protrusion varies with
the site of the tumour. It is likely to be greatest with
medial extraconal tumours and less with intraconal

Figure 4.6 (a) Left-sided orbital lymphoma in a
Dobermann, which also had cutaneous lesions (visible on
the top of the head). (b) There is protrusion of the
nictitating membrane and chemaosis, both of which may
have other causes, but there is also dorsolateral deviation
of the globe, which is pathognomonic of an orbital lesion.

tumours. Enophthalmos is sometimes seen where
scirrhous tumours retract the globe into the orbit, but
these cases are unusual.

Progressive deviation of the globe is suggestive of
neoplasia or possibly cyst formation. There may be
secondary problems such as keratitis and conjunctiv-
itis resulting from exposure of the ocular surface. The
orbital swelling and congestion may be transmitted to
the conjunctiva, causing chemosis.

Affected patients usually retain a normal demean-
our and continue to eat for a long time and there is
usually little pain on opening the mouth, although in
some cases there may be mechanical restriction to jaw
movement. In ventral tumours there may be convexity
behind the last molar tooth. Retropulsion of the globe
is usually obviously impaired, and the two sides should
be compared. Bilateral involvement is rare, but is
occasionally encountered with multifocal and locally
invasive tumours. Other accompanying signs which
have been described include papilloedema (in tumours
applying direct pressure to the optic nerve), indentation
of the posterior globe and retinal detachment.

Further investigation: A full clinical examination
should be carried out, checking for evidence of
lymphoma or primary tumours elsewhere. The possi-
bility of orbital extension of a nasal tumour via the
ethmoturbinates or frontal sinus must always be
considered, and so evidence of nasal discharge (Fig-
ures 4.7 and 4.8), poor airflow or distortion in the
frontal sinus region must be sought.

It is rare to be able to make a histopathological
diagnosis based on clinical findings alone; the location
of the mass may be suggestive, but no more. Radio-
graphs should be taken as described above, recogniz-
ingthe limitations of standard methods. The radiographs
should be examined for any bony involvement attribut-
able to neoplasia and any indications of neoplastic
processes within adjacent structures such as nasal
chambers, frontal sinuses and zygomatic arch (Figure
4.9). As with any tumour type, bone involvement repre-
sents a serious complication.

protrusion of the nictitating membrane indicate the
presence of an orbital lesion in this cat. There is also an
ipsilateral nasal discharge, suggesting the orbital lesion
may have arisen by extension from a nasal tumour. The
tumour was confirmed as a nasal adenocarcinoma at
post-mortem examination. (Courtesy of SM Crispin.)
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Figure 4.8 (a) Boxer with left-sided protrusion of the
nictitating membrane and marked lateral deviation of the
globe. The fact that the nictitating membrane is also
protruded can mask the degree of displacement of the
globe. The degree of anterior displacement, however, is
difficult to judge on this view. With lateral deviation of the
globe, signs of nasal carcinoma should always be sought
and ruled out. Note that the dog has a bloody left-sided
nasal discharge. (b) The same dog viewed from above.
The exophthalmos is now obvious.

Figure 4.9 'Orbital skyline’ view of a canine skull with an
orbital tumour on the left side of the radiograph. There is a
mineralized mass in the orbit and bony involvement of the
frontal sinus wall and possibly the vertical ramus of the
mandible and zygomatic arch. These features
considerably reduce the feasibility of surgical excision,
regardless of the histological type.

Wherever possible and practical, CT or MRI scan-
ning should be seriously considered. Zygomatic sialo-
graphy should be considered where the clinical signs
indicate a mass in the region of the zygomatic gland.
Ultrasonography may be carried out if available.

In a few cases, there may be neoplastic tissue that
is sufficiently near an accessible surface such as the
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skin, oral mucosa or conjunctiva to be accessible for
biopsy. Fine needle aspiration biopsy is also feasible,
but it requires familiarity with the regional anatomy. It
does offer, however, the most realistic chance of a
histological diagnosis without exploratory orbitotomy,
and may avoid major orbital surgery on patients with
grave prognoses and those with conditions that are
better managed medically, such as lymphoma (Boydell,
1991; Tijl and Koornneef, 1991).

Management: After a tumour has been diagnosed and
it has been located, as far as possible, the next decision
is whether itis operable (or amenable to chemotherapy)
and, if so, whether a functional eye can be preserved.
Orbital surgery is difficult, for a number of reasons, and
referral should always be considered (Gilger and Whit-
ley, 1994). In many cases, surgery is undertaken with an
imprecise knowledge of the relationship of the tumour to
other structures and without a histological diagnosis.
Ideally, CT or MRI scanning should be undertaken prior
to orbital surgery (Figure 4.10).
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Figure 4.10 English Springer Spaniel with a right-sided
orbital mass. Clinical signs and conventional radiography
are of limited help in surgical planning. The CT scan clearly
shows the tumour. Its position indicates that it is unlikely to
be accessible without section of the zygomatic arch.

Problems associated with surgical treatment: It is
unusual to be able to remove an orbital tumour and to
preserve a functional eye. Most lesions are located
relatively deep to the surface, so surgical access is
difficult. Access may only be feasible by elevating the
temporal muscle (which is very thick and closely ap-
plied to the frontal bone) or by sectioning the zygomatic
arch. It can also be difficult to avoid damage to small
nerves in the orbit, leading to muscle palsies or dry eye,




www.vetdarab.co.cc

by Itra

66 The orbit and globe

or to extraocular muscles. In most cases, the eye must
be removed, and the enucleation technique is ex-
tended or modified to include the mass.

The prognosis depends on the histological type, but
most orbital tumours are malignant and long-term
survival rates are moderate to poor.

Masticatory myositis

Pathogenesis: Masticatory myositis is an immune-
mediated condition of the dog in which autoantibodies
are formed against type |IIM muscle fibres found only in
the masticatory muscles. In the acute stage there is
infiltration with eosinophils and lymphocytes, hence the
alternative name of eosinophilic myositis. The condition
occurs in German Shepherd Dogs and Weimaraners,
but can be seen in other breeds. The incidence is low.

Clinical signs: In the acute form, there is a sudden
onset of pain and swelling of the whole of the mastica-
tory muscle mass, usually symmetrically. The swelling
is sufficient to cause exophthalmos and protrusion of
the nictitating membrane (Figure 4.11). There is pain
on attempting to open the mouth. In time, atrophy and
fibrosis of the muscles may occur, resulting in visible
wasting of the region, enophthalmos and restricted
mobility of the mandible, sometimes resulting in a
much reduced range of jaw movement. Alternatively,
the onset may be insidious, with the atrophy and
fibrosis occurring more slowly and without a prior acute
episode (Figure 4.12).

Figure 4.11 Acute masticatory myositis in a Border
Collie with symmetrical painful swelling of all the
masticatory muscles, leading to protrusion of the
nictitating membranes.

Figure 4.12 Rottweiler with chronic masticatory myositis,
leading to secondary atrephy and fibrosis. There is
wasting of the masticatory muscles, leading to
prominence of the zygomatic arch. The dog was otherwise
heavily muscled.

Further investigation: The clinical signs are sugges-
tive, but it is usual to confirm the diagnosis with a biopsy
ofthe temporal muscle, taking care notto sample in error
the more mobile subcutaneous muscle overlying it.

Treatment: Dogs are treated with immunosuppres-
sive doses of corticosterocids, the dose being reduced
slowly according to clinical response.

Extraocular polymyositis

Extraocular polymyositis is a recently described syn-
drome affecting young dogs of the larger breeds at
about 1 year of age, with the Golden Retriever being
over-represented (Carpenter et al., 1989).

Clinical signs: There is inflammation and swelling of
the extraocular muscles, producing obvious bilateral
exophthalmos that is not accompanied by third eyelid
protrusion (Figure 4.13). There may be secondary
conjunctival hyperaemia, but there appears to be little
pain. The dogs remain well, with no malaise or other
systemic signs, although the local appearance may be
striking. There is little resistance to retropulsion of the
globes, and the globes and vision remain normal. The
pathogenesis is unknown.

, ¥
Figure 4.13 A 1-year-old female Border Collie with
symmetrical painless exophthalmos due to extraocular
polymyositis. There was complete resolution with an
extended course of systemic corticosteroids.

Diagnosis: The diagnosis may be confirmed from a
biopsy, but this would be a specialist procedure and
may not be necessary. Good ultrasound scanning will
demonstrate thickening of the extraocular muscles.

Treatment: Systemic corticosteroids are an effective
treatment given at immunosuppressive doses initially.
Recurrences may occur, though not through life, and
the treatment should only be reduced very slowly.

Prognosis: With appropriate early treatment, most
dogs respond well, but the prognosis is guarded
initially. Some dogs present in the fibrotic stage,
with enophthalmos and strabismus, and some may
develop these even after early diagnosis and treat-
ment. Contracture may be confirmed by carrying out
forced duction tests which will suggest fibrosis of one
or more muscles.
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To undergo a forced duction test the dog is usually
anaesthetized. Forceps are used to grasp the conjunc-
tiva adjacent to the limbus plus the underlying Tenon's
capsule, and the mobility of the globe is checked in all
directions in which it normally moves. This helps differ-
entiate altered globe position due to extraocular mus-
cle contracture from altered globe position due to an
abnormality in the nerve supply to the extraocular
muscles (see Chapter 15). in the latter case the globe
can be moved freely.

Zygomatic salivary gland mucocoele

Zygomatic gland mucocoele is an uncommon condi-
tion in the dog. There is a suggestion that previous
trauma may be responsible in some cases. It is impor-
tant to distinguish this from an orbital tumour, as the
prognosis is much better.

The dog is presented with a fluid-filled mass in the
ventral orbit but the position is variable. The affected
area has a soft fluid feel and this should distinguish it
from an orbital tumour (Figure 4.14). There may be
prominent convexity in the oropharynx. On aspiration
at the most accessible point, usually the oral mucosa,
a tenacious fluid typical of stagnant saliva may be
found. Zygomatic sialography will demonstrate a fluid-
filled cavity, thus distinguishing it from neoplasia of the
gland or other tissue. Drainage or fistulation of the
mucocoele into the mouth is often sufficientas ameans
of management, but extirpation of the gland via an oral
orlateral approach may be required in recurrent cases.

i S ey L s &
Figure 4.14 Zygomatic mucccoele in a Cavalier King
Charles Spaniel. (a) There is a painless soft fluid-filled
swelling above and below the zygomatic arch. (b) The
area behind the last molar is abnormally convex, again
with a soft fluid feel.
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Arteriovenous shunts

Arteriovenous shunts are congenital vascular malforma-
tions resulting in a large vascular, possibly pulsa-
ting, mass in the orbit. They are quite rare but worth
noting, as they are the only recognized congenital
cause of exophthalmos. Contrast venography orarterio-
graphy may confirm the diagnosis. Surgical treatment
is difficult, with or without preservation of the eye,
as there is a risk of severe haemorrhage. Arterio-
venous shunts may also, rarely, result from trauma or
invasive neoplasia.

Temporomandibular osteopathy

Periosteal proliferation of new bone may occur on the
mandible and temporal bones in juvenile Scottish and
West Highland White Terriers. Very occasionally, it may
cause exophthalmos, but in most cases the proliferation
is ventral and the position of the globe is not affected.

Conditions causing a small or recessed eye

Enophthalmos

Enophthalmos refers to an abnormally deep globe
position. It occurs most commonly as a variation of
normal in some larger breeds of dog such as Rough
Collie, Great Dane, Dobermann and Flat-coated
Retriever, all of which are bred for a relatively small
eye and deep orbit. The result is a deep set to the
eye, often with marked protrusion of the nictitating
membrane. These dogs may accumulate large quan-
tities of mucus at the medial canthus (see Figure 7.5)
and this should not be confused with a purulent
discharge. No treatment is required; the nictitating
membranes should not be excised, as this may impair
the quantity and distribution of the tear film and will not
relieve the enophthalmos. Enophthalmos may also
occur as an acquired lesion in a number of conditions.

Horner’s syndrome: Horner's syndrome is functional
sympathetic denervation of the eye and orbit (see
Chapter 15) and results in enophthalmos because of
loss of tone in the smooth muscle of the periorbita,
which normally acts to maintain the eye in an anterior
position. The presence of miosis and nictitating mem-
brane protrusion will supportthe diagnosis. Care should
be taken not to mistake the difference in appearance
between the normal and affected eyes as being due to
exophthalmos of the normal eye.

Active retraction of a painful eye: Dogs and, to a
lesser extent, cats are able to retract the eye in re-
sponse to pain, by the action of the retractor bulbi
muscle. Other signs of pain should also be present.

Atrophy of orbital tissues: Enophthalmos may result
from significant loss of orbital tissue mass, giving the
eye a hollow, sunken appearance. This may arise in
fibrosis and atrophy of the masticatory or extraocular
muscles, and in cachexia or severe wasting from any
cause (Figure 4.15).

Orbital neoplasia: Enophthalmos occursinrare cases,
but exophthalmos is more common (see above).
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Figure 4.15 German Shepherd Dog with neoplasia at
multiple sites. Severe wasting has led to enophthalmos
and protrusion of the nictitating membrane.

Microphthalmos

Microphthalmos (or microphthalmia) refers to a con-
genitally small eye. This may vary from a small but fully
functional eye, referred to as nanophthalmos, to one
with multiple intraocular abnormalities and no visual
function. Cryptophthalmos refers to an ocular structure
that is concealed by other adnexal defects, or is so
small as to be difficult to find (Figure 4.16) and anoph-
thalmos refers to complete absence of ocular tissue,
which is a very rare occurrence.

Figure 4.16 An 8-week-old Maine Coon kitten with no
detectable ocular tissue, although there are rudimentary
lids with slit-like openings.

Certain breeds, most notably the Rough Collie,
have small eyes as a feature of the breed. In other
breeds, as a sporadic event, one eye may simply be
smaller than the other, but functional, or may have
other abnormalities (Figure 4.17). Associated abnor-
malities may include corneal opacities, persistent
pupillary membrane, cataract, detachment or dys-
plasia of the retina and nystagmus. The cause in these
sporadic cases remains obscure.

Microphthalmos is also seen as a proven or sus-
pected hereditary defect in association with cataract
or other malformations (Figures 4.18 and 4.19). It
may also occur in association with hereditary retinal
dysplasia in affected breeds (see Chapter 14). None
of these hereditary forms of microphthalmos is com-
mon, but they may have implications for breeding
when they occur.

microphthalmos and dry eye.

Figure 4.18
Microphthalmic eye in
a Cocker Spaniel, in
association with
cataract and pupillary
membrane strands
running from the iris
to the anterior lens
capsule. (Courtesy of
SM Crispin.)

Figure 4.19 Microphthalmic eye from a Cocker Spaniel
with extensive cataract and retinal dysplasia, visible as
folding of the neuroretina. (Courtesy of SM Crispin.)

Phthisis bulbi: Phthisis bulbi (phthisical eye, phthitic
eye) refers to an acquired end-stage eye in which the
aqueous production has ceased and the eye has
shrunk. Severe intraocular pathology is always implied
by the term, although intraocular examination may not
be possible due to greyish corneal opacity. Causes
include primary or secondary glaucoma, severe
intraocularinflammation and severe penetratingwounds
or blunt trauma (Figure 4.20).

In those cases which result from chronic glau-
coma, the eye isinitially enlarged. Glaucoma-induced
destruction of the ciliary body may occur in time,
resulting in loss of aqueous production and eventual
collapse of the globe (Figure 4.21). This may take
years, however, or may not occur atall, and so waiting
for phthisis is not an acceptable management option
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Figure 4.20 Phthisis bulbi in a cat that had sustained
ocular trauma in a road traffic accident. Severe blunt
trauma to the eye can cause the sclera te split posteriorly,
which usually then leads to permanent loss of pressure
and phthisis.
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Figure 4.21 Phthisis bulbi in a dog following chronic
glaucoma. The small globe is partly concealed behind a
permanently protruded nictitating membrane. The cornea
is usually diffusely grey and partly pigmented in such cases.

for chronically glaucomatous painful eyes. Phthisical
eyes often appear not to be painful, although mild pain
may be difficult to detect.

Malignant sarcomas can develop in feline eyes that
are phthisical or that have sustained chronic intraocular
inflammation. The history may be of several years’
duration. The eye may be opaque by the time of
examination, preventing a clinical diagnosis of neo-
plasia. These sarcomas are relatively uncommon, but
their malignant nature should be borne in mind when
considering the management of such eyes, and
enucleation is recommended (Figure 4.22).

Figure 4.22 There
is central corneal
scarring in this cat's
eye from a
penetrating injury
years earlier. A
sarcoma is now
present laterally in
the iris, appearing as
a red mass. There is
said to be an

@ association between
d these sarcomas and
previous trauma in
the cat, but the risk
cannot be guantified.
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Buphthalmos

Buphthalmos means ‘ox eye' and tends to be used
synonymously with the terms hydrophthalmos and
megaloglobus. All refer to a pathologically enlarged
eye as a result of glaucoma. Generally, the globe of
the dog and cat is unable to withstand sustained
high pressure without stretching and enlarging. This
process occurs most readily in young animals, and
in the cat more than the dog. By the time the globe
is visibly enlarged, there will be other pathological
changes attributable to the glaucoma and enlarge-
ment. These may include corneal changes such as
oedema, neovascularization, pigmentation and
tears in Descemet’s membrane; subluxation of the
lens as a result of tearing of zonular fibres; visible
retinal atrophy; and cupping and atrophy of the
optic disc.

Buphthalmos implies severe irreversible damage
and a blind eye, with the possible exceptions of the
early stages of chronic open angle glaucoma (which is
relatively uncommon), ocular melanosis with second-
ary glaucoma of Cairn Terriers (which is very breed
specific) and some cats with painless enlargement of
the globe. It must be emphasized that globe enlarge-
ment is a chronic change resulting from prolonged
glaucoma and is not a presenting feature of acute
angle-closure glaucoma.

The degree of pain in buphthalmic eyes is variable
and can be difficult to judge. In many cases, there is
little clinical evidence of pain and certainly not of the
severe pain and malaise accompanying acute glau-
coma. Some owners, however, will volunteer that the
patient cries out when it knocks the eye, which may
indicate underlying discomfort.

Buphthalmic eyes are frequently unsightly. Options
for management of these eyes are discussed fully
in Chapter 11, but in view of the severe changes,
enucleation is justified in many cases.

Prolapse of the globe and orbital trauma

Prolapse of the globe

Prolapse of the globe is acute dislocation of the globe
beyond the plane of the lids and should be distin-
guished from proptosis or exophthalmos; both of these
terms imply only a degree of anterior displacement.
The condition occurs as a result of trauma such as road
traffic accidents, attacks by larger dogs or non-acci-
dental injury caused by humans. Prolapse is much
more common in the exophthalmic breeds and espe-
cially the Pekingese, where there is less protection to
the eye from the anterior orbital margin. In some cases,
the trauma may be apparently minor.

Pathogenesis and clinical signs: With prolapse of
the globe, there is traction on the optic and other nerves
andon blood vessels. Thereis alsoimmediate oedema
of the conjunctiva and other tissues surrounding the
globe. The eyelids go into spasm behind the equator of
the globe, making reduction more difficult and adding
to the oedema and congestion (Figure 4.23). In addi-
tion, the patient is likely to. be very distressed. The
situation is an emergency.
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Figure 4.23 Pekingese which sustained prolapse of the
globe after being kicked by a man. (a) The lids are in
spasm behind the equator of the globe, resulting in
extensive chemosis and subconjunctival haemorrhage.
There was also a fracture of the zygomatic arch. At this
stage, simple reduction of the prolapsed globe is not
possible without a lateral canthotomy. (b) Following
reduction of the prolapsed globe, the eyelids have been
sutured together with horizontal mattress sutures and
stents have been used to minimize damage to the lids.
There must be na passibility of the sutures abrading the
cornea while in place. (Courtesy of SM Crispin.)

Treatment: Attempts should be made to replace the
globe immediately before this vicious circle of conges-
tion, pain and lid spasm is established. The simplest
way to do this is to apply pressure on the surface of the
eye with wet cotton wool as soon as possible, to hold
the eye in a more normal position. In many cases, this
is not done or it is impossible, and the appearance will
be asin Figure 4.23 on presentation. The cornea must
be protected with copious lubrication while it is ex-
posed. A general examination should be made and the
patient should, if other injuries allow, be anaesthetized
without delay. If simple reduction is not feasible, then
other steps will be necessary, such as lateral canthotomy
or the use of traction sutures or Allis tissue forceps on
the lid margin while gently repelling the globe. Once the
prolapse is reduced, the lids should be sutured to-
gether for 14 days using horizontal mattress sutures
positioned so as to prevent contact between the
sutures and the globe. Systemic corticosteroids and
antibiotics should be administered.

Prognosis: Even with prompt and correct manage-
ment, the prognosis for restoring a functional eye is

very guarded. The objective of the emergency treat-
ment is to prevent the development of severe swelling,
corneal desiccation and lid spasm. The prolapse itself,
however, may cause tractional damage to the optic
nerve, resulting in blindness, to the trigeminal nerve,
resulting in a desensitized ocular surface, and to the
medial rectus muscle, resulting in avulsion and lateral
strabismus, all of which can be permanent and can
occur regardless of the initial management. The end
result is often the situation in Figure 4.24, and some of
these globes will require enucleation at a later date.
Where most of the attachments are ruptured at the time
of presentation (Figure 4.25), enucleation should be
carried out immediately.
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Figure 4.24 This Pekingese had sustained a prolapse of
the left globe 3 months previously while in a room on its
own. The globe was replaced promptly and correctly at
the time, but there is now lateral strabismus, exposure
keratopathy, no corneal sensation and no pupillary light
response. Such sequelae can occur regardless of the
initial management.

Figure 4.25 This Pekingese was found in this condition
in the morning, having been normal the night before. It
lived with another dog of the same breed. The eye was
attached only by conjunctiva. Repair was not attempted
and the eye was removed.

Orbital trauma

Otherthan prolapse of the globe and trauma to the lids
and ocular surface (see Chapters 5 and 8), orbital
trauma, as such, is not common. However, there may
be traumatic damage to the surrounding structures
(see below). The orbital contents are protected by the
thick masticatory muscles and the zygomatic arch.
Bruising and superficial trauma to the masticatory
muscles can be managed conservatively. Orbital
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haesmaorrhage is a potentially more serious problem in
that it may cause exophthalmos and exposure
keratopathy. Where this occurs, the ocular surface
should be protected with copious [ubrication or by
closure of the lids until the problem subsides.

Fractures of the zygomatic arch: Zygomatic arch
fractures can occur in, for example, road traffic acci-
dents (Figure 4.26). In general, the fracture is stabilized
by the fixed ends of the temporal and zygomatic bones
and internal fixation is not often required. Where there is
considerable displacement or depression, the fracture
ends can be elevated and stabilized with wire sutures.

£

Figure 4.26 Radicgraph of a Staffordshire bull terrier
that had sustained fractures of the scapula, mandible and
zygomatic arch in a road accident. The zygomatic arch
fracture is comminuted, but there is minimal displacement,
and surgical repair was not requirec.

Fractures of the frontal sinus: Depression fractures
of the frontal sinus can lead to retention mucocoeles,
which may erode the sinus wall and cause orbital
swelling or a discharging sinus. The fractured wall
should be elevated, if possible, and communication
with the nasal cavity re-established. Care is required
in the interpretation of radiographs, as frontal sinus
tumours can also lead to erosion of the frontal
sinus wall, the presence of free mucus in the orbit and
mucous discharge through the conjunctival surface.

Shotgun pellets: Shotgun pellets may occasionally
lodge in the arbit. Any trauma 1o the globe is likely to
have serious implications and should receive priority.
Radiographs should be taken: at least two views are
necessary to localize foreign bodies in the orbit, and
the problems of soft tissue definition and localization of
the globe and muscle cone apply as before. The
simplest way of lacalizing the eye is to use metal limbal
markers sutured to the conjunctiva (Figure 4.27). The
potential value of these procedures should be carefully
considered in the case of lead shot because it is
relatively inertin tissues andthe damage caused by the
shot may be less than that caused by orbital explora-
tion (see Chapter 13}.

Penetrating trauma to the globe

The intraocular structures are enclosed within the
tough fibrous coat of the cornea and sclera, which
limit penetrating injury. When penetration does
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Figure 4.27
Shotgun injury to a
2-year-old Border
Collie. Two views are
essential in locating
foreign bodies.
Circular metal rings
have been sutured
around the limbus in
both eyes {more
clearly seen in the
lateral view) to
indicate the positions
of the globes.

oceur, however, the consequences for the eye are
potentially serious.

Most penetrating injures are anterior, through the
cornea or anterior sclera. Initially, the aqueous humour
escapes and the iris moves anteriorly, adhering to the
underside of a small wound or becoming incorporated
within a larger one. This is the eye’s natural mechanism
for healing a penetration, and it is often successiul in
doing so, but it may result in considerable disruption of
the local anatomy, including drainage angle closure as
a resuit of the anterior displacement of the plane of the
iris. If the entry site is not healed and there is prolonged
leakage of aqueous, the reduced intraocular pressure,
referred 1o as hypotonia, may also lead to angle closure.

Objects penetrating the anterior coat of the eye may
continue onwards to cause direct damage to the iris, or
to cause rupture or displacement of the lens, oreven to
damage posterior structures. Sometimes objects may
exit the eye again through the posterior wall,

Clinical signs

A corneal wound should be easy to detect, but a scleral
wound less so. Miosis (constriction of the pupil) is likely
in all cases, but this may be accompanied by blood or
exudate in the anterior chamber, lens and vitreous
opacities, retinal detachment, choroidal haemeorrhage
or any combination of these. Intraccutar examination
may, therefore, be very difficult and sericus intraoccular
changes may be undstected.
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When faced with a traumatized eye, the clinician
must never pronounce on the integrity of structures
that cannot be examined (Figure 4.28). As full an
examination as possible should be made. The pupil
should be dilated with mydriatics to assist examina-
tion of the lens and posterior structures. Good quality
ultrasonography may also provide useful information
in the same area.

Figure 4.28 (a) A
shotgun pellet has caused
a small penetrating wound
to the cornea with
surrounding cedema in
this dog. If the wound
were limited to the cornea
it would normally carry a
good prognosis if treated
appropriately. (b) The
same eye is shown cut
open. The entry wound is
in the centre of the
cornea, but the path of the
pellet can be traced to the
lower right area where it
exited the globe, having
caused lens rupture and
severe vitreous and
choroidal haemorrhage.

Treatment

Corneal wounds should be sutured, achieving a good
seal in order to restore the integrity of the eye (see
Chapter 8). Repair of corneal wounds involving the iris
should be carried out promptly as adhesions readily
develop (Figure 4.29).

Figure 4.29 This Border Collie had sustained a
laceration of the ventrolateral limbus of the right eye

7 days previously. There is iris prolapse; the normal iris
appearance is lost as it is now covered by a fibrinous
membrane. The cornea and sclera have contracted
around the laceration and all the tissues are adherent.
The prolapse cannot now be reduced without enlarging
the wound and freeing all the structures involved.

A third eyelid flap should not be used for treatment
of a penetrating wound or perforated ulcer. If the third
eyelid flap has a place, it is in facilitating healing of the
corneal surface, but it will not seal a full thickness
defectwhich requires direct surgery fora secure repair.

Topical antibiotics with good intraocular penetra-
tion such as gentamicin or chloramphenicol should
be applied frequently. Systemic broad-spectrum anti-
biotics with good effectiveness against Gram-positive
bacteria should be given at full doses. Even if the iris
itself is not traumatized, there is always likely to be a
reflex anterior uveitis with accompanying miosis. Topi-
cal steroids should be avoided, however, as they will
inhibit healing of the ocular surface. Topical atropine
should be used to relieve pain and dilate the pupil;
topical and systemic non-steroidal anti-inflammatory
preparations may also be used.

Lens rupture

Lens rupture can occur and is a potentially serious
complication; it presents problems in both diagnosis and
management. The penetration site is easily obscured by
constriction of the iris and the iris readily adheres to the
site, so that mydriatics may be ineffective.

Possible sequelae of lens rupture include progres-
sive and, ultimately, total cataract, severe lens-
induced uveitis and intralenticular infection. Small lens
capsule penetrations may heal spontaneously, leaving
a focal opacity, but this is exceptional.

Because of the serious consequences of lens rup-
ture, it is often recommended that the lens matter be
removed by phacoemulsification as soon as the diag-
nosis is made (see Chapter 12). Any attempt to repair
more posterior lesions is likely to require a specialist,
and is probably rarely undertaken.

Blunt trauma to the globe

The conseguences of blunt (closed, non-penetrating)
trauma to the globe are largely dependent on the force
applied at the time of the injury. Changes may be minor
and heal uneventfully but, at its worst, blunt trauma can
be devastatingto the eye, and can do considerably more
damage than sharp penetrating injury. When an eye is
struck forcefully, there is an instantaneous and poten-
tially considerable rise inintraocular pressure. There are
several possible consequences, including iris dialysis
(tear), angle recession (posterior displacement of the iris
with abnormal opening of the drainage angle), lens
rupture and displacement, retinal detachment, massive
intraocular haemorrhage and scleral rupture. In the
worst cases, there is totfal intraocular disruption. Since
the pressure is exerted evenly over the entire surface of
the globe, it ruptures at the weakest point rather than at
the point ofimpact. Dog and cat globes therefore rupture
posteriorly, but the intraocular changes are so severe
that this cannot be seen clinically.

Clinical signs

Severe blunt trauma is much more common in the cat
than in the dog, although the appearances tend to be
similar in the two species when it occurs. Most cases
result from road traffic accidents. Cats may also have
facial and mandibular trauma, such as symphyseal
separations, but in many cases the eye suffers mas-
sive damage without other injuries (Figure 4.30). The
eye usually shows total hyphaema and intraocular
examination is not possible. There may also be sub-
conjunctival haemorrhage and poor lid movement,
resulting in drying of the ocular surface.
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Figure 4.30 This cat had been hit by a car. (a) The eye
shows total hyphaema and some drying of the surface.
There were no other injuries. (b) The same eye is shown
opened. The eye is full of blood. Most of the lens was
found free in the orbit, having left the eye through a large
posterior scleral wound.

Treatment

Assessment of airway, breathing and circulation take
priority, followed by ranking of any other injuries present.
Emergency rescuscitation, if indicated, is followed by
rehydration and pain relief, provided that intracranial
injuries do not dictate otherwise.

Patients may be very distressed, unable to close
the mouth and unable or unwilling to eat or drink. The
surface of the eye should be treated with lubricants and/
or antibiotic ointment, and a guarded prognosis should
be given. As with penetrating trauma, no assurances
canbe given regarding tissues thatcannotbe examined.
If there has been a simple bleed into the anterior
chamber, this will resolve well without treatment. If
massive intraocular disruption and posterior rupture
have occurred, there is no alternative to enucleation,
and the eye can safely be maintained on lubricants until
this can be carried out. In time, the extraocular tissues
become adherent to the site of the rupture, and some
limitation to the movement of the globe may be noticed
at surgery. If not removed, these eyes readily become
phthisical but, although they are presumably pain free by
that stage, enucleation is still advisable in the catin view
of the risk of sarcoma in the future.

Intraocular infection

Infection may enter the eye through a penetrating injury
(including surgery), via a perforated ulcer or
endogenously, as a metastatic process. Systemic in-
fections with ocular involvement are important in some
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regions of the world and may be due to a variety of
organisms. Infections restricted to the eye, however,
nearly always enter through penetrating wounds, with
or without a retained foreign body. In a perforated ulcer,
the defect is usually sealed rapidly. This limits the
potential for organisms to enter the eye via the ulcer
site and, as a consequence, infection is unusual. It is
much more common, however, for organisms to be
introduced by thorn injuries, cat claw penetrations, bite
injuries, intraocular and glaucoma filtering surgery and
migrating foreign bodies.

Prognosis

Established intraocular infection carries a very poor
prognosis. There are often large amounts of pus within
the eye and there is widespread inflammation. Irre-
versible changes such as adhesions and angle closure
readily occur. Intraocular bacterial infection is also
usually very painful.

The index of suspicion for intraocular infection
among clinicians is probably low, and this may delay
diagnosis. The clinical signs are of chronic uveitis with
or without lens rupture or cataract, vitreous opacities,
secondary glaucoma and pain. There are probably no
pathognomonic signs, and vitreocentesis and culture
are required to confirm the diagnosis. Most cases will
have a history of trauma (including surgery), buttrauma
often occurs unobserved in animals and there may
simply be a history of a sudden onset of pain.

Bacteria flourish within the vitreous, regardless of
the site of entry (which is usually more anterior), and
within the lens, if the lens capsule is ruptured and the
lens was inoculated with bacteria at the time of the
injury (Figure 4.31). In time, both sites may be difficult
to evaluate clinically due to opacity. The vitreous may
be obscured by aqueous flare, constriction of the pupil
and cataract.

In human cases vitreocentesis is regarded as the
most effective way of confirming the diagnosis - and
obtaining material for culture. Anterior chamber infec-
tion can occur but is less common, and so aqueous

Figure 4.31 This dog’s eye had been bitten by another
dog one week previously. The lens is ruptured and
surrounded by pus and there is further flocculent material
in the vitreous. Bacteria were present within the lens
matter and the vitreous, but not the agueous.
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centesis alone may give false-negative results. The
technigues are described in Chapter 1a. Intralenticular
infection is not uncommon but is more difficult to
confirm. Gram-positive rods and cocci are the most
common organisms found inintraocularinfection of the
dog and cat.

Prevention

With penetrating injury, every effort should be made to
rule in or out a lens penetration by the use of mydriatics
and careful examination. Immediate lensectomy may
preventintralenticular infection becoming established;
if this is. indicated, referral should be considered. All
patients that have sustained penetrating injury, perfo-
rated corneal ulcers and intraocular surgery should be
treated with maximum doses of broad-spectrum anti-
biotics as soon as possible.

Enucleation

Enucleation is the removal of the globe and is indicated
in the following conditions:

* Intractable glaucoma of any cause
¢ Buphthalmos with pain, poor cosmesis or
exposure problems

Inoperable intraocular tumours
Some cases of prolapse of the globe
¢ Unresponsive intraocular infection.

o e

Many of these fall into the category of the ‘blind
painful eye’. Owners may show a natural resistance to
enucleation, and clinicians should take time to explain
the usually extensive and irreversible loss of function in
the eye and the difficulties of controlling the pain.
Chronic glaucoma causes functional transection of the
optic nerve at the level of the posterior globe and
owners can be reassured that there is no prospect of
restoration of sight whatever action is taken. Moreover,
human patients with a ‘blind painful eye’ often request
enucleation.

Trans-palpebral enucleation

In this method, the initial incision is made through the
lids and the conjunctival sacis not entered at any stage
(Figure 4.32). The advantages are that infection and
possible tumour cells in the conjunctival tissues are
removed with the globe and there is no possibility of
conjunctival tissue remaining in the orbit. The disad-
vantages are the possibility of prolonged haemorrhage
from the initial lid incision and difficulty in identifying the
reflection of the conjunctiva at the fornices, with the risk

Figure 4.32 Trans-palpebral enucleation in the dog (left eye illustrated): (a) The eyelids are held closed using Allis tissue
forceps. An encircling skin incision is made close to the Allis tissue forceps. (b) The underlying tissues are dissected as far
as the orbital margin: care should be taken not to penetrate the conjunctival sac. Heavy scissors are used to section the
lateral canthal ligament, followed by the shorter medial canthal ligament. (¢) The lids are now mobile and can be elevated
further. The sheet of tissue attaching the lids to the orbital margin is sectioned around its full circumference. This frees the
lids, and only the globe attachments remain. As far as possible, each extraocular muscle is identified in turn and
sectioned. In some cases, the attachments are very thin and traction on the lids tends to flatten them against the globe,
making them difficult to identify. (d) When all the other visible attachments to the globe have been sectioned, the optic
nerve is identified and clamped with curved artery forceps. It is not always possible to visualize the optic nerve, but it may
be felt with the tips of the forceps before clamping. Curved scissors are then introduzed between the globe and the
forceps and the remaining attachments cut. (e) A continuous absorbable suture is placed subcutaneously to provide a
tight seal of the orbital cavity, followed by simple interrupted skin sutures.
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ofinadvertent penetration of the conjunctival sac. Trans-
palpebral enucleation tends to be easier in the cat,
where the muscles are less fleshy, resulting in less
haemorrhage. It is probably the most commonly used
method in both dogs and cats.

In most hands, the procedure is conducted in an
empirical manner rather than the controlled technique
illustrated in textbooks. Practice on cadavers will help, but
the procedure on a cadaver is deceptively easy
due to lack of haemorrhage. The following suggestions
may help the general surgeon:

e An assistant can help the surgeon considerably
by manoeuvring the globe as requested, by the
use of Allis tissue forceps clamped behind the
lid margins. It is absolutely essential that the
eye is only positioned and that no traction is
applied. In the cat, it is certainly possible to
damage the contralateral optic nerve by
excessive traction in enucleation

» After the initial incision and dissection of the skin
away from the conjunctiva, the exposure of the
globe is greatly increased by sectioning the
lateral and medial canthal ligaments. This should
be performed early in the procedure. These
ligaments are more easily palpated than seen.
The medial ligament is shorter than the lateral
one. Both are tough, and delicate instruments
should not be used for this. It is important that
they are sectioned completely and that there are
no strands remaining intact and, again, this is
more easily appreciated by touch than by sight

* Once the conjunctival fornix has been passed, the
attachments of the globe should be sectioned in a
circumferential fashion. It may be difficult to
identify each extraocular muscle in turn, but this is
not necessary. It is best to insert a fine instrument
(or one blade of fine scissors) carefully between
the muscle and sclera to separate the two before
cutting as closely to the globe as possible. Muscle
hooks can be used if available

e There may be diffuse haemorrhage from the lid
incision which, in some cases, continues
throughout the procedure and is difficult to
control. Individual bleeding vessels should be
clamped as they are seen during the operation.
There may also be haemorrhage from orbital
vessels that are obscured by the globe while it is
still in situ. In general, bleeding is much more
likely in the dog than the cat

* [tis often not possible to visualize the optic nerve
before clamping. The main reason is the
presence of the retractor bulbi muscle, the
attachments of which are posterior to those of the
recti and more difficult to access. The nerve can
always be felt with the tip of curved artery forceps
and, with care, blind clamping is acceptable

e There is always dead space. The deeper tissues
should be closed if possible, but this often
achieves little. Sutures hold very poorly in orbital
fat and should only engage muscles or
connective tissue

« Haemorrhage should be controlled before
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closure. At least one layer of tight subcutaneous
closure should be provided in the orbital fascia.
This provides a barrier to haemorrhage escaping
from the orbit and extraneous material entering,
and also provides a surface for the lids to rest on,
thereby preventing sinking of the surface
postoperatively. Packing the orbit with foreign
material is not recommended.

Enucleationis painful inthe shortterm and a course
of postoperative analgesia should always be given.
Some clinicians favour the use of retrobulbar or local
nerve blocks to reduce postoperative pain (see Chap-
ter 2). Patients usually resume a normal demeanour
soon after surgery, probably because the ocular pain
has gone. In addition, a course of systemic broad-
spectrum antibiotics should always be provided.

Trans-conjunctival enucleation

The lids remain open throughout and the initial incision
is made through the conjunctiva close to the limbus. The
advantages are that it is easier to remain close to the
sclera and to identify and deal with the extraocular
muscles. Thereisless haemorrhage andless extraocular
tissue is removed with the globe. The disadvantages are
that the conjunctival space is entered and pathogens
may enter the orbit. It can be difficult to manoeuvre the
globe by the conjunctiva remaining attached at the
limbus. Trans-conjunctival enucleation is contraindi-
cated where there is known infection or where there may
be tumour cells outside the eye.

After the globe has been removed, the method is
completed by removing the entire conjunctival sac and
nictitating membrane, followed by the lid margins. Clo-
sure isthen as described for the trans-palpebral method.
Leaving conjunctiva in situ, deliberately orinadvertently,
may lead to cyst and mucocoele formation and, ulti-
mately, the formation of a draining sinus (Figure 4.33).

Figure 4.33 Following enucleation this cat suffered
recurrent cycles of orbital swelling, followed by discharge
of mucoid material through a sinus, leading to temporary
resolution. At exploratory surgery, the socket contained
mucoid fluid and was partly lined with cenjunctiva.

Evisceration and implant

This technique is gaining in popularity. Evisceration
refers to the technique of removing the entire ocular
contents via a perilimbalincision, leaving a corneoscleral
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shell. A spherical prosthesis is inserted into the shell
and the incision is sutured. A mobile globe and nomnal
adnexaare therefore preserved, butthe appearance of
the cornea and iris is compromised.

Submission of a globe for
pathological examination

The value of pathological examination
There are some clinical situations where gross exami-
nation and histology of an enucleated eye may provide
useful infermation, either of historical significance or of
relevance to the future management of the patient.
Indeed, in medical ophthalmology, it is usually recom-
mended that all enucleated globes be submitted for
examination.

However, the submission of an eye for pathology is
never a substitute for thorough clinical examination of
the affected andihe contralateral eyes. Forexample, in
the case of eyes enucleated because of primary glau-
coma, the appearance of the drainage angle in the
coniralateral eye (the ‘good eye’) may be even more
informative than examining the blind eye, except as a
ruie-out for other diseases.

Fine needle aspiration of cells from within an eye
may be usefulinsome circumstances, e.g. inconfirming
lymphoma, without an invasive biopsy or enucleation,
but the procedure is not often carried out. Best results
will be obtained where the clinician and the pathologist
are using the technique regularly and that will not often
be the case. Agueous fluid may be aspirated via a limbal
approach, or cells may be aspirated from the surface of
the iris (see Chapter 1a). Care should be taken not to
over-investigate blind painful eyes if the management,
i.e. enucleation, is likely to be unaltered by the results.

if the globe is removed for any of the following
reasons, surgery should be followed by pathological
examination,

The opaque eye

Several disease processes can result in significant
opacity due to keratitis or degeneration of the corneal
endothelium, which causes corneal oedema. In more
extreme cases, the anterior chamber may be full of
blood, pus or fumour. The opacity can obscure the
signs of the primary disease process.

The blood-filled eye

Intraccular haemorrhage may be minor and resolve
rapidly or may be persistent and result in an eye full of
blood, usually with secondary glaucoma. Clinical ex-
amination of such eyes is very unrewarding (although
ultrasonography may be helpful) and the clinician is in
the unfortunate position of having to give a poor prog-
nosis without a diagnosis. Possible causes may in-
clude bleeding from tumours, collie eye anomaly, retinal
detachment, systemic hypertension and trauma, some
of which may have a bearing on the future manage-
ment of the patient.

Non-pigmented tumours

Lymphoma, amelanctic melanoma, ciliary body epithe-
lial tumours and metastatic tumours can all appear as
pale masses or thickening within an eye, as may inflam-

matory thickening of the iris. A tentative clinical diagno-
sis may be made based on known patterns of behaviour
for tumours, but there is no substitute for histopathologi-
cal confirmation.

Intraocular melanoma

Most intraocular melanomas are pigmented on clinical
appearance, but the prognostic factors are mainly
histological, and the histological nature of the tumouris
not easily inferred from the naked eye appearance.
Most eyes with primary tumours, notably canine
melanoma, either have glaucoma by the time of diag-
nosis or are not suitable for any surgery other than
enucleation. The diagnosis is therefore best made
retrospectively in the enucleated eye.

Glaucoma of unknown cause

Many disease processes lead to glaucoma and a blind
painful eye if they are nottreated correctly. In late stage
glaucoma, the primary cause may not be apparent and
the list of possibilities is wide. The findings may be
relevant to the management of the patient or of the
contralateral eye.

Possible systemic disease

Intraocular haemorrhage, retinal detachment, iris thick-
ening and uveitis may all be indicators of systemic
disease. Even where one eye is showing obvious
signs, the contralateral eye should be carefully exam-
ined, since a systemic disease may not have affected
both eyes symmetrically. Systemic diseases that may
manifest first or most cbviously in the eye include
lymphoma, some infections and hypertension, Thereis
no substitute for full clinical investigation in these
cases, especially if it will save the patient from the loss
of an eye. If it is decided, however, that enucleation is
necessary, then the eye should be examined after
surgery, as the ocular pathology may elucidate the
underlying systemic problem.

Submission of the specimen

The globe should be trimmed of all tissue except the
optic nerve. Several fixatives are suitable for eyes, but
the best are those that penetrate rapidly through the
wall. In the non-specialist situation, formalin is likely to
be the only one available. All fixatives are dangerous
and should be labelled, stored and handled according
to health and safety regulations. Unless instructed
otherwise by the laboratory, the aye should not be
injected, punctured or cut, but should be trimmed and
then immersed whole into the fixative.

The clinician should include details of:

* Breed, age and sex

* History, including medical and surgical treatment
* The location of any focal lesions

» Findings in the contralateral eye.

Afixed eyeis always more opagque than a living eye,
and a focal lesion may not be visible in the laboratory.
This could result in the pathologist opening the eye in
an inappropriate plane. Simitarly, retinal and fundic
lesions are much harder to interpret in a fixed eye and
without the magnification provided by ophthalmoscopy,
50 details must be provided if sections are to be cut
through the area of interest.
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Laboratory method
[n the examination of an enucleated eye, itis important
to follow a set protocol; this will ensure that as much
information as possible is extracted from the speci-
men. In the enclosed environment of an eye, the
tissues undergo considerable interaction in many dis-
eases. The pathologist will aim to establish what is
primary, what is secondary and what is incidental.
Probably the single most useful step in maximizing
the information gained from an eye is in choosing the
optimum plane of section. This applies to the gross
examination, too, as an essential precursor to obtain-
ing histological sections in the right plane. It is not
desirable to cut the eye into multiple blocks, but to
retain the relationships between the tissues in a single
section passing through the pupil, the optic nerve and
the area of interest.
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5

The eyelids and

nictitating membrane

Simon Petersen-Jones

Embryology, anatomy and
physiology

Outer eyelids

The outer eyelids (Figure 5.1) develop as folds from the
surface ectoderm, which meet and fuse along the
presumptive evelid opening. Ectoderm givesrise tothe
epidermis, the lining conjunctiva and the cilia and
glands of the eyelid, which develop as an ingrowth of
the ectoderm. Neural crest mesenchyme gives rise to
the deeper structures of the eyelid, including the der-
mis and tarsal plate. Striated muscles of the eyelid
develop from condensations of mesoderm. The third
eyelid, or nictitating membrane, develops as an ecto-
dermal budding with a mesenchymal core. The outer
eyelids remain fused at the region of contact between
the upper and lower eyelid folds until 10to 14 days after
birth in both cats and dogs.

Orl:gicu[aris
oculi muscle Vestigial
tarsal plate
Outer skin Palpebral
conjunctiva
Meibomian
gland
5 Qcular
Cilium surface

Figure 5.1 Cross-section through an eyelid.

The mature outer eyelids (upper and lower) are
tissue flaps which consist of an outer layer of hairy skin;
a tarsal plate for support, which is poorly developed in
the dog and somewhat better developed in the cat;
both striated and smooth muscle; lipid-secreting
(meibomian) glands within the tarsal plate and an inner
conjunctival lining. There is an excellent blood supply
o the eyelids.

The eyelid skin is thin and contains many mast
cells. This accounts for the ease with which it becomes
inflamed and cedematous. The upper eyelid bears two
or more rows of cilia in the dog while, in the cat, the first
row of skin hairs are often well developed and act as
cilia. Associated with the cilia are two types of gland
{glands of Zeis and of Moll}; infection of these glands
may lead to the formation of a stye. Neither cat nor dog
has cilia on the lower lids.

In animals with normai lid~globe conformation, the
eyelids rest against the ccular surface and slide
across it during the process of blinking. However, in
many breeds of dog, and a few breeds of cat, eyelid
conformation is far from optimal. This is a common
contributory factor in the development of ocular
surface disease. The length of the palpebral fissure
varies between breeds and it is reporied that in
breeds that commonly have lid conformational
abnormalities, such as entropion and ectropion, the
palpebral fissures tend to be longer than average
(Stades ef al., 1992).

in addition to having an overlong palpebral fissure,
there are often loose lateral and, in some cases,
medial palpebral ligaments. In some breeds the lid
defects are exacerbated by a less than optimal globe
position (a relative exophthalmos in some breeds
and enophthalmos in others), Conformational lid
abnormalities will be discussed further later in this
chapter.

Evyelid margin

The eyelid margin is normally free of hairs and is often
pigmented. lt is a very imporiant region: the zone of
transition between skin and palpebral conjunctiva.
Lesions of the eyelid margin can result in serious
ocular surface pathology, since this region slides
across the cornea during blinking and helps spread
the tear film. Meibomian gland orifices can be seen
with the naked eye, opening along the eyelid margin
in a slight longitudinal groove. Meibomian lipid secre-
tion is an important component of the pre-ocular tear
film {see Chapter 6). In many animals, it is possible to
see the outline of the meibomian glands through the
palpebral conjunctiva when the eyelid is everted.

Palpebral conjunctiva

The palpebral conjunctiva lines the inner aspect of the
evelids and is firmly attached where it overlies the
meibomian glands.
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Nasolacrimal system

The punctal openings into the canaliculi of the nasolac-
rimal drainage system can be seen at the medial
canthal region of upper and lower eyelids, just within
the eyelid margin.

Palpebral ligaments

The eyelid opening is known as the palpebral fissure.
Musculo-fibrous bands, the medial and lateral paipe-
bral ligaments, serve to anchor the medial and lateral
canthal regions and maintain the siit shape of the
palpebral fissure during blinking. The medial palpebral
iigament is a short fibrous ligament that attaches the
medial canthus firmly to the periosteum of the frontal
bone. The lateral palpebral ligament is a thickened
fibrous band than runs from a position adjacent to the
palpebral conjunctiva at the lateral canthus fo the
craniomedial face of the orbital ligament (Robertson
and Roberts, 1995a).

Eyelid musculature and movement

Closure of the fissure (blinking} is achieved by the
action of the orbicularis cculi muscle, with most move-
ment involving the upper eyelid. The orbicularis oculi
muscle in the upper lid has a high percentage of fast
twitch fibres to allow for rapid lid closure (Miller and
Braund, 1891). The blink reflex is an important protec-
tive reflex. Normal complete biinking is essential for the
distribution of the pre-ocular tear film and the mainte-
nance of a healthy ocular surface. Protrusion of the
third eyelid across the cornea during blinking also aids
in the pratection of the ocular surface and the distribu-
tion of tears. Portions of the orbicularis cculi muscle
surround the lacrimal canaliculi and, during blinking,
squeeze the canaliculi and help propel tears through
the nasolacrimal drainage system. Other muscles,
both striated and smooth, are also involved in maintain-
ing eyelid shape and position. The striated muscles
include the retractor anguli oculi medialis and lateralis,

The eyelids and nictitating membrane 79

which act to [ift and widen the medial and lateral
portions of the palpebral fissure respectively, and the
main elevator of the upper eyelid, the levator palpebrae
superioris. Smooth muscle {Mller's muscle) within the
eyelid acts 1o widen the palpebral fissure.

The striated eyelid musculature isinnervated by the
facial (VIl) nerve, with the exception of the levator
palpebrae superioris. This is the major elevator of the
upper eyelid, and is innervated by the oculomotor {lil)
nerve. The smooth muscle is innervated by postgangli-
onic sympathetic nerves.

Sensation

Sensation to the eyelids is provided by the trigeminal
(V) nerve. The ophthalmic branch supplies the medial
and middle portions of the upper eyelid and, along
with the maxillary branch, the lateral portion of the
upper lid and the medial portion of the lower lid. The
rest of the lower eyelid is supplied by the maxillary
branch alone.

Third eyelid (nictitating membrane)
The third eyelid (Figure 5.2) occupies the ventromedial
portion of the conjunctival sac at the medial canthus. It
consists of a T-shaped cartilage skeleton coverad by
conjunctiva. Flaps of conjunctiva continuous with the
leading edge of the third eyelid extend into the upper
and lower fornices, thereby partly encircling the glabe.
Pigment is often present in these flaps of conjunctiva,
ag a continuation of the pigmentation of the free border
of the third eyelid. A lack of pigmentation of the border
of the third eyelid can make it more noticeable, and
owners may mistakenly think that such an appearance
is due to inflammation or partial prolapse of the third
eyelid, particularly if the border of the fellow third eyelid
is pigmented.

The nictitans gland, or gland of the third eyelid, is
situated at the base of the third eyelid. This gland
surrounds the base of the upright portion of the

Nictitans
gland

Palpebral surface

Lymphoid
nodules

Nictitans gland

T-shaped
cartilage skeleton

Figure 5.2
The third eyelid.

Cartilage
skeleton

Bulbar
surface
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T-shaped skeleton. It produces a significant propor-
tion of the tears, and its removal can predispose to
dry eye problems. The tears from the gland gain
access to the conjunctival sac via several small open-
ings on the inner aspect of the third eyelid between an
accumulation of lymphoid follicles; these give the
bulbar aspect of the third eyelid a roughened and
almost hyperaemic appearance.

The third eyelid sweeps passively across the cor-
neal surface when the globe is retracted. This occurs
every time the animal blinks. Cats have some striated
muscle attachments on the third eyelid which enable
active protrusion. There are also smooth muscle at-
tachments with sympathetic innervation which help to
keep the third eyelid retracted.

The third eyelid plays an important role in ocular
surface protection and tear production. Additionally, it
affords some support to the lower eyelid. For these
reasons, it is imperative that it is preserved in a func-
tional condition whenever possible.

Congenital conditions of the eyelids
of dogs

Coloboma

Colobomas (where part of the eyelid is congenitally
absent) are uncommon in the dog. When they do
occur, reconstruction to establish complete eyelid clo-
sure during blinking is necessary. The technique se-
lected will depend on the extent of the defect; some
suitable surgical techniques are described under con-
ditions of the eyelids of the cat.

Epibulbar dermoid

Epibulbar dermoids are congenital lesions in which a
piece of histologically normal skin is abnormally lo-
cated, most commonly on the cornea and/or the con-
junctiva (more details are included in Chapters 7 and
8). Insome individual animals, the adjacent eyelid may
also be involved (Figure 5.3). The skin of the affected
portion of eyelid is raised and bears longer hairs than
the adjacent normal skin. Surgical excision of the
affected portion of eyelid with direct closure of the
resulting wound is usually feasible.

Figure 5.3 German Shepherd Dog with bilateral
dermoids affecting both eyelid and conjunctiva. (Courtesy
of JRB Mould.)

Ophthalmia neonatorum

The development of an infection within the conjunctival
sac before the eyelids open is known as ophthalmia
neonatorum, or neonatal conjunctivitis. Often more
than one member of a litter is affected.

Thefirst signis swelling of the still fused eyelids and
sometimes the escape of a small amount of purulent
discharge at the medial canthus. Ulceration of the
ocular surface thatis severe enough to resultin corneal
perforation can develop if the condition is not recog-
nized and treated promptly. Treatment requires open-
ing the lids along their line of fusion using fine,
blunt-ended scissors inserted medially. Purulent
material is collected for culture and direct smears are
taken for Gram staining for rapid assessment of bac-
terial involvement The conjunctival sac is then thor-
oughly irrigated with sterile saline. Broad-spectrum
ophthalmic antibiotic cintment is applied, and the cor-
neal surface is kept moist until the infection has re-
solved and normaltear production has been established.

Ankyloblepharon

The eyelids are normally fused (physiological
ankyloblepharon) at birth. Sometimes this continues
beyond the normal 10-14 days, in which case the
eyelids may be surgically opened by cutting along the
presumptive opening with fine blunt-ended scissors.

Macropalpebral fissure

A longerthan average palpebral fissure may be asso-
ciated with eyelid conformational abnormality. When
pronounced, it is termed macropalpebral fissure.
Breeds such as Bloodhounds, St Bernards and
Clumber Spaniels have an overlong palpebral fissure
associated with a ‘diamond eye’ conformation. ‘Dia-
mond eye’ deformities are always associated with
ectropion and sometimes with entropion too, and are
discussed later in this chapter. Brachycephalic breeds
typically have a macropalpebral fissure which, cou-
pled with a prominent globe, results in exposure of
more sclera thanis seenin other breeds. Additionally,
they may show incomplete eyelid closure during blink-
ing (lagophthalmos) and often incomplete eyelid clo-
sure while sleeping. This can lead to corneal dry spot
formation and development of an exposure
keratopathy (see Chapter 8). Application of tear sub-
stitutes may help to halt corneal changes, but if
corneal lesions do progress, surgical shortening of
the eyelids is required.

Shortening of the palpebral fissure to prevent
superficial keratitis in brachycephalic dogs
Shortening the eyelids may be performed at the medial
or |lateral canthus.

Shortening at the medial canthus: Shortening of
the palpebralfissure atthe medial canthus is achieved
by a medial canthoplasty. This is especially useful in
breeds where medial lower lid entropion and medial
canthal trichiasis are a problem, resulting in an over-
flow of tears and development of a medial keratitis.
The medial canthoplasty procedure is illustrated in
Figure 5.27.
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Shortening at the lateral canthus: There are a
number of methods described for shortening the palpe-
bral fissure at the lateral canthus, and two will be
described here. The first technique has the advan-
tage of simplicity, while the second resultsina stronger
repair that is less likely to break down under the
tension of the eyelids.

*  Method 1: Simple shortening of the palpebral
fissure
A strip of eyelid margin from both upper and
lower eyelids is excised, starting at the lateral
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canthus, and continuing medially for a length
equal to that by which the eyelids need to be
shortened. The cut edges are then directly
sutured using a two-layer repair {Figure 5.4).
Methed 2: Modified Fuchg' lateral canthoplasty
Method 1 results in a repair that is usually under
some tension due to the prominence of the globe
in affected brachycephalic dogs; there is
therefore a risk of wound breakdown. The
alternative method, illustrated in Figure 5.5,
results in & stronger repair, but is more time
consuming to perform.

Figure 5.4 Shortening of the eyelids at the lateral canthus by trimming the edges of the eyelids and directly suturing
them. (a) A macropalpebral fissure. (b} Skin is excised from corresponding areas of both upper and lower eyelid marging
at the lateral canthus. {c) The freshened-up areas of upper and lower lids are suiured directly together; a two-layer repair is

recommended for additional strength.

Figure 5.5 Shortening of the eyelids at the fateral canthus by an alternative methad. (a) A full thickness incision is made
through the upper eyelid at 90 degrees to the eyelid margin at a distance from the lateral canthus equal to the length by
which the eyelid needs to be shortened. (b) The eyelid margin is excised from the incision in (a) to the lateral canthus and for
an equal distance along the lower eyelid. (c) A triangle of skin is excised from the lower eyelid leaving the tarscconjuncliva

in sitw. This triangle is equal in size to the upper triangle delineated by a line between the lateral canthus and the end of the
initial incision made in the upper eyelid. (d) The conjunctiva of the upper triangle is excised. (&) Sutures are placed to create a
new lateral canthus: the cut edge of the upper palpebral conjunctiva is sutured to the edge of the tarsoconjunctiva of the
lateral lower lid. () The triangle of upper eyelid skin from which the conjunctiva has been excised is pulled down into the
triangular skin defect in the lower eyelid. (g) The skin edges are sutured. This results in a very strong repair.
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Micropalpebral fissure

An abnormally small palpebral fissure is common in
certain breeds of dog, such as the Rough Collie.
Surgical lengthening of the palpebral fissure is not
usually indicated.

Abnormalities of eyelid position

Entropion
Entropion, which is an inversion or inturning of
the eyelids, is a common condition in dogs and
frequently results from, or is associated with, poor
eyelid conformation.

The following forms of entropion are recognized:

¢ Breed-related primary entropion (usually juvenile)

e Spastic entropion

¢ Cicatricial entropion

* Entropion associated with ectropion in dogs with
a diamond eye conformation

e Senile entropion

* Medial canthal entropion.

The first five forms of entropion listed above cause
discomfort, manifested as increased lacrimation and
blepharospasm. Retraction of the globe and blepha-
rospasm can lead to further inturning of the lid and a
worsening of the discomfort. This is termed the spastic
component of the entropion. In some cases, keratitis or
corneal ulceration may develop. As discussed below,
dogs with medial canthal entropion usually present
with epiphora or medial keratitis rather than ocular
discomfort and blepharospasm.

Breed-related primary entropion

The age of onset differs between breeds. Some, such
as the Shar Pei, may develop entropion shortly
after the lids open. This often involves both upper
and lower lids. As the affected puppies grow, how-
ever, the tendency for the lids to turn in decreases
(sometimes completely), and a temporary eversion
of the eyelids using ‘tacking sutures’ (Figure 5.6) may
be the only treatment that is required in this breed
(Johnson et al., 1988).

Otherbreeds, such as Retrievers and Chow Chows,
typically develop entropion at a few months of age
(Figure 5.7). These animals will usually require a
permanent surgical correction rather than a ‘tacking’
procedure. The commonest portion of the eyelid to be
involved is the lateral third to half of the lower lid.

Entropionin the broad-headed breeds (Rottweilers,
Mastiffs etc.) may extend around the lateral canthus
and involve the lateral portion of the upper lid.

It has been suggested that a tight lateral canthal
ligament may contribute to this form of entropion and
that sectioning this ligament can play a role in the
management of the entropion (Robertson and Roberts
1995 a and b).

Chow Chows, like Shar Peis, commonly suffer from
upper as well as lower eyelid entropion.

Most of these forms of entropion can be readily
managed using the modified Hotz—Celsus procedure.

Figure 5.6 Temporary eversion of the eyelid to treat
lower eyelid entropion. (a) The lower lid is exhibiting
entropion. (b, ¢) Two or three temporary everting sutures
of an interrupted Lembert pattern (Halsted’s) are placed
and tightened sufficiently to correct the eyelid deformity.

Figure 5.7
Lower eyelid
entropion in
a dog.

Some breeders are of the opinion that correction should
be delayed until the dog is several months of age, as
the conformation of the head will alter as the animal
matures. Itis a mistake to leave the entropion unrelieved,
as the dog will be in discomfort or pain, and permanent
corneal changes may well develop. Permanent surgi-
cal correction is likely to be necessary except in pup-
pies under a few months of age. At the very least, a
temporary eversion ‘tacking’ procedure (Figure 5.6)
should be performed to break the cycle of irritation,
blepharospasm and further inturning of the eyelid.
Occasionally, in some breeds, such as the Chow
Chow, breed-related entropion may develop in middle-
aged animals, typically males. This appears to be
associated with increased subcutaneous fat deposits.
Most commonly, these lead to upper eyelid entropion.
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Spastic entropion

Spastic entropion is a secondary entropion that devel-
ops as a result of blepharospasm associated with a
painful ocular lesion. In some secondary cases of
spastic entropion, successful treatment of the painful
ocular lesion that causes the blepharospasm may be
all that is required. However, once entropion devel-
ops, the irritation it causes leads to a worsening of
the blepharospasm, thus exacerbating the entropion.
A procedure to evert the eyelid, at least temporarily,
and break the cycle of entropion and blepharospasm
is often required in such cases. For dogs to develop
secondary entropion, they must have a lid conforma-
tion that allows the lid to turn in if blepharospasm is
present. In view of this, permanent slight eversion of
the inturning lid may be required. A similar secondary
entropion is occasionally seen in dogs with very
severe keratoconjunctivitis sicca, where the eyelids
turn in as a result of friction between them and the
cornea during blinking.

Cicatricial entropion
This results from lid distortion and contracture follow-
ing injury or severe conjunctival disease.

Entropion associated with ectropion in dogs with
a diamond eye conformation

Entropion may be present in some more complicated
lid conformational abnormalities. For example, some
breeds with long palpebral fissures and redundant
facial skin, such as the St Bernard and the Clumber
Spaniel, can have a diamond-shaped eyelid opening,
with both entropion and ectropion. The correction of
this defect is a little more complicated than that
required for simple entropion, and is described later
in the chapter.

Senile entropion

Elderly English Cocker Spaniels tend to lose elasticity
in their facial skin and, when this is coupled with excess
facial skin, this can resultin a ‘slipped facial mask’. This
leads to entropion/trichiasis of the upper eyelid and
ectropion of the lower lid. Although the upper lid defect
can be corrected by a conventional modified Hotz—
Celsus procedure, it may recur; other procedures,
such as the Stades’ correction, give better long-term
results (see below).

Medial canthal entropion

Medial canthal entropion of the lower lid (Figure 5.8) is
rather different from entropion involving other portions
of the eyelid. It results in less irritation, as the firm
attachments of the medial canthal region tend to limit
the degree of inturning. It is usually associated with
epiphora, possibly due to the lower punctum beingin a
suboptimal position. It may be accompanied by the
presence of excessive hairs on the caruncle in the
medial canthus. This may lead to the development of a
chronic medial keratitis. Some breeds, such as the
Miniature Poodle and the Maltese Terrier, tend to have
a simple medial lower lid entropion. However, in other
breeds, such as the Bichon Frisé and the Shih Tzu, a
hairy caruncle is also present.
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Figure 5.8 Medial canthal lower eyelid entropion.

The medial lower eyelid entropion may need
correcting when causing keratitis or epiphora. This
can be achieved by a modified Hotz—Celsus procedure
or, where there is also a hairy caruncle, a medial
canthoplasty can be utilized to deal with both problems
(see Figure 5.27).

Management of entropion

The management required depends on the type of
entropion present.The following list shows the
management commonly used for the various forms
of entropion:

» Breed-related primary entropion (usually juvenile)
— Temporary tacking
— Permanent eversion (e.g. modified Hotz—
Celsus procedure)
» Spastic entropion
— Treat the underlying cause
— Temporary tacking
— Some cases require permanent lid eversion
e Cicatricial entropion
— Blepharoplastic procedure to correct lid
deformity
e Associated with ectropion in dogs with a diamond
eye conformation
— Procedure to shorten eyelids and tighten
lateral canthus
e Senile entropion
— Stades’ procedure
* Medial canthal entropion
— Modified Hotz—Celsus eversion
— Medial canthoplasty.

Initial assessment: The initial assessment of the
required degree of correction must be performed
carefully prior to sedation and application of topical
anaesthetic. The animal should not be physically
restrained (or only minimally restrained), because
an assistant pulling on the animal’s skin in an effort
to restrain it will result in alteration of the eyelid to
globe relationship. Good lighting and close examina-
tion are required, but not to such a degree that any
blepharospasm is worsened. The first thing to
ascertain is that the clinical signs are the result of
entropion. Once that has been confirmed, the length
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of lid involved and the degree of inversion should
be agsessed. To relieve the spastic component of
the entropion and to allow the assessment of the
anatomical component that must be corrected, a
topical anaesthetic is applied and the eyelid confor-
mation reassessed.

Surgical correction of entropion: Liguid paraffin
should never be injected into the eyelids as a treatment
for entropion because serious granulomas may result.
Several procedures of varying complexity are described
in the literature for treating entropion. Perhaps the
simplest and most effective eversion is the modified
Hotz—Celsus procedure.

Modified Hotz—Celsus procedure: This involves
the removal of a strip of skin and some of the under-
lying musculature parallel to and approximately
2 mm from the eyelid margin (Figures 5.9 and 5.10).
The fength and width of the required correction is
estimated, prior to sedation. A Jaeger lid plate (see
Chapter 2b}, which is shaped rather like a shoe horn,
can be used to stabilize the lid and a number 15 blade
can be used to make skin incisions demarcating
the extent of the required excision. The strip of skin
can then be excised using scissors, such as tenotomy
scissors. Some experienced surgeons will simply
use sharp straight scissors to directly resect the
strip of skin. Those unused ta performing the entire

excision with scissors may find it helpful to ‘tent up’
the strip of skin to be resected by gently pinching it
with forceps. This makes it easier to ensure that only
the desired width of tissue is removed. It should be
remembered that it is better io under-correct an entro-
pion and have o repeat the procedure, rather than te
over-correct entropion and have to perform the more
complicated surgery required to restore normal Hd
conformation in dogs with iatrogenic ectropion.

Upper eyelid entropionftrichiasis
Upper eyelid entropion/trichiasis, often coupled with
lower eyelid ectropion, is a common problem in
middle-aged to older English Cocker Spaniels.
Affected dogs have excessive facial skin that tends
to stretch and droop more with age. The resulting
deformity varies in severily from a simple upper
eyelid entropion/trichiasis (Figure 5.11) to a ‘slipped
facial mask’, where the palpebral fissures are ventral
to their normal position; the upper lid may partially
obscure vision and the lower lid has a marked ectro-
pion. In dogs with milder deformity, the upper lashes
tend to contact the lower conjunctival sac as the
eyelids are closed, resulting in conjunctivitis. As this
becomes chronic, there is a reduction in tear produc-
tion. As the condition worsens, the lashes contact
the cornea, resulting in keratitis and often ulceration.
The correction employed depends on the severity
of the condition at presentation:

{a)

Figure 5.9 Hotz-Celsus correction for lower eyelid entropion. {a) The degree of correction has been assessed in the
conscious and unsedated animal. A Jaeger lid plate has been positioned in the conjunctival sac to support the lower eyelid
and a No.15 blade is used to incise the strip of skin to be removed. The first incision is parallef to, and 2-3 mm from, the
eyelid margin. {b) The required width and length strip of skin and some underlying orbicularis oculi muscle have been
excised. (c} 6-0 simple interrupted polyglactin sutures are used to repair the skin defect. The knots are positioned away

from the eyelid margin.

Figure 5.10 Hotz-Celsus correction for medial canthal lower eyelid entropicn. (a) Medial canthai entropion is present.
(b} A triangular piece of skin is excised. {¢) The wound is closed with -0 polyglactin.
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Figure 5.11 A
Cocker Spaniel
with upper eyelid
trichiasis/entropion
that has caused
superficial
ulcerative keratitis.

e Local eversion of the upper lid by a modified
Hotz—Celsus procedure is sufficient in milder
cases, although recurrence of the problem often
occurs several months later

* A Stades’ procedure, which everts the lid and
creates a band of hairless skin adjacent to the
eyelid margin (Figure 5.12) can prevent this
recurrence (Stades, 1987). This technigue
involves removing a strip of skin 15-20 mm wide
from the upper eyelid and leaving the resulting
defect partly open to granulate, thereby creating a
hairless strip of scar tissue adjacent to the eyelid
margin that prevents recurrence of the trichiasis

* When there is a marked lower lid ectropion and a
drooping upper eyelid that is obscuring vision (a
‘slipped facial mask’), a facelift procedure can be
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utilized (Spreull, 1982; Bedford, 1990). The
technigue described by Bedford involves removing
a strip of skin from the top of the head starting as
a narrow strip just dorsal to the level of the medial
canthi, widening over the top of the head and
extending to the occiput. Spreull recommended
removal of a transverse strip of skin from the back
of the head, followed by anchoring of the skin to
the periosteum to prevent it sliding forward.

Once the eyelids are returned to a normal anatomi-
cal relationship to the globe, secondary complications,
such as keratitis, corneal ulceration and chronic con-
junctivitis, will usually resolve with appropriate topical
medication. Tear production will usually increase sig-
nificantly once the chronic conjunctivitis resolves.

Excessive facial folds/brow ptosis

Some breeds of dog, such as the Shar Pei, that have
excessive wrinkling of the skin, may have problems of
drooping upper eyelids. In some cases, this is also
associated with entropion. Simple surgical excision of
the fold dorsal to the eye may be required.

Ectropion

Anoutward turning of the lower eyelid (ectropion) is quite
common indogs (Figure 5.13). It occurs most commonly
as a breed-related problem associated with an overlong
palpebral fissure, although cicatricial ectropion and
iatrogenic ectropion do occur. Breed-related ectropion
tends to worsen with fatigue. More severe cases of

Figure 5.12 Correction of upper eyelid entropion/trichiasis using a Stades’ procedure (adapted from Stades, 1987).

(a) Upper eyelid entropion/trichiasis is present, resulting in a superficial keratitis. (b) A skin incision is made 1 mm dorsal to
the meibomian gland openings so as to remove all the cilia from the upper lid. This strip of skin stretches from 3-4 mm
from the medial canthus to 5-10 mm past the lateral canthus and is 15-20 mm wide. (c) Any hair follicles remaining in this
area need to be excised. The upper skin edge is then mobilized and sutured down halfway across the wound (to the area
of the bases of the meibomian glands), initially using simple interrupted sutures. (d) A continuous suture pattern is finally
used to suture the leading skin edge in position. The uncovered pertion of the wound is left open to heal by second
intention — granulation, epithelialization and contraction — thus creating a hairless strip of scar tissue adjacent to the eyelid

margin, preventing recurrence of the trichiasis.
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ectropion have exposure of conjunctiva and accumula- L
tion of contaminating debris in the lower conjunctival =
sac. This results in inflammation, chronic conjunctival <\ IW
changes and an increase in conjunctival mucin produc- f//%
tion. Dogs with a ‘diamond eye’ conformation (Figure :

5.14) can suffer from entropion in addition to ectropion.
This is associated with a macropalpebral fissure and
often a weak lateral canthal ligament.

— l
e

Figure 5.13
Lower eyelid
ectropion in a
dog.

Figure 5.14
Diamond eye
in a Clumber
Spaniel.

Treatment

Surgical treatment of ectropion is required only when
conjunctival (or corneal) pathology results from the
deformity. Several techniques have been described,

the simplest of which consists of removal of a wedge of iy
affected eyelid at the lateral canthal region. Wedge ﬁ&“‘wf{ﬂ ;
resection can also be useful for correcting iatrogenic = o
(such as that in Figure 5.15) or cicatricial ectropion. %f,

More complicated procedures to correct ectropion in-
clude various modifications of the Khunt—Szymanowski
procedure. One such method was described by Munger
and Carter (1984), and is illustrated in Fig. 5.16.

- Figure 5.16 Munger and Carter's (1984) modification of
F %
1908 15 the Khunt-Szymanowski procedure for the correction of

Lower eyelid y : G
ectropio% i lower eyelid ectropion. (a) A skin incision is made 3 mm
dog due lo from and parallel to the lower eyelid margin. This is

extended dorsoclaterally to 1cm beyond the lateral
canthus. A second incision is made ventrally from the
lateral end of the first incision and the resulting skin flap is
undermined and mobilized. (b) A triangular-shaped
wedge of tarsoconjunctivz is resected. The width of the
triangle base is equal to the length by which the eyelid is
to be shortened. (c) The defect created in the
tarsoconjuntival half of the lower eyelid is sutured using
6-0 polyglactin, burying the knots. (d) The skin-orbicularis
oculi muscle flap is slid laterally and a triangle of it is
removed from the lateral end. This is a similar size to the
triangle removed from the tarsoconjunctiva. (e) The skin-
muscle flap is sutured inic its transposed position.

over-correction
of entropion.
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V—Y plasty: Cicatricial ectropion can sometimes be
corrected by releasing tension on the lid margin with a
V-Y plasty. After making a V-shaped incision, the
surrounding skin is undermined with tenotomy scissors
and excessive scar tissue is excised, and the wound
repaired in a Y shape. The degree of ectropion correc-
tion resulting from use of this procedure in dogs is often
disappointing, possibly due to the poorly developed
iarsal plate in this species. As mentioned previously, a
wedge resection of the deformed portion of the lid can
produce an effective correction.

Diamond eye correction: When entropion or exces-
sive ectropion accompanies the diamond eye confor-
mation, surgical correction is indicated. A Wyman’s
lateral canthaoplasty (Wyman, 1971) can be pericrmed
to create atighter lateral canthal ligament. The original
procedure described by Wyman does not address the
problem of overlong eyelids that contribute to the
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diamond eye conformation. One of the simplest proce-
dures for corracting the diamond eye conformation and
shortening the palpebral fissure is a modification of
Wyman’s lateral canthoplasty. This is utilized by the
author, and involves combining the Wyman lateral
canthoplasty with the inclusion of wedge resections of
upper and lower lids (Figure 5.17).

Ptosis

Ptosis, or drooping of the upper eyelid, may occuras a
result of a slipped facial mask (as described above),
from denervation of the levator palpebrae superioris
muscle {innervated by the oculomotor (ill) nerve) or,
more commonly, as partof Horner's syndrome. Horner's
syndrome is due to interruption of the sympathetic
nerve supply to the head. This includes the supply to
Milller's muscle within the eyelid. This muscle normally
acts to keep the palpebral fissure widened. Horner's
syndrome is discussed in more detail in Chapter 15.

Figure 5.17 Wyman canthoplasty coupled with eyelid shortening for the treatment of diamond eye. (a) A Y-shaped skin
incision is made at the lateral canthus with the arms of the Y extending along the upper and lower fids about 5 mm from the
margins. (b) The surrounding skin is undermined and strips of orbicularis ocuii muscle are dissected out from the upper
and fower lids. These muscle strips are finger-shaped and remain attached at the lateral canthal region. (c) Wedges of full
thickness evyelid tissue can be resected to shorten the eyelids prior to suturing the muscle flaps to the zygomatic arch.
Most dogs with this shape of eyelid have overlong eyelids {especially St Bernards), and eyelid conformation can be
improved by shortening the eyelids. The wedge resections are repaired using a two-layer repair. A secure repair is
required, as the lids will be under tension following anchoring of the two strips of muscle to the zygomatic arch. (d) The
zygomatic arch is exposed by blunt dissection and the strips of orbicularis oculi muscle are reflected laterally and firmly
sutured to the periosteurn of the zygomatic arch using PDS or monofilament nylon. (e) The skin incisions are closed. If the
eyelids still need pulling laterally, the Y-shaped skin incision can be closed as a V. Postoperatively, the eyelid will be under
quite a bit of lateral tension, giving a slit-eye appearance. This will tend to loosen over the following few weeks.
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Retraction of the upper eyelid

The upper eyelid may be retracted in dogs suffering
from the acute phase of extraocular polymyositis. The
levator palpebrae superioris muscle originates within
the orbit adjacent to the extraocular muscles and can
be inflamed and contracted in dogs suffering with this
condition (see Chapter 4).

Conditions involving cilia

Distichiasis

Distichiasis is a common condition in dogs. Distichia are
abnormally positioned cilia that emerge along the eyelid
margin either through or adjacent to the meibomian
gland orifices (Figures 5.18 and 5.19). When more than
one distichium emerges at one site, the condition is
known as distichiasis. Distichia can usually be seen
reasonably easily, although magnification is helpful.
Distichia that contact the ocular surface often collect a
covering of mucus. This can highlight their presence.
Distichiasis occurs very commonly in certain breeds of
dog, such as the American and English Cocker Spaniel,
the Bulldog, the Miniature Long-Haired Dachshund, the
Pekingese, the Rough Collie, the Shetland Sheepdog,
the Weimeraner and the Welsh Springer Spaniel.

Figure 5.18
Cross-section
of the eyelid,
showing a
distichium.

S
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Figure 5.19
Shetland
Sheepdog with
several long
distichia.

Distichia typically emerge when the dog is a few
months of age, so if they are going to cause clinical
signs, these have usually developed by the time the
dog is a young adult. Therefore, if a middle-aged dog
that has distichiasis is presented suffering from ocular
irritation that has developed for the first time, it is likely
that the distichia are not the primary cause of irritation
(see below).

Clinical signs

The majority of dogs with distichiasis show few clinical
signs, but, in some cases, the distichia do cause
irritation or even pain and corneal ulceration. The
stiffness, length, number and direction of the cilia are
factors that determine how much irritation and corneal
damage they cause. It is important not to assume that
the presence of distichia always means that they are
the cause of any signs of ocular surface disease that
may be present. If the dog presents with a simple tear
overflow, it is important to differentiate between a
straightforward poor drainage of tears and an overflow
of tears due to increased lacrimation. Other causes of
irritation and ocular surface disease, such as conjunc-
tivitis, ectopic cilia and keratoconjunctivitis sicca, should
be ruled out before assuming that the distichia are the
cause of the ocular irritation.

Always examine the lid with magnification in the
minimally restrained dog and try to identify distichia
that are contacting the corneal surface and could thus
be significant. In middle-aged and older dogs, distichia
that have previously been of no clinical significance
can start to cause irritation as predisposing factors
develop. Examples of such factors are age-related
alterations in lid position leading to more direct corneal
contact with the distichia and a reduction in tear pro-
duction (e.g. development of keratoconjunctivitis sicca)
that means that the passage of the distichia over the
corneal surface is not so well lubricated.

Treatment
When distichia are causing clinical problems, a surgi-
cal procedure to destroy or remove the follicles which
bear the distichia is usually indicated (see below).

Simple plucking can be utilized if only one or two
troublesome distichia are present. A good pair of
epilation forceps are required. The owners should be
warned that the cilia will probably grow back. They
may cause more severe problems while they are still
rather short and therefore less flexible. When manag-
ing distichiasis, it should be remembered and
explained to owners that, as with hairs elsewhere, the
growth of distichia is cyclical. Itis only possible to treat
the hairs that are there at the time of presentation and,
in the future, hairs may emerge at fresh sites on the
eyelids. Gently squeezing the eyelid at the time of
surgery may reveal distichia which were about to
emerge from the eyelid margin. It is sensible to make
accurate drawings of the position of the distichia and
make a note of those that are contacting the cornea
and those that are treated.

Permanent destruction of distichia may be achieved
by electrolysis, cryosurgery or surgical excision. All
methods should be performed with the aid of adequate
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magnification to facilitate accurate surgery. Each
method has its own advantages and most also have
significant disadvantages:

» Electrolysis is performed using a commercial
electroepilation unit. Older units have a lead ground
plate that may be wrapped around the tongue of
larger patients, thus gaining good electrical
contact. The needle electrode is slid into the eyelid
alongside the cilium shatft to a depth of several
millimetres and the current is turned on for 5 to 10
seconds until the cilium extrudes, along with
meibomian secretion and hydrogen bubbles, when
it may be easily plucked. A setting of 2 to 5 milliamps
is recommended. Diathermy or electrocautery
should not be used, as excessive tissue damage
may result. Electrolysis can be time consuming
and occasionally needs to be repeated

e Cryosurgery is performed using a small closed
nitrous oxide or liquid nitrogen probe (such as
those designed for glaucoma treatment or
intracapsular cataract extraction). The probe is
pressed on to the palpebral conjunctiva over the
suspected site of the offending distichium’s follicle.
The eyelid is then frozen for several seconds until
the ice ball reaches the eyelid margin. A slow thaw
is allowed; then the procedure is repeated for all
the regions of the lids with distichia that are
considered to be clinically significant. The treated
eyelids swell initially, although the use of systemic
non-steroidal anti-inflammatory drugs helps to limit
the swelling, which soon subsides. Depigmentation
of eyelid skin and hair is common and in some
instances may be permanent.

Several surgical techniques have been developed
to excise the follicles from which the distichia originate.
These should be left to those familiar with the tech-
niques. It is possible to induce significant scarring and
distortion of the eyelid and cause significant tear film
instability, and thus end up with more serious clinical
problems than resulted from the distichia. Magnifica-
tion is required to ensure that the surgery is performed
accurately and does not result in any distortion of the
eyelids. Techniques include partial tarsal plate exci-
sion (Bedford, 1973) and excision of a strip of
tarsoconjunctiva (Spreull, 1982). A final surgical option
is to perform a Hotz—Celsus procedure to evert the
eyelid and direct the hairs away from the cornea.

Ectopic cilia

Ectopiccilia (Figures 5.20,5.21 and 5.22), like distichia,
arise from follicles within or adjacent to the meibomian
glands. However, unlike distichia, they emerge through
the palpebral conjunctiva several millimetres from the
eyelid margin. They are usually positioned midway
along the upper eyelid; there is most commonly a
single cilium here, although they can appear in other
sites, and also as groups of ectopic cilia. They are not
as common as distichia and are usually unilateral.
There appears to be a breed predilection in Flat-
Coated Retrievers, but ectopic cilia may be seenin any
breed that suffers from distichiasis.
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Figure 5.20
An ectopic
cilium.

(b)

Figure 5.21 English Cocker Spaniel with an ectopic
cilium protruding through the palpebral conjunctiva
midway along the upper eyelid. (a) The dog presented
with blepharospasm and lacrimation. (b) There is a
central superficial corneal ulcer. (Note that the dog also
has distichia).
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Figure 5.22 Poodle with ectopic cilia emerging through
the palpebral conjunctiva of the lower eyelid.

Clinical signs

Young adults are most commonly affected. The offend-
ing hair invariably abrades the cornea, causing a
superficial keratitis and even ulceration. Although the
clinical signs of unilateral blepharospasm accompa-
nied by corneal changes in a young adult dog may lead
the examiner to suspect the presence of an ectopic
cilium, visualization of the offending hair is difficult
without magnification. The cilium sometimes emerges
from a pigmented spot, though both may be non-
pigmented. Many affected dogs also have distichia,
and this may lead the veterinary surgeon to assume,
wrongly, that the distichia are responsible for the clini-
cal signs. However, it is uncommon for distichiasis to
cause the same degree of discomfort and corneal
change as ectopic cilia. Surgical excision of the follicle
of the offending cilium with the aid of magnification is
the simplest procedure for permanent removal of the
ectopic cilium (Figure 5.23).

Figure 5.23 Excision of ectopic cilium. A chalazion
clamp is applied to the affected eyelid to immobilize it and
to prevent any haemorrhage which would obscure the
operative field. A small square of tissue surrounding the
cilia and including its follicle is excised.

Trichiasis

This is a condition in which facial hair contacts the
ocular surface. Upper eyelid trichiasis/entropion in
English Cocker Spaniels has already been discussed
in the section on entropion.

The nasal folds of some brachycephalic dogs may
contact the cornea, causing a superficial pigmentary
keratitis (Figure 5.24). Surgical resection of the nasal
folds may be required (Carter, 1973) (Figure 5.25).

Figure 5.24 The hair on the nasal folds of this Pekingese
were in contact with the corneas, and medial pigmentary
keratitis had resulted.
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(c)

Figure 5.25 Excision of nasal folds. (a) Once the facial
hair has been clipped, it is very obvious where to incise in
order to resect the nasal fold. Strong sharp scissors are
used to excise the offending fold. (b, ¢) The resulting skin
defect is sutured.
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The presence of hairs emerging from the caruncle at
the medial canthus (hairy caruncles) is common in some
breeds, such as the Tibetan Spaniel, the Shih Tzu and
the Lhasa Apso, and this can be associated with prob-
lems (Figure 5.26). They can contribute to tear overflow
by wicking tears onto the medial canthal skin as the dog
blinks, or, if excessively long, can cause a medial
superficial keratitis. Hairy caruncles can be managed by
excision of the dermal tissue (taking care to avoid the
nasolacrimal drainage system), cryosurgery to destroy
the hair follicles or a medial canthoplasty (Figure 5.27).

Trichiasis can also result from lid distortion caused
by scarring. Lid lacerations should be carefully re-
paired to restore accurate anatomical alignment and
prevent this problem.

Figure 5.26 A hairy caruncle resulting in medial keratitis
and contributing to a tear overflow in this Shih Tzu.
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Infections and inflammations of the
eyelids (blepharitis)

Blepharitis is a common condition in the dog (Figure
5.28). The various causes of blepharitis and appropri-
ate diagnostic tests are shown in Figure 5.29.

Blepharitis may be associated with a more wide-
spread dermatitis or may accompany ocular surface
disease (blepharoconjunctivitis).

Stye (hordeolum)

Abscessation of an individual meibomian gland re-
sults in an internal stye (internal hordeolum) (Figure
5.30). An external stye results from infection and
abscessation of the glands of Zeis or Moll. Styes are

Figure 5.28 Chronic blepharitis in a dog, resulting in
periocular alopecia and thickening of the eyelid skin.

Figure 5.27 Medial canthoplasty. (a) The affected eye has medial lower eyelid entropion, a hairy caruncle and a
macropalpebral fissure. This combination can result in tear overflow and the development of medial keratitis. This
procedure will remove the source of corneal irritation and shorten the eyelid opening. (b) Strips of eyelid margin are
removed from upper and lower eyelids, continuing around the medial canthus to remove all the hair-bearing mucosa of the
caruncle. The incisions start just medial to the lacrimal puncta and care is taken to preserve the puncta and canaliculi.

(c) The tissue has been removed. (d) A two-layer repair is performed and the medial canthus of the shortened eyelid
opening is reformed using a figure-of-eight suture. This repair needs to be secure, since the incision is under tension as
these dogs tend to have tight eyelids. (e) The procedure is completed and the eyelid opening has been shortened.
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Aetiology Features Diagnostic tests Treatment

Parasitic: Does not usually occur as an Skin scrapings Appropriate antiparasitic treatment
Sarcoptes isolated blepharitis
Demodex

Bacterial infection:
Juvenile pyoderma
Blepharitis
External stye
Meibomianitis and

Swabs for bacteriology: drain
abscess or express meibomian
secretion for culture
(staphylococci often isolated)

Hot compresses. Surgical drainage
of chalazia or abscesses.
Expression of infected meibomian
secretions. Appropriate systemic
antibiotics

irritation

chalazion
Fungal infection: Wood's lamp examination. Skin Griseofulvin
Ringworm scrape. Fungal culture
Immune-mediated: Biopsy. Histopathology and Appropriate anti-inflammatory
Pemphigus immunopathology. Clinical signs medication
Medial canthal erosion
Uveodermatological Eyelid poliosis and vitiligo as well
syndrome as panuveitis (see Chapter 10)
Allergic: Clinical signs (other skin areas Avoid allergen (hypoallergenic diet).
Food affected). Hypoallergenic diets. Hyposensitization
Contact Intradermal skin testing
Drugs
Atopy
Post-parotid duct Associated with overflow of saliva | Swab for bacteriology: many Regular flushing of conjunctival sac
transposition from the eye conjunctival sacs yield large numbers | and cleaning of periocular area. Dry
of bacteria the face after feeding. Appropriate
topical antibiotics
Secondary to ocular Demonstrate primary source of Correct primary cause

irritation (due to
self-inflicted trauma)

Seborrhoeic Other areas of skin also affected

Clinical signs

Treat as for seborrhoeic dermatitis
elsewhere

Endocrine-related:
Hyperadrenocorticism
(Cushing's syndrome)
Hypothyroidism

Clinical signs, endocrine assessment

Treat underiying endocrine disease

Figure 5.29 Causes of blepharitis in the dog.

Figure 5.30 Internal stye due to infection involving a
meibomian gland in a dog suffering from
blepharoconjunctivitis.

painful on manipulation, which can help to distinguish
them from chalazia (see below). Styes should be
treated like abscesses elsewhere in the body, by
drainage, application of warm compresses and, if
reguired, systemic antibiotics.

Meibomianitis

Meibomianitis may result from staphylococcal infec-
tion, usually associated with generalized dermatoses.
The affected meibomian glands exude a yellow, puru-
lent material instead of the normal clear oily secretion,
or, in some cases, no secretion can be expressed.
They can be seen through the palpebral conjunctiva
as linear yellow-white inflammatory infiltrates perpen-
dicularto the eyelid margin. Treatment should include
the expression of material for culture, the use of
topical and systemic antibiotics and the application of
warm compresses.

Chalazia

Chalazia result from the retention of meibomian secre-
tions, causing rupture of the involved gland and a
granulomatous reaction around a core of inspissated
meibomian secretion. They appear as a firm nodular
painless yellow-grey mass that can be seen through
the conjunctival surface of the eyelid. The commonest
cause of a chalazion is blockage of meibomian gland
secretion by the formation of a meibomian adenoma
(Figure 5.31). Multiple chalazia may be present on
occasion; this seems to be most common in the Labra-
dor Retriever in the UK.
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Figure 5.31 Chalazion in a dog as a result of blockage
of the meibomian gland orifice by a sebaceous adenoma.
(Courtesy of DT Ramsey.)

Treatment is by surgical curettage through the
conjunctiva followed by the application of a topical
antibiotic—steroid preparation for 5-7 days. When
the chalazion is secondary to adenoma formation,
surgery to excise both the adenoma and the chalazion
is performed.

Juvenile pyoderma

Juvenile pyoderma results from a staphylococcal
infection with a marked inflammatory reaction to
staphylococcal toxins. It may initially involve the eye-
lids alone, but other parts of the integument of the
head soon become involved. Enlargement and even
abscessation of the draining lymph nodes may
also occur. Recommended medication includes
broad-spectrum antibiotics and oral prednisolone to
control the inflammatory response.

Chronic bacterial blepharitis

Chronic bacterial blepharitis can develop in adult dogs
(Figure 5.32). Staphylococcal species are often impli-
cated and an allergic response to bacterial toxins may
exacerbate the condition. The eyelids can become
grossly thickened, with abscessation of glands within
the eyelid skin (external styes — see above), which, if
recurrent, can lead to cicatricial ectropion (Figure 5.33).
The meibomian glands may also become inflamed
(meibomianitis — see above).

Treatment consists of surgical drainage of any
abscesses or chalazia and applications of hot
compresses. The appropriate antibiotics should be
given and an Elizabethan collar applied to prevent
self-trauma.

Immune-mediated blepharitis
The eyelid has a mucocutaneous junction and, there-
fore, may be involved in pemphigus conditions.

The uveodermatological syndrome is assumed to
have an immune basis. Depigmentation of the eyelids
(Figure 5.34), planum nasale and muzzle are accom-
panied by panuveitis (see Chapter 10).

A medial canthal erosion involving both upper
and lower eyelids is seen occasionally in dogs, most
commonly German Shepherd Dogs (Figure 5.35);
an immune-mediated aetiology is suspected. Affected
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(b) d Jat
Figure 5.32 Poodle with chronic blepharitis. (a) External
view. (b) Close-up after exudate was cleaned away,
showing splits in the eyelid skin resulting from rupture of
the external styes. Coagulase-positive staphylococci were
isolated. The condition resolved after treatment with an
appropriate systemic antibiotic and the fitting of an
Elizabethan collar. Hot compresses were applied to the
eyelids twice daily.

Figure 5.33 Slight upper eyelid cicatricial ectropion
resulting from a chronic bacterial blepharitis.

dogs may also suffer from pannus (chronic superficial
keratitis/keratoconjunctivitis) and plasma cell infiltra-
tion of the third eyelid (see Chapter 8). In some
instances, the lateral canthal region will also be
ulcerated.
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Figure 5.34 Depigmentation of the eyelid margins and
muzzle in a dog suffering frem the uveodermatological
syndrome.

Figure 5.35 Medial canthal ulceration and plasma cell
infiltration of the third eyelid in a German Shepherd Dog.

Seborrhoeic blepharitis

Older English Cocker Spaniels with upper eyelid entro-
pion/trichiasis often have an accompanying periocular
seborrhoea, otitis externa and labial fold dermatitis.
Bacterial infection of the labia and external ear canal
may act as reservoirs of infection for the periocular
area and conjunctival sac.

Blepharitis following parotid duct
transposition

Periocular dermatitis is a complication of transposition
of the parotid duct for the management of severe
keratoconjunctivitis sicca. Dogs that have undergone
this surgery often have a saliva overflow from the eye,
particularly at meal times. Additionally, the bacterial
flora of the conjunctival sac is markedly changed
following parotid duct transposition, with the presence
of increased numbers of bacteria (Petersen-Jones,
1997). Constant moistening of the periocular skin with
saliva containing many bacteria results in dermatitis.
Good nursing helps to control the condition; regular
cleaning and drying of the face should be advised
(especially after meal times). Topical antibiotics may
also be indicated.

Eyelid injuries

Traumatic eyelid injuries are common. They are most
frequently the result of bite wounds, cat scratches or road
traffic accidents. Immediate first-aid should include appli-
cation of cold compresses to minimize swelling. The dog
should be examined for systemic injury in the case of
traumatic injuries and the globe should be carefully
examined for involvement. When the nasal regions of the
eyelids are involved, a careful examination for damage to
the nasolacrimal duct system should be undertaken.

Reconstructive surgery, if necessary, should be
performed promptly, paying particular attention to re-
storing a normal lid—cornea relationship. Cicatrix for-
mation resulting from poor anatomical repair can cause
ectropion or trichiasis. The eyelid skin has a good blood
supply and it is unusual to see wounds that cause
ischaemia and devitalization. Wounds should be thor-
oughly, but gently, irrigated with saline, cleaned with
dilute povidone—iodine and a primary repair performed,
preserving as much tissue as possible. Repair using
5-0 or 6-0 suture material should be performed, paying
particular attention to accurate restoration of the eyelid
margin. A figure-of-eight suture is useful to repair the
eyelid margin (see below), followed by the use of 6-0
polyglactin sutures to repair the tarsoconjunctiva, tak-
ing care to bury the knots so they do not abrade the
corneal surface.

If the nasolacrimal system is involved, it should
be cannulated prior to surgery to ensure that patency
can be maintained; an indwelling cannula should
be left in place for 7 to 10 days postoperatively.
Administration of prophylactic topical and systemic
antibiotics is recommended and, in acute cases,
systemic non-steroidal anti-inflammatory drugs can
be beneficial in reducing swelling.

Eyelid neoplasia

Eyelid neoplasia is common in older dogs, but the
majority of canine eyelid tumours are benign. Types of
tumour include sebaceous adenoma, papilloma, be-
nign melanoma, sebaceous adenocarcinoma, histio-
cytoma, mast cell tumour, basal cell carcinoma and
squamous cell carcinoma (Krehbiel and Langham,
1975; Roberts et al., 1986).

Sebaceous adenoma

The sebaceous adenoma is the commonest eyelid
tumour in the dog. Itis a benign tumour that arises from
the meibomian gland (Figure 5.36). Often only a small
portion of the tumour shows at the eyelid margin and
eversion of the eyelid reveals the true extent of the
tumour on the inneraspect of the eyelid. Treatment can
be by sharp excision, or by cryosurgery following
surgical debulking, if the tumour is large.

Papilloma

These are usually superficial. They should be removed
if they are rapidly increasing in size or irritating the
cornea; they are cryosensitive. However, papillomas
may spontaneously regress in young dogs. -
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(b)

Figure 5.36 Meibomian gland adenoma in a dog.
(a) The tip of the tumour shows at the eyelid margin.
(b) Eversion of the eyelid reveals the full extent of the tumour.

Melanoma

Canine eyelid melanomas are usually superficial and
benign. They occur most frequently in older heavily
pigmented breeds of dog. They are usually slow grow-
ing and may be multiple. They, too, are cryosensitive.

Sebaceous adenocarcinoma

Clinically, these have the same appearance as
meibomian gland adenomas. Although histologically
they have features that suggest malignancy, they do
not appear to metastasize.
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Histiocytoma

Histiocytomas are primarily tumours of young growing
dogs and typically develop rapidly. They are raised,
usually less than 1 ¢m in diameter, pink and hairless.
Often, they regress spontaneously over a few weeks.

Treatment of eyelid tumours

Complete surgical excision or cryosurgery are the
treatments of choice. The advantage of sharp excision
isthatitis generally easy to ensure that all of the tumour
is removed and that regrowth is unlikely. The choice of
which eyelid reconstruction is required after removal of
a tumour will depend on the position and size of the
tumour and the width of free margin required around
that particular tumour.

Full thickness excision and direct closure of
wound
Many tumours can be removed using a full thickness
V-shaped (‘cake slice’) excision or four-sided (‘house-
shaped’) excision followed by direct closure (Figure
5.37). In most dogs, up to one third of the length of an
eyelid can be removed and repaired by direct closure.
The positioning of the first suture is critical: it should
accurately reform the eyelid margin. A simple inter-
rupted suture or a figure-of-eight suture can be used for
this purpose (Figure 5.37). The advantages of the figure-
of-eight suture pattern are that it results in a strong,
accurate repair and has the knot positioned well away
from the eyelid margin (and hence the corneal surface).
Once the eyelid margin is accurately reformed, the rest
of the wound is repaired by a one ortwo layer procedure
using simple interrupted sutures. It is important that the
sutures do not abrade the cornea, so it is probably best
to leave the palpebral conjunctiva unsutured. A suture
material such as 6-0 polyglactin is suitable, and avoids
the need to remove small sutures from around the eye.

Larger tumours requiring excision of more than
one third of the eyelid

Surgical mobilization of adjacent tissues is required to
create a functional and fully mobile eyelid. The recon-
structed eyelid should be mobile, allowing complete

Figure 5.37 V-shaped
resection and a four-sided
resection to remove an
ayelid tumour. A figure-of-
sight suture is used to
reform the eyelid margin.
This suture pattern results in
a strong repair, with the knot
well away from the ocular
surface.
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closure of the eyelids during blinking. It should also be
lined with mucosa and should not have hairs or sutures
that can contact the cornea.

Restoration of the eyelid margin is of prime impor-
tance, particularly that of the upper eyelid, as this has
the greatest distance to travel across the corneal
surface. Numerous blepharoplastic reconstructive pro-
cedures have been described; there is only space to
described a few of the more commeonly utilized tech-
nigues in this manual:

* A sfiding lateral canthoplasty can be performed to
relieve tension and to allow direct closure of the

wound created after removal of a large tumour. A
new lateral canthus is created after sliding the
new portion of lid medially {Figure 5.38).

*  When greater lengths of eyelid are resected, a
single pedicle advancement flap can be utilized
(Figure 5.39).

When inadequate conjunctiva remains
following resection, conjunctival tissue may be
transposed from the oppaosite lid, as shown in
Figure 5.40.

* A rotation flap can be used to mobilize skin to
restore farge eyelid defects (Figure 5.41).
Conjunctiva must also be mobilized to line the flap.

T,
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Figure 5.38 The use of a sliding lateral canthoplasty. (a, b, ¢) A large tumour is excised from the eyelid, requiring the
removal of more than one-third of the eyelid. (d) An incision is made, starting at the lateral canthus and continuing along
the upper eyelid laterally. The incision is through the full thickness of the eyelid and is continued on to the adjacent skin.

A triangle of skin is excised at the lateral end of this skin incision. This allows skin to be slid medially to lengthen the upper
eyelid. () The resulling defect is suiured.

Figure 5.39 A single pedicle advancement flap used to restore the eyelid after a lesion aifecting more than one third of
the eyelid length has been excised. (a, b) A lesion invelving the margin of the lower eyelid is excised, leaving a large
defect. In this instance some conjunctiva can be preserved. The dotted lines in {a) show the skin incisions. The distance 'y’
is '’ plus 20%. (c, d) The skin is incised and undermined and triangles of skin are excised as shown. {g, {, g) The skin
pedicle is slid into the defect and sutured in place. Conjunctiva is mobilized from the fornix and sutured into place to line
the skin flap.
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Figure 5.40 A single pedicle advancement flap lined with conjunctiva, transposed from the upper eyelid. (This technique
is indicated only for large defects, in which there is sufficient lower fornix conjunctiva left to mobilize and line the inner
surface of the skin advancement flap). (a, b) The tumour is excised and a fornix-based flap of conjunctiva is fashicned from
the upper lid. This should be slightly larger than the defect it is going to fill. {c, d} The conjunctival flap is sutured into the
conjunctival defect in the lower eyelid. (g, f) The advancement flap of skin is created and sutured into place as described
in Figure 5.39. (g) The tissue bridge to the opposite lid is maintained iniact for 10 to 14 days (during which time a
temporary tarsorrhaphy is maintained), until the repositioned conjunctiva has established a vascular supply. After this time,

the connection with the upper lid is incised.

Figure 5.41 A rotation flap. This is ideal for triangular
defects. A semicircle of skin is mobilized by undermining
and then rotating this into the defect. The incision should
be at least four times the width of the base of the
triangular defect.

* A sliding Z flap can be utilized to repair defects at
the lateral canthus (Blanchard and Keller, 1976).
The flap must be lined on its bulbar aspect with
conjunctiva. If adequate conjunctiva cannot be
mobilized, large defects can be lined with free,
autologous grafis of buccal mucosa or
peritoneum. The sliding Z flap involves extensive
undermining of the skin by blunt dissection to
provide a tension-free reconstructed Kd margin.

* A full thickness bipedicle flap for total lower eyelid
reconstruction has been described. A flap of skin,
muscle and conjunctiva, attached at both ends to
the medial and lateral canthus, is developed from
the upper lid, passed over the eye and sutured to
the suitably prepared recipient defect to restore a
lower eyelid {(Munger and Gourley, 1981).

+ A lip-to-lid flap utilizes a mucocutansous
subdermal plexus flap from the upper lip which is
rotated and used to restore large defects in the
lower eyelid (Pavietic et al., 1982) (Figure 5.42).
The oral mucosal portion of the flap serves as a
replacement for conjunctiva in the recreated
lower [id.

Conditions of the third eyelid of dogs

The third eyelid, as mentioned earfier, plays an impor-
tant role in the production and distribution of tears, and
should be maintained in a functional condition when-
ever possible.

Scrolling of the third eyelid

Scrolling of the T-shaped cartilage skeleton resuits in
eversion of the leading edge of the third eyelid (Figure
5.43). Correction is by excision of the scrolled portion
of cartilage via an incision through the bulbar conjunc-
tival surface, as shawn in Figure 5.44 (Gelatt, 1972).
Occasionally, even after excision of the scrolled por-
tion of cartilage, the third eyelid will fold out on itself.
This tends to be a problem in larger breeds of dog that
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Figure 5.42 Lip to lid graft (mucocutaneous subdermal
plexus flap). Rotation of a graft fashioned from the upper
lip can be used to replace the lower eyelid. A portion of
oral mucosa is included with the flap to replace the lower
palpebral conjunctiva, and the oral mucocutaneous
junction mimics the eyelid margin. (a) There is a large
defect in the lower eyelid. A dissection of full thickness lip
has been started. (b) The lip flap only includes oral
mucosa for sufficient depth to mimic the depth of the lid
itself. The dissection is then continued to separate the
skin and subdermal plexus from deeper structures over
sufficient length to allow the flap to be rotated to reach the
eyelid defect. The skin ventral to the eyelid defect is
incised and the edges are separated sufficiently tc
accommodate the rotated flap. (c) The oral mucosa of the
lip flap is sutured to the conjunctiva in the fornix and the
lip skin is sutured to the edges of the eyelid defect and the
separated edges of the skin incision ventral to the lid
defect. The defect in the oral mucosa and the lip skin is
closed. (d) 4 to 6 weeks after the surgery, the connecting
skin from the lip to the lid may be excised and the edges
of the original incision ventral to the lid defect may be
reunited. This improves the cosmetic result.

Figure
5.43 A
scrolled
third eyelid.

Figure 5.44 Surgical correction of scrolling of the third
eyelid. (a, b) The third eyelid is everted and an incision is
made through the conjunctiva overlying the horizontal arm
of the T skeleton in the region of the deformity. (c) Blunt
dissection is performed to isolate the scrolled portion of
cartilage, taking care not to 'button-hole’ the third eyelid.
(d) The abnormal portion of cartilage is excised.
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have rather loose third eyelids. If this happens, tighten-
ing of the third eyelid can be performed by removing a
full-thickness wedge of the third eyelid at the far edge
of the free border (so as to avoid the remaining carti-
lage). The defect is repaired using 6-0 polyglactin.

Prolapse of the gland of the third eyelid
Prolapse of the gland of the third eyelid results in the
appearance of a pink swelling at the medial canthus
(‘cherry eye’) (Figure 5.45).

The third eyelid gland produces a significant pro-
portion of the pre-ocular tearfilm and should, therefore,

Figure 5.45 Young dog with prolapse of the nictitans
gland (‘cherry eye’).
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be preserved. Sometimes it can be manipulated back
into position, but it usually prolapses again.

Several procedures to permanently replace the
gland have been described. One of the simplest and
most effective is the imbrication or pocketing technique
(Morgan et al., 1993), illustrated in Figure 5.46; this is
the current technique of choice in general practice. An
alternative technique favoured by some veterinary
ophthalmologistsis to suture the prolapsed gland to the
orbital rim, as shown in Figure 5.47 (Kaswan and
Martin, 1985; Petersen-Jones, 1991; Stanley and
Kaswan, 1994). This procedure limits the passage of
the third eyelid across the cornea and, therefore,
interferes with its function of protecting the eye and
spreading the tear film.

Inflammation of the third eyelid
A plasma cell infiltration (plasma cell conjunctivitis) of
the free border of the third eyelid resulting in depigmen-
tation and a pink or purple thickening occurs in some
breeds, notably the German Shepherd Dog (see
Figure 5.35). It may accompany chronic superficial
keratitis/keratoconjunctivitis (pannus). Topical cortico-
steroids and/or cyclosporin are moderately effective in
controlling the condition (Bromberg, 1980; Read, 1995).
The third eyelid may also be involved in dogs with
inflammatory granulomatous ocular diseases, such as
nodular granulomatous episclerokeratitis or ocular
nodular fasciitis.

(d)

Figure 5.46 Pocketing procedure for repositioning a prolapsed third eyelid gland. (a) The third eyelid is manipulated by
stay sutures at either end of the free border. Using these sutures, the third eyelid is held in a protruded and everted
position, and a curved incision parallel to the free border of the third eyelid is made proximal to the prolapsed gland.

(b) A second incision is made distal to the prolapsed gland in the smooth-surfaced conjunctiva just distal to the roughened
conjunctiva, which marks the presence of lymphoid tissue overlying the gland. {c) Conjunctiva-from a position proximal to
the first incision and distal to the second incision is sutured together to pull the conjunctiva over the prolapsed gland,
creating a pocket to hold it in position. A continuous suture pattern is used, starting with a buried knot. -0 polyglactin is
suitable for most dogs. Care is taken to not completely close either end of the pocket over the gland. Small spaces left at
either end allow the glandular secretions to escape from the pocket and reach the conjunctival sac. (d) The suture line is
completed. (e) Cross-section through the third eyelid to show the pocketed and buried gland.
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Figure 5.47 The suturing of the gland of the nictitating membrane to the orbital rim as a treatment for prolapse of the
gland. (a) Forceps grasp the periphery of the free margin of the third eyelid and pull it across the eye (stay sutures may be
used). An incision is made in the medioventral conjunctival fornix (at the base of the third eyelid) using scissors. Blunt
dissection allows access to the periosteum of the medioventral orbital rim. A firm bite of periosteum along the orbital rim is
taken using 3-0 polydioxanone or monofilament nylon: the suture material (with a swaged-on needle) is introduced through
the previously made incision. It can be a little difficult to obtain a bite of periosteumn and bring the needle out through the
incision, because access to the area is limited. (b) After taking a bite of orbital periosteurn, the needle is then passed
through the original incision dorsally to the prolapsed gland to emerge from the gland at its most prominent peint of

prolapse. (¢) With the third eyelid everted, the needle is passed back through the exit hole in the gland to take a horizontal
bite from the most prominent part of the gland. (d) Finally, the needle is passed back through the last exit hole to emerge
through the original incision in the conjunctival fornix, thus encircling a large portion of the gland. The suture ends are then
tied. This creates a suture loop through the gland which anchors it to the periosteum of the orbital rim, preventing it from re-

prolapsing. The conjunctival incision can now be repaired using 6-0 polyglactin, or it may be left unsutured. Post-

operatively, topical antibiotic cover is given.

Trauma to the third eyelid

Lacerations most commonly occur as the resultof a cat
scratch injury. The underlying globe should always be
carefully examined forinjury. Full thickness lacerations
or avulsion injuries usually require suturing, and care
should be taken to reconstruct the free border, while
ensuring that the sutures do not abrade the cornea.
Lacerations just involving the conjunctiva of the third
eyelid do not usually require suturing as, like other
conjunctival injuries, they heal rapidly.

Foreign bodies behind the third eyelid
Foreign bodies, such as grass seeds, sometimes lodge
between the third eyelid and the globe. This site should

always be checked if a conjunctival foreign body is
suspected. Signs of the presence of a foreign body
include blepharospasm, conjunctivitis, and excessive
lacrimation which is followed by a profuse mucopuru-
lent ocular discharge within hours.

Neoplasia of the third eyelid

Neoplasia of the third eyelid is uncommon; it has
recently been reviewed by Ward (1999). Reported
tumours include adenomas and adenocarcinomas of
the third eyelid gland, and squamous cell carcinomas
and haemangiomas of the third eyelid conjunctiva.
Adenomas and adenocarcinomas may invade the ad-
jacent orbit and cause signs of a space-occupying
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lesion (Figure 5.48). Surgical removal of the third eyelid
as well as the tumour is usually required for adenomas
and adenocarcinomas. Local excision is usually poss-
ible for conjunctival haemangiomas.

Protrusion of the third eyelid

Protrusion of the third eyelid is a common sign with
a variety of causes (Figure 5.49). The underlying
aetiology should be identified and treated whenever
possible.

Figure 5.48 Adenccarcinoma of the nictitans gland in an
English Springer Spaniel. Note the lateral displacement of
the globe.

Cause Features

Reduced globe size (see May be due to

Chapter 4) microphthalmas or phthisis
bulbi

‘Haws’ syndrome (cats only) Cats with mild diarrhoea may
present with bilateral third
eyelid protrusion (viral
aetiology suggested)

May be due to reduced orbital
contents e.g. cachexia,
dehydration, masseter and
temporal muscle atrophy,
contracture of extraocular
muscles following extraocular
polymyositis

Painful ocular lesion — other
signs of pain will be present

Enophthalmos (see Chapter 4)

Active globe retraction

Orbital space-occupying lesion | Prominent globe

(see Chapter 4)

Horner’s syndrome (see Miosis, ptosis, enophthalmos
Chapter 15) and possibly conjunctival

hyperaemia

Figure 5.49 Causes of third eyelid protrusion in dogs
and cats.

Conditions of the eyelids of cats

Ankyloblepharon

The eyelids of kittens usually open by the 12th day
after birth. Ophthalmia neonatorum is occasionally
encountered. Feline herpesvirus infection may be
responsible for the condition and secondary bacterial
infection is common. Treatment is as discussed for

The eyelids and nictitating membrane 101

the dog. Occasionally, ankyloblepharon persists after
the age at which the eyelids normally open, in which
case the lids can be opened surgically.

Coloboma

Eyelid colobomas occur sporadically in cats (Figure
5.50). The upper lateral portion of the eyelid is most
commonly affected, usually bilaterally. There isarange
of severity from an abnormally thin portion of lid, to a
large defect where the majority of the lid is absent.
Inadequate eyelid closure can result in an exposure
keratopathy/keratitis. Additionally, facial hair may be
directed onto the cornea (trichiasis), leading to an
exacerbation of the keratopathy/keratitis.

Figure 5.50
A colchoma
of the lateral
portion of the
upper eyelid
in a cat.

The extent of corneal coverage during blinking and
the degree of trichiasis, as well as any corneal changes
that have already developed, should be assessed
when deciding how to manage each individual case.

Treatment

Mild defects with little corneal exposure can be man-
aged by performing cryosurgery to remove the hairs
responsible for any trichiasis and by treating with
artificial tear ointments.

Surgical reconstruction of larger eyelid defects is
required to prevent progression of the corneal pathol-
ogy (Dziezyc and Millichamp, 1989). Smaller defects
may be repaired by converting them into triangular full
thickness defects and closing them directly. Larger
defects require a more complicated blepharoplastic
reconstruction. A procedure involving transposing a
pedicle of skin from the lower eyelid to reform the upper
eyelid and lining it with a pedicle of conjunctiva trans-
posed from the lower conjunctival sac can be used
(Dziezyc and Millichamp, 1989). This procedure has
disadvantages: the recreated eyelid may not have
normal mobility; the eyelid margin is abnormal (this is
most important for the upper eyelid as it has greater
movement over the cornea than the lower eyelid); and
hairs from the new eyelid grow in the direction of the
corneaand may resultin trichiasis. A more complicated
two-stage procedure was developed for reconstruction
of the upper lid in humans by Mustardé (1980) (Figure
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(a) {b)

(c}

Figure 5.51 The repair of a coloboma of the right upper eyelid using a two-staged Musta-dé technigue. (a) The upper
eyelid has a colobomatous defect affecting the lateral three-quarters of the eyelid, leading to exposure keratopathy/keratitis
and trichiasis. (b) The edge of the defect is freshened up medially to received a rotated portion of the lower eyelid and any
conjunctiva in the fornix is mobilized. (¢} A full-thickness portion of lower eyelid is fashioned and left attached to the
remaining lower eyelid medially. This is rotated into the defect of the upper eyelid and partially sutured into place using a
two-layer repair. (d) After waiting for two weeks for the transposed lower lid to heal into place in the defect of the upper
eyelid, its connection to the medial remaining lower eyelid is sectioned and the lower lid completely swung into position in
the upper lid defect. The edges of the remaining defect in the upper eyelid must be freshened to receive the transposed
full-thickness eyelid. This leaves a large full-thickness defect in the lower eyelid. (e) The lower eyelid defect is closed by
using a cheek rotation flap and lining it with mobilized remaining conjunctiva and an oral mucosal gratft.

5.51). This offers the important benefit of a functional
eyelid with a normal eyelid margin, lined with conjunc-
tiva. The reconstructions require experience and the
correct instrumentation and are best left to those prac-
tised in such technigues.

Dermoid

Dermoids are occasionally encountered in cats. They
show a familial tendency in the Birman (Hendy-Ibbs,
1985). When the eyelids are involved, a simple surgical
excision can usually be performed.

Entropion

Entropion, typically secondary to painful ocular surface
lesions, occasionally occurs in cats (Figure 5.52).
Surgical correction is usually required. A simple skin—
muscle resection (Hotz—Celsus correction) is suitable.
Medial lower eyelid entropion is not uncommon in the
Persian cat (for correction, see that already described
for the dog).

Ectropion

Cicatricial ectropion may result from periocular inju-
ries, such as abscesses or burns. If an isolated portion
of eyelid is affected, a V resection of the affected area
may correct the abnormality adequately. Following
extensive contracture due to burns, reconstructive
surgery utilizing techniques such as pedicle advance-
ment flaps may be required to allow restoration of an
adequate blink (Figure 5.53).

Figure 5.52
Entropion in a
cat.

Distortion due to symblepharon

Extensive conjunctival adhesions (symblepharon) re-
sulting from severe conjunctivitis, such as that caused
by feline herpesvirus infection, may distort the eyelid
margins. Treatment to break down the adhesions does
not carry a good success rate and should probably only
be attempted if exposure keratopathy has developed
(see Chapter 7).

Conditions associated with cilia

Distichiasis and ectopic cilia are rare in cats, but
may occasionally be encountered, especially in cats
with developmental eyelid defects. Electrolysis or
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(a) There is severe contracture of the skin of the head,
resulting in distortion of both upper eyelids. This has
resulted in the exposure of the lateral cornea when
the eyelids are closed. (b) The left upper eyelid has
been reconstructed using a horizontally directed
advancement flap developed from skin lateral to the
upper eyelid. Following surgery, the cat was able to
close its eyelids completely.

cryosurgery can be used to manage distichiasis,
and surgical excision performed for removal of
ectopic cilia.

Blepharitis
Blepharitis is less common in cats than dogs.

Parasitic blepharitis
Parasitic blepharitis may be caused by Demodex cati
or Notoedres cati, and occurs rarely.

Superficial fungal blepharitis
Superficial fungal infection, most commonly caused by
Microsporum canis, can involve the eyelids, but it is
unlikely to be confined to them.

Bacterial blepharitis

Bacterial blepharitis is rare in cats. Localized
abscessation may result from cat fight injuries.
Meibomianitis is uncommon, but occasionally reten-
tion of meibomian secretion is encountered. Some-
times, the granulomas that result can be extensive and
involve a considerable length of the eyelid. Treatment
is by conjunctival incision and curettage, as described
for the dog.
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Eosinophilic eyelid plaques

Eosinophilic plaques involving the eyelids are some-
times encountered. They appear as yellowish plaques
involving the palpebral conjunctiva. They may be a
manifestation of eosinophilic keratoconjunctivitis and
respond to megoestrol acetate therapy, although the
systemic side-effects of this drug may make topical
corticosteroids a preferred choice of treatment.

Neoplasia
Feline eyelid tumours are usually locally invasive and
often appear as raised or ulcerative lesions.
Squamous cell carcinoma is the commonest eyelid
neoplasm of the cat; exposure to sunlightis a contribu-
tory factor. Itis most common in white cats. This tumour
appears as a slightly raised or depressed ulcerative
lesion, the margins of which can be difficult to identify
(Figure 5.54). Treatment may be by surgical excision,
cryotherapy or radiotherapy (Nasisse, 1991).
Basal cell carcinoma, fibrosarcoma and mast cell
tumours may also affect the eyelids.

Figure 5.54
Eyelid squamous
cell carcinoma in
a cat.

Conditions of the third eyelid of cats

The feline third eyelid fulfils an important role in main-
taining the health of the ocular surface. Its loss is not
tolerated well and so removal is indicated only for
primary neoplasia. Removal is not an option when
neoplasia is secondary (e.g. multicentric lymphoma).

Scrolling of the third eyelid

Scrolling of the third eyelid (as described above for the
dog) occurs rarely in the cat. A similar correction to that
employed in the dog can be used.

Prolapse of the nictitans gland
Prolapse of the nictitans gland is occasionally encoun-
tered in the cat.

Protrusion of the third eyelid
Protrusion of the third eyelid is a common occurrence
in the cat. The causes are listed in Figure 5.49.

Neoplasia of the third eyelid
Neoplasia of the third eyelid is rare in cats. Fibrosar-
coma and adenocarcinoma have been reported.
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The lacrimal system

Sheila Crispin

Introduction

Anatomy and physiology

The lacrimal system or lacrimal apparatus consists of
two components: a secretory component; and an ex-
cretory component (Figure 6.1). The eyelids in this
context are concerned with tear film distribution; defec-
tive spreading of the tear film is summarized briefly in
this chapter, and further details are given in Chapter 5.

The secretory component produces the pre-ocular
tear film, which covers the ocular surface. The ocular
surface is the term used to describe the continuous
epithelium that begins at the lid margin, extends on o
the back of the upper and lower eyelids, both surfaces
of the third eyelid, into the fornices and on to the globe.
It includes the conjunctival, limbal and corneal epithe-
lium. The close relationship of the tear film with the
comea and conjunctiva means that it is intimately
concerned with both of these tissues in health and
disease. li is, therefore, important to evaluate the tear
film whenever there is ocular surface disease.

The excretory component consists of the upperand
lower puncta and their respective canaliculi, which join
at the rudimentary lacrimal sac and continue as the
nasolacrimal duct.

The pre-ocular tear film

The pre-ocular tear film (‘tear film’ or ptf) covers
the corneal and conjunctival epithelium. The tear film
consfsts of an outer oily (lipid) layer; a middle aquecus
layer and an inner mucin layer however, this classic
trilaminar description oversimplifies what is a com-
plex integrated structure (Figure 6.2). Normal canine
pif has a pH of 6.8-8.0, with a mean around 7.5,
Normal feline tears are also slightly alkaline, with a
pH of 7.2-7.8.

Secretion

The oily layer: This is largely supplied by the modified
sebaceous glands known as meibomian or tarsal glands
{see Chapter 5). The openings of the glands are clearly
visible just anterior fo the mucocutaneous junction on
the eyelid margin, and the glands themselves are often
visible through the semitransparent palpebral conjunc-
tiva. The functions of this tear film component include
reducing evaporative loss, enhancing tear film stability
and providing an ocily barrier at the eyelid margin.

Upper punctum

Upper canaliculus

Lacrimal sac

Nasal ostium Nasglacrimal duct

Lower canaliculus

Figure 6.1
Components of
the canine
lacrimai system.

Lacrimal gland
opening via
lacrimal ducts
into dorso-lateral
conjunctival
fornix

Meibomian
glands on
eyelid
margins

Lower
punctum

Nictitans gland -
envelops base
. of third eyelid
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surface epithelial cells

Figure 6.2 Diagrammatic representation of the
pre-ocular tear film.

The aqueous layer: This is produced by the lacrimal
and accessory lacrimal glands and the nictitans
gland. The lacrimal gland lies under the periorbita on
the dorsolateral aspect of the globe. It is responsible
for most of the basal aqueous tear production. The
aqueous tear component leaves the lacrimal gland
via 15 to 20 microscopic ducts that open into the
dorsal conjunctival sac at the dorsolateral conjuncti-
val fornix. The nictitans gland (membrana nictitans
gland) envelops the base of the T-shaped piece of
hyaline cartilage that supports the third eyelid.
Numerous microscopic ducts open on to the bulbar
(inner) surface of the third eyelid and empty their
secretion into the ventral conjunctival fornix. The
nictitans gland and the lacrimal gland are histologically
similar, being mixed tubulo-alveolar and tubulo-
acinar secretory units. Acinar cells primarily secrete
protein and mucin, while the cells of the tubules
and ductules secrete serum.

Neurological control of lacrimal gland secretion is
thought to involve an interaction of both cholinergic
and adrenergic divisions of the autonomic nervous
system. The lacrimal nerve, a branch of the ophthal-
mic division of the trigeminal nerve (cranial nerve V),
carries both post-ganglionic parasympathetic and
sympathetic efferent nerve fibres to the lacrimal gland.
Pre-ganglionic parasympathetic fibres are derived
from the facial (VII) nerve, and synapse with the
post-ganglionic fibres at the pterygopalatine gan-
glion. Cholinergic and adrenergic nerve terminals are
distributed in a similar fashion throughout the lacrimal
and nictititans glands (Powell and Martin, 1989).

The functions of the aqueous portion of the tear film
include corneal lubrication, nutrition and protection. In
tear-deficientdry eye, itis the aqueous component that
is most commonly inadequate.

The mucin layer: This portion is less well understood,;
separate goblet cell (secretive) and glycocalyx (mem-
brane-bound) pathways have been demonstrated in
the dog (Hicks etal., 1997). The transmembrane mucin
derived from surface epithelial cells probably has a
crucial role to play in maintaining the structural integrity
of the tear film.

Distribution
Normal blinking and third eyelid movementhelp spread
the tear film and aid tear drainage (see Chapter 5).

Excretion
While a portion of the ptf is lost by evaporation, most of
the tears drain via the nasolacrimal system.

The lacrimal puncta: The upper and lower lacrimal
puncta are located in the upper and lower eyelids,
approximately 3—4 mm from the medial canthus at the
medial limit of the meibomian glands (Figure 6.3). The
puncta are usually situated 1-2 mm to the conjunctival
aspect of the eyelid margin. Arising from the lacrimal
puncta are the upper and lower lacrimal canaliculi,
which course away from the eyelid margin for a short
distance and then head medially through the periorbita,
where they join to form the lacrimal sac.

Figure 6.3 Lacrimal probes placed in the upper and
lower lacrimal puncta.

The lacrimal sac: The lacrimal sac lies in a funnel-
shaped depression within the lacrimal bone, known as
the lacrimal fossa. The sac is poorly developed in the
dog and cat, being no more than a slight dilation at the
meeting of the two lacrimal canaliculi, just beneath the
medial canthal ligament.

The nasolacrimal duct: This arises from the
lacrimal sac and forms a dorsally concave arch. In
non-brachycephalic breeds, it passes rostrally from
the lacrimal sac through the lacrimal canal of the
lacrimal bone and maxillaandthen, no longer covered
by bone, on the medial aspect of the maxilla, under
the nasal mucosa. It ends by opening on to the
ventrolateral floor of the nasal vestibule below the
alar fold, approximately 1 cm caudal to the external
nares. The rostral opening is known as the nasal
ostium or nasal punctum, and cannot be visualized
without a speculum or fibreoptic light source. The
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diameter of the nasolacrimal duct is at its smallest
within the lacrimal canal immediately distal to the
jlacrimal sac. In approximately 50% of dogs there is
communication with the nasal cavity via an accessory
opening in the medial wall of the nasolacrimal duct, at
the level of the root of the upper canine tooth. The
nasolacrimal duct distal to the accessory opening
remains patent in these individuals.

The nasoclacrimal duct is longer and narrower in
non-brachycephalic (dolichocephalic and meso-
cephalic) breeds of dog. In contrast, the brachycephalic
breeds have a shorter, wider and more tortuous naso-
lacrimal duct, and the location of the nasal ostium is
more variable.

Tear drainage: Tear drainage mechanisms have not
been fully investigated in the dog and cat, most
accounts being extrapolated from human studies. The
action of blinking propels tears medially into the lac-
rimal lake, which is the collection of tears at the medial
canthus, situated between the nictitating membrane
and the lower palpebral conjunctiva. Buring blinking,
contraction of the orbicularis oculi muscle causes the
occlusion of the lacrimal puncta and compression of
the lacrimal canaliculi, thus forcing tears into the lac-
rimal sac and the nasolacrimal duct. A valve mecha-
nism within the lacrimal sac prevenis reflux. Tear
drainage is further aided by the dilation of the lacrimal
sac during blinking, due to the insertion of orbicularis
oculi muscle fibres on its tateral wall. The subsequent
generation of a negative pressure draws tears into the
lacrimal sacfromthe canaliculi. Thus, the canaliculiare
primed for a subsequent blink.

Investigation of dysfunction and
disease

Investigation of lacrima! dysfunction and ocular sur-
face disease requires careful inspection of the external
eye and adnexa. Particular attention should be paid to:

+ The animal’s conformation

* The presence, position and size of the lacrimal
puncta

* The position of notrmal and extraneous hairs

* The nature and position of any ocutar discharge

+ The site and extent of any inflammation.

Assessment of tear film distribution is made by
observing the rate and adequacy of normal blinks, and
also by ensuring that the third eyelid is present and that
its mobility is normal (see Chapter 5).

Clinical problems are broadly classified into those
associated with tear production and evaporation,
and those associated with tear drainage. Dry eye
problems are common in veterinary practice and may
be developmental or acquired and a consequence of
tear deficiency (tear-deficient dry eye — TDDE) or
excessive evaporation (evaporative dry eye — EDE),
but the categories are not mutually exclusive. Drainage
problems are also common, and may be develop-
mental or acquired.
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Samples for analysis may be required on occa-
sions: irrigating fluid from a nasolacrimal flush can be
collected into a sterile container, and swabs, impres-
sion smears and scrapes can be taken from the eyelid
margins or conjunctiva for culture and sensitivity.
Biopsy material can be obtained by excision or
aspiration, but it must be noted that aspiration cytology
is often difficult to interpret, and, therefore, not as
accurate as histopathology.

Assessing surface damage

Fluorescein

A single drop of sterile saline is placed on a fluorescein-
impregnated paper strip which is then applied lightly to
the dorsal palpebral conjunctiva. Alternatively, a single
drop of fluorescein can be applied to the ocular surface.
The ocular surface is best viewed with a slit lamp using
the standard blue exciter filter.

Rose bengal

When applied in liquid form, rose bengal causes
pain, particularly in patients with dry eye, where the
dye is taken up into the surface cells. In the USA, rose
bengal is available as an impregnated paper strip,
which is well tolerated when released with a drop
of sterile saline. Rose bengal is not used routinely,
but can be applied after fluorescein, if staining with
that is negative. The ocular surface is viewed in
white light. Any ocular surface staining is best seen
over the white of the sclera where there is good
contrast. It is less easily observed where contrast
is less, such as when the cornea is viewed over a
dark brown iris. Staining is apparently associated
with loss of a mucin-like material, which could be
glycocalyx, at the apical surface of the epithelial cells
(Watanabe and Tanaka, 1996).

Testing tear production

Schirmer tear test (STT)

Tear production is most commonly assessed using the
Schirmer | tear test (see Chapter 1a). There are signifi-
cant differences between the values obtained in the
unanaesthetized eye (Schirmer |) and the anassthe-
tized eye (Schirmer I1). In the majority of normal adult
dogs and cats, a reading of 20 + 5 mm/min is obtained.
The range is large: in one canine study the values
ranged from 13.3—27.2 mm/min (Wyman et al, 1995).
Inanother study inthe adultcat {Brown etal.,, 1997), the
range was 12.5-31.0 mm/min. Readings of less than
10 mm/min are significant, when taken in conjunction
with other signs of ocular surface disease. However,
STT readings in young animals can be low in appar-
ently normal eyes.

There is also variation between eyes, individuals
and breeds. Furthermore, Hakanson and Arnesson
(1997) demonstrated quite wide variation on different
days in young normal Beagles, and suggested that
serial measurements over several days would provide
a more accurate assessment of tear production in
individual animals.
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Phenol red thread (PRT) test

This provides an indirect measurement of tear produc-
tion that is subject to less variation than the STT and is
better tolerated by the patient. It has been evaluated in
both the dog (Brown et al., 1996) and cat (Brown et al,
1997). In 20 dogs (mean age 5.08 years), the mean
length of absorption for the PRT test without anaesthe-
sia was 34.15 = 4.45 mm per 15 seconds, with a range
of 2041 mm/15 s. In 10 dogs of mean age 6.81 years,
the mean length of absorption was 32.9+4.89 mm/15 s
without topical anaesthesia, and 30.6 = 7.62 mm/15 s
after topical anaesthesia. In a study of 28 normal adult
cats (Brown et al., 1997), the mean length of absorption
for the PRT test without anaesthesia was 23.04 +
2.23 mm per 15 seconds, with a range of 18.5-28.0
mm/15 s. After topical anaesthesia, it was 23.89 + 2.17
mm/15 sec, with a range of 18.5-28.0 mm/15 s. There
were, therefore, no significant differences between the
means of the PRT test with or without topical anaesthe-
sia in either species.

Testing tear stability

Fluorescein break-up test (FBUT)

Premature break-up of the tear film is a feature of any
form of dry eye and may be demonstrated by this test.
Itis a provocative test, in so far as fluorescein shortens
the normal break-up time.

A drop of fluorescein is applied to the eye and the
animal is allowed to blink. The eyelids are then held
open and the cornea is observed with a slit lamp
biomicroscope with blue exciter filter in place. In the
dog, the normal average time between the first blink
and observation of the first dry spot is approximately
20 * 5 seconds (Moore et al., 1987). Values of <10 s
are indicative of tear film instability.

Testing tear drainage

Dysfunction of the excretory component of the lacrimal
apparatus usually gives rise to inadequate drainage of
tears with subsequent epiphora (Figure 6.4). Assess-
ment of the patency of the nasolacrimal apparatus is
crucial in the investigation of epiphora.

Figure 6.4
Bilateral epiphora
in a Miniature
Poodle. The tear
staining is
unsightly in light-
coated dogs.

Direct examination

The presence, size and position of the upper and lower
lacrimal puncta should be noted as part of any ophthal-
mological examination. The openings can be exam-
ined by slightly everting the eyelid margins in this
region. The tissue in their immediate vicinity is usually
unpigmented. The eyelid margin in the punctal region
will kink slightly when the eyelid is manipulated. Exami-
nation of the lacrimal puncta is facilitated by both
magnification and illumination with either a slit-lamp
biomicroscope, a direct ophthalmoscope, an examina-
tion loupe and transilluminator, or an otoscope with the
speculum removed.

Fluorescein drainage test

This assesses the entire mechanism of tear drainage
by determining both anatomical and physiological
patency. It involves installing fluorescein into the con-
junctival sac and noting the time taken for dye to
emerge from the ipsilateral nostril (Figure 6.5). If the
dye is applied to both eyes simultaneously, it is impor-
tant to observe fluorescein as it emerges from the
ventrolateral surface of the external nares before
licking spreads the dye over both sides of the nose.
It is often less confusing to test each side separately.
In normal mesocephalic and dolichocephalic dogs,
fluorescein should be visible at the ipsilateral nostril
within 4 minutes. There is little value in continuing
observation if fluorescein is not apparent 10 minutes
after its administration.

The test is most useful when there is a unilateral
obstruction to tear passage, in which case the differ-
ence in transit time between the two eyes is readily
apparent. A standard blue exciter filter and dark condi-
tions will facilitate the detection of fluorescein, which
fluoresces green. The limitation of this test lies in the
number of false negative results it gives. Tear drainage
into the caudal nasal cavity and thence into the naso-
pharynx is common in the brachycephalic breeds of
dog, and in cats. Such individuals are negative for a
fluorescein drainage test, although the excretory com-
ponent of the nasolacrimal system is patent. Some-
times the caudal drainage of tears can be determined
by the observation of fluorescein in the oropharynx or
on the tongue.

Figure 6.5 Normal passage of fluorescein, which
appeared at the ipsilateral nostril within 30 seconds of
application to the conjunctival sac.
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Fibreoptic illumination

Bright illumination from a narrow fibreoptic light
source cannulating the proximal part of the drainage
system is a useful device in the investigation of
lacrimal drainage problems involving the canaliculi or
lacrimal sac. Alternatively, the puncta and canaliculi
can be probed very gently using an appropriately
sized lacrimal probe (e.g. Bowman).

Cannulation and irrigation

This is essentially a test of the anatomical patency of the
nasolacrimal system. In many dogs it is possible to
perform it under topical anaesthesia, but general anaes-
thesia should always be used in small dogs and cats to
avoid causing inadvertent damage. When performed
under general anaesthesia, the head should be tilted
downwards and the pharynx packed with moistened
gauze bandage or swabs, to prevent aspiration. Differ-
enttypes of metal and plastic cannulae are available, but
the design and properties (e.g. malleability coupled with
rigidity) of silver lacrimal cannulae make them the best
choice; they are also readily sterilized for repeated use
(Figure 6.6). Disposable plastic cannulae are also avail-
able (Figure 6.6). Plastic lacrimal cannulae can be
rendered more rigid by cutting them shorter, but the
sharp-edged tip should be blunted by flaming prior to
use. Both plastic and metal cannulae should be used
with care to avoid damaging the puncta and canaliculi.

Figure 6.6 Plastic and metal lacrimal cannulae.

1. Cannulate the dorsal punctum with a sterile
lacrimal cannula, which is then attached to a
syringe of sterile saline or sterile water (Figure 6.7).

2. Establish patency of the lower punctum and
canaliculus by applying digital pressure to the
lacrimal sac region while slowly injecting the
irrigating fluid. If fluid emerges from the lower
punctum, it confirms the anatomical patency of
the upper and lower lacrimal puncta and
canaliculi and the lacrimal sac.

3. Occlude the lower punctum by applying direct
digital pressure, so that patency of the nasolacrimal
duct can be demonstrated when the head is
lowered. When the tears drain caudally, as in
brachycephalic dogs and cats, the saline passes
into the nasopharynx and elicits an obvious
swallowing response in the conscious animal.

4. If the irrigant is required for culture and sensitivity
testing, it is usually collected from the nostrils.
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Gentle sustained pressure should be all that is
required to irrigate the lacrimal drainage apparatus. If
resistance is met, then the cannula should be reposi-
tioned before assuming the presence of an obstruction.

Figure 6.7 Irrigation of the nasolacrimal drainage system
with sterile water via the upper punctum in a conscious,
non-sedated dog; note the water dripping from the nose.
A lacrimal-cannula has been passed into the upper
punctum and canaliculus after applying a drop of local
anaesthetic to the upper punctum.

It is better to use a urinary catheter rather than a
cannula if the whole of the excretory component of the
lacrimal system is to be explored, albeit indirectly. The
upper punctum is the entry point of choice:

1. Introduce a suitably sized sterile urinary catheter
into the upper punctum.

2. Pass the catheter without any force via the
upper canaliculus and lacrimal sac into the
nasolacrimal duct.

3. Advance the catheter until it exits at the external
nares via the nasal ostium (Crispin, 1987).

Minor difficulties in manipulating the catheter may
be encountered in the region of the lacrimal foramen
and nasal ostium; if so, the catheter should be with-
drawn slightly before the manoeuvre is repeated.

Less commonly, the systemis catheterized in retro-
grade fashion via the nasal ostium, after placing a
nasal speculum to spread the exteral nares and using
a fine fibre optic light source to improve visibility.

Dacryocystorhinography
This radiographic technique (see also Chapter 1) can
be used to delineate the nasolacrimal system. It is
indicated in some cases of persistent or recurrent
epiphora, in order to evaluate anatomical patency of
the nasolacrimal system. The site, extent and degree
of nasolacrimal obstruction can be visualized. In addi-
tion, developmental defects, dilations, deviations and
stenosis of the nasolacrimal system may also be seen.
Under general anaesthesia, the upper punctum is
cannulated, and 1-2 ml of contrast agent (meglumine
iothalamate 60% w/v) is injected, after occluding the
lower punctum by applying iissue forceps. Lateral and
dorsoventral radiographic views should be taken as the
radiopaque medium is injected, or immediately after-
wards. Delineation of the nasolacrimal duct in brachy-
cephalicbreeds is often obscured by the rapid appearance
of contrast medium in the nasal cavity and nasopharynx.
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Canine lacrimal apparatus -
secretory problems

The wet eye

Epiphora is defined as tear overflow because of im-
paired tear drainage, and must be distinguished from
increased lacrimation due to painful or irritating ocular
conditions (reflex tear secretion), as well as disease of
the paranasal sinuses and mechanical or olfactory
stimulation of the nasal mucosa. Increased lacrimation
and inadequate tear drainage can exist concurrently.

The dry eye

Dry eye is a consequence of tear deficiency (TDDE)
or increased evaporative loss (EDE), or a combina-
tion of the two. EDE is often related to meibomian
gland disease, but may also be caused by abnormal
eyelid structure or function (e.g. overlong palpebral
aperture, poor eyelid/globe congruity, inadequate
blink). A standard protocol should be adopted for
investigation (Figure 6.8).

1. Find out the age, breed, sex, history (including previous and
present treatment) and clinical signs

2. Observe the normal blink and protective blink

Perform a detailed examination, with magnification, of all
three eyelids and the ocular surface

Perform a Schirmer | tear test

Perform a phenol red thread test

Perform a fluorescein break-up test (FBUT)
7. Apply rose bengal

=
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Figure 6.8 Protocol for the investigation of dry eye
problems. Investigations 5-7 are not a routine part of the
assessment.

Lipid abnormalities

Meibomian gland dysfunction is an important cause of
evaporative dry eye. Developmental eyelid defects
may affect the number and distribution of the meibomian
glands. Both gqualitative and quantitative alterations in
meibomian gland secretion may be of significance.

Acquired lipid abnormalities involving the meibomian
glands include marginal blepharitis (inflammation of
the eyelid margins), which is commonly caused by
bacteria (staphylococci and streptococci) or, less com-
monly, by parasites, yeasts and fungi (see Chapter 5).
In addition to meibomian gland involvement as part of
eyelid inflammation, the glands can themselves be-
come inflamed (meibomianitis) or infected. Meibomian
gland secretions become inspissated because of ob-
struction of the gland duct, resulting in a sterile
lipogranulomatous response (chalazion). Rupture of
the affected glands will result in a more diffuse granu-
lomatous response, and secondary infection will also
result in extensive eyelid swelling.

While meibomian gland dysfunction is usually a
feature of local eyelid disease, more generalized in-
volvement of the skin and mucous membranes should
alert the clinician to less common disorders, such as
erythema multiforme (Figure 6.9), that are apparently
connected with acute hypersensitivity reactions which
result in immune complex-mediated vasculitis.

Figure 6.9 Complex tear film abnormalities in a Labrador
Retriever with erythema multiforme.

Surgical techniques that remove the meibomian
glands, for example, partial tarsal plate excision as a
treatment for distichiasis, may be complicated subse-
guently by evaporative dry eye.

Clinical problems, most seriously corneal ulcera-
tion, can occur in breeds susceptible to exposure
keratopathy, such as the Pekingese (Figure 6.10).

RN S

Figure 6.10 Dysfunctional tear film and ulcerative
keratitis in a Pekingese. Distichiasis had been treated by
partial tarsal plate excision. The tear film was unstable,
with a fluorescein break-up time of <8 seconds. The
eyelids were scarred, some facial hairs were contacting
the cornea and the dog still had distichiasis.

Clinical features: In developmental disease, the
number and distribution of the glands may be abnor-
mal; for example, no glands are apparent in regions
with colobomatous eyelid defects, and the number and
distribution of the glands may be irregular in dogs
which develop distichiasis.

In acquired disease, there are a great many poten-
tial alterations: the eyelids may be thickened, their
margin distorted, or the meibomian gland openings
may be prominent, inflamed or obliterated. Excessive
secretion or secretions of abnormal appearance may
be present; alternatively, there may be no obvious
secretion. Gentle pressure may fail to express
meibomian oil from the orifices, or the secretion which
emerges is of abnormal appearance.

The consequences of abnormal meibomian gland
function are to increase evaporative loss, with prema-
ture break-up of the tear film; the latter phenomenon is
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common to all forms of dry eye. Swabs, impression
smears and scrapes can be taken from the eyelid
margins for microscopy; culture and sensitivity may
also be performed when infection is suspected. Biopsy
material can be obtained by total or partial excision of
the affected portion of the eyelids or gland incision.

Diagnosis: The diagnosis of meibomian lipid abnor-
malities is largely subjective, based on history and
clinical appearance; tests of increased evaporative loss,
such as tear film break-up time, may be suggestive.
Careful observation of blinking and examination of the
eyelids is essential, particularly the number and distribu-
tion of the openings of the meibomian glands at the
eyelid margin, and the glands themselves, beneath the
eyelid. The tearfilm break-up time may be decreased. In
severe meibomian gland disease there may be kerato-
conjunctivitis, with or without punctate epitheliopathy.

Treatment: Local meibomianitis can be treated with an
ointment containing an antibiotic and corticosteroid
combination applied to the eyelid margin. Warm com-
presses may also be useful if the condition has not
been presentforlong and involvement s focal. In other
respects, treatment is as for blepharitis (see Chapter
5). Treatment of chalazia, either single or multiple,
usually requires incision of the overlying palpebral
conjunctiva and curettage or surgical excision.

Treatment of eyelid infections consists of careful
cleaning using bland isotonic solutions or baby
shampoo (diluted 1 in 20 with isotonic solution),
combined with the use of appropriate therapeutic agents.
Topical application of a suitable antibiotic, antifungal or
parasiticide is required and, most importantly, systemic
administration of an appropriate drug for a minimum of
3—4 weeks may also be required (see Chapter 5).

Meibomian gland dysfunction associated with sys-
temic disease may be treated symptomatically while
the systemic disease is managed.

Aqueous deficiency

Deficiency in the lacrimal and nictitans component of
the tear film produces the classic tear-deficient dry eye
(Figures 6.11-6.13). Abnormalities of lacrimation
associated with neurological dysfunction are described
in Chapter 15.

: g2/ i 7 i %‘ﬁfﬂ

Figure 6.11 Immune-mediated keratoconjunctivitis sicca
(KCS) in a West Highland White Terrier. There is an
extensive ocular discharge and the cornea has a dull and
lacklustre appearance.
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Figure 6.12 Acute KCS and ulcerative keratitis (from
which Pseudomonas aeruginosa was cultured). The dog,
a Jack Russell Terrier, had suffered multiple injures in a
road traffic accident, including urethral rupture, and was
uraemic and severely dehydrated on presentation.

Figure 6.13 KCS in a Border Collie, following the use of
the sulphonamide salazopyrin for colitis.

Developmental causes: These may be a conse-
quence of aplasia or hypoplasia of the lacrimal gland
and/or the nictitans gland and the associated nerve
supply. In affected animals the nose is often dry.
Yorkshire Terriers, Pugs and English Springer Span-
iels are most commonly affected.

Acquired causes: These include immune-mediated
disease; systemic diseases (e.g. distemper); surgery
(e.g. removal of the nictitans gland); direct trauma (bite
wounds, blows to the head, chemical injury, irradia-
tion); afferent and efferent arm lesions, including facial
(VII) nerve damage (neurogenic origin); lacrimotoxic
drugs (e.g. sulphonamides); ageing; and metabolic
disease (e.g. hypothyroidism). The disease may also
be idiopathic. Immune-mediated disease is probably
the commonest of the possible acquired causes. Neu-
tered animals, irrespective of their gender, are predis-
posed to age-related keratoconjunctivitis sicca (KCS)
(Kaswan et al., 1991).

A number of sedatives and general anaesthetics
will produce transient reductions in tear production;
some combinations, e.g. xylazine and butorphanol
(Dodam et al,, 1998), cause a profound decrease.
Topically or parenterally administered atropine will
also reduce tear production. The results of Schirmer
tear testing should not form the basis of diagnosis and
future management of KCS under these circumstances.
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Keratoconjunctivitis sicca

KC8&is primarily a result of agueous deficiency, but the
problem is chronically exacerbated by abnormalities of
mucin production. Certain breeds appear to be particu-
larly at risk of developing KCS; these include the
English Bulldog, West Highland White Terrier, Cavalier
King Charles Spaniel, Lhasa Apso and Shih Tsu.

Clinical signs: The appearance is variable: disruption
of the corneal reflex, a lacklustre appearance of the
cornea, supetficial keratitis and diffuse conjunctivitis
are common. Pain, blepharospasm and sometimes
corneal ulceration are more likely in acute-onset KCS.
Chronic KCS8, however, is uncomfortable rather than
painful, and affected animals present with conjunctival
thickening, corneal vascularization, pigmentation and,
eventually, xerosis. Xerosis is the extreme dryness
associated with keratinization of the ocular surface in
chronic disease. In all cases, there is an ocular dis-
charge but this is of variable appearance and quantity.
The discharge is most commonly yellow or green in
colour and of a tenacious consistency; it is particularly
obvious where it is adherent to the cornea. Secondary
opportunistic bacterial conjunctivitis is freguently asso-
ciated with KCS and is a common reason for failure to
diagnose the underlying primary problem.

Diagnosis: The diagnosis is made on the basis of
clinical signs and Schirmer tear tests; the Schirmer |
tear test {STT 1} is employed routinely {(see Chapter 1a
and above). It is important to test both eyes and to
recheck regularly as part of the management regime.

Drug treatment: This depends on investigating the
primary cause and treating it if possible. While thyroid
hormone replacement therapy will be effective as treat-
ment for KCS in hypothyroid animals, suiphonamide-
induced KCSis rarely completely reversible. As clinical
signs of KCS have been reported within 30 days of
starting sulphonamide therapy in susceptible dogs
{Diehl and Roberts, 1991), systemic use of suiphon-
amides should be avoided in these cases if possible.
Failing this, tear production should be monitored dur-
ing their use. Animals with immune-mediated KCS
invariably require treatment for life.

KCS is usually managed medically with a variety of
drug combinations after, most importantly, cleaning
the eyes carefully with tepid boiled water to remove the
tenacious discharge. Drugs used include lacrimo-
stimulants, lacrimomimetics, mucolytics, antibiotics and
anti-inflammmatories. Medical management is also
discussed in Chapter 3.

* Lacrostimulants:

— Topical cyclosporin is the drug of choice for
management of most types of canine KCS
{Kaswan and Salisbury, 1990; Gilger and
Allen, 1998). It is most commonly applied
twice daily and, as the maximal response to
treatment may take many weeks, itis
important not to discontinue treatment without
a trial of at least 6-8 weeks, monitoring any
changes in STT levels. However, as

cyclosporin helps to reduce the ocular surface
changes seen in chronic disease, it could be
argued that it is indicated even without an
increase in STT values. Responsive cases
(improved appearance and comfort, with or
without increased STT values} usually require
treatment for life with once- or twice-daily
maintenance therapy.

— Pilccarpine has been used much less
frequently since the introduction of
cyclosporin. KCS of neurogenic origin may
respond well to treatment with oral pilocarpine
1%, although its use is not devoid of potential
side-effects; Moore (1999) sets out the
guidelines which should be followed.

s Lacrimomimetics/mucinomimetics: There are

many commercially available preparations, but
those of particular value are a hyaluron derivative
(available in North America}, carbomer 940 and
polyacrylic acid (both available in Europe). These
preparations are an important aspect of long-
term medical management

« Mucolytics: Mucolytics such as acetyicysteine
are rather expensive for extended use, but
may be useful in the initial stages to remove
excessive mucin.

* Antibiotics: A course of broad-spectrum topical
antibiotic may be required if bacterial overgrowth
exacerbates the clinical presentation. The
antibiotic should be selected on the basis of
bacterial culture and sensitivity testing, and may
be discontinued once the infection is brought
under control.

« Anti-inflammatories: Topical corticosteroids are
useful when immune-mediated KCS is suspected
and in those cases in which there is a vascular
non-ulcerative keratitis. Prednisolone acetate,
although a potent topical anti-inflammatory
agent, should be reserved for the treatment
of intraocular inflammation. Preparations such
as betamethasone sodium phosphate,
prednisolone scdium phosphate, dexamethasone
with hypromellose, and fluorometholane are
effective anti-inflammatories. Fluorometholone
penetrates less well into the eye than the other
preparations and this may be of advantage in the
treatment of the superficial corneal and
conjunctival changes associated with KCS. There
are also preparations that contain antibiotics and
ocular lubricants as well as corticosteroids, and
this is a treatment option when secondary
opportunist infection is present. Corticosteroids
should not be used if corneal ulceration is
present, and owners should be warned that, if
ulcers develop, their use should be discontinued
and veterinary advice sought.

Surgical management: If the loss of tear production
is absolute and permanent, if the owners cannot
manage medical therapy orif the clinical signs are not
kept under control with medical treatment, then
parotid duct transposition (pdt}, should be consid-
ered. Parotid duct transposition should only be
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performed after checking that the KCS is permanent
and that the parotid salivary gland actually produces
saliva, and after discussing the possible postopera-
tive management and appearance with the owners, at
some length. Possible immediate complications of
parotid duct transposition (pdt) include those associ-
ated with poor assessment and surgical mishaps.
Postoperative problems include ocular discomfort,
blepharitis, excessively wet eyes and face, periorbital
hair loss, skin excoriation and corneal deposition
(usually calcium salts). Owners should be warned
that they may find an over-wet eye as unpleasant as
one that is too dry, and advised on how they can best
manage long-term complications such as blepharitis
(see Chapter 5). Ocular discomfort may be associ-
ated with excessively alkaline parotid saliva (pH may
be above 8.3); standard pH test papers can be used
to test the pH of the parotid saliva before surgery is
performed, so that owners can be alerted to this
possibility. The bacteria isolated from the conjunctival
sac change both qualitatively and quantitatively fol-
lowing pdt and bacterial overgrowth may be a con-
tributory factor in post-pdt blepharitis (Petersen-Jones,
1997). The immunological composition of tears and
parotid saliva differs, in that tears are richest in 1gA,
followed by IgG, and IgM is absent, whereas parotid
saliva is richest in IgA, there is less IgG than in tears,
and IgM is present (Jiménez et al., 1992).

It is worth being particularly cautious in advising
surgery forvery greedy dogs, and itis always sensible
to divide the feeds up over a 24-hour period to
provide optimum lubrication after surgery has been
performed. There are many minor variations in the
way the surgery can be carried out (Wyman, 1979;
Moore, 1999). If patients are selected carefully, the
results of surgery are very rewarding (Figure 6.14).
On rare occasions, the effects of parotid duct trans-
position may need to be reversed by repositioning the
duct in the mouth, a more reliable procedure than
ligation of the parotid duct.

V. <

Figure 6.14 Appearance of the eye in a West Highland
White Terrier two years after parotid duct transposition.

Mucin abnormality

Mucin deficiency may lead to evaporative dry eye
and is seen most commonly as a consequence
of chronic conjunctivitis and in association with
KCS. Generalized conditions, including burns,
immune-mediated disease, infection and chronic
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inflammation may also be a cause of mucin abnormal-
ity. Dry eye syndromes, for example, those associ-
ated with erythema multiforme and toxic epidermal
necrosis, may be a consequence of goblet cell
loss and damage to the lacrimal and meibomian
gland orifices.

Clinical signs: The clinical signs are those of EDE, i.e.
usually chronic keratoconjunctivitis, often coupled with
no ocular discharge and normal aqueous production
(Moore, 1990). Punctate epitheliopathy with frank
fluorescein-positive erosions may be part of the clinical
presentation and typically responds poorly to treat-
ment, or tends to recur once treatment is stopped.

Diagnosis: This is based on the clinical signs, the
fluorescein break-up test and conjunctival biopsy.
Fluorescein break-up time is approximately 20 sec-
onds inthe normal dog, but, in mucin-deficientanimals,
the tear film usually breaks up in less than 5 seconds
{(Moore, 1990). Conjunctival biopsy allows epithelial
goblet cells to be quantified; samples should be taken
from the lower conjunctival fornix (between the third
eyelid and lower eyelid), an area with a high density of
goblet cells in the normal dog.

Treatment: The mainstay of treatment is the topical
application of mucinomimetics or mucin replacers (e.g.
polyvinyl alcohol or polyacrylic acid). Topical
corticosteroids are also indicated in those cases in
which there is marked mononuclear cell infiltration,
provided that no ulceration is present.

Canine tear film - distribution
problems

Evaporative tear loss leading to exposure keratopathy
is the commonest consequence of defective spreading
of the tear film (Figure 6.15). There are a great number
of possible reasons for defective tear film distribution,
including poor congruity between the eyelids and globe,
and inadequate blinking. Possible causes are summa-
rized in Figure 6.16.

Figure 6.15
Exposure
keratopathy and
dry eye in a
Lhasa Apso
from which the
third eyelid had
been removed
some years
earlier.
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Eyelid problems

Developmental defects: e.g. agenesis, coloboma, oversized
palpebral aperture (macropalpebral fissure), entropion, ectropion

Breed-related anatomical anomalies: e.g. the deep medial
canthus of long-nosed breeds, such as the Dobermann

Breed-related anatomical abnormalities: e.g. the various
manifestations of ‘diamond’ eye in some large breeds

Acquired defects: e.g. absence of the third eyelid; deformities
resulting from trauma, surgery, infection and ageing

Eyelid, conjunctival, limbal or corneal masses may also interfere
with congruity and the distribution of the ptf

Prominent or enlarged eye
Anatomical/breed-related: e.g Pekingese and Pug

Exophthalmos and proptosis due to retrobulbar or periorbital
swelling/infiltration

Buphthalmos or hydrophthalmos as a result of glaucoma
A result of intraocular space-occupying lesions

Globe prolapse

Inadequate blink response

Reduced or absent blinking usually involves defective motor
function (cranial nerve VII), deficient corneal sensation (cranial
nerve V) or, less commonly, intracranial lesions

Figure 6.16 Causes of defective tear film distribution
in dogs.

Canine tear film - excretory
problems

Developmental defects

Lacrimal punctal aplasia or imperforate punctum
This is a common developmental abnormality of the
nasolacrimal system in the dog. It occurs in all
breeds, although the American and English Cocker
Spaniel, Bedlington Terrier, Golden Retriever, Mini-
ature and Toy Poodle, Samoyed and Sealyham
Terrier appear to be predisposed. Studies in the
Golden Retriever and Cocker Spaniel indicated a
familial tendency but have not revealed a mode of
inheritance (Barnett, 1979).

The cause of the condition has not been fully
determined. The nasolacrimal system develops
embryologically from a solid cord of ectodermal
cells that becomes canalized during development.
Incomplete canalization might resultin animperforate
lacrimal punctum, micropunctum or aplasia of any
part of the nasolacrimal system. The problem is
probably present from birth, but the presenting signs
of epiphora due to inadequate tear drainage are
usually not seen until after 8 weeks of age. The
severity of the epiphora is variable, but it generally
gives rise to rust-coloured staining of the medial
canthal skin and the hair ventral to this region.
Epiphora is more obvious in dogs with a pale coat.

This condition can affect the upper or lower punc-
tum, or both, and may be unilateral or bilateral. The
lower punctum is more commonly affected than the
upper punctum. In unilateral cases, the other eye may
be normal or have some other developmental defect,
such as micropunctum.

Diagnosis: Veterinary advice is usually sought be-
cause the dog has epiphora. A diagnosis of lacrimal
punctal aplasia may be made by careful examination
using magnification and illumination (Figure 6.17).
The position of an imperforate punctum is sometimes
marked by the presence of a thin translucent sheet of
mucous membrane overlying the canaliculus. Other
indications of its position include a small depression
inthe conjunctiva overlying the canaliculus, or a small
pigmented spot. In cases where there are no such
indications, the diagnosis of imperforate punctum
should be confirmed prior to surgical treatment by
cannulating and flushing the nasolacrimal system
with sterile saline via the ipsilateral patent punctum
(usually the upper punctum). The position of the
imperforate punctum is revealed by transient balloon-
ing of the overlying mucous membrane (palpebral
conjunctiva) during irrigation. Absence of any changes
during irrigation may indicate that the associated
canaliculus is also absent. If this is suspected, inves-
tigation with fibreoptic endoscopy, a lacrimal probe
(e.g. Leibreich), a pigtail probe (e.g. Worst) or
dacryocystorhinography is necessary to demonstrate
the degree of aplasia of the associated canaliculus
(see below).

Figure 6.17 Absence of lower lacrimal punctum in a
Tibetan Mastiff. The dog had first presented with painless
epiphora; tear drainage was not investigated and lower
eyelid entropion surgery was performed in error,
producing lower eyelid ectropion. The lower punctum was
recreated using a one-snip technique and a lid-shortening
procedure restored normal eyelid congruity.

Treatment: Under general anaesthesia, the sheet
of conjunctiva overlying the canaliculus is grasped
with fine forceps and cleanly excised (one-snip
technique) with fine, sharp scissors, leaving an obvi-
ous round to oval defect beneath (Figure 6.18). The
procedure is facilitated by magnification. Patency
is confirmed after surgery by irrigation via the ipsi-
lateral punctum. The risk of postoperative fibrosis
and subsequent occlusion or stenosis of the canalicu-
lus is small. Postoperative treatment consists of
topical ophthalmic antibiotic and corticosteroid solu-
tion for approximately 7 days. In the event of post-
operative punctal occlusion, the area overlying
the canaliculus is once again excised using the three-
snip technique, in which three equidistant incisions
are made around the punctum and the three conjunc-
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Figure 6.18 Basic lacrimal surgery in a Golden Retriever
with lower lacrimal punctal aplasia. The upper punctum
and canaliculus have been cannulated. In (a) there is no
sign of a lower punctum, but injection of sterile saline via
the upper punctum has raised a transient bleb where the
punctum should be. A one-snip technique has been used
to create a lower punctum (b).

tival flaps that are created are removed. Punctal
patency is maintained by catheterizing the entire
nasolacrimal system with 0 or 00 monofilament
nylon, or with silastic tubing.

Micropunctum

The clinical signs associated with incomplete devel-
opment of the punctum, or micropunctum, are similar
to those exhibited by patients with imperforate lac-
rimal punctum (Barnett, 1979). Diagnosis is based
on a history of epiphora, together with observation
of an abnormally small lacrimal punctum by direct
examination using magnification and illumination.
Fluorescein drainage is delayed on the affected
side. Lower micropunctum is more frequently diag-
nosed than upper.

Treatment: Micropuncta can be enlarged using a
punctum/canaliculus dilator (e.g. Nettleship), or
using one of two surgical techniques. The first
technique involves inserting one blade of a fine pair
of straight scissors into the punctum and making
two small parallel incisions directed toward the
medial canthus, thereby creating a small flap of
conjunctiva overlying the canaliculus which is then
excised. The second technique is the three-snip
technique described above.
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Aplasia of other parts of the lacrimal drainage
system

Lacrimal canalicular aplasia is a rare condition similar
in both aetiology and presentation to imperforate lac-
rimal puncta. Clinical signs of epiphora are usually only
seen in cases of lower canalicular aplasia. The main
problem lies in its differentiation from imperforate lac-
rimal punctum. If there is no evidence of a transient
swelling of the conjunctiva over the presumed position
of the lacrimal punctum on irrigation via the other
punctum, then a malleable lacrimal probe, pigtail probe,
or a fibreoptic light source may be inserted via the
normal punctum, to gain some idea of the extent of the
defect. Dacryocystorhinography may also be required.

Treatment of canalicular aplasia consists of cutting
down on the end of a malleable lacrimal probe or pigtail
probe if the instrument can be aligned close to the
normal punctal position, in order to create a communi-
cating canaliculus and punctum. Canalization is main-
tained by catheterizing the entire nasolacrimal system
with 0 or 00 monofilament nylon, or with silastic or
polyethylene tubing.

Alternatively, if there is no obvious canaliculus and
punctum, surgical treatment should be considered; this
consists of creating an alternative tear drainage path-
way into the maxillary sinus (conjunctival maxillary
sinosotomy), the nose (conjunctival rhinostomy) or the
mouth (conjunctival buccostomy). This type of invasive
surgery is not without risk of complications and may not
be justifiable if the problem is only cosmetic.

Epiphora in the miniature breeds

Epiphora with obvious tear staining is a common prob-
lem in some of the smaller breeds (Figures 6.4 and
6.19), especially in the Bichon Frisé, Maltese Terrier,
Miniature and Toy Poodle and Tibetan Spaniel. It is
particularly apparent in pale-coated animals. Certain
anatomical features of these breeds predispose them
to impaired tear drainage, and this results in epiphora.
The onset of epiphora is variable, but it is generally
observed from 2—-3 months of age onwards, as bilateral
rust-coloured staining of the medial canthal skin and
the hair beneath. Ocular irritation and conjunctival
hyperaemia are not features of the condition, although
ithas been reported that some affected individuals may

Figure 6.19 Epiphora demonstrated with topical
fluorescein. No fluorescein appeared at the nostril after
application of one drop to the lower conjunctival sac.
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have higher than average Schirmer | tear test readings
and that nictitans gland hypertrophy may be present in
some dogs with this problem (Read et al., 1996).

Animals with epiphora should be examined meticu-
lously, as there are a great number of possible con-
tributory factors, some of which may interact.
Fluorescein passage may he delayed or absent in
affected eyes. Nasolacrimal cannulation and flushing
should be performed to confirm patency of the naso-
lacrimal system and to exclude other possible causes
of epiphora. Anatomical patency of the nasolacrimal
system in such cases suggests that tears do not enter
the drainage apparatus at a rate sufficient to allow the
complete drainage of tears.

Diagnosis: This is based on the absence of findings
suggesting other causes of epiphora, and the pres-
ence of certain anatomical features which may
interactto predispose the individual to epiphora. These
features include:

s A shallow orbit with a prominent globe

» Close apposition of the eyelids to the globe,
resulting in a shallow lacrimal jake and close
apposition of the lower lacrimal punctum to the
prominent cornea, thereby effectively occluding
it. Tears tend to be squeezed on fo the face on
eyelid closure, due to the shallow lacrimal fake

* Medial lower eyelid entropion, causing ventral
displacement and functional closure of the lower
lacrimal punctum and canalicuius, with
subsequent impairment of tear drainage

= Misplacement of the lower punctum without
medial lower eyelid entropion

« Hair at the medial canthus, of both the eyelids
and the lacrimal caruncle, tends to impinge on
the ptf, acting as a wick to entrain tears on to the
skin and hair of the medial canthus. These hairs
may impinge on to the cornea (trichiasis),
causing increased lacrimation, which further
compounds the problem

+ Distichiasis

« Tight medial canthal ligaments, which displace
the medial canthus ventrally.

Treatment: Thisis notalways necessary ifthe problem
is one of cosmetic appearance of no concern. If there
is medial lower eyelid entropion, this should be re-
paired with the Hotz—Celsus technique, or medial
canthoplasty can be used fo correct the entropion,
carunculartrichiasis and tight medial canthalligaments
{see Chapter5). Surgery to realign the misplaced lower
punctum may also be necessary (Grahn, 1998). If
distichiasis is contributing to the epiphora, it should be
treated (see Chapter 5).

Some reduction in the severity of the tear staining
has been reported during treatment with either oral
metronidazole or oral oxytetracycline. Treaiment
is empirical, as the mechanism is not understood,
although it may relate to the interaction of the anti-
biotics with tear porphyrins. As this effect is only
seen during treatment, it cannot be used for long-
term management.

Other
Congenital or acquired cystic dilation of the lacrimal
canaliculus is termed canaliculops; there is a single
case report in the dog (Gerding, 1991). The cystic
dilation of the lower canaliculus gave rise to a palp-
able firm painless swelling below the medial lower
eyelid margin. Epiphora was due to partial obstruction
of the lower canaliculus by the cyst, and patency of
the canaliculus was restored by surgical excision. The
history and clinical presentation were consistent
with a congenital lesion, but an acquired origin could
not be excluded.

Two cases of cystic nasolacrimal duct obstruction
presumed to be of developmental origin have been
reported (White et al., 1984; Grahn and Mason, 1995).

Canine nasolacrimal system -
acquired conditions

Traumatic damage

Eyelid surgety in the canalicular region may result in
jatrogenic damage and it is always sensible 1o cannu-
late both puncta and canaliculi when performing sur-
gery in this region.

Medial eyelid lacerations can involve the lacrimal
canaliculi. Those that occur are usually due to bite or
scratch wounds. Marked eyelid oedema and inflamma-
tion develops following eyelid laceration. Prompt pri-
mary repair of the laceration is indicated if canalicular
patency is to be maintained, and requires good micro-
surgical facilities and meticulous surgical technique.
The proximal portion of the lacerated canaliculus can
generally be cannulated viaits punctum, either direcily,
or via a Worst pigtail probe, through which silastic
tubing is passed. The distal portion of the canaliculus
is often difficult to locate and the task is made easier if
viscous fluid (e.g. tear replacement polymers) and air
bubbles are mixed in a syringe and injected via the
undamaged punctum. The bubbles that emerge from
the distal portion enable the damaged canaliculus to be
identified and cannulated with silastictubing (Loff ef al.,
19986). Following microsurgical repair of the damaged
tissues, the eye is treated with topical antibiotic solution
until the cannula is removed some 3 weeks later.

The prognosis for maintaining canalicular patency
is poor in cases of long-standing canalicular laceration
or where cannulation and catheterization of the lacer-
ated canaliculus is not possible. Subsequent canalicu-
lar obstruction usually gives rise to epiphora.

Acquired obstructions
Both external and internal factors may influence the
patency of the lacrimal drainage apparatus. Traumatic
injury {see earlier), foreign bodies, inflammatory dis-
ease and necplasia are possible causes.

External factors are:

* FEyelid neoplasia in the region of the lacrimal
punctum (an uncommon cause of external
obstruction)

« Dental disease, which may involve the
nasolacrimal duct {e.g. molar abscess)
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» Extramural space-occupying lesions from the
nasal cavity or maxillary sinus, which can
cause nasolacrimal duct compression,
deviation or infiltration (Gelatt et al., 1972).
Chronic inflammatory nasal conditions can
bring about secondary inflammatory changes
in the adjacent nasolacrimal duct, and
subsequent obstruction. Clinical signs such as
chronic nasal discharge, epistaxis and facial
swelling may suggest primary nasal cavity
pathology. Plain radiographs of the maxillary
and nasal regions should be taken.
Dacryocystorhinography enables deviation,
obstruction and invasion of the nasolacrimal
duct by such lesions to be visualized and
located (Gelatt et al., 1972).

In addition to the standard investigations of
inadequate lacrimal drainage, review of the possible
external factors requires careful examination of the
head and neck, paying particular attention to the
adnexa, oral cavity and nose. Diagnostic imaging
techniques, including plain radiographs, will aid
diagnosis.

Internal factors are:

e Foreign bodies
¢ Inflammation
* Neoplasia.

Foreign bodies

These may gain access to the drainage system
via either punctum; organic material is a common
cause of internal obstruction (Figures 6.20 and 6.21).
Clinically, such cases present with discomfort and
conjunctivitis. Initial epiphora is superseded by a
profuse mucopurulent discharge within a matter of
hours and, if the material causes local trauma, there
may be bleeding from one or both puncta. Initially,
some part of the foreign body may be visible extruding
from the lacrimal punctum. Later, it becomes hidden
as it migrates via the canaliculus towards the lacrimal
sac and, in these cases, fluorescein drainage is
delayed or absent on the affected side. If some part
of the foreign body is visible, topical local anaesthetic
is applied and the foreign body is grasped with fine
forceps and removed. The shapes of some foreign
bodies (e.g. barley awns) make them difficult to
remove in their entirety and, in these cases, it is
important to flush any debris out through the
unaffected punctum. This is effected by applying
digital pressure in the region of the lacrimal sac
prior to irrigation, to avoid flushing material into the
narrow intraosseous portion of the nasolacrimal
duct. A similar approach can be used for foreign
bodies that are identified within the canaliculus. Again,
the aim of irrigation is to flush the foreign body out
and not to force it into the nasolacrimal duct, where
it is inaccessible. On occasions, the canaliculus
must be surgically explored to effect complete
removal of the foreign body. Following removal, the
patientis given a 5-7 day course of a topical antibiotic
and corticosteroid solution.
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Figure 6.20 Foreign body in the upper punctum. The
dog had an acute onset of pain, blepharospasm and
lacrimation initially. A mucopurulent discharge soon
developed (a) and the owner noticed within a week that
there was intermittent bleeding from the corner of the eye.
(b) The profuse mucopurulent discharge has been
cleaned away and a grass seed is just visible in the upper
punctum. The intermittent bleeding was the result of
mechanical trauma to the canaliculus.

If the diagnosis is missed, particularly when the
foreign body becomes lodged in the intraosseous
portion of the nasolacrimal duct, the problem can be
exacerbated by intramural inflammatory changes, in-
traluminal inflammatory debris and fibrosis. Dacryo-
cystorhinography can be useful in confirming the
diagnosis (Figure 6.21b). Unless the patency of the
system can be restored by catheterization of the entire
system via the upper punctum (Figure 6.21c), or, less
commeonly, via the nasal ostium, permanent obstruc-
tion may result.

Canaliculitis and dacryocystitis

Canaliculitis is defined as inflammation of either the
canaliculus or canaliculi. Dacryocystitis is defined as
inflammation of the lacrimal sac, although the inflam-
matory processes rarely involve the lacrimal sac in
isolation. In practice, therefore, the term dacryocystitis
is applied to inflammation of the whole of the excretory
system. Acute and chronic forms exist and are usually
accompanied by inflammation of the canaliculi and
nasolacrimal duct. Most cases result from the pres-
ence of a foreign body within the drainage system, and
all cases should be investigated with regard to this
aetiology. Continuous tear flow plays a role in flushing
both bacteria and debris through the nasolacrimal
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Figure 6.21 (a) Chronic dacryocystitis associated with
disintegration of a foreign body in a Labrador Retriever.
The foreign body was inadvertently flushed down the
nasolacrimal duct and lodged in the intraosseous portion
of the nasclacrimal duct. Repeated irrigation failed to
restore patency of the duct, and the dog was referred to a
specialist. (b) Dacryocystorhinography demonstrated the
abnormal region in the narrowest part of the intraosseous
portion of the nasolacrimal duct (arrowed). (c) Patency
was restored and retained by cannulating the entire
system using a feline urinary catheter; the abnormal
region of the nasolacrimal duct was apparent when the
catheter was passed. The catheter (FG 6) was sutured in
place to retain patency. The condition resolved completely
within 2 weeks and the catheter was removed.

system, so any obstruction to tear drainage allows
debris to accumulate within the system and possible
overgrowth of bacteria. The epithelial lining of the
nasolacrimal system is a potent barrier to bacterial
infection. Foreign body-induced trauma and concur-
rent nasolacrimal obstruction allow the development of
dacryocystitis. A wide number of different bacterial

species have been isolated from patients with dacryo-
cystitis and are usually those which form part of the
normal conjunctival flora. This suggests that dacryo-
cystitis is an opportunistic infection rather than a pri-
mary bacterial infection (Lavach et al., 1984).

Clinical signs

Dacryocystitis is characterized by a profuse mucoid
to mucopurulent ocular discharge which is occasion-
ally malodorous, and which is most marked at the
medial canthus (see Figure 6.21a). It is usually uni-
lateral; bilateral involvement is more likely to signify
nasal disease. Mild secondary conjunctivitis is usu-
ally present, but the quantity of discharge is far
more profuse than would be expected from mild
conjunctivitis. The discharge may be streaked
with tears, whereas the discharge in primary conjunc-
tivitis tends to be homogeneous in nature. Medial
canthal swelling and pain are occasionally present.
The application of digital pressure in the medial
canthal area in the region of the lacrimal sac results
in the expulsion of mucopurulent material from the
puncta, especially the lower punctum. Abscessation
and rupture of the lacrimal sac can occur, resulting in
a fistula at the medial canthus.

Diagnosis

Diagnosis is based on clinical findings and delayed or
absent fluorescein drainage; it is confirmed by cannu-
lation of one of the two lacrimal puncta on the affected
side. On flushing the nasolacrimal system in the order
described earlier in this chapter, thick purulent material
is seen emerging from the other punctum, followed by
material emerging fromthe nostril. If no purulent material
or irrigant emerges from the nostril, then complete
obstruction of the lacrimal sac and/or nasolacrimal
duct is likely. If a fistula is present, irrigating saline will
escape from the fistulous tract.

Treatment

Treatment of dacryocystitis is aimed primarily at
re-establishing patency of the nasolacrimal system
and combating bacterial infection. Bacterial culture,
both aerobic and anaerobic, and sensitivity should be
performed on debris flushed from the nasolacrimal
system. In acute dacryocystitis, repeated daily flushing
with sterile saline is performed until normal patency of
the system has been re-established and no abnormal
material emerges on irrigation. The appropriate topical
(aqueous preparations, not ointments) and systemic
antibiotics are also administered. The prognosis is
good in acute cases where a mucus plug or a foreign
body is expelled on flushing.

Catheterization of the nasolacrimal system
may be necessary in cases where complete naso-
lacrimal obstruction prevents flushing, or if the degree
of patency achieved by repeated flushing and anti-
biotics is minimal, or if recrudescence of dacryocystitis
follows the cessation of treatment. Chronic dacryo-
cystitis, with or without fistula formation, is best treated
in this manner from the outset. Nasolacrimal cath-
eterization is performed under general anaesthesia
via the upper lacrimal punctum, and silastic or
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polyethylene tubing (e.g. a feline urinary catheter) is
sutured in place. It is usually possible when placing
the catheter toirrigate the system and collect material
for culture and sensitivity. Appropriate topical solu-
tions of antibiotic, usually combined with corticoster-
oid, and systemic antibiotics, are both given until
the nasolacrimal catheter is removed after 3 weeks.
Most fistulae close following restoration of nasoclac-
rimal patency and control of bacterial infection. The
persistence or recurrence of clinical signs, despite
the above treatment, is suggestive of a retained
foreign body or other outflow cbstruction. Surgical
exploration of the lacrimal sac via dacryocystotomy
has been successful in treating recurrent dacryo-
cystitis associated with retained foreign bodies (Laing
et al., 1888). In cases where nasolacrimal catheteri-
zation is not possible, due to complete nasolacrimal
obstruction, permanent epiphora will result, unless
alternative tear drainage pathways are created into
the maxillary sinus, oral or nasal cavity.

Neoplasia and cysis

Primary neoplasia of the lacrimal apparatus is rare in
all species. In the secretory portion, tumours of the
orbital lacrimal gland (Rehbun and Edwards, 1977) or
the nictitans gland (see Chapter 5} may occur. There
are no reports of primary tumours of the excretory
portion in dogs, but glandular tumours of the lacrimal
sac in human beings have been reviewed by Pe’er et
al., (19986). ltis, however, not uncommaon for tumours
in neighbouring tissues (e.g. nose and sinuses) io
impinge upon, or even to invade, the excretory lac-
rimal apparatus.

Cysts of the excretory portion of the lacrimal appa-
ratus have been described earlier. Cysts of the secre-
tory portion, the orbital lacrimal gland (Playter and
Adams, 1977) and nictitans gland (see Chapter 5) are
rare. Cystic lesions of the periorbital region have been
reviewed by Mantin ef al. {1987).

Feline lacrimal apparatus -
anatomical differences from the dog

The tear film is a trilaminar complex of lipid, agueous
and mucin (Carrington et al., 1987). The excretory
component differs slightly from that of the dog:
the nasolacrimai duct passes into the lacrimal bone
via the lacrimal foramen, then passes along the
medial surface of the maxilla, and it exits in the
vestibule of the nasal cavity beneath the ventral nasal
concha (maxilloturbinate}. Tear drainage inio the
caudal nasal cavity and thence into the nasopharynx
is common in cats, so that fluorescein passage to
the ipsilateral nostril is seen in only 50% of normal
cats.

Dacryoadenitis
Inflammation of the lacrimal gland {dacryoadenitis)
is rare. Granulomatous diseases, such as eosino-
philic granuloma of the orbit and tuberculosis of the
lacrimal gland, are rare causes of dacryocadenitis
{Peiifer, 1981}
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Feline lacrimal apparatus -
secretory problems

The wet eye

The causes are similar to those described for the dog
and, additionally, there is a single case report of unilat-
eral paradoxical lacrimation (Hacker, 1990), in which
excessive tear production occurred each time the cat
ate (gustolacrimal reflex). No cause was established.

The dry eye

Abnormalities of the pre-ocular tear film in cats have
received little study. The lower blink rate of cats com-
pared with dogs indicates that the tear film is more
stable, and this is usually a function of the constitution
of the lipid portion of the tear film.

Lipid abnormalities

Congenital absence of meibomian glands associated
with eyelid agenesis and colobomatous eyelid defects
is commoner in cats than dogs; blepharoplasty is the
treatment of choice for restoration of eyelid congru-
ence {see Chapter 5). Acquired feline meibomianitis is
an infrequent condition of unknown cause which is
most likely to be diagnosed when there is multiple
invelvement of the meibomian glands and lipogranu-
loma formation. The quality and quantity of the pif is
likely to be affected adversely, and secondary corneal
pathology is not unusual. Lipogranulomatous masses
also have the potential to produce further problems, as
their shape and size can be a cause of comeal irrifation
and even ulceration.

Diagnosis: Diagnosis is based on the clinical appear-
ance of the eyelid margins and the inner aspects of the
eyelids. Possible eyelid changes include swelling, pig-
ment loss, prominence of the meibomian gland orifices
and of the glands themselves.

Treatment: Treatment of these problems is as already
outlined for the dog. The lipogranulomatous masses
are best removed surgically by incision and curettage.

Keratoconjunctivitis sicca

Keratoconjunctivitis sicca (KCS}) (Figure 6.22) is less
common in the cat than in the dog. Feline KCS can be
caused by disease, especially that associated with the
complications of feline herpesvirus infection; trauma,
including surgically induced damage to the facial nerve
associated with techniques such as bulla ostectomy
{where the effects are often temporary); and systemic
disorders, such as dysautonomia. Lacrimotoxic agents,
such as sulphonamides, which are an important cause
of iatrogenic KCS in the dog, do not appear to be of
significance in the cat. Transient reductions in tear
praduction will be seen following the use of sedatives
and general anaesthetic agents, as well as
parasympatholytics such as atropine.

Clinical features: The clinical presentation largely
relates to the severity of the problem and the time for
which it has been present, but there are usually fewer
corneal changes and less of an ocular discharge in cats
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of unknown cause in a domestic short hair cat. There is
chemosis, a rather dull cornea, disruption of the corneal
reflex and a scanty ocular discharge.

than dogs. Both conjunctival hyperaemia and mild
diffuse corneal opacification are common; blepharo-
conjunctivitis may also be present. Corneal ulceration
may occur in acute cases and those with underlying
herpetic keratitis (see Chapter 8) and can be extensive.

Diagnosis: Diagnosis is based on the history, clinical
appearance and on Schirmer tear testing. Confirma-
tion of feline herpesvirus infection should be attempted,
because it is a common underlying cause. Pharmaco-
logical testing (Guildford et al., 1988) can aid a diagno-
sis of feline dysautonomia (see Chapter 15).

Treatment: The treatment options are largely as set
out for the dog, except that immune-mediated causes
of feline KCS have not been identified, so there is no
suggestion that cyclosporin is effective, and its use
would be contraindicated in FHV-positive animals.
Tear substitutes (lacrimomimetics) are mostcommonly
used for palliative treatment, and are reasonably effec-
tive in cats. For presumed neurogenic types of KCS,
oral pilocarpine would be the treatment of choice, but
treatment is difficult, as most cats refuse to eat medi-
cated food. Topical pilocarpine may have some benefi-
cial effect, but has not been clinically evaluated.

Parotidducttranspositionis reserved forthose cases
in which medical therapy is either unsuccessful or im-
practical, When surgery is anticipated, the technique
should be practised first. Parotid duct transposition in
cats is sufficiently different from the technique in dogs
thatit may form a trap for the unwary (Gwin et al., 1977).

If the underlying cause is irreversible (e.g. destruc-
tion of the lacrimal ductules by feline herpesvirus),
treatment options include palliative medical treatment
for life, or surgical parotid duct transposition.

Feline dysautonomia

This is an autonomic gangliopathy that produces wide-
spread effects on organs innervated by parasympathetic
nerves. KCS may be one of the presenting signs,
although other ocular features, such as prominent third
eyelids and dilated, non-responsive pupils (with nor-
mal vision), may be more obvious in the acute phase.
Tear replacement therapy (e.g. 0.2% polyacrylic acid
or 0.2% w/w carbomer 940) will be needed to mitigate
the effects of reduced tear production.

Mucin abnormality

Conditions producing mucin abnormality have received
little critical evaluation in the cat; their diagnosis is
essentially similar to that for the dog. Rapid tear film
break-up times were reported in a series of four cases:
three cats with indolent corneal ulcers and one with
bilateral corneal sequestration (Cullen, 1999). Palpe-
bral conjunctival biopsies revealed a marked decrease
or complete absence of goblet cells, conjunctival epi-
thelial dysplasia, squamous metaplasia and sub-
mucosal infiltration with polymorphonuclear leucocytes
and mononuclear cells. Goblet cell regeneration was
confirmed after 5 months of mucinomimetic tear re-
placement in two cats, but no cause was established.

Feline tear film - distribution
problems

The causes of evaporative dry eye are as already set
out for the dog. As anatomical eyelid abnormalities are
less frequent in cats than dogs, there are fewer tear film
distribution problems in most breeds of cat. The excep-
tion is any type of flat-faced cat, especially some
Persians, with an extended palpebral aperture and
lagophthalmos. In such animals, blinking may not
close the palpebral aperture effectively, so that low-
grade exposure keratopathy ensues. In this breed, a
number of anatomical problems combine to complicate
the presentation: there is a poorly defined orbit, promi-
nent globe, shallow lacrimal lake, misalignment or
maldevelopment of the puncta, kinking of the canalicu-
lus and tight apposition between the eyelid and eye.
There may also be medial lower eyelid entropion and
a wick effect from hairs at the medial canthus.

Third eyelid removal in cats is accompanied by
complications that include a reduction in tear quantity
and inadequate tear film distribution, both of which will
result in secondary corneal pathology without tear
replacement therapy (Figure 6.23). It is important,
therefore, to preserve third eyelid function in the cat
whenever possible; the only indication for partial or
total removal of the third eyelid is primary neoplasia.

- .

Figure 6.23 Adult domestic shorthair cat from which the
third eyelid had been removed about 12 months
previously by another veterinary surgeon for reasons
unknown. There is a marked ocular discharge and chronic
chemosis. The cat had severe ocular discomfort.
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Feline tear film - excretory
problems

Drainage problems are investigated as described
above. The protocol adopted for basic investigation of
the lacrimal apparatus is to start with visual inspection,
then measure the tear production; finally, samples may
be collected, if indicated. The patency of the system
can be assessed, somewhatimperfectly in the cat, with
fluorescein dye, as outlined previously.

If there is doubt as to the patency of the system,
it is logical to proceed next to cannulation of the
upper punctum and canaliculus under general
anaesthesia, as a means of investigating the entire
drainage system. When it is impossible to irrigate
the system via the upper or lower punctum,
dacryocystorhinography can be performed, or the
examiner may decide to try and pass a very fine
catheter through the entire system. Either technique
will indicate the site of obstruction. Both techniques
are usually attempted via the upper punctum and
canaliculus, although the lower punctum and canal-
iculus can be used. It is not possible to carry out
any investigations via the nasal ostium.

Developmental defects

Aplasia and hypoplasia

Partial or complete absence of parts of the nasolac-
rimal drainage system is an unusual developmental
problem in cats (Figures 6.24 and 6.25). The upper or
lower punctum is absent and, on occasions, the asso-
ciated canaliculus is also missing. Occasionally, the
punctum is misplaced. In cats, the upper punctum and
canaliculus are often involved, whereas in dogs it is
usually the lower punctum which is imperforate or
hypoplastic (micropunctum).

Clinical features: Epiphorais the commonestclinical
manifestation, although in chronic cases there may
be amucoid, or even mucopurulent, ocular discharge.
The Persian is the breed most commonly affected;
in addition to punctal abnormalities, epiphora may
be a consequence of the head conformation and of
medial lower eyelid entropion (Figure 6.26). Naso-

Figure 6.24 The left eye of a 7-month-old Bengal cat
with bilateral absence of the lower punctum and
canaliculus, and associated epiphora.
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Figure 6.25 The left eye of a 1-year-old Persian cat that
presented with mild bilateral epiphora. The upper
punctum was absent in both eyzss. A depression is
apparent where the punctum should be.

Figure 6.26 A 1-year-old Persian cat with mild epiphora,
the right eye being slightly more affected than the left. In
addition to the characteristic features of Persian anatomy,

this cat had upper punctal aplasia on the right side.

lacrimal drainage can become obstructed secondar-
ily, but irrigation of the drainage system will produce
only temporary improvement, unless the primary
problem is also addressed.

Treatment: When examination reveals that the upper
or lower punctum is absent, the other punctum should
be cannulated and the system irrigated with the cat
under general anaesthesia. If a sheet of mucous
membrane covering the punctum is the only defect,
a transient bleb may form when the saline is injected,
and simple excision of the overlying mucous
membrane will be all that is required to establish
patency. A topical antibiotic and corticosteroid
ophthalmic solution is applied for 5-7 days after
surgery to minimize scar formation.

If the defect involves more of the drainage system
than the punctum, then dacryocystorhinography may
help to establish the extent of the problem. Treatment
to produce an alternative drainage route may be re-
quired. It is sometimes possible to create patency by
feeding a fine, malleable, lacrimal cannula or pigtail
probe via the normal punctum, canaliculus and lac-
rimal sac to the affected area. The conjunctiva over the
tip of the cannula or probe is removed to create a
punctum, and fine nylon or silastic tubing is then
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passed through the new punctum and into the nasolac-
rimal duct. The nylon is retained in place with butterfly
sutures and should remain in situ for 3—4 weeks to
maintain patency. For more extensive defects, it is
possible, but more difficult, to create an alternative
outflow channel into the nose or mouth, as described
earlier for the dog. Surgery should only be contem-
plated in those cases in which the epiphora is produc-
ing serious problems.

Acquired obstructions

Acquired partial or complete obstruction (Figure 6.27)
may be a consequence of: active or previous inflamma-
tion (e.g. symblepharon); trauma; or abnormalities
external to the drainage system (e.g. medial canthus,
nose, sinuses and teeth roots) or within it (e.g. foreign
bodies, infection).

Figure 6.27 Domestic shorthair cat with acquired
blockage of the upper and lower puncta as a result of
extensive symblepharon formation (feline herpesvirus
infection). The ventral fornix had been obliterated by the
extensive adhesions and the dorsal fornix was also
compromised.

Comprehensive investigationis required to establish
the cause and may include visual inspection, naso-
lacrimal and nasal flushes for cytology and culture,
dacryocystorhinography and imaging techniques.
Epiphora is the commonest presenting sign, but occa-
sionally a more florid ocular discharge is present, usually
when dacryocystitis complicates the presentation.

In differentiating the causes of epiphora, itis impor-
tant to rule out other causes, such as blepharitis,
blepharoconjunctivitis and the idiopathic facial derma-
titis syndrome of Persian cats.

The severe ocular surface inflammation provoked
by FHV-1 infection in kittens is the commonest cause
of acquired stenosis or occlusion, as symblepharon
formation obliterates one or both of the punctal open-
ings early in life. Careful examination confirms the
punctal obliteration, but surgical treatment to restore
patency may be unsuccessful, as adhesions recur.

Other causes of obstruction or partial obstruction
include dental disease, especially tooth root prob-
lems; nasopharyngeal or nasal problems, such as
previous upper respiratory tract infections; chronic
rhinitis; nasal polyps; neoplasia and, rarely, inflam-
matory and neoplastic diseases of the sinuses.

Squamous cell carcinoma is the most likely local
tumour to involve the lacrimal drainage system;
less commonly, other tumours, such as lymphoma,
may infiltrate the region.

The lacrimal drainage system can also be damaged
by traumatic injury, usually caused by cat claws; it
usually involves the medial canthus. Microsurgical
facilities are essential if primary repair is to be per-
formed. Chronic complications of damage to this
region include dacrocystitis, abscessation, bone se-
questration and formation of a draining sinus below the
medial canthus.

Dacryocystitis is a possible sequel to established
obstructive disease, whatever the initiating cause, and
the clinical signs are typical. A profuse and purulent
ocular or periocular discharge may be presentin chronic
cases (Figure 6.28). Gentle digital pressure at the
medial canthus in the region of the lacrimal sac can be
used to express purulent material, and there may be
slight reddening in the medial canthus area.

dacryocystitis as a complication of chronic rhinitis.
Investigation demonstrated that there was communication
between the left nasolacrimal duct and nasal cavity and
also between the right and left nasal cavities, resulting
from chronic destructive changes associated with rhinitis.
Initial culture had revealed Bacteroides sp.; later culture
demonstrated anaerobic Gram-negative cocci. On the
basis of culture and sensitivity testing, the cat was given a
course of topical and oral tetracycline, to which she
responded well. (Courtesy of JRB Mould.)

Identifying the cause of the dacryocystitis may
not be easy; initially, itis sensible to establish whether
the inflammation is entirely internal (i.e. in the
lumen of the drainage apparatus) or if there is an
external component (e.g. teeth, nose or sinuses).
The discharge should be cultured (both aerobically
and anaerobically) and antibiotic sensitivity esta-
blished. Both systemic antibiotic and topical antibiotic
solution should be given for 7—10 days in uncompli-
cated cases, whereas more complicated cases may
require antibiotic treatment for at least a month,
combined with cannulation of the entire system. If
abscessation or sinus formation is present, surgery
(to drain the abscess and extirpate necrotic tissue
and fistulous tracts) may be required; surgical bypass
may also be required.




www.vetdarab.co.cc
by Itra

References and further reading

Barnett KC (1979) Imperforate and micro-facrimal puncta in the dog.
Journal of Small Animal Practice 20, 481-490

Brown MH, Brightman AH, Butine MD and Moore TL (1997) The
phenol red threadtestin healthy cats. Veterinary and Comparative
Ophthalmology 7, 249-252

Brown MH, Galland JC, Davidson HJ and Brightman AH (1996) The
phenot red thread test in dogs. Veferinary and Comparative
Ophthalmology 6, 274-277

Carrington, SD, Bedford, PGC, Guillon J-P and Woodward EG {1987)
Polarized [ight biomicroscopic observations on the pre-corneal
tearfilm. 3. The normal tear film of the cat. Journal of Small Animal
Practice 28, 821826

Crispin SM (1987) Nasotacrimal cannulation in the dog. In Practice
19, 205-207

Cullen CL (1999} Ulcerative keratitis associated with qualitative tear
film abnormalities in cats. Veterinary Ophthaimology 2, 197204

Diehl KJ and Roberts SM (1991) Kerateconjunctivitis sicca in dogs
associated with sulphonamide therapy: 16 cases {1980-1990).
Progress in Veterinary and Comparative Ophthalmoiogy 1,
276-282

Dodam JR, Branson KR and Martin DD (1998) Effects of intramuscutar
sedative and opicid combinations on tear production in dogs.
Veterinary Ophthaimology 1, 57-59

Gelatt KN, Cure TH, Guffy MM and Jessen C {1972}
Dacryocystorhinography in the dog and cat. Journal of Smalf
Animal Practice 13, 381-393

Gerding PA (1991) Epiphora associated with canaliculops in a dog.
Journal of the American Animal Hospital Association 27, 424—-426

Gilger BC and Allen JB {1998) Cyclosparine A in veterinary
ophthalmology. Veterinary Ophthalmology 1, 181187

Grahn BH {1998) Diseases and surgery of the canine nasolacrimal
system. In: Veterinary Ophthalmology, 37 edn, ed. K.N. Gelatt,
pp. 569-~581. Lippincott, Williams and Wilkins, Philadelphia

Grahn BH and Mason RA {1995) Epiphora associated with dacryops
inadeg. Journal of the American Animal Hospital Association 31,
15-19

Guildiord WG, O'Brien DP, Albert Aand Emerling HM (1988) Diagnosis
of dysautanomia in a cat by autonomic nervous system function
testing. Journal of the American Veterinary Medical Association
193, 823-828

Gwin RM, Gelatt KN and Peiffer AL (1977} Parotid duct transposition
in & cat with keratoconjunctivitis sicea. Journal of the American
Animal Hospital Association 13, 42—45

Hacker DV (1990) ‘Crocodile tears' syndrome in a domestic cat: case
repori. Journal of the American Animal Hospital Association 26,
245-248

Hakanson NW and Armesson K (1997) Temporal variation in
tear production in normal Beagle dogs as determined by
Schirmer Tear Test. Veterinary and Comparative Ophthaimoiogy
7, 196-203

Hicks SJ, Carrington S0, Kaswan RL, Adarm SM, Bara J and Corield
AP (1997) Demonstiration of discrete secreted and membrane-
bound ocular mucins in the dog. Experimental Eye Research 64,
597-607

Jimenéz A, Barrgra R, Mafié MC, Andrés S, Lopez R and Molleda JM
(1892) Immunoglobuling of tears and parotid safiva in the dog.
Progress in Veterinary and Comparative Ophthalmology 2, 5557

The lacrimal system 123

Kaswan RL and Salisbury MA {1990) A new perspective on canine
keratoconjunctivitis sicca. Velerinary Clinics of North America
20, 583-513

Kaswan RL, Salisbury MA and Lothrep CD (1931) Interaction of age
and gender on occurrence of canine keratoconjuncivitis sicca.
Progress in Veterinary and Comparative Ophthalmology 1, 93-97

Laing EJ, Speiss B and Binnington AG (1888) Dacryocystotomy: a
treatment for chronic dacryocystitis in the dog. Joumat of the
American Animal Hospital Association 24, 223-226

l.avach JD, Severin GA and Roberts SM (1984) Dacryocystitis in
dogs: a review of 22 cases. Journal of the American Animal
Hospital Association 20, 463—467

Loff HJ, Wobig Jl.and Dailey RA (1998} The bubble test: an atraumatic
method for canalicular laceration repair. Ophihalmic Plastic
Reconstructive Surgery 1, 61-64

Martin CL, Kaswan Rl and Doran CC (1987) Cystic lesions of the
periorbital region. Compendium of Continuing Education for the
Praclicing Veterinarian 9, 10221029

Moore CP, Wilsman NJ, Nordheim EV ef al. (1987) Density and
distribution of conjunctival goblet cells, /nvestigative
Ophihalmology and Visual Science 28, 1925-1932

Moore CP (1990) Qualitative tear film disease. Veterinary Clinics of
North America 20, 565-581

Moore CP (1999) Diseases and surgery of the lacrimal secretory
system. In: Veterinary Ophthalmology, 37 edn, ed. K. N. Gelatt,
pp. 583~607. Lippincott, Williams and Wilkins, Phitadelphia

Pe'er J, Hidayat AA, llsar M, Landeu L and Stefanyszyn MA (1996)
Glandular iumours of the lacrimal sac. Their histological patterns
and possible origins. Ophthalmology 103, 1601-1605

Peiffer RL(1881) Feline ophthalmalagy. In: Veterinary Ophthalmoiogy,
T#edn, ed. K.N. Gelatt, pp. 521-568. Lea and Febiger, Phitadelphia

Petersen-Jones SM (1997) Quantification of conjunctival sac bacteria
in normal dogs and those suffering from keratoconjunctivitis
sicca. Veferinary and Comparative Ophthalmology 7, 29-35

Ptayter RF and Adams LB {1977) Lacrimal cyst {dacryops) in 2 dogs.
Journal of the American Veterinary Medical Association 171,
736-737

Powell CC and Martin CL (1989) Distribution of cholinergic and
adrenergic nerve fibres in the lacrimal gland of dogs. American
Journal of Veterinary Research 30, 20842088

Read RA, Dunn KA, Smith KC and Barnett KC {1998) A histological
study of niclitans glands from dags with tear overflow of unknown
cause. Veterinary and Comparative Ophthalmology 6, 195-204

Rehbun WC and Edwards NJ {1977} Two cases of orbital
adenocarcinoma of probable lacrimal gland origin. Journal of the
American Animal Hospital Association 13, 691-694

Saito Aand Kotani T (1998) Tear production in dogs with epiphora and
cormneal epitheliopathy. Veterinary Ophthalmology 2, 173—178

Watanabe H and Tanaka M (1928) Rose Bengal staining and
expression of a mucin-ike glycoprotein in comeat epithelium
{abstract 1649). /Investigafive Ophthalmology and Visual Science
(ARVO Supplement) 37, S357

White RAS, Herrtage ME and Watkins SB (1984) Endoscopic
management of a cystic naso-lacrimal cbstruction in a dog.
Journal of Small Animal Practice 25, 729-735

Wyman M (1979} Ophthalmic surgery for the practitioner. Veterinary
Clinics of North America 9, 311-348

Wyman M, Gilger B, Mueller P and Norris K {1995) Clinical evaluation
ofanew Schirmerteartestinthe dog. Velerinary and Comparative
Ophthalmology 5, 211-217




www.vetdarab.co.cc

by Itra

7

The conjunctiva

Sheila Crispin

Embryology, anatomy and
physiology

The conjunctivais derived embryologically from ectoderm
and mesenchyme. It is a thin semi-transparent variably
pigmented mucous membrane. Figure 7.1 shows the
anatomy of the conjunctiva. The nictitating conjunctiva
covers both the inner and outer surfaces of the third
eyelid. The paipebral conjunctiva covers the posterior
surface of the upper and lower eyelids. The palpebral
conjunctiva terminates at the lid margin and is reflected at
the dorsal and ventral fornices, to continue on to the globe
as the builbar conjunctiva, which covers the anterior
surface of the episclera and sclera. The bulbar conjunc-
tiva fuses with Tenon's capsule (vagina bulbi) close to the
limbus. The space lined by the conjunctiva beneath the
upper and lower eyelids is called the conjunctival sac.

Dorsal
fornix

Bulbar
conjunctiva

Palpebral
conjunctiva

Upper
eyelid

Lower
eyelid

Third eyelid:
conjunctiva
covers inner and
outer surfaces

Figure 7.1 Anatomy of the conjunctiva.

The pre-ocular tear film (see Chapter 6) covers the
epithelium of both the conjunctiva and cornea, and may
be regarded as their outermost ‘layer’. Normal con-
junctiva consists of: an outer non-keratinized epithe-
lium containing goblet cells; and an underlying
conjunctival stroma, which is divided into a superficial
{adenoid) layer and a deep {fibrous) layer. The super-
ficial layer contains lymphoid tissue and cells such as
lymphocytes and histiocytes; conjunctiva-associated
lymphoid tissue (CALT) is an important component of
this layer. The deep layer consists mainly of connective
tissue, nerves and blood vessels.

The conjunctiva has a rich vascular supply. The bright
red, fresly branching blood vessels are obvious in non-
pigmented areas. Incorneal disease, endothelial budding
may occur from the terminal arcades of the conjunctival
vessels atthe limbus, with consequent superficial corneal
vascularization. The only lymphatic drainage of the eye is
situated in the conjunctiva. Pain fibres are somewhat
sparse, and the sensory nerve supply to the conjunctiva
is from the ophthalmic division of the fifth cranial nerve.

Pathology

The conjunctiva is freely mobile, exceptin areas of closer
attachment at the limbus, the fornices and towards, and
including, the lid margins. Because of the loose arrange-
ment, conjunctival oedema {chemaosis} and subconjunc-
tival haesmorrhage form readily after insult.

'

Acute conjunctivitis

Oedema, hyperaemia and celiular infiltrates are char-
acteristic of acute conjunctivitis. The cell types may be
helpful in establishing a broad diagnosis (see Chapter
1) but, on many occasions, cytology is non-specific.

Chronic conjunctivitis

[n chronic conjunctivitis there may be an increase in the
numberof epithelial gobletcells. Reduction inthe number
of goblet cells can also occur, however, possibly as a
consequence of diffuse infiltration by chronic inflamma-
tory cells associated with infectious and immune-medi-
ated disorders. The changes are usually permanent.

Follicular hypertrophy

This is basically lymphoid hyperplasia with secondary
vascularization; it is usually a non-specific response to
chronic inflammation and does not help in reaching a
specific diagnosis.

Canine conjunctival problems

Epibulbar dermoid

Epibulbar dermoids are superficial masses
{choristomas) of developmental origin that contain
many elements of normal skin and frequently sprout
hairs. They often involve the cornea and are usually
located in the region of the lateral limbus (Figure 7.2).
indogs, they may be unilateral or bilateral, although the
former is more common.
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Treatment

Surgical excision is the treatment of choice. A lateral
canthotomy may be required for adequate exposure.
The mass is excised by