
BSAVA Manual of 

Small Animal 
Ophthalmology 

Second edition 

Edited by 

Simon Petersen-Jones 
and Sheila Crispin 

www.vet4arab.co.cc
by Itra



BSAVA Manual of 
Small Animal 

Ophthalmology 
Second edition 

Editors: 

Simon Petersen-Jones 
BVetMed DVetMed PhD DVOphthal DipECVO MRCVS 

Department of Small Animal Clinical Sciences 
Michigan State University, D-208 Veterinary Medical Center 

East Lansing, MI 48824-1314, USA 

and 

Sheila Crispin 
MA VetMB BSc PhD DVA DVOphthal DipECVO FRCVS 

Professor of Comparative Ophthalmology 
Department of Veterinary Clinical Science, University of Bristol 

Langford House, Langford, Bristol BS40 5DU 

Published by: 

British Small Animal Veterinary Association 
Woodrow House, 1 Telfard Way, Watelwells 
Business Park, Quedgeley, Gioucester GL2 4AB 

A Company Limited by Guarantee in England. 
Registered Company No. 2837793. 
Registered as a Charity. 

Copyright 02002 BSAVA 

All r~ghls reserve0 No pan of lrus pml ra l  on may oe reprod~ced store0 
n a retr ma syslem, or lrarlsol hed. tn larm or oy any means. electronic 
mecnan ca . photocopy ng, recoro rlg or olnew se n l n o ~ l  PnOr *r  nen 
permission of the copyright holder. 

Figures2.18,2.20,2.23,2.27,2.28,2.29,2.30,5.9,5.17c.d,5.27, 
5.42,5.46,5.51,6.1,6.2,8.4,8.16. 11.41 and 12.1 weredrawn by 
S.J. Elmhurst BA Hans and are printed with her permission. 

A catalogue remrd for this book is available from the British Library. 

ISBN 0 905214 54 4 

The publishers and contributors cannot take responsibility for information 
provided on dosages and methods of application of drugs mentioned in 
this publication. Details of this kind must be verified by individual users 
fmm the appropriate literature. 

Typeset by: Fusion Design, Wareham, Dorset 

Prlnted by Grafos, Barcelona, Spaln 

NITRA, 
6 3 . 6 , b  Y j 1  2, 0 7 
PET b 

b -ex.& 4 

www.vet4arab.co.cc
by Itra



Other titles in the 
BSAVA Manuals series: 
Manual of Advanced Veterinary Nursing 
Manual of Canine and Feline Behavioural Medicine 
Manual of Canine and Feline Emergency and Critical Care 
Manual of Canine and Feline Gastroenterology 
Manual of Canine & Feline Haematology and Transfusion Medicine 
Manual of Canine and Feline Nephrology and Urology 
Manual of Canine and Feline Wound Management and Reconstruction 
Manual of Companion Animal Nutrition and Feeding 
Manual of Canine and Feline Infectious Diseases 
Manual of Exotic Pets 
Manual of Ornamental Fish 
Manual of Psittacine Birds 
Manual of Rabbit Medicine and Surgery 
Manual of Raptors, Pigeons and Waterfowl 
Manual of Reptiles 
Manual of Small Animal Anaesthesia and Analgesia 
Manual of Small Animal Arthrology 
Manual of Small Animal Clinical Pathology 
Manual of Small Animal Dentistry 
Manual of Small Animal Dermatology 
Manual of Small Animal Diagnostic Imaging 
Manual of Small Animal Endocrinology 
Manual of Small Animal Fracture Repair and Management 
Manual of Small Animal Neurology 
Manual of Small Animal Oncology 
Manual of Small Animal Reproduction and Neonatology 
Manual of Veterinary Care 
Manual of Veterinary Nursing 

For information on these and all BSAVA publications please visit our website: www.bsava.com 

www.vet4arab.co.cc
by Itra



Contents 
List of contributors v 

Foreword vi 

Preface vii 

1 Examination and diagnostic procedures 

l a  Ophthalmic examination 
John R.B Mould 

1 b Ocular imaging 
Elizabeth Munro and David T. Ramsey 

I c  Laboratory investigation of ophthalmic disease 
David J Maggs 

2 Ophthalmic surgery and anaesthesia 

2a Anaesthesia and analgesia 
Sheilah Robertson 

2b Ophthalmic surgery: instrumentation 
David J Maggs 

2c Ophthalmic surgery: basic principles 
David J Maggs 

3 Ophthalmic drugs 
David Gould 

4 The orbit and globe 
John R.B Mould 

5 The eyelids and nictitating membrane 
Simon Petersen-Jones 

6 The lacrimal system 
Sheila Crispin 

7 The conjunctiva 
Sheila Crispin 

8 The cornea 
Sheila Crispin 

9 The sclera, episclera and corneoscleral limbus 
David T. Ramsey 

10 The uveal tract 
Sheila Crispin 

11 Glaucoma 
Peter Renwick 

iii 

www.vet4arab.co.cc
by Itra



12 The lens 
Simon Petersen-Jones 

13 The vitreous 
Christine Heinrich 

14 The fundus 

14a The canine fundus 
Gillian McLellan 

14b The feline fundus 
Joan Dziezyc and Nicholas J. Millichamp 

15 Neuro-ophthalmology 
Fabiano Montiani Ferreira and Simon Petersen-Jones 

16 Rabbits 
David L. Williams 

17 Exotic species 
Martin P.C. Lawton 

Appendices 
Differential diagnosis 
Ophthalmological emergencies and referrals 
Eye schemes and hereditary eye disease 

Index 

www.vet4arab.co.cc
by Itra



Contributors 
Sheila Crispin MA VetMB BSC P ~ D  DVA DVOphthal DipECVO FRCVS 
Department of Veterinary Clinical Science, University of Bristol, Langford House, 
Langford, Bristol 8540 5DU 

Joan Dziezyc DVM DipACVO 
Department of Small Animal Medicine and Surgery, College of Veterinary Medicine, 
Texas A&M University, College Station, TX 77843, USA 

David Gould BSc BVM&S PhD DVOphthal MRCVS 
Department of Clinical Veterinary Science, University of Bristol, Langford House, 
Langford, Bristol BS40 5DU 

Christine Heinrich DVOphthal MRCVS 
Willows Referral Services, 78 Tanworth Lane, Shirley, Solihull B90 4DF 

Martin P.C. Lawton BVetMed CerlVOphthal CettLAS CBiol MlCiol DZooMed FRCVS 

12 Fitzilian Avenue, Harold Wood, Romford, Essex RM3 OQS 

David Maggs Bvsc DipACVO 
VM:SRS, 21 12 Tupper Hall, University of California - Davis, Davis, CA 95616, USA 

Gillian McLellan BVMS P ~ D  DVOphthal MRCVS 

Department of Veterinary Clinical Sciences, Veterinary Teaching Hospital, Iowa State University, 
Ames, IA 5001 1-1250, USA 

Nicholas Millichamp BVetMed BSc PhD DipACVO DVOphthal MRCVS 

Department of Small Animal Medicine and Surgery, College of Veterinary Medicine, 
Texas A&M University, College Station, TX 77843, USA 

John R.B. Mould Bvsc BA DVOphthal MRCVS 
Department of Veterinary Clinical Studies, University of Glasgow, Bearsden Road, Glasgow G61 1 QH 

Fabiano Montiani Ferreira MV MSC csov Dipl. 
Veterinary Medicine Department, Universidade Federal do Parana, Brazil 
Currently at: Department of Small Animal Clinical Sciences, Michigan State University, 
D-208 Veterinary Medical Center, East Lansing, MI 48824-1314, USA 

Elizabeth A.C. Munro MAVetMB DVR CerlVOphlhal MRCVS 
Department of Veterinary Clinical Studies, Royal (Dick) School of Veterinary Studies, 
Hospital for Small Animals, Easter Bush Veterinary Centre, Roslin, Midlothian EH25 9RG 

Simon Petersen-Jones BVetMed DVetMed P ~ D  DVOphthal DipECVO MRCVS 
Department of Small Animal Clinical Sciences, Michigan State University, 
D-208 Veterinary Medical Center, East Lansing, MI 48824-1314, USA 

David T. Ramsey DVM DipACVO 
The Animal Ophthalmology Center, 412 Jolly Road, Okemos, MI 48864, USA 

Peter W. Renwick MA VetMB OVOphthal MRCVS 
Willows Referral Services, 78 Tanworth Lane, Shirley, Solihull B90 4DF 

Sheilah Robertson BvMs P ~ D  DipACVA DipECVA MRCVS 
Department of Large Animal Clinical Sciences, University of Florida, Box 100136, 
Gainesville, FL 32610-0136, USA 

David L. Williams MA VetMB P ~ D  CerlVOphthal MRCVS 
Department of Clinical Veterinary Medicine, University of Cambridge, Madingley Road, 
Cambridge CB3 OES 

www.vet4arab.co.cc
by Itra



Foreword 

The first BSAVA Manual of Ophthalmology was published in 1993. It 
has been one of the most successful manuals we publish and was 
reprinted in 1997, testamentto 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-Jonesand ProfessorSheilaCrispin, both well knownto 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 BSAVAAnnual 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 
illustrations suoolementina clinicallv relevant text. This manual delivers 
justthat.~heediiors, authors, andthe membersofthe BSAVA Publications 
Committee and the Publications team are to be congratulated. 

Richard G Harvey BVSc PhD CBiol FlBiol DVD MRCVS 
BSAVA President 200213 
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Preface 
if the aims of clinical medicine -as of evew aspect of science -can be summed up in the 
tnreefotdoL~ject, .to understand, topred~ct, to control, ' ~ t  must be acceptedthatanys~entrfic 
system of prognosis and treatment should depend upon complete and efficient means of 
diagnos~s. In thrs respect ophthalmology Is favouredaoove all other branches of rned~crne 
for no otherorqan ,n the body olfers the same facitrtIes formmute anddellcare exam~nation 
as the eye. Ekewhere in the body the clinician reasons largely by inference; in the eye, 
because of its ready accessibility and the transparency of its structure, he can observe 
directlv oathoiooicai orocesses as thev occur in the iivino tissues. The oooortunities for 
elabo;aiing refhed methods of investigation are obvi&~s, and their application has 
undoubtedivmade oohthalrnoioav the most exact. and forthat reason the most interestind. -, 
of all mediiai sciences. 

" 

Redmond J. H. Smith and Stewart Duke Elder (1962) In: System of Ophthalmology, 
Volume ViIi, edited by Sir Stewart Duke-Elder, p. 233. Henry Kimpton, 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 surgeonsfind 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 afew simple instruments, often yieldsan 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 to be 
made with regard to the best way of managing the case and early referral 
to a specialist may be one of the options to be considered. 

A clear and concise guide to the examination of the eye is provided in the 
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 ashortsection which considers the relevant 
anatomy and physiology of that portion of the eye. In most cases the 
conditionsof thedog 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 AssociationIKennel Club/lnternational Sheep Dog 
Society (BVAIKCIISDS) 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, obtainablefrom the BritishVeterinary Association. 
Appendix I1 provides a brief overview of the BVAIKCIISDS 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 illustrate 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 
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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 ophthalmology, as with all branches of 
veterinary medicine, is diagnosis which, in turn, de- 
pends on good clinical observation and interpretation. 
Without an accurate diagnosis, speculative treatment 
is rarely successful, nor is the useof '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- 
tional 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- 
nique. The following points are particularly important in 
the examination of eye cases: 

It is 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 techniques 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 forthe proper examination of 
ophthalmic cases in general practice requires only a 
modest 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 room which offers good 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 adiffuse beam. The Finhoff rigid fibreoptictransil- 
lumination extension fits the ophthalmoscope handle 
and provides a simple beam; it is more expensive than 
a penlight, but is very durable. 

Magnification 
Simple nead lo~pes  have the aovantage of eaving tne 
nanos free. Maonif cations n !he ranae 1.5-2.5X are u - 
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 thespeculum 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 adnexa is the 
slit lamp biomicroscope (see below). 

Direct ophthalmoscopes 
Direct ophthalmoscopes are relatively cheap, durable 
and portable, and are the most familiar instrument in 
veterinaryophthalmology. Forsomeapplications, how- 
ever, they are not easy to use properly and it is likely 
thattheirvalue is notfully realised in thefield. Clinicians 
wishing to improve theirophthalmicexaminationshould 
first understand the featuies and capabilities of the 
instrument, as outlined in this section, and then prac- 
tise the techniquesfor its use, as described later in the 
chapter. 

Some modern ophthalmoscopes have numerous 
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2 Ophthalmic examination 

functionsand 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. 
There isno point in persisting with an outdated orfaulty 
instrument giving an inferior image. 

It pays to become fully familiar with the instrument 
before use, particularly where multiple options are 
available. Spectacle wearers are strongly advised to 
remove their spectacles to 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 hislher 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 ophthalmoscopy 
(see below) 
Illumination/magnification for anterior segment 
and adnexal examination. High positive lenses 
(+I0 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 ocular surface (2X). 

Direct ophthalmoscopes offer a selection of the 
following features. 

Onloff switch 
This incorporates a rheostat, allowingthe 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 
Red-free light. The beam appears green and is 
used for specialized observation of the retinal or 
limbal vascular system, for the retinal nerve fibre 
layer and for distinguishing retinal haemorrhages 
from pigment 

Cobalt blue light. This is most commonly used to 
enhance fluorescence after the topical 
application of fluorescein to a corneal ulcer. 

Lens magazine 
Direct ophthalmoscopes contain a magazine of inter- 
changeable lenses mounted on a discor 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: 

It allows the examiner to compensate for the 
refractive error in hislher eye. Myopic (short- or 
near-sighted) examiners require 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 
It 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 
It 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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Ophthalmic examination 3 

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 method, 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 aspecial interest in ophthalmology. They have the 
advantages of a stereoptic view and a powerful, vari- 
able light source which is excellent for examination 
through opaque media such as inflamed eyes or im- 
mature cataracts. 

All methods of indirect ophthalmoscopy require the 
useof a handlens held infrontoftheeye.Theexaminer 
views an image formed by this lens ratherthan 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 lenses from the major manufacturers are 
made to the highest optical standards and are expen- 
sive but give excellent image quality. Acrylic lenses are 
satisfactory for general use and cost much less than 
glass lenses. 

lndirect lenses vary in terms of dioptre value and 
diameter. Low-dioptre lenses give higher magnification 
withanarrowerfieldofview.Theimage is brighterandthe 
working distance from the patient's eye is longer. Lenses 
below200 arequitedifficultto useand are notadvised 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 easierto use with asmaller 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- 
diameterlensisverysuitableforanimal use. TheVolk2.2 
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. lndirect ophthalmoscopy technique is 
described later in the chapter. 

Tonometers 
A tonometer is a device for measuring intraocular 
pressure (IOP; see Chapter 11). The IOP cannot be 
measured with any accuracy by digital tonometry; an 
objective reading is always preferable. Tonometry is 
not difficult and may providecrucial diagnosticinforma- 
tion. The Schi~tz 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 
orobablv the instrument of choice 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 to use it. 

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, so goniolenses are likely to be used only by 
specialists. 

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

Lacrimal cannulae 
Plastic and metal cannulae are available in a variety of 
materials, diameters and shapes (see Chapter 6). 
Essentially, the choice is between flexible plastic can- 
nulae 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 bacteriology and virology sampling 
Transport medium for viral and chlamydia1 swab 
samples 
Schirmer tear test papers 
Fluorescein dye 
Proxymetacaine local anaesthetic drops 
Tropicamide 1 % 
Sterile saline. 

Rose bengal stain can be used to demonstrate the 
presence of devitalized tissue on the ocular surface 
(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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1 Ophthalmic examination 

amining moreeyes and will, ultimately, be more impor- 6. Note the resting pupil size in normal room light. 
tant than the equipment or protocol used. 7. Attempt to repel the globes into the orbits by 

Sianalment and historv 
pressing t h r i g h  theipper eyelids. 

consideration of the breed of the patient can be very 
useful in the dog, as many conditions show strong 
oreed associalions. In raking a history, the same con- 
sideralionsapply as in orher body systems; lney do nor 
need re-emphasizing. In addition, with ophthalmicprob. 
lems, the following should also be established: 

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 theclinical 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. &gin 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 .I). 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 

I .dure 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 
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 thev cannot 

surface. see. (Courtesy of ~ ~ s p a r k e s . )  
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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 obsetved 
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. 

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.) 

L I 
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 onloff 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 functlon(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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6 Ophthalmic examination 

Ophthalmoscopy ophthalmoscopy. Nuclear sclerosis shows as a refrac- 
Not all patients will require a full fundic examination tile ring at the nuclear cortical interface, usually just 
(and of thosethat do, some will have pupilsof adequate inside the pupil margin, but there are no blackareas and 
size) but, whenever necessary, the pupils should be light is transmitted normally through the centre of the 
dilated with tropicamide 1 %and 20 minutes should be lens, even though it looks hazy in direct light. Nuclear 
allowed for it to achieve its maximum effect. Examining sclerosis and cataracts may well be presentin the same 
the fundus through too small a pupil is a difficult and lens in olderdogs. Theclinician can alsomovefromeye 
frustrating exercise, particularly for the beginner or 
non-specialist, and the experience will beadeterrentto 
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 

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.Thedirection ofthismovementcan 
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 

required in restraint for ophthalmoscopic examination. the pupil (i.e. anterior cataracts), will remain in the same 
Good handlino can bevetv heloful. An assistant can hold oosition. Ooacities oosterior to the olane of the ouoil will , . 
the head steGy with a hand under the angle of the jaw 
and the other hand holding the eyelidsapart if necessary. 
The assistant's hands should not interfere with the clini- 
cian's access to the eye. With fractious animals, the risk 
of injury mustalways beminimized but, ingeneral, 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 +I 
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). 

hppear to hove in ihe same direciion as the observer. 
Posterior polar cataracts, for example, can be made to 
disappearcompletely underthesideofthe 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 atapetal 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). 

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

The essence of the technique is that any genuine 
opacity in the path ofthetapetal reflex will obscure it and 
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 WII 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 

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 ophthalmoscopeshould be set between-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 this is 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 eve that is closer to the doa is beina used " 
'or i r e  oprtna moscopy Tnc opnlna rroscope nl-sr oe 
c ose lo DO:,> :'ie c if c ao's e)e i n 0  ine  pat~enr's F/F 

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 vely 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 

Ophthalmic examination 

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 +I5 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, andoneor moreof theotherfingersshould 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 I .9 Binocular indirect ophthalmoscopy This 
gives a wide-angle view of the fundus with stereopsis. 
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8 Ophthalmic examination 

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 
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 forthe beginner is tostart 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 
Forthose without a binocular instrument, a simple and 
effective form of indirect ophthaimoscopy may be car- 
ried out using only a hand lens and afocal 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 obselver's 
eye, the light source, the lens and the patient's pupil all 
lie on the same axis as far as possible (Figure 1 .lo). 

Fisure 1.10 Monocular indirect oohthalmoscowv. 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 theclinical findings, the teartestshould 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. It is preferable to avoid touching the short end 
of thestrip with the fingers, soas to maintain sterilityand 
to avoid deuositino cutaneous liuid on the uauer. which * , .  . 
might inteiere with aqueous tear absorption. 

Theshort endof thestripisthen placed inthelateral 
half of the lower conjunctival sac so that the notch is at 
the level of the lid margin and thestrip is in contact with 
the lower lid and the cornea (Figure 1.11). In most 
cases, it is best fortheexaminerto hold the lidsclosed, 
retaining the strip securely in position. 

dogs, it is best to hold the iids together during the test. 

Schirmer I test: The Schirmer I 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 aqueous tears recorded, 
either by measuring againstthe template on the boxor 
from the graduations printed on the strip itself. 

~ o r m a l  values forthe Schirmer I test in the dog are 
a mean 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 <I5 mm. Lower 
normal values are usually quoted for the cat and the 
pattern of disease is often different. 

TheSchirmer I test hasprovedto bethemost useful 
in veterinary ophthalmology and is the test on which 
most of the veterinary literature on deficient tear pro- 
duction is based. 

Schirmerl1test:The Schirmer II 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 
lowerthan forthe Schirmer i test but typically not lower 
than 50% of the Schirmer I reading and, in cats, about 
80% of the value. The Schirmer II test is 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 
alkalineconditionssuch ascontactwith salinesolution 
or the tear film. It is highly lipophobic and hydrophilic. 
Thus, when it isappliedtothesurfaceof theeye 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. It is, 
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 F .oresce ri bpv re1 on ,s nrj 2 s;',p n lnc 
omr cc? .ncr vn sac (Co..rresy ol SM Cr sp ri j 

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, even if there is still an 
obvious concavity as a result of stromal loss. lrrigation 
is important in flushing fluorescein from such surface 
defects, in order to prevent a false impression of dye 
uptake. lrrigation will not flush dye from exposed cor- 
neal stroma in the case of genuine ulcers. Under-run 
epithelium at the edgeof ulcers is well demonstrated by 
fluorescein. If interpretation isdifficult, especially where 
minute punctate staining is suspected, then the use of 
magnification and a blue light source may be helpful. 
Descemet's membranedoes 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 andshould be used routinely. It usually gives 
unequivocal resultsand there are nocontraindlcations. 
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 

perforations, sterile fluorescein is not harmful to 
intraocular tissues. Indeed, fluorescein may be applied 
to the eye in the Seidel test, when asmall 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 
applegreen (seeChapter8). Fluoresceiniseasily s 
by owners, and this aids in client understanding 
patient's problem. 

Fluorescein test for nasolacrimal patency: Whe \ e 
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 andchoriocapillarisvascularsystemsthrough 
which the fluorescein travels and also indicates areas 
of ischaemia, sitesof vascular leakageand 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 investigatibn 
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- 
nessofthe information againstthe 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 

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

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, aqueous, lens and anterior vitreous. 

Rose bengal s a dark magenta dye tnat stains dead 
an0 dev:ta ized tissue. It is s ~ghtly irritant on applica- 
tion. Rose bengal is wde y used in human patients to 
demonstrate oc~ lar  surface damage in cases of dry 
eye (see Chapter 6). It is also a partic~larly useful C = 
diaonostic aid in the diaonosis of some forms of her- I ., - 
petit keratitis in the cat, where the damaged area may 
not stain with fluorescein. It is 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 

I\ Y 
Figure 1.13 Slit lamp b~om~croscopy The portable sllt 

system may oe investigated by cannulation ano I .~sh-  
ing vla the lacrimal pJncta as describe0 in Chapter 6. 

Ocular ultrasonography 
Ultrasonography of the eye is useful in the same 
circumstances as in other organs: namely, in providing 
oood soft tissue detail when this is not visible clinicallv o~~~ ~~ ~ ~~~ ~ ~~ ~ 

or radiographically.  here is the additional benefit df 
the production of a dynamic image. Opacity of the 
cornea, anteriorchamber, lens orvitreous may impede 
visual examination of intraoculartissues, making ultra- 
sonography very useful in these cases. Furthermore, 
~l t ra~0n00raDh~ mav be useful in cases of anterior iris 

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 stereopticview 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 s~ecial interest in o~hthalmoloav. 

displaceie"'t (i;is bdmbb or iristhickening), intraocular 
tumours (to assess theirsize and extent), preoperative 
cataract assessment, vitreous opacity and detach- 
ment, possible sub-retinal masses and posterior scle- 
ral lesions. Ultrasound isalsoverysensitivein identifying 
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 hairyskin. 
Excessive pressure should not be used. Deep tissue 
penetration is not required for the globe alone, so it is 
best to use the highest frequency probe available, 
commonly 7.5-10.0 MHz, to maximize tissue resolu- 
tion. The probe isapplied tothecorneaand then moved 
vertically and horizontally across the eye to cover the 
entireglobe. Fortheorbit, alowerfrequency probemay 
be preferable; theorbit can be imaged obliquelythough 

Figure 1.14 
Slit lamp 
biomicroscoDv , , 
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 
theaqueous humourin theanteriorchamber.Themain 
action of the endothelium is in maintaining the cornea 
in astate 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- 
rentlyfoundinonly afewspecialistcentres. Endothelial 
disease is not rare in animals, particularly 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 ofthe 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 luxation 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 asampleof cellsorfluidfrom 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 earlieror morespecificdiagnosis and, 
hence, treatment. 

Technique:Samplesmay beobtainedfrom theanterior 
or the vitreous chamber. General anaesthesia may be 
required. Using a25 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 anteriortothe 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 vitreous may be entered via the sclera 
overlying the pars plana. The needle is advanced into 
the vitreous, avoiding the lens and retina. 

When ocularcentesis 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 ordertosample surface cells. 

In all cases, material aspirated can be submitted for 
cytology and/or culture, according tothe 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 famili- 
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 
lntraocular bacterial infection is much more likely 
to establish in the vitreous than the aqueous, 
regardless of the route of entry 
Lens rupture may recruit large numbers of 
polymorphonuclear neutrophils to the area, even 
when the eye is sterile. 

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

Electroretinography 
Electroretinography (ERG) recordselectrical discharges 
from the retina in response to external light stimulation. 
General anaesthesia 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 isvaluable in canineophthalmology in particu- 
lar, as there are several circumstances in which retinal 
function cannot be interpretedfrom the ophthalmoscopic 
appearance alone (see Chapter 14a). ERG is used 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. In these cases, ERG can indicate whether 
the retinal function is normal and, hence, whether the 
possibility of optic nerve or intracranial disease should 
be considered. 
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Retinal photography 
Good quality photographs of the fundus can be vaiu- 
able in the documentation of lesions, in research and in 
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 anterior segment 
photography, giving high resolution images. 

During the early use of a fundus camera, the 
operator can expect to undergo a learning 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 more 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 
Ballantyne AJ and Michaelson IC (1 970) Methodical investigation of 

the fundus. In: Teabook of the Fondus of the Eye, Zndedn, pp. 
1-52. Livingstone, Edinburgh and London 

Duke-Elders and Smith RJH (1962) Clinical methodsof examination. 
In: System of Ophthalmology, Volume VII. The Foundations of 
Oohthalmologv, ed. S. Duke-Elderpp. 233-458. Henry Kimpton, 
Lonoon 

SlnooeDTandGelaltXh(1999)Opnlha mcexam natlonandu agnoslc 
proced~res In Vctennary Ophthalmology 3rdedn. ed KN Gelan 
pp 427466 1 . 8 ~ ~  ncolt WII ams an0 Vd 6,"s Prl ade pnla 
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Ocular imaging 

Elizabeth Munro and David T. Ramsey 

Introduction availability and are relatively expensive for use in 
wrivate veterinarv wractice. 

During the last 20 years, there have been many 
' 

B mode ultri ionography is indicated in the 
innovations in diagnostic imaging, including the assessment of intraocular structures when direct 
development of a variety of new imaging modalities visualization is not possible. It should be the initial 
that have improved the clinician's ability to diagnose imaging technique used for all animals with signs 
ocular and orbital disease. However, conventional of orbital disease, as general anaesthesia is not 
radiography and B mode ultrasonography remain the required. A suggested protocol for the investigation 
most widely used forms of imaging, because the of orbital disease (adapted from Dennis, 2000) is 
advanceddiagnosticimagingmethods have restricted shown in Figure 1 . I  5. 

I B MODE ULTRASONOGRAPHY I 
I I ,  

Yes No 
I I 

Treat dl 

Treat b 

Is surgery being 

+ + 

No Yes Yes No 

Normal 

Fine needle aspiration 
of orbit 

Evidence of disease extension 

Diagnostic 
of medically of tumour 

treatable disease 

" I 

1 being considered? 

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

Further imaging techniques are computed tomo- 
graphy (CT) and magnetic resonance imaging (MRI). 
The image quality provided by MRI is superiorto that of 
CT in most animals, except in cases of orbital trauma. 
However, longerscanning times are required with MRI, 
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 MRI and CT 
to the veterinary profession, however, a choice be- 
tween the two rarely exists. 

Radiography 

Plain film radiography 
Plain film radiography is only diagnostic for conditions 
involving alterations in architecture of the bony orbit, 
and in the detection of radiopaqueforeign bodies within 
theorbitorglobe. Useof alternativeimaging modalities 
(cross-sectional imaging) is recommended for soft- 
tissue imaging. 

Radiography is used to investigate retrobulbar mass 
lesions, in orderto detect the presence of bone lysis in 
osseous orbital, or neighbouring, structures. Lysis is 
most readily appreciated when the destruction of bone 
involves 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 intraoral 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 orbit, however, which is best assessed with a 
ventrorostral-dorsocaudal view of the nasal cavity. 

To obtain the open-mouthed 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 isdirectedtowardthecraniumthrough 
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 = ventro; 
20°= beam angle; D= dorso; Cd=caudo; 0 =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-oid Rottweiler with a ooorlv differentiated 
sarcor:la ol :ne 0.0: Rone ,ss  s &nt 'cc nro-no l ie  
a \ c o ~ s o :  M I  ,o ig arr0.t. an0 me ros:ra ouruer oi inc 
verticai ramus of the mandible (short arrow). There is soft 
tissue opacification of the nasai cavity on the affected side, 
and soft tissue swelling over the rostra1 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 1.16). 

Frontal sinuses 
The frontal sinuses should be evaluated using a 
rostrocaudal view, obtained by positioning the animal 
in dorsal recumbency with the atlanto-occipital joint in 
flexion, until the hard palate isat right anglestothefilm. 
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, morecommonly, to fluidaccumulation 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, to 
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 
processshould be performed with CTor, 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 Sialography of the zygomatlc salivary gland 
This technique is indicated for suspected zygomatic 

Dacryocystography sialocoele, which is a rare cause of orbital disease 
Dacryocystography is occasionally performed in the (schmidt and ~ ~ t t ~ ,  ,978). ~h~ zygomatic salivary 
diagnostic investigation of epiphora and ocular dis- gland forms part of the floor ofthe orbit, and may cause 
charge, evaluate the Of the nasO- exophthalmoswhen sialocoele orsialoadenitis occurs. 
lacrimal system. The technique is straightforward, but 
rarely performed. It is indicated in animals with obstruc- 
tion of the nasolacrimal system, when the cause of Technique: A blunt 25 G cannula is introduced into the 

obstruction is not apparent on plain film radiography, or zygomatic papilla, which is found in the buccal mucosa 

when an intraluminal foreign body is suspected. above the first molar tooth, about 1 cm caudal and 
ventral to the uarotid uaoilla. Then 1-2 ml of iodine- 

Technique: Under general anaesthesia the upper lac- 
rimal punctum is cannulated with an appropriate 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 lowerpunctum 
is gently occluded using fine mosquito forceps. In the 
rabbit, thesole lower punctum iscannulated. Lateral and 
ventrodorsal views should be obtained immediately 
after or during injection so that leakage from the nasal 
ostium does 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 
cavernous sinuses, at the floor of the cranial vault. The 
cavernoussinuses lie closetothe pituitarygland and to 
the second, third, fourth and sixth cranial nerves. 
Masses adjacent to thevessels can alterthe course of 
the vasculature, or create filling defects by extramural 
compression. CT and MRI, if available, are superior to 
this technique. 

Technique:General anaesthesia is required. The tech- 
nique is safe and applicable to the practice situation, but 
it is 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 rollsof gauzearesecured with tapearound the neck 
toocclude thejugularveins, buttospareocclusion of the 
airway. The angularis oculi veins can be visualized 
through theskin atthe medial canthus.Theskin on both 
sides overlying the angularis ocuii veins is clipped and 
scrubbed. A catheter is then placed transcutaneously 
into the angularis oculi vein on each side, and secured 
tothe overl;ing skin with glue orasuture. Approximately 
5 ml of awater-soluble iodinated contrast agent (420 mg 
iodine per ml (mg llml)) 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 ilml) 
(positive contrast) is injected into the intraconal space, 
and radiographs are then made, in both dorsoventrai 
and lateral views. This technique is used infrequently, 
because of the increased resolution afforded by cross- 
sectional imaging techniques. 

based water-soluble contrast agent (420 mg llml) is 
slowly injected via the cannula. If the duct is ruptured, 
a lateral radiograph will reveal contrast leaking into 
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 conventional 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 usedforthis purpose, asthe 
globe can be adequately assessed with direct visuali- 
zation and ultrasonography. 

Ultrasonography 
Ultrasonography isvaluable 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 cornea, lens or ocular media have lost trans- 
parency, and direct visualization of intraocular struc- 
tures is compromised. It is also useful for the evaluation 
of the orbit. Whenever it is available, it should be used in 
all animals that have signs of orbital disease. 

Image production and display 
The principle underlying diagnostic ultrasonography 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 
seen in a gross anatomical cross-section . Scattered echoes usually 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- 
sonography described the use of A (amplitude) mode. 
In this mode, a single fixed beam of ultrasound is 
directed through the eye, and returning echoes are 
shown as spikes on a horizontal line. Biometric meas- 
urements can be reliably obtained with this method, 
although it is not in common usage. 

Real-time B (brightness) mode, on the other hand, 
is both widely used, and more readily interpreted. 
Multiple 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 brightnesscorresponds 
to the strength 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. A 5 or7.5 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, but it is impossibleto differentiatethe retina 
from the choroid or the sclera with transducers of less 
than 10 MHz. 

Technique 
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 ultrasonographer 
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 o f  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 
pad may betrimmed toalesscumbersomesize.These 
are both ways of producing a home-made standoff. 

Alternatively, a generous amount of sterile acoustic gel 
may beapplied to thesurface oftheglobe, and may act 
asastandoff. The posteriorglobeandorbit arescanned 
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 cornea, iris and anterior lens 
capsule may only be visualized if the globe is scanned 
using a standoff and high frequency transducer in 
direct contact with the cornea. Under ideal conditions, 
the cornea appears as two parallel curvilinear lines 
separated by an anechoic(b1ack) 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 Oc-ler . lraso-nc! maoc ol lne anier or 
aspect ol a icrrra g ova cvia ilea .s ng a 1C ,Vn/ 
transducer and a iarge amount of scanning gel as a 
standoff. The gain has been adjusted to maximize 
resolution in the near field. The cornea appears as two 
hyperechcic lines at the left of the image. Reverberation 
artefacts are evident directlv oosterior to the corneal . . 
rc :  cc. ons l'nc anicr or aio pos:er or ens CZPS- E are 
represented as o cor..ex loce cLr, rcer rc:  ec: onc l'nc 
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 thesound beam. It is, 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 
posteriorwall of the globe producesa readily visualized 
composite curvilinear echo that represents the retina, 
choroid and sclera, when using a 7.5 MHz transducer. 
The opticdisc appears as aslightly brighter region that 
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may be either raised or depressed, relative to the 
posteriorglobe, in normaleyes. Whena 10or 12.5MHz 
transducer is used, the retina, choroid and sclera can 
be clearly differentiated. The retinaappears 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 0 s .  a' :raso-nu ~,a:.]e o' itla losic' 0' 
aspeci sf a norna E occ ooia nca -s r g  a "I I.'r,% 
transducer. The retina aoDears as the first hv~erechoic . . . . 
z r rear x n s  :, apgosea aga',isl 1r.e 1l)puecno c 
cnoro c T,i? sc era zppezrs as a-clrc' nypc,ccio c 
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 laterally in the horizontal plane,anddorsally inthe 
vertical plane. The zygomatic salivary gland may occa- 
sionally be identified, when scanning in the vertical 
plane, asa hypoechoicstructureadjacenttotheventral 
extraocular muscles. 

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

Abnormalities 

lntraocular 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 cataractforma- 
tion is associated with increased echogenicity of the 
normally anechoic lens material. 

Mass1esions:Neoplasiaand organized haemorrhage 
are the most commonly identified intraocular masses. 
Primary intraocular neoplasms are most frequently 
localized 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. 

Choroidal granulomas, attributabletooculomycoses 
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 conditionsare rare in the UK but may becommon 
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 ciliarv bodv located ventral to the ~osterior lens 
capsule ref1ectid.n. ~ h k r e  are numerous pointhke opacities 
throughout the vitreous body that represent asteroid 
hyalosis. (10 MHz transducer; no standoff.) 

Retinal detachment may be associated with any of 
the above. 

lntraocular foreign bodies are identified as a bright 
interface associated with acoustic shadowing. 

Mass lesions of the optic nerve head (prelaminar 
optic neuritislpapillitis, papilloedema and neoplasms) 
and the peripapillary retina and choroid are detected 
infrequently. Papillitis and papilloedema cannot be 
differentiated, based on their ultrasonographic 
appearance, because they share characteristic 
ultrasonographic 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 detachment is 
more likely to occur with inflammatory and neoplastic 
lesions of the optic papilla, than with papilloedema. 

Multiplepoint-1ikeechoes:Multiple point-like echoes 
(see Figure 1.19) may be produced by inflammatory 
cells or erythrocytes within thevitreous, and by degen- 
eration of the vitreous humour (Mattoon and Nyland, 
1995). In one study, vitreous degeneration was identi- 
fied in 23% of eyes of 147 dogs with cataracts (van der 
Woerdt ef a/., 1993). 

Membranous lesions: Ultrasonography has an im- 
portant role to play both in the identification of retinal 
detachment in theopaqueeyeandin thedifferentiation 
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of retinal detachment from posterior vitreous 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 detachment from the 
othermembranouslesionsthat may mimicthisappear- 
ance. These include vitreous membranes, which fre- 
quently follow intravitreal haemorrhage, and posterior 
vitreous detachment. Posterior vitreous detachment 
demonstrates 'serpentine' after-movements and, un- 
like retinal detachment, doesnotattach totheopticdisc 
(Figure 1.22). 

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

part of the pie-surgical diagnostic testing in a 10-year-old 
American Cocker Soaniel with mature cataracts. Note the 
1-0 -)precro c irear oms I es ar ssng iro:i irle area ol inc 
op: c Val, a, arc co.rs ng anicr or, lo:.aro inc ora c ar s 
retinae. This iindina indicated the wresence of concurrent - 
re1 na o2:acnmcri ano. lnere'ore. sCec .oeo cd:ar2ci 
s-rger/ '1 :n s cos (10 hlnz irinsoJcer no slanz~o'l 

Figure 1.21 Ocular ultrasound image of the left eye of a 
9-vear-old Miniature Poodle that suffered an acute onset 
OI'L) !io?ess A iota' re: na oclacnmen: aspears 
.. ~rasonograsn ca y as t i'yperecno c me arlsiq lrom ltie 
area ol irc on1 c l i p . .  a ano oranch nq n ire rl u-\ ireo-s 
cavitv. The hbmobe'neous hv~oechoi~aooearance in the 

Figure 1.22 Ocular ultrasound image of a 12-year-old 
mixed breed  do^ with a posterior vitreous detachment. 
Note the curvilinear hvwerechoic densitv farrowed) . . . . 
ocaleo n me v ireo-s cav I,, : r ~ i r - i  is para1 e lo :ne 
poser or g onc aro cces noraiacn lo :'ie up: : pap a 
(10 MHz tFansducer: 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, 1995). 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 substantial opacification 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 eta/., 1993). 

Figure 1.23 OCJ ar ~ i raso-ro mage o: a 6-/ear-u o 
Sarro)cc .\ In ca:ar=crs Tiere s a u: O-s reiln?. 
detachment (arrowed). characterized ultrasonoara~hicallv . . . . 

i-ore: na space ~ep,esei~s %e.r urv'age n ine suorci na as a ;.e I OB 'r,eaieu .~y~erec!'o~c I ne ar s r g  from :he area 
sp3ce .10 f A r l ?  :r,?nso.ccr ro  sia?ooll. o+ :ne 0p.c pap a. 110 :At  12 lransd-cer rlo sianoo'l 
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Figure 1.24 Ocular ultrasound imaoe. obtained usina - - - 
S:I'J laneo..s tl mooe an0 A mooe itrl~lg ny oi e 7-,ea,-o o 
Spryer Soati e i. :,I an ex-oat vc rcl na oe:acrltylent ano 
choroidai detachment. (10 MHz transducer; no standoff.) 

When the lens develops an opacity, it appears 
hyperechoic instead of anechoic, and the entire lens 
becomes evident on ultrasonography. Diabetesmellitus 
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 to identify 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 :-asuuno Image ol lnc r gnl ele of E. 
).-,eer-0'0 o aoel c I I ,  n a:-re Scr~na~/sr sno., r g  a i  
nt.nescer,t cataract Note !nc arqn axa o amei?r ol lne 
lens. There are also numerous ooint-like ooacities in the 
1 i,eu:s cnamncr tna: ar? cons slei't >I tn 1 l.rco..s 
ocq?neraloi (10 ,Vmz trcnsa.ccr no slanaoii 

Figure 1.26 lraso-no miye 0: :ne eil zle of 1ne 03y 
n Fg .re ' 25 srct. ng a t')pdrmet.rc ca:aract. Nole vie 
small axial diameter ofthe resorbino iens. Vitreous - 
ocpcicra.on s cnaracle.izeu ," trasoioyrsp:i ca 1 u) 
tn-I :I e po n:-l nc opec 1 cs lrro-y110-1 tnr! I ireo-s ta\ I, 
( 1L' f .1~12 irarisoucer ,lo stanooii ) 

guidance although, surprisingly, a recent study of or- 
bital neoplasia found no significant increase in the 
diagnostic yield acquired when samples were obtained 
w tnguidancecomparedtowltnoLt (Hendrixand Gelarr, 
20001. A rnoro~ah knowleoae of orb ta anatomv, and 
some practice, i r e  requireito master this tech;ique. 

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 
in appearance, but mostare recognizedasa 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 Orwta' :.Iraso:riu image irom a cog t, :n 
ac~le-oiscl exopnlra rlios No:c tne iypcecro c ire3 ol 
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 

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

bonyorbitwill be underestimated when ultrasonography 
is used as the sole imaging modality. 

Golden Retriever with bilateral exoohihalmos. ~ o f e  the 
orom nsn: nlpoecno c aiera re::..? m-sc c A o agnos s 
ul c a1e.a eh',acc- ar co ,m/os I s .ias ,r aaa 

High-frequency ultrasound biomicroscopy 
lncreas~ng the frequency of L trasouno ,sed to exam- 
ine !he eve to 40-100 MHz will oroauce imaaes of tne 

8-)car-o o -:oraocr I?e" c.cr .i. in s 0). , progress nu 
exmi:.l i  nios hole a ilor:lo:Jer:euus i~,puec~~o u rrlass 
causina oosterior indentation of the olobe. Ultrasound- - .  - 
0.. ceo I re-neeo:e asp r i i  on a?o c )  lo gy, of itle ,I ass 
rebeaea a sol1 :ss.e sarcoma ( I0 I A i i z  lransd~cer. 
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). 

~e jman  Shepherd Dog that present& for evaiuation of 
progressive exophthalmos of I week's duration. Note the 
well delineated anechoic area in the caudoventrai orbit 
Ultrasound-auided fine-needle asoiration revealed a 
/ sco-s ma& a cons sieni i. in se ,2 A qgomai c 
s a ococ c t.?.s rcmo~eo s.rg cat 10 '.ln/ Iranscucir. 
no standoff.) 

structures within the anterior4-5 mm of the ;lobe with 
much qreater resolution than conventional B mode 
scanning. The resulting images appear similarto histo- 
logical preparationsviewed with low power microscopy. 
They a so allow assessment of !he iroocornea ang e 
ano c l i a ~  c eft. Tnis techno oov is not w oelv avalao e 
for diagnbstic purposes, as the cost of the bltrasound 
biomicroscope is usually prohibitive in private practice. 

Computed tomography 
CT provides a computer-generated image of a cross- 
sectional 'slice'through an animal, atthe level atwhich 
it is being examined. A thin collimated X-ray beam is 
rotated around the animal, and monitors register the 
exiting photon doses. The computerthen generates an 
image, based on theoutputof these monitors. Sequen- 
tial imaaes are obtained alona theareaof interest. The 
latest generation of ~ ~ s c a n i e r s  now have acquisition 
times of afew minutes. As it is essential that the animal 
remains still during scanning, general anaesthesia is 
always required. 

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 appeardarker. The range of contrast in soft tissues 
is much greaterthan 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 orbit is clearly visualized, and the optic nerve, 
extraocular muscles, globe and zygomatic salivary 
gland contrast well with the relatively radiolucent 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, haemorrhage 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 1.32 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 aiong the midline. 
Osteosarcoma was the final diagnosis. 

Guidance for diagnostic tests 
CT imaging can also be used to guide the placement of 
a needle precisely within pathological tissue for fine 
needle aspiration and biopsy. 

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 oassaoe. There is an area of ~~~ - 
suii : ss .c ocrs I /  er:i.,iu r y  irom :ne oru :t sozcc nio 
I r c  eil iror'ii. SI-s an0 nasa passlce 

Reformatted images 
Obtaining images in different planes requires the 
repositioning oftheanimal within the gantry. Reformatted 
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 primaryscan plane. Recon- 
structed three-dimensional images can also be used to 
demonstrate proliferativeand 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 etal., 
1994). However, images obtained by CT may not 
clearly delineate the extent of a neoplasm within the 
orbit or calvarium in cats (Ramsey et al.,l994). 

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 to tissue-specific properties, to 
generate an electron-dense image. 

The animal must remain still during image acquisi- 
tion and therefore general anaesthesia is required. 
However, repositioning the animal within the gantry is 
not necessary to 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 
arelongerfor MRIthanforCT, usually about45minutes. 

Ferrous metals are not permitted in the scanner 
room, and this must be considered when designing 
anaesthetic protocols, or when ferrous intraorbital or 
intraocularforeion bodies aresusoected. MRI iscontra- ~~ ~ - 
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 to ocular tissues. 

Resolution and contrast 
The resolution of images produced by MRI is superb, 
and soft tissue differentiation is superior to that pro- 
vided by CT. Imagecontrastsensitivity 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-diethylenetriaminepenta-aceticacid, 
DTPA). Bone is not imaged directly but bone destruc- 
tion in 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 
contrast than CTimages (Figure 1.33). However, when 
detailed imagesof bony structuresare required, MRI is 
less specific than CT. MRI may not show the extent of 
mineralization within soft tissues, but it is better than 
CT imaging when sofl tissue detail and resolution are 
necessary. Thus, the two are complementary. 

with intermittent exoohihalmos of the riaht eve. attributable " .  
lo a congcn 12 orb !; arler o\er.o>s rrla'urrral on (AVk: 
Note !,ie u aled orola'  venols sir-cl.re vcnlra and 
medial to the alobe. Laminar flow of blood within the - 
a ale(: vasc- ar s ~ r - c l ~ r e  appears as a 'lererl e eciron- 
aenst ayers .I I n n  l i e  AVI.1 

By altering componentsof the pulse sequence, such 
as repetition time (TR), interpulse delay (TI) and echo 
time (TE), the operator can maximally differentiate the 
electron density signals of many different sofl 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 

technique 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 all imaging techniques, tissue type may not 
be reliably determined in all cases, and distinguishing 
between malignant and benign neoplastic disease 
may notalways bepossible. lnferencesabout 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 different 
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 orbital 
disease. 
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Laboratory investigation 
of ophthalmic disease 

David J. Maggs 

Introduction Because a normal floraexists on theocularsurface, 
care must be taken not to contaminate the swab by 

No other body structures lend themselves to more inadvertently touching it on tissues or regions without 
complete visual examination than the eyes and ad- obvious pathology. Mini-tip swabs are available for 
nexa. Therefore, laboratory examination is not always obtaining samples from focal or delicate ocular sur- 
necessary in ophthalmic disease. Laboratory investi- faces such as deep corneal ulcers (Fig 1.34). 
gations tend tobe 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 
forthe suspected disease process, the correct method 
of sample collection and handling, and the interpreta- 
tion of the laboratory results. 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 cytologicallhistopathological, 
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 

Fiaure 1.34 Instruments suitable for collectino - d 

c)toog ca ano rrllcrou!ooy ca satilp es irom oc- ar 
sUri2ce l'ss~es. From ell lo r gnl. m n -1 p sv.ao I< m-ra 
n a! n-m snals a 3aro-Parner sca ce olsoe i. it1 lrle 
ilandle end exposed but the blade sheathed; cytobrush. 

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 a/., 1996). The technique 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 
thearea 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 to a pre-moistened swab. These 
techniques yield more organisms, particularly obligate 
intracellular pathogens. 

Eyelid, conjunctival and corneal scrapings 
Superficial cells may be collected by gently 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 fortheassessment of inflamma- 
tory or neoplastic cells, andlor infectious organisms 
involving these surface tissues. Assessment of patho- 
logy involving deeper sites usually necessitates surgi- 
cal biopsy (see later). 

Periocular skin scrapes are performed using a 
scalpel bladein the same way as they 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 importantfor the detection 
of Dernodexspecies. Collection of corneal or conjunc- 
tival samples requires administration of topical anaes- 
thetic and adequate physical or chemical restraint to 
avoid injury to the eye. Corneal anaesthesia can be 
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rapidly achieved by applying one ortwodrops oftopical 
anaesthetic, such as proxymetacaine. The highly vas- 
cular nature oftheconjunctiva 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 20-30 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 performing any procedure that could 
alter or affect the microorganisms present. 

Cornealandconjunctivalsamplesare bestcollected 
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 
sterileswabforculture,orsuspendedinasterilesolution 
for testing by polymerase chain reaction (PCR). 

Cytobrushes 
The use of small, nylon-bristled gynaecological 
cytobrushes (see Figure 1.34) forcollection of conjunc- 
tival cytology specimens has been described in veteri- 
nary patients (Bauer eta/., 1996; Willis eta/., 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 aresafety and patienttolerance. Cytobrushes 
are designed for single use. 

Impression cytology 
This technique 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- 
conjunctivitissicca(KCS) research, butdoes not usually 
provide clinically significant advantages over cytologi- 
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 technique is not intended to replace 
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 orbit. 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- 
niques 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 
theglobe. Wherepossible, the massshould be isolated 
between the fingers, and the needle inserted into the 
mass withoutasyringeattached.The needleshould 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- 
niques are usually performed to define mass location, 
extent and nature, and because aspiration is likely to 
disrupt tissue architecture, or cause haemorrhage. 
Orbital ultrasonography may also be used to 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 correctly, they are best carried out by a 
specialist familiar with the technique. Oral, trans- 
conjunctival, transpalpebral and lateral approaches 
arepossible, depending on the locationofthe mass. All 
are usually performed under general anaesthesia. 

lntraocular 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 fluid. lntraocular aspiration is 
performed under general anaesthesia, and frequently 
with ultrasound guidance. Due to the risk of intraocular 
haemorrhage, lenscapsule ruptureand retinal detach- 
ment, these are specialist procedures. 

Orbital, adnexal, and intraocular aspirates may be 
submitted for cytological or microbiological 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 cellular 
monolayeron the slide; these may be examined by the 
cytologist. However, this must cause minimal mechani- 
cal disruption of harvested cells. Less cellular aspi- 
rates, suchasthoseobtainedfrom theanteriorchamber, 
require centrifugation to yield sufficient cells for a 
diagnosis. Cellular and fluid aspirates can also be 
applied in a sterile manner to a pre-moistened swab, 
for microbiological 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 cellularmorphology, 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 asterlle 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- 
tion that is not always available from cytological exami- 
nation. The area of conjunctiva to be sampled is 
anaesthetized, using thesametechniquedescribedfor 
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 
snip 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. 

Figure 1.35 Conjunctival biopsy technique. 

Eyelid 
Eyelidskin biopsies may beobtained using ascalpel or 
skin biopsy punch, as would bedone elsewhereon the 
skin, and usually require local anaesthesia only. The 
eyelid margin should be avoided unlessthere is signifi- 
cant ~ a t h o l 0 ~ ~  at that site. If the marain must be used. 
then ihe biopsy site should be closedusing the figure: 
of-eight technique described in Chapter 2c. Careful 

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 eta/., 1996; Willis 
eta/., 1997). Samples collected by swab tend to con- 
tain insufficient cells for diagnosis, but those cells that 
are collected are well p rese~ed 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. 

Total cellularity + +t+ +t+ 

Cellular integrity ttt t ttt 

Cellular distribution ttt + +t+ u 

Figure 1.36 Com~arison of three methods for collectlna 
suzace cells from the cornea 3r 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- 
Quip. 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 besentto acytologistfor review. If possible, 
two or three slides should be left unstained until after 
initial assessment, in casespecial stainsare 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)in~ammatoryresponseisseen 
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 primaly pathology. 

. 34, 
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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. PCR and IFA. Host resoonsesare assessed bv .~ - ~~ ~ 

using antibody titres, usually 'within serum, although 
intraocular antibody production can also be measured. 

Thereare many tests availableand each has distinct 
advantages and disadvantages. The preferred test will 
vary with many features, including abundance of 
organism being testedfor, stageof disease, and biologi- 
cal behaviour of individual organisms. Figure 1.37 
comparesthefeaturesoffourtestscommonlyemployed 
for investigation of feline herpesvirus-1 (FHV-1). 

Regardlessofthe test modalityorthe 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-I for which a 
carrier state is established. The com~osition of normal 
conjunctival and eyelid flora has been surveyed for 
dogs and catsand comprisesprincipally 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 culturesfrom 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, suchas fungi and 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 presenceof 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. 

hyphae adjacent to nimerous corneal epitheliai cells 
Wrights-Giemsa staining (Courtesy of R. Marrion.) 

Although viruses, Mycoplasma spp. and 
Chlamydiophilaspp. are toosmall 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 bodiesfrom pigmentgranules. 
However, inclusion bodies are not a frequent finding, 
and failure to detect them should not be considered 
proof thatthese organismsare not present. IFAassays 
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 afalse-positive IFA test result. 
Currently, IFA assays exist for canine distemper virus, 
FHV-1 and Chlamydiaspp. These tests are most likely 
to give positive results in acute infections. 

Virus isolation Polymeras:= Indirect fluorest I Serology 
i&-%im chain reaction antibody test 

Detection or vlrus (V) or nos1 response (H) I V I V 1 V .fts 
Viable virus necessary I yes I No I No !? - 
Prior use of vital stains affects lest result 1 Yes I No I Yes I No Y" -- 
Collection and transport techn~ques I Deta~led I Detalled I ~~mple I ~~rnple W 

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 obtainedfrom aspirates or biopsy specimens. 
In all cases, better results are likely when sufficient 
material is submitted for culture. Refrigeration (not 
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 tissues are usually 
submittedforaerobicculture, whileaspiratesanddeeper 
biopsies, particularly from orbital masses, may require 
anaerobic culture. Chlarnydiophila and Mycoplasrna 
spp. must be collected into, and transported in, special 
media. Bacteriological samples should, ideally, be 

Virology 
The most frequent ophthalmic application for viral 
culture or virus isolation (VI) has been the diagnosis 
of FHV-I. 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 beswabbed aggressively enough 
to harvest cells, since FHV-1 is an obligate intra- 
cellular organism. Following collection, the swab 
should be broken into avial 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 sampleson iceare usually recommended. 
The sample should be rapidly frozen if an extended 
delay in shipping ortesting 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 

collected pror to the start of ant b ot~c admlnlstrat on, (so ated from [he conjunctiva forn x of ~p to 11% of 
however, organisms !hat pers st in the faceof antlmlcro- normal cats ~ s l n g  thls recnn qJe (Maggs eta1 , 1999) 
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 prior to the 
collection of conjunctival or eyelid specimens. Differen- 
tiation of pathogens and normal flora may be difficult; 
however, cultures of normal floratend 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 inhibitoryconcentration (MIC) determination.This 
technique determines the viability of bacteriaatvarious 
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, theclinician shouldverify thatthe laboratory 
is abletotest antibioticsthat are appliedtopically, 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. 

Mycology 
Otherthan eyelid dermatophytosis, ocularfungal infec- 
tion is uncommon in the UK, but this should be consid- 
eredinanimalsfromgeographical regions whereorbital, 
intraocular, systemic or keratoconjunctival mycosis is 
possible. Fungal involvement is suggested by inade- 
quate response to appropriate antibacterial agents, or 
following systemic or local immunosuppression orpro- 
longed use of antimicrobial drugs that may have 
altered bacterial flora. Material harvested by orbital or 
intraocularaspirates, 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 to 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 vitro, by the repeated 
cycling of sample DNAand nucleicacid'building blocks' 
with Taq polymerase enzyme, under highly regulated 
conditions. This is done in an automated fashion, and 
each cycleapproximately doublesthe previousnumber 
of copies made. The result is an exponential increase 
in copy number of target DNA, to 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 results is 
dramatically increased, particularly for diseases in 
which acarrier state develops, or forthose 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- 
quent 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 tissue 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 to yield a positive result 
than scrapings, which, in turn, are more likely than 
swabs to yield positive results. Because C. psittaci 
and FHV-I 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 developed for feline 
coronaviruses, feline leukaemia virus (FeLV) and 
feline immunodeficiency virus (FIV). Due to 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 (FIP) 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 sought. This 
highlights two features of serological testing that must 
be considered when interpreting results: 

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

logical assay for FHV-1. Approximately 97% of the 
feline population shows serological 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 intraocular and circulating 
(serum) antibody titres has been used to indicate local 
(intraocular) antibody production. This ratio is called 
the Goldmann-Witmer coefficient or C-value: 

oraanism-s~ecilic antibodv total antibodv 

Cvalue = 
titkin aqueous humour ' , concentration in serum 

organism-specific antibody total antibody 
titre in serum concentration in 

aqueous humour 

This has been used to assess aetiological agents in 
uveitis. In theory, a Cvalue greater than 1 suggests 
intraocular antibody 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 monitored 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 foraspecific 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: 

Rodlcone dysplasia (rcd) in Irish Setters (rcdl) 
(Clements etai., 1993) and Cardigan Welsh 
Corgis (rcd3) (Petersen-Jones and Zhu, 2000) 
Progressive retinal atrophy in Miniature 
Schnauzers and in Sloughis 
Congenital stationary nightblindness in the Briard. 

It is 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 markeror linkage tests 
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are available for progressive rodlcone degeneration 
(prcd) - 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 
'homozygous 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 recently 
and are affording new information as test results 
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 aveterinary ophthalmologist, 
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- 
dures rangingfrom basicentropion 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 intraocular 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 
immobilization of the globe, and difficulty in monitoring 

pressure. In some cases, enucleation may be the only 
way to relieve the animal's pain. If pain is associated 
with 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. Topical local anaesthetics should 
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 corneal sensitivity in both rabbits 
and humans have been reported (Peyman etal., 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 respond 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 thiscategory 
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 

a patient when access to the head k limited.  he theory, these agents cause less disruption of the COX-1 
patient may have ophthalmic pain. pathway and prostaglandin production that is critical for 

Pain and pain relief 

Ocular 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 producesuperficial pain, which isacute andsharp. 
Keratitis, iritis and glaucoma result in a dull, deep pain 
that may often be caused partly by inflammation. It is 
importantto determine the cause of pain and to treat the 
primary disease; for example, once glaucoma has been 
confirmed, therapy is aimed at reducing the intraocular 

gastrointestinal protection, renal perfusion and platelet 
aggregation. NSAlDsshould not be used in animalswith 
pre-existing renal disease. If NSAlDs are used 
preoperatively, renal perfusion must be maintained by 
providing adequate intravenous fluids and maintaining 
adequate systemic blood pressure. Gastrointestinal 
bleeding andlor renal and hepaticdysfunctioncan occur 
with chronic NSAlD use, and these should be monitored 
on a regular basis. Compared to dogs, cats are more 
susceptibletothe unwantedside-effectsof NSAlDs 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 mglkg orally, followed by 0.1 mglkg 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 mglcatlday or 0.2-0.3 
mglcat two orthree 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 ofthe ophthalmic condition does not 
fullv alleviate the ~ a i n .  The Dure ooioid aaonists. such 
as morphine and pethidine,'may cause Gosis 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 causevomiting with resultant increase in IOP (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 become quite distressed when 
removed from theirfamiliarsurroundings. 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 importantto talkto these patients when approaching 
them and to maintain physical contact when working 
with them. 

Increased venous pressure raises the intraocular 
pressure, so patients with elevated IOP or serious 
ocular diseases such as deep corneal ulcers or pene- 
trating foreign bodies should not be restrained with 
neck collars or leashes (Figure 2.la). A leash can be 
placed around the front of oneshoulderand behind the 
other (Figure 2.lb) or a harness may be used. 

Aspects of ocular physiology 

lntraocular pressure 
The balance between aqueous humourproduction and 
removal, the volume of vitreous humour, the blood 
volume within the uveal vasculature and extraocular 
muscle tone determines intraocular pressure. Sudden 
increases can have disastrous consequences includ- 
ing compromised retinal blood flow in a closed globe, 
or lens andvitreous prolapse in an 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 thevenous pres- 
sure causes elevation of the IOP. 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.la). 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 or 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 IOP, 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 collars or 
leashes around their 
neck. (b) Correct 
placement of a leash 
when increases in 
intraocular pressure 
must be avoided. 
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~ning of equipment can raise 
jugular venous and int;eocular pressure. When pulse 
oximeter probes are placed on the tongue of ophthaimic 
patients they must be well secured. 

oe sea lo vre.enl a rnay occ ..son nre i  :ne necn s 
I ckco, pos I on ng oi me parer I i .~  oc.. a' s..rgar, 
involves flexlon of the neck 

butorphanol is an effective antitussive agent. Attempting 
endotracheal intubation undera liaht olaneof anaesthe- 
sia will induce coughing and shoild be avoided 

Direct pressure on the globe 
Accidental pressure on the globe will raise the IOP. 
Thiscan happen withcareless placementoffacemasks 
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 reflexesandchanges insystemic blood 
pressurecan be minimized by touching (of) the larynxas 
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 
larynxbefore intubation. Alternatively, intravenous ligno- 
caine (2 mglkg) or fentanyl (1-2 pgkg) 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 C0,should be monitored 
during anaesthesiaand 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 succinyicholine, a 
rarely useddepolarizing neuromuscularblockingagent, 
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 little 
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 benzodiazepineagents (diazepamand midazolam), 
making ketamine, if givensubsequently, ausefulagent 
formanyocularprocedures. However, ketamineshould 
beavoided when the eye isalready 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 ophthaimic sur- 
gery. For short procedures, anaesthesia can be main- 
tained with propofoi, but more commonly, inhalant 
agents such as halothane. isoflurane and sevoflurane 
are used. lsoflurane and sevoflurane are preferred 
because they cause less sensitization of the heart to 
catecholamines than does halothane; this is relevant in 
ophthalmic surgery when adrenaline may be instilled 
into the eye and absorbed systemically. 

Oculocardiac reflex 
The oculocardiac reflex (OCR) occurs when astimulus 
to the eye (pressure, manipulation ortraction) is trans- 
mitted centrally through the ciliary nerves to the oph- 
thalmic branch of the trigeminai nerve and continues to 
the trigeminai 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, theOCR appears to beof 
minor clinical importance (Clutton etal., 1988), but the 
effects can be dramatic when it does occur. The 
incidence of the OCR in cats has not been reported. 

Theoretically, the reflex can be blocked on the 
afferentside by retrobulbarinjectionof localanaesthet- 
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 
heart, 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 to 
monitorthe heart rateclosely during ocularsurgeryand 
if significant bradycardia occurs, stop the initiating 
stimulus and give atropine (0.02 mglkg i.v.). 

Use of anticholinergic drugs in dogs with glaucoma 
iscontroversial and is not recommended by all authors. 
Awell designed study (Frischmeyer etal., 1993) meas- 
ured changes in IOP after systemic administration of 
anticholinergic 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 thatthe 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 protocols 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 etal. 
(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 glucoseto 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 

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 sleepiness and coma are 
masked by general anaesthesia. 

Influence of concurrent and intraoperative 
medication 
Ophthalmic patients often have a history of multiple 
previous andlor 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 NSAlDs for arthritis, and 
on cardiac medication such as angiotensin-converting 
enzyme (ACE) inhibitors or O-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 perioperative period 
(Court etal., 1988). 

Mannitol (given intravenously) and glycerine (given 
orally) reducethe IOP bytheirosmoticactions and may 
be given to animals preoperatively. The benefits of 
these agents must be weighed against the potential 
problemsthey cause, which includeincreasesin 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 aqueous humour, 
but their effects are not confined to the eye. Their renal 
actions result in metabolicacidosis, hypokalaemiaand 
hyperchloraemia. If respiratory acidosis occurs during 
anaesthesia, the problem is compounded. This, com- 
bined with abnormal potassium balance, can lead to 
compromisedcardiac function. Newertopical carbonic 
anhydrase inhibitors should have fewer undesirable 
side-effects. 

The anaesthetist should be aware of pilocarpine 
treatment in glaucoma patients, because systemic 
absorption of cholinergicdrugs 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 arrhythmiasduring anaesthe- 
sia. B-Blockers may be used as a component of glau- 
comatherapy, butside-effectsthat need to bemonitored 
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 isoflurane or sevoflurane 
are preferred over halothane. 
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The anaesthetic plan 

Much ofthe information neededtoformulate aplan 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 ~atients. If the suroical ~rocedure involves the 
cornea, applying topical kcal 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. 

Acetylpromazine 
Mldazolam 
Diazepam 
Pentobarbitone 
Buprenorphine 
Oxvmorohone , . 
jvl~~~ctj@;pg~~fS~~:. , . :. ' : ... . . , . .  , . , : .  

. ~ 

Thiopentone 

~~ ~ 

.Maintenance agents ; . 
Propofol 1 :Hapthan! 
lsoflurane 
Sevoflurane 
* .x%.<.-,'~-t~.ac ,>,, > ~:;; . & ~ j q n ~ ~ g 9 ~ ~ ; , l r , y . j  ,5rij ,.I: . .':. :-- .~~:l;i ' . :: t: .  :. . .*~. 

~~. 1 .."q .' . . . , . 
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Topical proparacaine' 
Intravenous lignocaine? 
Intravenous fentanyl 
Neuromuscular blocking agents: 

Pancuronium 
Airacurium 

Figure 2.4 Commonly used anaesthetic agents for 
ophthalmic patients. 
' Ketamine should not be used aiane -see text for details. 

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

Special techniques 

Retrobulbar block 
This technique 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 mglkg for the com- 
bined drugs. This mixture results in fast onset (40 
minutes) and long duration of action (2-3 hours). One 
of several described techniques is to deposit local 
anaestheticbehindthe globe bysliding 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 
postoperativeanalgesia areexcellent, this technique is 
reserved for enucleation and evisceration surgery. 

Immobilization of the globe for intraocular 
surgery 
Acentral, immobileeye isessential fordelicatecorneal 
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 eta/., 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 ocularmuscles but 'spare' 
the respiratory muscles has been shown to be a 
dangerous practice (Lee et a/.,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 Dopplerflow 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,asageneralguide,thisshould be>B0 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, but it must be emphasized that it does not 
reflect the mechanical activity of the heart. 

Pulse oximetry 
Pulse oximeters have become very popular in practice 
and are useful, if their limitations are understood. They 
measure haemoglobin saturation, the normal value 
being>95%.They arecommonly placed on the tongue 
(Figure 2.2), and must be well secured in ophthalmic 
patients. Alternatively, a hind toe web ora 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) 
Pa02 454 mmHg (4-5 times inspired concentration) 
Pacot 114 mmHg (40-45) 
Base excess 12.2 mEq/l (-4 tot  4) 

This dog had a severe respiratory acidosis that had 
gone undetected. Severe hypercapnia may lead to 
prolonged recoveries and contribute to 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. 

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 CO,, 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 b e  used for certain ocular procedures, instru- 
ments intended specifically for ophthalmic procedures 
will reducethefrustrat ion o f thesurgeonand thelength 
of the procedure, and  improve surgical outcome and  
client satisfaction. These benefits justify the purchase 
of some dedicated ophthalmic instruments. These 
instruments can  b e  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  b e  
conveniently divided into: 

Those required for enucleation and  exenteration 
Thosereouiredforevelidandthirdevelidorocedures 
Those required for corneo-conjun~ti~aisur~ery. 

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 o r  expertise in 
ophthalmic surgery. 

Because fine instrument control is essential when 
operating on  o r  near the eye, ophthalmic instruments 
aredesigned t o  b e  manipulated with minimal movement 

.;. ,,:,~ *..... :..+ ..F, ~.>:. -.., . . . 
S u g g e ~ + m ~ , n ~ ~ m ~ s e t ~ o f ~ ~ , ~ ~ ~ u m e n t s f o ~  . . or. 
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0.3 Castroviejo fixation forceps 
Hartman straight mosquito haemostatic forceps 
Desmarres chalazion forceps 
Rrnwn-Adsnn tissue forcens 

BishopHarmon tissue forceps (fine) 
Brown-Adson tissue forceps 
Haiiman mosquito haemostatic forceps 

Kelly haemostatic tissue forceps 

Barraquer wire eyelid speculum 
Bard-Parker scalpel handle 
Stevens straight tenotomy scissors 
Metzenbaum curved scissors 
Storz pattern enucleation scissors 
Derf needle holder with lock 
Jones cross action towel forceps 
Piddiiion@-optional instruments 
0.3 Castroviejo fixation forceps 
Castroviejo eyelid speculum 
Allis tissue force~s 
Metzenba,rn stia gnt scissors 
S~evens C J N ~ O  lenolomy sc~ssors 

. .... - - - - -  I Bairaq~eE la forceps 
Barraq~er w re eye lo spec4 Lm 

1 
1 
2 straight; 
2 curved 
2 straight; 
2 curved 
1 
1 
1 
1 
1 
1 
2-4 

1 
1 
2 
I 
I 

I Jaeger stainless steel la  plate 
Bard-Parker scaloel handle 1 :  I 
Stevens slraignt ienotomy sc ssors 
Weslcoh w de-hano ea c.rveo lenolomy scissors 
Meyernoeler cnalaz on c-rehe 1 :  I 
Harms-Tubinge curved tying forceps I Derf Needle holder with lock 
Barraquer curved tapered jaw needle holder 
(non-locking) 

23 gauge curved anterior chamber irrigating cannula 1 :  I 
I Castrovieio evelld s~eculum I 

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

Stevens c-rvea tenotomy sc sscrs 
Weslcod urine-nanoled ara ghl lenolomy scissors 

Suggested minimum set of instruments for corneal and 
conjunctival procedures 
Bishop-Harmon tissue forceps (fine) 1 
Colibri type corneal utility forceps 1 
0.3 Castroviejo fixation forceps 1 
Haiirnan straight mosquito haemostaticforceps 2 
Barraquer wire eyelid speculum 1 
Martinez double-ended corneal dissector 1 
lOcm Beaver hexagonal scalpel handle 1 
Stevens straight tenotomy scissors 1 
Westcoa wide-handled curved tenotomy scissors 1 
Harms-Tubingen curved tying forceps 1-2 
Delf needle holder with lock 1 
Barraquer curved tapered jaw needle holder 1 
inon-lockino) 

1 
1 

small (4cm):errefine 
23 gauge curved anterior chamber irrigating cannula 
Jones cross action towel forceps 

Bishop-Harmon tissue forceps (extra delicate) 
Hartman curved mosquito haemostatic forceps 

I Castroviejo eyelid speculum 
Storz oattern straioht iris scissors 

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

stevens c,lved t&otomy scssors 
Weslcod wiae-nanoleo slra ghl lenolomy sc ssors 

Fiaure 2.8 Suaaested instruments for a suraical Dack for 

I 
1 

coneal and cor$nctival 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 used in 
general surgery and those intended for ophthalmic 
applications are: 

Their weight: many ophthalmic instruments have 
holes in their handle shafts to minimize weight 
The need for tactile feedback with ophthalm~c 
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 surgelyfor 
grasping eyelid skin, conjunctiva and corneal 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 
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. 

Figure2.9Forccpscommon / .seo;'lopti:rla m cs~rgcr, 
From efl :o r lu i i  Brown-Aosan 1 ss,e lorceps. B snon- 
Harmon tissue force~s: 0.3 Castrovieio fixadon forceds: 
Colibri-style corneal btiiity forceps; Bakraquer ci~iaiordeps. 

Eyelid specula 
Eyelid specula are inexpensive and of enormousvalue 
in ophthalmic surgery, yet are frequently not owned by 
veterinarysurgeons in 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 priortoinsertion, so 
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 2.1 1). 

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

Figure 2.1 1 The correct positioning of a Barraquer wire 
eyelid speculum. 

www.vet4arab.co.cc
by Itra
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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) Desrnarres chalaz~on clamp (top) s~de 
view: (bottom) front view. ib) The correct ~ositionina of the 
~esmarres chalazion clampon the uppe;eyeiid of; 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. (Its use is shown in 
Chapter 2c.) 

Instruments for separating tissues 
lincisionsl 

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- 
mentforadnexal 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 
number65 Beaver blade has asharp point and is useful 
for stab incisions preparatory to intraocuiar 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. 

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 usedto 
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 tenotomy 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 usedforsurgery involving the 
periocular skin, and for enucleation and exenteration. 
Specialized enucleationscissorsthat havesharply curved 
blades, but blunt tips, are recommended to facilitate the 
final retrobulbar dissection during enucleation. 

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 needle size at which 
one needle holder is considered appropriate, and the 
other inappropriate, vary. However, it is generally 
recornrnenoeo that m~crosurg~cal need e noloers are 
use0 for neeo es w th a d ameter 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. 

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

Meyerhoefer chalazion curette 
The Meyerhoefer chalazion curette is a small, sharp 
curetteon alight handle (Figure2.16). It isdesigned for 
curetting inspissated material from within a chalazion Figure 2.17 (top) Derf needle holder. 
or lipogranuloma of the eyelid glands. Ideally, the (bottom) Microsurgical needle holder. 
evelid is Oras~ed usino a Desmarres chalazion clamo. . . 
and the chalazion is kcised through the conjunctival 
surface. All inflammatoryand secretory material isthen 
removed with the Meyerhoefer curette, using a firm 
sweeping action. A numberof sizes, eitherwith 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 hicrher macinification. 

Locking mechanisms are standard (and desirable) 
for largerneedle 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 to jump when the locking 
mechanism isunlatched,and thiscancausesignificant 
damage, or needle misdirection. 

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

Suture material 
A multitude 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 

Instruments for uniting tissues of this chaoter. An excellent review of suture and - 

(suturing) needle types for ophthalmic surgery is available in 
Ethicon's online catalogue. Further details of suture 

Needle holders materials may also be obtained from the relevant 
Needle holders used in ophthalmic applications fall chapters of this book; however, some general com- 
into two broad groups based on the size of the needle ments regarding suture and needle selection are 
that they are intended to grasp. Small needles should appropriate here. 
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Therearethree specificconsiderations 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 thecornea 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 
an excellentchoice. Corneal incisionsin 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 rernovedfrom the cornea, and 
this requiresgeneralanaesthesia inveterinarypatients. 
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 
ophthalmicsurgery. 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 butshould not be used forthe cornea, due 
tothe increased tissue traumathat they cause, andthe 
difficulty experienced in accurately directing theirdepth 
within tissue. Spatula-tipped needles are specifically 
designed for use in lamellartissuessuch ascorneaand 
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 surgerywill be applicableto ophthalmic 
surgery, a number of specialized items warrant special 
mention. It iscritical thatgauzeswabsandcotton 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 
dull instrumentedges, after multipleapplications. 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 Reverse cutting Spatula tip 

view Shaft profile 

"'1 * 
%Y 
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water and, where necessary, gentle brushing with a References and further reading 
toothbrush. Larger scrubbing brushes should not be EisnerG(1990)Eyesurgery.AnintroducfionfoOperativeTechniqoe. 
used. Instruments must not be allowed to damage Springer-Verlag. Berlin 
each other when being cleaned or stored. Special Nasisse MP (ed.) (1997) Surgical management of ocular disease. 

fenestrated plastic caps that protect instrument tips, 
Veterinary Clinics of Norlh America - Small Animal Practice 27. 
963-1010 

but permit passage of the sterilizing agent, are avail- Troutman RC(1974) MicrosurgeryoftheAnferiorSegmenfoffheEye. 

able. Instrument trays provide an ideal method for 1/01 1. Introduction and Basic Techniques. CV Mosby, London 

keeping instrument damage to a minimum, at all points 
of the process. If instruments are damaged, they can 
often be repaired at acost that is lowerthan the cost of Acknowledgements 
replacing them; this should be done by a certified TheauthorgratelullyacknowledgestheassistanceofMsLisaBoland, 
repairer, usually the manufacturer. RVT in preparing this chapter. 
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Ophthalmic surgery: 
basic principles 
David J. Maggs 

Introduction 

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- 
niques 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- 
tion tosurgical technique, includingsurgeonand patient 
positioning, sterile 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- 
niques are discussed in chapters devoted to 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. Somesurgeons 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 
resolution but are expensive and tend to be used 
,.-I*, h*, "..,.,.;"I;"," 

Patient and surgeon positioning 

Maximizing the comfort of the surgeon and his or her 
manual control is a critical first step in optimal surgical 
technique. In 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 
binocular loupes that have a fixed focal distance. 

The patient is usually best positioned so that the 
surface to be operated upon is parallel 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 suraical result is reauired. Vacuum beanbaas are " ' " Y  "y ",,rr,a,la,a. 
an excellent means of fimly retainina a patient'sposi- 

Figure 2.19 Binocular head loupes of variable quality, 
maonification and workino distance are avaiiable for 

tion throughout thesurgery.-A rectangular bag is 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 platforms 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 Ic). This is 
composed primarily of Gram-positive bacteria, 

adcexal and some corneal procedures. but may also include fungi anb viruses 
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Ocular 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 shouid 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 smali 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 
to avoid or minimize clipping by using an adhesive 
drape that can be cut to surround the eyelid 
margins closely. 

Disinfection 
Povidone-iodine, diluted 1 :50 in saline, is the preferred 
antiseptic. This is easily formulated by adding 20 ml 
of povidone-iodine solution to 1 iitre of sterile saline. It 
is essential that iodine solution is used, since iodine 
scrub contains detergents, and is irritating when 
applied to the eye. Povidone-iodine has viricidai, 
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 effective for ocular surface 
disinfection. Chlorhexidine diacetate, detergents and 
surgical alcohol or spirit are toxicto oculartissues, and 
should not be used (Fowler and Schuh, 1992). 

The conjunctival fornix shouid be liberally flushed 
with antiseptic solution, using a smali syringe. Cotton- 
tipped applicators provide an excellent means of gently 
removing mucus, trimmed hairs and debris from the 
conjunctivalfornix, butshould not be permitted to touch 
the cornea. More concentrated povidone-iodine solu- 
tion (10%) may be applied to the eyelid skin, but this 
solution shouid 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 ophthaimic ointments should be avoided, 
since these will create a greasy operating surface, and 
because the vehicle can lead to granulomatous inflam- 
mation if it contacts subcutaneous. subconiunctival or 
intraocular tissues. 

Relevant anatomy and physiology 

The orbit, adnexa and globe are composed of a diverse 
range of tissues, each with different anatomy and physi- 
ology. The ophthalmicsurgeon is, therefore, confronted 

by tissues that demonstrate diverse inflammatory 
responses to surgical trauma, heal at very different 
rates, and require different handling skills, surgical 
techniques and instrumentation. One feature that is 
consistent among ail ocular tissues is their exquisite 
sensitivity. This necessitates an adequate plane of 
anaesthesia and, sometimes, postoperative analgesia. 
An Elizabethancollarisusually providedpostoperatively. 

Orbit 
The orbit is the most anatomically complex region 
that the ophthaimic surgeon faces. intimate know- 
ledge of orbital 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 surgicai 
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 associated 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 
cornea, 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 protected 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 shouid always emerge just anterior to 
the meibomian gland orifices, sothatthey are unlikely 
to rub the cornea. 

The second important landmark is the border be- 
tween periocuiar 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. oedema, hyperaemia). They must be handled 
minimally and extremely gently. The eyelids also heal 
more rapidly than less vascularsites, and sutures may 
be removed relatively early postoperatively. 
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or conjunctival surgery that may endanger them. 
inadvertent damageto the lacrimalpunctaor canaliculi 
may lead to chronic epiphora. This is most notable with 

\ 
Figure 2.20 Important landmarks for eyelid surgery. The 
rneibomian gland orifices (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 thev are unlikelv to rub the cornea. The 
ooruer (ariow-eao) cetnccn pcr oc . ar sn n mar ng na rs 
ana me n2 r ess eje u irlarq n t sj..ss s tne p,elerreo s tr: 
for lnclslons parallel to the rnargln, such as those 
employed for entroplon 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 
andis 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. It is, therefore, important that 
the gland and free margin of the third eyelid are 
preserved during surgery. Ideally, 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 

damage to the ventral punctum or canaliculus. 

Cornea 
The cornea 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 
In its 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. 

lntraocular structures 
lntraocular surgery requires an intimate understanding 
of relevant anatomy and physiology, specialized surgi- 
cal training and instrumentation, and an operating 
microscope. Forthese reasons, themajorityof 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, 
somegeneral techniquesand principlesapply 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 overtissues 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 mobiletissues, suchastheeyelids, theconjunctiva 
andtheglobe. Ontheother hand, tissuemobilizationmay 
be requiredtoafford bettervisualization, orto improvethe 
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 
theforceps 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 lidscan be tensed by placingfirm 
lateral pressure on skin outside the lateral canthus. If 
this is performed by an assistant, then thesurgeon may 
further regulatethe position and tension ofthe 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). 

assistant (left) olacina firm lateral oressure on skin outside . . - 
:,ie alera r21 II'.? TI.? srrgtotl l r  yr'l (rlal lUrtl'e, 
reg. ale c, e 'J pos :on an0 lers on r o:ner p 3nes 
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Conjunctivamust begrasped withdelicate-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 runture of tissue fibres and reauires scissors 
with blbnt 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 
beseparated, ratherthan to be displaced, by acutting 
motion. Tissues of hiah sectilitv. such as the cornea. " , 
are readily ncised, w lh minimal displacement. By 
contrast, llssues of low seclilily, such as conj~nct va, 
are readily displaced oy blade molon. A goon 
general rule s tnal tissues of lower secriliry shou d 
be inc~sed with scissors, whiletnose ol higher seclilily 
are better inc sed with a s h a r ~  blade. Sectilitv can 
varv, due to the amount of tissue stabilization. For 

E .  example, perilimbal conjunctiva is more firmly 

coniunctival fornix. Gentle elevation of ihe lid will wrovide 

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 

ad4uate eyelid support and protection for the 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 The most common corneal surgery is keratectomy, 
Incisions in the eyelid skin should be made in one fluid which is described in full elsewhere. Corneal incisions 
'movement, following adequate stabilization of the lids. must be madewith asharp blade, due to the highsectility 
Due to the tendency for scissors, even sharp ones, to of this tissue. A number 64 Beaver blade is commonly 
exert crushing forces, a number 15 Bard-Parker blade used and, with experience, allows excellent control of 
is preferred. If the scalpel is held like a pencil, the both the incision path and its depth. In many instances, 
s,rgeon can .draw' the inc~sion wirh tne wrist rested on better control of the pathof tne incision can ae achievea 
tne oatient iFia-re 2.24). The underlvina aobe sho~ld  ifthebladeisa~shedtowardsthearasoinaoo~nt(~sual V . . r . ~ ~ ~ - ~ ~ ~ \ ~  ~9~ - -~ , -., 
be protected by cutting againsta ~aegereyelid 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. Eyelidsareextremely vascular; however, ade- 
quate haernostasis can usually be achieved with firm 
direct pressure. Cauteryshould be used in moderation, 
if at all, to minimize scarring. 

. - .  
a pair of ~o i ib r i  forceps atthe limbus), rather than being 
drawn away from it. Judgement of the depth of the 
corneal incision is dependent upon 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 
Takinq larqer bites of tissue in each suture (nnt 

Figure 2.24 Excellent control of the scalpel's path recornmenbed) 
through the tissue is obtained by holding it like a pencil Tying the sutures more tightly (not 
and 'drawing' the incision. recommended). 

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. 

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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th;middle third of their arc, usino iust the tios-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 atissue 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 isto permitthe needle tofollow 
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 ~ e l i i i t e  needles should be directed along 
a curvilinear path with a rolling hand motion. This is 
facilitated by 'palming' larger needle holders. 

1. The tissue is entered with the needle perpendicular to the 
tissue surface. I 

1 2. The needle is then directed throuoh the tissue usina a rollina I I motion, so that the needle emergesat 90 degrees toke cut 
tissue surface. The needle mav be removed and re-orasoed I I I before placement of Me next bite, if necessaiy. 

- 

3. The opposite tissue surlace 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 
oraso the distal wound edae. or thev can be used in a closed 

on to place gentle press.re a:; po nl j ~ s t  oislal to me 
ntenoeo nee0 e emeroence slte so as lo snonen tne arc ol tne 

I needle's tissue path. - I 
Figure 2.27 M r i  rr a I ss-e tra,ma anc max me 
no.no a gnmcnt arc acnleJec o j  o recl rlq I it s.1-re* 
needle alona a curvllnear path This 1s ach~eved in a 
number of steps. 

Suture material that is finerthan 5-Oshould 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 thst 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, thecosmetlcappear- 
ance, and correct alignment of the eyelid margin, are 
major concerns. Incisions should be closed in one or 
two layers, with asimple interrupted pattern in the skin, 
and sometimes with a simple continuous suture pat- 
tern in the subcutaneous laxer. 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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.-, .~-, . . I 
Figure 2.28 (a) Cross-sectional view of the tips of tying forceps. (b) Fine suture material should be grasped with tying 
forceos and tiohtened so that it does not Dass over sham edoes of the instrument. (c) Suture breakage is likely if it is . . 
passkd over Sarper angles. (Redrawn aner Eisner (199'0) wiih permission.) 

cisions may be closed using absorbable sutures, such 
as 4-0 to 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 forclosing 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 bf the eyelid margin, without 
leaving sutures that may abrade the cornea. The 
technique is described in Figure 2.30. 

Small coniunctival incisions mav be left oDen, 
because conjinctiva heals so rapid(&, and because 
sutures may be irritating or cause corneal ulceration. 
Larger conjunctival lacerations should be closed, to 

I I 
Fisure 2.29 ADDlication of the 'rule of bisection'. Wound - . . 
marg r,s of "neq-3 er.glri s-cri us [nose :raaIeo n a 
no17-Ccls..~ procen..ro are s4rL,eo so tiat e3cr s.l-,e 
bisects the distance between two ~reviouslv  laced 
sutures. In this example, the orderof suture~placement 
would be A-6-C-D. 

1. 4 0.r EO no' zo-la na'lr?sc 
s.1.r~ s 3ac tc  ascosa ro lne . 
eyelid margin as possible, without \ 
penetrating it or the conjunctival surface. 
The knot should be away from the eyelid 
maroin. This suture is critical for ~er fec t  
closure of the margin, and should be 
removed and replaced if the surgeon 
is not happy with the margin alignment 
at this point. 

I 
2. Longer incisions should be 
closed bv continuina this suture, - - -. C. I n.c.s rarrejs panw 
lrcm .ne e,e 7 mara - .o II t 
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 iong 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 incoroorated into the knot 
of the f~rit srnple interrupted 
suture, so that they are 
d~rected away from the eye 

Figure 2.30 The 'figure-of-eight' closure may be used 
for any wounds or incisions involving the eyeiid margin. 
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minimize pain and the risk of orbital or subconjunctival 
infection. Asimplecontinuouspattern 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 corneal 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 to ensure a 'water-tight' wound. Specific 
techniques for closing corneal lacerations and suturing 
conjunctival grafts are described in Chapter 8. 

Although descriptions of specific techniques for 
corneal suturing are beyond the scope-of this chapter, 
the rolling technique 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 Topically applied drugs may be in ointment or drop 
drugs to the eye. Local administration maximizes expo- formulation. 
sure of drugs to the anterior segment while minimizing Ointments have a prolonged corneal contact 
system~ce~posureano most commonly :nvolves~o~ica, tme, whicn a lows a ower frequency of app icarion. 
annlication or sLoconiunctival n ecrion. However. Thev are ~ s e d  to deliver lipophilic dr,gs or ro act as ..,., ~ ~ ~ - - ~ ~ ~ -  ~ ~~~ 

administration of drugs bythese routesdoesnotachieve 
therapeutic levels within the posterior segment and so 
systemic (or occasionally 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. Frequent application achieves 
high local concentrations, which can be quickly re- 
duced if necessary. The major disadvantage 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 eyelid and rapidly enter the 
systemic circulation rather than be absorbed across 
the eye. Iatrogenic globe injury and subconjunctival 
granuloma formation are potential risks of subconjunc- 
tival injection. 

lntravitreal injection is uncommonly used in veteri- 
nary practice, since it requires general anaesthesia 
and carriesa riskof iatrogenicdamage tothe intraocular 
structures. It is the treatment route of choice for 
endophthalmitis, since it provides therapeutic concen- 
trations of drugs within the vitreous. lntravitreal injec- 
tion of gentamicin, which is cyclodestructive (i.e. 
destroys the ciliary body) in high concentrations, has 
been used to treat end-stage glaucoma. Since this 
treatment induces significant intraocular inflammation 
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 barrier 
(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 
conditionsoftheanteriorsegment, usually in combina- 
tion with topical therapy. 

long-acting ocular lubricants: In humans they cause 
blurring of vision, but this is less of a problem in the 
veterinary species. 

Droppreparations(solutions, suspensionsandemul- 
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 PI, of which only around 20 PI is 
retained on the eye, with the rest draining down the 
canaliculi or spilling overthe eyelid margin (Mathis eta/., 
1999). Therefore, from a practical point of view, it is 
pointlessapplying morethan 1 droptothesurfaceofthe 
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 
(by the use of corneal adherents orviscous agents; see 
Tear substitutes, below), increasing the frequency of 
application, reducing the washout time (by manual 
occlusion of canaliculi immediately after application) or 
by increasing theconcentration of the drug (e.g. by the 
use of fortified drug preparations). 

lntraocular 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 intraocular dis- 
ease. To enterthe anterior chamber, drugs must cross 
thelipophiliccornealepitheliumandthenthehydrophilic 
corneal stroma. Therefore, they should have both 
lipophilic and hydrophilic properties. 

Stabilizers and preservatives 
Most topical drug formulations contain stabilizers such 
as ethylenediamine tetra-acetic acid (EDTA), a-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, posteriorsegment and retrobul- 
bar space. Topical antibacterials are used for bacterial 
conjunctivitis, keratitis, anterior uveitis and, pro- 
phylactically, In cases of ulcerative keratitis. 

P-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 cephalosporins will 
penetrate to the anterior chamber when the corneal 
epithelium is disrupted. 

The penicillins are mostly active against Gram- 
positive organisms. An increased Gram-negative range 
of activity is seen in the aminopenicillins (e.g. ampi- 
cillin, amoxicillin) and the carboxypenicillins (e.g. car- 
benicillin, ticarcillin). Penicillins may be combined with 
clavulanic acid, a p-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 Pseudomonasspp. Second-, 
third-, and fourth-generation cephalosporins (e.g. 
cefuroxime,ceitiofurandcefquinome, 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 preparationsare uncommonly used in small 
animal practice but includecloxacillin 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 305 subunit of bacterial ribosomes 
and block amino acid attachment. Tetracyclines are 
excreted in the gastrointestinal tract, via the biliary 
system,andin theurinarysystem.Systemically admini- 
stered tetracycline, oxytetracycline and chlortetra- 
cycline penetratethe BOB poorly, butthe morelipophilic 
doxycycline has good ocular penetration. Topically 
applied tetracyclines may achieve therapeutic concen- 
trations within the anterior chamber. 

Tetracyclines are active against intracellular bac- 
teria including Chlamydiophila, Mycoplasmaand Rick- 
ettsia, plusarangeof Gram-positiveand Gram-negative 
bacteria. However, resistance is common and they are 
generally ineffective against Escherichia coli, Salmon- 
ella, 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. Itcan be usedtotreatchlamydial and 
mycoplasmal conjunctivitis in cats. However, it may be 
an irritant and the frequency and duration of application 
(up tosixtimesdailyfor6weeksin chlamydial conjunc- 
tivitis) may limit owner compliance. 

Aminoglycosides 
These are bactericidal agents that bind the 30s subunit 
of bacterial ribosomes and inhibit protein synthesis by 
causing misreading of mRNA. They are excreted viathe 
kidneys. Systemically administered aminoglycosides 
do not penetrate the BOBeffectively andare not used in 
veterinary ophthalmic practice. Topically applied 
aminoglycosides have poor corneal penetration, but 
subconjunctival injection leads to therapeutic concen- 
trations within theanteriorchamber. Intravitreal injection 
of aminoglycosides may be retinotoxic. 

Aminoglycosides are effective against Gram- 
negative and some aerobic Gram-positive organisms 
(e.g. staphylococci). Aminoglycosides are ineffective 
against streptococci and against anaerobes. They 
are synergistic with p-lactam antibacterials. 

Gentamicin is indicated for Pseudomonas 
aeruginosa conjunctivitis or keratitis. Tobramycin has 
broad-spectrum activity including activity against 
gentamicin-resistant Pseudomonas aeruginosa. Neo- 
mycin is a broad-spectrum topical antibiotic with poor 
corneal penetration, used for superficial infections. 

Macrolides and lincosamides 
These related drugs bind the 505 subunit of bacterial 
ribosomesand block proteintranslocation. Erythromycin, 
tylosin, lincomycin andclindamycinare bacteriostaticand 
predominantly have a Gram-positive range of activity. 
Newer macrollde antibiotics, such as azithromycin, are 
bactericidal and have a wider spectrum of activity. They 
are metabolized in the liver. Systemic administration 
leads to good tissue penetration. 

Clindamycin iseffectiveagainst anaerobic bacteria 
and Toxoplasma gondii. Azithromycin is an effective 
treatmentforchlamydial disease in humansand shows 
promise inthetreatmentoffelinechlamydiosis(Ramsey, 
2000). It is also effective against Pseudomonas spp., 
Branhamella spp., Pasteurella multocida and strepto- 
cocci (Chu, 1999). 

Fluoroquinolones 
Fluoroquinolones 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- 
negativeorganisms including Pseudomonasspp. They 
have some activity against Gram-positive organisms, 
but some staphylococci and streptococci may be 
resistant (Miller etal., 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. Careshould be taken to keep tothe 
manufacturer's recommended dose rate. Ciprofloxacin 
is available in topicai 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: It is poorly effective against Chlamydiophilaand 
Pseudomonas. It has good corneal penetration. 

Chloramphenicol is a broad-spectrum bacterio- 
static agent that binds the 505 subunit of bacterial 
ribosomes to block protein synthesis. If used sys- 
temically it also may bind to mitochondria1 ribosomes 
of bone marrow cells to cause reversible, dose- 
related bone marrow suppression and, very rarely, 
a~lastic anaemia. Topical use is not associated with 

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 systemcally. They do not penetrate 
the cornea and are used to treat superficial bacterial 
infections. Since bacitracin hasaGram-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 neomycinl polymixin BI zinc 
bacitracin). 

Metronidazole is a bactericidal nitroimidazole antl- 
bioticthat 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 
aaainst aerobes, such as a cephalosporin. - 

Fortified antibacterial solutions 
Use of a fortified antibiotic solution rapidly achieves a 
high therapeuticdrug concentration and is indicatedfor 
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 mglml 
fortified cephazolin solution for topical use, stable for 
48 hours. ForGram-negativeinfections, 100mggenta- 
micin solution added to a5  ml vial of topical makes 14.3 
mglml fortified gentamicin solution for topical use, 
stable for 30 days. 

s ~ c h  side-effects. ~hloram~hen'col is aclive against Since cephalosporins an0 aminoglycosides are 
Pasteurellaspp., Chlamydiophilaspp., moslanaerobes synergistic, rne above fortified solulionscan be used in 
andmosr Gram-oositiveaerobes. I1 i s ~ n r e  iableaaainsr combina1:on for mixeo infections, or wnen the causal - ~~ ,~~~ ~ ~ - 
Mycoplasma spp., Proteus spp. and enterobacteria. organism is unknown. 
Although theoretically effective against Pseudomonas Commonly usedsystemicand topical antibacterials 
aeruginosa, resistance is high. are summarized in Figures 3.1 and 3.2, respectively. 

. ~ An!ib;ic,~rial~gigent.. , . . ~ ~ ~ n ~ ~ : ~ j ~ + ~ ~ ~ ~ ,  .. .Main:indioations ' 
. . . . . ,  . .,; . ' 

. . 
, . .  , . di$iil%uiion : . .  . 

Cephalexin. Good Broad-spectrum. Ineffective against anaerobes or Aerobic infections of orbit, eyelids or 
Pseudomonas spp. globe 

Amoxycillinlclavulanic Good Broad-spectrum, Ineffective against anaerobes or Aerobic infections of orbit, eyelids or 
acid Pseudomonas spp. globe 

Doxycycline Good Broad-spectrum but mosl effective againsl intracellular Chlamydial, mycoplasmal and 
bacteria rickettsial infections 

Azithromycin Good lntracellular bacteria, Pasteorella spp., Pseudomonas Promising for treatment of chiamydial, 
spp. Gram-posilive bacteria may be resistant mycoplasmal and rickettsia1 infections 

Enrofloxacin Good Broad-spectrum but some staphylococci and streptococci Gram-negative infections including 
are resistanl. Ineffective against anaerobic bacteria Pseudomonas aeruginosa 

Clindamycin Good Gram-positive bacteria, anaerobic bacteria, protozoa Toxoplasmosis, anaerobic orbital 
infedions 

I I . . . . - -. . -. .- 
Melron oazo e I Good I Anaeroo c oacler a / ~naerob corbta nlecl ons 

Figure 3.1 Selected antibacterials for systemic use 
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Antibacterialagent 

Fusidic acid 

Gentamicin 

Chioramphenicol 

Ciprofloxacin 

Figure 3.2 Selected antibacterials for topical use. 

- 

Chiortetracycline 
Neomycin 
Poiymixin B 
Bacitracin 

Antivirals Antifungals 

Corneal 
penetration 

Good 

Poor 

Good 

Good 

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. 

Trifiuorothymidine, idoxuridine, vidarabine,. 

Reasonable 
Poor 
Poor 
Poor 

bromoviny deoxur oine ano acyclovir have decreas~ng 
in vilroefficacy agalnst feline herpesvir~s (FHV-l),wirn 
Ir f l ~ ~ r ~ t h ~ m i ~ i n e  beino rne most efieclive. The onlv 

Range of activity Main indication 
I 

Broad-spectrum, but ineffective against Gram-positive ocular surface infections, In 

one of these currently available in the UK is acyclovi;. 
It has low effectiveness against FHV-1 in vitro but may 
have some effect if used in conjunction with human 
interferon-a, (IFN-a,). 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-%has been used totreat FHV-1 infec- 
tions but controlled studies have not been published. 
Systemically administered IFN-a, is unlikely to be 
effective since it is degraded by gastric secretions. 
Very low dose topically applied IFN-n, (25-50 IU/ml) 
has been used but reports are anecdotal. Since the 
drug is supplied in high concentrations (5 million IU/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-n, (30x lo6 iUlml)showedthatcombinationtherapy 
reduced healingtimefrom6daysto3days(Sundmacher 
et aL, 1978). 

Pseudomonas aeruginosa 
Broad-spectrum, but streptococci usually resistant 

Broad-spectrum, but Pseudomonas spp. may be 
resistant. Also effective against anaerobes 

Broad-spectrum, but some staphylococci and 
streptococci are resistant 

Broad-spectrum, but resistance is common 
Broad-spectrum 
Gram-negative bacteria, including Pseudomonasspp. 
Gram-positive bacteria, in pariicular streptococci 

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 I3 0.2% in aque- 
ous solution) or unlicensed topical preparations may 
be supplied by hospital pharmacies (e.g. clotrimazoie 
1% solution in peanut oil). The antiseptic agent 
chlorhexidine (0.2% in aqueous solution) has been 
reported to be effectiveagainst human keratomycoses 
(Martin eta/., 1996). 

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

particular canine bacterial conjunctivitis 
Gram-negative ocular surface infections, 
in particular Pseudomonas aeruginosa 

Supelficial eye infections, lntraocuiar 
infections, prophylaxis following intraocuiar 
surgery or penetrating corneal injury 

Gentamicin-resistant Pseudomonas 
aeruginosa infections 

Feline chlamydia1 conjunctivitis 
Mixed ocular surface infections 

Often used in combination for mixed ocular 
surface infections 

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. 

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

The corlicosteroids 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, isan 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 phosphollpld 

Arach~donlc ac~d 

Leucotrlenes Prostaglandins 
Prostacyclln 

Thromboxane 

Figure3.3.nlanmalorjca:qna/ Diospno ?lrseA, ,P-A, 
cela ,sds inc or?adcon,> 31 trltrrlcrane pnosp-c p os ri!o 
arachidonic acid, the orecursor of the oroinflammatorv 
c..co.r encs aqo rros~rg anc ns G ..cgccn cous u 3ch 
P..A NSA Ds c ocn c,c o oxtyeoasn 

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

The major ophthalmic contraindication for the use 
of glucocorticoids iscorneal 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 
for2-3 weeks) has been reported to cause a reversible 
increase in intraocular pressure (IOP), while longer 
treatmentfmore than 7 weeks) caused subcapsular 
cataract formation (Zhan eta/., 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 tooical oreoaration for different inflammato~ 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 theanterior 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 
isafeature ofthe ester base to which the glucocorticoid 
is bound. Phosphate bases are water-soluble and 
penetrate poorly, so are suitable for superficial inflam- 
matory conditions (e.g. chronic superficial kerato- 
conjunctivitis, eosinophilic keratoconjunctivitis). 
Acetate, diacetate and alcohol bases are lipophiiicand 
penetrate well, so are suitable for the.treatment of 
anterior uveitis. 

Figure 3.4 Topical glucocorticoid preparations 

I Hydrocortisone I 
Prednisoione 1 4  
Fluorometholone 1 9 0  
Dexamethasone 1 40 
Betamethasone 1 50 

Figure 3.5 Relat~ve potency of glucocortlcolds 

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

The firstchoice preparation fortreatment ofanterior 
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 
NSAIDsinhibitthecyclo-oxygenasepathway of inflam- 
mation (see Figure3.3) 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 
nave pnysiological f~ncrions. Its inh bition may lead to 
the s oe-eHects occas~onally seen with NSAIDs, such 
as oastrointesrina. oleedino. COX-2 is nd~ced at s:tes ~~ ~ ., - 
of inflammation and is the main anti-inflammatory 
mediator. Thus, NSAlDs 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 NSAlDs 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 duringcataractsurgery. Ketorolac 
is supplied as a5  ml multi-use formulation and is useful 
for treatment of anterior uveitis when corneal ulcera- 
tion is present; although topical NSAlDs delay corneal 
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Generic name I Indication and frequency of use : I 

I 

Figure 3.6 Topical NSAlD preparations. 

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

Systemic NSAlDs should not be used concurrently 
with systemic corticosteroids, or in cases of gastro- 
intestinal bleeding. Carprofen and meloxicam arecom- 
monly used in small animal practice. They have some 
preferential COX-2 inhibition andshould therefore have 
fewer side-effects than some of the other NSAlDs 
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 aTcell suppressor by inhibiting 
the interleukin 2 expression required for clonal expan- 
sion of Tcells during the immune response (Figure 3.7). 
More recent work snows tnat it also induces product on 
of translormina arowln factor-B ITGF-BI. a ootent enao- . , .  , 
genous immun~supressant ( ~ i b e l ,  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 
a/., 1989). 

Figure 3.7 Mechanism of action of cyclosporin. 
Cyclosporin binds and inhibits cyclophiiin, 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. In view of itsdirect neurogenicaction, it may also 
potentially be of benefit in the treatment of non- 
autoimmune (e.g. neurogenic) KCS. 

Cyclosporin is alsoan effective treatment forother 
canine immune-mediated diseases such as chronic 

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- 
matousepisclerokeratitis. Atypicaldose protocol would 
be 2 mglkg daily until remission is achieved, followed 
by a slowly tapering course. Routine haematological 
examination is required throughout the courseof 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. 4 typical dosage 
regimen is 5 mg orally for5 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 eta/., 1999). 

Anti-glaucoma drugs 

Anti-glaucoma drugs work by reducing aqueous hu- 
mourformation or by increasing its outflow. One should 
bear in mind that manyof these drugs have been 
developed for treatment of human open-angle glau- 
comaand are poorly effective as a treatment forcanine 
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. 

Oftheanti-glaucomadrugclassesavailable, 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 selected 
cases. Parasympathomimetics (miotics) andadrenergics 
are of limited use in canine and feline glaucoma. 

Osmotic diuretics 
Osmotic diuretics are the first-line emergency treat- 
mentforacuteglaucoma.Theyare hyperosmoticagents 
that promote water retention within the kidney tubules, 
leading to dilution of tubular sodium and a reduction in 
sodium and water reabsorption. Their administration 
leads to a rapid reduction in intraocularpressure (IOP), 
as water is drawn out of the aqueous and vitreous to 
compensate for the increase in blood osmolarity. IOP 
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 diuretics 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 mglml) and 20% 
(200 mglml) concentrations for intravenous admini- 
stration. It is used at a dose rate of 1 glkg in dogs 
(10 mllkg 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 glkg 
(2-4 mllkg of 50% solution), but is unpalatable to dogs 
and may cause vomiting. 

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

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. IOP is 
lowered by upto50% and, unlike the osmoticdiuretics, 
these agents can be used long term. 

Systemic carbonic anhydrase inhibitors have been 
largely superseded by topical carbonic anhydrase in- 
hibitors, which appear to be just as effective but have 
minimal adverse effects. Side-effects of systemic 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 
beso severeas to necessitate discontinuation of these 
drugs. Acetazolamide is the only systemic preparation 
currently available in the UK. It is associated with more 
severe side-effects than dichlorphenamide and 
methazolamide. 

Dorzolamide is a topical preparation used three or 
four times dailv. It can be used in combination with 
other drugs such at topical beta-blockers 

Prostaglandin analogues 
Low concentrations of certain prostaglandins (notably 
PGF,,) lower IOP by increasing uveoscleral outflow 
and so are of use as anti-glaucoma 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. 

Pilocarpine 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 also induce 
transient aqueous flare.Systemic side-effects (gastro- 
intestinal tract irritation, cardiac arrhythmia, broncho- 
spasm) are unlikely with topical application, but may 
occur with oral administration. 

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

lndirect acting parasympathomimetics 
lndirect 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 organophosphates (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 carrya 
higher risk of systemic toxicity. 
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Adrenergic agents 
a- and p-adrenoreceptors are found in smooth muscle 
of the arterioles and within the iris and ciliary body 
musculature. Alpha stimulation lowers IOP via an 
a,-mediatedvasoconstriction ofciliaryprocessescaus- 
ing reduced aqueous production and an &-mediated 
increase in aqueous outflow via the trabecular 
meshwork. Beta-stimulation increases IOP by induc- 
ing CAMP which increases aqueous production. There- 
fore alpha-stimulation or beta-blockade should lower 
IOP. In practice, however, a-agonists (adrenaline, 
phenylephrine, apraclonidine) are poorly effective in 
canine and feline closed-angle glaucoma and, para- 
doxically, may even reduceaqueousoutflowfurthervia 
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 

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

Mydriatics are either sympathomimetic or para- 
sympatholytic in their mechanism of action. Sympatho- 
mimetic drugs (phenylephrine, adrenaline) bind and 
stimulate adrenoreceptors of the pupillary dilator 
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) bindand blockacetylcholine receptors 
within the iris sphincterand ciliary body musculatureto 
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'ssyndrome (Bistner eta/., 1970).Topicalappli- 
cation of 10% phenylephrine will resolve the signs of a 
post-ganglionic (third-order) lesion within 5-10 min- 
utes, while pre-ganglionic lesions respond moreslowly. 

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 ootimal mvdriasis. but istoo shortactina to be 
effective as a sole agent: The mydriatic action of 
phenylephrine is more variable in cats than in dogs. 

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 converted 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 mydriatic and 
cycloplegic effects. Its relatively slow onset and long 
duration of action limit its use as a diagnostic agent, but 
it is ideal forthe treatmentof ciliary spasm dueto anterior 
uveitis. In the normal canine and feline eye, maximal 
dilation is achieved within one hour and lasts 60-120 
hours. Itseffect is morevariable in theinflamed eye, and 
it is usually applied fourto six times daily until mydriasis 
isachieved and then used to effect. Atropine will reduce 
tear secretion, and so tear production should be moni- 
tored with long-term use. Side-effects include 
hypersalivation due to its bitter taste and, less com- 
monly,systemicparasympatholyticeffectssuchas brady- 
cardia and constipation. Atropine is contraindicated in 
canine and feline glaucoma, since it increases IOP. 

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 comrnonly in human 
ophthalmology as a cycloplegic, but is not comrnonly 
used in small animals. 

Tear substitutes 

Tear substitutes (lacrimomimetics) are important in 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 
conjunction withalacrimostimulantsuch ascyclosporine 
or pilocarpine. Mimicking the three layers of the tear 
film, the main classes of tear substitutes are aqueous 
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. 
Methylcellulose is asoluble and non-irritant colloid that 
increases viscosity and prolongs corneal retention. 
Polyvinyl alcohol is a synthetic resin that has corneal 
adhesive properties but is less viscous than 
methylcellulose. Methylcellulose and polyvinyl alcohol 
arecommon components of human artificial tearprepa- 
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 Ocular irrigating solutions 
Linear polymers such as dextran, polyvinylpyrrolidone 
and ~o lvacrv l ic  acid (carbomer 980) have Surface irrigants . .  . 
mucinomimetic properties and longer corneaicontact ocular ~u r fac~ i r r i~an tsa re  used to remove debris and 
times than aqueous tear substitutes. For this reason bacteria from the cornea and conjunctival sac. Sterile 
rney are more ~J l l ab  e for the treatment of canlne XCS pnys~ologlca sa ne (normal sallne 0 9%, IS commonly 

Carbomer 980 s JSed f o ~ r  to SIX tlmes dat v and Jsed Balanceo salt s o l ~ t ~ o n  lBSSl ssu~olleo in srerl e 
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 reports 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 moredifficulttoapplythan 
less viscous preparations and are likely to cause blur- 
ring ofvision. They are also useful as ocular protectants 
during anaesthesia or if eyelid paresis is present. 

Local anaesthetics 

15 ml dropper bottles. ~ ter i ie  disiilled i a te r  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 (ratherthan alcoholicsolution orsurgical scrub) 
to avoid damage to the corneal epithelium. It is also 
vital to dilute the solution adequately to prevent tissue 
toxicity. A 10% commercial solution of povidone- 
iodine should be diluted 1 :50to 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 is 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 aqueous 
solution is used. Since chlorhexidine is unstable in 
saline solution, it should be diluted with water. 

Local anaesthetics are weak bases that reversibly 
block afferent and efferent nen/e impulses by interfer- 
ing with sodium ion influx into the neuron. Topical local 
anaesthetics are used as analgesicsfor diagnosticand 
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 
effect lastsfor 10-20 minutes. Amethocaine (tetracaine) 
has asimilareffect but appear sto 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 I Tear Test measurements. 

Injectable local anaesthetics 
Lignocaine (lidocaine) (1-2%) has a rapid onset of 
action (10 minutes) and is relatively short-acting (60 
minutes). 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 commonly 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. 

lntraocular irrigants 
lntraocular irrigation is required during intraocular 
surgery, in particular during phacoemulsification 
cataract surgery. Irrigating fluids must be isotonic 
and non-irritant and should have a physiological pH 
to prevent damage to the corneal endothelium. 
lntraocular use of normal saline or BSS caused cor- 
neal oedema in experimental rabbits and although 
no such problems were found in a canine study 
(Nasisse et a/., 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 
intraocular irrigation. 

Anticollagenases 

Matric metalloproteases (MMPs) and serine proteases 
are collagenases that may cause acute corneal stro- 
ma1 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 a/., 
1999). Acetylcysteine 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 be 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 agents 

Mitomycin C and 5-fluorouracil are drugs that inhibit 
fibroplasia. Their main use in ophthalmic surgery is to 
prevent fibrosis around glaucoma drainage implant 
sites and thus prolong their lifespan. Although seem- 
ingly effective in humans, controlled clinical trials 
have not been reported 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. One 
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 repeatedsubconjunctival injectionsandisasso- 
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. tPA for 
intraocular injection is usually reconstituted from 20 mg 
powder to a 1 mglml solution, which is further diluted to 
a final concentration of 0.25 mglml. Aliquots of 100 ml 
(containing25 ygtPA) can bestored at-70% until ready 
for use. Injection of the drug across the limbus into the 
anterior chamber causes rapid clot lysis within hours. 

lntracameral injection should only be performed by 
experienced ophthalmic surgeons, since incorrect injec- 
tion technique can cause severe intraocular complica- 
tions including iris haemorrhage, uveitisand 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 thissofttissuecone isenclosed in 
a distinct bony cone so that the anatomical concept of 
the orbit is easy to grasp. In domestic carnivores, 
however, these structuresareonly partially enclosed in 
bone and large areas are bordered by son 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 oftheorbit is bonyforaboutthree-quartersof 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 tumouis. 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 astrong 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. 

Theseanatomical relationships have importantclini- 
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 
Protrusion of the nictitating membrane 
Strabismus 
Periorbital swelling 
Conjunctival hyperaemia or congestion/chemosis - Lagophthalmos 
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. I 
DiHerential d~agnosis of retrobulbar swellings 

Rerrobu bar abscess ce u l ~ t ~ s  
Relrobu bar neoplasla 
Exrraocular polymyos 11s (dog only) 
Masl~catory myosllls (dog only) 

ana, 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 
opening the mouth strongly suggestsabscess/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). 

Chronicglaucomacausesenlargement ofthe globe 
(buphthalmos). Theenlargement isobvious 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 itshould 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 or inthe presenceof 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 haveveryshallow orbitsand 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- 
pared tothe normal side. A unilateral problem suggests 
the presence of an abscess or of neoplasia, but a 
bilateral symmetrical problem suggests masticatory or 
extraocular polymyositis. 

f r o m  n Iron! 211g a ~ o / d  .aj T l l i r t  j a re at .(: ) S-OI e 
n oe,i 11g ,I trc p;. pcora I ssl.rc as a res, r IJ JI' orn la 
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 
giobe enlargement. (d) However, there is relatively iiitle 
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-oral examination 
should be attempted, but this may not be possible. 
Severe pain on attempting to open the mouth suggests 
abscessation/cellulitis or myositis rather than a tumour, 
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 ofthe structures of 
interest in the orbit are soft tissue. Problems of super- 
imposition produce poor soft tissue definition. Too 
often they do notadd tothe information gainedfrom 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 lb). 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 (frontal) 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 
opened outventrally to include the zygomaticarch and 
vertical ramus of the mandible. 

While the bony structures are well demonstrated in 
theseviews, thesoft tissuesappear homogenousand, 
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. 

Zygomaticsialography may be useful in suspected 
zygomatic salivary gland disease. The zygomatic 
papilla is located caudal to the parotid papilla, close to 
thegum margin.Theduct isthencannulated with afine 
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 resolution 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 eta/., 1982; Calia et 
aL, 1994). 

Figure 4.3 CT scan c ia ooc prcscil i g  . 11 s gis o' ar 
oro la m?.ss i ne I.>O g ooes .V 111 vie crises c.31. oe 1.1acIe 
out laterally. A turnour is present in the turbinates, which 
have been largely destroyed, and in the orbit on the 
affected side. This illustrates the superior tissue definition 
provided by CT scanning, though conventional 
radiography is usuaily capabie of demonstrating nasai 
turnours and bony 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 
thesurfaceand must, therefore, be imaged 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 orbit and globe 

Conditions causing exophthalmos 

Retrobulbar abscessationlcellulitis 
Retrobulbar abscessation/cellulitis causes acute pain 
and dysfunction, and usually requires prompt diagno- 
sisandattention. ltis much lesscommon inthecatthan 
the dog. Retrobulbar cellulitis refers to diffuse inflam- 
mationof the orbital tissues without localization of pus. 
Thecellulitisphasemay precedetheformationof atrue 
abscess. The two conditions may be difficult to distin- 
guish and are similar in many respects 

Pathogenesis: A retrobulbar abscess may arise from 
periorbital skintraumasuch asa 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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Clinica1signs: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- 
inedfor rednessand swelling, although this isvariable, 
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 quite good symptomatic relief with 
antibiotics, so the picture may be confused if short 
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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 expected if it is 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. 

courses of antibiotics have been used, followed by 
recurrences. Radiology usually demonstrates only PrOgnOSis: With both treatment approaches there 

soft tissue swelling and adds no further information, is usually prompt improvement and return to normal 

except in cases of tooth root or sinus infection, some function within 2-3 days. In the event of recurrence, 

foreion bodies mav be radio-ooaoue. but the maioritv the antibiotics should be restarted or further investi- 
0 

~~~-~ , ~ - ~ - ~ -  - -,-. ~-.~., - .~~ ~ - ~ , - ~ ~ ~ ,  
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u . 2  , 
a fluid-filled cavity in cases with a discrie 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 

Orbital neopiasia 

Pathogenesis:Orbital neoplasia is poorly documented 
in the literature, but ittends to beseriousand difficultto 
manage when itoccurs (Kern, 1985; Gilger atal., 1992; 
Attali-Sousay et a/., 2001). The range of possible 
tumourtypes is wide. Obtaining atissue 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 eta/., 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. 

rmgure -D.- m81 rl g ~ ~ , ~ ~  Spr ,iqer Spwe A,, ,  a ,rl,l,Lr.l,L,u, dV3Lc,3 lllt:lc: spa 1f.1 snc r g  ol lnc :cmpora and 
nassece, m-sc e areas i n 2  prorrs on ol ire n CI I ~ I  r g trcrnwanc Cons atrau t v'd n e j  e. I CSIU 011 uvet- i g 1r.e rno-in 
ib) A closer view of the riaht eve shows chemosis (oedema of the coniunctiva), protrusion of the nictitating membrane and . . - .  
? rn-cop.,. em u scr.a,qe Ct1tt.10~ s s ,I CCI,I,I ,s n .I? nog ,.n ~e !rie car) u-r tr l /  occ4r r i  u-3 ra a sase ,?I Tnc 
nice -r o ' ~ c  rno-:l (.naer ce ier= anaeslresz) s11oi.s a 'SI. c . . ~  1r2c. arroncn cn..o? lo rrc as1 rro7.r I'.s nas 
released on enlarging this opening. 
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turnour is wrapbed around the optic nerve. ~ocal  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 

nictitating membraneand chemo'sis, both of which may 
have other causes. but there is also dorsolateral deviation 
of the globe, which is pathognomonic of an orbitai 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 usuallv obviouslv im~aired. 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 pressuretotheopticne~e), 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- 
ing thelimitationsof 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 tumourtype, bone involvement repre- 
sents a serious complication. 

proir2s on ol ire n cr la! ng ncmcrare r o  cale ine 
nrcsencc O: a r  oro la cslon n i n s  ;?t I nc?rc s a so 51 

ipsilaterai nasai discharge, suggesting the orbital lesion 
mav have arisen bv extension from a nasal tumour. The 
Iuti lLur has con1 rvleu as a r.ssa aJet8oczrc nona at 
poi!-norrem e*am ne: on C%nes, ol SM C i  s3 n 
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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 
alobe. The dearee of anterior disolacernent, however, is 
;if c . .~  ro..u&oi 11 r . en h r i i  alera 3e.  alwiollt e 
g O ~ E .  s gnc ol i esn  carc qonn sno . o e .m,s nr: so..gnl 
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. 

'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- 
araohv should be considered where the clinical sians u ,  2 - 
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 

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 
bettermanaged medically, suchas 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 it is 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 knowledgeof the relationship of the tumourto 
other structures and without a histological diagnosis. 
Ideally, CTor MRI scanning should be undertaken prior 
to orbital surgery (Figure 4.10). 

arc ra rrass C I I  ;;I s gns an0 connrr ora .ao sqrapn, 
are of rr TO ne p r i  s-ry ca u ;I-!' t'q Ttie CT scai c ear \ 
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- 
pliedto the frontal bone) orby sectioning thezygomatic 
arch. It can also be difficult to avoid damage to small 
nervesintheorbit, leadingto musclepalsiesordryeye, 
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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 masticatoty 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 4.1 1). 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 
fibrosisoccurring moreslowly and withoutaprioracute 
episode (Figure 4.12). 

Fiaure 4.11 Acute mastlcatorv rnvositis In a Borael - . . 
Co c A in s,rrme!,ca pa t r f  . SME i g  of a :' 2 

rnesl calor, rr-s.: cs eao rig lo vr~:r-s 011 of !re 
nictitating membranes. 

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

Treatment: Dogs are treated with immunosuppres- 
sive doses of corticosteroids, 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 eta/., 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 4.12 Rollne er n lr, crlrotl c !%,I czlor, t r  ) ~s : s 
?ao n3 to $a:,!-ozrj a'r>pn, n i o  f nros s I ncr? s 
wasting of the masticatory muscles, leading to 
prominence of the zygomatic arch. The dog was otherwise 
heavily muscled. 

-. 
Fiaure 4.13 A l-vear-old female Border Collie with - 
s)nTelr ca ,Ja II e j s  txcpl-111a n7,s 2 -2  I: n',ncc.. or 
03 ,m,ns 1 s 1 ierc 82s cump ele reso -1 or  A : 1 ail 
extended course of svstemic 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. ForceDsare used toaras~theconiunc- - .  
tiva adjacent to the l i ibus plus the underlying  eno on'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 neoplasiaof the 
gland or other tissue. Drainage or fistulation of the 
mucocoele into the mouth isoften sufficient asameans 
of management, but extirpation of the gland via an oral 
or lateral approach may be required in recurrentcases. 
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Arteriovenous shunts 
Arteriovenousshuntsarecongenitalvascularmalforma- 
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 
causeof exophthalmos. Contrastvenography 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 WhiteTerriers. 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 no1 oe exciseo, as this may mpair 
theo~anlitv ana dislr~bution 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 mios s and n ctilaling mem- 
brane protrusion wi I support :ned agnoss. Care shoulo 
be laden no1 lo mslake the dllerence n amearance ~~~~ ~~ ~ . . 
between the normal and affected eyes as being due to 
exophthalmos of the normal eye. 

I 
1 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 o f  orbitaltissues: 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 

Figure 4.14 Zygornatic rnucocoele in a Cavalier King 
Charles Spaniel. (a) There is a painless soft fluid-filled cause (Figure 4.1 5). 

swelling above and below the zygomatic arch. (b) The 
area behind the last molar is atjnormally convex, again 0rbita1neoplasia:Enophthalmosoccurs in rarecases, 
with a soft fluid feel. but exophthalmos is more common (see above). 
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mC.1~ c s tcs Se.ere nasl Aq nas eG to ciopnina mos 
ana protrUson 01 tnr 1 ri la1 r g  merlaratle 

m~crophthalmos and dry eye 

Microphthalmos 
Microphthalmos (or microphthalmia) refers to a con- 
genitally small eye. This may vary from asmall butfully 
functional eye, referred to as nanophthalmos, to one 
with multlple lntraocular abnormalities and no visual 
function. Cryptophthalmosrefers to an ocular structure 
that is concealed by other adnexal defects, or is so 
small as to be d~fficult to find (Flgure 4.1 6) and anoph- 
thalmos refers to complete absence of ocular tissue, 
which is a very rare occurrence. 

Figure 4.18 
Microphthalmic eye in 
a Cocker Spaniel, in 
association with 
cataract and pup~llary 
membrane strands 
runnlng from the lrls 
to the anterlor lens 
capsule (Courtesy of 
SM Cr~sp~n ) 

Figure 4.16 An 8-neat-o o Ma nc Ccon n lien A in no 
oereclaa 6 OCL 3r 1ss.e a !no-gn ttlere are r.d metirary 
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 occurin 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. 

A m exrens be calaracl ano re1 l a  o)cp as i. . so e as 
fo a r g  ol tno ne.irorel na (Co-rles, of SM Cr s:, n , 

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 intraocularpathology 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 
intraocularinflammationandseverepenetrating wounds 
or blunt trauma (Figure 4.20). 

In those cases which result from chronic glau- 
coma, theeyeis initially 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, ormay not occuratall, and sowaiting 
for phthisis is not an acceptable management option 
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Fiaure 4.20 Phth~sis buibl in a cat that had sustained - 
3c- 81 :a..ma n a roao rrali c acc oenl Selere u -lit 
tra4md 17 ll'e ate c n i  ca .sc lnc sc cra lo sp' I pos:er or 1 ,  
which usually then leads to permanent loss of pressure 
and phthlsls 

Figure 4.21 Pnln s s n. o n a oog lo on ng cnron c 
3 axcrna Tne s,nd g oue s par' , corcea ec oei no a 
permanently protruded nictitating membrane. The cornea 
is usually diffusely greyand partly pigmented in such cases. 

for chronically glaucomatous painful eyes. Phthis~cal 
eyesoften appear notto be painful, although mild pain 
may be difficult to detect. 

Malignant sarcomas can develop in feline eyes that 
are phthisicalorthat havesusta~nedchronicintraocular 
inflammat~on. The history may be of several years' 
duration. The eye may be opaque by the time of 
examination, preventing a cllnical 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 cars 
eve from a 
pknetrating 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 
these sarcomas and 
orevious trauma in 
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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 chronicopen 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. 

Buphthalmiceyesarefrequently unsightly. Options 
for management of these eyes are discussed fully 
in Chapter I I, 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 orexophthalmos; both ofthese 
terms imply only a degree of anterior displacement. 
The condition occurs as a result of traumasuch 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 
theeyefrom theanteriororbital margin. In somecases, 
the trauma may be apparently minor. 

Pathogenesis and clinical signs: With prolapse of 
the globe, there is traction on theopticand other nerves 
and on bloodvessels. Thereisalso lmmediateoedema 
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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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 attachmentsare ruptured atthetime 
of presentation (Figure 4.25), enucleation should be 
carried out immediately. 

Figure 4.23 Pekingese which sustained prolapse of the 
globe after being kicked by a man. (a) The lids are in 
soasm behind the eauator of the alobe, resultina in - - 
C X I C ~ S  \n  cncrros s ena sxcor  .ncr,a naerno,rrage 
Tnere nas a.so a l rac~~re of Inn z,gomar c a,cn A1 ins 
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 damaae to the lids. - 
Tnere m.sl 3e no poss o I, cf rrie sU:>res aurao 11g 11 t 
cornea un n r pl;.cc ,Co.rres) of SM Cr sp n j 

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 toapply pressure on the surface of the 
eye with wet cotton wool as soon as possible, to hold 
theeye in a more normal position. In many cases, this 
is not done or it is impossible, and the appearance will 
be as in Figure 4.23 on presentation. The cornea must 
be protected with copious lubrication while it is ex- 
posed. A general exam nation should be made and tne 
patient should, it other inj~ries a low, be anaesthetzed 

Figure 4.24 Thls Peklngese 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, exoosure . . 
%eralopaln), no cornea sensd: on anu rlo P-u 21y gnl 
respoisc S .cn seo..n an can occ-r regaro ess ol lne 
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 doa of the same breed. The eve was 

w thout oelay. II simple red~c t~on  s not feasiole, then allaclcg on) o, con-r,cl '.a R~~~~ r.ol i&rnp:~3 
otherstepswill benecessan/,suchaslateralcanthotomy aro ina e,e n n s  remo.ca 
or the use of traction sutures or Allis tissue forceps on 
thelidmargln whilegently repell~ngtheglobe. Oncethe 
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 1s 

Orbital trauma 
Otherthan prolapse of the globe and traumato 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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haemorrhage 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 lubrication 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 Radiograph of a Staffordshire bull terriei 
that had sustained fractures of the scaoula, mandible and 
z)gom.?lc arc,) r l  u roau icc uzrli T C I ~  z,coir.ai c arcn 
Iri.cl..re s conrr r u e c  nu: mere s n n ma oiss acenlerl: 
and surgical repair was not required. 

Fractures of the frontalsinus: 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 orbit. Any trauma to 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 softtissue definition and localization of 
the globe and muscle cone apply as before. The 
simplest way of localizing 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 inert in tissuesandthedamagecaused 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 

occur, 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 largerone. This is the eye's natural mechanism 
for healing a penetration, and it is often successful in 
doing so, but it may result in considerable disruption of 
the local anatomy, including drainage angle closure as 
a result 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 to as hypotonia, may also lead to angleclosure. 

Objects penetrating the anteriorcoat of the eye may 
continue onwards to cause directdamage to the iris, or 
to cause rupture or displacement of the lens, or even to 
damage posterior structures. Sometimes objects may 
exit the eye again through the posterior wall. 

Clinical signs 
Acorneal wound should beeasy todetect, but ascleral 
wound lessso. 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 haemorrhage 
or any combination of these. lntraocular examination 
may, therefore, be very difficult and serious intraocular 
changes may be undetected. 
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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. 

8 small penetrating wound 
to the cornea with 

1 were limited to the cornea 

?~ppropriately. (b) The 
same eve is shown cut 
>pen, <he entry wound IS 

n the centre of the 
:ornea, but the path of the 
3ellet can be traced to the 
ower right area where it 
?xited the alobe. havina 

severe v~treous and 
choroldal 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 ventroiateral lirnbus 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. 
I nr rro ansc car or non ce reo.:eo .% Inc.1 en a'g rlc 
we A ,.('a ar a free i g  e i r e  +r...cl .rns n o  .c:i 

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 
defect which requires directsurgeryforasecure 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 diagnosisand 
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 consequences 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 traumacan 
bedevastating tothe eye, and can doconsiderably more 
damage than sharp penetrating injury. When an eye is 
struck forcefully, there is an instantaneous and poten- 
tially considerable risein intraocular pressure. There are 
several possible consequences, including iris dialysis 
(tear), angle recession (posteriordisplacementofthe 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 total 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 of impact. Dog and cat globestherefore 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 bya 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 otherinjuriespresent. 
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 and1 
or antibiotic ointment, and a guarded prognosis should 
be given. As with penetrating trauma, no assurances 
can begiven regardingtissuesthatcannotbeexamined. 
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 eyecan 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 theyarepresumablypainfree by 
that stage, enucleation isstill advisable in the cat in view 
of the risk of sarcoma in the future. . 

lntraocular infection 
Infection may entertheeyethrough apenetrating injury 
(including surgery), via a perforated ulcer or 
endogenously, as a metastatic process. Systemic in- 
fections with ocular involvement areimportant in some 

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 
orwithout a retainedforeign 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 puswithin 
the eye and there is widespread inflammation. Irre- 
versible changes such as adhesions and angle closure 
readily occur. lntraocular 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 
havea historyoftrauma(includingsurgery), 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 aqueousflare, constriction of the pupil 
and cataract. 

In human cases vitreocentesis is regarded as the 
most effective way of confirming the diagnosisand 
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 bltten by another 
dog one week previously The lens 1s ruptured and 
surrounded by pus and there is further flocculent mater~al 
In the vltreous Bacterla were present w~th~n the lens 
matter and the vltreous, but not the aqueous 
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centesis alone may give false-negative results. The Inoperable intraocular tumours 
techniquesaredescribed in Chapter la. lntralenticular Some cases of prolapse of the globe 
infection is not uncommon but is more difficult to Unresponsive intraocular infection. 
confirm. Gram-positive rods and cocci are the most 
common organismsfound in intraocular infection of the Many of these fall into the category of the 'blind 
dog and cat. painful eye'. Owners may show a natural resistance to 

enucleation, and clinicians should take time to explain 
Prevention the usually extensiveand irreversible lossoffunction in 
With penetrating injury, every effort should be made to the eye and the difficulties of controlling the pain. 
rule in or out a lens penetration by the use of mydriatics Chronic glaucoma causes functional transection of the 
and careful examination. Immediate lensectomy may optic nerve at the level of the posterior globe and 
prevent intralenticular infection becoming established; owners can be reassured that there is no prospect of 
if this is indicated, referral should be considered. All restorationofsightwhateveractionistaken. Moreover, 
patients that have sustained penetrating injury, perfo- human patients with a 'blind painful eye' often request 
rated corneal ulcers and intraocular surgery should be enucleation. 
treated with maximum doses of broad-spectrum anti- 
biotics as soon as possible. Trans-palpebral enucleation 

In this method, the initial incision is made through the 
lids and the conjunctival sac is not entered at any stage 

Enucleation (Figure 4.32). The advantages are that infection and 

Enucleation is the removal of the globe and is indicated possible tumour cells in the conjunctival tissues are 
in the following conditions: removed with the globe and there is no possibility of 

conjunctival tissue remaining in the orbit. The disad- 
Intractable glaucoma of any cause vantagesarethepossibilityof prolonged haemorrhage 
Buphthalmos with pain, poor cosmesis or from the initial lid incision and difficulty in identifyingthe 
exposure problems reflection ofthe conjunctivaatthefornices, with the risk 

_ - - - _ _  

Figure 4.32 Trans-palpebrai enucleation in the dog (iefl eye illustrated): (a) The eyelids are held closed using Aliis tissue 
forceps. An encircling skin incision is made close to the Ailis 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 
iateral canthal ligament, followed by the shorter medial canthal ligament. (c) 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 giobe, 
making them difficult to identify. (d) When ail the other visible attachments to the giobe have been sectioned, the optic 
nerve is identified and clamped with curved artery forceps. It is not always possibie to visualize the optic nerve, but it may 
be felt with the tips of the forceps before clamwina. C u ~ e d  scissors are then introduced between the olobe and the . - ~ ~ 

forcrp? an0 r ie  r m a  r i g  a l la rmer ls  cdl  e, A cor l  n.c4s aos:'oaL e s.l.re s o accrl s.cc-lar eo-s, ro pro\ oc e 
. ynl sco of me crc la C:I. I, 13 or.co o,  s I - ~ p e  rlcrr .plea 5 %  r l  s.s.rcs 
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of inadvertentpenetration oftheconjunctivalsac.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. Practiceoncadaverswill help, but 
the procedure on a cadaver is deceptively easy 
due to lack of haemorrhage. The following suggestions 
may help the general surgeon: 

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 
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 aeneral, bleeding is much more 
likely in the dog than the cat - 
It is 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 
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 

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. 

Enucleation is painful in the shortterm and acourse 
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 conjunctivaclose 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. There is less haemorrhage and less extraocular 
tissue is removed with theglobe.Thedisadvantagesare 
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 wherethere is known infection orwherethere 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- 
sureisthen asdescribedforthetrans-palpebral method. 
Leavingconjunctivainsitu, deliberately or inadvertently, 
may lead to cyst and mucocoele formation and, ulti- 
mately, the formation of a draining sinus (Fiaure 4.33). 

Figure 4.33 Fo on 11g er ..c eal or. 1.1 i cal sdl!erco 
rcc4rrelir c,c es ol or3 la sne rg. 'o o/~co uy oscharge 
01 m..co 0 rn31er a !nro .Or a sn-s. eaa ng :o Icrnvorary 
resolution. At explorator~surgery, the socket contained 
mucoid fluid and was partly lined with conjunctiva. 

Evisceration and implant 

This technique is gaining in popularity. Evisceration 
refers to the technique of removing the entire ocular 
contentsviaaperilimbal incision, leaving acorneoscleral 
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shell. A spherical prosthesis is inserted into the shell matory thickening of the iris. A tentative clinical diagno- 
and the incision is sutured. A mobile globe and normal sismay be made based on known patterns of behaviour 
adnexa are therefore prese~ed, butthe appearance of fortumours, but there is no substitute for histopathologi- 
the cornea and iris is compromised. cal confirmation. 

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 information, 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 

lntraocular melanoma 
Most intraocular melanomas are Diamented on clinical 
appearance, but the prognostic Factors are mainly 
histological, andthe histological nature ofthetumour is 
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. 

. 
e~arninntinn Glaucoma of unknown cause -, ..... - .. - ... 

However, the s~bmission of an eye for patnology is Many dsease processes lead to gla~coma an0 a bl nd 
never a s-bst t~te for tnorouon c11n:cal examinaton of p a ' n f ~ l  eyef they are not treated correclly. In are stage 

~ ~~ 

the affected andthe contralat&al eyes. Forexample, in glaucoma, the ~ i imary  cause may not beapparent and 
the case of eyes enucleated because of primary glau- the list of possibilities is wide. The findings may be 
coma, the appearance of the drainage angle in the relevant to the management of the patient or of the 
contralateral eye (the 'good eye') may be even more contralateral eye. 
informative than examining the blind eye, except as a 
rule-out for other diseases. 

Fine needle aspiration of cells from within an eye 
may be useful in somecircumstances, e.g. in confirming 
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. Aqueousfluid may be aspirated via a limbal 
approach, or cells may be aspirated from the surface of 
the iris (see Chapter la). 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 

Possible systemic disease 
lntraocularhaemorrhage, retinaldetachment, iristhick- 
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 obviously in the eye include 
lymphoma, some infections and hypertension. There is 
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 

Theopaqueeye The globe should be trimmed of all tissue except the 
Several disease processes can result in significant optic several fixatives are suitable for eyes, but 
opacity due to keratitis or degeneration of the Corneal the hest are those that nenetrate ranirllv throuoh the ........ ............ a. .......... .-r.-., ..... .~=.. .... 
endothelium, which causes corneal oedema. In more wall. In the non-specialist situation, formalin is likely to 
extEme cases, the anterior chamber may be full of be the only one available. All fixatives are dangerous 
blood, Pus or twnour. The Opacity can Obscure the and should be labelled, stored and handled according 
signs of the primary disease process. to health and safety regulations. Unless instructed 

The blood-filled eye 
lntraocular haernorrhage 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 bleedingfrom tumours, collieeye 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, amelanotic melanoma, ciliary body epithe- 
lial tumours and metastatic tumours can all appear as 
pale masses orthickening within an eye, as may inflarn- 

otherwise by the laboratory, the eye 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. 

Afixedeye isalwaysmoreopaquethan alivingeye, 
and a focal lesion may not be visible in the laboratory. 
This could result in the pathologist opening the eye in 
an inappropriate plane. Similarly, retinal and fundic 
lesions are much harderto interpret in a fixed eye and 
withoutthe magnification provided by ophthalmoscopy, 
so details must be provided if sections are to be cut 
through the area of interest. 
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Laboratory method 
In the examination of an enucleated eye, it is 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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The eyelids and 
nictitating membrane 
Simon Petersen-Jones 

Embryology, anatomy and 
physiology 

Outer eyelids 
The outer eyelids (Figure5.1) develop asfoldsfrom the 
surface ectoderm, which meet and fuse along the 
presumptiveeyelidopening. Ectoderm gives risetothe 
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 upperand lowereyelidfolds until 10to 14daysafter 
birth in both cats and dogs. 

1 I _ 
Figure 5.1 Cross-section through an eyelid. 

The mature outer eyelids (upper and lower) are 
tissueflaps whichconsist of anouterlayerof hairyskin; 
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) glandswithin the tarsal plateand an inner 
conjunctival lining. There is an excellent blood supply 
to the eyelids. 

The eyelid skin is thin and contains many mast 
cells. This accountsfor the ease with which it becomes 
inflamed and oedematous. The upper eyelid bears two 
or more rows of cilia in the dog while, in thecat, 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 tothe formation of astye. Neithercat nordog 
has cilia on the lower lids. 

In animals with normal lid-globeconformation, the 
eyelids rest against the ocular 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 reported that in 
breeds that commonly have lid conformational 
abnormalities, such as entropion and ectropion, the 
palpebral fissures tend to be longer than average 
(~ tades  eta/., 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. 

Eyelid margin 
The eyelid margin is normally free of hairs and isoften 
pigmented. It is a very important 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 
eyelids and is firmly attached where it overlies the 
meibomian glands. 
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Nasolacrimal system 
Thepunctal 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 palpe- 
bra1 ligaments, serve to anchor the medial and lateral 
canthal regions and maintain the slit shape of the 
palpebralfissureduring blinking. The medial palpebral 
ligament 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 to 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 oculi 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, 1991). The blink reflex is an important protec- 
tive reflex. Normal complete blinking is essential forthe 
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 protection of the ocular surface and the distribu- 
tion of tears. Portions of the orbicularis oculi muscle 
surround the lacrimal canaliculi and, during blinking, 
squeeze the canaliculi and help propel tears through 
the nasolacrimal drainage system. Other muscles, 
bothstriatedandsmooth, arealsoinvolved in maintain- 
ing eyelid shape and position. The striated muscles 
include the retractoranguli oculi medialis and lateralis, 

which act to lift and widen the medial and lateral 
portions of the palpebral fissure respectively, and the 
main elevatorof the upper eyelid, the levatorpalpebrae 
superioris. Smooth muscle (Miiller's muscle) within the 
eyelid acts to widen the palpebral fissure. 

The striated eyelid musculature is innervated bythe 
facial (VII) nerve, with the exception of the levator 
palpebrae superioris.This is the major elevator of the 
upper eyelid, and is innervated by the oculomotor (Ill) 
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 covered 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 globe. 
Pigment is often present in these flaps of conjunctiva, 
as acontinuation 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 thinkthat such an appearance 
is due to inflammation or partial prolapse of the third 
eyelid, particularly if the border of the fellowthird 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 

Palpebral sudace 

Cartilage 
skeleton 

Nictitans 
gland 

T-shaped 
cartilage skeleton 

Figure 5.2 
The third eyelid. 
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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 sacvia several small open- 
ingson 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 prese~ed in a func- 
tional condition whenever possible. 

Congenital conditions of the eyelids 
of daas 

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 andlor the con- 
junctiva (more details are included in Chapters 7 and 
8). In some 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. 

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

The first sign isswelling of thestill fused eyelids and 
sometimes the escape of a small amount of purulent 
discharge at the medial canthus. Ulceration of the 
ocularsurface that is severe enough to result in corneal 
perforation can develop if the condition is not recog- 
nized and treated promptly. Treatment requires open- 
ing the lids along the~r 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 ointment is applied, and the cor- 
neal surface is kept moist until the infection has re- 
solvedandnormal tearproduction has beenestablished. 

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 palpebralfissure may beasso- 
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 sciera than isseen in otherbreeds. Additionally, 
they may show incompleteeyelidclosureduring 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 theeyelids may be performed atthe medial 
or lateral canthus. 

Shortening a t  the medial canthus: Shortening of 
the paipebral fissureatthe medial canthus isachieved 
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. 

www.vet4arab.co.cc
by Itra



The eyelids and nictitating membrane 81 

Shortening at the lateral canthus: There are a 
numberof methodsdescribedforshorteningthepalpe- 
bra1 fissure at the lateral canthus, and two will be 
described here. The first technique has the advan- 
tageof simplicity, whilethesecond results inastronger 
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 

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). 
Method 2: Modified Fuchs' 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 a stronger repair, but is more time 
consuming to perform. 

Figure 5.4 Snorlenlng ol I re eks 10s a1 tnc a:era cznlrJs 0, l r  mTng l i e  eoyes of lno e)e'os an0 0 .eel, r-1.r ng 
tncm (a, A macro03 peura 1 ss..rc (0) Sn r,. s cxc.saJ lrorri :orresc,Jrlo rg ereas 31 ourrt "pgcr ano o.ier c p  d nary r s  
at the lateral canthus (c) The freshened-UD areas of uDDer and lower lhds are sutured directlv toaether. a two-laver reDalr is , , . - 
recommended tor add;tional strength. ' 

Figure 5.5 Sr~or~en.r.g ol :ne eye as a1 lne lalera canln-s of ari a lcrnal ve meinoo (a) A 1.1 In cmess iriclson s maue 
:nro.ai uie .Doer eve 6 a1 90 oearees lo me elello marq n a1 a o slancc from lne lalcra canlhLs eqsa lo :he erigln 0) 

whichthe evelib needs to be shoriened. fb)   he evelid mirain is excised from the incision in (a) to the lateral canthus and for . . . . 
an e q x  d'srance a oiig rne onzr eya J ( c j  A rr mgle JI sk n is exc sed fronl me o.vcr eyellu zavng me rarsccon~~ncilv3 
!n si:. Tt1.s t r  alig e s eq-a n sze lo ine Jpper :rang c de tiealco o/ a nc oelvleerl ltie lalcra caniliis an0 lne en0 ol r r t  
riil a nclsoi trade :n lne "uper eve d lo) Tr.c con "ncl /a ol lne L D D C ~  I r  anu e IS cxc sea (el SAres are Dlaceo lo create a 
new lateral canthus: the cut'edge 6f the upper palpebral conjunctivais suturd to the edge of ihe tarsoconjunctiva of the 
lateral lower lid. (f) 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) 
Spastic entropion - Cicatricial entropion 
Entropion associated with ectropion in dogs with 
a diamond eye conformation 
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 eta/., 1988). 

Otherbreeds, such as Retrieversandchow 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. 

Entropion in 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 sufferfrom 
upper as well as lower eyelid entropion. 

Most of these forms of entropion can be readily 
managed using the modified Hotz-Celsus procedure. 

Fisure 5.6 Ternoorarv eversion of the evelid to treat 
orye. e,e a erurdpon ' a) Tnc oncr o s e*., 0 1  ng 
cn:ropor (n, c Twr. 2. i,l 'rs lerllporar) e.erl nS s.!-res 
01 an n'er,.oieJ t'l uer: oallern (1-a slcc i) arc n acco 
and tightened sufficiently io correct the eyelid deiorrnity. 

Figure 5.7 
Lower eyelid 
entro~ion in 
a dog. 

Some breedersareoftheopinion thatcorrectionshould 
be delayed until the dog is several months of age, as 
the conformation of the head will alter as the animal 
matures. It isamistaketo leavetheentropion 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 secondaryentropion thatdevel- 
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 Ihd 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 theirfacial skin and, when this iscoupled with excess 
facial skin, this can result in a'slippedfacial mask'. This 
leads to entropionltrichiasis 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 
Wtachments of the medial canthal region tend to limit 
the degree of inturning. It is usually associated with 
epiphora, possibly due to the lower punctum being in 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 MalteseTerrier, tend to have 
a simple medial lower lid entropion. However, in other 
breeds, such as the Bichon Frise and the Shih Tzu, a 
hairy caruncle is also present. 
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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 
Cicatricial entropion 
- Blepharoplastic procedure to correct lid 

deformity 
Associated with ectropion in dogs with a diamona 
eye conformation 
- Procedure to shorten eyelids and tighten 

lateral canthus 
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 assessed. 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 o f  enfropion: Liquid paraffin 
should neverbe injected intotheeyelidsasatreatment 
for entropion because serious granulomas may result. 
Several proceduresofvarying complexity aredescribed 
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 length 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 to 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 betterto under-correct an entro- 
pion and have to repeat the procedure, rather than to 
over-correct entropion and have to perform the more 
complicated surgery required to restore normal lid 
conformation in dogs with iatrogenic ectropion. 

Upper eyelid entropionltrichiasis 
Upper eyelid entropionltrichiasis, 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 severity from a simple upper 
eyelid entropionltrichiasis (Figure 5.1 1) 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: 

I I 
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 Jaeaer lid date has been oositioned in the coniunctival sac to suooort the lower evelid 
an0 a ho 15 0 aae s -scd ;o irlc sc Ine s;r p of sn r lo oc remoie.~ Thc I rsl  rlc s!onis pare cl :o ar~d'%-3 mm from l ic  
cyci a marg r! (bj lne reuJlrco vl 0111 ana engln slr pol sn r and sonle Jnocr yng orb cLlar s oc.. m s c  e ha.c oeen 
excised. (c) 6-0 simole interruded polvalactin sutures are used to repair the skin defect. The knots are positioned away 
from the eyelid margin 

Figure 5.10 I IOIZ-Ce s.s correcl on ior medla canths ouer eye o cnlropton (a Meu a canlnal enlroplon 1s prescnl 
(01 A i r  arig - ar r,icce ol snln is exc sea (c) Inc vioJnu is c osco .v in G 0 po yg aL1 n 

www.vet4arab.co.cc
by Itra



The eyelids and nictitating membrane 85 

Figure 5.1 1 A 
Cocker Spaniel 
with upper eyelid 
trichiasislentropion 
that has caused 
superficial 
ulcerative keratitis 

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 technique 
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'), afacelifl procedure can be 

utilized (Spreull, 1982; Bedford, 1990). The 
technique 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 foldslbrow 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 
Anoutwardturning ofthe lowereyelid(ectropion) isquite 
common indogs(Figure5.13). Itoccursmostcomnionly 
as a breed-related problem associated with an overlong 
palpebral fissure, although cicatricial ectropion and 
iatrogenic ectropion do occur. Breed-related ectropiom 
tends to worsen with fatigue. More severe cases of 

I I 
Figure 5.12 Correct on 01 ..pper eye'o enrrop or) rr ch as s JS ng a Slaoes proceo-re (aoapleo from Slaoes, 1987). 
(a1 Juuer erre u enrroo on lrch as s s oresen!, rcsL rino in a S-oeri cia nerd!'! s. Iu) A snn nc s on s made 1 mm dorsal lo . . . .  . . . 
Ine me oom an g an0 open ngs so as 1 0  remove 6 lne C a from tnP i.pper io Tn s slr p ol sn n slrelclles fronl 3 4  rnm 
lrom me me0 a canln-s lo 5-10 rrlm pas1 tne laleral canln-s aria s 15-20 mrn N oe (c) Any na'i lo IC cs remaln ng n ins 
area need to be exc~sed The umer sk~n edae 1s then moblllzed and sutured down halfwav across the wound (to the area . . - 
ol lnc onscs oi rhc me oom an g anos . n I a. ) JS r ~ g  s n~ple nlerr~pleo S-lures (d) A corit!n.ous s.lure pdnerrl s llna ly 
-seu ru s-l-re me edo ng skin euye n pos r on Tnc -nco.ereo ponlon of ine NoLno s cfl open lo nca o) secono 
intention - granulation, epithelialization and contraction - thus creating a hairless striD of scar tissue adiacent to the eyelid 
margin, preventing recurrence of the trichiasis. 

. 
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ectropion have exposure of conjunctiva and accumula- 
tion of contaminating debris in the lower conjunctival 
sac. This results in inflammation, chronic conjunctival 
changes and an increase in conjunctival mucin produc- 
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. 

Figure 5.13 
Lower eyelid 
ectropion in a 7 - 6 1  
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 
affected eyelid at the lateral canthal region. Wedge 
resection can also be useful for correcting iatrogenic 
(such as that in Figure 5.15) or cicatricial ectropion. 
More complicated procedures to correct ectropion in- 
cludevarious modificationsof theKhunt-Szymanowski 
proced~re. One sucn merhod was0escr:bed by Munger 
and Carter (1984), and is ill~slrated in Fig. 5.16. 

Figure 5.15 
Lower evelid 
ectropion in a 
dog due to 
over-correction 
of entropion. 

Figure 5.16 Munger and Carter's (1984) modification of 
the KhuntSzymanowski procedure for the correction of 
lower evelid ectrouion. (a) A skin incision is made 3 mm 
'rcrr 3nc pe'e s .o Inc o %er el6 o n-arg n ins  s 
th.21 leo  rlorso3rera , [u 'cni nc,ona 11 e &erz 
canthus. A second incision is made ventrallv from the 
elera ,?rn of 1r.e i r;l n: c cn aia [re res.. I ng sd  n l a p  3 
..laerr1 I ed a n  rro3 zea ,u, A II ang.. ar-snapeu 
wedae of tarsoconiunctiva 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 siid laterally and a triangle of it is 
removed from the lateral end. This is a similar size to the 
triangie removed from the tarsoconjunctiva. (e) The skin- 
muscle flap is sutured into its transposed position. 
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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 resultingfrom useofthis procedure indogsisoften 
disappointing, possibly due to the poorly developed 
tarsal 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 canthoplasty (Wyman, 1971) can be performed 
to create atighter lateral canthal ligament. The original 
procedure described by Wyman does not address the 
problem of overlong eyelids that contribute to the 

diamond eye conformation. One of the simplest proce- 
duresforcorrectingthe diamond eye conformation and 
shortening tne pa~pebral liss,re :s a modif:cation of 
Wyman's latera canlhop asry. Tnis is ,ti ized 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 occur as 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, 
morecommonly, as part of Horner'ssyndrome. Horner's 
syndrome is due to interruption of the sympathetic 
nerve supply to the head. This includes the supply to 
Miiller'smuscle withintheeyelid.This muscle normally 
acts to keep the palpebral fissure widened. Horner's 
syndrome is discussed in more detail in Chapter 15. 

Figure 5.17 Wynan cdilrlor, asl, coup eu ,. : r l  eye110 shoflcn ng lor Ire lrealrnenr 01 0 amono eye (a) A Y-sriapeu sn I' 
nc s on s maoe sr Ire alcra canin..s .i In lnc arns oi l i e  Y ex:eriulig a ong lne mper anu 1cv.er I as aco-1 5 m n  lrom inc 
maroins. fb) The surroundino skin is undermined and strips of orbicularis oculi muscle are dissected out from the uDDer . .  
an0 ioocr os I ncso n.sc E slr ps arc I nccr-snaseo an2 rema n zttacreo a1 l ie  atera canina reyoi. (c. Weoges oi I.. 
In cnness eje o I s s ~ z  can oe rtsec:eu lo snorter :ic c)c 10s r,r or lo suurng tile m.sc e I aps lo I ie zyyoma! c crcn 
MOSI 004s v. IP :n s snape of eke1 o na/e ober 0'10 e/e us (eswc a \ Sr Berr~arcs) arid e,e 10 :on:ormal on caii be 
imorove; bv shortenind the evelids. The wedoe Gsectionsare reoaiied usino a two-laver-reaair. A secure reoair is ,~ ~ ~~ ~,~~~ " ~, 
reqL reo, as me. os I*. oe u~lde: ie:ls,orl lo & ny ancrsrlng ol ire lao slr p s  ol rtiiske lo the z/qurr!al c arcn (d Tne 
//qomat c arcn s cxposcc o) o LII o sssc: on 3no i!ie si'ps ol uro CL ar s cc . ! m.sc c arc rcl ccico alera ) all0 f rm , 
sutured to the oeriosieum of ihe zvoomatic arch usino PDS or monofilament nvlon. (e) The skin incisions are closed. If the ." . . 
cyc os $1 reeo 0.. iriq ale% y. Ice Y-sllsve.~ snlri ~vlc s on can 0,: c oscn as a b IJos:operal i e )  Ine ete u $*I. oc Jrncr 
q ~ . l t  a b I o! atcra lens 3r, y ny a s I-zyc appearance. Tn s i.1 !en0 IU ouseri o.er r11e lo. oi. ng f,?n i.ccns 
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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 isacommon condition in dogs. Distichiaare 
abnormally positioned ciliathat 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. 

1 
Figure 5.1 9 
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 majorityof 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, ectopicciliaand keratoconjunctivitissicca, 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 olderdogs, 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. developmentof keratoconjunctivitissicca) 
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 lessflexible. When manag- 
ing distichiasis, it should be remembered and 
explained to owners that, as with hairselsewhere, the 
growth of distichiaiscyclical. It isonly possibleto treat 
the hairsthat arethere at thetimeof presentationand, 
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 distichiamay beachieved 
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 shaft 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. Asetting 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 
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 coniunctiva 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). Afinal surglcal option 
is to perform a Hotz-Celsus procedure to evert the 
eyelid and direct the hairs away from the cornea. 

Ectopic cilia 
Ectopiccilia(Figures5.20,5.21 and 5.22), likedistichia, 
arise from follicles within or adjacent to the meibomian 
glands. However, unlikedistichia, 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 
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Figure 5.20 
An ectopic 
cilium. 

single cilium here, although they can appear in other 
sites, and also as groups of ectopic cilia, They are not Figure 5.21 English Cocker Spaniel with an ectopic 

cilium protruding through the palpebral conjunctiva as common as distichia and are usually unilateral. midway along the upper eyelid, (a, The dog presented 
There appears to be a breed predilection in Flat- ,ith ble,,harosDasm and lacrimation. (b) ~h~~~ is a 
Coated Retrievers, but ectopiccilia may be seen in any central ~uperfi&a~ corneal ulcer ( ~ o t e  that the dog also 
breed that suffers from distichiasis. has distichia). 
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The nasal folds of some brachycephalic dogs may 
contact the cornea, causing a superficial pigmentary 
kerat~tis (Figure 5.24). Surgical resection of the nasal 
folds may be required (Carter, 1973) (Figure 5.25). 

Figure 5.22 Po30 c w .n eclop c c a energ r.g lnro..gn 
:t i?  pa ocnra zon40c' . r  31 tnc oner ;,f n 

Clinical signs 
Young adultsare most commonly affected. Theoffend- 
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 Exc son ol eclo? c c -n A cna az u l  
c amp s apo eo to inc a'leclec eke 'n lo lrlrr u3 zc I a'ia 
to prevent =ny 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 trichiasislentropion in 
English Cocker Spaniels has already been discussed 
in the section on entropion. 

were in contact with the corneas, and medial pigmentHry 
keratitis had resulted. 

Figure 5.25 Excision of nasal folds. (a) Once the faciai 
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 foid. (b, c) The resulting skin 
defect is sutured. 
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The presenceof hairsemerging from the caruncleat 
the medialcanthus (hairy caruncles) iscommon insome 
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. Hairycaruncles 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 (F~gure 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. 
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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 meibom~an gland re- 
sults in an internal stye (internal hordeolum) (Figure 
5.30). An external stye results from ~nfection and 
abscessation of the glands of Zeis or Moll. Styes are 

and contributing to a tear overflow in this Shih Tzu. periocular alopecia and thickening of the eyelid skin. 

I 
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 wiil remove the source oi corneal irritation and shorten the eyelid opening. (b) Strips ofeyelid 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 iust medial to the lacrimal nuncta and care is taken to oreserve the nuncta and canaliculi. 
(c) Trle r ss-e ,ies oeeii rer!l"\eu (0) A I ~ O -  a)er repa; s ~erlormeo an0 ine mea Q can:n.s of ;r.e suorrcnea c)c n 
opcr.qg s reformea A i g  a I g,re-ol e gr.1 s..l-rr Ins rcpa r necns :o i?e scc..re s nco Inc nc 6 on s .ruer lenson as 
these dogs tend to have tight eyelids. ( e )  The procedure is completed and the eyelid opening has been shortened. 
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~emodex I 
Bacterial infection: I I Swabs for bacteriology: drain I Hot compresses. Surgical drainage 

Juvenile pyoderma 
Biepharitis 
External stye 
Meibomtanit~s and 

abscess or express meibomian of chalazia or abscesses. 
secretion for culture Expression of infected meibomian 
(staphylococci often isolated) secretions. Appropriate systemic 

antibiotics 
chalazion 

Fungal infection: 
Ringworm 

Immune-mediated: 
Pemphigus 
Medial canthal erosion 
Uveodermatological  elid id poliosis and vitiligo as well 
syndrome as panuveitis (see Chapter 10) 

~llergic: 
Food 
Contact 
Drugs 
A~OPY 

Post-parotid duct Associated with overflow of saliva 
transposition from the eye 

Secondaw to ocular I 
irritation (iue to 
self-tnflicted trauma) 
Seborrhoeic Other areas of skin also affected 

Endocrine-related. 
Hyperadrenow~ticism 
(Cush~ng's syndrome) 

Figure 5.29 Causes of biepharitis in the dog 

Wood's lamp exammation. Skin 
scrape. Fungal culture 
Biopsy. Hisropatnology and 
imm~nopalno ogy. C in cal signs 

Clinical signs (other skin areas 
affected]. Hypoallergenic diets. 
lntradermal sMn testing 

Swab for bacteriology: many 
conjunctival sacs yield large numben 
of bacteria 

Demonstrate primary source of 
irritation 

Clinical signs 

Clinical signs, endocrine assessment 

Griseofulvin 

Appropriate anti-inflammatory 
medication 

Avoid allergen (hypoallergenic diet). 
Hyposensitization 

Regular flushina of coniunctival sac 
anic~eanin~ oipenociar area. Dry 
tne lace alter feed nq. Appropriate . . .  . 
topicalantibiotics 
Correct primary cause 

Treat as for seborrhoeic dermatitis 
elsewhere 
Treat underlying endocrine disease 

Figure 5.30 Internal stye due to infection involving a 
rneibornian 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 
required, systemic antibiotics. 

 hea affect id rneibomian glands exude a yellow, puru- 
lent material instead ofthe 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- 
diculartotheeyelid 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 Cn3az or- II a uoq as z t,?s. I :I n ocdse 
o' :oe vie o n  an g an0 o,f ce u, 3 , ~ c J c ~ u ~ ,  ace>cTa 
(Courtesy of DT ~arnsey.) 

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 adenomaand 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 blepharitjs 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 tocicatricial ectropion (Figure5.33). 
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. 

Fiaure 5.32 Poodle with chronic ble~haritis. (a) External - 
,en o C u ~ ? - ~ p  alte, cx .oa-c r as c eaneo aha, 
snon nq so i s  n ire eye u s* i ,es. I i g  from .-pr4re ol 
the external stves. Coaoulase-~ositive sia~hvlococcl were . . 
so aieo Ttie Lo' J I 01 ;eso din ?.her irea:me.ii n .I? a? 
approp, arc s,srem c anr o oi c 31'u lee I I. nr, ol n i  
Elizabethan collar. Hot compresses were applied to the 
eyelids twice daily. 

Tne uveodermato~o~~cal syndrome IS ass~med lo Figure 5.33 S gnr .pwr c/c n c ca.. c a ecrrop or 
nave an imm,ne oasis. Depigmenlation of [ne eyelids les.. . ng ircil 3 Cnlol- .: oacler a 1, 2l:l-a' 1 s 

(Figure 5.34), planum nasale and muzzle are accom- 
panied by panuveitis (see Chapter 10). dogs may also suffer from dannus (chronic superficial 

A medial canthal erosion involving both upper keratitis/keratoconjunctivitis) and plasma cell infiltra- 
and lower eyelids is seen occasionally in dogs, most tion of the third eyelid (see Chapter 8). In some 
commonly German Shepherd Dogs (Figure 5.35); instances, the lateral canthal region will also be 
an immune-mediated aetiology is suspected. Affected ulcerated. 
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Figure 5.34 Depigmentation of the eyelid margins and 
muzzle in a dog suffering from the uveodermatological 
syndrome. 

Figure 5.35 Medial canthai ulceration and plasma cell 
infiltration of the third eyelid in a German Shepherd Dog. 

Seborrhoeic blepharitis 
Older English Cocker Spanielswith upper eyelid entro- 
pibnltrichiasis 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 resultof bite wounds, cat scratches'or road. 
trafficaccidents. immediate first-aid should includeaooli- ~~-~ ~ - - ~ - -  - - ~~ . . 
cation of cold compressesto 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, acareful examination fordamage to 
the nasolacrimal duct system should be undertaken. 

Reconstructive surgery, if necessary, should be 
performed promptly, paying particular attention to re- 
storing a normal lidsornea relationship. Cicatrix for- 
mat on resu ling lrom pooranalomical repaircan cause 
eclrooion or trichiass. Theeve Id skin hasaaood blood 
suppiy and it is unusual td see wounds ;hat cause 
ischaemia and devitalization. Wounds should be thor- 
oughly, but gently, irrigated with saline, cleaned with 
dilute povidone-iodineandaprimary repairperformed, 
preserving as much tissue as possible. Repair using 
5-0 or6-0 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 
majorityof 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 eta/., 1986). 

Sebaceous adenoma 
The sebaceous adenoma is the commonest eyelid 
tumour in the dog. It is a benign tumourthatarisesfrom 
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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(a) The tip of the tumour shows at the eyelid margin. 
(b)Eversion oftheeyelid revealsthefull extentofthetumour. 

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. 

The eyelids and nictitating membrane 95 

Histiocytoma 
Histiocytomas are primarily tumours of young growing 
dogs and typically develop rapidly. They are raised, 
usually less than 1 cm in diameter, pink and hairless. 
Often, they regress spontaneously over a few weeks. 

Treatment of eyelid tumours 
Complete surgical excision or ctyosurgery are the 
treatments of choice. The advantage of sharp excision 
isthatitisgenerally easytoensurethatallofthetumour 
is removed and that regrowth is unlikely. Thechoice 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- 
r~pted s iure  ora f:g~re-of-eighl s~ture can be used for 
Ih spurpose(Figure5.37).Theadvanlagesoftnef1gure- 
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 aone 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 
evelid tumour. A fioure-of- 
a~ght suture is us& to 
reform the eyelid margin. 

a strong repair, with the knot 
well away from the ocular 

I This suture  att tern results in 

I surface. 
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closure of the eyelids during blinking. It should also be 
lined with mucosaand should not have hairsorsutures 
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 commonly utilized tech- 
niques in this manual: 

A sliding 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 opposite lid, as shown in 
Figure 5.40. . A rotation flap can be used to mobilize skin to 
restore large eyelid defects (Figure 5.41). 
Conjunctiva must also be mobilized to line the flap. 

Figure 5.38 The use of a sliding lateral canthoplasty. (a, b, c) 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 uooer evelid lateraliv. The incision is throuah the full thickness of the evelid and is continued on to the adiacent skin. 
A tri&n$le oiskin is excised at the lateral end 2 this skin incision. This allohs skin to be slid medially to lengthen the upper 
eyelid. (e) The resulting defect is sutured. 

Figure 5.39 A single pedicie advancement flap used to restore the eyelid after a lesion affecting more than one third of 
the eyelid length has been excised. (a, b) A lesion involving 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 'x' plus 20%. (c, d) The skin is incised and undermined and triangles of skin are excised as shown. (e, f, 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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(el (9) 
I I 
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 fashioned from 
the upper iid. This should be slightly larger than the defect it is going to fill. (c, d) The conjunctivai flap is sutured into the 
conjunctival defect in the lower eyelid. (e, 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 intact 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. 

I I 
Figure 5.41 A rolai on lap Tl~ is  s ueal 'ur i,:arig.. ar 
ac'ecls. A se n:c rc e ol skin s moo l~zco ou ..nocrm niro 
and then rotating this into the defect. The ihsion shouli 
be at least four times the width of the base of the 
triangular defect. 

A sliding Zflap 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, 
autoloaous arafts of buccal mucosa or 
perito~eum.'ihe sliding Z flap involves extensive 
undermining of the skin by blunt dissection to 
provide a tension-free reconstructed lid 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 mucocutaneous . 
subdermal plexus flap from the upper lip which is 
rotated and used to restore large defects in the 
lower eyelid (Pavletic et al., 1982) (Figure 5.42). 
The oral mucosal portion of the flap serves as a 
replacement for conjunctiva in the recreated 
lower lid. 

Conditions of the third eyelid of dogs 

The third eyelid, as mentioned earlier, 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 results 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 bulbarconjunc- 
tival surface, as shown in Figure 5.44 (Gelatt, 1972). 
Occasionally, even after excision of the scrolled por- 
tion of cartilage, the third eyeild will fold out on itself. 
This tends to be a problem in larger breeds of dog that 
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I 

Fiaure 5.42 Lia to lid araft (mucocutaneous subdermal 
p & .s i ap, ~ o i a r  on o f  grab las~ i  orwu fro171 me -pper 
:, cen 36 s e o  10 rep acc :ne oner e)e 3 A pori on 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 
I dc 3eeo ddrieg (a, Tne 3 f ap or  1 rr -3es ora 
n-cose lor s-1:r C ~ I  acpln 10 n m c ine uepln o' ine a 
ise f Tne o ssecl or  s lner con! n..ca lo separare lne 
skin and subdermal alexus from deeaer structures over 
s..lf c cnl engn lo al'on inn f ap lo DL ro!alea lo ,eecrl me 
e,e o cefecl Tr.e s~ 11 vewa io !r t eye c cefect s 
incised and the edaes are seaarated sufficientlv to 
eccommoaa:c tne ;o~a~ea f eb (c, Tne cr;. rn..dosa 01 me 
p 'ap s s.lurea :o me con..rc1\3 n 1r.e 'orri r a-J me 
1) 54 n s s.r4rca lo mc caacs cf rrc c,e a aelec: aru  ine 

sepersleo eoyes ~i lrle sn r r ' r  son ve'-lra c ins o 
uelecl Tie aeiecl n ine ora m.cosa a iu 1r.e v sn r. s 
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. 

crolled 
i ird evelid. 

I I 
Figure 5.44 S4rg ca correct cn cl scro .ig cf me In ra 
e,e a (a n j  l i e  Inro C)C a se.erlea ana an , i c s c ~ ~  7 
Illace :r ro-qn i r  t con.-rct /a o.cr ) ng inc nor zonla 3 r n  
ol inc I' SAC eror n :ne ,ey ori u l  lrle uefort-I ly (c R "nt 
dissection is aerformed tilsoiate the scrolled aortion of 
cartilage, tak/ng care not to 'button-hole' the third eyelid. 
(d) The abnormal portion of cartilage is excised. 
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have rather loose third"eye1ids. If this happens, tighten- 
ing of the third eyelid can be performed by removing a 
full-thickness wedge of the thlrd eyelid at the far edge 
of the free border (so as to avoid the remaining carti- 
lage). The defect is repaired using 6-0 polyglactln. 

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 
Vcherrv eve') (Fiaure 5.45). . .  - 

 he t i r d  eyelid gland produces a significant pro- 
portion ofthe pre-oculartearfilm 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 etal., 1993), illustrated in Figure 5.46; this is 
the current technique of choice in general practice. An 
alternative technique favoured by some veterinary 
ophthalmologists istosuture theprolapsedgland 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 conjunctivit~s) of 
thefree borderofthethirdeyelid resulting indepigmen- 
tation and a pink or purple thicken~ng occurs In some 
breeds, notably the German Shepherd Dog (see 
Figure 5.35). It may accompany chronlc superficial 
keratitis/keratoconjunctivi~s (pannus). Topical cortico- 
steroids andlor cyclospor~n are moderately effective in 
controlling thecondition (Bromberg, 1980; Read, 1995). 

The third eyelid may also be involved in dogs with 
inflammatory granulomatous ocular diseases, such as 
nodular granulomatous episclerokerat~tis or ocular 
nodular fasciitis. 

I I 

Figure 5.46 Pocnet i g  proceo4re lor repoi r on ng a pro a x e 0  !r.sro e/e o g an0 (a) Tne rniro e/e o s ?la,- p, arc0 0, 
s:2v s-t .res a1 e tier eno ol [no free ooToer -s no these sur,'cs me r i  ra eye lo s he d n a pr3lr"ocd a10 eJerle0 
;&tion, and a curved incision parallel to the freeborder 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 
oonjunctiva, which marks the presence of lymphoid tissue overlying the gland. (c) Conjunctiv&3rom a position proximal to 
the first incision and distal to the second incision is sutured together to pull ihe conjunctiva over the prolapsed gland. 
creating a pocket to hold it in position. A continuous suture pattern is used, starting with a buried knot. 6-0 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. Id) The suture line is 
completed. (e) Cross-section through the third eyelid to show the pocketed and buried gland. 
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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 linle difficult to obtain a bite of periosteum and bring the needle out through the 
incision, because access to the area is limited. (b) After taking a bite of orbitai periosteum, the needle is then passed 
through the original incision dorsally to the prolapsed gland to emerge from the gland at its most prominent point of 
prolapse. (c) 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 always be checked if a conjunctival foreign body is 
Lacerations most commonly occur asthe result-of acat suspected. Signs of the presence of a foreign body 
scratch injury. The underlying globe should always be include blepharospasm, conjunctivitis, and excessive 
carefully examinedfor injury: Full thickness lacerations lacrimation which is followed by a profuse mucopuru- 
or avulsion injuries usually require suturing, and care lent ocular discharge within hours. 
should be taken to reconstruct the free border, while 
ensuring that the sutures do not abrade the cornea. Neoplasia of the third eyelid 
Lacerations just involving the conjunctiva of the third Neoplasia of the third eyelid is uncommon; it has 
eyelid do not usually require suturing as, like other recently been reviewed by Ward (1999). Reported 
conjunctival injuries, they heal rapidly. tumours include adenomas and adenocarcinomas of 

the third eyelid gland, and squamous cell carcinomas 
Foreign bodies behind the third eyelid and haernangiomas of the third eyelid conjunctiva. 
Foreign bodies, such as grassseeds, sometimes lodge Adenomas and adenocarcinomas may invade the ad- 
between the third eyelid and the globe. This site should jacent orbit and cause signs of a space-occupying 
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lesion (Figure5.48). Surgical removal ofthethird 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 identifled and treated whenever 
possible. 

thedog. Occasionally, ankylbblepharon 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 isa range 
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 
keratopathylkeratitis. Additionally, facial hair may be 
directed onto the cornea (trichiasis), leading to an 
exacerbation of the keratopathylkeratitis. 

of the lateral 
poltion of the 
upper eyelid 

~nglish Springer Spaniel. Note the lateral displacement of 
the globe. 

The extent of corneal coverage during bilnking 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. 

Figure 5.49 Causes of third eyelid protrusion in dogs 
and cats 

Conditions of the eyelids of cats 

Ankyloblepharon 
The eyelids of k~ttens 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 

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 
requiredto 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 cornealhan the lowereyelid); and 
hairs from the new eyelid grow in the direction of the 
corneaand may result in trichiasis. A morecomplicated 
two-srage procedure was aevelopea for reconsrruct'on 
of the Jpper lid in humans by Mustarae (1980) (Fig~re 
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Figure 5.51 Trie ri!pe r ol a co oooma of ~ r e  r gnr "pptr e,c o .s nq a [no sragec M-srau; lecrn'q-e (a, I ne 
e,e c nas a coooulr a1o.s ae'eci a%?cl ng !lie aIcra lnree-q-allcrs ol 11 e efc c, eao ng to expos..rc 6era:opaln) <era1 i s 
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. (c) A full-thickness portion of lower eyelid is fashioned and left attached to the 
remaining lower eyelid mediaily. 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 
eveiid. its connection to the medial remainina lower evelid is sectioned and the lower lid comoletelv swuno into oosition in . . 
rnc &uer o oclec!. Tl~e eogcs ol 11 t rema I ng celecl n lne .pper eye a rr -s oc lresr in,?o lo rece ,c lne rrarisposca 
I. -1n ciness ,,e n i n s  ea.as a arqe I.. -In cnness ueiecr r ire ,>.her c)e a ej ine 0.w FYC c oefect s c osea 0, 
using a cheek rotation flap and lining Tt with mobilized remaining conjunctiva and an oral rnucosal graft 

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 techniques. 

Dermoid 
Dermoids are occasionally encountered in cats. They 
show a familial tendency in the Birman (Hendy-lbbs, 
1985). When theeyelidsare involved, asimple 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 I 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. Treatmentto breakdown 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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Figure 5.53 This cat was involved in a house fire. 
(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 Demodexcati 
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 blepharit~s 1s 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. 

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 sunlight is a contribu- 
tory factor. It is most common in whitecats. 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. 

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 forthe 
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 acommon occurrence 
in the cat. The causes arelisted 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 

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 tearfilm distribution; defec- 
t ve spreaoing of the tear fi m is S~mmar'zed oriefly n 
tnis chapter, ana f~ f l he r  aelails 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 to 
the back of the upper and lower eyelids, both surfaces 
of the third eyelid, into thefornices and on to the globe. 
It includes the conjunctival, limbal and corneal epithe- 
lium. The close relationship of the tear film with the 
cornea and conjunctiva means that it is intimately 
concerned with both of these tissues in health and 
disease. It is, therefore, important to evaluate the tear 
film whenever there is ocular surface disease. 

The excretory component consists of the upper and 
lower punctaand their respectivecanaliculi, which join 
at the rudimentary lacrimal sac and continue as the 
nasolacrimal duct. 

Anatomy and physiology 

The pre-ocular tear film 
The pre-ocular tear film ('tear film' or ptf) covers 
the corneal and conjunctival epithelium. The tear film 
consistsof an outeroily (lipid) layer; a middle aqueous 
layer and an inner mucin layer however, this classic 
trilaminar description oversimplifies what is a com- 
plex integrated structure (Figure 6.2). Normal canine 
ptf 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 oi ly 1ayer:This is largely supplied by the modified 
~ebacebus~lands known asmeibomian ortarsal glands 
(seeChapter5).Theopenings oftheglandsareclearly 
visible just anterior to the mucocutaneous junction on 
the eyelid margin, and the glandsthemselves are often 
visiblethrough thesemitransparent palpebralconjunc- 
tiva. The functions of this tear film component include 
reducing evaporative loss, enhancing tearfilm stability 
and providing an oily barrier at the eyelid margin. 

Upper canaliculus 
fornix 

Nasal ostium Nasolacrimal duct Lower canaliculus 

Figure 6.1 
Components of 
the canine 
lacrimal svstem. 
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Figure 6.2 Dlagrarnmatlc representatlon of the 
pre-ocular tear fllm 

Theaqueius1ayer:~his 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 
nictitansgland 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). 

Thefunctionsof the aqueous portion ofthe tear film 
include corneal lubrication, nutrition and protection. In 
tear-deficientdry eye, it is theaqueous component that 
is most commonly inadequate. 

Themucin 1ayer:This portion is less well understood; 
separate goblet cell (secretive) and glycocalyx (mem- 
brane-bound) pathways have been demonstrated in 
thedog (Hicks etal., 1997). Thetransmembranemucin 
derived from surface epithel~al cells probably has a 
crucial role to play in maintaining the st~ctural  integrity 
of the tear film. 

Distribution 
Normal blinkingand third eyelid movement help 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 
punctaare 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 
dlstanceand then head mediallythrough theperiorb~ta, 
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 with~n the lacrlmal 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 lacr~mal canal of the 
lacrimal boneand max~llaandthen, nolongercovered 
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 rostra1 opening is known as the nasal 
ostlum or nasal punctum, and cannot be visualized 
without a speculum or f~breoptic light source. The 
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diameter of the nasolacrimal duct is at its smallest 
within the lacrimal canal immediately distal to the 
lacrimal sac. In approximately 50% of dogs there is 
communication with the nasal cavity viaan 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 nasolacrimal duct is longer and narrower in 
non-brachycephalic (dolichocephalic and meso- 

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 thataspiration cytology 
is often difficult to interpret, and, therefore, not as 
accurate as histopathology. 

cephalic) bieedsofdog: lncontrasi, tne oracnycepna ic ~~~~~~i~~ surface damage 
breeds have a snorter, woer and more tortuous naso- 
lacrimal duct, and the location of the nasal ostium is Fluorescein 
more variable. Asingledropof sterilesaline is placedonafluorescein- 

impregnated paperstrip which is then applied lightly to 
Tear drainage' Tear drainage mechanisms have the dorsal palpebral conjunctiva. Alternatively, asingle 
been fully investigated in the dog and cat' dropoffluoresceincanbeappliedtotheocularsurface. 
accounts being extrapolated from human studies. The The ocularsurface is best viewed with aslit lamp using 
action of blinking propels tears medially into the lac- the standard blue exciter filter. 
rimal lake. which is the collection of tears at the medial 
canthus, situated between the nictitating membrane 
and the lower palpebral conjunctiva. During 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 prevents 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 lateral wall. The subsequent 
generation of a negative pressure draws tears into the 
lacrimal sacfromthe canaliculi. Thus, the canaliculi are 
primed for a subsequent blink. 

lnvestigation of dysfunction and 
disease 

lnvestigation of lacrimal dysfunction and ocular sur- 
face disease requires careful inspection of the external 
eye and adnexa. Particularattention should be paid to: 

The animal's conformation . The presence, position and size of the lacrimal 
puncta 
The position of normal and extraneous hairs . The nature and position of any ocular 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 thatthethird eyelid is present andthat 
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), 
butthecategories are not mutually exclusive. Drainage 
problems are also common, and may be develop- 
mental or acquired. 

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 I teartest (seechapter la).  There are signifi- 
cant differences between the values obtained in the 
unanaesthetized eye (Schirmer I) and the anaesthe- 
tized eye (Schirmer 11). In the majority of normal adult 
dogs and cats, a reading of 20 rt. 5 mmlmin is obtained. 
The range is large: in one canine study the values 
ranged from 13.3-27.2 mmlmin (Wyman etal, 1995). 
Inanotherstudy intheadultcat(Br0wn etal., 1997), the 
range was 12.5-31.0 mmlmin. Readings of less than 
10 mmlmin 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 S T  and is 
better tolerated by the patient. It has been evaluated in 
both the dog (Brown eta/., 1996) and cat (Brown etal, 
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 20-41 mm115 s. In 10 dogs of mean age 6.81 years, 
the mean length of absorption was 32.9 k4.89 mmll5 s 
without topical anaesthesia, and 30.6 * 7.62 mm115 s 
after topical anaesthesia. In a study of 28 normal adult 
cats (Brown etal., 1997), the mean length of absorption 
for the PRT test without anaesthesia was 23.04 f 
2.23 mm per 15 seconds, with a range of 18.528.0 
mml15 s. After topical anaesthesia, it was 23.89 f 2.17 
mml15 sec, with a range of 18.5-28.0 mm115 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. 
It is 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 eta/., 1987). Values of < lo  s 
are indicative of tear film instability. 

Testing tear drainage 
Dysfunction oftheexcretorycomponentofthe 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. 

b. a . ml Figure 6.4 
; ~ilateral epiphora 
.4 in a Miniature 
., . '1  Poodle. The tear 

unsighGy in light- 
coated dogs. 

I. ' I 

Direct examination 
The presence, size and position of the upper and lower 
lacrimal punctashould 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 kinkslightlywhenthe eyelid is manipulated. Exami- 
nation of the lacrimal puncta is facilitated by both 
magnification and illumination with either a slit-lamp 
biomicroscope, adirect ophthalmoscope, an examina- 
tion loupe and transilluminator, oran 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- 
Donent of the nasolacrimal svstem is oatent. Some- 
iimes the caudal drainage of ;ears can be determined 
by the observation of fluorescein in the oropharynx or 
on the tongue. 

Figure 6.5 Normal passage of fluorescein, which 
aooeared at the iosilateral nostril within 30 seconds of 
iPblication to thiconjunctival sac 
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Fibreoptic illumination Gentle sustained pressure should be all that is 
Bright illumination from a narrow fibreoptic light required to lrrigate the lacrimal drainage apparatus. If 
source cannulating the proximal part of the drainage resistance is met, then the cannula should be reposi- 
svstem is a useful device in the investiaation of tioned before assumina the oresence of an obstruction. 
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 atest of the anatomical patency of the 
nasolacrimal system. In many dogs it is possible to 
perform it undertopical anaesthesia, but general anaes- 
thesia should always be used in small dogs and cats to 
avoid causing inadvertent damage. When performed 
under qeneral anaesthesia, the head should be tilted 
downwards and the pharynx packed with moistened 
gauze bandage or swabs, to prevent aspiration. Differ- 
enttypesof metal and plasticcannulaeareavailable, 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 

Fihr.- .,.. ,,,iaatioi, ,, .,a nasolacrimal drainaae svstem - - .  
A m srer e narer L a lne .pper puncl..rrl r. a corlsc 'JS 
ncn-scnalco aog ioic inc na?r dV,pp ng from lne nose 
A lacrimal-cannula has been passed into the upper 
ounctum and canaliculus after aoolvina a droo of local , , ,  - 

( ~ i ~ u r e  6.6). ~ i s ~ o s a b l e  plasticcannulae are also avail- anaesthetic to the upper punctum. 
able (Figure 6.6). Plastic lacrimal cannulae can be 
rendered more rigid by cutting them shorter, but the It is better to use a urinary catheter rather than a 
sharp-edged tip should be blunted by flaming prior to cannula if the whole of the excretory component of the 
use. 60th plastic and metal cannulae should be used lacrimal system is to be explored, albeit indirectly. The 
with care to avoid damaging the puncta and canaliculi. upper Punctum is the entry Point of choice: 

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 sterilesalineorsterile water (Figure6.7). 

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. 

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. 

Lesscommonly, the system iscatheterized in retro- 
wade 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 tecnniq~e (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% wlv) is injected, after occluding the 
lower punctum by applying tissue 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 isoftenobscured bytherapid 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 eyelidlglobe 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 
3. Perform a detailed examination, with magnification, of all 

three eyelids and the ocular surface 
4. Perform a Schirmer I tear test 
5. Perform a phenol red thread test 
6. Perform a lluorescein break-up test (FBUT) 
7. Apply rose bengal 

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 
mayaffectthenumberanddistributionofthe meibomian 
glands. Both qualitative and quantitative alterations in 
meibomian gland secretion may be of significance. 

Acquired lipidabnormalitiesinvolvingthe 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) orinfected. 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. 

~eiriever with erythema rnultiforme. 

Surgical techniques that remove the meibomian 
glands, for example, partial tarsal plate excision as a 
treatment for distichiasis, may be complicated subse- 
quently 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). 

Figure 6.10 L ,-.-. ...... -. .- .- 
keratitis in a Pekingese. Distichiasis had been treated by 
partial tarsal plate excision. The tear fiim 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 
withcolobomatouseyelid defects, andthe numberand 
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, orthe 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 
clinicalappearance; testsof increasedevaporative loss, 
such as tear film .break-up time, may be suggestive. 
Careful observation of blinking and examination of the 
eyelids is essential, particularly the numberand distribu- 
tion of the openings of the meibomian glands at the 
eyelid margin, and the glands themselves, beneath the 
eyelid. Thetearfilm break-uptime may be decreased. In 
severe meibomlan gland disease there may be kerato- 
conjunctivitis, with or without punctate epitheliopathy. 

Treatment: Local meibomianitiscan betreated 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 present for long and involvement is 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 appropriatetherapeuticagents. 
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. 

Figure -. . . .. . .. ..... .. .v-.-.-.. toconUncl I I s s cca 
IXCS. II a Wesl h.un ano Wn te Tarr er Tnero s an 
extensive ocular diicharge and the cornea has a dull and 
~cklustre appearance. 
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Figure 6.12 Ac-re KCS and .Iceral ve kerar I s (from 
Nnlcn Pse~oomonas aerbgmosa was cu [,red) Tne oug 
a .acn R~ssel Terr er naa s4flereo rrlL I u e n -re5 .n a 
road traffic accident, including urethral rupture, and was 
uraemic and severely dehydrated on presentation. 

the~ul~honamide salazopyrln 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 eta/.; 1991). 

A number of sedatives and general anaesthetics 
will produce transient reductions in tear production; 
some combinations, e.g. qlazine and butorphanol 
(Dodam et a/., 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 
futuremanagementof KCS underthesecircumstances. 
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Keratoconjunctivitis sicca 
KCS is primarily a result of aqueous deficiency, butthe 
problem is chronically exacerbated by abnormalities of 
mucin production. Certain breeds appearto be particu- 
larly at risk of developing KCS; these include the 
English Bulldog, West Highland WhiteTerrier, Cavalier 
King Charles Spaniel, Lhasa Apso and Shih Tsu. 

Clinica1signs:The appearance is variable: disruption 
of the corneal reflex, a lacklustre appearance of the 
cornea, superficial keratitis and diffuse conjunctivitis 
are common. Pain, blepharospasm and sometimes 
corneal ulceration are more likely in acute-onset KCS. 
Chronic KCS, 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 butthis 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 frequently 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 I 
tear test (STT I) is employed routinely (see Chapter l a  
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 replacementtherapy will be effective as treat- 
ment for KCS in hypothyroid animals, sulphonamide- 
induced KCS is rarely completely reversible. Asclinical 
signs of KCS have been reported within 30 days of 
starting sulphonamide therapy in susceptible dogs 
(Diehl and Roberts, 1991), systemic use of sulphon- 
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 avariety of 
drug combinations after, most importantly, cleaning 
the eyescarefully with tepid boiled waterto remove the 
tenacious discharge. Drugs used include lacrimo- 
stimulants, lacrimomimetics, mucolytics, antibioticsand 
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, it is 
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. 

- Pilocarpine 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. 

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 acetylcysteine 
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 sodium phosphate, dexamethasone 
with hypromellose, and fluorometholone 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. 

Surgicalmanagement: If the loss of tear production 
is absolute and permanent, if the owners cannot 
manage medical therapy or if theclinical 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 theowners, 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 saiiva (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- 
tributoryfactor in post-pdt blepharitis (Petersen-Jones, 
1997). The immunological composition of tears and 
parotid saliva differs, in that tears are richest in IgA, 
followed by IqG, and IgM is absent, whereas parotid 
saliva is richest in l g~ , the re  is less IgG than in tears, 
and IgM is present (Jimenez eta/., 1992). 

It is worth being particularly cautious in advising 
surgery forverygreedy dogs, and it isalwayssensible 
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. 

r. - . A,. . , , . . , 

Figure 6.14 Anccarance ol toe d,,? n a Acsi r I gtl dt'o 
An lc rerr er ! . c  ,cars aicr p3roi u u.ci llanrprs 1 or 

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 

inflammation may also beacauseof mucinabnormal- 
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. 

Clinica1signs: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 in the normal dog, but, in mucin-deficient animals, 
the tear film usually breaks up in less than 5 seconds 
(Moore, 1990). Conjunctiva[ 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 1s the topical 
application of mucinomimetics or mucin replacers (e.g. 
polyvinyl alcohol or polyacrylic ac~d).  Top~cal 
corticosteroids are also indicated in those cases in 
whlch there is marked mononuclear cell infiltration, 
prov~ded 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). Thereare agreat number 
of possible reasons for defective tear film distribution, 
including poorcongruity betweenthe eyelidsand 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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Figure 6.16 Causes of defect~ve tear film dlstr~but~on 
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 dccurs 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 result in an imperforate 
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- 
turn, or both, and may be unilateral or bilateral. The 
lower punctum is more commonly affectedthan the 
upper punctum. In unilateral cases, the other eyemay 
be normal or have some other developmental defect, 
such as micro~unctum. 

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 presenceof a thin translucent sheet of 
mucous membrane overlying the canaliculus. Other 
indications of its position include a small depression 
in theconjunctivaoverlying thecanaliculus, orasmall 
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 necessaryto demonstrate 
the degree of aplasia of the associated canaliculus 
(see below). 

Figure 6.17 Aosence of ower acr me p-ticl-r~ r l  a 
T uelarl Mas! If  Tne aog nao I rsr p,esenlea win pan css 
ep~phora, tear drainage was not investigated and lower 
evel~d entroDlon suraerv was ~erformed in error " ,  
oioa-c ng bncr eyc a ecrro$on i q c  oner p..nc:-m Nas 
rccrcaleo -s ng a one-snip tecnn qLa ano a 0-s~~orreri nq 
procedure restored normal eyel~d 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 orstenosis 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 Retrim=, 
with lower lacrimal punctal aplasia. The upper punctum 
and canaliculus have been cannulated. In (a) there is no 
sion of a lower ounctum, but iniection of sterile saline via 
~ ~, 
Ine ..pper p-I c u r  nas ra sco a rrans enr u SIU nne,e tho 
u..ncl..m sno.. o oe A orle-so 3 tecnn q.c nas oeeli .seu 
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 obse~ation 
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. 

~reatment'Micropuncta can be enlarged using a 
punctum/ca~aliculus dilator (e.g. Nettleship), or 
using one bf two. surgical techniques. The first 
technique involves inserting one blade of afine 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 signsof 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 amalleable lacrimal probe, pigtail probe, 
or a fibreoptic light source may be inserted via the 
normal punctum, to gain some ideaof 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 probeor pigtail 
probe if the instrument can be aligned close to the 
normal punctal position, in order tocreate a communi- 
cating canaliculus andpunctum. 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 beconsidered; 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 typeof invasive 
surgery is not without riskof complications andmay not 
be justifiable if the problem Is only cosmetic. 

Epiphora in the miniature breeds . . 

Epiphora with obvious tear staining is a comibn prob- 
lem in some of the smaller breeds (Figures 6.4 and 
6.19), especially in the, Bichon Frise, 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 isvariable, 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 someaffected indlvidualsrnay 

Fiuure 6.19 Eul~hora demonstrated wlth topical 
l~..orescer, ho I ,'orescc~n appeareo 31 ltle nosrr I al!er 
app cat on of one 310;) 10 I I I ~  onel cot- L ~ C :  .a# S ~ C  
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have higherthan average Schirmer I teartest readings 
and that nictitans gland hypertrophy may be present in 
some dogs with this problem (Read etal., 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 be 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: 

A shallow orbit with a prominent globe 
Close apposition of the eyelids to the globe, 
resulting in a shallow lacrimal lake and close 
apposition of the lower lacrimal punctum to the 
prominent cornea, thereby effectively occluding 
it. Tears tend to be squeezed on to the face on 
eyelid closure, due to the shallow lacrimal lake 
Medial lower eyelid entropion, causing ventral 
displacement and functional closure of the lower 
lacrimal punctum and canaliculus, 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:This is not always necessary if the 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 to correct the entropion, 
carunculartrichiasis and tight medial canthal ligaments 
(see Chapter5). Surgery to realign the misplaced lower 
punctum may also be necessary (Grahn, 1999). 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. Treatment 
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 wasdue to partialobstruction 
of the lower canaliculus by the cyst, and patency of 
thecanaliculus 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 
presume0 to be of deve opmental o r ~ g n  nave oeen 
reported (Wnte el a/,  1984: Grann an0 Mason. 1995). 

Canine nasolacrimal system - 
acquired conditions 

Traumatic damage 
Eyelid surgery in the canalicular region may result in 
iatrogenic damage and it is always sensible to 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 oedemaand 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 becannulatedviaits punctum, eitherdirectly, 
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 distaipo&on enablethedamaged canal icukto be 
identifiedandcannulated withsilastictubing (Loff eta/., 
1996). Followino microsuroical re~a i r  of the damaoed ~ ~ " " 
tissues, the eyeLtreatedwithtopiAal antibioticsolution 
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 neoplasia are possible causes. 

External factors are: 

Eyelid 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 eta/., 1972). 
Chronic inflammatory nasal conditions can 
bring about secondary inflammatwy 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 a/., 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 
fechniques, including plain radiographs, will aid 
diagnosis. 

Internal factors are: 

- 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 partof the foreign body may bevisibleextruding 
'from the lacrimal punctum. Later, it becomes hidden 
as it migratesvia 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 
bodiesthatareidentified withinthecanaliculus.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 
patient is given a 5-7 day course of a topical antibiotic 
and corticosteroid solution. 

The lacrimal systenl I I r 

Figure6.20 Foreign body in the upper punctum.,The 
dog had an acute onset of pain, blepharospasm and 
lacrimation initially. A mucopurulent discharge soon 
develooed (al and the owner noticed within a week that 
mert nas itcrm !.en. b eeo r g  from ine corncr if me eye 
,o, Tne prif-se r r ~ ~ ? o o ~ r .  cnr o sclarge lids >ten 
cleaned awav and a orass seed IS lust vts~ble In the uuper - 
p4nc:4,rl Tt~e rlerm lrcnr o eeony M ~ S  lne res.. r of 
rna.?rai ca lr3-ma to .I t :anal c . ..s 

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 6.2lc), or, less 
commonly, 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 
isapplied to inflammation of the whole of the excretory 
system. Acute antichronic forms exist and are usually 
accompanied by-inflammation of the canaliculi and 
nasolacrimal duct. Most c&es result from the pres- 
enceof aforeign body within the drainagesystem, 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 foreian bodv was inadveitentlv flushed down the < 

IIG?J ac"~ a 0.c: sr,u uuyeu n ine n1raossco.i 3orr s? 
of .I? -2s:a.r nia o . . ~  I?cpc;.lco r i  ga'cn fa  ec :o 
restore uatancv of the duct, and the d6a was referred to a 

portion of the nasolacrimal duct (arrowed). (c) Patencv 
nas resiorco r.nl rcta I t u  o, catlo.. 21 1.6 !tie ant (2 
s,sicn- A IIU a 'e ne .r nar, c3ircier :le acnorrla 
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 eta/., 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 primaryconjunc- 
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 thischapter, thick purulent material 
is seen emerging from the other punctum, followed by 
material emergingfromthenostril. 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. Inacutedacryocystitis, repeated dailyflushing 
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 preventsflushing, or if thedegree 
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 orwithoutfistulaformation, is besttreated 
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 catheterto irrigate 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 nasolac- 
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 obstruction. Surgical 
exploration of the lacrimal sac via dacryocystotomy 
has been successful in treating recurrent dacryo- 
cystitis associated with retained foreign bodies (Laing 
eta/., 1988). 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 cysts 
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 
a/., (1996). It is, however, not uncommon fortumours 
in neighbouring tissues (e.g. nose and sinuses) to 
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 Martin eta/. (1987). 

Feline lacrimal apparatus - 
anatomical differences from the dog 

The tear film is a trilaminar complex of lipid, aqueous 
and mucin (Carrington eta/., 1987). The excretory 
component differs slightly from that of the dog: 
the nasolacrimal 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 theventral nasal 
concha (maxilloturbinate). Tear drainage into 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 dacryoadenitis 
(Peiffer, 1981). 

Feline lacrimal apparatus - 
secretorv ~roblems 

The wet eye 
The causes are similar to those described for the dog 
and, additionally, there is asingle 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 
involvement of the meibomian glands and lipogranu- 
loma formation. The quality and quantity of the ptf 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 acause of corneal irritation 
and even ulceration. 

Diagnosis: Diagnosis is based on the clinical appear- 
ance of the eyelid marginsand the inner aspects of the 
eyelids. Possible eyelid changes include swelling, pig- 
ment loss, prominence ofthe meibomian gland orifices 
and of the glands themselves. 

Treatment:Treatment ofthese 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 tothe facial nerve 
associated with techniques such as bulla osteotomy 
(where the effects are often temporary); and systemic 
disorders, such as dysautonomia. Lacrimotoxicagents, 
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 
production 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 changesand lessof 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 Chapter8) and can beextensive. 

Diagnosis: Diagnosis is based on the history, clinical 
appearance and on Schirmer tear testing. Confirma- 
tion of feline herpesvirus infection should beattempted, 
because it is a common underlying cause. Pharmaco- 
logical testing (Guildford etal., 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 most commonly 
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. 

Parotid ducttransposition is r e s e ~ e d f ~ r t h ~ s e  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 
that it may form atrapforthe unwary(Gwin etal., 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- 
spreadeffectson organsinnervated by parasympathetic 
nerves. KCS may be one of the presenting signs, 
although other ocularfeatures, such as prominentthird 
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% wlw 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- 
bra1 conjunctival biopsies revealed a marked decrease 
or complete absence of goblet cells, conjunctival epi- 
thelial dysplasia, squamous metaplasia and sub- 
mucosal infiltration with polymorphonuclearleucocytes 
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 
~roblems 

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 arefewertearfilm 
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 
numberof anatomical problems combine tocomplicate 
the presentation: there is a poorly defined orbit, promi- 
nent globe, shallow lacrimal lake, misalignment or 
maldevelopmentof 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. 

thi;d 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 
aroblems 

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 beassessed, somewhat imperfectly 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 1s 
usually the lower punctum which is imperforate or 
hypoplastic (micropunctum). 

ClinTcalfeatures:Epiphorais thecommonestclinical 
manifestation, although in chronic cases there may 
be a mucoid, oreven mucopurulent, ocular discharge. 
The Persian is the breed most commonlv 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 
wlth bilateral absence of the lower punctum and 
canaliculus, and associated ep~phora 

with mild bilateral epiphora. The upper 
punctum was absent in both eyes. A depression is 
apparent where the punctum should be. 

. . 
t.ie rlgnt c,c DC ng sl.gnl\ more aHecleo viar ine ek. r i  
acul or lo tne cnaracter st c fcar..res ol I'crs ar araromj 
this cat had upper punctal aplasla on the right slde. 

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 thatthe upper 
or lower punctum is absent, theother 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 appiied 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, IkiiMmal cannula or pigtail 
probe via the normal punctum, canaliculus and lac- 
rimal sac to the affected area.The conjunctiva overthe 
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 beaconsequenceof: active orprevious 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). 

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 drainagesystem can also bedamaged 
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 adraining 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 
ocularorperioculardischarge may be present in 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. 

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 investigation is required toestablish 
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 amorefloridoculardischarge is present, usually 
when dacryocystitis complicates the presentation. 

In differentiating the causesof epiphora, it is impor- 
tant to rule out other causes, such as blepharitis, 
blepharoconjunctivitis and the idiopathicfacial 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; neopiasia and, rarely, inflam- 
matory and neoplastic diseases of the sinuses. 

Figure 6.28 Dornesl c jrortna r cal A :I eh-sueo 
uacr,r,,jl I j i? a comp ~31011  of c1113n c rn r 1 s 
Investigation demonstrated that there was communication 
between the left nasolacrimal duct and nasal cavitv and ~ ~ 

3 so 3elneefi 1t1e r 2n1 ;.no elr nasa -a. I es res- I nc 
lrom crmn c aesr.-cl .e cndngss ,?ssac area t% In r t i  r, I s 
Initial culture had revealed Bacteroides sp.: later culture 
demonstrated anaerobic Gram-negative cocci. On the 
bass 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 beeasy; initially, it issensible 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. 
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The conjunctiva 

Sheila Crispin 

Embryology, anatomy and 
physiology 

Theconjunctivaisderivedembryologicallyfromectoderm 
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 palpebral conjunctiva covers the posterior 
surface of the upper and lower eyelids. The palpebral 
conjunctivaterminatesatthe lid margin and is reflected at 
thedorsal andventralfornices, tocontinueon totheglobe 
as the bulbar 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. 

Figure 7.1 Anatomy of the conjunctiva. 

The pre-oculartear film (see Chapter 6) covers the 
epithelium of boththeconjunctivaand 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 layerconsists mainly of connective 
tissue, nerves and blood vessels. 

Theconjunctiva has a rich vascularsupply.The bright 
red, freely branching blood vessels are obvious in non- 
pigmentedareas. Incornealdisease, endothelial budding 
may occur from the terminal arcades of the conjunctival 
vesselsatthe limbus, withconsequentsuperficial corneal 
vascularization. The only lymphaticdrainageoftheeye is 
situated in the coniunctiva. Pain fibres are somewhat 
sparse, and !he sensory nerve s~pply to tne con;unc!:va 
s from tne ophthalm~c division of !he f~fth crania nave. 

Pathology 

The conjunctiva is freely mobile, except in areas of closer 
attachment at the limbus, the fornices and towards, and 
including, the lid margins. Because of the loose arrange- 
ment, conjunctival oedema (chemosis) and subconjunc- 
tival haemorrhage form readily after insult. 

Acute conjunctivitis 
Oedema, hyperaemia and cellular 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 
In chronic conjunctivitis there may be an increase in the 
numberof epithelialgobletcells. Reduction in thenumber 
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 beunilateralorbilateral, althoughthe 
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 superficial conjunctivectomy 
and also by keratectomy if there is corneal involve- 
ment (Figure 7.3). A bridle suture is passed through 
the dermoid to make manipulation easier. The initial 
incision is made in normal tissue on the corneal side 
of the mass and the mass is undermined and dis- 
sectedoff. Nosuturing is required.Topicalapplication 
of surface-active corticosteroids may be necessary to 
minimize scarring once epithelium has covered the 
defect. The canthotomy is repaired with absorbable 
(e.g. 5-0 or6-0 polyglactin 910) ornon-absorbable(e.g. 
5-0 or 6-0 silk) material. 

Figure 7.3 Removal of an epibulbar dermoid. A bridle 
suture through the dermoid makes the surgery easier. 
Note that a lateral canthotomy has been performed to 
improve access. 

Canine conjunctivitis 
Inflammation of the conjunct~va (conjunctivitis) is one 
of the most common cond~tions encountered in small 
animal practice; however, it is important to differentiate 
con1unctivitis from other problems of similar appear- 
ance (see Appendix) and to establish the cause of the 
inflammation, so that treatment can be both economi- 
cal and effective. 

Con~unctivitis can occur in animals of any age. 
Can neneonata conj~ncl vlis (ophlhalmia neonator- 
um) isoescribed in Chapter 5and will no1 be d~scussed 
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Reports of the conjunctival bacterial flora isolated 
from clinically normal dogs, dogs with external eye 
disease and dogs with keratoconjunctivitis sicca have 
been reviewed (Whitley, 2000). Staphylococcus spp. 
emerged as the commonest isolate in all three situa- 
tions, particularly S. intermedius and S. epiderrnidis. 

History 
An accurate history is required and should seek to 
establish: 

- The vaccination status, and recent contact with 
other dogs - Whether the inflammation is unilateral or bilateral 
Whether other dogs are affected - Whether there is any apparent environmental or 
seasonal incidence - Whether there have been similar episodes in 
the past 
The dog's general health 
Any treatment the dog has received. 

Clinical signs 
The clinical signs of conjunctivitis are typical. The 
condition is usually uncomfortable or irritating, rather 
than obviously painful. 

In acute cases there is an active hyperaemia, 
which is often more marked towards the fornices, 
conjunctival chemosis (oedema) and lacrimation-or 
an ocular discharge (Figure 7.4). The nature of the 
discharge is variable; for example, it may be serous, 
mucoid, mucopurulent, purulentorhaemorrhagic. It is 
worth noting that a mild mucoid ocular discharge may 
persist for some time after the other acute signs have 
resolved. An ocular discharge with no other clinical. 
signs does not constitute a reason for treatmbnt. 
Furthermore, mucus accumulation at the medial 
canthus is an almost universal 'normal' feature of 
certain breeds of long-nosed dogs, such as  the^ 
Dobermann (Figure7.5) and Rough Collie, and should 
not be confused with conjunctivitis. 

Figur 
hvieraemla of the conlunctlva vesseis. chemos~s and an 
ocular discharge. andihe ey& uncomfortable. The 
aetiology was not established, despite intensive 
investiaations, and no treatment was qiven. The clinical 
signs c? conjunctivitis resolved completely in a week, 
except for a mild ocular discharge which persisted for 
about 3 weeks. further in this section. 
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Figure 7.5 Dobermann with mucus accurnuiation at the 
medial canthus This is a feature of breeds wlth a deep-set 
med~al canthus. 

Follicle formation is an indication of non-specific 
immune stimulation and is more likely to be found in 
chronicconjunctivitis(Figure7.6). Othersignsofchronic 
conjunctivitis include thickening of the conjunctiva and 
an associated dull redness. While many cases of 
conjunctivitis are self-limiting, a small proportion per- 
sist, particularly when the treatment is incorrect. The 
changes within the conjunctiva can become irrevers- 
ible, so that treatment is ineffective. 

Figure 7.6 
Chronic canine 

mjunctivitis. 
Jte the 
~vious 
nphoid 

, ,jperplasia 
(foilicular 
conjunctivitis). 

Aetiology 
Conjunctivitis is unsatisfactorily classified unless the 
aetiology can be determined; it is better to avoid 
classifications based on duration and appearance. 

Primary conjunctivitis: 

Infectious agents include viruses (most notably 
distemper), which typically produce bilateral 
involvement. Bacterial conjunct~vitis is usually 
secondary to other underlying dysfunction, such 
as poor eyelid anatomy or dry eye syndromes 
(see below) 
lrrltants such as chemicals, dust and wind may 
cause conjunctivitis, as may some topically 
applied drugs or home remedies, especially if 
applied for long periods 

Allergic conjunctivitis is common and may be 
associated with immediate or delayed 
hypersensitivity reactions. It is usually bilateral. 
Allergic conjunctivitis is often a feature of the type 
1 hypersensitivity that characterizes atopy 
Autoimmune conjunctivitis is less common. It 
occurs when the conjunctiva of both eyes is 
involved in the bullous or interface autoimmune 
skin diseases, such as the pemphigus and 
pemphigoid group of disorders 
Ligneous conjunctivitis is a rare disorder of 
unknown cause (Figure 7.7). The Dobermann 
appears to be more susceptible than other 
breeds (Ramsey eta/., 1996). The conjunctival 
lesion consists of a bilateral membranous or 
pseudomembranous conjunctivitis and is 
invariably part of a multisystemic disease, with 
similar changes in the oral mucosa or urinary 
tract mucosa, or upper respiratory tract infection. 
In humans, ligneous conjunctivitis is sometimes 
due to plasminogen gene mutations. 

a crossbred /I doa with 

I 
rn~tisystemic 
disease. 

Secondaryconjunctivitis:This may be associated with: 

Bacterial overgrowth (predominantly 
staphylococci and streptococci). Chlamydia spp. 
are unproven as a cause of canine conjunctivitis 
in the UK 
Mechanical irritation from eyelid problems (e.g. 
agenesis, blepharitis, ectropion, entropion, other 
types of imperfect anatomy and neoplasia) or 
from lash and hair abnormalities (e.g. trichiasis, 
distichiasis, ectopic cilia, hairs from epibulbar 
dermoids, dermal hairs from nasal folds) 
Pre-ocular tear film problems 
Dacryocystitis 
Orbital and periorbital problems. 

It is important to identify and treat the primary 
problem in order to ensure resolution of the secondary 
conjunctivitis. For example, in ectropion the ventral 
conjunctiva is permanently exposed to the environ- 
ment and debris tends tocollect in theventral conjunc- 
tival sac; this is only rectified when normal eyelid 
congruity is achieved after surgery. 
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Diagnosis 

Assessment of the pre-ocular tear film and a 
Schirmer I tear test should be a routine part of 
the investigation of conjunctivitis, as 
keratoconjunctivitis sicca (dry eye) is frequently 
misdiagnosed as conjunctivitis - Samples for cytology are easy to obtain at the 
initial consultation (Bauer eta/., 1996; Willis et 
a/., 1997) and may help to differentiate bacterial, 
viral and allergic conjunctivitis 
Bacterial culture and sensitivity testing are less 
essential initially, but should always be . . 

performed in cases of conjunctivitis that persist 
for more than 10-14 days, ideally at least 48 
hours after antibiotic treatment has been stopped 
Conjunctival biopsy can be of value in 
establishing the extent of any conjunctival 
changes and in enabling a specific diagnosis of 
immune-mediated conjunctivitis. 

Investigative procedures are set out in Chapter 1. 

Treatment 
Treatment of primary conjunctivitis depends upon the 
cause.Thus, fordistemperthere Is no specific therapy, 
but supportive nursing care and treatment of second- 
ary bacterial infection may be required. 

Topical fusidic acid is the treatment of choice for 
Gram-positive infections, especially those caused by 
staphylococci. The judicious use of corticosteroids is 
alsovaluable in confirmed staphylococcal infection, as 
hypersensitivity to staphylococcal toxins exacerbates 
the condition. Topical chloramphenicol has a broad 
spectrum of activity, and it remains an excellent choice 
for superficial eye infections, although it should not be 
selected if Pseudomonas spp. are involved. Topical 
gentamicin should be used for Gram-negative infec- 
tions, including P. aeruginosa. For mixed infections, a 
combination of antibiotics, such as polymixin B with 
bacitracin, or gramicidin with polymixin B and neo- 
mycin sulphate, is appropriate. Useful topical prepara- 
tions are summarized in Chapter 3. 

Allergicconjunctivitismay be successfully treated if 
the allergen or allergens (e.g. house dust components, 
fleas, moulds andvegetation) can be identified (e.g. by 
intradermal skin testing) and then avoided. Hyposensi- 
tization may be effective in more than 50% of cases if 
undertaken early in the course of disease. Sympto- 
matic treatment (e.g. antihistamines or short courses 
of topical corticosteroids) is less satisfactory; but may 
be an option when a lergens cannot beavoideo and the 
cond t on has become chronic. Anv seconoarv infec- 
tion will require appropriate antibioiic treatment. 

Symblepharon 
Conjunctival adhesions of the palpebral, bulbar or 
nictitating conjunctiva, either to each other or to the 
cornea, may be seen as a distinct entity, or in conjunc- 
tion with other ocular defects such as microphthalmos. 
Acquired symblepharon is sometimes seenin dogs as 
an iatrogenic problem following eyelid surgery; it may 
also occur after injury, especially chemical. 
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No treatment is required unless the patient IS indis- 
posed by the symblepharon, in which case the adhe- 
sions can be freed surgically, utilizing a technique that 
prevents the adhesions from re-forming (see feline 
section of this chapter). . 
Conjunctival trauma 
The majority of conjunctival injuries are of traumatic 
origin. They present with a history of sudden onset and 
there is usually a change in the appearance of one eye 
or, rarely, both eyes. The aetioiogy is varied and 
includes lacerations from sharp objects, claw and bite 
wounds, and blunt trauma. 

Blunt trauma, usually a result of blunt injury to the 
head, is a common cause of subconjunctival haemor- 
rhage. It IS Important to remember that blunt trauma to 
the globe and orblt, or to the head region itself, can be 
very damaging to the globe. The possibility that this 
type of trauma could be non-accidental should be 
considered if there is notan obviouscause. Thedegree 
of intraocuiar damage must be carefully assessed by 
examination. Imaging techniques, such as ultrason- 
ography, are especially important when intraocular 
haemorrhage prevents complete examination. 

Clinical signs 
These include ocular discomfort, chemosis and red- 
dening. Conjunctival injuries can seal quickly, so there 
may or may not be signs of local tissue damage. 
Subconjunctival haemorrhage may be spectacular but 
can be left to resorb naturally in uncomplicated cases. 
Fresh haemorrhage is bright red (Figure 7.8). 

Figure 7.8 Extensive subcon~unct~val haernorrhage as a 
result of head trauma 

Treatment 
Full-thickness conjunctival injury is common but few 
cases require direct suturing. Healing is usually rapid 
and uncomplicated, provided that the damage is lim- 
ited to the conjunctiva and does not involve deeper 
structures. On rare occasions, minimal debridement is 
required,' perhaps combined with repair using buried 
absorbable 7-0 suture material. 

Following conjunctival.;ijury, it is usual to give 
topical antibiotic ointment for 3-5 days; this is particu- 
larly important following scratches and bites from other 
animals. If the conjunctiva is very swollen, a topical 
preparation with an oily excipient should be used, to 
prevent conjunctival desiccation. . ' ' 
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Differential diagnosis 
Haematological disorders (e.g. clotting defects, plate- 
let disorders) can underlie cases of spontaneous sub- 
conjunctival haemorrhage not associated with trauma; 
both eyes are usually affected. Sudden or sustained 
increases in venous pressure, as in crush injuries and 
asphyxia, may result in diffuse haemorrhage or pete- 
chial haemorrhage. 

Foreign bodies 
Foreign bodies are a relatively common source of 
coihjunctival injury. They frequently consist of organic 
matter such as seeds or wood. The conjunctival sac IE can accommodate surprisingly large foreign bodies. - 
Less spectacular, but usually more traumatic, are 
foreign bodies located beneath the third eyelid. Most 
foreign bodies are superficial, but on occasions they 
may penetrate more deeply. 

Clinical signs and diagnosis 
There is an acute onset of discomfort or pain, with 
chemosis and inflammation. There may also be pro- 
fuse lacrimation initially, and an ocular dischargewithin 
hours (Figures 7.9 and 7.10). The foreign body is 
usually visible once topical local anaesthetic has been 
applied and the eye and its adnexa have been exam- 
ined carefully. Occasionally, examination under gen- dfc 
era1 anaesthesia and ancillary aids, such as diagnostic 
imaging, will be needed. If the foreign body is not beyond the third eyelid margin. The foreign body was a 
identified initially, it may erode through theconjunctiva large barley awn (b). 
and migrate, usually in the orbital and paraorbital 
regions, rarely into the globe itself. Single or multiple 
discharging tracts may develop in such cases. Neoplasia 

Primary conjunctival neoplasia is unusual in dogs 

Differential diagnosis (Hendrix, 1999) buttumours may arisefrom theepithe- 

The ocular discharge associated with a conjunctival lial, vascular (Mughannam etal., 1997) or connective 

foreign body should bedifferentiatedfrom that of orbital elements (Figure 7.1 ). mast cell 

infections and inflammations (which may include tumour, basal cell tumour, adenoma, fibroma, fibro- 

orbital foreign bodies), cysts and mucocoeles. sarcoma, haemangioma, haemangiosarcoma, angio- 
keratoma and viral papilloma have all been reported. 

Treatment Squamous cell carcinoma is rare. Secondary neopla- 

Most conjunctival foreign bodies can be removed sia is also rare, but cellularinfiltration of the conjunctiva 

under direct vision, following the application of topical is a possible presentation of lymphoma (Figure 7.12) 

local anaesthetic. General anaesthesia is needed if and systemic histiocytosis. Conjunctival involvement 

surgical exploration is required. has also been reported in malignant angioendo- 
theliomatosis (Kilrain etal., 1994). 

Figure 7.9 Conjunctival foreign body in the upper 
conjunctivai fornix. The foreign body (a piece of wood)  is^ 
not visible because of the extensive chemosis. 

:- - L 

Fiaure 7.1 1 Prlmarv con~unct~val neo~lasla Thls - . . 
a l g  xtrai'niz :.I in,? 0.. oar coti :. .; nas rcrn3teo 
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T I ~ U ~ S  r .  I L  ill;ibu~~uar)/ conjunctival neoplasia: 
conjunctivai and extensive iris infiltration by lymphoma. 
The third eyelid is prominent because of orbital infiltration. 

Histopathology should be regarded as a routine 
diagnostic method forconjunct~val masses. In general, 
mast cell tumours of the conjunctiva are often benign, 
and conjunctival melanomas tend to be malignant. 

Treatment 
This is usually surgical for primary tumours, but man- 
agement should be guided by the tumour's appearance 
and rate of growth. Small, well circumscribed, benign 
tumours involving only the conjunctiva can be removed 
under topical local anaesthesia; otherwise, general 
anaesthesia is required. Surgical removal can be re- 
inforced with adjunctive therapy (e.g. cryotherapy, laser 
therapy or radiation therapy) at the time of surgery. 

Differential diagnosis 

Dermoids should be distinguishable on the basis 
of their location and hair growth 
Nodular granulomatous masses may be a feature 
of parasitic diseases, such as onchocerciasis; 
conjunctival nodules may also form, rarely, in 
fungal diseases, such as blastomycosis 
Inflammatory diseases of the episclera and sclera 
that present with nodular swellings; episcleritis 
and scleritis are discussed in Chapter 9 
Cystic swellings including conjunctival epithelial 
inclusion cysts, orbital cysts and lacrimal cysts 
(see Chapter 6) 
Subconjunctival orbital fat prolapse, which is rare 
in dogs; the displaced fat can be excised and the 
diagnosis confirmed histologically. 

Systemic disorders with conjunctival 
involvement 
In all species, conjunctiva appearance may be a ~ s e f ~ l  
indicator01 svstemic disease IF~oures 7.13 and 7.14): , .. , . 
similar changes of appearance are seen in mucous 
membranes at other sites. Obvious examples include 
the pallor of anaemia, the blue of cyanosis and the 
yellow of jaundice. Hype~iscoslty syndromes (e.g, 
polycythaemla) may be associated with vascular en- 
gorgement, whereasecchymosesand petechial haem- 
orrhages may be indicative of platelet disorders or 
clotting defects. 
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Figure 7.13 Typical conjunctival appearance in a dog 
with jaundice. 

Figure 7.14 Conlunctlval cvanosls and vascular 
coigas~jon h/per; scos l y  bas ode lo po yc).nacm a 
ooln lne po yc).nacm a and c)anos s Nere asscc aleu 
wlth congen~tal heart disease 

Feline conjunctival problems . - -  

Epibulbar dermoid 
Epibulbar dermoids are less common in cats than in 
dogs and have a somewhat morevariable appearance 
and position (Figure 7.1 5). They are usually unilateral. 
They may be inherited in the Birman (Hendy-lbbs, 
1985). Treatment is by surgical excision, as described 
previously for the dog. 

Figure 7.15 t 3ar dermold In a Blrman cat The 
derrnold also lnvolved the lateral canthus 
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Feline conjunctivitis 

Aetiology 
It is not always possible to differentiate the aetiology 
according to the ocularsigns, and laboratory examina- 
tion is required for precise identification, as described 
in Chapter 1. 

Primary conjunctivitis: 

Infectious agents, notably the respiratory tract 
viruses (feline herpesvirus and calicivirus), 
chlamydia and Mycoplasma spp. Chlamydiophila 
felis (formerly known as Chlamydia psittacivar. 
felis) is the organism isolated most often in the 
UK. The clinical significance of other bacterial 

I 

isolates is not clearly defined. 
Non-infectious causes are similar to those outlined 
above for the dog, but they occur less frequently. 

Secondary conjunctivitis:This is less common in the 
cat than in the dog and may follow: 

Eyelid problems such as agenesis, inflammation, 
neoplasia 
Tear-film abnormalities 

Meibomianitis:This results in inspissation of lipid and 
consequent formation of chalazia when the meibomian 
glands rupture (Crispin, 1998). It is probably the com- 

source cannot, however, be discounted as alternative 
causes (Kerlin and Dubielzig (1997). 

monest cause of lipogranulomatous conjunctivitis in Figure 7.16 (a) Ophthalmia neonatoru ociated with 
cats (see Chapters and 6). Release Of lipid from feline herpesvirus and secondary bactel~al ~r~~ection in a 
conjunctival adipose tissue after, for example, ocular kitten. (b) The eyelids have been opened as a matter of 
trauma, or deposition of lipids from an exogenous urgency to excavate the pus and allow effective treatment. 

In older kittens and voune cats, acute, usually 
bilateral, conjunctivitis is the mist conspicuous ocular 

Feline herpesvirus (FHV-1) infection: This is a sig- feature, and fluorescein or rose bengal staining may 
nificant ocular pathogen. Feline ocular herpesvirus reveal the pathognomonic microdendritic lesions, with 
infection has been most recently reviewed by Nasisse acute herpes conjunctivitis there is ocular discomfort 
(1991), Glaze and Gelatt (1999) and Stiles (2000). and marked chemosis. toaether with a discharae, 

which is initially serous, b;t later becomes purulent 
Clinicalsigns: Clinical manifestations of ocular infec- (Figure 7.17), In adult cats, herpetic keratitis is the 
tionvary according to the ageof theanimal. In neonatal commonest finding (see Chapter 8), 
kittens, ophthalmia neonatorum is typical of FHV-I Chronic herpeticconjunctival disease in oldercats is 
infectionwithsecondarybacterial infection (Figure7.16). usually the result of reactivation of latent virus, as some 
Ophthalmia neonatorurn consists of a severe conjuncti- 80% of affected cats become latently infected (Gaskell 
vitis with ensuing epithelial necrosis, which may result in 
complications, such as symblepharon, corneal ulcera- 
tion and corneal perforation. Endophthalmitis and pan- 
ophthalmitis are also possible complications, as are a 
number of long-term problems associated with sym- 
blepharon formation; for example, there may be steno- 
sis or occlusion of the lacrimal puncta, resulting in 
impaired tear drainage, orthere may be occlusion of the 
lacrimal ductules, with consequent dly eye. It is particu- 
larly serious if the infection is present when the lids are 
still naturally fused (ankyloblepharon). Treatment in 
such cases must include the premature opening of the 
lids using blunt-tipped tenotomy scissors, as described 
for puppies in Chapter 5. Once the lids are opened, it is 
important to bathe the eyes and eyelids frequently 
enough to prevent recurrence and to treat any second- 
ary bacterial infection. 

Figure 7.17 Conjunctivitis associated with feline 
herpesvirus infection in a young cat. 
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and Povey, 1977). In the chronic phase of the disease, Treatment: This is mainly supportive, although sys- 
upper respiratory infection is not usually present, temic broad-spectrum antibiotics should also be pro- 
although there is often a history of previous respiratory vided, in case there is any generalized secondary 
disease. Thecommonest manifestation isaunilateral or bacterial infection, andtopicalantibioticsshould be used 
bilateral ocular discharge, which is often intermittent, if bacteriacomplicatetheconjunctivitis. Calicivirus is not 
coupled with mild conjunctival hyperaemia. sensitive to the presently available antiviral drugs. 

Diagnosis: The diagnosis of FHV-1 infection is 
usually confirmed by virus isolation, although identi- 
fication of FHV-1 DNA using the polymerase chain 
reaction (PCR) is the most sensitive and specific 
technique. Samples should be collected from the 
oropharynx and conjunctival sac and placed in 
viral and chlamydia1 transport medium (VCTM), as 
described in Chapter 1. 

Treatment: The treatment of acute FHV-1 infection 
includesprovisionof nursingcare(removalof oculonasal 
discharge, nutrition and rehydration), the use of a 
systemic broad-spectrum antibiotic (when there is re- 
spiratory involvement) and topical tetracycline prepa- 
rations to orevent secondaw bacterial ocular infection. ~ ~ ~ ~~~ ~ 

~ntiviral therapy forthe ocul&manifestations of FHV-1 
is described in Chapter 8. The prognosis for recovery 
from acute ocular FHV-1 infection is better than that for 
chronic or recurrent problems. 

Feline calicivirus (FCV) infection 
This is a much less common cause of viral conjunctiv- 
itis than FHV-1 and there is, in fact, some doubt as to 
whether FCV is agenuine conjunctival pathogen in the 
cat (Ramsey, 2000). Cats of any age are affected, but 
FCV infection is commoner and more severe in young 
kittens. Ocular signs may be associated with other 
pathogens (Figure 7.1 8). The clinical signs of infection 
largely relate to the effects of the virus on the upper 
respiratory tract, typically producing rhinitis and a se- 
rous nasal discharge. Vesicles, which rupture to pro- 
duce clearly delineated ulcers, are commonly found in 
the mouth (e.g. tongue and oral mucosa). Asympto- 
matic carriers are common. 

Feline Chlamydiophila felis infection 
Chlamydiophila felis (formerly known as Chlamydia 
psiffacivar. felis) is an obligate intracellular bacterium 
with a worldwide distribution. It is the most common 
cause of feline infectious conjunctivitis in the UK. 

Clinical signs: These consist of an initial unilateral 
conjunctivitis which, within a few days, becomes bilat- 
eral (Figures 7.19 and 7.20). There is conjunctival 
chemosis and marked hyperaemia. The ocular dis- 
charge changes from serous to mucopurulent during 
the course of the disease. There is no corneal involve- 
ment and upper respiratory tract disease is an infre- 
quent feature of chlamydiosis. 

conlunctlvltls associated w~th 
Cnlamydoph la lclis ~nlccr on hole rne .r. atera 
preseo:at 011 Tiiere &as u a ~  0,s d scornlorr -. 

Figure 7.20 Acute coniunctivitis associated with 
~hlamvdio~hila felis infection. There is an active , , 
nypereem a of rna con.,ncr va vesse s cnenos s aria ari 

Figure 7.18 Chlamydoph.la Idis aid felne calci/;r~s oc.,ar 0 scrlarge Trie e)e s dncom'orlao e 
nere OUIII su area lrom r i  s case o' con -ncr J r.s .. 

Diagnosis:The diagnosis may be confirmed by taking 
Diagnosis: The diagnosis of calicivirus infection is conjunctival scrapings to identify intracytoplasmic in- 
usually confirmed by virus isolation. PCR provides the clusion bodies in the epithelial cells during the acute 
most sensitive and specific test for viral identification phase of the disease. A conjunctival Swab, cytology 
and the detection of asymptomatic carriers. brush or a Kimura spatula is used to obtain samples 
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from the ventral conjunctival sac for culture in VCTM 
and indirect fluorescent antibody or PCR testing (see 
Chapter 1). Serology is of limited value, in that a low 
antibody titre is not diagnostic of the absence of 
chlamydia, whereas a high antibody titre may indicate, 
but does not confirm, infection with chlamydia. Titres 
may remain high for up to a year after infection. 

Treatment: This consists of systemic treatment with 
the tetracycline group of antibiotics. Doxycycline 
(5 mglkg orally bid for 21-28 days) is the usual drug 
selected, and a newer-generation drug called 
azithromycin (see Chapter 3) requires further evalua- 
tion (Ramsey, 2000). Thisgroupof drugsshould not be 
used in pregnant queens or kittens and clavulanic acid- 
potentiated amoxycillin provides a safe and effective 
alternative (Sturgess etal., 2001). Topical tetracycline 
is not always well tolerated in the cat: it may provoke a 
rapid hypersensitivity response initially and, if its use 
continues, marginal blepharitis can develop. Chlor- 
tetracycline is theonly topical tetracycline preparation 
available for cats in the UK. 

Feline Mycoplasma infection 
Mycoplasma spp., possibly in association with primary 
pathogens such as FHV-1 and Chlamydiophila felis, 
may be associafed with feline conjunctivitis. There is 
increasing evidence that Mycoplasma felis is unlikely to 
be a primary pathogen (Whitley, 2000). Mycoplasma 
spp. may be isolatedfrom the conjunctival sacof normal 
cats, and it is known that cats cannot be infected 
experimentally unless they are immunosuppressed. 

Clinica1signs:The initial clinical signs are blepharo- 
spasm, epiphoraandconjunctival hyperaemia. Within 
14 days, the most striking finding is pallor of the 
conjunctiva, some thickening and chemosis, and 
a typical pseudomembranous conjunctivitis. Confir- 
mation of mycoplasmal conjunctivitis is difficult, as 
isolation requires specific Mycoplasma culture 
media, and the possibility of concurrent pathogens 
must also be investigated. 

Treatment: Mycoplasma spp. are susceptible to 
tetracyclines given topically for 5-7 days, but there are 
potential disadvantages associated with the use of 
these drugs (see above). The clinical course is short- 
ened to about 5 days in treated cases; without treat- 
ment, the time course is 30-60 days. 

Other bacteria 
The clinical significance of some bacteria (e.g. Staphy- 
lococcus) is uncertain, whereas Pasteurella multocida, 
transmitted in fight injuries, is clinically relevant. 
Bacterial conjunctivitis may occur secondary to other 
ocular disease (ocular, adnexal or orbital infection, 
keratoconjunctivitis sicca, dacryocystitis) and in cats 
that are stressed or immunocompromised. 

Symblepharon 
Symblepharon (Figures 7.21 and 7.22) is much more 
common in cats than in dogs. It can be the result of 
previous inflammation, particularly with FHV-1, but 

I Figure 7.21 
Symblepharon, 
affecting the left 
eye only in this 
kitten. 

Figure 7.22 Extensive symblepharon in a young cat. 
only a small area of normal cornea is visible because of 
the conjunctival adhesions. Note the obliteration of the 
ventral fornix by adhesions. 

abscesses and chemical burns can also produce ex- 
tensive adhesions. The severe nature of neonatal 
FHV-1 infection often destroys the limbal stem cell 
population so that ocular surface disease and aberrant 
healing responses compromise surgical efforts to re- 
store normal function. 

Treatment 
Treatment is only necessary when problems such as 
reduced eyelid mobility, exposure keratopathy or im- 
paired vision are a direct result of the symblepharon. 
The results of treatment are likely to be disappointing 
when there is pre-existing severe ocular surface dis- 
ease. Whatever surgical technique is used, the most 
important principle is to ensure that there are no raw 
surfaces in,contact after surgery; otherwise adhesions 
will re-form rapidly and more extensively than those 
which were present prior to surgery. There are many 
possible methods for surgical repair of symblepharon; 
the Arlt and Teale Knapp techniques have been de- 
scribed by Peiffer (1981). The important principles of 
this typeof surgery arediscussed by Roper-Hall (1 989) 
and Mustarde (1991). 
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.Trauma and foreign bodies 
In cats, there is often a most spectacular chemosis as 
part of the clinical presentation; consequently, exami- 
nation under general anaesthesia may be needed to 
define the extent of traumatic damage or to locate a 
foreign body. In other respects, these cases are han- 
dled as described for the dog. 

Neoplasia 
Conjunctival neoplasia is rare. Primary conjunctival 
tumoursinclude~a~illoma, adenoma, adenocarcinoma, 
basal cell tumoir, haemangioma, haemangiosarcoma, 
lymphoma, neurofibroma, neurofibrosarcoma,fibroma, 
fibrosarcomaand malignant melanoma. The mostcom- 
mon neoplasm to encroach on the conjunctiva 1s eyelid 
squamous cell carcinoma (Figure 7.23). Tumours that 
can metastasize to the conjunctiva include lymphoma 
(Figure 7.24) and adenocarcinoma. 

Figure 7.23 Squamous cell carcinoma has eroded the 
lower eyelid. 

Cmgurr ,.a- ~ l t ~ u t  I L L ~ V ~ I  ~nf~lfration by lymphoma 
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Mariagement isas outlined forthe dog, but with the 
important difference that feline tumours are usually 
malignant. It is, therefore, very important to perform 
exfoliative cytology or histopathology and to assess 
tumours carefully to make sure that complete excision 
is a realistic possibility. Squamous cell carcinomas 
may require a combination of surgery, radiotherapy 
or cryotherapy and reconstructive eyelid surgery for 
effective cure. 
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The cornea 

Sheila Crispin 

Embryology, anatomy and 
physiology 

The cornea is derived from surface ectoderm and 
mesenchyme (mesoderm and neural crest). Presump- 
tive corneal epithelium derived from the surface 
ectoderm which ,overlies the optic cup secretes an 
acellular primary stroma consisting of collagen fibrils 
and glycosaminoglycans (GAGS). Mesenchymal neu- 
ral crest cells migrate between the surface ectoderm 
and the optic cup into the future anterior chamber to 
form the secondary stroma and corneal endothelium, 
as well as most structures of the iridocorneal angle, iris 
stroma and ciliary muscle (see Chapters 10 and 11). 
The secondarystroma consists oftype I collagen fibrils 
and fibronectin secreted by developing keratocytes, 
although much of the fibronectin is lost during subse- 
quent development (Cook, 1999). 

The mature cornea is elliptical, such that the hori- 
zontal diameter is slightly bigger than the vertical 
diameter. Ultrasonic pachymetry has indicated that it is 
less than 0.7 mm in thickness in both the dog (Gilger et 
ab, 1991) and cat (Schoster et a/., 1995). It is optically 
clear, despite the presenceof arich networkof sensory 
nerves, and both transmits and refracts light. Blood 
vessels and lymphoid tissue are conspicuously ab- 
sent, but they are present in the perilimbal tissues. 
Normal microscopicanatomy of the canine cornea has 
been described by Shively and Epling (1970) and the 
anatomy of the feline cornea by Carrington et a/. 
(1992). In both species it consists of an anterior epi- 
thelium and basement membrane, substantia propria 
(stroma), Descemet's membrane (posterior limiting 
lamina) and endothelium (Figure 8.1). 

The corneal epithelium 
This consists of an outer layer of squamous cells, a 
middle layer of polyhedral or wing cells and an inner, 
single layer of columnar cells that produce the base- 
ment membrane. The epithelium is attached to the 
basement membrane by hemidesmosomes, and fine 
fibrils link the basal epithelium, basement membrane 
and subepithelial stroma. 

The stroma 
The stroma, or substantia propria, comprises the bulk 
of the cornea, consisting primarily of keratocytes, regu- 
larly arranged collagen fibrils and ground substance. 
The fibrils are of uniform diameter and arranged in flat 

Figure 8.1 
Histology of the 
normal canine 
cornea. a = anterior 
epithelium; 
b = basement 
membrane; 
c = connective 
tissue stroma; 
d = Descemet's 
membrane; 
e = endothelium. 

sheet-like bundles (lamellae) that extend across 
the entire width of the cornea, from limbus to limbus. 
The lamellaecrossorthogonally (i.e. atapproximately 
90 degrees to each other) producing a grid iron effect 
in the multiple layers. The ground substance, of 
proteoglycans and their associated GAGS and 
glycoproteins, occupies the space between lamellae. 
The keratocytes have a slow turnover rate in normal 
adult cornea; but if there is a corneal insult they 
can become activated fibroblasts and produce the 
precursors of collagen and ground substance. Other 
cells, such as leucocytes, lymphocytes and 
macrophages are rare in the normal cornea, and 
are most likely to be found in the epithelial layers and, 
less frequently, the stroma. 

Descemet's membrane and endothelium 
The corneal endothelium produces Descemet's 
membrane throughout life, but its own powers of 
replication diminish early in life in the majority of 
mammals, the rabbit being one exception. When 
endothelial cells die, they are replaced by neighbour- 
ing cells spreading to fill the gap. Consequently, the 
endothelium thins and Descemet's membrane thick- 
ens as the animal ages. 

The endothelium is a single layer of cells of high 
metabolic activity and is of crucial importance in main- 
taining corneal deturgescenceand thuscorneal clarity. 
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Corneal wound healing 

Epithelial damage 
This is repaired by corneal epithelial slide (early 
response) and epithelial mitosis (later response). 
There is also critical assistance from multipotential 
limbal stem cells. Phagocytic cells, notably poly- 
morphonuclear leucocytes, gain access to the 
injured cornea via the limbus and the preocular tear 
film. Epithelial turnover in the normal eye takes 
about 7 days. 

Stromal damage 
This is repaired by the epithelial cells filling the 
defect, migration of cells from the limbus, and by 
generation from the stromal elements (fibroblasts, 
which produce collagen and ground substance). The 
type of collagen which is laid down in damaged 
stroma differs from the original collagen in type and 
orientation, so the transparency of the cornea is lost 
in the affected area. 

Rupture of Descemet's membrane 
Rupture is followed by retraction, as Descemet's mem- 
brane is elastic. Reduplication can occur from endo- 
thelial cells that slide in over the injured area. 

Endothelial damage 
The endothelium repairs poorly in most adult animals 
because of limited or absent regenerative abilities, so 
it can only respond to insult by spreading the single 
layer of cells more thinly. 

Corneal response to insult 

Oedema 
Corneal oedema is not a specific disease but an 
indication of corneal damage. Discrete damage to the 
anterior epithelium will result in a focal area of corneal 
oedema (e.g. following traumatic insult), but more 
widespread injury, as from chemical or thermal burns, 
will produce more diffuse involvement. 

Stromal oedema usually accompanies insult to the 
epithelium or endothelium. The cornea swells and 
becomes thicker and the optical properties of the 
cornea are compromized. 

Damage to the corneal endothelium will affect 
the ability of this cell layer to keep the cornea in a 
relative state of deturgescence. The oedema may 
be localized (e.g. at the sites of adherent keratic 
precipitates) or diffuse (e.g. associated with adelayed 
hypersensitivity response in canineviral hepatitis: the 
classical 'blue eye'). 

Other causes of corneal oedema include blunt and 
penetrating trauma, surgical trauma (endothelial cells 
are easily displaced), intraocular inflammation (par- 
ticularly severe inflammation, such asendophthalmitis), 
intraocular neoplasia and endothelial dystrophies. 
Glaucoma is also an important cause of corneal 
oedema (see Chapter 11). 

Vascularization 
No blood vessels are present in the normal canine and 
feline cornea, but corneal neovascularization is a com- 
mon pathological response to corneal insult. 

Superficial vessels arise from the conjunctival ves- 
sels and, in the canine eye, are readily observed as 
they cross the limbus; they branch dichotomously and 
are bright red in colour. Superficial keratitis is often 
associated with conjunctivitis. 

Deep vessels arise from the ciliary plexus and 
cannot be observed until they enterthe cornea. These 
vessels are usually short, dark and straight, occasion- 
ally they are so extensive that they form a complete 
circle (ciliary flush). There are many causes of deep 
vascularization; these include keratitis, anterior uveitis 
and endophthalmitis. 

Vascularization may be instrumental in  
promoting corneal healing, and it is important to 
assist and not to compromise this process. Once 
the beneficial effects of vascularization have been 
achieved, the vessels narrow quite naturally and 
they become faint, but permanent, ghost vessels. 
Excessive granulation tissue or complications of 
healing, such as pigment deposition associated 
with vascularization, may be mitigated by the early 
use of topical corticosteroids, provided that the epi- 
thelium is intact. 

Pigmentation 
This may be an occasional congenital finding, usually 
involving the posterior cornea as a manifestation of 
anterior segment dysgenesis. 

Acquired pigmentation is more common, usually 
as a nonspecific response to corneal insult involving 
the epithelium and stroma. This is associated with 
pigment proliferation and migration, as well as neo- 
vascularization. Endothelial pigmentation is most 
commonly seen after rupture of uveal cysts. The prob- 
lems that arise from pigmentation depend on the 
extent and depth of pigment deposition and this, in 
turn, depends on the amount of pigment normally 
present at the limbus. 

Other responses 
These include cellular infiltration, degenerative 
changes and scarring. Corneal lipid deposition is 
not uncommon in dogs, but is rare in cats. Corneal 
calcification is encountered infrequently in cats and 
dogs; it can, for example, be a long-term complication 
of parotid duct transposition, or of dystrophic origin. 
Infiltration of the cornea by inflammatory cells occurs 
in a wide variety of conditions, and some of these are 
described in more detail below. 

Protocol for the investigation of 
corneal disease 

Just as it is important to follow a logical and set protocol 
for the examination of the whole eve. so it is crucial to 
apply the same logic to the investigation of corneal 
disease, as set out in Figure 8.2. 
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Naked eve examination of the normal blink and the arotective 
bl~nk as part of dazzle and palpebral reflexes and mknace 
resaonse 
Naked eye examination of the upper and lower eyelids and 
the lashes- outer aspect, margin, inner aspect of eyelids 
Naked eye examination of the outer aspect of the third eyelid 
and its movement 
Corneal sensitivity assessment 
Corneal examination with magnification using a loupe, a 
magnifying lens or a slit lamp biomicroscope 
Schirmer Tear Test (usually Schirmer I, rarely Schirmer II) 
(Fluorescein break-up time) 
(Measurement of the conjunclival sac pH using standard pH 
test papers) 
(Appl~cal~on of topical local anaesthet~c) 

I . (Examination of the inner aspect of the third eyelid) I 
I . (Taking of swabs and scrapes for culture and sensitivity) I ( . ~ p p i  car on 01 I Loresce n sra n L . I ~  or n rno~t exam nar on 

n,ri maon l~cal~on anc! o':e ah1 n darkness " - 
(Application of rose bengal, with or without examination with 
magnification) 

Figure 8.2 ?-clocc lcr lne n ~ c s l  y3:on cl cortle'l 
2 se3sl flcrl i ,2s  ~ 1 1 3 . .  o CE. ZAET -e? :ir~c I-c I:.C 
should be compared. Investigations shown in parentheses 
are not a routine part of the assessment. 

Developmental corneal conditions in 
the doa 

Absence/microcornea/megalocornea 
Complete absence of the cornea is extremely rare, but 
may be seen in association with the equally rare 
anomalies anophthalmos and cystic eye. 

Partial absence of the cornea, or a cornea that is 
smaller than normal, occurs most commonly with mi- 
crophthalmos. Anomalies of thistype may be unilateral 
or bilateral, and there is usually no obvious cause, 
although inheriteddefectsand theactionsofteratogens 
should always be considered as possibilities. 

Much more rarely, microcornea, a cornea that is 
proportionately smaller than normal for the size of the 
globe, is encountered, and is associated with faulty 
contact between the optic vesicle and the surface 
ectoderm during development. 

Megalocornea (a cornea which is larger than nor- 
mal) is rare in dogs and usually occurs in conjunction 
with other developmental ocular abnormalities, such 
as anterior segment dysgenesis severe enough to 
produce congenital glaucoma and buphthalmos. 

There is no treatment for major defects of ocular 
differentiation. 

Corneal opac i t y  
Transient diffuse corneal opacity is present in young 
puppies when the eyes first open, but should not be 
apparent by the time the puppy is 4-5 weeks of age. 
Focal superficial opacities in the area of the palpebral 
fissure are also encountered in young puppies. They 
have usually disappeared by 4 months of age. 

Permanent corneal opacitiesare encountered most 
frequently because of the presence of persistent 

pupillary membrane (PPM) remnants or some other 
form of anterior segment dysgenesis. Opacities asso- 
ciated with PPM are usually posterior and focal. They 
cause no clinical problems in the majority of animals 
and should be left alone. 

Dermoid 
A dermoid is a choristoma; these superficial skin-like 
masses typically involve the conjunctival, scleral and 
corneal temporal limbus. They are removed by super- 
ficial lamellar keratectomy, making the initial incision in 
clear cornea and dissecting towards the limbus. A 
lateral canthotomy may be needed prior to keratec- 
tomy to ensure adequate exposure of the conjunctival 
portion of the dermoid (see Chapter 7). 

Acquired corneal conditions in 
the dog 

Cornea l  dystrophies 
The description'corneal dystrophy'should be reserved 
for functional and morphological changes occurring 
bilaterally, but not necessarily symmetrically, in a pre- 
viously normal cornea, and not caused by disease 
elsewhere in the eye or elsewhere in the body. To 
justify the term 'dystrophy', the condition should be of 
proven inheritance. In veterinary ophthalmology, a 
number of familial corneal dystrophies are suspected, 
but hard   roof of inheritance is lackinofor most of them 
at preseh (Crispin, 1982; Cooley a<d Dice, 1990) 

Epithelial basement membrane dystrophy 
Epithelial basement membrane dystrophy (Gelatt and 
Samuelson, 1982) has a variety of other descriptive 
names including refractory epithelial erosion, recurrent 
epithelial erosion and indolent ulceration. Epithelial 
basement membrane dvstrophv is acondition which is 
seen with most frequency in breeds such as the Boxer 
and PembrokeCorgi inthe UK; the modeof inheritance 
is unknown. Refractory epithelial erosions of less cer- 
tain pathogenesis are undoubtedly a common problem 
in a variety of other pedigree and non-pedigree dogs 
and, as the management of all types of superficial 
erosion is similar, they will be discussed together. 

Clinical findings: Epithelial basement membrane 
dystrophy is most common in older dogs (5-7 years) 
and there is no sex predisposition. Moderate pain 
accompanied by blepharospasm and lacrimation is 
typical of the clinical presentation. The appearance of 
the ulcer is quite characteristic in that it is always 
superficial, shows little if any tendency to resolve and 
is usually surrounded by a rim of non-adherent corneal 
epithelium. The affected area is fluorescein-positive 
(Figure8.3). While itcommonly presentsasaunilateral 
condition, both eyesare potentially at riskin the course 
oftheanimal'slife. Inaddition toestablishingthenature 
of the corneal defect, it is important to check for any 
obvious cause or other factors which might contribute 
to poor healing. Inadequate tear production, distichiasis 
and ectopic cilia are commonly missed as causative or 
contributory factors. 
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Figure 8.3 mbrane dvstro~hv in 
a brier T  ere are I/. 2 f .orewe n-pos I /e areas ine 
f ..ccesce I-7cs I \ E  .. cer s .el/ s-perf c a 6110 rrie 
'banked up' appearance of the epithelium at the edge of 
the ulcer is hiahlv characteristic. The fluorescein stainina .. . " 
n inn ocacmalo-s a'ea alera ro : ie  .. cer ng cales ma: 
lee I UIII .~nzlons 3anee- ap ine a ze j ra.e oeer 
comoromised, ailowino fluorescein access to the 
underlying stroma, butfrank ulceration is not yet present. 

Pathology: Defects observed with microscopy in the 
eroded areas in affected Boxers include deoeneration - 
of basal epithelial cells, paucity of hemidesmosomes 
and subepithelial fibrogranular material. The base- 
ment membrane is thickened and irregular in appear- 
ance. A thin layer of abnormal hyalinized collagen in 
the superficial cornea may act as a further barrier to 
epithelial adhesion. 

Treatment: In affecteddogs, the mechanism of epithe- 
lial slide is apparently normal, but abnormal basement 
membrane material, and possibly hyalinized collagen, 
prevents the epithelium attaching to the underlying 
stroma. Treatment aims to aid the normal healing 
process by removing debris and encouraging epithelial 
attachment. The corneal erosions can be treated using 
chemical cauterizing agents or surgery, and these 
techniques have also been applied to the treatment of 
other types of primary persistent corneal erosion in 
which no underlying cause can be identified It is most 
important to emphasize that it is only conditions involv- 
ing simple epithelial loss that are treated by the re- 
gimes outlined below. 

Chemical cauterants: Possible chemical cauterants 
include liquefied phenol (80% wlw phenol and 20% 
W/W water), pure trichloracetic acid and 6% aqueous 
iodine solution. These agents have antiseptic and 
cauterizing actions. Phenol is a most effective agent in 
the treatment of primary persistent corneal erosions; 
unfortunately, in common with other benzene deriva- 
tives, there is now some concern about its potential 
carcinogenic effects. 

Approximately 2 mI of thecauterant selectedshould 
be decanted into a small container priorto use. A tiny 
pledget of cotton wool is grasped, using Halstead's 
mosquitoforceps, and wound tightly around the closed 
tips. Following topical local anaesthesia (e.g. 
proxymetacaine hydrochlorideor proparacaine hydro- 
chloride) the cauterizing agent is applied precisely, 

starting at the apparent edge of the erosion (the rim of 
loosened epithelium) and working outwards to the true 
edge of the erosion (the region where the epithelium is 
properly attached to underlying stroma). After cautery, 
the eye is gently irrigated with sterile saline, although 
this is probably unnecessary as cauterant is applied so 
accurately to the affected cornea. 

Surgery:Superficial keratotomy (e.g. grid and multiple 
punctate) and superficial keratectomy are the two most 
commonly used surgical treatments for primary per- 
sistent corneal erosions (Champagne and Munger, 
1992; Morgan and Abrams, 1994): 

Grid keratotomy is probably the commonest 
approach used and may be performed under 
local or general anaesthesia (Gilger and Whitley, 
1999). Loose epithelium is removed with a sterile 
dry cotton swab, using the circularmotion 
described above for chemical cautery. A 25 
gauge hypodermic needle is then used to create 
a grid pattern of microsurgical incisions about 
1-2 mm apart and, as the needle should . . 

penetrate no further than 0.2-0.3 mm, good 
magnification is advisable. The grid pattern 
should extend 2 3  mm beyond the area of 
abnormal adhesion (Figure 8.4). 

Figure 8.4 Diagram of the pattern used to perform grid 
keratotomy 

Superficial keratectomy is performed under 
general anaesthesia, usually with the 
magnification provided by an operating 
microscope. Loose epithelium is removed with 
a sterile dry cotton swab, and a Beaver blade 
(no. 64) is used to excise superficial cornea 
to the same depth and extent as already 
described for grid keratotomy. A third eyelid 
flap can be used to protect the cornea after 
surgery. This combined approach was 
associated with the shonesr healing t.me in 
an uncontro led sr,ov 6vStanlev e l  a1 119981 
which compared three methods. debridkment 
with a sterile dry cotton swab, grid keratotomy 
and superficial keratectomy combined with a 
third eyelid flap. 
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Whatever approach is used, effective healing (i.e. 
robust epithelial cover) should have occurred within 2 
weeks of treatment (Figure 8.5). If the problem does 
not resolve with chemical treatment, it is usually be- 
cause of inadequate treatment or misdiagnosis. For 
example, when chemical cautery has been used, it may 
not have extended to the region of normal epithelial 
adhesion, or the dog may have some other problem, 
such as a tear film deficit or distichiasis. Misdiagnoses 
of this type can also underlie failures with surgical 
treatment. In addition, surgery in inexperienced hands 
may be associated with the immediate complication of 
corneal perforation and the later complication of un- 
acceptable corneal scarring. 

a Pembroke Corgi. (a) Prior to treatment with topical 
phenol. (b) Two months after treatment. 

Epithelial dystrophy 
A form of epithelial 'dystrophy' characterized by multi- 
plefocai grey to white ring-shaped opacities atthe level 
of the anterior epithelium is occasionally observed in 
Shetland Sheepdogs (Figure 8.6); in many cases, the 
patients are asymptomatic. Occasionally, tiny erosions 
can be demonstrated with fluorescein or rose bengal, 
and these patients have an increased bl~nk rate, in- 
creased lacrimation and mild ocular discomfort with a 
fluorescein break-up tlme (FBUT) of less than 10 
seconds. These are features which should prompt 
investigation of the mucin component of the tear film. 
The ocular appearance is similar to human adenovirus 
keratitis. One report (Dice, 1984) indicated that some 
affected animals had low T4 levels and positive rheu- 
matoid factors. 

Treatment:As might beexpected of a condition where 
the cause has not been established, a range of thera- 
peutic approaches have been tried, including simple 
tear replacement, topical antiviral therapy, topical 
cyclosporin and topical corticosteroids. Debridement, 
keratotomy and keratectomy as already described for 
epithelial basement membrane dystrophy have been 
used to treat animals with corneal erosions. 

Crystalline strornal dystrophy (central crystalline 
dystrophy) 
This is a condition in which lipid is deposited in the 
corneal stroma (Crispin, 1982). It shares many features 
with the eponymous human condition described by 
Schnyder, although the modeof inheritance is uncertain 
in dogs. Pedigrees from affected Cavalier King Charles 
Spaniels and Rouah Collies indicate either an auto- 
soma1 dominant or hultifactorial mode of inheritance as 
possibilities. Test matings of affected Siberian Huskies, 
on the other hand, havesuggested a possible recessive 
mode of inheritance with variable expression. 

Lipid deposition of this type is seen in many breeds 
(e.g. Rough Collie, CavalierKing CharlesSpaniel, Shet- 
land Sheepdog, AfghanHound, Beagle, Siberian Husky, 
German Shepherd Dog and Samoyed). It is probably 
sensible to use the descriptive term corneal lipidosis if 
inheritance is unproven, for it is clear that systemic 
factors can modify the evolution of lesions of this type. 

Clinical findings: The condition is most commonly 
seen in young adults; rarely, it is seen in puppies. It is 
essentially bilateral and reasonably symmetrical, al- 
though it is not uncommon for one eye to be affected in 
advance of the other. 

The opacity is usually situated in the central or 
paracentral region of the cornea and is typically of 
crystalline appearance (Figure 8.7). Careful examina- 
tion indicates that the oDacitv is located sube~itheliallv .~ , 
in the anterior stroma of most breeds affect& and the 
integrity of the corneal epithelium can be readily con- 
firmed by a lack of fluorescein uptake. 

In the Siberian Husky, the lipid deposition is often 
deeperand moreextensive, sothat lipid deposition can 
involve the posterior stroma adjacent to Descemet's 
membrane as well as the anterior stroma. 
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I i a Cavalier 
King Charles Spaniel. Fluorescein has been applied to 
demonstrate that the epithelium is intact, The lipid, which 
is visible in the centrallparacentral cornea, is in the 
subepithelial and anterior stromal regions. The dog was 

There is noassociated inflammation andthe opacity, 
once formed, may remain statlc. On occasions, how- 
ever, the opacities regress and, sometimes, they may 
progress, but without causing any ocular discomfort. 
Many of the breeds in which this condinion occurs also 
have distichiasis, but the effects of chron~c low grade 
mechanicaltraumaonanintactepithelium asacontribu- 
tory factor in the pathogenesis of crystalline stromal 
dystrophy have not been suentiflcally evaluated. 

In bitches, crystalline stromal dystrophy IS some- 
timesf~rst observed, or becomes accentuated, following 
oestrus, and may be assoc~ated with the transient 
increase in systemic lipoproteins which occurs in met- 
oestrus. In view of th~s association, it is certainly worth 
checkingthe serum lipoprotein pattern of Cases in which 
opaclf~cation IS marked, or progressive, or when it is 
situated in the deeper cornea, as in the Siberian Husky. 

Pathology: The predominant lipid is cholesterol, 
in both free and estertfied forms, with lesserquantities 
of free fatly acids and phospholipids. The baslcdefect 
in this type of dystrophy appears to reside in the 
corneal fibroblast, which accumulates large amounts 
of lipid, mainly cholesterol, before dying in situ. The 
changes are largely restr~cted to the anterlor th~rd of 
the corneal stroma. 

Treatment: No treatment is required in the majority of 
cases. Only when theopacity is progressive and dense 
is further invest~gation requ~red, to establ~sh the lipid 
and lipoprote~n profile and to determine if systemic 
treatment is required to modify the evolution of the 
corneal opacity. 

Corneal endothelial dystrophies 
These may occurinanumberof pedigreebreedsof dog. 
However, there is, asyet, no proof of inheritance, except 
for the poster or polymorphous dystrophy described in 
the Amer can Cocker Soaniel. which is suggested to oe 
inherited in a dominanior incompletely dominant way. 
Posterior polymorphous dystrophy resembles a human 
corneal dystrophy of the same name. It is associated 
with endothel~al cell abnormal~ties and presents 

clinically as multifocal posterior corneal opacities of 
linearandvesicularappearance, butthe pathology is not 
usually extensive enough to produce corneal oedema. 
Affected dogs can be asymptomatic. 

This is not the situation with the other majortype of 
canineendothelialdystrophy, in whichstromaloedema 
is a constant feature. Many cases progress to bulious 
keratooathv and loss of the normal corneal orofile 
(keratdglobus) asdecompensation occurs ( ~ i ~ u r i 8 . 8 ) .  
This dystrophy resembles human Fuch's endothelial 
dystrophy, a condition in which endothelial changes 
also precede stromal and epithelial alterations. 

Figure 8.8 Endorhe al ayslrophy (r ar sn Spr ngel 
Span el M o pansrroma oeaerla aflec'ed oolh ryes 

Pain can become a feature when chronic corneal 
erosion develops secondary to bulious keratopathy. 
Vision is impaired in direct proportion to theseverity of 
the corneai oedema and the other corneal changes. 
Corneal decompensation is likely beca~se of the ex- 
tensive damaoe lo the endothel:~m. Vascularization is 
not present in-any but the most advanced cases. 

The breeds most commonlycited as affected in the 
UK and USA are the Boston Terrier (mean age 7.5 years) 
and the Chihuahua (mean age 9.5 years). Other breeds 
affected in the UK ~nciude the Engbsh Sprnger Spaniel 
(often young adults) and the Boxer (usually older dogs) 
and, in the USA, the Dachshund is reported as a breed 
that can develop the problem (Martin and Dice, 1982). 

Patho1ogy:Theprimary abnorma llyin theendotnelial 
woeof dvslroohv is located ir lhecorneal endolhelium; 
iiinay be deieded using specular microscopy in the 
living animal (Gwin eta/., 1982). Other changes may 
well be of secondary importance in the pathogenesis. 
In most affected anlmals, there is degeneration of 
endorhel.al cells, so that a qualitative and quantitat ve 
reduction in endothel~al cells results. It is of interest lhar 
in some cases, notably in the aged animalsstudied, the 
loss of endothelial cells appears to be a purely quanti- 
tative phenomenon; thus, the cond~tiofl progresses 
more slowly and is often less serious than if the 
changes were qualitative, too. 

Secondary changes include marked stromal 
oedema and both intercellul2tr and intracellular epithe- 
ikal oedema, so that bullous keratopathy is a common 
complication. Further degenerative changes in the 
epithei~um, notably intracellular vacuolation, result in 
loss of epithelial cells and frank ulceration. 
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Treatment:Penetrating keratopiasty istheonly means 
of restoring corneal clarity (Gilger and Whitley, 1999). 
Hyperosmotic preparat~ons are often irr~tating and 
achieve only short-term reduction of corneal opacity, 
so they are not a pract~cal proposition for treatment. A 
permanent 360 degree conjunctival flap, or the ex- 
tended use of a soft contact lens may provide some 
symptomat~c relief, but thermokeratoplasty is the best 
palliativetreatmentwhen bullous keratopathy is present. 
Thermokeratoplasty is performed under general an- 
aesthesia using a handheld thermal cautery device 
tnat .s ghtly apblieo ro multip e sires (up to 500) on the 
affecteo cornea (Gelan and Gelah, 1995). Iris sens:ble 
to advise against breeding from affected animals 

Keratitis 
Inflammation of the cornea is a common condition with 
a multiplicity of causes in dogs and cats. Keratitis is 
best classified according to aetiology, and common 
causes include infection, trauma, preocular tear film 
dysfunction, immune-mediated problemsandsystemic 
disease. A significant number of inflammatory corneal 
conditions are of unknown cause. 

Ulcerative keratitis 
The common causes of ulcerative keratitis are listed in 
Figure 8.9. 

. , 

. . . .  , problem 
Entrop.ion . '~ 

-, . . ' Surgicalcorr~ction of the 
. ~. . . . pfiary problem .. 

Neopla$a . . . . :Surgical removal ifpossible 
inflammation .' Medical treatment, with or 

w~thout surgery 

Correct~on of the primary 

I problem . 
Distichiasis Remove distichia. 
EctoDic cilia . . I "  ' "  Sumicalremoval 

Heatlsmoke 

Ultraviolet llght 

Acids 

Alkalis 

Preocular tear film defects 
(alone or in combination 
with other abnormalities) 

System~ci analges~c and 
top~cal ant~biot~c 

System~c analgesic and 
toplcal ant~biot~c 

Copious ~rrigat~on and 
systemlc analgeslc 

Copious rrrigation, refer to 
speclallst 

Correct~on of the prlmary 
problem(s) 

(See Chapter 6) 
Trauma I see text 
lmmunemediated disease I see text 
(See also Chapter 7) 

Infection ... seetext~ ~~ . ~ . . 

Dystrophy . . 
se,e text ., ~ ' 

. . 
> 

Figure8.9 Cornmoncausesof ulcerative keratitisin thedog. 

Diagnosis:Anaccurate history isimportantand should 
include details of age, sex, others at risk, vaccination 
status, previous treatment and the duration of the 
clinical signs. The presence of afamilial predisposition 
or breed tendency may be helpful. 

Careful examination of the eye and adnexa with 
adequate magnification is essential; the equipment 
and protocol have been described in Chapter la.  
Topical application of fluorescein is an integral feature 
of the assessment of ulcerative keratitis (Figure 8.1 0). 
The important points in relation to the investigation of 
corneal disease are summarized in Figure 8.2. 

Figure a.iu r~uoresce~n-sralneu superrlclal ulcer, UT 

presumed traumatic orlgin, in a crossbred dog 

Clinical findings: These range from min~mal ocular 
discomfort to severe ocular pain with photophobia, 
blepharospasm and excessive lacrimation or some 
form of ocular discharge. A number of factors may 
~nfluence the degree of pain; they include the corneal 
sensitivity, the depth of the ulcer and whether or not 
there 1s accompanying uveitis. 

Management o f  ulcerative keratitis: undoubtedly, 
the most important factor in management strategy is to 
ensure that the cause of the ulcer has been identified 
and, if possible, removed, for this may be all that is 
required. Other factors relate to whether healing will be 
aided by medical treatment or surgical treatment, or by 
a combination of the two. 

Primary corneal pathogens have not been identified 
in the dog; infection is therefore a secondary pheno- 
menon. Topical antibiotics are used as part of the 
management strategy because the exposed and dam- 
aged stroma is a potential site for bacterial adherence- 
the first step in the production of bacterial infection. 

Surgical support may be crucial in cases where the 
ulcer is deep, static or progressive and should always 
be used if there is a risk of corneal perforation as, for 
example, in brachycephalicdogswith prominent globes 
and poor corneal sensitivity. The various surgical op- 
tions have been reviewed (Gelatt and Gelatt, 2001; 
Gilger and Whitley, 1999). 

Management of superficial corneal ulceration: This 
type of ulceration involves the loss of epithelium with or 
without the anterior stroma. Uncomplicated ulcers heal 
quickly and without scarring if only epithelium is involved. 
A faint scar will persist if there has been stromal involve- 
ment. Provided thecause of the ulcer has been identified 
and removed, no other action is necessary (Figure 8.1 1). 
Healing can be supported by insertion of a therapeutic 
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Figure 8.1 1 C~iroii c A cerar 4e ncral . s I a Bcxe' 
cs-sea o/ a s i g  e m sn rccrco asn c?  ine 3 ~ e r  e,e u 
Granulation tissue indicates the chronic nature of the 
oroblem. The benian tumour located more mediallv was 
ror ccnlr o..i ng io inc m~cra- ,ca au'ajot u,r has a so 
rer ic .eo Are!- me .re. has cACeo o, s-rqca rcm0.a o' 
the lash and its follicle 

soft contact lens, (Morgan etal., 1984), which has largely 
superseded the use of a third eyelid flap. The manage- 
ment of anothertvoe of suoerficial ulcer. recurrent eoithe- 
lial erosion, has been described already. 

Management of deep corneal ulceration: This type 
of ulceration involves substantial stromal loss which 
may extend as far as Descemet's membrane. 

Surgical treatment: Deep ulceration may be an 
immediate result of the initial injury, ora latercomplica- 
tion (Figure 8.12). If there is any possibility of corneal 
perforation, then healing must be aided by support 
from some form of graft, for example, afree conjuncti- 
val graft (Figure 8.13), or tissue repair material such 
as a porcine submucosal grafi (Figure 8.14), or a 
conjunctival pedicle graft (Figures 8.15 and 8.16). 
Alternatively, corneal tissue adhesives, such as butyl- 
cyanoacrylate glue can be used as a non-surgical 
means of providing support (Refojo etal., 1971). Full 
thicknesscomplicationsmay require keratoplasty tech- 
niques, such as corneoscleral lamellartransposition 
(Parshall, 1973) or a lamellar graft (Brightman etal., 
1989) to effect repair. A conjunctival pedicle graft is the 
most slraignrforwara way of providing s ~ ~ ~ o n ,  and rhe 
rotation type of pedic e grafr, aescrioed n F i g ~ r e  8.17. 
should be regarded as a routine general practice skill 
(HAkanson and Merideth,l987a and 1987b). 

Figure 8.12 Deep cqrnca, L cer n a crocsoreo oog A 
pLre gron:n ol Psduounronas aer-gngsa .AZS 2. I-rec 
"om ine cornea. Tne oog a so nao o,eocici mc r.is inc 
tears are often glucose-rich in diabetic dogs and provide 
an ideal medium for bacterial growth. . . 

Fi :onjunctival graft. This is a simple way 
of covering a corneal defect. It is usually effected by 
dissecting off a piece of palpebral conjunctiva which is of 
the same shape as, but larger than, the defect to be 
covered. The graft is sutured over the defect in the same 
way as described for a pedicle graft. There is no need to 
remove the graft once the lesion has healed. 

Fib...= -.... , u,b,,,G auu,,,ubuaa uccl, ," 
repalr a deep ulcer in this dog (Courtesy of DJ Gould ) 

- 
pedicle 
- 
graft 

lesion has healed, thegraft canbe sectioned following the 
applicationoftopicaliocalanaesthetic.(Courtesy of DJGould.) 
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(GI 

Figure 8.16 Diagrammatic representation of a 
conjunctival pedicle graft. For explanation see 
Figure 8.17. 

I the bed of the ulce(w~th the first suture placed at 6 o'clock I 
12. Pass lne senine. sLlJres (6 o'c ocn, 3 o'c ocn and 9 o clccn) 

lnroLgn ine enire th~ckness 01 Ine con~nct va and inlo the wa I 
of me J cer a1 aooJt w.0 lnrds ol corneal rhcnness. 

13. Once lne sentine s.tJres have oeen placeo, insen other 
s u e s  :n a s m lar lasnon, approx male y 1 rnm apan, Lnl I 
tne gralt 's irrnly altacheo lo the cornea. 

14. Tie b~ oar con;~ncl va can be lelt open, b ~ t  s ~s.al y closed 
w In a con in~o~s sLlLre 018-0 lo 9.0 polygacl n 910 (see 
Fg~ re  8.16~). 

Figure 8.17 Surgical procedure for a rotation 
conjunctival pedicie graft. 

Medical treatment: Although surgical treatment is 
indicated in a proportion of affected animals, various 
forms of medical therapy are required for most 
animals. The medical and surgical treatment options 
for ulcerative keratitis have been reviewed compre- 
hensively by Kern (1990). 

Topical antibioticsare needed when ulcerative kera- 
titis with stromal loss is present and, for deep ulcera- 
tion, the frequent use of fortified antibiotic solutions is 
the treatment of choice. Fortified antibiotic solutions 
provide a high concentration of antibiotic at the site of 
infection and have the additional advantage that they 
can be made upas preservative-free preparations (see 
Chapter 3). 

Empirical treatment with collagenase inhibitors, 
such as fresh serum and topical and systemic tetra- 
cycline (e.g. oral doxycycline), is appropriate if there is 
any possibility of liquefactive stromal necrosis (corneal 
melting) as a result of, for example, chemical injury, the 
presence of excessive numbers of neutrophils, or 
Pseudomonas aeruginosa infection (see Chapter 3). 

Deep corneal injuries are often accompanied by 
uveitis, and symptomatic treatment of this should 
accompany treatment of the corneal damage when 
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this is the case. Atropine (1%) is the drug most 
commonly used to relieve the painful ciliary spasm 
(see Chapters 3 and 10). 

Ocular lubricants may be helpful as, for example, 
when lagophthalmos or tear film problems complicate 
normal healing processes (see Chapter 3). 

Corticosteroids should not be used if the corneal 
epithelium is defective, when active vlral or mycotic 
keratitis is present, or when the causal agent is un- 
known. They may be valuable to ald resolution and 
minimize scarring once epitheliallzation has occured. 
Topical non-steroidal anti-inflammatories provide a 
safer alternative (see Chapter 3). 

Local anaesthetics should never be used as part of 
treatment regimes. If paln is marked then systemic 
analgesics (see Chapters 2 and 3) should be given. 

Descemetocoele 
A descemetocoele is a very deep ulcer (Figure 8.1 8). 
The base of such ulcers is typically clear and the 
elasticity of Descemet's membrane may cause it to 
bulgeanteriorly. Although thewallsofthe ulcer(stroma) 
will be fluorescein positive, the base (Descemet's 
membrane) will not take up the stain. An eye with a 
descemetocoele should be regarded as an ophthalmic 
emergency, as globe perforation is imminent. 

adequacy of blinking, corneal sensitivity and all com- 
ponents of the pre-ocular tear film should be carefully 
checked in such cases. In a proportion of cases, 
epitheliopathy will be a consequence of qualitative or 
quantitative tear film abnormalities (Saito and Kotani, 
1999). It is also relevant to check the composition of 
any topical medical treatments that have been used 
andthelength oftime forwhich they have been applied. 
For example, local anaesthetic agents, preservatives 
and antiviral agents are all epitheliotoxic to some 
degree. If corneal erosions are present, it is sensible to 
take swabs for bacterial, and, ideally, viral culture, but 
the results are often equivocal or negative. 

Immune-mediated keratitis 

Chronic superficial keratoconjunctivitis (pannus) 

Aetiology: The cause of most types of chronic superfi- 
cial keratoconjunctivitis is unknown, but it is almost 
certainly immune-mediated in breeds such as the 
German Shepherd Dog. Predisposing factors include 
ultraviolet light, altitude and, possibly, irritative factors 
such as smoke. 

Clinical findings: The age of onset varies, to some 
extent. wlth breed. For exam~le. in the UK it is most 
likely to be diagnosed in ~ e i m a n  Shepherd Dogs of 
3-5 years of age and, at this age, the condition 
progresses rather slowly. When younger dogs are 
affected, the condition progresses more rapidly. The 
condition is usually bilateral. Mild ocular discomfort 
mav be Dresent. with redness and follicular hv~er -  

I plasia. &me, or all, of the conjunctiva, limbus, cdknea 
and third eyelid may be involved (Figure 8.19). Typi- 
cally, the lower lateral quadrant of the limbus and 
cornea is affected initially. Lipid and pigment deposi: 
tion may complicate the presentation, but ulceration is 
rarely present. 

cause was not established but it was probably related to 
topical corticosteroid treatment following assumed 
traumatic injury. There is a tiny focal full-thickness corneal 
penetration just lateral to the camera flash. The fluorescein 
staining is a consequence of subtle leakage of aqueous 
humour (positive Seidel test). 

Management:Swabs and scrapes should be taken to 
obtain material for culture and sensitivity before decid- 
ing on the appropriate means of providing support for 
healing. Primary suture can be used to treat a small 
descemetocoele (<I mm); the sutures are pre-placed 
using a horizontal mattress suture pattern, but, as the 
technique produces a high degree of astigmatism, it is 
seldom used. It is better to use one of the traditional 
means of support (e.g. a porcine intestinal submucosal 
graft, conjunctival graft, or lamellar corneal graft), the 
choice depending on the degree of complexity. ~ G m a n  Shepherd Dog Note the folllcular hypoplasia and 

loss of pigment from the third eyelid as well as the typlcal 

Punctate keratitis of unknown cause fibrovascular corneal infiltrate:,'. 

There are a number of possible causes for the 
epitheliopathy that presents as punctate keratitis, but Pathology: This is essentially a superficial fibro- 
in many cases the cause cannot be established. The vascular lesion :in which lymphocytes and plasma 
animal's facial anatomy (especially eyelid congruity), cells predominate. 
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Treatment: Topical cyclosporin is the treatment of 
choice. It is used initially twice daily and then reduced 
to a maintenance dose, usually once daily, for life. 
Corneal pigmentation usually diminishes with 
cyclosporin treatment, so that keratectomy is generally 
unnecessary. 

Superficial keratectomy is occasionally indicated 
for removal of opacities covering the entire cornea that 
have not responded to medical treatment. A cruciate 
incision is made (approximately one third of corneal 
thickness) with a number 15 scalpel blade todivide the 
cornea into quadrants. Each separate portion is dis- 
sected back to the limbus and the quadrants are 
trimmed with fine scissors (Figure 8.20). 

Figure 8.20 Superficial keratectomy for rernovai of 
opacities covering the entire cornea and not involving 
more than one third of the corneal thickness. 
(a) A cruciate incision is made with a number 15 blade 
scalpel and divides the cornea into quadrants. 
(b) Each portion is dissected back to the limbus 
and slightly beyond it. (c) The quadrants are trimmed 
with fine scissors. 

Topical applicationsof surface-active corticosteroids 
(e.g. fluorometholone) can be used as a short-term 
alternative to cyclosporin when fibrovascular infiltra- 
tion is extensive. Subconjunctival depot preparations 
may be needed for dogs that are difficult to treat, or for 
those that do not improve sufficiently on topical treat- 
ment (see Chapter 3). 

Keratomalacia: Other possible immune-mediated 
corneal problems may present in a variety of ways, 
sometimes with acute and serious corneal changes 
that often commence in the peripheral cornea. They 
may be linked with systemic immune-mediated prob- 
lems or may be the result of local insult (e.g. following 
infection with Pseudomonas sp.). Specialist advice 
should be sought (see Chapter 9). 

Thermal injury 
Ocular thermal injuries that include corneal damage 
are usually a consequence of animals becoming 
trapped in burning buildings. The damage to the 
lungs from smoke inhalation and the extent and 
depth of skin involvement are the major determinants 
of prognosis, and even survival, in such cases. The 
protection afforded by the eyelids usually prevents 
serious corneal damage, and an emollient antibiotic 
ointment is usually all that is required while the other 
injuries are managed. 

Chemical injury 
Chemical burns of the cornea and adnexal tissues are 
urgent ocular emergencies. Acids and alkalis cause 
immediate epithelial loss. Most acid injuries are less 
serious than alkali injuries, as the penetration of all but 
strong acids is arrested by the protein coagulation that 
they produce, whereas the lipid solubility of alkalis 
allows them to penetratethe tissues rapidly. Alkaliscan 
therefore cause damage to external parts of the eye 
and adnexa, as well as internal damage to the uveal 
tract, lens and zonule. 

Acid injuries 
These may be encountered when, for example, 
weakly acidic spirit-based skin preparations (pH<4.5) 
or strongly acidic (pH 1) domestic cleaning 
products, such as bleach (sodium hypochlorite) and 
toilet cleaner (sulphuric acid), are inadvertently 
spilled in the eye. 

Alkali injuries 
These result when caustic solutions, such as ammo- 
nium hydroxide (pH 12.5), sodium hydroxide or 
potassium hydroxide (both pH 14), contact the eye. 
Lime burns (calcium hydroxide) are likely to be the 
result of accidental exposure when plaster, mortar, 
cement or whitewash is being used in the vicinity. 
Calcium hydroxide is unusual in that it penetrates 
the cornea poorly, but produces quite marked stromal 
opacity (Figure 8.21). On rare occasions, maliciously 
inflicted chemical injuries from strong acids (e.g. 
sulphuric acid from batteries) and alkalis (e.g. ammo- 
nia) are encountered. 
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Figure 8.21 Alkali injury to the eye as a result of contact 
with calcium hydroxide (lime). There is corneal oedema. 
The diffuse staining by fluorescein is because the tight 
epitheliai junctions have been compromised. Calcium 
hydroxide penetrates the eye less well than other alkalis, 
so the intraocular damage is less severe, but corneal 
stromal opacity may be marked. This dog made a 
complete recovery over several months. 

Emergency treatment 
All chemical burns should be treated immediately by 
copious irrigation with bland, preferably sterile, fluid. It 
is important to check that no particulate matter is 
present in the fornices. Because alkalis bind to the 
corneal stroma, they can continue to injure ocular 
structures after initial irrigation has removed ail free 
alkali and, for this reason, it is necessary to maintain 
irrigation until the pH of the conjunctival sac has re- 
turned to normal (approximately pH 7.5). 

The severity of the chemical injury is determined 
by factors such as the time of exposure, the strength 
and the concentration of the chemical. It is important 
to test the pH of both the conjunctival sac and the 
offending chemical whenever possible, using stand- 
ard pH papers. 

Subsequent treatment 
This depends on the chemical involved and the sever- 
ity of the injury. For injuries from weak acids,~a bland 
ophthalmic antibiotic ointment may be all that is re- 
quired for a few days after the injury. However, the 
management of injuries from strong acids and most 
alkalis is morecomplexand similarto that for liquefactive 
stromal necrosis. Early specialist advice should be 
sought, in orderto minimizethe many potential compli- 
cations and provide an accurate prognosis. 

Corneal trauma 
The cornea may be damaged as a consequence of 
either blunt orpenetrating trauma. Careful examination 
under general anaesthesia is required if the full extent 
of the injuries cannot be ascertained in the conscious 
animal, or if there is any risk of expulsive loss of the 
intraocularcontents when the eyelids are manipulated. 
Blunt trauma is usually more damaging to the globe 
than penetrating trauma. 

Blunt trauma 
Blunt trauma may cause gross corneal oedema (acute 
hydrops) because of widespread damage to endothe- 
lial cells. The usual examination techn~ques must be 

supplemented by diagnostic imaging and the meas- 
urement of lntraocular pressure in order to ascertain 
the full extent of ocular damage. In addition to the 
corneal changes, intraocular haemorrhage, disruption 
of the lntraocular contents and loss of integrity of the 
ocular coats are the commonest complications. 

There is no specific treatment for damage to endo- 
thelial cells, and resolution of the oedema will depend 
on the extent of damage to individual cells and the 
ability of the unaffected cells to sl~de over the defect. 

Penetrating trauma 

Clinica1signs:Thereisan acuteonset of pain, blepha- 
rospasm and lacrimation. Traumatic corneal injury 
should always be suspected if there is obvious third 
eyelid damage, especially when it is combined with a 
change of ocuiarappearance.The examination should 
determine the depth of the corneal injury and whether 
Seidel's test is required (see Chapter I )  to check for 
aqueous leakage. Changes that may be observed on 
examination of the eye include alterations in the depth 
and transparency of the anterior chamber, unusual 
appearance or position of the iris, changes in pupil 
shape and position and the presence of lens material 
in an abnormal position because the lens capsule has 
been ruptured. The prognosis is always guarded if 
extensive intraocular haernorrhage is present. Diag- 
nostic imaging of the orbit is a sensible precaution in 
case radio-opaque foreign bodies, such as gunshot, 
are the cause of the trauma. 

Treatment: Superficial oblique lacerations do not re- 
quire surgical repair, but wound healing will often be 
enhanced if the loose flap of corneal epithelium is 
trimmed with fine scissors after applying topical local 
anaesthetic solution. 

For deeper injuries, especially where full thick- 
ness damage has occurred, reconstructive suriical 
repair is indicated. 

Gentle irrigation with sterile saline is used to pre- 
pare the ocular surface. Deep oblique lacerations are 
more difficult to repairthan deep vertical ones and they' 
also need very careful cleaning to remove foreign 
debris. Debridement should be avoided wheneverpos- 
sible, so as to prevent problems of wound closure and 
postoperative astigmatism. 

If corneal penetration has occurred (Figure 8.22), 
the coagulated-aqueous which covers the wound is 
carefully removed with an iris repositor or a surgical 
spear (e.g. cellulose surgical spears). 

There may well be prolapsed iris beneath the co- 
agulated aqueous, and this should be reposited in the 
anteriorchamber in most cases. When the iris tissue is 
devitalized or contaminated, it can be excised and the 
bleeding controlled with wet field cautery, but this is 
rarely necessary: 

If there is any suspicionijhat the lens capsule has 
been ruptured, it is important to make an early decision 
as to whether to refer the patient for specialist assess- 
ment (see Chapter 12). 

Full thickness corneal wounds are repaired with 8-0 
to 9-0 suture material, depending on the magnification 
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repair. Preplaced horizontal mattress sutures can be 
used to repair corneai wounds of up to 5 mm diameter, 
providing that the wound margins are healthy. 

The anterior chamber is re-formed witha viscoelastic 
substance, such as sodium hyaluronate, balanced salt 
solution (BSS) or a small bubble of air. The medical 
management is as for deep corneal ulceration. 

Figure 8.22 F. In Cnncss corle6 perfo'al on r. 3 aoy 
as a res : I  of a car srrarcn Ar. r s vro aujo s prcstn. 
beneath the coaaulated aaueous. The corneal iniurv is - . . 
Exrenj VC ana ou (1-e inere s panc2rnc3' oenevx aria 
a jc nyunaerrla Ttie n/pnaenla n-ah?s r mposs ole ro 
ascertain the fuil extent of the injurles on clinical 
examination alone. 

available. Non-absorbable suture material which is 
removed after 4-6 weeks (e.g. 9-0 to 10-0 monofila- 
ment polyamide) can be used for small wounds in the 
visual axis, whereas absorbable material (e.g. 8-0 to 
9-0 poiyglactin) can be used in other sites and larger 
wounds. Primarycorneal repairwith simple interrupted 
sutures is the method of choice for a wide variety of 
corneal insults; the sutures should penetrate about 
three quarters of the corneal thickness to ensure that 
the wound will be watertight (Figure 8.23). 

If there is difficulty in apposing the wound edges, 
then preplaced horizontal mattress sutures can be 
used, as already described under descemetocoele 

. . I 
Figure 8.23 D 6gratnmar c rcp.escrla1 on o' cortlea 
IEDa r la1 Rcoa r 31 a f. -1n CnrESs .err ca acsra'otl lo . . 
I ~ Q  corned Vlnen s..f~ c en1 ) f fie s.lUre rnaler a s ~ s e o  
(e y 9-0 3r 10-0 mo~iul ame111 po , i l l  ae) me nrol can u? 
roralcn nro r.le s .:-re lracn as srohn (UJ Read! of d f-. - 

. . thickness oblique laceration; note that the suture is placed 
asymmetrically. (c) The correct way of tying the knot, so 

7 '  that an arrowhead configuration is produced which slides 
' : _. 
<;. .into the needle track more readily, 

Corneal foreign bodies 
The clinical signs comprise an acute onset of pain, 
blepharospasm and lacrimation, with the foreign body 
being readily visible in many instances (Figure 8.24). If 
the diagnosis is not made soon after the insult, some 
foreign bodies, particularly when they are of organic 
material, will evoke an inflammatory response and, in 
some cases, a corneal abscess results. 

Figure 8.24 A thorn, at approximately one o'clock, has 
penetrated about two thirds of the corneal thickness. 

Treatment 
Foreign bodies require removal if they are causing, or 
are capable of causing, corneal irritation. Organic 
foreign bodies are the commonest types necessitating 
this approach. Superficial foreign bodies are easily 
removed with a surgical spear or similar, or a foreign 
body spud (Figure 8.25a). Deeply embedded foreign 
bodiesshould beapproached morecircumspectly, and 
itis usually necessajtoincisethe overlying layers with 
a razor blade fragment or similar. Gentle undermining 
of theedoesof the incision assistsaccessto theforeian 
body whych can then be removed with a foreign boiy 
needle (Figure 8.25b), hypodermic needle or forceps, 
usually following the line of entry in reverse. When 
forceps are used, it is particularly important to avoid 
inadvertently pushing the foreign body further into the 
tissues. Inchroniccaseswhereanabscess hasformed, 
it is best to excise the entire abnormal area, together 
with a rim of normal tissue. 

Lipid deposition in the cornea 
Corneal lipidoses, which include possibly inherited 
dystrophies such as clystalline stromal dystrophy, are 
bilateral depositions of lipid in an apparently normal 
cornea (see earlier). They represent the commonest 
type of corneal lipid deposition. The plasma lipid and 
lipoprotein profile may be normal in these dogs, but the 
evolution of the lesion can be modified by systemic 
dyslipoproteinaemia. 
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Figure 8.25 Removal of forelgn bodies (a) Removal of a 
superflclai forelgn body wlth a fore~gn body spud 
(b) Removal of a penetrating forelgn body wlth a forelgn 
body needle 

Lipid keratopathy 
This is the deposition of lipid within the cornea. It may 
be unilateral or bilateral, and the appearance is very 
variable because a range of ocular abnormalities may 
be associated with its pathogenesis. Vascularization is 
a constant feature of lipid keratopathy and it may 
precede, or follow, the predominantly stromal lipid 
deposition. Lipid keratopathy may bea complication of 
many types of anterior segment disease (Figure 8.26), 
and hypotony is an exacerbating factor. The majority of 
affected animals have plasma hyperiipoproteinemia, 
but the alterations can be quite subtle and require 
lipoprotein analysis rather than measurement of total 
lipids (Crispin, 1987). 

F.=-.- -.-- -,,,,-.-,-, ,,r.- ,.-.-.- -.,., ,,, ---.. er, 
assoc~ated wlth aforeion bodv (sollnter of wood) that had 
been present lor some-neens'ih'e oog uas norhopo- 
prole naem c ar the I me ol rclerra 

Arcus lipoides corneae (corneal arcus) 
This is a bilateral condition which, in dogs, represents 
peripheral corneal accumulation of lipid as a result of 
excessive insudation of plasma lipids (Figure 8.27). The 
condition in dogs is always associated with plasma 
hyperlipoproteinaemia, usually secondary to a probiem 
such as hypothyroidism (Crispin and Barnett, 1978). 
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vriary acq.. re0 nyporhyrootsm lno nog nao 
nypcrl poorore naemia tor2 p asma cno esvro 7 1 mmol 
and total plasma triglycerides 1.1 mmolll. 

Neurotrophic keratopathy 
Damage to the trigeminal nerve results in corneal 
desensitization and neurotrophic keratopathy, which 
may present initially as punctate epithelial erosions in 
the interpalpebral area of the cornea, and later as 
more obvious corneal oedema and ulceration. This 
type of keratopathy isdifficult to recognize in the early 
stages, as corneal sensitivity varies widely in different 
breeds of dog. 

Exposure keratopathy 
Exposure keratopathy may resultfrom abnormal eyelid 
anatomy or movement, or because of abnormal size 
and position of the globe iRself. For example, sym- 
blepharonformationor othercicatricial liddisorders will 
restrict the normal excursion of the eyelids. 

Facial newe paresis can result in neuroparalytic 
keratopathy, although active retraction of the globe by 
the unaffected retractor oculi muscles (cranial nerve 
VI) tends to protect the cornea when the'vllth newe is 
dysfunctional. However, this is not the case in brachy- 
cephalic breeds, as they have a shallow orbit and poor 
excursion of the nictitating membrane. 

Exposure keratopathy is more likely to develop if 
there is proptosis or globe enlargement (F~gure 8.28). 
The clinical features vary according to the severityof the 
underlying probiem and range from discrete punctate 
erosions to gross ulceration, infection and perforation. 

enlargement in a Giant schnauzer. There had been 
a previous uveitis complicated by secondary glaucoma 
(IOP >60 mmHg). The globe is now permanently enlarged 
and painful, and requires removal. 
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Neoplasia 

Primary corneal neoplasia 
This is extremely rare. The majority of tumours that 
involve the cornea arise from the limbus and these are 
described, together with pseudotumours and 
inflammationsin this region, in Chapter9. Of thosethat 
are specifically corneal tumours, the most commonly 
reported are intraepithelial squamous cell carcinomas 
and papillomas, and there are single case reports of a 
corneal epithelioma and a corneal adenocarcinoma. 

lntraepithelial squamous cell carcinoma presents 
as a roughened pinkish-white mass. Viral papillomas 
are regarded as the commonest primary corneal tu- 
mour of young dogs, and appear similar to the more 
common oral andeyelid papillomas. Both intraepithelial 
squamous cell carcinoma and corneal papilloma can 
be excised by keratectomy, and surgery can be com- 
bined with either radiotherapy or cryotherapy. 

Differential diagnosis is important, as it is much 
more likely that solitary corneal masses that do not 
involve the limbus are epithelial inclusion cysts or 
reactions to implanted foreign material. 

Secondary corneal neoplasia 
This is also extremely rare; lymphoma is the tumour 
most llkely toinflltratethecorneaorto produce corneal 
signsassociatedwithocular~nf~ltration, suchasoedema 
and neovascularization. Similar corneal signs may be 
aconsequenceof generalizedsystemicdiseases, such 
as histiocytosls and leishmaniasls, as well as a variety 
of intraocular tumours, so careful examination of the 
whole dog and intraocular imaging are needed. 

Other conditions of the canine cornea 

Calcium keratopathy 
Calcium may be deposited in the cornea because of 
local 'dystrophic' factors, usually associated with chronic 
inflammation, orasan ocular manifestation of systemic 
calcium metabolism abnormality, when it is called 
metastatic calcification. Calcium deposition may be 
one of the long-term complications of parotid duct 
transposition. 

The calcium is usually deposited in a subepithelial 
position and the corneal epithelium must be removed 
iftreatmentwith chelating agents such as EDTAis to be 
effective. Determination of the underlying causeand its 
removal, are also crucial in terms of preventing addi- 
tional calcium deposition. 

Epithelial inclusion cyst 
The pathogenesis of inclusion cysts is not well under- 
stood, although, in many cases, a history of priorcorneal 
insult would suggest that implantation of epithelial cells 
in deeper cornea is the likely cause (Bedford ef a/., 
1990). The appearance is typical, consisting of a well 
circumscribed whitish focal stromal lesion and absence 
of an inflammatory component (Figure 8.29), which 
allows it to be differentiated readily from a corneal 
abscess. Inclusion cysts are best removed by complete 
excision. Histology demonstrates that inclusion cysts 
are lined by non-keratinized squamous epithelium. 

I Figure 8.29 
Corneal ep~thelial 
~nclusion cyst in 
a Miniature 

I Poodle There 
was no history of 

Florida keratopathy (Florida 'spots') 
A keratopathy typified by non-painful focal grey white 
corneal opacities may be encountered in a variety of 
species, incl~oing thedog andcat, in the Southeasrern 
United States and tne Caribbean. Affecteo animals do 
not exhibit any signs of ocular discomfort, there are no 
indications of ocular inflammation and the epithelium is 
intact. The cause is unknown, but as it is self-limiting, 
there is nonecessityto provide empirical treatment. On 
the basis of positive acid-fast staining in the corneal 
stroma, atypical mycobacterial infection has been sug- 
gested as a possible cause ih a single case report in a 
dog (Fischer and Peiffer, 1987). 

Developmental corneal conditions in 
the cat 

Absence/microcornea/megalocornea 
The unusual nature of problems of this type has been 
discussed previouslyforthedog; the situation is similar 
in the cat. In the cat, the effects of infectious agents 
(e.g. feline herpesvirus) should be considered when 
litters are born with multiple ocular anomalies which 
include corneal abnormality. 

Poor differentiation of the limbus with associated 
microcornea may be seen in animals suffering from 
metabolic disorders of collagen. 

Corneal opacity 
Transient diffuse corneal opacity is present in young 
kittens when the eyes first open, but should have 
disappeared by the time the kitten is 4 weeks of age. 

Permanent corneal opacities are, as in dogs, most 
frequently encountered becauseof perslstent puplllary 
membrane remnants, or some other form of anterior 
segment dysgenesis (see Chapter 9). 

Neurometabolic disease 
Corneal clouding (Figure 8.30) is afeature of a number 
of neurometabolic (lysosomal) storage diseases 
(mucopolysaccharidosis, mannosidosis, gangliosid- 
osis). Specific enzyme deficiencies lead to the accu- 
mulation of abnormal products within lysosomes and 
extracellularly. Diagnosis is made on clinical grounds 
(nervous and ocular signs), enzyme analysis and from 
microscopic examination of biopsy material. 
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n1Tcop3 ,sacciar oos s n a 3-,ionir on oomesr c srlorlria r 
car Anrorn-a acc-l-l- ar on ol m .cop0 isdccn3r oes n rnc 
corneal cells results in corneal clouding. 

Acquired corneal conditions in the cat 

Corneal dystrophies 

Endothelial dystrophy 
A progressive, bilateral and severe endothelial dystro- 
phy is occasionally encountered in domestic cats. 
Affected animals are usually closely inbred, but the 
mode of inheritance is unknown. Abnormalities are 
limited to the cornea. 

Clinical findings: Stromal oedema may be detected 
as early as 3 or 4 weeks of age, beginning centrally and 
spreading towardsthe limbus, but with perilimbal spar- 
ing. Keratoconus and keratoglobus are frequent com- 
plications (Figure 8.31). 

Pathology: The earliest microscopic change IS prob- 
ably in the central corneal endothelium. The cytoplasm 
of the endothel~al cells becomes vacuolated, a change 
which is especially marked in the region between 
Descemet's membrane and the nuclei of the endothe- 
lial cells. Towards the limbus, the endothelial cells are 
of normal appearance. 

There 1s stromal oedema and an increase in stromal 
thickness. The corneal epithelium shows no abnormal- 
ity early on in the disease, but later it becomes thinner 
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than normal w~th a red,ceo rumber of layers; achange 
01 corneal prolile is clinical y ev dent at th s stage. 

Treatment: Penetrating keratoplasty is the treatment 
of choice (Bahn eta/., 1982). 

Keratitis 

Ulcerative keratitis 

Aetio1ogy:This is frequently of traumatic origin, espe- 
ciallyfromcatscratches. Otherwise, thepossibiecauses 
are similar to those for the dog, with the notable 
exception of eyelid and cilia abnormalities, which are 
less common in cats, apart from those associated with 
developmental eyelid defects, such as colobomas. 

Persian and Himalayan cats are brachycephalic, 
and have the same characteristic as brachycephalic 
dogs of reduced corneal sensitivity (Blocker and van 
der Woerdt, 2001). In these breeds of cat, ulcerative 
kerat~tis may be more difficult to manage, as corneal 
perforation is a possible complication. 

lnfectlon is a real possibility following claw or bite 
injuries in the cat, so a course of topical antibiotic is 
required, with a spectrum of activity that includes 
Pasteurella rnultocida (e.g. chloramphenicol). 

Clinical findings: Usually an acute onset of pain, 
blepharospasm and excessive lacrimation are seen; 
the condition IS most commonly unilateral. 

Superficial les~ons (Figure 8.32) may be more pain- 
ful than those more deeply stuated. Careful examina- 
tion with magnification should enable the extent and 
depth of ulceration to be determined. Deeper lesions 
have a characteristic crater-like appearance. De- 
scemet's membrane may bevislble when afull stromal 
defect 1s present. The elastic~ty of th~s layer in the cat 
may result in a spectacular descemetocoele. 

Figure 8.32 F ~oresce ri-pos ' ~e %perf c a .. cerar .e 
neral 1 s of rra-ma1 c or g n (cat scralctl) n a cal Tne ouse 
piece of epithelium was trimmed fusina tenotomv 
sc~ssorsj alter aop, cal on ol loca anaesrnrr c T',~ ca 
an! o orlc cotcr (cn orampnen ml o nlmenl) nab pro, oeo 
The injury healed uneventfully 

The examination may be'aided by the use of topical 
local anaesthetic, although, if extensive damage is 
present or full thickness penetration suspected, it is 
better to examine the cat under general anaesthesia. 
On occasions, there may be such marked chemosis 
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that examination under general anaesthesia is re- 
quired to establish the extent of the injuries. In addition 
tocorneal damage, there may be damage to the limbus 
and sclera (Figure 8.33). The extent of any scleral 
injury may be hidden by the overlying conjunctiva, and 
subconjunctival exploration under general anaesthe- 
sia will be required in such cases. 

Figure 8.33 Penetrating injury as a result of a cat 
scratch. Coagulating aqueous is the most obvious feature. 
The claw had entered obiiquely and damaged the limbus, 
sclera and ciliary body, as well as the cornea and iris. 
Injuries of this type can only be assessed properly at the 
time of microsurgery. Primary repair was performed and 
the eye healed uneventfully. 

Treatment: Establish and eliminate the cause, as 
already described for the dog. 

Superficial corneal ulceration 
As in dogs, there appears to be a form of recurrent 
epithelial erosion that may represent an epithelial 
basement dystrophy. Background factors of impor- 
tance that may influence the efficacy of treatment 
include infection with feline herpesvirus (Figure 8.34) 
and eyelid and tear film abnormalities. Epithelial 
erosion, without other complicating factors, can be 
treated by the removal of abnormal epithelium, and 
by placing a conjunctival pedicle graft if sequestrum 
formation is feared as a complication. 

Deep corneal ulceration 
This may be an immediate result of an injury or a later 
complication (Figure 8.35). The approach adopted in 
the management of deep corneal ulcers is as already 
described for the dog. 

- 
A lei ro c,e o I ap nao oecv sao ro &rob oe s-pp3rr lo' 
'lea r g  zn I. cer u,t we A cer nas trore exrens te a in  
deep& when the flap was taken down. The complication 
was probabiy the result of mechanical irritation from sutures 
that had penetrated the iull thickness of the third eyelid. 

Herpetic keratitis 

Aetiology: Feline herpesvirus (FHV-I), the virus re- 
sponsible for feline rhinotracheitis, has already been 
described as a cause of ophthalmia neonatorum and 
conjunctivitis, but it is also a cause of herpetic keratitis. 
In adults, herpetic keratitis often represents reactiva- 
tion of latent virus, and is not necessarily associated 
with upper respiratory tract disease (Nasisse, 1990). 

rtgure necurrern eplmelial erus~or~ prluwgraprleu 
with blue light to show the multiple fluorescein-positive 
areas. Erosions of this type are often related to underlying 
feline herpesvirus infection. 

Clinical findings: Mild blepharospasm with lacrima- 
tion or a serous ocular discharge are common. The 
keratitis consists of discrete superficial punctate opaci- 
ties in the early stages as the virus invades and 
replicates in the corneal epithelial cells which then die. 
Dendritic ulcers are pathognomonic for herpetic kera- 
titis when identified and consist of linear branching 
erosions (Figure 8.36). Irregular, but superficial, geo- 
graphic ulcers are formed when the small ulcers en- 
large and coalesce, producing the typical appearance 
of superficial erosions (see Figure 8.37). 

Rose bengal is useful for demonstrating subtle 
ssions, but it should be remembered that it is more 

~rritatingtotheeyethanfluorescein, soitis bettertouse 
fluorescein firstandtoview it in thedarkwithabluelight 
source, before resorting to rose bengal. In addition to 
the cytopathic effects on the corneal epithelium, sup- 
pression of local immune responses probably enables 
the virus to gain access to the corneal stroma. Stromal 
keratitis mediated by an immune response to the viral 
~ntigen results. 

Chronic stromal keratitis (Figure 8.37) may result 
in sight-threatening corneal scarring and the other 
possible herpes-related complications such as 
keratoconjunctivitis sicca (see Chapter 6), and sym- 
blepharon (see Chapter 7) may also be present in 
affected animals. 
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lmmunotherapy has apossible role in the manage- 
ment of herpetic keratitis, but there have been no 
controlled clinical trials to assess the efficacy of this 
approach in thecat. The useof human interferon-aand 
vaccine are being evaluated at present. 

Encouraging results from in vitro investigations of 
L-lysine have been extrapolated to the clinicalsituation, 
and 25C-500 mg orally daily may have a partto play in 
either reducing or preventing the severity of recurrent 
FHV-I infection. 

Finally, mechanical removal of affected corneal 
epithelium might assist in the treatment of epithelial 
keratitis, whereas lamellar keratectomy or even pene- 

ragure a.ao suprnlc a1 aenorlrlc ulcers, slalnen wlrn trating keratoplasty might be of v a l ~ e  in the treatment 

f -orewe n, n acute fe. ne herpes1 r-s 'nfecl on of stromal keratit~s. 

Figure 8.37 Srrorna ncrall s ,i a cal N In cnrotl c le ne 
nerpes. r.8 r l ~ r o n  Tt~e c3r nas e sc Fl /-pss r dc 

A number of affected cats are positive for FIV or 
FeLV infection, suggesting that, in these cases, her- 
petic keratitis may be an example of an essentially 
opportunist infection in an immunocompromised host. 

Diagnosis: The diagnosis of ocular feline herpes- 
virus was reviewed by Nasisse and Weigler in 1997. 
It is based on the clinical findings and confirmed 
by laboratory analysis of corneal scrapings (see 
Chapter 1). Unfortunately, virus isolation is reliable 
only in the early course of infection, so negative 
results do not allow the diagnosis of feline herpesvirus 
infection to be ruled out. Serology helps in confirming 
exposure; active infection may be present if the titre 
exceeds I : 200. 

Treatment: Herpetic keratitis responds unpredictablv 
to topical antiviral agents (see chapter 3). in practice, 
it is the acute superficial forms of herpetic keratitis that 
are most likely to respond favourably to treatment, and 
antiviral treatment should be aiven for at least 2 weeks 
and continued for at least a weekafter the clinical signs 
have resolved. 

Chroniccases with stromal involvement appearto 
be resistanttoantiviral therapy.Topicalcorticosteroids 
may reduce post-herpetic scarring when there is 
stromal involvement, but they should only be used in 
the treatment of chronic cases in conjunction with 
antiviral agents; on their own they may exacerbate 
the condition. 

Clinical course: In practice, many cases relapse 
because of persistent conjunctival infection, or reacti- 
vation of a latent viral Infection. Reactivation of latent 
virus is triggered by many forms of stress, intercurrent 
disease and corticosteroid administration. 

Vaccination: The prevention of feline herpesvirus 
infection by routine vaccination is obviously the most 
satisfactory long-term aim, although, at present, vacci- 
nation does not necessarily prevent infection, and is 
unlikely to be of value in already infected animals or 
chronic carriers. 

Other forms of feline keratitis 

Mycobacterial keratitis: This may be caused by 
typical or atypical forms of mycobacteria. It presents 
asan infiltrativecornealopacity of roughened appear- 
ance. It is a rarely diagnosed condition, although 
the presence of acid-fast organisms can be readily 
confirmed from corneal samples stained with Ziehl- 
Neelson carbol-fuchsin. It should be differentiated 
from neoplastic infiltration, notably squamous cell 
carcinoma and lymphoma, both of which can be 
confirmed by microscopical examination of scrapings 
or biopsy specimens. 

Mycotic keratitis: There are sporadic reports of my- 
cotic keratitis in cats, usually emanating from those 
parts of the world where the climate is supportive of 
fungal growth. Mycotic keratitis is usually associated 
with long-term corticosteroid or antibiotic usage, or 
some other form of immunosuppression, and is very 
rarely seen in the UK, unless the animal has been 
imported from an endemic zone. 

Corneal trauma 

Surgical repair 
As in the dog, the aim is primary repair. The cat is an 
excellent candidate for ocula~.surgery and the progno- 
sisformostinjuries isexcellent.Thetechniquesadopted 
are as described for the dog, with the caveat that 
complex penetrating injuries that have damaged the 
lens may be complicated by intraocular sarcoma for- 
mation some time later (see Chapter 12). 
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Foreign bodies 
The ocular signs range from minimal ocular discom- 
fort to obvious pain and marked chemosis. In general, 
the reaction to foreign material is much less florid 
thanthat encountered in dogs. Corneal foreign bodies 
are slightly less common in cats than dogs, but mali- 
cious injuries (e.g. involving firearms) are more fre- 
quently encountered, and it is sensible to perform 
routine skull radiography in all cases of unexplained 
ocular trauma. 

Corneal sequestration I 
Aetiology F'i , -. - - . - - - - . - .. . . . .. 1 a Pers an cat. 
Tnis is a condlion of Jnknown c a s e  that nas many ,,,, .I, , OMEr c ) e  3 tflrcr or 
descriotive names-corneal necrosis. corneal seaues- ...- ~ 8 -  ~~ ~ - ~~ ~ 

, . 
tration, corneal sequestrum, corneal mummification 
focal degeneration, corneal nigrum, keratitis nigrum, 
primary necrotizing keratitis, isolated black lesion and I 
chronic ulcerative keratitis. It is unique to the cat, and 
it is of particular interest in that there is both a breed 
disposition (e.g. Colourpoint, Persian, Siamese, Birman) 
and a tendency for the condition to appear after previ- 
ous corneal insult (trauma, feline herpesvirus infection) 
in all breeds, be they pedigree or non-pedigree. The 
condition has been reviewed comprehensively by 
Startup (1988), Pentlarge (1989) and Morgan (1994). 

Clinical findings 
Corneal sequestration' is usually unilateral, although 
the other eye may be affected at a later date; rarely are 
both eyes affected at the same time. The pigmented 
material isalmostcertainly derivedfrom thetearfilm. In 
many respects, sequestrum formation may be re- 
garded as a complication of corneal healing after 
epithelial or stromal loss. 

It is sensibleto conductacomprehensive examina- 
tion, to exclude complicating factors such as medial 
entropion, tear film abnormalities and infection.The 
appearance of the lesion is often so striking that the 
necessity for complete examination is forgotten. 

About 55% of affected cats are positive for feline 
herpesvirus (FHV-1 DNA) when corneal scrapings are 
assayed using thesensitive polymerase chain reaction 
(Nasisse et a/., 1996). 

The lesion is of somewhat variable appearance, 
ranging from an ill-defined darkening of the corneal 
stroma to a clearly demarcated black plaque (seques- 
trum) which is usually raised above the level of the 
corneal epithelium (Figures 8.38 and 8:39). The differ- 
ent appearances probably relate to the different under- 
lying causesof the initiating corneal insult, as well as to 
different stages in the evolution of the opacity. 

A discrete zone of oedema or frank ulceration may 
surround the sequestrum, and there is usually obvious 
neovascularization. In most cases, the corneal seque- 
strum is eventually sloughed, but this is a process that 
may take many months and, if ulceration is present, 
there will be chronic discomfort for the patient and risk 
of additional complications such as corneal perfora- 
tion. In breeds with poor ocular anatomy, such as the 
Persian cat, undue delay before surgical intervention 
would be unacceptable. 

Figure 8.39 Corneal sequestration associated with 
epithelial erosion. There is a defect in the margin of the 
third eyelid because of traumatic injury some years 
previously. The erosion may be a complication of low- 
grade exposure keratopathy. 

Pathology 
The most obvious findings are coagulative necrosis 
and non-specific inflammatory cells. 

Treatment 
This will depend on the ocular anatomy, the extent and 
progression of thecondition and the amount of discom- 
fort which is present. The time course is reduced 
considerably if the lesion is removed surgically, so this 
is usually the treatment of choice. 

Keratectomy combined with a graft, usually a con- 
junctival pedicle graft or one of porcine intestinal sub- 
mucosa (Featherstone etal., 2001), gives good results. 
Corneoconjunctival transposition is also an effective 
surgical treatment (Andrew etal., 2001). It is rarely, if 
ever, necessary to perform lamellar keratoplasty or 
penetrating keratoplasty, unlessthesequestrum isdeep 
enough to warrant this approach. Inevitably, there is 
some corneal scarring when the sequestrum involves 
the stroma, but this is scarcely apparent with time. 

After surgery, the patient is usually given a 5-day 
course of topical antibiotic. Recurrence is unusual with 
careful case selection and surgery. 

If the sequestrum is superficial and causing no 
discomfort, it may be left to slough and the cat may be 
treated by applying a therapeutic soft contact lens, or 
simply using topical tear replacement solutions. 
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Eosinophilic (proliferative) 
keratoconjunctivitis 

Aetiology 
The cause of this condition is unknown (Morgan eta/., 
1996; Paulsen etaL, 1996; Prasseand Winston, 1996). 
It has been compared with the eosinophilic granuloma 
complex but many cats have only ocular involvement 
and skin lesions are absent. Circulating eosinophilia is 
sometimes present, and in onestudy allergic bronchitis 
and eosinophilic enteritis were reported. Feline proll- 
ferative keratoconjunctivitis is remarkably similar to 
human vernal keratoconjunctivitis and shares some 
similarities with chronic superficial keratoconjunctivitis 
in dogs. PCR assay has demonstrated that 76% of 
corneal scrapings are positive for FHV-1 DNA in 
affected cats (Nasisse eta/., 1996). 

Clinical findings 
The condition is usually unilateral initially, but without 
effective treatment it frequently progresses to affect I' both eyes. Typical corneal changes include diffuse ' oedema, neovacularization, minuteerosionsand plaque 
formation; the dorsolateral quadrant is most often 
affected. The plaques are of bizarre and irregularform, 
frequently whitish in colourand sometimes resembling 
cottage cheese. Similar plaques may be found on 
adjacent bulbar and palpebral conjunctiva. Chronicity 
is associated with patchy depigmentation, low-grade 
inflammation, small granulomas and eyelid thickening 
(Figure 8.40). Ocular discomfort and a low-grade 
ocular discharge are usually present. 

keratoconjunctivitis. Note the patchy loss of pigment on 
Figure 8.40 Characteristic appearance of proliferative 

the eyelid margin and the suDerficial white ~laaues on the 
conjunctiva and cornea.   he extent of corneal changes 
such as vascularization and cellular infiltration varies 
between cases. 

Diagnosis 
The diagnosis is usually made from the characteristic 
clinical signs and can be confirmed by exfoliative 
corneal cytology (using Wright or Giemsa stains). 
Epithelial cells, eosinophils, mast cells, lymphocytes 
and neutrophils are typical. The white plaques are 
composed of nuclear debris from disrupted cells, 
eosinophils and eosinophilic granules (Prasse and 
Winston, 1996). 

Treatment 
The condition responds to topical corticosteroid or 
cyclosporin therapy, and also to corticosteroids 
or megoestcol acetate given by mouth. All these 
drugs have potentially undesirable side-effects (see 
Chapter 3). Treatment may achieve remission rather 
than cure, and this means that caution must be 
exercised in the long-term treatment of eosinophilic 
keratoconjunctivit~s. In practice, therefore, the aim 
is to achieve control with the safest drug used as 
infrequently as possible. Topical corticosteroids, 
such as betamethasone sodium phosphate, pred- 
nisolone sodium phosphate, dexamethasone and 
fluorometholone are used initially, followed by 
maintenance with cyclosporin, to achieve this. The 
effectiveness of topical corticosteroids puts in doubt 
the clinical significance of the high detection rate of 
FHV-1 DNA with PCR, which may more truly reflect 
the sensitivity of the technique, rather than the pres- 
ence of clinically relevant herpetic keratitis. 

Acute bullous keratopathy 
This unusual, intriguing, but potentially devastating 
condition is of unknown aetiology; theories include 
acute hypersensitivity reactions to insect stings and 
bites (Glover et a/., 1994). Acute onset panstromal 
oedema may result in rapid corneal decompensation, 
sometimes complicated by perforation. The common- 
est treatment approach is provision of corneal support 
by means of a conjunctival graft. 

Florida keratopathy 
As outlined earlier, this is an unusual keratopathy of 
unknown cause. Corneal histology in the cat has indi- 
cated lipid-staining granules, particularly in the region 
of the epithelial basement membrane. 

Lipid deposition 
The cat is rarely affected by corneal lipid deposition. 
Lipid keratopathy occurs sporadically, usually 
following corneal injury, and can indicate previously 
unsuspected hyperlipoproteinemla, usually chylomicro- 
naemia. Arcus lipoides corneae is very rare and crys- 
talline stromal dystrophy has never been described in 
this species. 

Neurotrophic keratopathy and exposure 
keratopathy 
These problems have already been described in 
the dog. The cat is not as llkely to develop problems 
of exposure keratopathy because of anatomical 
malformation, but may develop a severe exposure 
keratopathy following removal of the third eyelid, or 
in association with problems such as glaucoma 
when the globe is markedly enlarged. Facial nerve 
(VII) paresis and paralysis can follow otitis interna 
or aural surgery, especially bulla osteotomy. 
Postsurgical paresis is usually temporary and, as 
in the dog, the globe can be actively retracted 
by the retractor oculi muscles (supplied by cranial 
nerve VI), thus mitigating the effects of facial nerve 
dysfunction. 
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The sclera, episclera and 
corneoscleraI lirnbus 

David T. Ramsey 

Introduction 

Primary disorders of the sclera, episclera and 
corneoscleral limbus are encountered infrequently in 
dogs, and are extremely rare in cats. Many ocular 
diseases have a predisposition to begin, or to be 
detected, near the corneoscleral limbus, but they are 
considered to be primary diseases of the cornea, 
conjunctivaoranterioruveaand affectthecorneoscleral 
limbus, episclera or sclera secondarily. These dis- 
eases will be mentioned briefly here, but are covered in 
detail in other chapters in this text. Because of the very 
low incidence of scleral, episcleral and limbal diseases 
in cats, this chapter will primarily consider diseases of 
these oculartissues in dogs; however, diseases affect- 
ing these ocular tissues in cats, species differences 
and species exclusions will also be discussed. 

Anatomv 
Sclera 
The sclera comprises the largest component of the 
dense fibrous tunicof the globe. It terminates anteriorly 
at a pigmented zone of transition, where it joins the 
peripheral corneal stroma at the corneoscleral limbus 
and, posteriorly, at the lamina cribrosa and dura mater 
of the optic nerve. It is composed primarily of type I 
collagen fibres that are arranged in bundles and orien- 
tated randomly, in comparison with the precisely 
arranged and oriented parallel collagen bundles in the 
corneal stroma. Elastic fibres and fibroblasts are inter- 
spersed among the collagen bundles. 

The sclera is approximately 0.3-0.4 mm thick at the 
posterior pole and 0.12-0.2 mm thick at the equator of 
theglobe in the dog; thesevaluesare 0.13-0.6 mm and 
0.09-0.2 mm, respectively, in the cat (Martin and 
Anderson, 1981). The colour of the sclera is, in part, 
dependent upon itsstromal thickness. When sufficiently 
thick, the sclera reflects light, making it appear white. 
The underlying choroid may be partially visible through 
a sclera that is thin (e.g. in young animals and animals 
with buphthalmic globes), giving the sclera a pale blue 
colour. The normal sclera may appear ivory to yellow in 
colour in elderly animals. The coloration may be abnor- 
mal, for example, if the animal is jaundiced, or when it 
contains an abnormally increased lipid content. 

Vasculature 
The sclerais modestly vascularized in thedog and cat. 

Anterior ciliary arteriesanastomose with the superficial 
vascular plexus in the superficial sclera. Venous drain- 
age of blood occurs primarily through the scleral 
venous plexus, located within the mid-sclera; this anas- 
tomoses with the angular aqueous plexus in the deep 
sclera, to drain aqueous humour. 

Episclera 
Anatomically, the episclera is considered to be part of 
the sclera, and consists of a thin fibroelastic structure 
composed of collagen, fibroblasts, melanocytes, 
proteoglycans and glycoproteins (Pearlstein, 1997). It 
is a highly vascular tissue; it coalesces with Tenon's 
fascia, that overlies it, and it is loosely adherent to the 
underlying sclera. 

Vasculature 
It is very important to differentiate episcleral injection 
from conjunctival injection; this indicates whether seri- 
ous deep ocular or systemic disease (signified by epi- 
scleral vascular injection), or superficial ocular disease 
(signified by conjunctival vascular injection) is present. 
The vasculature of the episclera tends to move in the 
same direction as the underlying sclera during eye 
movements or eyelid manipulations and cannot be 
displacedfrom its normal position using a cotton swab. 
The vasculature of the overlying bulbar conjunctiva, 
however, is freely moveable over the surface of the 
episclerawith eyelid manipulations or movement ofthe 
globe and can be displaced from its normal position 
using a cotton swab. 

Disorders of the episclera are more common than 
those of the sclera or the corneoscleral limbus. 

Corneoscleral limbus 
The corneoscleral limbus is an anatomical transition 
zone between the two tissues composing the fibrous 
tunicof the globe (i.e. thestromaof the corneaand that 
of the sclera), and the epithelia of the conjunctiva and 
cornea. The limbus appears grossly as a 1 mm wide 
poorly defined pigmented area, encircling the peri- 
pheral cornea. Melanocytes are scattered sparsely 
throughout this zone of transition, and traverse the 
limbus obliquely, from the deep to superficial stroma 
between thecorneaand sclera. Apopulation of corneal 
epithelial stem cellsarealso present atthe limbus. The 
sclera, near its insertion with the cornea at the limbus, 
projects axially and extends beyond the root of the iris, 
thereby creating an overhanging scleral shelf. 
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Developmental abnormalities 

Thin sclera 
The sclera is often thin in young dogs of various breeds 
and also in young cats; thin sclera has an opalescent 
light blue colour, asthe underlying anterioruveal tissue 
is partially visible through it. If the sclera remains blue 
during maturity, concomitant signs suggestive of a 
hereditary defect in collagen synthesis (joint hyper- 
extensibility, skin fragility and hyperelasticity) should 
be checked for. Complete ophthalmic and physical 
examinations are indicated. 

Derrnoid 
A dermoid is a choristoma, i.e. a growth of tissue 
composed of elements that are not normally present in 
the affected area. Ocular dermoids are located most 
commonly near the ventrotemporal corneoscleral lim- 
bus and affect the conjunctiva, cornea and sometimes 
the eyelids. Oermoids are usually raised above the 
surface, and contain dermal appendages (e.g. hair, 
sebaceous glands). Canine breeds most frequently 
reported with dermoids include the Miniature Dachs- 
hund, Dalmatian, Dobermann Pinscherand St Bernard. 
Predisposedfeline breedsincludethe Burmese, Birman 
and DornesticShorthair. Affectedanimalsdo not usually 
have clinical signs until they are 2-4 months of age, 
when ocular irritation or ulceration may become evi- 
dent. Lamellar keratectomy (and conjunctivectomy of 
affected tissue) is curative. 

A dermoid is pictured in Chapter 7. 

Congenital staphylorna of the sclera with 
ectasia 
A staphyloma is defined as focal thinning and protru- 
sion of the fibrous tunic of the globe that is lined with 
uveal tissue. 

Congenital posterior staphylomas are more com- 
mon than congenital anterior staphylomas. They are 
most frequently associated with Collie eye anomaly, 
but are also seen with multiple ocular abnormalities in 
Australian Shepherd Dogs and, sporadically, in cats. 
An anterior staphyloma may involve a focal area of 
sclera, and may resemble limbal melanoma when it is 
locatedator nearthecorneal limbusand isthinenough 
toallow extreme protrusionof uvealtissue (Figure9.1). 
Dyscoria may occur with an anterior staphyloma, and 
other intraocular abnormalities may coexist with ante- 
rior or posterior scleral staphylomas. 

Most lesions are static, and require no treatment. 
When ectatic protrusion of an anterior staphyloma 
causes distortion of the palpebral fissure, surgical 
correction is effected by direct apposition of the defect 
if it is less than 3 mm wide, or by using a scleral 
autograft or xenograft, orcommercially available intes- 
tinal submucosa or microporous mersilene. 

Multifocal staphylomas are frequently present in a 
cystic eye (Figure 9.2). In such instances, malforma- 
tion of intraocular tissues is usually present, and the 
eye is usually blind. 

Congenital posterior staphylomas (colobomas) are 
pictured in Chapter 14. 

Figure 9.1 The left eye of a cat with a staphyioma of the 
dorsal limbus and oerilimbal sclera. The sclera is thin and 
p,olr-oes anlc'or , aro -Jars;. , Ja.? ng el ir,pcr\ L' 'nc 
.pper ccnirs e,c u hole ire uaeh o c; o.r res.. 7 ng 
from anterior uveal tissue lining the staphyloma 

Figure 9.2 An 
enucleated cystic 
eve of a doo. There 
a;e multipl& 
intercommunicating, 
thin-walled cysts 
that extend from the 
posterior sclera. 

Sclerocornea 
Peripheral or total scleralization of the cornea, and a 
corneal curvature less than the scleral curvature, are 
the hallmarks of sclerocornea (Figure 9.3). Variable 
degrees of corneal opacification occur with overlying 
episcleral and conjunctival vascularization, and apoorly 
defined or absent corneoscleral limbus. Sclerocornea 
resultsfrom a congenital absence of the limbal anlage. 

shepherd Dog witctotai scle~ocornea. The corneoscleral 
limbus is absent, and conjunctival tissue overlies the 
sclerocornea. The margin of the nictitating membrane can 
be seen ventronasally. 

www.vet4arab.co.cc
by Itra



The sclera, episclera and corneoscleral limbus 157 

During normal embryogenesis the limbal anlage is Figure 9.4 Nodular 
responsible for inducing neural crest-derived mesen- episcleritis is present 
chymal cells to undergo limbal differentiation into nor- at the ventrolateral 
ma1 cornea and sclera and allows corneal curvature to perilimbal region in 

this 9-year-old female 
exceed scleral curvature. Scleralization begins from American Cocker 
the periphery and progresses toward the central cor- Spaniel. Note the 
nea, and either the peripheral cornea, or the entire hyperaemic, 
cornea, may be affected. Associated intraocular mal- well demarcated 
formations are commonly present with sclerocornea. nodule. The overlying 

conjunctiva is 
hyperaemic and 
corneal oedema is 

Acquired abnormalities present near the 
mass. 

The most common acquired abnormalities are classi- 
fied as inflammatory; however, other abnormalities 
include immune-mediated, degenerative, traumaticand 
neoplastic diseases. 

Inflammatory diseases 
Primary inflammatory diseases affecting the 
episclera are relatively uncommon, and occur more 
frequently in dogs than in cats. However, inflamma- 
tory episcleral diseases occur more frequently than 
all other abnormalities of the sclera and corneoscleral 
limbus in dogs and cats. Most of the more common 
inflammatory diseases that affect the limbus occur 
secondary to diseases which primarily affect or begin 
near the peripheral cornea (e.g. chronic superficial 
keratitis in dogs, eosinophilic keratoconjunctivitis 
in cats) or the conjunctiva. In such instances, the 
limbus becomes involved as an 'innocent bystander', 
as a result of extension of the inflammatory process 
from neighbouring tissues. Readers are referred 
to Chapters 7, 8 and 10; these discuss inflammatory 
diseases of the conjunctiva, cornea and anterior 
uvea, respectively. 

Episcleritis 
Episcleritis is categorized clinically as nodular or sim- 
ple (Pearlstein, 1997). Both forms usually appearwithin 
the interpalpebral fissure, at or near the corneoscleral 
limbus. Signs of ocular pain are not common in the 
history. Nodular episcleritis is recognized more fre- 
quently and appears as a well demarcated raised area 
(Figure 9.4), whereas simple episcleritis lacks a dis- 
crete, raised nodule and may be somewhat more 
diffuse (Figure 9.5). With the nodular form, the nodule 
is firm, but it is moveable over the surface of the sclera 
when displaced with a cotton swab. Less frequently, 
several nodules may be clustered together or may 
occur in different sectors. With both simpleand nodular 
episcleritis, the disease may be unilateral or bilateral. 
The cornea is usually affected adjacent to the lesion 
and there is an accompanying congestion of the super- 
ficial episcleral and conjunctival vasculature; the 
deep layer of the episclera and the sclera are usually 
unaffected. Necrosis of the nodule does not occur. 
Collagen degeneration is a typical histological feature 

: .  of nodular episcleritis. 
I 
i One study showed a predilection for the disease of 

American Cocker Spaniels and Golden Retrievers 
I (Deykin eta/., 1997). The disease has not been re- 
i 
i ported in cats. 

Figure 9.5 Simple episcleritis is present in this 6-year-old 
male American Cocker Spaniel. The lateral e~isclera is 
0 H~se y tn cneneo and nyperacmlc 0-r a o screre noam 
s abset~r hore ine cornea oeoenvd riedr the alfecteo 
episclera 

Treatment: Simple episcleritis responds favourably to 
topical treatment with corticosteroids, compared with 
nodularepiscleritis, in which topicalcorticosteroid treat- 
ment as the sole treatment may not result in resolution 
of the inflammation. Alternative medical treatment 
options include oral administration of corticosteroids, 
azalnioprme, or a combination of tetracycline and 
niacinamide (Rolhstein eta/., 1997). Cryosurgery and 
surgical removal may also be used, if medical treat- 
ment is not effective. 

Nodular episclerokeratitis 
A plethora of terms has been used for nodular 
episclerokeratit~s, including nodular granulomatous 
episclerokeratitis (Paulsen eta/., 1987), nodulargranu- 
lomatous episcleritis, ocular nodular faciitis (Bellhorn 
and Henkind, 1967), ophthalmic nodular faciitis (Gwin 
etaL, 1977), fibrous histiocytoma (Latimeretal., 1983), 
idioparhicgranulomalous disease (Collins eta/., 1992), 
Dro iferalive keraroconiunctiviiis IBloaa. 1977: Wheeler ~ --, 

k t  a/., 1989), proliferative episcleritis (~ei f ier  et a/., 
1976), histiocyticsclerokeratitis, limbalgranuloma, non- 
necrotizing scleritis and limbal pseudotumour (Whitley 
and Gilger, 1999). 
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A histological review of tissues acquired from dogs 
with clinical diagnoses of the aforementioned diseases 
shows a similar inflammatory picture in all of them;this 
consists of histiocytes, lymphocytes and plasmacells. It 
is likely that different stages of the disease processmay 
represent acontinuum of a single disease, and this may 
have contributed to the multitude of names for similar 
nodular diseases affecting the episclera and cornea. 

Clinical features: Nodular episclerokeratitis occurs 
most frequently in the Collie, Collie crosses and Shet- 
land Sheepdogs. It is more common in some geo- 
graphical locations. 

The disease is bilateral and is typified by singular or 
multiple raised well delineated pink fleshy-appearing 
mass(es) that arise at or near the corneoscleral limbus 
and infiltratetheepiscleraandperipheralcornealstroma 
(Figure 9.6). Corneal ulceration is not a feature of this 
disease and affected dogsdo not demonstrate signs of 
ocular pain. Masses may also be present on the 
eyelids, nictitating membrane, lateral labial commis- 
sure of the mouth and, rarely, in the anterior chamber, 
as they arise from the iris (Dugan eta/., 1993). 

Figure 9.6 Nodular granulomatous episclerokeratitis is 
present in this Pyear-old Collie. A large raised well 
delineated oink fleshv-aooearina mass extends from the 
I mo-s nroine c ear cornea an6 iyp I es rrte c in cal 
appcarance of the a sease A Inn Dana of corneal 
oedemafrequently surrounds the part of the mass 
~nfiltrating the cornea. 

Treatment: Medical therapy includes treatment 
with orally administered corticosteroids, azathioprine, 
tetracycline and niacinamide, or cyclophosphamide. 
Beta-irradiation, intralesional corticosteroid injection, 
surgical removal, cryosurgery and lamellar corneo- 
conjunctival transposition have also been advocated. 

Scleritis 
Inflammation of the sclera is exceedingly rare in dogs 
and has not been reported as a primary entity in 
cats. Spaniels (particularly American Cocker Spaniels) 
are predisposed. In humans, scleritis is frequently 
associated with other immune-mediated and/or 
systemic diseases, but this is rare in the dog. Scieritis 
may occurasan idiopathicevent, or may be secondary 
to local infection of adjacent ocular tissues (e.g. fungal 
granuloma of the uvea extending into the sclera). It 
is categorized arbitrarily, based on the anatomical 

location of the inflammation (anterior scleritis versus 
posterior scleritis) and the presence or absence of 
necrosis (non-necrotizing granulomatous scleritis ver- 
sus necrotizing granulomatous scleritis). 

Anterior scleritisrThe most common form of scleritis 
reported in dogs is non-necrotizing granulomatous 
anterior scleritis. A well defined nodule is not usually 
present but, if present, is immobile. The eye is painful, 
and the superficial and deep episcleral vasculature, as 
well as the overlying conjunctival vasculature, are 
congested. The affected sclera may be a deep purple 
or red colour. Peripheral corneal infiltrates may be 
present when the anterior sclera in close proximity to 
the cornea is affected. 

Posterior scleritis: Posterior scleritis is usually more 
diffuse, and is much more difficult to diagnose defini- 
tively. When posterior scleritis is a consideration, but 
thickening of the sclera is not obvious on fundoscopic 
examination, scleral depression should be used to 
enable complete visualization of the peripheral fundus. 
Flat or bullous exudative retinal detachment and ai- 
tered tapetal reflectivity may be present. Concurrent 
anteriorandlor posterior uveitis and retinitis iscommon 
(Deykin eta/., 1997). When the fundus appears un- 
remarkable, the use of ocular ultrasonography may 
assistwith making thediagnosis. Ultrasonographically, 
the sclera appears markedly thickened and 
hyperechoic, and concomitant choroidal and intraconal 
anterior orbital hyperechogenicity may be present. 

Necrotizing scleritis: Necrotizing granulomatous 
scleritis may result in perforation of the globe (sclero- 
malacia perforans, Figure 9.7) but, clinically, this is a 
rareform of scleritis in dogs. It is interesting to note that, 
based on the results of a recent histological study of 
scleritis in dogs, collagenolysis is common and the 
necrotizing form of scleritis predominates (Deykin et 
a/., 1997). 

Figure 9.7 hecrot~zing gran- omaruLs sc er 1 s resJllea 
n perforal on (sc eroma acla perlorans) n m s Puoo e 

Treatment: Treatment with orally administered (and 
topically administered, for anterior scleritis) 
corticosteroids and azathioprine may result in resolu- 
tion of scleritis but as a general rule, the response to 
treatment is less favourable than that of episcleritis. 
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Subconjunctival granuloma 
Focal granulomatous inflammation at the site of injec- 
tion iscommon following subconjunctival injection with 
depot corticosteroid (Fischer, 1979, HAkanson eta/., 
1991). Such granulomas occasionally become large, 
raised, and ivory to yellow in colour, and remain freely 
moveable over the sclera (Figure 9.8). The depot 
vehicle is thought to be responsible forthe formation of 
the granuloma. Treatment is seldom necessary as 
most post-injection granulomas resolve spontaneously. 

Figure 9.8 A foca , ra s ~ o  iiorf-co u-re0 gran. oma s 
presenl at inc oorse otr trtu'd reg on n lnls m xeo oreeu 
dog. The conjunctiva and episclera around the granuloma 
are hvoeraemic. A subconiunctival iniection of deoot . . 
corr costero u mas aornri siercd one k n r p  oefore 1r.k 
pnotograpr' nas :anen 

Abscess 
Abscess of the limbus, sclera or peripheral cornea is 
detected infrequently. In theauthor'sexperience, scleral 
or limbal abscessesoccur most commonly as a result of 
infection (primarily fungal) of adjacent ocular tissues 
(e.g. the anterior uvea). Peripherally located intrastro- 
ma1 corneal epithelial inclusion cysts are frequently 
mistakenforperipheralcornealabscesses, butthey lack 
the characteristic features of severe stromal oedema, 
neovascularization, conjunctival and episcleral hyper- 
aemia and ocular pain. lntrastromal inclusion cysts are 
also very well delineated, unlike stromal abscesses. 

Ulcerative limbal keratitis 
Limbal ulcers are uncommon and are believed to be 
attributable to immune-mediated inflammation since, 
histologically, Langerhans cells (antigen-presenting 
cells) are seen to be localized peripherally in the 
cornea. The typical clinical appearance of ulcerative 
limbal keratitis is peripheral ulceration of the cornea 
with a pronounced steep sloping gutter that always 
facestoward the limbus (Figure 9.9). The elimination of 
infectious keratitis with collagenolysis, as a differential 
consideration, is difficult. The practitioner should con- 
template referring such cases to a specialist for a 
diagnostic evaluation, before treatment is started. 

Neoplastic diseases 
Nodular inflammatorydiseasesaffecting the perilimbal 
episclera are commonly mistaken for neoplasia, but 
limbal, episcleral andscleral neoplasia is uncommon in 
dogs, and very rare in cats. The dorsotemporal area is 
reportedly the most common location for neoplasms 
affecting these tissues, but any area may be affected. 

Figure 3.3 Lrmoal ulcerat~ve Kerarlrls in a 4-year-o~a 
American Cocker Spaniel. The typical clinical appearance 
is seen here: there is ljeripheral ulceration of the cornea, 
with a pronounced steep sloping gutter that always faces. 
toward the iimbus. Vascuiarization extends to the ulcer, 
and corneal oedema surrounds the lesion. 

Melanocytoma 
Neoplasms arising from limbal melanocytes are the 
most common limbal neoplasms in dogs and cats 
(Figure 9.10). The term 'melanocytoma' is favoured 
over use of the previous term 'melanoma', based on its 
histoloaical auuearance and bioloaical behaviour. 

ao~ears ,, , .,ell circumscribed, ra~sed, darklv . . 
p gmentco mass ar s.ng lrom me ccrneosc ara mo..s 
altu exlenu fig rim vie sc era aio cornea. Tne o/er y ng 
bulbarconiunctlva 1s normal. and can be moved freelv 
cier ttle t!lilss (2, A nel circer~scr,oeo r~Cda 
me anoc;ona n n cal (Co~rtesy of SM Cr 33 n 
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The term 'epibulbar melanocytoma' has been used Other neoplastic diseases 
synonymouslyfor'limbal melanocytoma', based on the Other, less common, primary neoplasms that begin at, 
locationinwhichitoccurs.L~mbalmelanocytomaarises or infiltrate, the limbus include fibrosarcoma, 
from the limbus and extends from the limbus into the schwannoma, squamous cell carcinoma (Ward et al., 
perilimbal sclera and corneal stroma. The mass is 1992), haemangioma and haemangiosarcoma. The 
usuallv dark, well circumscribed and raised, but the most common secondary neoplasm affecting the 
overlying bulbar conjunctiva moves freely over scleral corneoscleral limbus is lymphoma. Surgical excision 
extension of the mass. The primary differential consid- and adjuvant laser photocoagulation or beta-irradia- 
erationsforlimbal melanocytomaincludeanterioruveal 
melanomawithextrascleralextension, limbal melanoma 
and staphyloma. 

Gonioscopy: When the diagnosis is not immediately 
obvious, gonioscopy should be performed to differen- 
tiatethese disease entities. When limbal melanocytoma 
is sufficiently large, focal appositional angle closure 
may be evident by gonioscopic examination. 

Clinicalfeatures:Two different forms of clinical course 
are seen in dogs. The neoplasm is characterized by 
rapid growth rate in young dogs. In elderly dogs the 
neoplasm grows slowly or remains static (Martin, 1981). 
In cats, the clinical course of limbal melanocytoma 
appears to be similar to that in the dog (Harling etal., 
1986; Patnaikand Mooney, 1988). However, in contrast 
todogs, limbal melanocytoma isveryuncommon. Limbal 
melanoma is also very rare in cats; a single case report 
has documented metastasis of a limbal melanoma early 
in the course of disease in a cat (Betton etal., 1999). 

tion is recommended. 

Traumatic diseases 
Blunt trauma to the sclera is common; if this occurs, 
subconjunctival haemorrhage and chemosis are usu- 
ally present. Perforating trauma to the sclera is much 
less common than perforating corneal injury, but it can 
have devastating consequences. Uveal tissue or vitre- 
ous humour may be incarcerated in the scleral wound 
if there is a conjunctival wound lying directly over the 
scleral wound. Alternatively, the overlying conjunctiva 
may appear only hyperaemic, while there is extensive 
scleral laceration. 

Examination 
Whenever blunt or perforating scleral injury occurs, a 
thorough ophthalmic examination is indicated. The 
globe should be examined, to determine if shape and 
size are normal, and intraocular pressure should be 
measured. Abnormalities of pupiliary shape, and a 
difference in the plane of the iris relative to the cornea 
are common when perforating injury to the anterior 
scleraoccurs. Furthermore, aqueous humourmay flow 

Treatment' When a rapid rate Of growth has been out from the wound, resulting in ocular hypotony. A 
in a~Oung treatment b~cb'Osurgery, step defect in the corneoscleral limbus is the hallmark 

free-handcorneoscleralgraft(Martin, 1981; Wilkieand of a full.thickness corneoscleral wound that crosses 
Wolf, 1991), nictitating membrane graft (Blogg et al., perpendicular to the limbus, 
1989), or laser photocoagulation (Sullivan etal., 1996) It is of paramount importance to determine the full 
may be warranted. Periodic monitoring for evidence of of the scieral injury before surgical correction is 
growth in older dogs is recommended (Martin, 1981). attempted. 

Ocular melanosis 
A familial condition that occurs in middle-aged to 
elderly Cairn Terriers leads to melanocyte deposition in 
the episclera (Figure 9.1 1) and iridocorneal angle; this 
frequently results in secondary glaucoma (Petersen- 
Jones, 1991). Melanosis of the perilimbal episclera 
should alert the clinician to consider referral to a special- 
ist, for completeophthalmic examination and treatment. 

Figure 9.1 1 
A middle-aged Cairn 
Terrier with ocular 
melanosis. Note the 
large pigmented, 
raised lesion 

Treatment 
When a large defect is present, simply creating and 
placing a conjunctival flap is inappropriate, because 
rigid support of the weakened sclera is necessary. 
When a small area of sclera is involved, rigid support 
can be achieved by creating a square or triangular 
partial-thickness scleral flap adjacent to the wound. 
Care must be used to remove conjunctival tissue from 
the surgical area. A conjunctival incision should be 
located toward the periphery of the scieral wound, and 
theconjunctivareflected, sothatthe two woundsdonot 
directly overlie each other. Incarcerated vitreous or 
uveal tissue should be excised using wet-field cautery, 
and necrotic sclera should be excised. The base of the 
flapshould beoriented parallel tothedefect, sothatthe 
flap can be reflected over the wound, and sutured in 
positionto healthy scierasurrounding thedefect. When 
the defect is sizeable, the use of autologous tissue is 
not recommended. Homologous sclerafrom acadaver 
donor, or, alternatively, biosynthetic collagen matrix 
manufacturedfrom intestinal submucosa, may beused 
as onlay grafts over the defect. Interrupted sutures of 
9-0 or 10-0 nylon or polyglactin should be placed at 
half-thickness in sclera, with the suture knots orien- 
tated away from the limbus, if possible. Conjunctiva is 
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then repositioned tocoverthescleral surgical area and Proceedings of the 8th AnnualMeeting ofthe American College 
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The uveal tract 

Sheila Crispin 

Introduction 

The uveal tract (Figure 10.1) consists of the iris, ciliary 
body and choroid. It is derived from mesenchyme 
(neural crest of neuroectodermal origin and meso- 
derm). Embryogenesis of congenital malformations of 
the eye has been reviewed by Cook (1995, 1999). 
Melanocylesof neural crest origin are scatteredthrough- 
out the uveal tract and produce the characteristic 
pigment. In addition to the specialized muscular func- 
tions of the iris and ciliary body, the uveal tract is 
concerned with the nutrition of the eye. The 
choriocapillarisvessels supply the outer retina, and the 
aqueous humourisasourceof nutrientsforthecornea, 
lens and other adjacent tissues. 

Figure 10.1 The 
uveal tract Gross 
specimen of 

[nine alobe c 
ioroid? between 

dera  (white) and 
retina: cb. ciliarv 

This chapter is primarily concerned with disorders 
of the anterior uvea (iris andciliary body), but there are 
occasions when both the anterior uvea and the post- 
erior uvea (choroid) are involved, and these are also 
included. Conditions of the canine anterior uvea have 
been reviewed by Collins and Moore (1 999) and those 
of the feline anterior uvea by Crispin (1998) and Glaze 
and Gelatt (1999). Posterior uveal disorders affecting 
the fundus are described in Chapter 14. 

In this chapter developmental conditions of the 
uvea will be considered concurrently for the dog and 
cat while acquired problems will be considered sepa- 
rately by species. 

Anatomy and physiology of the iris 

On gross examination the anterior surface of the iris is 
grossly divisible into a central (pupillary) zone and a 

peripheral (ciliary) zone, separated by the cellarette. 
The pupillary zoneis usually darkerthan theciliary zone, 
but this distinction is less clear in cats than in dogs. 

Histologically the iris consists of an anterior border 
layer, the stroma and sphincter muscle, and the poste- 
riorepithelial layers and thedilator muscle. The cellular 
anterior border layer is a modification of the loosely 
arranged stroma that lies beneath it. The iris sphincter 
muscle is located in the pupillary portion of the stroma. 
Two layers of epithelial cells form the posterior part of 
the iris. The anterior epithelium consists of an epithelial 
apical portion and a muscular basal portion, the iris 
dilator muscle, which projects into the iris stroma. The 
posterior surface of the iris consists of very heavily 
pigmented epithelial cells. lris musculature and the 
epithelial layersare of neuroectodermal origin, whereas 
the stroma is of mesodermal origin. lris colourdepends 
on the number of melanocytes in the stroma and the 
thickness of the anterior border layer. 

There is some variation of iris capillary permeability 
between species. Feline iridal capillaries, for example, 
are apparently more permeable to molecules the size 
of serum proteins than are those of humans (Bellhorn, 
1991). Furthermore, the morphology of the iridal cap- 
illaries of immature cats differs from that of adults, 
suggesting that the vessels are 'leakier' in kittens. 

Control of pupil size 
The iris is designed to function as the lens aperture of 
the eye, and the opposing actions of the sphincter and 
dilator muscles regulate the amount of light entering 
the eye through the pupil. The sphincter musclecircles 
the irisatthe pupillaryzone, allowing the pupil shape in 
the dog to change from a large circle to asmallercircle. 
In the catthe smooth muscle fibres not only encircle the 
pupil butalsocriss-crossdorsal andventraltothe pupil, 
and extendtotheperipheryofthe iris; thisarrangement 
allows the feline pupil to constrict to a vertical slit. 
Constriction is mediated by the parasympathetic 
branches of the oculomotor nerve. The dilator muscle, 
which controls pupillary dilation, consists of radially 
orientedfibres that pass from close to the pupil towards 
the root of the iris. Dilation is mediated by postgangli- 
onic sympathetic nerves. 

Although the most important pupillary function in 
domestic animals is to regulate the amount of light 
entering the eye, constriction of the pupil also serves to 
increase the depth of focus for near vision and to 
minimize optical aberrations. 
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Anatomy and physiology of the 
ciliary body 

The ciliary body is located posterior to the iris and 
anterior to the choroid. It is approximately triangular 
in cross-section, with its base facing the anterior 
chamber and its apex blending with the choroid. 
Topographicallytheciliary bodycan bedivided into two 
zones: an anterior pars plicata and a posterior pars 
plana. The pars planaextends to theedge of the retina, 
a zone known as the ora ciliaris retinae. 

Histologically the ciliary body consists of the ciliary 
processes, ciliary body musclesand the deepaspect of 
the iridocorneal angle (see Chapter 11). Its stroma, 
ciliary muscles and blood vessels are of mesenchymal 
origin. The inner non-pigmented epithelium and the 
outer pigmented epithelium are anterior continuations 
of the neuroretina and retinal pigment epithelium, re- 
spectively, both originating from neuroectoderm. 

The ciliary body has important metabolic functions. 
It is involved in the production and drainage of aqueous 
humour (seechapter 1 I ) ,  servestoanchorthezonular 
fibresofthe lens, and isalsoconcerned with accommo- 
dation. However, as the ciliary muscles are poorly 
developed in domestic animals, accommodation may 
be regarded as a subsidiary function. 

The blood-aqueous 'barrier' to free diffusion of 
molecules is formed by the tight junction between non- 
pigmented epithelial cells. Breakdown of the blood- 
aqueous barrier occurs in many conditions, including 
inflammation, trauma and vascular disease. Interven- 
tions such as paracentesis and surgery also cause 
breakdown, as does topical administration of drugs 
such as pilocarpine. Typically, the aqueous humour 
becomes turbid (aqueous flare) because of leakage of 
plasma proteins into the anterior and posterior cham- 
bers. Fibrinogen and other proteins render the aque- 
ous 'plasmoid', as its protein content approaches that 
of normal plasma, and when inflammation is severe 
fibrin clots may form. The cellular component varies 
according to the underlying aetiology. A preponder- 
ance of white blood cells is termed hypopyon; a pre- 
ponderance of red blood cells is called hyphaema. 

Anatomy and physiology of the 
choroid 

The choroid is situated between the sclera and retina. 
It is highly vascularized and its stroma contains elastic 
fibres and collagen fibres, fibrocytes and many 
melanocytes. The choroid in dogs and cats consists of, 
from the outside to the inside: 

The suprachoroidea of heavily pigmented 
connective tissue that links the choroid with the 
lamina fusca of the inner sclera 
Large vessels consisting mainly of large veins 
and less prominent arteries 
Medium-sized vessels beneath the large vessels 
and, internal to these vessels in most dogs and 
cats, a cellular tapetum (tapetum cellulosum) 
located in the dorsal choroid. The tapetum 

increases visual sensitivity by reflecting light back 
through the photoreceptors, but at some loss to 
visual acuity. The medium-sized vessels link with 
the choriocapillaris via smaller emissary vessels, 
which pass at right angles to connect the two. In 
the tapetal region these linking vessels, 
predominantly capillaries, are often very obvious; 
because of their star-like apppearance when 
viewed end-on with an ophthalmoscope they are 
termed the 'stars of Winslow' 
Highly fenestrated capillaries, collectively termed 
the choriocapillaris, forming the innermost layer 
of choroidal vessels 
A basal complex known as Bruch's membrane, 
consisting of connective tissue and the basement 
membranes of the choliocapillaris and retinal 
pigment epithelium. 

The retina depends on both choroidal and retinal 
vessels for nutrition. The energy needs of the outer 
retina are met by diffusion of glucose and oxygen from 
the richly vascular choroid; specifically the permeable 
capillaries of the choriocapillaris. There is a very high 
rate of blood flow through the choroid so that oxygen 
extraction for each millilitre of blood is very low and the 
outer retina is exposed to near arterial levels of oxygen. 

Developmental anomalies and 
abnormalities of the anterior uveal 
tract in the dog and cat 

Deficiencies of pigmentation 

Heterochromia 
Difference in colour between the two irides (heterochro- 
mia iridis) or within the same iris (heterochromia iridum) 
may be either developmental or acquired; the latter is 
usually the result of previous inflammation (see below) 
butcan beasideeffect of somedrugs (e.g. echothiopate 
iodide). Ocular heterochromia may be the only manifes- 
tation of colour dilution, or may be part of more wide- 
spread colour dilution, especially in merle animals. 

Subalbinism and albinism 
These refer to partial and complete absence of normal 
pigmentation, respectively. Subalbinism, typified by a 
blue iris, Is reasonably common in dogs (Figure 10.2) 
and cats, but true albinism, in which the iris is usually 
pink, has not been reported. 

. 

Figure 10.2 
Subalbinotic iris 
in a Border 
Collie. Note the 
pinkish-red 
fundus reflex, 
which indicates 
'that the fundus is 
also subalbinotic 
and atapetal. 

www.vet4arab.co.cc
by Itra



164 The uveal tract 

A range of ocular abnormalities may be encoun- 
tered in merle animals (Figure 10.3). Mildly affected 
animals have heterochromia irides and iris hypoplasia 
(incomplete iris development), often with abnormal 
pupil position (correctopia) and shape (dyscoria). Per- 
sistent remnants of the pupillary membrane and iris 
colobomas (see below) are also common. Severe 
ocular defects, often multiple in nature, are more likely 
to be encountered in animals homozygous for the 
merle trait; these include microphthalmos, retinal dys- 
plasia, optic nerve hypoplasia and cataracts. Affected 
animals are also likely to be congenitally deaf. The 
combination of a white coat, blue eyes and deafness in 
animals is analogous to human Waardenburg's 
syndrome. 

I Figure 10.3 
There are multiple 
ocular anomalies in 
this merle Border 
Collie puppy. 
The eye is 
microphthalmic 
and there is 
anterior segment 
dysgenesis. The 
whole litter of this 
merie x merle 
mating had gross 
ocular 
abnormalities. 

Chediak-Higashi syndrome isan autosomal reces- 
sivedisorderof Blue-smoke Persian cats. Ocularmani- 
festationsincludephotophobia, cataract, iris hypoplasia 
and ocular hypopigmentation. Systemic manifesta- 
tions include increased susceptibility to infections and 
bleeding tendencies, and affected cats show cutane- 
ous hypopigmentation. 

Aniridia and iris hypoplasia 
Aniridia, acomplete absence ofthe iris, isvery rareand 
in most cases of apparent aniridia a rudimentary iris 
base is present. Iris hypoplasia and iris colobomas are 
less rare and most commonly encountered as a mani- 
festation of colour dilution. Although iris hypoplasia 
may be a partial thickness or full thickness defect, the 
latter defects are usually termed colobomas. 

Coloboma 
When a portion ofthe anterior uveafails to develop, the 
resulting condition is known as a colobomatous defect 
( ~ i ~ u r e i 0 . 4 ) .  Typical colobomasoccur in the region of 
theoptic (choroidal) fissure atthe6o'clockposition and 
are a result of abnormal closure of the optic fissure. 
Colobomas that occur away from the 6 o'clock position 
are termed atypical. Colobomatous defects within the 
body of the iris constitute pseudopolycoria (multiple 
holes in the iris but without any encircling sphincter 
muscle), asdistinctfrom polycoria (where there is more 
than one pupil each with a proper iris sphincter). A 
notch coloboma is apparent when the pupillary margin 
is defective. 

SII;~;>OO~ ~ n e i k o n  lor rcl~rra na, tnekornea . cer. 
h n  crl s apparcnr oorsa ru 1 ' 7 ~  co 003n1a 

lriscolobomas in thecat may beseen in association 
with eyelid agenesis (see Chapter 5), when they are 
usually in the 6 o'clock position. 

Colobomas of the ciliary body are usually associ- 
ated with absence of the lens zonule and indentation of 
the equator of the lens. Ciliary body dysplasia is an- 
other rare developmental defect of this region and 
affected animals present with microphthalmos, cata- 
ract and lens subluxation. 

Anterior segment dysgenesis 
Faulty differentiation of the mesenchyme of the ante- 
rior segment may produce a range of rare defects, 
primarily involving the cornea, drainage angle and iris 
of the dog and cat (Williams, 1993). Anterior segment 
dysgenesis (ASD) may be one aspect of multiple 
ocular defects, which are more common in dogs than 
in cats. ASD with microphthalmos and retinal dysplasia 
is thought to be inherited as an autosomal recessive 
trait in the Dobermann (Lewis eta/., 1986). Peripheral 
defects that involve the canine drainage angle are the 
mostclinically important typeofASD; goniodysgenesis 
is described in Chapter 1 1  

Persistence of remnants of the embryonic 
pupillary membrane 
Persistent pupillary membrane (PPM) represents a 
failure of the normal process of atrophy of the meso- 
dermal vascular arcades and their associated mesen- 
chymal tissue. There are a myriad of possible clinical 
appearances in the dog (Figure 10.5) and cat (Figure 
10.6). The remnants are usually short strands that 

Figure 10.5 
Persistent 
pupillary 
membrane in a 
young Jack 
Russell Terrier. 
The remnants are 
extending 
anteriorly to the 
cornea and 
posteriorly to the 
lens, producing 
discrete opacities 
at the point of 
contact in both 
structures. 
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Some of the vascular remnants (tunica vasculosa lentis 
anterioris) are still patent and there is discrete 
haemorrhage in the opaque region of the posterior cornea 
in consequence. 

originate from the coliarette region of the iris; the 
strands may run circumferentially, span the pupil or 
passposteriorlytotheanteriorlenscapsuieoranteriorly 
to the posterior cornea. They should be distinguished 
from synechiae, which more typically involve the 
pupillary margin and follow ocular insults such as 
penetrating injury or iritis. While PPM remnants are a 
relatively common and apparently isolated finding of 
no clinical significance in many breeds of dog, there is 
a familial tendency in other breeds (e.g. Pembroke 
Welsh Corgi, English Mastiff) and they may be inher- 
ited in the Basenii. In breeds in which multiple ocular 
defects have been reported (e.g. ~ n ~ l i s h  cocker span- 
iel, Old English Sheepdog) PPM remnants are one of 
the abnormalities that may be found. 

Uveal cysts 
Uveal cysts are infrequently recognized as of develop- 
mental origin, probably beause they may initially be 
hidden from view behind the iris, attached to posterior 
uveal tissueandsmall enough toescapenotice. In both 
dogs and cats they originate from the pupillary poste- 
rior pigmented epithelium of the iris (embryonic mar- 
ginal sinus region) and from theciliary body epithelium 
and are generally of no clinical significance. If the cysts 
progressively enlarge and detach from the posterior 
uveal tissue they will pass through the pupil into the 
anterior chamber where they are obvious; the degree 
of pigmentation is quite variable. Treatment is not 
usually required. Further details are given below. 

Acquired abnormalities of the canine 
anterior uvea 

lris pigmentation 

Benign melanosis 
Discrete foci of pigment are sometimes observed on 
the surface of the ~r is in normal dogs. Discrete pigment 
proliferation of these areas, with consequent increase 
in size, may occur as a phenomenon of ageing and is 
usually of no clinical significance (Figure 10.7). More 
widespread pigment proliferation, however, should be 

Fib-.- .-.. --...,. i melanosis in a Labrador Retriever. 
This is a breed in which iris melanoma is over- 
represenleo, so 11 s mporlanl lo deep a I cnanges of r s 
pigmentarton -naer re, enr. 

regarded with suspicion, whether it is limited to one 
sector of the iris or is more diffuse, for it may be 
indicative of iris neoplasia (see later). 

Diffuse ocular melanosis associated with prolifera- 
tion of melanocytes may occur in the Cairn Terrier; 
affected dogs are middle-aged or older. It is possible 
that this condition is a form of benign iris melanoma 
(see later). Secondary glaucoma occurs because 
melanocytes accumulate in the iridocorneal angle and 
intrascleral venous plexus (see Chapter 11). 

Ectropion uveae 
This ts not unusual and represents eversion of the 
posterior plgment epithelium of the iris. Strictly speak- 
ing, it occurs because shrinkage of the anterior surface 
of the iris allows the dark posterior pigment to become 
visible at the pupillary border. Ectropion uveae is most 
commonly observed following previous ir~s inflamma- 
tion, and small cystic.swellings may also be apparent. 
It should be noted thatthe posterior pigment epithel~um 
will also be more obvious at the pupillary border in 
animals with colour dilution and in such cases is a 
developmental anomaly rather than an acquired ab- 
normal~ty. 

Pre-iridal fibrovascular membranes 
Neovascularization of the Iris surface occurs when 
angiogenic factors stimulate production of blood ves- 
sels by the iris stroma. The release of angiogenic 
factors occurs secondary to pre-extsting disease such 
as intraocular neoplasia, chronic uveitis and long- 
standing retinal detachment; factors such as hypoxia 
and ~schaemia are implicated. These abnormal blood 
vessels may be a source of haemorrhage into the 
anterior chamber, resulting in the formation of periph- 
eral anterior synechiae and subsequent secondary 
glaucoma. 

lris atrophy 
lris atrophy can occur as af&ture of ageing. Senile iris - - 
atrophy isseen most commonly in breeds such as the 
Miniature andToy Poodle, but itcan alsofollowtrauma, 
chronic uveitis and glaucoma. The atrophy can bequite 
extensive, resulting in full thickness defects (Figure 
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10.81. Loss of the S~hinCter muscle is associated with 
poo;pupil constrict/on, and photophobia may also be 
present because of inabilityto respond appropriately to 
bright light. 

Figure 10.8 Senile lrls atrophy in a MlnlatUre Poodle. 
The dog also had generalized progressive retinal atrophy 
and secondary cortical cataract. 

lridociliary cysts 
While iridociliary cysts can be developmental, they 
may not become obvious until the animal is an adult. 
Uveal cysts are a common finding in dogs. They may 
be a consequence of uveitis or appear as an apparent 
feature of ageing in breeds such as the Labrador 
Retriever. The cysts may be single or multiple (Figure 
10.9) and commonly arise from the posterior pigment 
epithelium of, the iris and the ciliary body epithelium. 
Their size is variable. They occasionally rupture and 
remnants may be identified on the anterior face of the 
lens or the posterior surface of the cornea. It is impor- 
tant to distinguish uveal cysts from primary tumours of 
the iris and ciliary body and from metastatic tumours. 
Intact cysts are often free floating and can be 
transilluminated with a bright light, even when they are 
heavily pigmented. In the majority of cases no treat- 
ment is required as animals seem quite unperturbed by 
their presence, although multiple cysts that obstruct 
the visual axis can be treated with a variety of tech- 
niques, of which lasertherapy is the only non-invasive 
method. The situations in which cyst removal is advo- 
cated have been reviewed by Slatter (2001). 

.aoraoor Rer Tnert e s very 
arqe an0 rca . snsl 21 er an0 
m..cn oarner ano cannol oe lrans Lrn .iarea Tr~e 
remnants of two cysts that have ruptured are visible 
adher~ng to the posterior cornea. 

Figure 10.10 Anterior synechiae in an adult Border 
Collie, following traumatic penetrating injury from a Cat 
claw as a puppy. Note the darkened iris, indicating 
previous uveitis, and the deep corneal facet. 

There are some exceptions to the general rule that 
cysts are innocuous; e.g. in the Great Dane (Slatter, 
1990; Spiess et ab, 1998) and Golden Retriever, 
iridociliary cysts may lead to the development of glau- 
coma. In the Golden Retriever iridociliary cysts have 
also been associated wtth anterior uveitis and second- 
ary glaucoma(Deehrand Dubielzig, 1998; Sapienza et 
a/., 2000). Pigment deposition on the anterior lens 
capsule has been noted as a key feature, and pre-iridal 
fibrovascular membranes are a common histopatho- 
logical finding. lridociliarycysts may bethin-walled and 
vacuolatedorthick-walled; they may contain hyaluronic 
acid or, occasionally, blood. 

Synechiae 
Synechiae are adhesions that form as a result of iris 
inflammation; they should be differentiated from per- 
sistent pupillary membrane. There are a great number 
of possible causes: 

Anterior synechiae - adherence of the iris to the 
cornea - are a common complication of corneal 
penetrating injuries (Figure 10.10) 
Posterior synechiae -adherence of the iris to the 
anterior lens capsule - are a common sequel to 
lritis (Figure 10.1 1) 
Peripheral anterior synechiae involve the 
iridocorneal angle and are usually a complication 
of inflammation (see Chapter 11). 

Figure 10.1 I Posterior synechiae and iris rests 
(pigment deposits on the anterior lens capsule) in a 
Fox Terrier with panuveitis. 
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Uveitis 

Anterior uveitis may primarily involve the iris 
(iritis) or both the iris and the anterior part of the 
ciliary body (iridocyclitis) . Intermediate uveitis predominantly involves the 
posterior part of the ciliary body (pars planitis) 
Posterior uveitis primarily involves the choroid 
(choroiditis), but close association of the retina 
means that inflammation of both choroid and 
retina is the usual situation . Panuveitis is inflammation of the entire uveal 
tract: iris, ciliary body and choroid. 

To provide a complete overview of uveitis, all parts 
of the uveal tract will be considered in this section, 
which should be read in conjunction with the sections 
on inflammatory chorioretinopathies in Chapter 14. 

Clinical features 
The clinical features of uveitis (Figure 10.12) vary 
according to the time for which it has been present, the 
cause of the inflammation and the extent of weal tract 

Figure 10.12 Salient clinical features of acute uveitis in 
the dog. 

Figure 10.13 A c ~ l e  can ne Jve I s n a cross-ore0 oog 
presented u th pan phoropnoo a, o epnarospasm an0 
iacrimation. Perilimbal hvDeraemia is obvious and aaueous 
1 are s proson! as Ne as keral c preclp Tares n the anter or 
cnamoer Tr~e r s 8s suollen and thrro 1s loss of s~rface 
detail. The pupil is irregular and moderately constricted 
(miotic) and response to a bright light was poor. An 
intraocular pressure of 7 mmHg was recorded with a 
Mackay-Marg tonometer. The intensity of the anterior 
seoment inflammation orevented examination of the 
posr~r or segmenl inlidll), ~ L I  after a feu n o ~ r s  of Inlens qe 
Irearmen1 rh s was posslo e V rr I s, cnororein tis arlo opt c 

involvement. In general, acute uveitis (Figure 10.13) is 
likely to be a painful condition associated with a red eye 
and should bedifferentiatedfrom othercauses of redeye 
(see Appendix). Bilateral uveitis usually indicates 
systemic involvement, but one eye may be affected 
before the other and the ocular changes will not be 
symmetrical when both eyesare involved. Bilateral uve- 
itis should be differentiated from other generalized dis- 
eases that presentwith uveal involvement (Martin, 1999). 

Diagnosis 
The standard ophthalmic examination (see Chapter 1) 
can be supplemented in a number of simple ways to 
help in the assessment and diagnosis of uveitis cases 
(Figure 10.14). It is essential to attempt to find the 
cause of the uveitis in order both to provide specific 
treatment and to reduce the risk of significant compli- 
cations (Figure 10.15). 

Figure 10.14 Approacn lo a case of can ne .ve.I s 
nvesl gar ons stioun n parenueses are not a ro.rtne part 

of the assessment 

neurltls conf~rmed a panuveltls Both eyes were ~nvolved 
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Causes 
There are many causes of uveitis. Common types 
include: reflex uveitis; infectious uveitis; uveitis 
associated with toxicity; uveitis associated with 
corneal insult; traumatic uveitis; lens-associated 
uveitis; immune-mediated uveitis; and uveitis 
associated with neoplasia. There are also occasions 
when the cause of the uveitis cannot be determined 
or the association with other factors is not well 
defined. Uveitis can be broadly categorized as exo- 
genous (the result of an external ocular insult) or 
endogenous (arising from within the eye or the 
result.of haematogenous spread from elsewhere), 
although there is, inevitably, considerable overlap on 
occasions. Uveitis in the dog and cat has been 
reviewed by Hakanson and Forrester (1990). The 
following, which emphasizes the aetiology and man- 
agement of anterior uveitis, should be read in 
conjunction with the section on posterior uveitis in 
Chapter 14. There are a number of recent reviews of 
relevance: canine viral infections (Willis, 2000b); rick- 
ettsial infections (Stiles, 2000); systemic bacterial 
infections (Dziezyc, 2000); systemic fungal infections 
(Krohne, 2000); protothecosis (Hollingsworth, 2000); 
and toxoplasmosis (Davidson, 2000). 

Reflex uveitis 
Reflex uveitis is the transient and usually mild uveitis 
that can follow a corneal or ocular surface insult in all 
species. Reflex uveitis is mediated by an axon reflex 
within the trigeminal nerve. 

lnfectious uveitis 

Viral 

Infectious canine hepatitis: This is the most important 
viral cause of uveitis. Two distinct phases of endo- 
genous inflammation may be distinguished: (1) a mild 
and usually transient uveitis that occurs during the 
acute phase of clinical illness; and (2) a severe kerato- 
uveitis that occurs some 1-3 weeks after infection. 
Tv~icallv. intraocular Dressure (lop) is lower than 
n&al and there are'oflen substarhal numbers of 
keratic precipitates, or frank hypopyon. The single 
most striking ocular sign, however, is corneal oedema 
('blue eye') as a result of an Arthus reaction (delayed 
hypersensitivity response), which damages the cor- 
neal endothelium (Figure 10.16). In the majority of 
cases the corneal oedema is unilateral. If the corneal 
damage is extensive enough, there may be an altera- 
tion of corneal profile (keratoglobus or keratoconus) 
and bullous keratopathy can develop. When kerato- 
uveitis is severe there is the possibility of secondary 
glaucoma in a small number of cases, and the resulting 
substantial rise in IOP may produce permanent globe 
enlargement (hydrophthalmos), especially in young 
dogs. Phthisis bulbi isa lesscommon sequel tointense 
kerato-uveitis. In someanimals there is slow resolution 
of the corneal oedema which clears from the limbus 
towards the centre over a period of weeks. On occa- 
sions, however, the corneal opacity is permanent. 
Treatment is symptomatic and supportive. 

Figure 10.16 Corneal oedema ('blue eye assuviaiau 
with canine viral hepatitis in a young crossbred dog. 
Aithouoh there is ~anstromal oedema. it is oossible to see 
sonc oe13 .+ 01 me Lnaer y ng anter or cnarnurr, r s aria 
P-.P ano lnese nerc rea3 y ooscr.eg nncn the acg .%as 
examined with a focal bright light in darkness 

Canine herpesvirus: This is an occasional cause of 
neonatal death in litters of puppies. Ocular signs in- 
cludeseverepanuveitis, kerato-uveitisandchorioretin- 
itis, and survivors may be blind or severely visually 
impaired (Figure 10.17). 

Figure 10.17 
Uveitis in a puppy. 
associated with 
neonatal infection 
with canine 
herpesvirus. Both 
eyes were 
involved. Despite 
the gross corneal 
opacity, it is 
possible to see 
haernorrhage in 
the region of the 
pupillary aperture. 

Caninedistempervirus:This is an uncommon cause of 
anterior uveitis, whereas retinochoroiditis is afrequent 
finding, especially in dogs with neurological signs (see 
Chapter 14). 

Rickettsia1 

Monocyt~c ehrl~ch os~s or rrop~cal canlne pancylopenla 
(Ehrlfchfa cants), Rocky Mounla n spotted fever (Rfck- 
ettsia rickettsii)and infectiouscyclicthrombocytopenia 
(Ehrlichia platys) have all been reported as causes of 
uveitis in tropical and subtropical zones. 

Monocytic ehrlichiosis is the most important dis- 
ease in thisgroup. It is not endemic in the UK, although 
there is a single case report of a subclinically infected 
dog being imported (Gould et aL, 2000). Whilst some 
dogs eliminate the organism after the acute phase of 
infection, others become subclinically infected and 
chronic disease can develop years later. All these 
tick-borne rickettsia1 diseases are associated with 
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vasculitis andthrombocytopenia. Serious bleeding prob- 
lems, especially epistaxis and ocular haemorrhage, 
are most likely to be associated with monocytic 
ehrlichiosis, and this infection should be considered in 
the differential diagnosis of intraocular haemorrhage. 

Doxycycline is the standard drug for treating acute 
rickettsia1 infections (5 mglkg twice daily for 14 days). 
Subclinical infections are less successfully treated and 
Stiles (2000) has reviewed the treatment options, of 
which imidocarb dipropionate (5 mglkg i.m. once, re- 
peated after 14-21 days) is probably the treatment of 
choice. The uveitis istreated symptomatically. Unfortu- 
nately, ocular complications such as severe ocular 
haemorrhage, retinal detachmentandsecondaryglau- 
coma are common to both monocytic ehrlichiosis and 
Rocky Mountain spotted fever. 

Bacterial 

Leptospirosis: A number of potential serovars are 
involvedand the kidney is usually the main target organ 
in dogs. Leptospires cause both vasculitis and 
endotheliltis; renal failure andlor disseminated intra- 
vascular coagulation are possible life-threatening com- 
plications. There is some debate as to whether uveitis 
is actually a feature of acute infection or is more likely 

penetrating injury may beassociated with abscessation 
and bacteraemia. HVUODVO~ mav be one of the ocular .. . . 
manifestations in such cases ( ~ i ~ u r e  10.18). Dlagno- 
sis may sometimes be inferred from the history and 
clinical signs. Some or all of clinical biochemistry, 
haematology and serodiagnosis can be helpful. Occa- 
sionally, the causative organism can be isolated from 
the affected area or from blood culture, in which case 
specific antibiotic treatment can be selected for sys- 
temic administration. 

Figure ro.18 unilateral nypopyon as a feature of 
senticaemia in a Border Collie that had received serious -~ - -  - -  -~ ~~ ~~ ~~~ 

after a latent period following previous acute infection. bite injuries to its left front leg in a dog fight. 
The diagnosis is usually confirmed from the clinical 
signs, urinalysis and serology. Acute leptospiral infec- 
tion can be treated with penicillin and its derivatives; 
tetracyclines can be used for follow-up therapy to 
eliminate the carrier state. Alternatively, doxycycline 
can be used for treatment of the acute infection and as 
follow-up therapy. Supportive care is required for the 
renal disease, The zoonotic implications of infection 
must be explained to the owner. 

Brucellosis:This may present as a low-grade recurrent 
uveitis. Confirmation of the diagnosis is based on 
serological testing and, ideally, blood culture. Brucella 
canisis not seen in the UK. Canine brucellosis is not an 
easy condition to treat (Dziezyc, 2000). The zoonotic 
implications and difficulties of treating the disease 
effectively should be explained to the owner. 

Lyme disease: Borreliosis is a tick-borne multisystem 
disease that typically presents with lameness and 
lymphadenopathy. Borrelia burgdorferisensu strict0 is 
the primary isolate in the USA, and borreliosis has 
been implicated as an occasional cause of canine 
uveitis (Cohen eta/., 1990), although there is some 
doubt as to the association. There are no confirmed 
reports of uveitis associated with borreliosis In the UK. 
Definitivediagnosis isdifficult, as istreatment (Dziezyc, 
2000). Treatment options include antibiotics such as 
doxycycline and the tetracylines. 

Systemic bacterial infection: Uveitis may occur, al- 
though it is the posterior uvea that is most likely to be 
involved (see Chapter 14). Examples include salmo- 
nellosis as well as bacteraemia associated with pyor- 
rhoeaandendocarditis. Occasionally, direct introduction 
of pathogens such as Pasteurella multocida from a 

Yeasts, fungi and algae 

In certain parts of the world mycotic uveitis is common 
and algal uveitis may also be encountered. These 
problems are encountered rarely in animals that have 
been imported into the UK. For information on canine 
systemic fungal infections and protothecosis, the re- 
views by Krohne (2000) and Hollingsworth (2000) 
should be consulted. 

Infection by inhalation is a common primary route 
for the systemic mycoses. Ocular involvement may 
occur via haematogenous dissemination, although 
meningoencephalitis can also be associated with ocu' 
larsigns, and lymphatic spread may also occur. Ocular 
involvement is often the most obvious feature. Lesions 
are typically granulomatous or pyogranulomatous in 
type. Examples of systemic mycoses include blasto- 
mycosis, cryptococcosis, coccidioidomycosis, geo- 
trichosis, aspergillosis and histoplasmosis. 

Protothecosis is a rare disease caused by colour- 
lessalgae that are widely distributed in nature, but only 
Prototheca zopfli (disseminated infection) and 
P. wickerhamii (cutaneous syndrome) have been im- 
plicated as pathogens. 

Diagnosis of mycotic and algal diseases is based 
on the clinical signs, identification of the causative 
organisms in tissueaspirates (including oculocentesis) 
and biopsies. Direct microscopic examination is used 
to examine imprints and aspirates, and histopathology 
and microscopy for bi~psy~samples. Fungal culture 
may be required but should nut be performed when the 
organism is highly contagious (e.g. the mycelial phase 
of coccidioidomycosis). Serological testing can be use- 
fu1,lexcept that positive results may indicate previous 
exposure rather than infection in endemic regions. 
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Treatment of mycotic disease is a long-term propo- 
sition and expensive (see Chapter 3) and should con- 
tinuefor at least 2 months after resolution of the clinical 
disease. Relapses are common. 

Parasites 

Leishmaniasis: There are reports of leishmaniasis in 
doas from all Darts of the world. es~eciallv the Mediter- . . 
raiean area.'Leishmaniasis is causedby a diphasic 
protozoan parasite. Old World leishmaniasis is caused 
by Leishmania donovani infanturn and New World 
leishmaniasis by L. donovanichagasi. Clinical disease 
develops in a high proportion of infected dogs after an 
incubation period of several months to several years. 
The clinical signs of disseminated leishmaniaisis in- 
clude chronic emaciation and non-pruriticskin disease 
and avariety of periocular lesions, including blepharitis 
(see Chapter 5). Leishmaniasis may also be associ- 
ated with a range of ocular lesions (Peiia etal., 2000) 
including conjunctivitis, keratitis, scleritis, kerato- 
uveitis and uveitis (Figure 10.19). The parasite 
depresses T cell immunity and this may enable oppor- 
tunistic infections (e.g. demodicosis) to develop. 
Increased B cell activity associated with autoantibody 
and immune complex formation is also a feature. 

- Diagnosis is based on the history of visiting an 
endemic area, the clinical signs and serology. Identifi- 
cation of the causative organism in lymph node-or bone 
marrow aspirates or from biopsy specimens provides 
confirmation. Leishmaniasis is an endemic problem in 
many parts of the world but may also occur in dogs that 
have been imported to the UK. It is a difficult condition 
to treat effectively as the relapse rate is high. The 
zoonotic implications should be discussed before con- 
siderino treatment. 

Serological testing may be indicativeof active infec- 
tion if a four-fold increase in antibody levels can be 
demonstrated in paired serum samples. The definitive 
diagnosis is by histopathological identification of the 
organism. 

Toxoplasmosis is treated with oral clindamycin 
12.5 mglkg twice daily for 3-4 weeks. In addition, 
symptomatic treatment of the uveitis will be required, 
including topical corticosteroids (1% prednisolone 
acetate) for animals with anterior uveitis and systemic 
prednisolone for those with posterior uveitis andlor 
optic neuritis. Both topical and systemic corticosteroid 
treatment is needed if panuveitis is present. 

Neosporosis: Neospora caninum infection shares a 
number of similarities with toxoplasmosis, although 
differentiation is possible as the two organisms do not 
cross-react seroiogically. Most cases occur in very 
young dogs, and ascending paralysis is the classic 
clinical presentation; any accompanying uveitis is gen- 
erally mild. Treatment is as for toxoplasmosis. 

Migrating helminth 1awae:These may provoke uveitis 
of differing intensities. Forexample, caninetoxocariasis, 
angiostrongylosis and filariasis have all been reported 
as causes of uveitis. The ocular manifestations of 
toxocariasis are varied and it is the posterior segment 
that is primarily involved (see Chapter 14). Working 
Border Collies demonstrate a high incidence of 
chorioretinopathy lesionsassociated with toxocariasis. 

Angiostrongylus vasorum is a nematode that in- 
fects dogs via their ingestion of the intermediate snail 
host found in Europe and parts of Africa. Aberrant 
larvae that reach the eye may provoke a range of 
responses, from minimal to severe granulomatous 
uveitis. The most soectacular ocuiar manifestation is 
undoubtedly the free nematode or nematodes within 
the vitreous or anterior chamber (Figure 10.20). 

Fisure 10.19 Kerato-uveitis in a Boxer with - 
e siman as s Tt~e s gnr cretl.,aieo mpeararice ol inc 
pup ar! margln is r:o cat 1c ol ecr,up ,P ./rae 

Toxoplasmosis: Toxoplasma gondii infection is un- 
usual in dogs and most of the ocular lesions encoun- 
tered in clinical practice are associated with chronic 
and subclinical infection, The ocuiar manifestations 
arevaried: both the anterior and posterior uvea may be 
involved; lesscommonly, there is extraocularmyositis, 
scleritis. and optic neuritis. Concurrent disease is 
usually present on the rare occasions when general- 
ized toxoplasmosis develops. 

Figure 10.20 
Angiostrongylus 
vasorum in the anterior 
chamber of a crossbred 
dog. The worm was 
immobilized with 
echoth~ooate iodide and 
evacuated through a 
small corneal incision by 
slowiv iniectina 
viscoelastic material 
through a second 
corneal incision on the 
opposite side of the 
cornea. 

Dirofilaria immifis is the most commonly reported 
intraocular parasite of dogs in North America. Ocular 
manifestations include a consistent anterior uveitis 
with varying degrees of corneal oedema. It is also 
possible to detect aberrant dirofilaria in the anterior 
chamber of some cases. 

In addition to systemic treatment (e.g. subcutane- 
ous ivermectin 200 pgkg is effective against A. vaso- 
rum but should not be used in Collies), it is usual to 
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remove the free nematode from the anterior chamber 
aHer f~rsr immobilizing it with a topical cho.ineslerase 
inh~bitor ie.0. echothiooate iod:de\. The simolest tech- 

\ " 
nique is to make two small limb41 incisions opposite 
each other and to inject a small quantity of viscoelastic 
material through one incision so as to expel the para- 
site through the other incision. 

Myiasis:Intraocular dipteran larvae that may penetrate 
the eye through the conjunctiva are also a potential 
causeof uveitis. Ophthalmomyiasis internamay present 
as anterior uveitis in the acute phase of invasion but is 
more likely to be an incidental finding in the chronic 
stage when fundus examination reveals typical curvi- 
linear criss-crossing tracts (see Chapter 14). 

Uveitis associated with toxicity 
Uveitis can be initiated by circulating toxins and is thus 
associated with a variety of conditions that result in 
toxaemia or sepsis. The commonest associations are 
with dental disease and pyometritis. 

Uveitis associated with corneal insult 
Transient reflex uveitis associated with corneal insult 
has been described earlier; sustained uveitis will ac- 
company deep keratitis and more serious corneal 
injury (see Chapter 8). Hypopyon may be present as a 
feature of deep keratitis. 

In dogs the uveitis that follows penetrating or blunt 
traumatic injury may become complicated by second- 
ary problems such as glaucoma (soon after the injury), 
cataract and phthisis bulbi (both some time after the 
injury). Endophthalmitis (severe intraocular inflamma- 
tion which does not extend beyond the sclera) or 
panophthalmitis (severe intraocularinflammation which 
also involves the ocular coats, Tenon's capsule and 
even the orbital tissues themselves) are also possible 
following traumatic injury, particularly from bites and 
scratches. Traumatic injuries to the anterior uvea are 
discussed in more detail below. 

Uveitis associated with lens damage 
Lens-induced uveitis has been reviewed recently by 
van der Woerdt (2000) and occurs when there is a 
breakdown of the normal T cell tolerance to lens 
proteins. It is usually a consequence of traumatic 
ruptureof the lenscapsulesuch asapenetrating claw 
injury(Figure 10.21) oragunshot wound.The release 
of antigenic lens protein initiates a phacoclastic 
uveitis, irrespective of any accompanying damage to 
the uveal tract. Phacoclastic uveitis is usually very 
intense in dogs and may become complicated by the 
development of persistent uveitis, glaucoma orfulmi- 
nating endophthalmitis (see Chapter 4); sometimes 
the damaged eye becomes phthitic. Small puncture 
wounds in the lens capsule can seal and such cases 
can be managed medically, but when there is likely to 
be extensive or sustained release of lens contents, 
surgery to remove the antigenic lens protein, usually 
by phacoemulsification, should be undertaken 
without delay. Because the examination and assess- 
ment of lens damage can be difficult, early referral is 
advised. 

Figure 10.21 Phacoclastic uveitis in a Border Terrier as 
a result of a oenetratina iniurv from a cat claw. The site of 
corriea pet'elral ,n s oov,o .s dorsa Tne f occ. erl 
s gnr / aarh nlaler al r l  111e anlar or cnamhcr c osc to !no 
pupii 's lens material. 

Slow leakage of soluble lens protein though an 
intact lens capsule, associated for example with 
hypermature cataracts, produces a low-grade or 
phacolytic uveitis that may be treated symptomatically 
(Figure 10.22). ' . 

asso: atco A ir a n,pcrrral-re calarirc: n a n ane! c 
Barge. Co e Tile r s CGO-r nai oarneneo aria lrwe s 
some loss of fine surface detail. 

Immune-mediated uveitis 
The initiation, perpetuation, or recurrence of uveitis 
may be immune mediated in many species. In dogs, 
panuveitis associated with depigmentation of the lids, 
muzzle, rhinarium and skin and whitening of the hair 
(uveodermatological syndrome; UDS) has been com- 
pared with the Vogt-Koyanagi-Harada syndrome in 
humans; in both species the disease is a possible 
example of an autoimmune reaction against 
melanocytes. UDS is seen particularly in young 
Chow-Chows, Japanese Akitas, Golden Retrievers, 
Samoyeds, Siberian Huskies and Shetland Sheep- 
dogs, although a rangeof other breedscan be affected. 
It presents as an acute, usually bilateral, panuveitis 
that may precede, or follow, mucocutaneous involve- 
ment, skin depigmentation (vitiligo) and whitening of 
the hair (poliosis) (Figures 10.23 and 10.24). In addi- 
tion to the inflammatory chariges in the uvea, other 
intraocular changes are common, and complications 
include retinal detachment, glaucoma and cataract 
formation. Even with early and aggressive treatment 
the prognosis is guarded. 
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Fisure 10.23 Uveodermatoloaical svndrome in a 
,apanese Akjra Tnere has oeei some oss ol u gmerll 
from Inc c,c os, mLzz e ana rrllriar "m Oc~lar pan, 
blepharospasm, lacrimation and photophobia 
accompanied the panuveitis. 

Figure 10.24 ~veodermatological syndrome in a 
Japanese Akita showing the typical appearance of an eye 
that has undergone repeated attacks of iritis. The pupil is 
irregular and dilated, posterior synechiae are present and 
iris surface detail is poor. There is a rather dull green 
tapetal reflex. The.recurrent attacks had also involved the 
posterior segment. Secondary glaucoma has complicated 
the presentation. 

Diagnosis is based on the characteristic clinical 
signs and may be aided by skin biopsy, as the primary 
disease process is associated with destruction of der- 
mal, as well as uveal, melanocytes. 

Treatment should be started as early as possible 
and maintained long term, using a combination of 
immunosuppressive doses of systemiccorticosteroids 
(e.g. oral prednisolone2 mglkglday initially, with gradual 
reduction to the lowest dose that prevents recurrence) 
and immunosuppressive drugs such as oral azathio- 
prineat adoseof2 mglkglday, reducing after3-Sdays. 
The uveitis must also be treated locally with topical 
applications of corticosteroid (prednisolone acetate 
1% some five times daily for the first 5-10 days) and 
atropine 1% (as frequently as necessary to achieve 
and maintain pupil dilation). 

If there is any suspicion of secondary glaucoma 
developing, the animal should be hospitalized and the 
IOP monitored (see Chapter 11). Because of the po- 
tential for both ocular complications and undesirable 
side effects from the systemic treatment, the patient 
should be checked regularly (see Chapter 3). 

Uveitis associated with neoplasia 
Primary and secondary ocular tumours can release 
neoplastic cells that induce an inflammatory response 
from the uveal tractto which immune-mediated mecha- 
nisms may contribute. The inflammatory response can 
be marked if there is tumour necrosis. In addition, 
intraocular tumours of all kinds, both primary and 
secondary,canmimicuveitis('masqueradesyndrome'). 
It is importantto perform very careful assessment of all 
uveitis cases in view of these associations, and ultra- 
sonography can be of particular value as a diagnostic 
aid. Primary and secondary neoplasia involving the 
anterior uvea is described in greater detail below. 

General principles of treatment for canine uveitis 
The cause should be eliminated and specific treatment 
used whenever possible, as outlined for the conditions: 
described above. For example, systemic antibiotics 
will be required if bacterial septicaemia is present. 
Supportive therapy may also be required as, for in- 
stance, in nursing patients with canine viral hepatitis.,, 
Symptomatic treatment is needed for the uveitis what-, 
ever the cause and usually consists of anti-inflamma- 
tory agentsand mydriaticcycloplegics (see Chapter3). 

Corticosteroids: Topical or systemic corticosteroidS. 
are the commonest type of anti-inflammatory agent used 
in uveitis. Subconjunctival corticosteroids are less corn-, 
mon in routinetreatment. Asageneral rule, corticosteroids 
should be avoided when corneal ulceration is present 
and should be used with caution in the treatment or 
uveitis resulting from viral or mycotic infection. 

Topical corticosteroids: Prednisolone acetate 1% is 
currently the preparation of choice for anterior uveitis. 
Initially, one drop is applied to the eye up to five times 
daily and treatment should be tapered off over a period 
of 5-10 days when the uveit~s has resolved. 

Subconjunctival corticosteroids: Subconjunctival in- 
jectionsare painful, so this route is used less corn-. 
monly than others (see Chapter 3). The advantage of 
these preparations is that one injection lasts for 2-3 
weeks. The disadvantages, aside from the pain of 
injection, include the risk of accidental ocular penetra- 
tion, variable intraocular concentrations, and occa- 
sional granuloma formation at the site of injection. 
Dexamethasone acetate and betamethasone phos- 
phate with acetate (0.752.0 mg per eye according to 
size of the dog), are suitable preparations. 

Systemic corticosteroids: Oral prednisolone is indi- 
cated for the treatment of intermediate and posterior 
uveitis. Both topical and oral corticosteroids will be 
required for the treatment of panuveitis and for im- 
mune-mediated types of uve~tis. As a general rule, 
higher dose rates are selected when immunosuppres- 
sion is the prime purpose of treatment (2 mglkg pred- 
nisolone every 12 hours), and lower dose rates may be 
used when anti-inflammatory effects are primarily re- 
quired (1 mglkg prednisolone every 12 hours). Treat- 
ment should be tapered off and not stopped abruptly 
when the condition has resolved. 
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Non-steroidal anti-inflammatory drugs (NSAIDs) 

Topical NSAIDs: Those available as topical prepara- 
tions include indomethacin 0.1-1.0%, diclofenac so- 
dium 0.1%, flurbiprofen sodium 0.03% and ketorolac 
trometamol 0.5%. These drugs are mainly used in 
cataract surgery but also have an important anti- 
inflammatory role in situations where corticosteroids 
would be contraindicated (see above and Chapter 3). 
In the UK, ketorolac trometamol is commonly selected 
for this purpose. 

Systemic NSAIDs: These drugs inhibit prostaglandin 
synthesis through their inhibition of the prostaglandin 
endoperoxidesynthaseorcyclo-oxygenase (COX) path- 
way. They can be used on their own if systemic 
corticosteroids are contraindicated, or they may be 
combined with systemic corticosteroids if the patient can 
be closely Supervised (see Chapter 3). Their side effects 
include inhibition of platelet function and gastrointestinal 
haemorrhage, and the risk of gastrointestinal haemor- 
rhage is considerably increased when they are used in 
combination with co~icosleroids. Most of the side effects 
of NSAlDsareaconsequence of COX-1 nhibilion (COX-l 
is one of the two prostaglandin endoperoxide synthase 
isoenzymes involved), so NSAlDs that selectively block 
only COX-2, such as carprofen (2 mgkg orally twice 
daily), are the preferred choice. Many commonly used 
NSAlDs like acetylsalicylic acid, phenylbutazone and 
flunixin meglumine inhibit both COX-1 and C O X 2  

Cytotoxic drugs: These preparations have powerful 
immunosuppressive effects and are used, on occa- 
sion, to treat cases of presumed immune-mediated 
disease, including uveitis. Azathioprine, a purine ana- 
logue, is the most commonly used agent in this group 
and is often used in conjunction with corticosteroids 
(see Chapter 3). Side effects of therapy include vomit- 
ing and diarrhoea, bone marrow suppression and, 
occasionally, acute hepatic necrosis, so it is important 
to monitor the blood cell count and liver function during 
the course of treatment. The action of azathioprine is 
limited to helper T lymphocytes. Methotrexate, a folic 
acid analogue, might have a greater potential, as it 
suppresses both B and T cell functions, but it has not 
yet been evaluated in the treatment of canine ocular 
inflammatory disease. 

Mydriatic cycloplegics: Usually 1 % atropine alone is 
sufficient, but 10"/0 phenylephrine can also be used for 
recalcitrant cases when pupillary dilation is difficult to 
achieve (see Chapter 3). Cautlon should be exercised 
when there is a risk of secondary glaucoma, a particu- 
lar hazard in the dog (see Chapter 11). The patient's 
progress should be monitored closely and the aim is to 
eliminate pain (by relax~ng ciliary spasm) and to reduce 
the risk of synechiae formation. Once the pupil has 
dilated, mydriatic cycloplegics can be applied only as 
often as is necessary to maintain this state. 

Anterior uveal trauma 
In any case of suspected ocular trauma it is crucial to 
examine both eyes and their adnexae. If an eye is too 

painful to approach, or if there is potential for loss of the 
intraocularcontents, examination should be performed 
under general anaesthesia. Radiography of the skull is 
required if bony damage is suspected. The periocular 
region should be checked first for signs of bruising, 
contusion, laceration and penetrating injury. Examina- 
tion of the globe should follow, to ascertain whether 
there are any indications of globe penetration, with the 
caveat that whilst corneal injury may be obvious, dam- 
age to the sclera may be obscured by the eyelids and 
conjunctiva. If the globe is intact then topical local 
anaesthetic can be instilled to allow more complete 
examination, andagentlestream of warmsterilesaline' 
can be used to remove any debris or discharge. 
Extraocular and intraocular haemorrhage makes pre- 
cise assessmentof the damage more difficult and must 
be supplemented by accurate measurement of IOP 
and diagnostic imaging, usually ultrasonography. In 
the majority of cases careful examination of the eye will 
demonstrate an altered appearance, described in more 
detail below. 

Penetrating injuries 
Focal penetrating injuries of the ocular tunics may seal 
spontaneously without complication, so that surgical 
intervention is not required and symptomatic treatment 
for any accompanying uveitis is all that is necessary. 
Fluorescein can be applied to check for aqueous 
leakage using Seidel's test (see Chapter 1). The ante- 
rior segment and anterlorvitreous should be assessed 
carefully with magnification, ideally using a slit lampas 
this instrument allows easier assessment of corneal 

~ ~~ 

and iris damage, aqueous flare, blood and other cells 
within the aqueous, as well as lens subluxation, luxa- 
tion, penetration or rupture. The ocular fundus and 
vitreous should be examined with indirect and direct 
ophthalmoscopy, supplemented by ultrasonography if 
theocular media are partially or completely opaque. 
Extensive injuries associated with, for example, aqu5- 
ous or vitreous loss, uveal prolapse, aqueous flare, a 
shallow or absent anterior chamber, distortion or loss 
of the pupil, lens displacement or damage and 
hyphaemaorintraocular haemorrhage, usually require 
prompt specialist assessment to see if microsurgical 
intervention is required (Figure 10.25). If the lens has 

. . 
laierallj as a conseq-etlce ol a pene:rar ng n ..r) case0 
oy a cat c an By v enr ng ine ania cr cialluer froni 
d~fferent anales uslna a focal liaht source in the dark. it 
was posslbie to vlsu21ze the aiierior displacement of the 
lrls in the affected reglon 
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been penetrated, producing leakage of lens protein, it 
is betlerto remove thelenscontents before phacoclasl'c 
tlveitisensues lseeabove). The IOP should bechecked 
initially and for'some day; following surgery. Repair of 
traumatic penetrating injury to the globe is discussed 
briefly in Chapter 2. 

Blunt ocular trauma 
Blunt ocular trauma (Figure 10.26) usually produces 
more severe intraocular damage than does penetrating 
injury (see Chapter 8), particularly if the blow is severe 
enough to rupture the globe (Figure 10.27a). The prog- 
nosis for cases of blunt ocular trauma associated with 
globe rupture isverypoor. In dogs, theocular coats tend 
tosplit posteriorly (Figure 10.27b), sothat routineexami- 
nation procedures may fail to detect the extent of the 
injuries, although ultrasonography can be diagnostic. 

Figure 10.26 The 
effects of blunt trauma to 
the eye. This Labrador 
Retriever x Golden 
Retriever had been hit 
accidentally with a golf 
club some 3 months 
earlier. Note the very 
dark iris and secondary 
cataract. 

+ 
lntraocular haemorrhage is the result of bleeding 

from uveal andlor retinal vessels and is a common 3 
'.' 

sequel to both bluntand penetrating injuries. Hyphaema 
usually resorbs rapidly in uncomplicated cases; there- 'I 

fore, although it is possible to evacuate hyphaema 1 
using viscoelastic material, it is unwise to attempt this 
if unskilled in microsurgery or if there is any possibility 

T 

of recurrent haemorrhage. Tissue-type plasminogen b 
activator(tPA), which hasthecapacitytolyse intraocular 
fibrin clots, is not usually indicated in the management 

\ 

of hyphaema associated with acute trauma. Such 
hyphaema is usually unilateral; bilateral hyphaema is 
more likely to indicate systemic disease. 

Foreign bodies 
lntraocular foreign bodies may also be a cause of 
uveitis; the clinical signs and the treatment required 
depend upon the nature, size, entry siteand locationof 
the foreign body as well as the extent of associated 
tissue damage and the intensity of uveal inflammation 
(Figure 10.28). 

As with corneal foreign bodies, the nature of the 
foreign material defines the ocular response. Unfortu- 
nately, a number of foreign bodies reach the anterior 
chamber because of failed attempts to remove them 
from the cornea. Organic and reactive inorganic 
material should be removed, but not necessarily viathe 
point of entry as this may cause additional trauma if 
objects are of awkward shape; such foreign bodiescan 
be removed using a limbal-based incision. 

. .. . , . . isr tras s-fferec si.- . . . . 
rra-ma ,a, Tnere s sebcrc cnerrloj s ana c o ~ ~ n c i  "a 
haemorrhage, diffuse corneal oedema, a large iris 
prolapse laterally and intraocular haemorrhage. (b) Gross 
pathology specimen sectioned in the region of the iris 
prolapse. The ocular tunics have ruptured and intraocular 
haemorrhage fills the eye. (Courtesy of JRB Mould.) 

Figure 10.28 (a) A piece of bracken, 13 mm long, had 
Denetrated the cornea and iris, and was malnlv ~os~t~oned . . 
uelnccn l n t  posler or r s an0 lne btlier or ells lnere ASS 
s.rpr s ng ) IT e 1nr1aoc.lar rear. on a iro..gn me e,c Nas 
uncomfortabie. The bracken was removed (b) and the 
patient made an uneventful recovery. 

www.vet4arab.co.cc
by Itra



The uveal tract 175 

Differential diagnosis of intraocular 
haemorrhage 
While trauma is a common reason for intraocular 
haemorrhage, there are a great many other reasons 
and these should be differentiated (Figure 10.29). 
Although the underlying aetiology of uveitis may be 
difficult, if not impossible, to establish in many cases, 
this does not mean that symptomatic treatment should 
be given in default of diagnosis. The pathophysiology, 
diagnosis and treatment of hyphaema has been re- 
viewed by Komaromy ef al. (1999a,b). 

Figure 10.29 Dlfferentlal dlagnosts of lntraocular 
haemorrhage 

Lipaemic aqueous 
Triglyceride-rich lipid in the aqueous humour may be 
an ocular manifestation of systemic hyperlipo- 
proteinaemia and presents as a 'pseudouveitis'. The 
turbidity of the triglyceride-enriched aqueous may be 
confused with aqueous flare and there is often mild 
ocular reddening. There may well be innate differ- 
ences in susceptibility to this problem, as the perme- 
ability of iridal capillaries can differ at different ages 
and between species. Other factors of relevance 
include the observation that systemic hyperlipo- 
proteinaemia may be associated with dilation and 
hyperaemiaof vessels in the region of the limbus and 
deep scleral plexus, and affected vessels will be more 
pemeable than normal. In addition, a pre-existing 
uveitis as part of primary ocular disease will be asso- 
ciated with breakdown of the blood-aqueous barrier 
and lipid will enter theanteriorchamber when there is 
concurrent systemic hyper poproteinaernia. Tne lipid 
is onlv visible if triolvceride evels areabnormallv hiah 

Figure 10.30 Miniature Pinscher with chylomicronaemia 
associated with diabetes mellitus. There was a pre- 
existing low-grade keratouveitis of the right eye only. The 
doa also had bilateral cataracts. Totai ~lasma cholesterol 

2 

concenlrat8on was 5 2 mmol ana rota p asma 
I r  q ycer oes 8 4 mmo. n a u lox samp e taken 
a<proxlmately 18 hours after the Ilpld-laden aqueous had 
been not~ced by the owner 

Canine uveal neoplasia 
Useful reviews of canine uveal neoplas~a can be ob- 
tained from Gwin etal. (1982), Bussanich etal. (1987), 
Dub~elzig (1990), Duncanand Peiffer(l991), Dubielzig 
etal. (1998) and Collins and Moore (1999). 

Primary neoplasia 
The majority of primary tumours of the uveal tract arise 
from the iris and ciliary body rather than from the 
choroid and are usually ben~gn with little tendency to 
metastasize. 

Melanoma: Melanoma (Figure 10.31) is the common- 
est primary intraocular neoplasm (Wilcock and Peiffer, 
1986), and the majority of anterior uveal melanomas 
are unilateral and benign. There is a single case report 
of a bilateral ciliary body melanoma (Roperto etsl., 
1993). Melanomas arising from the choroid, the com- 
monest origin In humans, are rare in the dog (Collinson 
and Peiffer, 1993). While the behaviour pattern is 
invariably benign, melanomas can cause secondary 
intraocular disease such as glaucoma. Rarely, primary 
uveal melanomas may metastasize to distant sites and 

, - 
(>25 kmolll); rai&d cholesterol levels are not asso- 
ciated with changes in aqueous appearance. If there 
IS t r ~ ~ l ~ c e r ~ d a e m a  a one the aqLeoJs appears turo d. 
b ~ t  i f  chy om crons are also ra~sed the aqdeous may ?. 
appearmilkywhite. For example, in Miniature Schnau- 
zers with primary chylomicronaemia, or in any breed 
with secondaw chvlomicronaemia, chvlomicron-rich 
aqueous is a bossible ocular manifestation (Figure 
10.30), although lipaemiaretinalis (seechapter 14) is 
likely to be more common. Secondary causes of 
hyperlipoproteinaemia, inwhichtriglyceridesaremark- Firnure iris mplanomn in Rnrrlnr col . . -. - . - . - . . . . . . . . . . - . . . . . . - . . . - - - . - . . . . . - - -  

edly raised, have similar potential ocular manifests- tumours usually have a beni$n course, and this one is only 
tions: the commonest association is with diabetes beainnina to cause ~roblems because it is com~ramisina - 
mellitus. aq;eous'bralnage 
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there is a single report of metastasis to other sites 
(bone, synovium and spinal canal) and the fellow eye 
(Render eta/., 1997). It is also possiblefor melanomas 
in sites otherthan theeye, notably the mouth and skin, 
to metastasize to the eye. From unpublished data 
collated under the British Veterinary Association1 
Kennel Club/lnternational Sheepdog Society Eye 
Scheme, primary iris melanoma appears to be over- 
represented in the Labrador Retriever in the UK; Cook 
and Lannon (1997) have reported on the inherited 
nature of the tumour in this breed in the USA. 

Other: Ciliary body adenoma (Figure 10.32) and ad- 
enocarcinomaare the most commonly reported canine 
primary ciliary bodytumours and are usually unilateral. 
All other primary anterior uveal tumours are rare; they 
include fibrosarcoma, medulloepithelioma, haemangi- 
oma, haemangiosarcorna and leiomyosarcoma. 

Figure 10.32 Ciliary 
hody adenoma in a 

Diagnosis: This is based on the history and clinical 
appearance, together with ancillary aids such as trans- 
illumination of the eye, gonioscopy and ultrasono- 
graphy. Thoracic radiography is indicated to screen for 
pulmonary metastatic disease, and abdominal ultra- 
sonography may also be needed on occasions. Aspir- 
atesmayprovidediagnosticcytology, but interpretation 
can be difficult. Needle biopsy and histology of the 
tumour is more likely to provide an accurate diagnosis. 
Similarly, if there is lymphadenopathy, then lymph 
node biopsy is appropriate. 

Figure 10.33 Early infiltration of the iris caused by 
iymphoma in a German Shepherd Dog. This is the 
commonest secondary tumour to involve the eye. 
Generalized lymphadenopathy is usually obvious on 
physical examination. 

ocular involvement is secondonlyto lymphadenopathy 
as the most frequently diagnosed clinical sign, and 
Krohne etal. (1 994) cited significant involvement ofthe 
eye in 37% of the dogs in their prospective study. 

Haemangiosarcoma (Figure 10.34) is probably the 
next most common secondary tumour and, like lym- 
phoma, may present with hyphaema as the most obvi- 
ous ocular feature. Other metastatic tumours include 
adenocarcinoma, fibrosarcoma, rhabdomyosarcoma, 
osteosarcoma, phaeochromocytoma, seminoma, 
transmissable venereal tumour and, as described ear- 
lier, malignant melanoma (Collins and Moore, 1999). 

Management: Individual assessment should deter- 
mine if the tumour should simply be kept under careful 
observation or whether it is possible to perform laser 
ablation or local excision, or if removal of the whole eye 
is the treatment of choice. Whatever approach is used, 
the tissues should always be submitted for histopatho- 
logy. Neodymium:yttrium, aluminium garnet (nd:YAG) 
laser therapy has been reviewed in the treatment of 
primary canine intraocular tumours by Nasisse et al. 
(1993). Diode laser photocoagulation also appears to 
be a safe and effective method of treating isolated 
pigmented iris masses in the dog (Cook and Wilkie, 
1999). 

Secondary neoplasia 
Secondary neoplasia involving the uveal tract is not 
infrequent. Lymphoma (Figure 10.33) is the mostcom- 
mon secondary tumourto affect the eye and orbit. The 

Figure 10.34 Ocular metastasis from splenic 
haemanaiosarcoma in a German Sheuherd Doo. Bilateral " 
tiatmorriage has in!? rezsco I L ~  .r.l"rra !J,I I-c i.mC-r 
nao i ' e m /  spreaa 11 n..mcro.s s lec I nc sc ee,i /.a? 
grossly enlarged and readily palpable. 

Diagnosis:This is based on the history, ocular signs, 
clinical signs, haematology and biochemistry profiles 
and appropriate tests (e.g. lymph node and bone 
marrow biopsy) where indicated. The ocular manifes- 
tations are variable; there is not only infiltration of the 
uveal tract by the tumour, but there will be associated 
generalized abnormalities such as anaemia, thrombo- 
cytopenia and disseminated intravascular coagula- 
tion, that can all present with ocular manifestations. 

Treatment: This depends upon the extent and type of 
tumour. Chemotherapy is the approach adopted for 
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disseminated tumours judged to be treatable. Malig- 
nant lymphoma IS thecommonest and responds wellto 
chemotherapy. 

Other diseases 
A number of other disorders may involve the uveal 
tract. 

Histiocytosis: This is an example of an immuno- 
proliferative disease with a clinical presentation that is 
often remarkably simllar to malignant lymphoma (Fig- 
ure 10.35); the same chemotherapy protocol is used 
for management. 

Figure 10.35 
Systemlc 
hist~ocytos~s in a 
Border Collie The 
lrls and thlrd eyelld 
were lnflltrated and 
there was a mlid 
generalized 
lymphadenopathy 

cat and it is often easier to establish the aetiology. 
Feline uveitis has been reviewed by Davidson et a/. 
(1991) and Chavkin et a/. (1992). As in the dog, 
exogenous causes include ocular insults such as 
trauma and ulcerative keratitis; endogenous causes 
include infectious agents, lens-induced, neoplasia and 
idiopathic. 

The clinical presentation of many endogenous 
cases of feline uveitis is chronic rather than acute 
(Figure 10.36). The clinical signs of acute uveitis are 
similar to those already described for the dog and 
include pain, photophobia, blepharospasm, lacrima- 
tion, inflammation-induced hyperaemia of visible 
vessels, aqueous flare, hyphaema, miosis, low IOP 
and a swollen iris with loss of iris detail. As the iris of 
the cat is generally less pigmented, and the anterior 
chamber isdeeper, it ispossibletoobservedetails not 
readily apparent in the dog; for example, pre-iridal 
fibrovascular membranes may be a very striking fea- 
ture of chronic uveitis in the cat. Choroiditis, optic 
neuritis and intraocular haemorrhage are less com- 
monly reported, partly because of the difficulties of 
examining the posterior segment when there are 
anterior segment abnormalities and a miotic pupil. It 
may be possible to make a more accurate assess-' 
ment of the posterior segment after administering a 
topical mydriatic cycloplegic. . . Granulomatous meningoencephalitis: Thls is an 

inflammatory disease in which there is proliferat~on of 
reticuioendothelial cells. It involves the central nervous 
system, optic nerves and globes. The ocular manifes- 
tations typically involve the posterior segment (see 
Chapter 14), although anterior uveitis may be ob- 
served on occasions. 

Acquired abnormalities of the feline 
anterior uvea 

Acquired iris atrophy, iridociliary cysts, ectropion uveae 
andchanges of iris colourmay be incidental findings in 
adult cats. While such degenerative changes can be 
age related, they may also be encountered as part of a 
disease process. Changes of iris colour should always 
be evaluated carefullv. Darkenino of the iris is most 
likely to be a cinseqience of previous inflammation 
but can be associated with neoplasia, particularly dif- 
fuse iris melanoma. The uveal tract may be a useful 
indicator of systemic disease (Stiles, 1999). 

Asthe irisofthecat is usually less heavily pigmented 
than that of the dog, the Iris vasculature, both normal 
and abnormal, is easier to identify. Pre-iridal 
fibrovascular membranes are afrequentfinding in cats 
with chronic uveitis. Glaucoma is a possible complica- 
tion of feline uveitis (Wilcock et a/., 1990); indeed, 
anterior uveitis and ocular neoplasia accounted for 
most of the cases of secondary glaucoma in a series 
reported by Blocker and van der Woerdt (2001). 

Uveitis 

Causes 
There are similar categories of uveitis in the dog and 
cat, but in general theclinical signsare less florid in the 

I Presence of aaueous flare. keratic orecio~tates. mutton fat I . , 
precipitates o; hypopyon 
Presence of swollen iris, vasculitis, pre-iridai fibrovascular 
membranes, iris nodules, synechiae, ectropion uveae or 
jatkened iris 

I pupil may be of normal size and shape or of irregular appearance 
Normal or slightly sluggish pupillary reaction to bright light 
xnferior lens capsule opacities 

. ~ 

Intermediate 
nl ammalory ce Is on posterior lens caps. e, pars piana an0 
anter or v 1reo.s ('snowfla<e' opac I es and 'snoh-oanking I 
typical of intermediate uveitis or pars planitis) 

Posterior 

.~!re~us$paci~ie~ . , , . . , . , . . .  . . . a .. .~,, :*, ,.: .,,:< , 
C@[ibieVriiiiS' .,.< >.>#',.i:at, >:.., i , .  ,. ;.?.,:::'.. -I , , .  >, ..:!.::,-..r!;>!!!j,,; 

. '~e~nal  . .., . : . . . naemprrhaje;qkdey,hment; . . .+ . \:%! ri:.2i,:$ ;!,, % . 
-,O.pl~ptlcneur~t~s.;. , : ,.,~~. , . .... , .;  ... ..,. . ~. , ; ! . : . ~ : L ~ : . . ;  ; L L > ~ : ~ - ~ + * < ~ V .  i.,.L..! 

Figure 10.36 Salientclinicai features of chronic uveitis 
in me cat. 

Infectious uveitis 

Systemic viral disease 

Feline infectious peritonitis: FIP is a common cause of 
feline uveitis and and has been reviewed most recently 
by Andrew (2000). It is more common in younger than 
in older cats and also in pedigree cats kept in multi-cat 
households. Systemic signs'bf this invariably fatal 
disease include non-specific signs of illness such as 
lethargy, pyrexia, inappetence, weight loss and pro- 
gressive neurological dysfunction (Kline et a/.,1994). 

The ocular manifestations of FIP (Figure 10.37) are 
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most readily appreciated on examination of the ante- 
rior segment, but the posterior segment is also fre- 
quently involved. Bilateral ocular involvement is 
common, although the two eyes may be of different 
appearance. The classic underlying pathology 1s 
perivascular pyogranuiomatous inflammation and 
breakdown of the blood-aqueous barrier. Inflamma- 
tory cells and plasma proteins, such as fibrln, leak into 
the aqueous or vitreous, giving rise to aqueous flare, 
keratic precipitates and hypopyon in the anteriorcham- 
ber. or vitritis when cells infiltrate the vitreous. Vascu- 
litis' is always present and may be associated with 
microhaemorrhages and even frank hyphaema; fibrin- 
rich aqueous is a common finding. Fundus examina- 
tion may reveal vasculitis, focal or diffuse areas of 
chorioretinitis, with accompanying retinaloedemaand, 
sometimes, haemorrhage and retinal detachment. If 
plasma protein levels are sufficiently increased the 
retinal vasculature, especially the venules, will reflect 
the systemic hypewiscosity. 

hyphaema in a cat 
with FIP. The 
haemorrhage has 
clotted and the fibrin 
content will be high. 

It isdifficult, if not impossible, toconfirm thediagno- 
sis in the live anlmal; a provis~onal diaqnosis is often 
made on the basis of the history and clinical signs and 
the exclusion of other diseases. Serodiagnosis may be 
misleading as a number of coronaviruses can infect 
cats, though few cause clinical disease. Evidence from 
experimental studies indicates that frequent and rapid 
mutationsof feline enteric coronavirus may produce 
pathogenic FIP phenotypes (Poland etal., 1996). Anti- 
body levels will not indicate whether a pathogenic 
strain of coronavirus is involved; many healthy cats 
have high anti-coronavirus titres and, conversely, some 
cats with FIP have low or even zero anti-coronavirus 
titres. The laboratory and diagnostic techniques used 
to determine titres can also produce different results. 
Effusions are not usually a feature of cats with ocular 
involvement, although protein analysis is a helpful 
diagnostic aid when they are. Clinicopathological 
changes, such as raised total proteins, hyper- 
gammaglobulinaemia, lymphopeniaandacoronavirus 
antibody titre >160, taken in conjunction with other 
clinical findings, are strongly suggestive of FIP in cats 
with non-effusive disease (Sparkes efal., 1994). 

Feline leukaemia virus: FeLV Is a retrovirus with a 
worldw~de distribution. It most commonly affects male 
cats aged 1-6 years and with an outdoor lifestyle. The 
ocular manifestations are broadly divisible into those 
related to the haemorrhage that accompanies severe 
anaemia (Figure 10.38) and those associated with 

Figure 10.38 Fe ne cJdaem a-bmpnorna comp ex 
nypndenla assoc area w th cnronc enaema s tine mosr 
prominent ocular sign in this cat: a number of 
m ~rohaemorrna~e; are apparenl. escapfng from rne 
groarer arrer a c rcle. Tne olner eye @as morc severe y 
affected. 

neoplasia (Figure 10.39). Uveitis is not universal, but 
may be immune-mediated or a non-specific reaction to 
cellular infiltration. FeLV-infected cats may present 
with a wide range of non-specific clinical signs, and 
most cats with persistent viraemia usually die of an 
FeLV-related illness within 23yearsof infection. Com- 
mercially available assays for the detection of viral 
antigen provide confirmation of FeLV infection but do 
not prove that the disease present was induced by 
FeLV. Feline leukaemia virus and feline immunodefl- 
ciency virus have been reviewed most recently by 
Willis (2000a). 

Figure 10.39 Feline leukaemia-iymphoma complex. 
There is lvmohomatous inyiltration of the iris. The ~uo i i  is 
distortedand the anterior chamber is shallow be;a"se of 
the swollen iris. 

Feline immunodeficiency virus: FIV has been associ- 
ated with a range of ocular manifestations, which are 
generally obsewed during the immunodeficient (late) 
stage of infection (Figure 10.40). There is a latency of 
some years between infection and clinical illness for 
most strains of FIV, so it is older free-roaming, usually 
male, cats that are most likely to present with a range 
of non-specific signs. Detection of antibodies against 
FIV indicates exposure and correlates closely with 
persistent infection, but FIV seropositivity does not 
correlatewell with immunodeficiency ordiseasecaused 
by the virus. Opportunistic infections such as toxoplas- 
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Figure ) Chronic uveitis in FIV infection. The iris is 
rather dull. Keratic orecioitates adherina to the ventral 
corneal endothel~uh are'the most obv~Gs feature 

mosis (see later) are responsible for many of the ocular 
syndromes associated with FIV. Other associations 
with infectious disease have been reported; e.g. FIV 
infection prolonged the duration of clinical signs result- 
ing from experimental infection with Chlamydiophila 
felis(0Dair etal., 1994). There is also some evidence 
that infectlon with a secondary pathogen accelerates 
the clinical progression of FIV infection. There is also a 
possible association between FIV and malignancy. 

Treatment of the uveitis associated with FeLV, FIV 
and FIP tends to be symptomatic and supportive. 
Treatment of systemic illness is palliative rather than 
curative; thus, cats with FIV may be given a good 
quality of lifefora considerabletime afterthe diagnosis 
has been made if their accompanying medical prob- 
lems are managed carefully. Different chemotherapy 
protocols have been used with variable success in the 
treatment of FeLV-infected cats. Palliative treatment of 
FIP is sometimes undertaken with aview to improving 
quality of life for the remaining period 

Feline herpesvirus-I: FHV-I may be a potential 
cause of uveit~s, and specific antibodies and DNA 
have been detected in the aqueous humour of cats 
(Maggs et a/., 1999). 

Bacterial 

Bartonellosis: This is a common infection in cats and 
there is increasing evidence that Bartonella spp. may 
be a cause of uveitis (Lappin and Black, 1999; Lappin 
etal., 2000). Doxycycline is used for systemic treat- 
ment, together with local treatment of the uveitis. 

Mycobactena: Typical and atypical mycobacterial in- 
fect~ons are rare; ocular manifestations include both 
anteriorand posterior uveitis, mosttypically choroiditis. 
The organisms produce a classlc granulomatous re- 
sponse, sometimes combined with caseous necrosis. 
Retinal detachment and extensive tuberculous vitreal 
infiltration were described by Formston (1994). Af- 
fected animals may present with a variety of clinical 

- signs in addition to ocular involvement; most typically, 
however, there is weight loss despite a healthy, even 
ravenous, appetite. 

! 
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was not treated in this cat, and infection (note the 
hypopyon) and uveitis resulted. The situation has become 
further comolicated because extensive oosterior 
spec" ae nabe forrnea, res, i ny in secbnoay g1a-conla 
Tne OP (Maha{-Marg ionorncierj nas >70 rnrnng 

lntraocularinfection: Local injury, usually as a result of 
a fight, may result in direct intraocular inoculation of 
bacteria (e.g. Pasteurella multocida), and this type of 
trauma is a relatively common cause of uveitis (Figure 
10.41). Treatment consists of topical atropine, together 
with topical and systemic antibiotics such as newer 
generation penicillins (see Chapter 3). 

Mycoses 

Mycotic infections may occur in countries w~th suitable 
climatic conditions. Uveitis has been reported in cats 
as a consequence of cryptococcosis, coccidioido- 
mycosis, blastomycosls, histoplasmosis and candidia- 
sis. but these are unlikelv to be seen in the UK unless 
the' animal has been im6orted. Cryptococcosis is the 
most commonly encountered systemic fungal infectlon 
of cats in the UKand should beconsidered adifferential 
diagnosis in imported animals with fever, respiratory 
tract disease, subcutaneous nodules, central nervous 
system disease and intraocular inflammation, most 
typically involving the fundus (see Chapter 14). Treat- 
ment of cryptococcosis can be successful (Mikicuikpt 
aL,1990). Feline systemic fungal infections have been 
reviewedrecently by Gionfriddo (2000). Diagnosis and 
treatment are along the, lines outlined above for the 
dog, and the prognosis is similarly guarded. 

Parasites 

Toxoplasmosis:The cat is the definitive host for Toxo- 
plasma gondii, and toxoplasmosis appears to be a 
common cause of uveitis in. cats, but it is important to 
emphasize that the presence of infectlon is not neces- 
sarily synonymous with disease as many infections 
remain subclinical (Dubey and Beattie, 1988). In 
neonatal kittens bred from specific pathogen-free 
queens, chorioretinitis was the most consistent finding 
attributable to different Strains of T. gondii infection 
(Powell and Lappin, 2001). Systemic toxoplasmosis 
varies in Geverity, and cats with suspected infection 
should be checked for concurrent FIV, FeLV and FIP. 
There is a range of possible djnical signs inadult cats 
(Dubey and Carpenter, 1993), but the uveal tract Is thie 
most likely site for ocular involvement. Feline ocular 
toxoplasmoSis has been the subject of recent reviews 
(Davidson andEnglish, 1998'; Davidson, 2000). 
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Ocular lesions are rare in primary disease but 
frequently occur in secondary chronic toxoplasrnosis. 
Lesions may be unilateral or bilateral. Anterior uveitis 
isprobablythecommonestocular manifestation (Lappin 
et a/., 1992) although the pathogenesis is not fully 
understood (Davidson, 2000). The appearance is clini- 
cally indistinguishable from other forms of infectious 
uveitis. Intermediate uveitis orpars planitis may also be 
encountered and is associated with typical snowflake 
opacities, sometimes with snowbanking behind the 
lens and in theanteriorvitreous (Figure 10.42). Retinal 
lesions consist of multifocal or, occasionally, general- 
ized chorioretinitis that may be granulomatous or non- 
granulomatous. There may be associated serous 
(bullous) retinal detachments. Old inactive focal 
chorioretinopathies may coexist with active lesions. 

Figure 10.42 -VI? I s assoc 3:ea .% :q toxop ejtros s 
ho:+ tnc mil c iser D tzcs on vie 3cstcr o, cornEd 
the 'snow-bankings typical of pars planitis, comprising 
inflammatory cells in the anterior vitreous and adherent to 
the posterior lens capsule. 

Diagnosis is based on the clinical signs, serology, 
exclusion of other infections (e.g. FeLV, FIV and FIP) 
and response to appropriate therapy. Standard testing 
involves the detection of T. gondii-specific antibodies 
(IgM, IgG and IgA) (Lappin etal., 1989). Detection of 
IgM antibodies at a titre of >1:64 is the most reliable 
indicator of active infection, as IgM levels rise early in 
the course of infection, but it should be noted that 
serology is not diagnostic as some healthy cats have 
very high serum antibody titres and some clinically ill 
cats have low serum antibody titres. The best labora- 
tory-based indicator of clinical disease may be the use 
of the PCR for the detection of T. gondiiin the aqueous 
humour of cats with uveitis (Lappin et a/., 1996). 

Oralclindamycin hydrochlorideisnormally selected 
for the treatment of toxoplasmosis (12.5 mglkg orally 
for 14-21 days). In common with any other currently 
available anti-toxoplasmal drug, it will not eliminate the 
organism completely, and so relapse is likely. 

Dirofi1ariasis:This is lesscommon in cats than in dogs. 
As the infection is usually self-limiting and the treat- 
ment not without risk of fatality, it is usually managed 
symptomatically. 

Uveitis associated with neoplasia 
As in the dog, both primary and secondary neoplasia 
can involve the uveal tract and either mimic uveitis or 

be associated with uveitis. Anterior uveal neoplasia in 
the cat is discussed below. 

Uveitis associated with trauma 
Blunt or penetrating injuries to the globe can be asso- 
ciated with uveitis, as described for the dog. The 
reaction of the feline eye is not necessarily as intense 
but the intraocular damage can be greater because of 
the close orbital fit. Management is similar to that 
outlined for the dog except for injuries associated with 
lens penetration. Traumatic injuries to the anterior 
uvea are described below. 

Lens damage 

Penetrating injury: Uveitis may result from direct lens 
trauma, including gunshot wounds. In cats it is often 
possible to control acute-onset lens-associated uveitis 
with symptomatic treatment. Cataract, often focal in 
appearance initially but becoming more diffuse with 
time, may form as the only obvious legacy of previous 
penetrating lens injury. However, quite unlike the situ- 
ation in the dog, the release of lens epithelium is 
thought to be associated with the development of 
poorly differentiated intraocular spindle cell sarcoma in 
later life, although an origin from ciliary body epithelial 
cells cannot be discounted (Dubielzig etal., 1994). 

B1untinjufy:Thiscan also be a cause of cataract, which 
may follow many months after the original injury. In 
such cases, characteristic darkening of the iris is often 
the only legacy of an earlier uveitis. 

ldiopathic and other forms of uveitis 

ldiopathic lymphocyfic-plasmacytic uveitis: This 
is thought to be an example of local immune-mediated 
disease (Wilcock et aL, 1990; Peiffer and Wilcock, 
1991). The uveitis (Figure 10.43) may be unilateral or 
bilateral and affects older cats (Davidson etal., 1991; 
Gemensky etal., 1996).Asalymphocytic-plasmacytic 
response is not unusual in cats with chronic disease, it 
is possible that this type of uveitis is indicative of the 
poorsensitivity of diagnostic tests ratherthan aspecific 
disease entity. The long-term prognosis for affected 
eyes is poor as thecondition is only partially controlled 
by anti-inflammatoryand immunosuppressivetherapy. 

Figure 10.43 ldiopathic uveitis in a 12-year-old 
Domestic Shorthair. Note the dull metallic awearance of 
Ire r s an:: era: c rre'; o taws aonereo' tc tnc pos:er c r  
cornea -' i orcc 3 :sres ire 2 most n ooerl u, in: :I ro 
eyelid. 
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Complications include loss of vision, cataract, glau- 
coma and lens luxation. It is also possible that long- 
term use of corticosteroids increases the incidence of 
complications like glaucoma. 

Polyarteritis nodosa: This is an immune-mediated 
necrotizing arteritis with widespread and debilitating 
effects that can include panuveitis. 

Treatment 
The treatment principles are as already outlined forthe 
dog, except that flunixin meglumine is not licensed for 
use in cats. Oral acetylsalicylic acid can be used with 
caution at a total dose of 80 mg every 4&72 hours. 
Oral phenylbutazone can also be used. 

Figure 10.45 Penelral ng f i . - r ,  lrorrl a 2al scralcn some 
ncens car cr Pro aoscd r s nas occone ncnrceraieo 
into the corneal wound and there is constant leakage of 
aqueous humour. Although the damage would have been 
simpler to repair at the time of the injury, surgical repair 
should not be delayed further as the prognosis is excellent. Anterior uveal trauma 

Penetrating injuries 
The majority of penetrating injuries in the cat are the 
result of cat scratches. The commonest bacterium 
introduced Into the eye Is Pasteurella multocida; in 
addition to treatmentforuveitis, topical antibiotic therapy 
with chloramphenicol solution is required to avoid 
complications of intraocular infection. Hypopyon is 
common, and endophthalmitis may complicate un- 
treated cases (Figure 10.44). 

Blunt ocular trauma 
Blunt trauma to the globe can be very damaging in the 
cat, related partly to the close orbital fit. Direct impact 
injuries can produce globe rupture. Assessment is as 
for the dog. 

Differential diagnosis of intraocular 
haemorrhage 
lntraocular haemorrhagecan occur becauseoftrauma, 
severe uveitis, neoplasia, systemic hypertension and 
haematological problems, Including severe anaemia 
and thrombocytopenia, 

Foreign bodies 
lntraocular foreign bodies may also be a cause of 
uveitis; in general they produce less serious inflamma- 
tion in cats than in dogs and inertforeign bodies may be 
better left in situ. 

Lipaemic aqueous 
The secondary causes of hypertriglyceridaemia re- 
viewed briefly earlier are common to the dog andcat 
and, in both species, can result in lipaemic aqueous. A 
genetic lipoprotein lipase deficiency resulting- in pri- 
mary chylomicronaemia has been reported in the cat 
(Jones etal., 1983). Atransientturbidity of theaqueous 
may be observed as a feature of a possible primary 
hypertriglyceridaemia in young Burmese cats (Figure 
10.46). Affected animals become less susceptible as 
they grow older, and this may simply reflect the leakier 
nature of iridal capillaries in immature cats as opposed 
to adults (Bellhorn, 1991). 

I .,-._ .... a 
fight. (a) Hypopyon makes it difficulttosee thesite of corneal 
penetration. (b) Once the hypopyon starts to resolve, the 
site of the penetration can also be seen at 6 o'clock. 

Malicious injury is a not uncommon cause of pene- 
trating ocular injury in the cat, and it is always sensible 

Figure 10.46 Lipaemic (triglyceride-rich) aqueous in a 
young Burmese cat. Systemic hypertriglyceridaemia was 
responsible for this 'pseudouveitis', and the ocular 
appearance returned to normal soon after'ttie triglyceride 
levels normalized. 

to consider non-accidental trauma when the cause of 
penetrating injury is not obvious. Radiography of the 
skull, or even the whole cat, is the easiest way of 
confirming gunshot wounds. 

Penetrating injuries associated with such complica- 
tions as extensive haemorrhage, loss of aqueous or 
vitreous humour, a shallow or absent anterior cham- 
ber, prolapse or incarceration of the iris, distortion of 
the pupil or lens damage may require microsurgical 
repair (Figure 10.45). The prognosis is excellent in 
most cats, provided that treatment is prompt and that 
lens penetration has not occurred. 
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Feline uveal neoplasia 
Comprehensive reviews of feline ocular neoplasia have 
been published by Williams eta/. (1981), HBkanson et 
a/. (1990), Dubielzig (1990)and Glazeand Gelatt(1999). 

Primary neoplasia 

Melanoma: As in the dog, the commonest primary 
intraocular tumour in the cat is melanoma; it is fairly 
rare and more malignant than its canine counterpart 
and can be melanotic or amelanotic, localized (Figure 
10.47) or diffuse (Figure 10.48). Atypical primary ocu- 
lar melanomas, originating multifocally from any por- 
tion of the uvea, have also been reported (Harris and 
Dubielzig, 1999). 

of JP Oleshko.) 

-," 
had become aware of a gradual change of iris colour over 
18 months. 

Diffuse iridal melanomas appear to arise from dif- 
fusely transformedcellsonthesurfaceoftheiriswhich, 
overtime, infiltratethestroma. Transformation from iris 
melanosis to iris melanomacan take several months to 
a few years and is one of the reasons why it is difficult 
to give unequivocal advice as to how best to manage 
these cases. lnitiallythere is achange of iris colourand 
appearance, a consequence of multiple patches of 
hyperpigmentation which are superficial in location. 
The patches develop a typical velvety sheen and 
become slightly raised. Pupil shape and mobility are 
affected once the transformed cells infiltratethe stroma 
and the iris becomes thicker. Abnormal melanocytes 
may be shed, and the iridocorneal angle becomes 
involved. Secondary glaucoma with globe enlarge- 
ment can result when the tumour has infiltrated the 
iridocorneal angle. 

Once the tumour has infiltrated the iris and ciliary 
body the potential for metastasis is higher and survival 
time is shortened. Histopathological features helpful in 
predicting potential for metastatic spread include a high 
mitotic index, the location of neoplastic cells and the 
extent of ocular involvement. Metastasis occurs in more 
than half the cases, usually after a long latency (Duncan 
and Peiffer, 1991) and up to 3 years after enucleation 
of the globe. Kalishman et a/. (1998) suggested that 
early enucleation is important if premature death, from 
presumed metastastic spread, is to be avoided. 

Other: Primary ciliary body neoplasms include aden- 
oma (Figure 10.49), adenocarcinoma and possibly leio- 
myoma, but these are all rare. They originate from the 
pars plicata and may produce secondary glaucoma. 

theanterior chamberin a domestic Shorthair. 

The cat is unusual in having the potential to develop 
intraocularspindlecell sarcomafollowing oculartrauma, 
and this can occur several years after the initial dam- 
age (Figure 10.50). HBkanson eta/. (1990) reviewed 
the literature relating to intraocular spindle cell sar- 
coma in the cat and Dubielzig eta/. (1 994) reported on 
the morphological features, which indicated that lens 
epithelial cells or ciliary body epithelial cells might be 
the neoplastic cell of origin. 

wrevious trauma som .s earlier. There was evidence 
ol pre, 0"s f. -1r cnrlca, L,>rree per.crctci arn inc p-3 
ras  cp,aq..c (e..cocor a) I. Irasonograpn, nu caleu a 
solid lntraocular mass and hlsto~atholoav conf~rmed the 
clinical diagnosis. 
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Diagnosis: This is essentially as already outlined for 
the dog. 

Management: Enucleation is usually the treatment of 
choice for primary uveal tumours in cats, provided 
there is nosign of distant metastases to organssuch as 
liver and lungs. Severely traumatized non-visual eyes 
should also be removed and traumatized visual eyes 
kept under very careful review because of the risk of 
subsequent sarcoma. Orbital exenteration is the cor- 
rect approach for cats that develop post-traumatic 
sarcomas, but the prognosis is poor in such cases and 
a high proportion of cats die from tumour-related com- 
plications within months of surgery. All eyes that are 
removed should be submitted for histopathology. 

Secondary neoplasia 

Lymphoma: This is the commonest secondary neo- 
plasm affecting the eye and orbit of the cat (Figure 
10.51), and the uveal tract is commonly involved. 
There is a spectrum of clinical appearances and it is 
not usually possible to differentiate lymphoma from 
other feline problems affecting the uveal tract on ocular 
signs alone when uveitis is the main feature of the 
presentation (see earlier). Lymphoma should, how- 
ever, be high on the list of differential diagnoses 
when there is a defined white to pink mass in the 
anterior chamber, or gross infiltration of the iris. The 
histopathological features have been reviewed by 
Corcoran eta/. (1995). General physical examination 
may locate abnormalities in other parts of the body, 
and the diagnosis is usually confirmed from a positive 
FeLV-antigen test, biopsy of non-oculartumour masses 
or bone marrow biopsy, although not all cats with 
lymphoma are FeLV-positive. 

Figure 10.51 
Solid tumour 
(laterally) and 
neoplastic cells 
(ventrally) in the 
anterior chamber 
of a cat with 
lymphoma. The 
pupil is distorted 
by the solid 
tumour and 
subtle aqueous 
flare was 
apparent on slit- 
lamp 
examination. 

Other: Metastatic carcinomas of the uveal tract should 
also be considered as a cause of secondary uveal 
neoplasia, and arise from a number of primary sites. 
Metastaticocularsquamouscell carcinomas have been 
reported, as have adenocarcinomasfrom the uterusand 
mammary gland. The prognosis is usually grave. 
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Glaucoma 

Peter Renwick 

Introduction 

Glaucoma in domestic animals presents as a group of 
well recognized pathological changes involving the 
globe. These may result from one or more of a number 
of ocular disorders whose common end point is pro- 
longed elevation of the intraocular pressure above 
normal limits. 

Disturbance to the optic nerve head, in terms both 
of its microcirculation and of the axoplasmic flow in its 
retinal ganglion cell axons, is the earliest and most 
significant effect of glaucoma. These changes are 
accompanied by retinal necrosis, which occurs as the 
result of a reduction in choroidal vascular perfusion, 
and this effect is greatest initially in the non-tapetal 
fundus. In an uncontrolled situation, these events may 
progress to complete and irreversible blindness in the 
affected eye. 

The outlook for vision in cases of glaucoma is 
always guarded, and it remains one of the most chal- 
lenging and potentially frustrating conditions for the 
clinician to manage. Early recognition of the problem 
followed by prompt, appropriate therapy is essential if 
sight is to be preserved. 

Physiological control of intraocular 
nressure 

The intraocular pressure (IOP) is dependent on a 
number of factors including ocular rigidity and 
the volume of aqueous humour in the anterior seg- 
ment of the eye. Constant production and drainage 
of aqueous is required to maintain both a formed 
globe and a steady state of physiological IOP. The 
aqueous is optically clear under normal conditions, 
a property important for visual function. Its continual 
flow is vital for the delivery of nutrients to, and 
removal of waste products from, the avascular 
structures it bathes, i.e. the lens, cornea and trabecu- 
lar meshwork (a major part of the drainage apparatus 
of the eye). 

Aqueous is produced from the processes of 
the ciliary body (Figure 11.1), primarily by the mech- 
anism of active secretion and, to a lesser degree, 

Once produced, aqueous traverses the posterior 
chamber, passes through the pupil and enters the 
anterior chamber (Figure 11 .I). In order to maintain a 
steady IOP, aqueous must then drain out of the eye at 
the same rate at which it is produced. The majority of 
aqueous outflow in dogs and cats occurs through the 
drainage structures at the junction of the iris base and 
the corneoscleral tissue (Figure 11.2). This region is 
often termed the drainage angle (iridocorneal angle, 
filtration angle). 

The major structures of the drainage apparatus 
are the pectinate ligament (Figure 11.3) and the 
ciliary cleft, which contains the sponge-like tissue of 
the trabecular meshwork. The bulk of the aqueous 
drains across these structures to the avascular 
aqueous plexus and thence to the scleral venous 
circulation (so-called 'conventional' outflow). In 
addition, an 'unconventional' uveoscleral outflow 
route involves aqueous passing into the ciliary cleft 
and gaining access to the scleral venous circulation 
via the choroid and suprachoroidal space, bypassing 
the aqueous plexus. This route is believed to com- 
prise approximately 15% of the total aqueous outflow 
in normal dogs and around 3% in normal cats. 

by ultrafiltration. The ciliary processes are highly 
vascular, possess a double epithelial layer, and Figure I 1.1 Aqueous humour is produced by the 
have a large surface area to facilitate their Secretory processes of the ciliary body and flows through the pupil 
function. into the anterior chamber. 
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Normal variations 
The IOP in normal dogs measured by applanatlon 
tonometry is generally found to be between 10 and 25 
mmHg. Various factors may influence the reading 
obtained (Figure 11.4). In assessing a suspected case 
of glaucoma, it is impottantto bear in mind the possible 
physiological parameters that may influence IOP. For 
example, measured IOP can rise to around 30 mmHg 
when pressure is applied to the neck and immediately 
fall to <20 mmHg once the grip on the patient is relaxed. 

I Instrumentation used for measurement of IOP I 
I Age of dog - lne IOP is reporteo lo decrease wiln ageng 

Pos lion of patient - a nead-bac~ pomure ncreases IOP I 
Degree of restraint -vigorous restraint increases IOP 
Forced lid opening and pressure on the globe Increase I IOP 
Breed of dog - e.g. terrier breeds have been shown to I have U*ctuattng KIPS I 

I Possibly other factors, such as obesity and arterial 
. -blood pressure I 

I I 
Figure 11.4 Factors ~nfluencing ~ntraocular pressure in 
normal dogs 

Diagnostic tools 

The basic approach to examination is outlined in 
Chapter la .  The following section deals with the use 
of instruments specifically aimed at determining IOP 
(tonometry) or examining the drainage apparatus 
(gon~oscopy). 

Tonometry 
Almost all patients with glaucoma have elevated IOP 
on presentation. Measurement of IOP is therefore 
fundamental to making the diagnosis. It is also a very 
useful aid in the diagnosis and management of cases 
of uveitis, as the IOP often falls as a result of anterior 
segment inflammation. Various methods of IOP esti- 
mation are available. 

Digital tonometry 
This technique involves placing the forefinger on the 
upper eyelid, overthe globe, and applying pressure to 
estimate how hard the eye feels. This can be carried 
out simultaneously on both eyes for comparison. It is a 
crude technique at best, and may be thoroughly mis- 
leading in some instances, even in experienced hands. 
In cases where the eye is markedly soft or hard the 
abnormality will be detected but in less extreme cases 
no reliance can be placed on the method. Additionally, 
digital tonometry is of no value in monitoring a case 
once therapy has commenced, as it is far too insensi- 
tive. The diagnosis and management of glaucoma 
cases using only digital tonometry as a means of 
estimating IOP cannot be recommended. 

Schintz tonometers 
The Schi~tz tonometeris readily availableand relatively 
cheap. dl1 practitioners should own, and be familiar with 
the use of, this instrument. It estimates IOP by the use 
of a weighted plunger, which indentstheeye toadegree 
that is inversely proportional totheIOP (Figure Il.S).The 
nearer to zero the reading on the scale, the higher is 

www.vet4arab.co.cc
by Itra



Glaucoma 187 

Figure 11.5 After applying 
topical anaesthetic (e.g. 
Droxvmetacaine). the Datient 
is restrainen h tnlne heao 
bacn, so tnat me cornea I es 
in the horizontal plane 
(unfortunately thls position 
causes a physiological 
increase in IOP). The 
dunner is  laced verticallv . " 
on tnc cenira, cornea on ' 
severa occas'ons ..nt 
several similar readings 
have been obtained. Care 
must be taken to keep the 
footplate away from the third 
eyelid, and the plunger must 
be resting freely on the 
globe with no hindrance 
from the remainder of the 
instrument. 

the IOP, especially if a greater weight has been placed 
on the plunger. Thescale reading is converted to one of 
IOP using a standardized chart for human eyes that is 
supplied with the instrument, as this is reasonably 
accuratefor usein both dogsandcats (Millerand Picken 
1992a,b). To increase reliability and accuracy, it is 
advisable to perform several readings and to repeat 
them using a different weight on the plunger. An aver- 
aged value may then be obtained. The IOP should 
always be measured in the opposite eye, even if it has 
a clinically normal appearance. 

There are disadvantages in using the Schiatz 
tonometer: 

Aligning the instrument correctly on the globe can 
be difficult 
Difficulty in restraining some patients may 
artefactually increase IOP 
Indentation tonometry is inherently subject to a 
degree of inaccuracy 
Should not be used after recent intraocular 
surgery 
Corneal oedema or other abnormalities such as 
scarring may render the reading inaccurate 
A dirty instrument can be highly inaccurate. 

It is very important to keep the tonometer meticu- 
lously clean by dismantling and cleaning it after every 
session of use. 

Applanation tonometers 
There are a number of tonometers available that oper- 
ate on the principle of measuring the force required to 
flatten or 'applanate' a small area of cornea (Figure 
11.6). The force required is proportional to the IOP. 
Applanation tonometers tend to be the most accurate 
in clinical use (Gelatt et aL, 1977). They can be used 
with the dog or cat in a normal standing position, they 
are less influenced by some of the factors such as 
ocular rig~dity which affect indentation tonometers, and 
they can be used after intraocular surgery. While these 
instruments are expensive, their purchase by progres- 
sive small animal practices is encouraged. 

instrument is ta~oe'doentlv several times on the corneal . .  - , ~~~ .. 
surface. An average0 va Je ol lne IOP s g ~ e r l  o i  a o y la 
rcado..l on the 'nsrr~mcnl a.onq wlrl an notcatson of rhc 
estimated accuracy of the reading 

Gonioscopy 
Gonioscopy isa techniquethat ailowsvisual inspection 
of the opening to the ciliary cleft. It is not normally 
possible to see the drainage structures using routine 
ophthalmic examination techn~ques, except to some 
extent in cats, where a limited and somewhat distorted 
view of the pectinate ligament can be obtained by 
viewing through the cornea at an oblique angle. 

The technique of gonioscopy depends upon the use 
of acontact lens of some type (Figures 11.7 and 11 .a). In 
the absence of a goniolens, a condensing lens pressed 
against the cornea offers a less satisfactory alternative. 

Figure 11.7 A yon o ens allers lne refracl on at lne 
c m e a  s~riace alowtny ghr thar no-la normal y be 
internally reflected to travelfrom the drainage angle to the- 
viewer's eye. 

Figure 11.8 A goniolens is alj151ied to a top~cally 
anaesthetized cornea and employs a negative pressure, 
created bv a column of saline within the attached silicone 
1.0 ng ro ma nla r i  aonerencc of ine ens lo the g ooe An 
Improdeo d eh may oo oota neo oy I iriq me chamber of 
me ens n In arrlflc al tears pr or lo p acemenl on lne cornea 
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Magnification (e.g. a direct ophthalmoscope, slit- 
lamp biomicroscope or fundus camera) is then used to 
inspect the structures of the iridocorneal angle (Figure 
11.9). The viewer may see: indications of pectinate 
ligament abnormalities, such as goniodysgenesis; 
collapse of the ciliary cleft and pectinate ligament; or 
other changes in the area, such as infiltration by 
neoplastic tissue, the presence of inflammatory swell- 
ing or deposits, or fibrovascular tissue ingrowth. 

Figure 11.9 
Gonioscopic 
view of the 
normal pectinate 
fibres and ciliary 
cleft entrance in 
a Labrador 
Retriever. 

Gonioscopy is indicated in any case of glaucoma 
where the cause of the IOP elevation is not immedi- 
ately apparent. It is also a necessity when primary 
inherited glaucoma is suspected, particularly when an 
outwardly normal fellow eye may be inspected for 
abnormalities of the iridocorneal angle. This can be 
helpful in determining the diagnosis of glaucoma (the 
glaucomatous globe may be unsuitableforgonioscopy 
due to the presence of corneal opacity), and it also 
gives useful information regarding the potential for 
predisposition to glaucoma in the normotensive globe. 

The technique is not straightforward. The goniolens 
can be difficultto retain on theeyeand theview obtained 
is not always clear, especially if the lens becomes 
contaminated with meibomian gland secretion or other 
debris. The positioning of the lens can be critical and 
slight alterations in this or in the viewing angle can lead 
toartefactual changes in theappearanceof theentrance 
to theciliary cleft. Practice is required in orderto perform 
gonioscopy and interpret the findings reliably. 

Special features of glaucoma in cats are discussed 
further at the end of this chapter. It is very important 
to appreciate that many of the clinical signs of glau- 
coma are common to numerous other ophthalmic 
disorders, and the importance of a careful comprehen- 
sive clinical examination in making a diagnosis of 
glaucoma cannot be overemphasized. 

For convenience, the signs will be considered 
under the headings of 'acute' and 'chronic' but this 
division is somewhat arbitrary and not always clear-cut 
in a clinical setting. For.example, some chronic cases 
may not be presented until an acute exacerbation 
draws the problem to the owner's attention. 

Acute glaucoma 
The major signs seen most often in the face of an acute 
rise in IOP are summarized in Figure 11 .lo. 

Pain: 

Increased lacrlmatlon 
Blepharospasm 
Enophthalmos or th~rd eyel~d prolapse 
Head shyness 

Corneal oedema: especially wlth acute rise In IOP 
> 40-50 mmHg 

Corneal vascularization: 

Deep 'brush-border' appearance In acute cases 
May advance towards the central cornea at a rate of up to 
1 mm per day I 

1 Mydriasis: mid-dllaled unresponsive pup11 I 
Episcleral congestion: often accompanied by conjunctival 

congestion 

Vision loss: may not be noticed by the owner if the problem is 
unilateral 

Figure 11.14 Clinical signs of acute glaucoma. 

Pain 
In severe and very acute cases, especially where the 
IOP is above 40-50 mmHg, the degree of discomfort 
may be so severe as to cause yelping, head shyness 
and marked depression and/or inappetence. Blepharo- 

Gonloscopy IS a very lmportanr lecnn q-e lor spasm, g.obe retract on wlth conseqLenl rh~rd eyello 
the alaanosls and manaoemenr of ola~coma. If lne orolaDse. ~ncreased aclimallon and epiphora may also ., - 
clinician is presented wzh a case of suspected or ~esul t f ro indiscomfor l .~hesi~nsma~bi lessa~~arent 
confirmed glaucoma and the necessary equipment in cases where the increase in IOP is less dramatic. 
or expertis&is lacking, then mmed'ate referral sho~ld  The pain associated wilh gla~coma ooes not respona 
oe considered. well lo NSAIDs, and conlrolling the IOP is rhe main aim 

Clinical signs of glaucoma 

The presenting signs of glaucoma vary, depending on 
a number of factors: 

Speed of onset 
Degree of elevation of IOP 
Duration of the problem 
Underlying cause - Age of the animal (young animals have more 
distensible globes). 

in affording pain relief. 

Corneal oedema 
The whole cornea may take on a 'steamy', bluish 
appearance, especially with a sudden elevation of 
IOP to >40-50 mmHg. The normal optical clarity of 
the cornea depends upon a number of factors. One 
of the most important is the state of deturgescence. 
This is primarily the result of the action of a pump 
mechanism in the corneal endothelial cells. Active 
transport of solutesfrom the cornea into the aqueous 
humour causes movement of water out of the corneal 
stromadownthe resulting diffusion gradient. A marked 
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Figure 11.11 Ac..lc-onse: p, tnar, g adcoma o.e lo 
gor ou, jgeties s r a Passer no-ro The n 51 01' 
interferes wlth the corneal endothellal pump rnechan~sm, 
lead~ng to the development of corneal oederna 

elevation of IOP interferes with thls phenomenon and 
oedemaensues (Figure 11.1 1). This sign is not found 
consistently; it tends to be less marked at low levels 
of IOP elevation and in chronic cases. 

Corneal vascularization 
In acute cases, a frlnge of blood vessels may invade 
the deep cornea from the limbus, usually through 360 
degrees. The vessels may take on a 'brush-border' 
densely packed appearance at thelr leading edge, due 
to the fact that they areconstrained by the surrounding 
stromal collagen lamellae (Figure 11.12). Such vascu- 
larization is most commonly seen in association with 
marked corneal oedema and where the glaucoma is 
secondaty to uveitis. 

Glaucoma 189 

Retrlever wlth urlmaw ulaucoma due to aon~odvsaenesls 
Tie vesse s na~e nvaoeu lrle cornea rn;o4gi 36Coegrees 
an0 exn b r a or-sn oorocr' anppnrance at Ine eao i y  
edge. Deep vessels cannot be seen to cross the limbus in 
dogs (compare with Figure 11.19). 

Mydriasis 
A dilated or moderately dilated, poorly responsive pupil 
resultsfrom pressure-induced paresis or paralysis of the 
iris sphincter muscle. The absence of a direct pupillary 
light reflex under such circumstances must not be 
presumed to equate with loss of vision; Instead, other 
features should be used to gauge the presence or 
absence of vislon. Mydriasis is not an invanable finding 
In glaucomatous globes, and in some cases of uveit~s- 
Induced glaucoma the pup11 may even be constr~cted. 

Episcleral congestion 
Episcleral congestion (Figure 11.13) is a commonly 
encountered and useful diagnostic indicator in glau- 
coma cases. The engorged episcleral vessels run at 
right angles to the limbus, are frequently set againstthe 
white background of the sclera, and do not move in 
association with movement of the overlying lids and 
conjunctiva. The conjunctival vessels may also be 
distended, in which case the tissue between the epi- 
scleral vessels will appear hyperaemic. The conjunc- 
tivalvessels may be blanched rapidly by theapplication 
of topical 10% phenylephrine drops, allowing the epi- 
scleral vessels (which blanche less readily) to be 
assessed more accurately. It is important toappreciate 
that not all cases with episcleral congestion have 
glaucoma and vice versa (Figure 11.1 4). 

2 
Figure 11.13 Eu~scleral conuestlon larae vessels whlch 
donot move w~th the con]unctia are seenaga~nst the 
scleral background 

, , 
" '  . ~ ' . . :  , , t;ia$~hg . . . . . 

t - .  . . ~  , . .  ; v$eitis'br ehdophthalmitis 6; p&iophthalniitis , .  .. . . . .  . .. ,, 
a , Epi~leritis(oftenlocalized in dogs) . - . r. 

R~t~~D~ lb ,a rspace -occupy in~91~s i~~~eeg .9abs~e~  -: .:. :. 
. , :n,e@plasia. . , . .. : :... : :':'. .:.. 
,.i Wp@6Jw~$3sitysyndromes ' : . ..,.:~. , . .::.!!', 

. , ,  . : . . . .  . . .: . .,..i> ~ . '  

* Excitement, . . . . . _ ,  <: 
- ,  , ~. ~ . . : ,  , . ~ .  ~. . :... .. ,> ...~. ." 

Figure 11.14 Differential diagnosis of episcleral 
congestion or hyperaemia. 

. . 
Vision loss 
Loss of vision initially occurs as aresult of damage to 
the ganglion cell axons in the region of the optic nerve 
head, and this is accompanied in some acute-onset 
cases by retinal necrosis, especially within the non- 
tapetal fundus. In addition, the levels o f  glutamate 
within the vitreous and retina increase, and this in turn 
leadstoretinalganglion celldeathdueto'excitotoxicity', 
mediated, at least in part, by an influxof calcium into the 
cells (Brooks eta/., 1999). In acute cases, the eye may 
become blind within hours o(!he onset of glaucoma, 
and these changes rapidly become irreversible. 

Whilst an observant owner may detect loss of vision 
in oneeye, it is unlikely that partialvisual field loss in only 
one eye will be noticed. By virtue of this fact, glaucoma 
affecting only one eye tends to present relatively late in 
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the course of the diseaseand it is generally an alteration 
inappearanceoftheeyeratherthan alteredvision which 
prompts presentation. It is also relatively easy for the 
clinician to overlook thevery important 'question of 
whether an abnormal, possibly glaucomatous, eye is 
visual or not, especially if the owners have not reported 
any historical evidence of blindness. A positive effort 
must therefore be made both during history taking and 
during the examination to establish whether or not the 
eye is visual (Figure 11.15). This can not only assist in 
making a diagnosis but also has a major impact on the 
future management of the case. 

Loss of menace response in the affected eye 
Loss of dazzle reflexto bright lightshone intothe affected 
eye 
Loss of consensual pupillary light reflex - no 
constriction of pup11 in feilow eye when affected eye 
illuminated in a dimly la room 
Re-d~lation of the pupil in the affected eye on a 
swinging flashlight test 
Absence of tracking response to cotton wool ball with 
fellow eve oatched 
inabi iry lo negot ate a maze w th feilow eye patched 

Figure 11.15 C n ca 59115 of ,n atcra o naness 111 

Those animals that have already lost vision in one 
eye will tend to present as soon as the second eye is 
clinically affected. 

In the early stages of vision loss, optic nerve 
head damage and retinal ganglion cell dysfunction 
are potentially reversible, at least to some degree. In 
those cases which present with a very high IOP or 
once the eye has been blind for more than a few days 
(even hours in some instances), the prospects for 
the return of vision, even when the IOP is restored 
to normal; become more remote. It is therefore impera- 
tive that cases of acute onset glaucoma are diagnosed 
accurately and as early in the course of the disease as 
the presentation allows. 

Genuine acute-onset glaucoma in those cases 
where there is the potential for preserving or restoring 
vision constitutes an ocular emergency. For those 
cliniciansnot fully familia'r with both the diagnosis and 
therapy of the condition, itiS advisable to offer urgent 
referral to a specialist 

Chronic glaucoma 
Chronic glaucoma may arise as a sequel to an unsuc- 
cessfully controlled or misdiagnosed episode (or epi- 
sodes) of an acute-onset nature, or it may develop 
insidiously and first present at a point where the eye is 
already showing signs of gross abnormality. 

Many of the signs seen in acute glaucoma will also 
be presenttoagreaterorlesserdegree in morechronic 
cases, although some (e.g. pain and corneal oedema) 
will tend to become less marked with increasing 
chronicity. In addition to the signs of acute glaucoma, 
chronic cases will-demonstrate various combinations 

Globe enlargement: 

Stretching of the ocular tunics leads to many of the other 
changes listed below 

Once lne gooe nas en arged, lhe prognosis is often very poor 
an0 en~cleation s Ireq-en! y nd calea 

Every attempt should therefore be made to diagnose glaucoma 
well before this stage is reached 

Corneal neovascularization: 

)Iten supefiicial branching vessels (unlike the 'brush-border' of 
'acute cases) 

Vessels may bring pigment into the superficial cornea 

Corneal ulceration: due to exposure or inadequate blink 
(lagophthalmos) 

Descemet's streaks (Haab's striae): grey streaks in the cornea I resultinn from breaks in Descemet's membrane due to 

Equatorial staphyloma: sc era th nning seen as a o ~ i s n  
trans i,m nat ng o~lge ben nd ine mous I 

Iris atrophy: 

Thinning allows easy transillumination or holes may develop 

More commonly results from ageing or uveitis 

Lens subluxation/luxation with aphakic crescent or 
penumbra: must be differenliated from primary lens luxation 

cataract 

lntraocular haemorrhage: more commonly seen in other 
disease states (see text) 

Optic disc cupping: posterior bowing of the optic disc due to 
sclerai weakness at this point (the lamina cribrosa) 

Retinal and optic nerve head atrophy 

Phthisis bulbi 

Figure 11.16Signsof glaucomaassociatedwith chronicity 

Globe enlargement 
Enlargement of the globe (hydrophthalmos, buphthal- 
mos) occurs due to pressure-induced stretching of the 
ocular tunics. It is often marked in young animals as 
they possess less rigid globes than adults. Many of the 
signs of chronic qlaucomaare the result of stretching of 
th; globe. 

. 

Buphthalmos (Figure 11.17) must be differentiated 
froin exophthalmos, in which a normal-sized eye is 
pushed forward by a retrobulbarspace-occupying pro- 
cess such as abscess or neoplasia (Figure 11.18). 

of the signs summarized in Figure 11.16. gl&coma 
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exophthalmos. 

Corneal changes 
The corneal diameter increases asthe globe enlarges. 
Blood vessels may invade the cornea from the limbus, 
often in a superficial, arborizing pattern (Figure 11.1 9). 
Pigment is frequently deposited, having gainedaccess 
to the cornea via the invading vessels. As the globe 
enlarges, the ability to blinkand distribute the tear film 
becomes compromised. This, in turn, affects corneal 
health and may ultimately result in areas of epithelial 
irregularityand even frank ulceration, particularly ofthe 
central cornea. 

glaucoma The vessels are branching and can be seen to 
cross the llrnbus The lens in this case has luxated and 
become cataractous secondary to globe enlargement 

Grey opacities may develop within the cornea, due 
to a number of factors. These include: 

Disturbance to the normally regular arrangement 
of the collagen lamellae, e.g. by oedema or blood 
vessels 
Scar tissue formation, e.g. following ulceration 
Thickeninglkeratinization of the corneal 
epithelium secondary to exposure 

I 

seconoary lo prcvto,s anlefor JJe r s ~ e s c & ~ e ~ ' s  slreans 
(rladb s s:r acj can be seen lncy are ortans n Dcscener's 
memorane w' i 'c i  res. I from slrflcn.ng of lnc oc- 2r1.n cs 

Breaks in Descemet's membrane caused by 
stretching of the cornea; the grey streaks are 
also known as Haab's striae (Figure 11.20). 

Equatorial staphyloma 
Scleral thinning and stretching may become marked at 
the equator of the globe, leading tothe development of 
outward protrusion. This is seen as a bluish bulge 
some distance beh~nd the limbus and IS often obscured 
by the eyelids (Figure 11.21). The swelling must be 
differentiated from a solid mass; this may achieved by 
transillumination - light shlnes through a staphyloma, 
due to thinning of the tissues. 

Figure I I .21 Equatorial staphyloma. Occasionally 
~ressure-induced thinnina of the sclera rnav cause a - 
o . sn sne n3 poslcr o' .r, In,? 111o.s n con:rrsl lo a 
nco2 a s  c mass e s i ~ ~ t ~ y  wr a c a i  oe lriitls -n n a : ~ ~  
,J-e L III 11.1 I I ~  01 i re  I SLCS C;-r:es, of 7GC Bea'oro 

Lenschanges 

Luxation or subluxation: Enlargement of the globe 
results in stretching and teari,ng of the zonular fibres 
that suppottthe lens. This results in subluxation and, in 
some instances, eventual luxation of the lens (see 
Figure 11..19). 

The lens may come to lie in the anterior or posterior 
segmentof theeye and isfrequently seen to retain part 

www.vet4arab.co.cc
by Itra



192 Glaucoma 

cross 
theremaining ronular iibies. (b) Theyefractile lens equator car 
The cornea also shows signs of breaks in Descemet's membra 
gross buphthalmos 

of the zonular attachments around its equator (Figure 
11.22). An aphakic crescent develops in cases of lens 
subluxation where the lens comes to occupy a position 
away from the visual axis. The crescent is bordered by 
the pupil margin on one side and the equatorof the lens 
on the other. The fundus can be viewed through the 
aphakic region, either by using close direct 
ophthalmoscopy (with the lens in the ophthalmoscope 
set to approximately +I2 dloptres), or by using a focal 
light source and naked eye examination, which will 
often allow a limited view of the retinal vessels. In some 
cases with marked globe enlargement, the lens may 
remain approximately within the visual axis, and a 
complete aphakic ring or penumbra may be seen 
between the lens equator and the pupillary margin. 

Luxation or. subluxation of the lens may affect 
aqueous humour dynamics and further increase the 
degree of glaucoma present. 

Lens luxation may also develop as a primary 
event and it is therefore very important to determine 
whether the lens luxation is the cause or effect of 
glaucoma (see below). 

Cataract: Lens opacities often develop in chronic 
glaucoma cases, especially where luxation has 
occurred. These probably result from alterations to 
lens nutrition and a build-up of toxic products within 
the eye. The delivery of nutrients to, and removal of 
metabolic waste products from, the lens is hampered 
by alterations in aqueous humour dynamics. In addi- 
tion, it is known that toxic levels of products such 
as glutamate build up in the posterior segment in 
glaucomatous globes. 

Cataractous lenses may also cause glaucoma 
through a variety of mechanisms (see below). 

lntraocular haernorrhage 
Gross haemorrhage within the globe may develop as a 
result of glaucoma, but it may also be related to the 
cause of the elevated IOP. Its presence may render 
accurate diagnosis of the cause of the glaucoma diffi- 
cult, or impossible if it is present at thefirst assessment 
of the case. Some of the differentials which should be 
considered are shown in Figure 1 1.23. 

I be seen, and adjacent to this is an aphakic crescent. 
ne and corneal pigmentation as a consequence of 

. ~ . ,  . . . . . , .  .. 

Trauma/surgefy . , 

lntraocularneoplasia 
. Oveitls 

Bleeding diathesis - numerous:cau@ 
,, ., , . . . 
Sysfemic hypertension 

,* ~etiiiald@ich&nt - nuiiiergus causes . . 
, Gongenital~abnormallies: 

Oollie eye,anamaly ~ 

Retinal dysplasia 
Pe,~isie.nt hyaloid artery . . 
Persistent hyperpladic primaly vitreous ' , 

:- ~hro~ic~~laucom~ I . . 

Figure 11.23 Causes of intraocular haemorrhage 

Optic disc cupping 
Cupping of the optic disc is the phenomenon in which 
the optic nerve head becomes bowed outwards (Fig- 
ures 11.24 and 11.25). This is a result of the effect of 
raised IOP on the relatively weak lamina cribrosa (the 
perforated region of the sclera that allows optic nerve 
fibres to exit from the globe) and the loss of optic nerve 
fibres due to glaucoma. 

Figure 11.24 Histological section of a globe with 
chronic alaucomatous darnaae The owtic disc IS 

cupped.-~rrowheads mark thk margins of the disc. 
(Courtesy of JRB Mould) 
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Figure I I .25 
Primary open-angle 
glaucoma in a 
crossbred dog. The 
optic disc is 
severely cupped 
The retinal vessels 
drop down into the 
rim of the cup and 
are lost to view 
when the focus is in 
the plane of the 
retina. 

Optic disccupping is perhaps most readily appreci- 
ated usingstereoscopicindirectophthalmoscopy, which 
gives a three-dimensional view of the fundus. How- 
ever, it is also possible to gain an impression of the 
degree of cupping by using a direct ophthalmoscope. 
The retina is first brought into focus by dialling up the 
required lens in the ophthalmoscope (this may be a 
negative lens due to globe enlargement), and then the 
centre of the optic disc is focused upon by dialling in 
a negative lens of greater dioptre. The difference in 
the lens settings required gives an indication of the 
degree of optic disc cupping (each additional dioptre 
is approximately equivalent to 0.3 mm of cupping). 

Retinal and optic nerve atrophy 
With chronicity, the optic disc undergoes changes in its 
ophthalmoscopic appearance in addition to those of 
cupping. Typically, ittakeson achalky appearance due 
to loss of vasculature, and it may also become dark- 
ened due to loss of myelinated nerve fibres. 

Tapetal hyper-reflectivity is another potential 
ophthalmoscopic finding. It results from retinal thin- 
ning, which allows increased reflection of light back 
from the tapetum (which lies within the choroid). In 
glaucoma patients this is often seen initially as shiny 
fan-shaped bands extending out from the optic disc. 
The bands represent so-called'watershed' lesions and 
result from pressure-induced effectson zonesof choroi- 
dai vasculature (supplying the outer layers of the 
retina). Asthedisease progresses, theextent oftapetal 
hyper-reflectivity increases and the retinal vessels 
(supplying the inner retinal layers) become attenuated 
(Figure 11 26). 

Figure I I .26 
Chronic changes in 
long-standing 
glaucoma due to 
goniodysgenesis in 
an English SDrinaer 

I 
. - 

Spaniel. The 
tapetal fundus is 
iyper-reflective 
3nd the retinal 
~essels are 
jevereiy 
3ttenuated. In 
~ddition, the optic 
jisc is severely 
I cupped 
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Phthisis bulbi - 
It is important to note that in some cases signs of 
chronic glaucoma may be present although the IOP at 
the time of examination is found to be normal. This 
occurs when a previously raised IOP has caused 
pressure-induced atrophy of the ciliary processes, thus 
reducing aqueous production. In extreme cases this 
may lead to a reduction in the size of the globe or 
phthisis bulbi. 

Classification and causes of 
alaucoma 

Glaucoma can be classified in a number of ways. In 
addition to whether the presenting signs are acute or 
chronic, it is possible to consider glaucoma in terms of 
its underlying cause: 

Primary glaucoma - two major types: 
- Goniodysgenesis ('closed-angle' glaucoma) 
- Primary 'open-angle' glaucoma 
Secondary glaucoma; numerous conditions may 
lead to a reduction in aqueous outflow 
Congenital glaucoma, present perinatally for 
whatever reason; rare in veterinary practice. 

Primary glaucoma 
In cases of primary glaucoma, there is no other recog- 
nized antecedent ocular disease process and, almost 
invariably, there is the potential for elevation of the IOP 
to become bilateral. 

A number of breeds worldwide have been demon- 
strated to be predisposed to the development of pri- 
mary glaucoma. In some of these, the disease has 
been demonstrated to have a hereditary basis. The 
breeds vary between countries but those recognized 
as more commonly affected are listed in Figure 11 27. 

Golden Retriever 

Figure 11.27 Breeds disposed to primary glaucoma. 

Acute primary 'closed-angle' glaucoma 
Goniodysgenesis is the commonest cause of primary 
glaucoma in dogs in the UK. The breeds in which it IS 

most frequently seen are lhsted in Figure 11 27. In these 
cases there is a developme~tal bilateral abnormality 
of the pectinate ligament (Martin, 1975; Bedford, 
1980). Instead of the normal structure seen in Figure 
11.9, thedysplastic ligamentcomprises sheets of tissue 
which may be so extensive in some cases as to be 
perforated only by intermlttentfiow holes (Figure 11 28). 
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Figure 11.28 
Gonioscopic view 
of goniodysgenesis 
in an Enolish 
springe;spaniei 
(the fellow eye of 
the dog in Figure 
11.26). The 
pectinate ligament 
comprises a sheet 
of tissue with only 
intermittent flow 
holes (compare 
with Figure 11.9). 

The entranceto the ciliary cleft, spanned by the pecti- 
nate ligament, may also be narrowed (Ekesten, 1993). 
In early life, these limited channels allow sufficient 
passage of aqueousforthe maintenance of a normoten- 
sive globe. After a variable period, usually in middle 
age, although earlier in adulthood in the Welsh Springer 
Spaniel (Cottrell and Barnett, 1988), the flow becomes 
further compromised and glaucoma develops, often 
with an acute onset. However, the precise mechanisms 
whereby aqueous drainage ultimately fails are not fully 
understood. Notsurprisingly, thoseindividualsthatexhibit 
the greatest degree of pectinate ligament dysplasia 
have been shown to be most likely to develop clinical 
signs of glaucoma (Read etal., 1998). 

Any dog of a breed listed in Figure 11.27 that 
presents with a sudden onset of a red or painful eye 
should be suspected of having closed-angle glau- 
coma, until proven otherwise. It is mandatory to carry 
out IOP measurement and gonioscopy in such a case. 
In addition, as goniodysgenesis is a bilateral condition, 
the opposite eye is predisposed to developing glau- 
coma in the future. This may well influence case 
management and is very important information with 
respect to client education. 

Chronic primary 'open-angle' glaucoma 
Primary open-angle glaucoma is the type seen in 
Norwegian Elkhounds, and occasionally other breeds 
and crossbred dogs in the UK, and in a laboratorystrain 
of Beagle in the USA. Much research has been carried 
out on thecondition in the Beagle, particularly because 
of its relevance to the similar, very common, disease in 
humans, but its importance in the clinical setting is 
limited. The condition is thought to develop as a result 
of the build-up of certain types of glycosaminoglycans 
(mucopolysaccharides) within the trabecularmeshwork, 
leading to an increase in the resistance to aqueous 
outflow (Gum etaL, 1993). 

The condition is bilateral and is insidious in onset. 
Patientsareoften presented relatively late in thecourse 
of the disease, with enlarged globes and poor vision 
in both eyes. However, the optic nerve head appears 
to tolerate these prolonged, often marked, elevations 
of IOP better than in acute-onset forms of glaucoma. In 
some cases, useful vision can be retained through 
to the late stages of the disease, despite the presence 
of sometimes massive buphthalmos. 

Secondary glaucoma 
Secondary glaucoma is the most commonly encoun- 
tered type of glaucoma in both dogs and cats. It 
develops when antecedent ocular pathology reduces 
the circulation and drainage of aqueous, leading to 
increased IOP. 

Aqueous flow in secondary glaucoma may be im- 
peded at the pupil or at the filtration angle (pectinate 
ligament and ciliary cleft structures). The site at which 
the major obstruction to aqueous circulation occurs 
may vary from one case to another. 

There are numerous possible causes of secondary 
glaucoma (Figure 11.29). 

Pri.Maw ieps<~xation:,m.dstt&mm~n,interrier breeds 
..a. : L ~ n s , l u x a t i o n s e c ~ n d ~ ~ / t o ~ h y ~ e r m B t u r t a  . , 

.;: : Uue~~',i"cl"aail"d'd'redSii~dU~~d"""citivd"$.fo'le"~ '. 

: : , ripfu(~~$;h$per~2tuiB~Daf~~a~~~~.;, . . : . ~. 

*, hirao~l$r'~~e~orr~age , .. . inlieoplasia ' , ' . 
',,  .iv. , i::*,;, , .~ ,,.. ',:. : , 

0 ,' @ ~ , [ $ f ~ 6 1 d ~ $ ~ ( & a ! . ~ , ~ ~ ~ j ~ r ~ ) ;  as-pigmm;ttBry .g,aucoma'. , : ,.: l$r?erly . , . ~ gescr~ba, .~ . 

' 

.~ , . . ., . .~, ., . ., ., ., :* , ,  .:;,!.':~:. . . '  . .' . 
* , . .  .~i j l t~6;ir is~~~$k~a_~d ,L/ .  . : _ .  we~t~s , _., .. [ ~ ~ j f l e h  ,Bkti%@B), . . : 
-' lnt~mescence(swelling~.lofiaa,~ta~~ousiensi. . . , . . . 

.,gs@eei$lly;in:diabetc$ ,, ,. , , ,  ' ... . ,. : , , ~  ~. .,. . , , 

~ i b ~ o ~ a s ~ u l a i m e m ~ ~ n e : f ~ i m ~ t i ~ ~ ~ i n ~ t ~ ~ d r a i n a ~ e a n ~ l e ,  . ' 

sec.ond,ary toretilnal d~~chm~nt,~u~e.iti's.,~r~.neopl~iaa .: Vitreous-prolapse:attec surgicallens extraction 
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Figure 11.29 Causes of secondary glaucoma. 

Primary lens luxation 
Primary lens luxation (see Chapter 12) is commonly 
seen in the terrier breeds and occasionally the Border 
Collie in the UK. It has been described in the Shar Pei 
in the USA (Lazarus etal., 1998) and has recently been 
seen in an imported stud dog of this breed in the UK. 

The lens may luxate into the anterior chamber, 
carrying vitreous humourwith it. The flow of aqueous is 
then impeded, both by any prolapsed vitreous which 
comes to overlie the entrance to the ciliary cleft, and by 
the lens occupying a large proportion of the anterior 
chamber. The presence of vitreous or lens within the 
pupil may furtherexacerbatethe rise in IOP by causing 
pupillary block. Glaucoma may also be seen in cases 
where a luxated lens is resting within the posterior 
segment, and even in some instances where the lens 
is only subluxated. Once the IOP has been elevated for 
any length oftime, theciliarycleft may collapseand this 
change can rapidly become permanent due to the 
development of peripheral anterior synechiae. These 
are adhesions of the iris base to corneoscleral tissue 
which effectively obliterate the ciliary cleft. 

In somecases, it may bedifficulttodecidewhether 
lens luxation is acause or an effect of glaucoma. This 
distinction may well have a profound influence on 
case management and will, to a certain extent, influ- 
ence the prognosis. Establishing the order of events 
depends upon a careful assessment of the signai- 
ment, history and clinical findings. Gonioscopy, 
especially of the opposite eye, may give valuable 
information in this regard. 
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Uveitis D ,  
I Inflammation of the uveal tract may result in secondary 

glaucoma through a variety of mechanisms: I 1 
i 1 

Accumulation of inflammatory debris within the $ 1  
structures of the filtration angle ~i / if 1 Damage to and swelling of the trabecular !! I 

meshwork structures as a direct result of [. 
involvement in the inflammatory process (the 
ciliary cleft is composed of uveal tissue) i ,  
The development of posterior synechiae 
(adhesions between iris and lens). If these 
become sufficiently extensive, then aqueous will 
be unable to flow from the posterior to the Figure 11.30 Iris bombe results when 360-degree 
anterior chamber. This leads to a build-up of posterior synechiae prevent flow of aqueous through 
aqueous behind the iris which then bulges the pupil. 

forward -so-called 'iris bombe (Figures 11.30 
and 11.31). Initially the obstruction to aqueous I flow may be restricted to the pupil but, with time, 
the forward displacement of the iris leads to 
collapse of the ciliary cleft. At this stage, the IOP 
will remain elevated, even if the posterior 
synechiae are broken down, or an alternative 
drainage channel is created through the iris 
Fibrin clot material in the anterior chamber, 
impeding aqueous outflow 
Fibrovascular membrane formation over the 
pectinate ligament 
Peripheral anterior synechiae. These may develop 
in disease states associated with inflammation, e.g. 
- iris bomb6, intumescent cataract or a luxating 

lens pushing the iris base forward 
- anterior uveitis combined with a dilated pupil, 

e.g. with excessive use of atropine 
- as a result of loss of the anterior chamber due 

to giobe rupture. 
A syndrome of severe uveitis and multiple iris 
cyst formation leading to glaucoma has been 
described in Golden Retrievers (Deehr and 
Dubielzig, 1997). 

When dealing with any case of uveitis, it is important 
to monitor IOP, whether glaucoma is initially present or 
not. Both uveitis and glaucuma may present as a red, . .,,.- . .., . - ,,,,,,,, , .,,,,,,er hit in the eye by , 
painful eyeof cloudy appearance. Tonometry isessential golf ball 2 weeks previously. Glaucoma has developed as 
to distinguish the two conditions, In addition, even initially a resuit of uveitis, and there has been Consequent iris 
uncomplicated uveitis may later become complicated by bornbe formation. A cataract is also present, and a small 

amount of haernorrhage can be seen in the pupil. The side glaucoma and this may be overlooked until the situation 
view shows the iris bulging forward, is irreversible, unless a policy of routine IOP measure- 

ment is adopted in the handling of uveitis patients. 
The commonest intraocularneoplasms are primary 

Neoplasia weal melanoma (Figure 11.32), primary ciliary body 
Neoplasia (see Chapter 10) may induce glaucoma by adenomaladenocarcinomaandlymphoma(usuallywith 
a variety of means: systemic involvement). Secondary intraocularneoplasia 

is also an occasional cause of glaucoma, the common- 
Direct involvement of the drainage angle in the est type in dogs being mammary adenocarcinoma. 
neoplastic process The diagnosis of intraocuiar neoplasia, especially - A build-up of neoplastic cells from the aqueous when it i s  complicated by glaucoma, may not be 
within the trabecular meshwork straightforward. The cornea, may exhibit marked 
Secondary blood-aqueous barrier breakdown, oedema, neovascularization and pigmentation, all of 
leading to debris within the trabecular meshwork which serve to obscure the view of the intraocular 
Stimulation of fibrovascular membrane formation structures. Should any doubt exist as to the presence 
as a result of the release of angiogenic of an intraocular neoplasm, further investigations are 
substances (Peiffer eta/., 1990). required (Figure 11.33). 

Glaucoma 195 

www.vet4arab.co.cc
by Itra



196 Glaucoma 

Figure 1 I .32 
A 9-year-old Boxer 
presenting with a history 
of signs of pain and a 
recent blue discoloration 
of the cornea (a). The 
diaonosis was one of 
gla;coma secondary 
to anterior uveal 
melanoma. The cross- 
section (b) shows that 
the bulk of the 
melanoma lies in the 
dorsal iris and ciliarv 

entire anterior uvea. (b, 
courtesy of JRB Mould) 

Full physical examination 
Ultrasonography of globe or orbit 

- Radiography of chest or abdomen 
Ultrasonography of abdomen 
Blood samples (for haematology and biochemistiy) 
Aqueous vllreous cenlesis for cylolog cal exam nal on I (~rooably besl reserved for bl "d eyes) I 

I Enucleatlon and histophhology I 
Figure 11.33 Investigation of glaucoma where 
neopiasia is suspected. 

lntraocular haemorrhage 
This may occur for a number of reasons (see Figure 
11.23). Even extensive haemorrhage may not lead to 
glaucoma, but in some instances the presenceof blood 
and fibrin clots compromises aqueous outflow suffi- 
ciently to cause a rise in IOP. Trauma cases often 
retain a low IOP in the face of severe intraocular 
haemorrhage; this may be the result of concomitant 
ciliary body damage leading to a marked reduction in 
aqueous production. 

In addition to being a potential cause of increased 
IOP, intraocular haemorrhage may occur as a result of 
glaucoma in some chronic cases. 

Ocular melanosis 
This condition (previously called 'pigmentary glau- 
coma'or'abnormal pigment deposition'), which affects 
Cairn Terriers, involves the accumulation of pigment in 

the anterior segment structures including the ciliary 
cleft (Petersen-Jones, 1991). This may lead to an 
insidious onset of glaucoma in middle-aged and older 
dogs. Large quantities of pigment are visible in the 
anterior chamber and the sclera, especially ventrally 
(Figure 11.34). Pigment accumulation can also be 
seen in thetapetal fundusand not infrequently overthe 
region of the optic disc. 

Figure 11.34 Ocular I a Cairn Terrier 

Glaucoma secondary to lens pathology 
In addition to primary lens luxation (see above), glau- 
coma may developas asequel to avariety of pathologi- 
cal changes involving the lens: 

Lens-induced uveitis, due to leakage of antigenic 
lens proteins into the aqueous humour 
- Secondary to maturelhypermature cataract 
- As a result of traumatic lens rupture 
Luxation of a hypermature cataractous lens 
Swelling (intumescence) of the lens. This is a 
rare cause of glaucoma 
Retinal detachment secondary to cataract, 
leading to fibrovascular membrane formation 
within the drainage angle. 

Vitreous prolapse 
Large quantities of vitreous may enter the anterior 
chamber as a result of intraocular surgery (usually 
intracapsular lens extraction) orfollowing lens luxation. 
Obstruction of aqueous flow subsequently occurs, 
eitheratthe pupilorwithinthefiltrationangle. Ifvitreous 
presents in the anterior chamber during lens surgery, 
vitrectomy is necessary and will reduce the likelihood 
of the subsequent development of glaucoma. 

Therapeutics 

The majoraim in glaucoma management is to lowerthe 
IOP to a level at which vision no longer deteriorates. 
Setting a target IOP of 20 mmHg or less should help to 
reduce the persistence of neurodestructive mecha- 
nisms that may othetwise continue to causevision loss 
even after a grossly elevated IOP has been corrected. 

Glaucoma therapy can be divided into medical and 
surgical approaches, although in many instances a 
combination of both will be required. In general terms, 
a reduction in IOP may be achieved either by reducing 
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the production of aqueous or by increasing the facility 
of aqueous outflow. Examples of both of these mecha- 
nisms are to be found in the various medical and 
surgical approaches to glaucoma management. 

The management strategy in any individual case 
will depend on a number of factors, including: 

The degree of vision present and the likelihood of 
its return. This is partly dependent on the 
duration of the condition. In acute-onset cases of 
only a few hours or days duration, where 
blindness is apparent, some return of vision may 
be achieved with rapid normalization of IOP. 
Long-standing cases where the patient is blind 
are unlikely to see again, even with vigorous 
treatment. Signs of chronicity, e.g. buphthalmos 
and Descemet's streaks, do not necessarily 
preclude the presence of some useful vision. 
Young animals and patients with primary open- 
angle glaucoma may develop signs of globe 
enlargement well before optic nerve damage has 
caused total blindness. A careful evaluation of 
vision in any patient presenting with glaucoma is 
vital when formulating a treatment plan 
The underlying cause of the problem. For 
example, the approach to a case with uveitis 
t h a  has led to secondary glaucoma will be 
entirely different from that to one where 
neoplasia is the underlying cause. In some 
instances, the management of the opposite 
eye is as important as that of the globe with 
elevated IOP, e.g. in goniodysgenesis 
The gonioscopic findings. Medical therapy in 
uveitis or open-angle cases may be satisfactory if 
the appearance of the drainage structures 
suggests that a potentially adequate pathway 
remains for aqueous outflow. If gonioscopy 
shows pectinate ligament dysplasia due to 
goniodysgenesis, then medical therapy alone 
may well be insufficient to achieve even short- 
term control of IOP. In many cases, especially 
those of a chronic nature, increased IOP 

generally results in the iris base being displaced 
anteriorly, leading to the development of 
peripheral anterior synechiae. Peripheral anterior 
synechiae and ciliary cleft collapse are often 
found, even at the first presentation of glaucoma 
in domestic animals. They result in a severe 
reduction in the facility of aqueous outflow, and in 
such circumstances surgical therapy may be 
required to regain sustained control of IOP 
Initial response to therapy. If medical therapy is 
attempted and the initial response is excellent, 
the necessity for surgical intervention may 
become less urgent 
If the opposite eye is blind or absent, the need to 
preserve vision in the glaucomatous eye 
becomes more pressing to the majority of owners 
The age of the animal. Major surgery may be 
less justifiable in elderly patients 
Financial considerations and the ease of access 
to a specialist. 

Medical therapy 

Osmotic diuretics 
Acute glaucoma with high IOP (>40-50 mmHg) of very 
recent onset warrants the immediate use of osmotic 
diureticsto achieve a rapid reduction in IOP, especially 
if blindness is present. The drug in common use is 
intravenous mannitol (for dosage see Figure 11.35). 
Oral glycerol may be supplied for emergency home 
use in dogs known to have a predisposition to primary 
glaucoma. 

Care must be taken when using these drugs, as 
they can cause a rapid loss of body fluid. In certain 
cases this may induce prerenal azotaemia and even 
renal failure. If there is any doubt as to the renal 
function of a patient, it should be assessed before 
therapy commences. 

Whilea rapia response may beseen with the Lseol 
mann'lo , theeffect is lidely lo be short l.ved and further 
action will be reauired to achieve lona-term control of - 
IOP medically aidlor surgically. 

I Class of agent p+l&&#$Y&q&* . . ...,. .A 

I Osmotlc dhrel c 1 1-2 g~ng v. over 20-30 m:r 

I I I Solution: same dose i.v or1.m. I 
Dichlorphenamide ::Carbonic:a~fdraseRihibitor MO mgkg orally two or three tinies a day 
$etfgB[$mige ' ~ ~ ~ i c . ~ n t i ~ $ ~ s ~ ~ i n h i b i t o r  510 mglkg orally two o i  three times a day 

. ,~ 
;Latariopl~ost drops,: . . 

. . Prostaglandi?&al&@ once or twice a day 
: pilDca@iwl% drops Mioic.. .~ .. . .  two or three times a day 
Demeearium-bromide Miotlc:. ,.. , ,. :, once or twice a day 
. T@to~O:?~ drops 8 : ' p-xfirenergic: bl.6:cker once or twice a day .,. . 

. . -  . .B.~AK. ~ ~: .-7 

Me!iphnofoY0.3%. drops 
. - 

renerglc blocker ' twice a day 
'Levotiu~lo(0.5.% g:rops 

~. . ~ <  ..,: ., ,: ,. 
P:Adrenerg!c:b!pekgr.,~ . .  ~ . . . 9~snceql %1ce:!qa~ .. , . ~ .. ; ~ ~ , .  . . .. .. . , . . ' . , ~ ~ z .  ~ , , . ~ . .  
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Figure 11.35 Medlcal treatments used in glaucoma. 
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Carbonic anhydrase inhibitors 
Carbonic anhydrase inhibitors decrease the produc- 
tion of aqueous humour. Initially, at least, their effect 
can be so dramatic as to reduce the IOP by up to 50%. 
The therapeutic action of these agents is independent 
of their diuretic effects when used systemically. They 
are traditionally the mainstay of longer-term medical 
management of canne gla~coma. 

The d r ~ o s  of tnis cass c~rrenllv ava lab e in the UK e~ ~ 

are acetazolamide, which is used systemically, and 
dorzolamide and brinzolamide, which are topical prepa- 
rations. Of these, the topical agents are the drugs of 
choice in dogs, as they appear to be as effective as 
acetazolamide but withoutthe side-effects encountered 
with the use of systemic carbonic anhydrase inhibitors 
(Figure 11.36). Acetazolamide can be obtained in intra- 
venous form for emergency use, although mannitol is 
more often used in these circumstances. Dichlorphen- 
amide and methazolamide are systemic carbonic an- 
hydrase inhibitors which can be used forthe reduction of 
IOP in dogs; they appear to have a lower incidence of 
side-effects than acetazolamide. They are not currently 
available in the UK. For dosages, see Figure 11.35. 

Polass urn oep el  on 

Anorexia 
Gaslro nlesl~nal d st-rbances (vorn~t ng an0 darrhoea) 

I I 
Figure 11.36 Side-effects of systemic carbonic 
anhvdrase inhibitors. Cats are oarticuiarlv susceotible - 
use;iorzoiarnide or brinzolamide where possible. 

Prostaglandin analogues 
Latanoprost is a prostaglandin pro-drug. It has recently 
become available fortooical treatment of alaucomaand - 
acts by causing an increase in the uveoscleral outflow of 
aqueous. Although this unconventional route is respon- 
sible for only 15% of aqueous drainage in the normal 
dog, latanoprost can have a profound effect on IOP (at 
least initially), even where the entrance to theciliarycleft 
appears to be severely compromised gonioscopically. 
The drug is applied once or sometimes twice daily, 
usually in addition to dorzolamide. It causes miosis in 
dogs and cats, and the intensity of pupil constriction can 
cause discomfort. The prolonged use of latanoprost 
may result in increased iris pigmentation in some 
species, although this has not been reported in dogs, 
and its use in cases with uveitis is not recommended. 

Miotics 
Miotics, such as pilocarpine, have their major indica- 
tion for use in primary open-angle glaucoma. They 
cause an increase in aqueous outflow through their 
action on theciliary muscles by opening upthetrabecular 
meshwork. In cases where the ciliary cleft is perma- 
nently collapsed or in cases of goniodysgenesis, there 
is little likelihood that these agents will prove effective. 
Asthesechangespredominate inthecanineglaucomas, 
the routine use of miotics is probably not indicated. 
Miotics may be beneficial for patients in which the 
drainage angle remains open, but with the advent of 

agents such as dorzolamide and latanoprost, their use 
is rarely warranted. The use of miotics is contraindi- 
cated in cases of uveitis. 

Pilocarpine is adirect-acting parasympathomimetic 
which is generally used as a 1 %solution applied two or 
three times a day. It may cause local irritation. 

Demecarium bromide is commonly used as a mio- 
tic, but it is not currently available in topical ophthalmic 
form in the UK. It is an anti-cholinesteraseand a potent 
indirect-acting parasympathornimetic. It may cause 
the formation of iris cysts in long-term use. 

p-Adrenergic blockers 
p-Adrenergic blockers are used topically to reduce 
aqueous production (they may also increase outflow). 
Their effect at the concentrations commercially avail- 
able is limited (Gum eta/., 1991), and as a result they 
are normally used in combination with a carbonic 
anhydrase inhibitor such as dorzolamide. 

Timolol maleate is the most commonly used of 
these agents. Metipranolol, levobunolol and betaxolol 
are other p-blockers available. Betaxolol causes less 
marked cardiac side-effects (bradycardia) than tirnolol 
as a result of its reduced p,-blocking activity. 

a-Adrenergic agents 
Sympathomimeticssuch asadrenaline I%and the pro- 
drug dipivefrin are probably best avoided in the treat- 
ment of canine and feline glaucoma. They cause 
unwanted pupillary dilation, which may compromise 
aqueous outflow in all but open-angle glaucoma. It may 
be possible to reduce the pupillary effects by using these 
drugs in combination with a miotic such as pilocarpine. 

Apraclonidine is an Q-adrenergic agonist which is 
used in the short-term management of primary open- 
angle glaucoma in humans. It may be beneficial in some 
canine patients with primary open-angle glaucoma, but 
its effect is inconsistent, and it can cause bradycardia. 

Atropine 
The use of atropine is contraindicated in all cases of 
glaucoma except those caused by early iris bombe. A 
potentially devastating cause of glaucoma, iris bombe 
must be dealt with very aggressively - ideally within 
hours of onset. In these circumstances, attempting to 
dilate the pupil may break down posterior synechiae, 
allowing aqueous hurnourtoescape from the posterior 
chamber. Topical 10% phenylephrine may be used in 
addition to atropine in these circumstances in order to 
maximize the desired mydriatic effect. 

Tissue plasminogen activator 
Tissue plasminogen activator (TPA) causes the pro- 
duction of plasrnin from plasminogen, and this in turn 
results in the lysis of fibrin. Among other indicationsfor 
its use, TPA may be injected intracamerally when 
significant quantities of fibrin are contributing to an 
increase in IOP. With the patient under a general 
anaesthetic, a small quantity (0.1-0.2 ml) of aqueous 
is removed by paracentesis and an equivalent volume 
of fluid containing 25-50 kg of TPA is injected into the 
anteriorchamber. Clot lysis is normally complete within 
a few hours of injection. 
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Prophylactic treatment 
There may be some benefit of prophylactic medical 
therapy in dogs with goniodysgenesis. These cases 
often present with glaucoma in one eye and an appar- 
ently normal opposite eye. However, gonioscopy 
reveals the essentially bilateral nature of goniodys- 
genesis and in these cases the onset of glaucoma in 
the contralateral eye may be delayed with the long- 
term use of topical dorzolamide or latanoprost. 

Neuroprotection 
The major means by which the optic nerve head 
and the retinal structures can be protected from the 
effects of glaucoma is by lowering IOP. However, other 
therapeutic strategies for neuroprotection are being 
developed, particularly with regard to improving 
survival of retinal ganglion cells and their axons. Cyto- 
toxic levels of glutamate within the retina in glaucoma- 
touseyes lead to an excessive influxof calcium into the 
retinal ganglion cells, and the systemic use of calcium 
channel blockers such as diltiazem and amlodipine 
may therefore offer a neuroprotective effect to the 
retinal ganglion cells (Gelatt and Brooks, 1999). 

Other drugs currently under investigation may help 
to reduce the rate of cell death in the retina in glaucoma 
patients, while others may encourage regeneration of 
already damaged neural elements. 

Surgical therapy 
In many instances, particularly of primary glaucoma, 
medical therapy alone is not sufficient to reduce IOP to 
a safe level. The decision-making process as to when 
to undertake surgery and what procedures may be 
indicatedis notnecessarily straightfoward. Ifthe patient 
is a potential surgical candidate, early (and sometimes 
urgent) referral to a specialist should be considered. 

Surgical approaches to glaucoma are aimed at 
either reducing aqueous production or creating an 
alternative pathway for aqueous drainage. The main 
techniques currently available for treating glaucoma 
are summarized in Figure 11.37. 

I Lens extraction: 1 
In casesof primaly lens lu'xation . ' 

.. . 
llifreq&nIl$ndic&ed where lens luxation IS seconaaly to 
gI'aq*a . , . .  . 

~ ~ u . r k s , , ~ @ c i t i g  . .. aqueous production: .' 

I Laser oyclophotocoagulation I 

Figure 11.37 Surgtcal techntques for management of 
glaucoma 

Lens extraction 
In theeventof primary lens luxat~on, removal of the lens 
may be sufficient to allow return to a normal IOP, 
especially when the condition IS detected and treated 
promptly. In longer-standing cases, however, irrevers- 
ible damage to the drainage apparatus may occur in 

the form of peripheral anterior synechiae. Additional 
surgical treatment is then likely to be required to reduce 
the IOP to a safe level. 

When lens luxation is secondary to glaucoma, 
lentectomy is rarely indicated as the eye is often blind 
by this time; enucleation may be a better approach in 
thesecircumstances. However, if the eye is still visual, 
lentectomy combined with other glaucoma surgery 
may offer the best chance of controlling IOP and 
retaining useful vision. 

Techniques for reducing aqueous production 
These procedures involve destruction of a proportion 
of the ciliary body sufficient to bring IOP down to within 
normal limits. Surgicalcyclodestruction can beachieved 
through laser cyclophotocoagulation, cryotherapy or 
diathermy. These techniques were initially employed 
as an alternative to enucleation in blind eyes but have 
become morefrequently used in sighted eyes. Apoten- 
tial drawback of cyclodestruction is that many of the 
intraocular structures rely on aqueous circulation for 
maintenance of healthy function; significantly reducing 
aqueous production may therefore produce undesir- 
able 'knock-on' effects. 

Lasercyclophotocoagulation:The commonest type 
of laser in veterinary use forthe treatment of glaucoma 
is the diode laser (Rgure 11.38). The treatment is 
delivered through the sclera and the laser energy is 
absorbed by the pigmented tissue of the ciliary body 
(Figure 11.39). Thiscausescoagulative necrosisof the 
c~liary processes and surrounding tissues, resulting in 
a reduction of aqueous production. 

-- 
I-.,... -- - 
KT- 1 
- - -  

Figure 11.38 A diode laser unit. 

L 
Figure 11.39 Laser cyclophotocoagulat~on The globe 
has been rotated so that the 9 oclock posttlon ts away 
from the laser beam 
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The protocolsin usevary but usually approximately 
30-40 treatments are delivered trans-sclerally at mul- 
tiple sites about 3-4 mm behind the limbus and avoid- 
ing the 3 and 9 o'clock positions (to prevent damage to 
the long posterior ciliary arteries). The total energy 
delivered is about 80 joules. 

In a large series of cases of dogs with glaucoma, 
IOP was reduced to 30 mmHg or less in approximately 
50% of patients one year after diode laser 
cyclophotocoagulation, although only 20% retained 
vision (Cook eta/., 1997). The complications of laser 
cyclophotocoagulationare listed in Figure 11.40. Laser 
cyclophotocoagulation has the advantages of being 
non-invasive and relatively quickto perform. However, 
management in the postoperative period can be prob- 
lematical and the equipment is expensive. 

I Immediate press~re spilce alter procedere; oken 
req-ires aqLeoJs paracentesis I 

. lntraocular'fibrin~ormation/uVejtis~ . . ~t@p~~~f.h~e;m~rrhage - ' 

. . 
b : .  Cornel'ul'e~tion ' ' 

. Kerat~conjunctiviti~ . sicca . . .- ~alaiar$f$rmaticjn . . I 
; . 

2 .  . ~o&de~~a@.$bot[ol,of IQP . . , 

c ,,Froce$ure-may require repeating. 
:'.:. .p~$~Iy~pig.~$nted?eyes absoib less energy and 

res& l@:well , . ~ . . . ,  
. .Excessive:dpp in I@,, leading to phthisis btilbi 

. . . ~~ ~ 

Figure 11.40 Complications of laser 
cyclophotoc~gula6on. 

Cyc1ocryotherapy:Freezing of the ciliary bodythrough 
the sclera can be carried out to reduce IOP. The 
cryoprobe is placedoverthe ciliary body 5 mmfrom the 
limbus and the area is frozen until the ice ball extends 
to the limbus. This procedure is repeated at approxi- 
mately eight sites around the globe, avolding the 3 and 
9o'clockpositions. The IOPoften increasesforseveral 
days after the procedure, and it therefore tends to be 
resewed for blind eyes, in which it is used as an 
alternative to enucleation. 

Pharmacological ablation of the ciliary body: In 
blind eyes this can be achieved by the ~ntravitreal 
injection of gentamicin (Moller et a/., 1986). However, 
many treated patients will eventually require enuciea- 
tion, primarily duetothecomplicationsof severe uveitis 
and pain. The technique is not recommended and 
should definitely not be used in cats, as they may 
develop intraocular sarcoma in response to chronic 
inflammation and trauma (Dubielzig et a/., 1990). 
Enucleation is a more satisfactory surgical approach 
to end-stage glaucoma. 

Techniques for increasing aqueous outflow 
The best prospects for retaining vision are generally 
offered by techniques that improve aqueous outflow. 
The techniques used in dogs all aim to create an oufflow 
for aqueous that bypasses the drainage apparatus. 

Scleral trephination and peripheral iridectomy: 
This technique involves the formation of a drainage 
hole through the sclera and entering the anterior 
chamber (Bedford, 1977). This allows aqueous to 
flow from the anterior chamber into a subconjunctival 
bleb from which it is absorbed (Figure 11.41). A 
per~pheral iridectomy adjacent to the sclerostomy 
site prevents it from becoming plugged with iris tissue 
and allows passage of aqueous from the posterior 
chamber to the anterior chamber (useful in cases of 
iris bombe). However, due to complications such as 
uveitis, and scarring of both the sclerostomy and the 
subconjunctival bleb, the technique frequently fails 
after a few months. 

Scleral 
Conjunctival 

trephination bleb 

Peripheral 
irldectomy 

Figure 11.4q Scleral trephlnatlon and pertpheral 
lrldectomv Aqueous flows from the anterlor chamber 
through the trephine hole and 1s absorbed from a 
subconjunctlval bleb. 

Drainage implant surgery: The use of drainage 
implantsforthetreatment of selectedcanine glaucoma 
patients has gained popularity in recent years, as these 
devices reduce the likelihood of early postoperative 
failure often seen with techniques such as scleral 
trephination (Gelatt etaL, 1987,1992; Bedford, 1989). 

The use of various implant types has been reported 
(Garcia eta/., 1998), the commonest in use in the UK 
being the Joseph implant. A large silicone strap re- 
tained under the rectus muscles and covered by con- 
junctiva is joined to a silicone tube which enters the 
anterior chamber at the limbus (Figure 11.42). Other 
implants available include the Molteno, Ahmed and 
Krupin-Denver devices, which have smaller strap 
arrangements and various inbuilt valves. 

The placing of a drainage implant is a major proce- 
dure and should only be performed by clinicians famil- 
iar with this type of surgery. Complications include: 

Postoperative uveitis 
Blockaae of the tubina with fibrin in the 
immedhe postopera~ve period. This often 
requires intracameral injection of TPA 
Implant loosening or loss 
Scarring of the f~ltering bleb, reducing aqueous- 
absorption. This may be reduced by the 
interoperative use of antifibroblastic agents (e.g. 
mitomycin C, 5-fluorouracil). Fa~lure often occurs 
at the 6-12-month stage due to scarring. 
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In the author's view, any irreversibly blind eye 
where the IOP cannot readily be kept below 40 mmHg 
should be enucleated on the grounds that it may be 
causing the patient undetected discomfort. Many 
owners will report an improvement in their animal's 
demeanourpostoperatively under such circumstances. 

Glaucoma in cats 

The majority of the previous discussion is applicable to 
both dogs and cats, but some features of feline glau- 
coma are worthy of note. 

Aetiology 
Primary glaucoma is rarely seen in cats but it appears 
sporadically in any breed (Ridgway and Brightman, 
1989; Wilcock et aL, 1990). There is currently no 
evidence of hereditary primary glaucoma such as is 
seen in dogs, although it has been suggested that the 
Siamese may be predisposed (Peiffer, 1981; Brooks, 
1990). However, secondary glaucoma is not uncom- 
mon in cats and most frequently occurs as a result of 
uveitis or neoplasia (Wilcock eta/., 1990; Blocker and 
Van der Woerdt, 2001). Iris melanoma and intraocular 
lymphoma are the commonest tumours to cause glau- 
coma in the cat (Figure 11.43). 

eye of a Flat-coated Retriever with primary glaucoma due 
to goniodysgenesis. The strap is passed under the rectus 
muscles and sutured in position. (b) The Joseph implant 
tubing in the anterior chamber at the end of the procedure. 

Implant surgery and laser cyciophotocoagulation 
currently offerthe best prospectsof medium- to longer- 
term control of IOP, particularly in' dogs with primary 
glaucoma. Both procedures may ultimately fail, 
although both can be repeated if necessary. Both carry 
the riskof complications, and patient management in 
the immediate postoperative period can be chalieng- 
ing. It is not uncommon for patients to have both laser Figure I I .43 
cyclophotocoagulation and drainage implant surgery (a) Glaucoma 
during the course oftheirglaucoma management, and Secondary to. " - 
there is some suggestion that combined therapy may lymphoma in an FeLY- 
offer advantages in terms of long-term IOP control positive domestic 

when compared with either procedure used alone shorthaired cat. 
(b) The cross-section 

(Bentiey et a/., 1999). In most instances, superior of the globe shows that 
postoperative IOP control is afforded by continued life- the iris is heavily 
long medical therapy. infiltrated by lymphoma 

tissue. The aqueous 
Enucleation appears cloudy due to 
Despite attempts at therapy, glaucoma cases may the effect of fixative in 

the presence of high 
ultimately become end-stage and enucleation may be protein levels. (b. 
indicated. In some patients, this may be required courtesy of JRB Moukl] 
bilaterally. Indications for enucleation include: 

In glaucoma secondary to uveitis, the signs of the 
A blind eye that requires unacceptable underlying disease can beiextremely subtle in cats, 
medication or surgery to control IOP and careful inspection of bbih eyes using slit-lamp 
Intractable pain biomicroscopy may be necessary to establish that the 
Buphthalmos with persistent complications due to glaucoma is indeed secondaryto inflammation. Uveitis 
exposure cases should be investigated for potential systemic 
Primary neoplasia. disease (see Chapter 10). . J '  

-3- 
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One major difference between feline and canine 
glaucoma is the low incidence of primary lens luxation 
in cats (Olivero eta/., 1991). Lens luxation associated 
with glaucoma in a cat is usually secondary to an 
underlying uveitis (sometimes with resultant cataract 
formation) or globe enlargement, or a combination of 
the two. 

Other causes of secondary glaucoma in cats in- 
clude trauma and intraocular haemorrhage (frequently 
secondary to systemic hypertension). 

Clinical signs 
Feline glaucoma is very commonly insidious in onset. 
Signs of pain, corneal oedema and episcleral injection 
are frequently much less marked than in dogs. Altera- 
tion to the ophthalmoscopic appearance of the optic 
nerve head is less marked in cats with chronic glau- 
coma than in dogs, due to the normally smaller and 
darker appearance of the unmyelinated optic disc in 
cats. The first presenting signs may include suspected 
vision loss (although cats are extremely good at adapt- 
ing to blindness) or, more often, a change in the 
appearance ofthe eye due to mydriasis, buphthalmos, 
uveitis or tumour (Figure 11.44). Any uveitis case on 
long-term management should be carefully monitored 
for the possibility of glaucoma development, and this 
can only be achieved by regularly measuring the IOP. 
This is of particular importance, as topical steroids 
have been shown to cause elevation of the IOP in 
normal cats (Zhan eta/., 1992). 

Figure 11.44 A 1-,ear-o u ocrrcsr c 5rlcrl-na TO caf 
A 11' u ateen ga.sor81a scccnoar, to . .re: s ca-seo n, 
feline infectious ~eritonitis. The left eve is arossiv enlamed 
and shows signs of a haemorrhagic /nflammato& deposit 
on the corneal endotheiium. 

Therapy 
The treatment of glaucoma in cats is similar to that in 
dogs, although, due to late presentation and the high 
incidence of secondary causes, the outcome is often 
disappointing. The primary aim is to treat the under- 
lying cause of the glaucoma, and in cases with uveitis 
this may be sufficient to reduce IOP to within normal 
limits. However, in some instances the underlying 
uveitis may be low-grade and poorly responsive to 
medical therapy; in these circumstances a relentless 
progression of the secondary glaucoma may occur, 
leading to blindness and end-stage disease. 

Cats appear to tolerate topical treatment with 
dorzolamide and brinzolamide very well, and these 
drugs can give good control of IOP when used two or 
three times daily. Cats tolerate systemic carbonic an- 
hydrase inhibitors poorly, and the use of acetazol- 
amide in this species is not recommended. There is no 
published evidence regarding the use of latanoprost in 
cats, although it does cause marked miosis. 

All too often, medical treatment may ultimately prove 
to be ineffective in controlling glaucoma in cats. In some 
instances, there may be side-effects, particularly of 
systemic therapy, which are not warranted, particularly 
if vision has already been lost. Should the eye be 
irreversibly blind and if the pressure cannot readily be 
kept belowa level of around40 mmHg, then enucleation 
may be the best policy. lntravitreal gentamicin injections 
should not be used, as chronically damaged felineeyes 
are at risk of developing intraocular sarcoma. 

The surgical therapies described for dogs can be 
applied to cats. They are rarely performed, however, as 
a result of the late presentation and secondary nature 
of a large proportion of feline cases. 
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The lens 

Simon Petersen-Jones 

Embryology, anatomy and 
physiology 

Formation of the lens vesicle 
The lens is formed from surface ectoderm of the 
developing embryo. An outbudding of neurectoderm 
from the presumptive forebrain forms the optic 
vesicle. This will give rise to the neurosensory 
retina, retinal pigment epithelium, ciliary and iridal 
epithelium and a portion of the iris musculature. As 
the optic vesicle approaches the surface ectoderm, it 
induces a thickening of the ectoderm, known as 
the lens placode. As the optic vesicle invaginates 
to form the double-layered optic cup, the overlying 
lens placode also invaginates to become a spherical, 
hollow monolayer of cells positioned in the mouth of 
the optic vesicle. 

This process is shown in Figure 12.1. 

Formation of primary lens fibres 
The posterior cells of the lens vesicle elongate to form 
primary lens fibres which obliterate the cavity within the 
developing lens. These fibres remain in the adult lens at 
the very centre of the nucleus. The anterior cells lining 
the lens vesicle persist as the anterior lens epithelium. 

Formation of secondary lens fibres 
The remaining anterior lens epithelial cells remain active 
andformthesecondarylensfibresthroughoutlife. Epithe- 
lial cells at the equator of the lens elongate such that a 
single fibre extends into the anterior and posterior cortex. 
The secondaryfibres are hexagonal in cross-section and 
form a regular arrangement with adjacent fibres, confer- 
ring transparency to the adult lens. Where the tips of lens 
fibresfromdifferent regionsofthe lensequatormeet, they 
form a pattern known as the lens suture lines. In their 
simplest pattern, the suture lines in the anterior cortex 

Figurel2.1 Emor)ology ol lnc cls. (a) Tne opi c ~ c s  c e uevc.ops as an o~loJoo.ng ol ne~recloderm n lne region of lne 
developing forebra n I nd~ces a in cnennq ol me over y ng s-rfacc ecloocrm lo lorm lne ens placooe (h) As ille Opi c 
vesicle invaoinates to form the o~ t i c  CUD. the lens  laco ode invaainates from the surface ectoderm. (c) The lens vesicle 
consists of ahollow sphere with a singlklayer of cklls. (d) The posterior cells of the lens vesicle elongate to form primary 
lens fibres which obliterate the cavity, forming the lens vesicle. 
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form an upright Y, while those in the posteriorcortex form 
an inverted Y shape (Figurel2.2). The suture lines may 
be faintly visible in the adult lens and can become more 
apparent in some forms of cataract. 

Histologically, the nuclei of the epithelial cells 
are seen to form a line that curves into the lens at 
the equatorial region; this is known as the lens bow. 
The constant formation of new secondary lens fibres 
compresses the more central portions of the lens and 
is ultimately responsible for the hardening of the lens 
nucleusthat develops in elderly animals.This is known 
as nuclear sclerosis. 

Figure 12.2 Diagram showing different areas of the 
adult lens and the lens sutures. The anterior lens suture 
lines are in the form of an upright Y, while the posterior 
ones are an inverted Y. Cloquei's canal can often be seen 
arising from the posterior lens surface. 

Formation of the lens capsule 
An elastic acellular capsule surrounds the lens and is 
the basement membrane of the lens epithelial cells. 
Posterior lens epithelial cells are only present during 
the early development of the lens, so the capsule they 
form is considerably thinner than the anterior capsule, 
which continues to be produced throughout life. The 
anterior capsule, therefore, thickens with age. 

Blood supply to the developing lens 
During embryological development, the lens is nour- 
ished by an extensive blood supply. The hyaloid vas- 
culature enters the optic cup through the ventral optic 
fissure and traverses the future vitreal cavity to reach 
the posterior surface of the lens and ramify across its 
surface as the tunica vasculosa lentis. The hyaloid 
vasculature and supporting structures are known as 
the primary vitreous. 

Vascular supply is also derived from an annular 
vessel attheanterioredgeof theopticcup. Thissupplies 
the pupillary membrane, a network of vessels which is 
present over the anterior surface of the lens. As the eye 
matures, this vasculature regresses, with little evidence 
of its previous presence being visible in the adult eye. 
Sometimes, developmental anomalies associated with 

persistence of the embryonic vasculature are encoun- 
tered, and these include persistent pupillary membrane 
and persistent hyperplastic tunica vasculosa lentis / 
persistent hyperplastic primary vitreous. 

The adult lens 
In the adult animal, the lens is a transparent biconvex 
structure consisting of a central nucleus, surrounding 
cortical lens fibres and an elastic acellular capsule 
(Figure 12.3). It is positioned in the patellafossaof the 
anterior face of the vitreous and is held in position by 
numerous bundles of transparent fibres known as 
zonules or suspensory ligaments. The zonules origi- 
nateon and between theciliary processes of theciliary 
body and insert on to the lenscapsule both anterior and 
posterior to the lens equator (Figure1 2.4). It is possible 
to see the insertions of the zonular fibres on the lens 
capsulein theliveanimal by examining the lens periph- 
ery with the aid of magnification. 

Muscular action within the ciliary body alters the 
tension on the zonules and thus alters the lens shape 
and, therefore, its optical power. This process is known 
as dynamic accommodation and only occurs to a 
limited degree in dogs and cats. There is a firm attach- 
ment of the vitreous to the mid-periphery of the poste- 
rior lens capsule at the hyaloideocapsular ligament. 
Anteriorly, the posterior surface ofthe pupillaryzone of 
the iris slides across the surface of the lens as the 
pupillary diameteralters. The iris bowsanteriorly due to 
the convex shape of the anterior lenssurface on which 
it rests. This can be seen by looking obliquely across 
the anterior chamber of the eye. 

. Lens 
nucleus 

Cloquet's 
canal 

Figure 12.3 Diagram of a cross-section of an eye 
showing the normal lens position in the patella fossa of the 
anterior vitreous face. Zonular fibres attach the lens to the 
ciliary body, holding the lens firmly in place and allowing 
accommodation. The iris rests on the anterior lens surface. 
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Figure 42.4 Diagram showing the zonular attachments to 
the lens. Note that zonular fibres arisina from the weaks of 
Ine c ar) processes nscrl pmer o' lo :l'e lens eqimr,  
n o  t iliese ar s r g  1rc.n ire jal eys n,?lueci lne proccsscs 
insert anterior to the lens equator. cb=ciliary body; i = iris: 
I = lens. 

Since the adult lens does not have a blood 
supply, it must rely on the aqueous to supply oxygen 
and nutrients and to remove waste products. Patho- 
logical changes within the lens' can result in an 
increase in the amount of insoluble lens protein, 
an alteration in the proportions of different lens 
crystallins and a breakdown in the normal metabolic 
pathways of the lens, accompanied by increased lens 
hydration. These changes result in deposition of 
lens protein, disruption of lens fibres due to vacuole 
formation and, hence, a loss of lens transparency, 
known as cataract. 

Examination of the lens 

This is also discussed in Chapter l a  

Pupillary dilation 
The pupillary light reflex should be assessed prior to 
the application of a mydriatic. 

Dilation of the pupil is required to examine the more 
peripheral (equatorial) regionsof the lens. Tropicamide 
isthe mostfrequently used mydriaticagent, becauseof 
its rapid action (about 20 minutes to dilate the pupil). A 
mydriatic should be avoided in animals with, or sus- 
pected of having, glaucoma, and used with care in 
those with lens instability. 

Examination with a transilluminator 
A transilluminator or, if this is not available, a bright 
penlight should be used to examine the lens. 

Initially, the light should be shone along the visual 
axis of the eye and the lens examined by looking 
directly along the beam of light. Lens opacities will be 
highlighted against the tapetal reflection. 

Following this, the light is kept shining along 
the visual axis and the 0 b s e ~ e r  moves to examine 
the eye obliquely, to judge the depth of the anterior 
chamber. Within the pupil of the normal eye, the 
convex anterior face of the lens can be seen with 
the iris resting on the surface. Oblique examination 
is useful in judging the position of opacities within 
the lens. 

Following this examination, the light is shone into 
the eye from different directions and the lens is also 
viewed from different directions. This should enable 
the examiner to detect any opacity within the lens and 
see any evidence of lens instability. With experience, 
the localization of cataracts within the lens can be 
described accurately. 

Inexperienced observers may find parallax 
helpful in deciding the depth of an opacity in the lens. 
While continuing to look at the opacity along the 
beam of the examining light, the examiner moves 
sideways, looking to see the apparent direction of 
movement of the opacity: 

Anterior lens opacities will appear to move in the 
same direction as the examiner 
Posterior lens opacities will appear to move in 
the opposite direction to the examiner 
At the posterior border of the nucleus, opacities 
will appear to remain stationary. 

Wobbling of the lens or iris with eye movements 
(phacodonesis and iridodonesis, respectively) are in- 
dicators of lens instability. The equatorially attached 
lens zonules may be seen to be stretched if there is 
some lens instability with resulting subluxation, or an 
abnormally small lens. 

Distant direct ophthalmoscopy 
Careful examination using a transilluminator should 
enable the examiner to detect lens opacities and to 
distinguish cataract from nuclear sclerosis. However, 
distant direct ophthalmoscopy can be used as an 
additional check for opacities and to help distinguish 
nuclear sclerosis from cataract. The eye is viewed at 
arm's length through the direct ophthalmoscope. 
A zero or +I dioptre lens is usually selected to bring 
the eye into focus. The tapetal reflection will highlight 
any opacity present on the transparent structures 
from the cornea to the anterior vitreous (including 
the lens). Actual lens opacities will appear as black 
shadows against the tapetal reflection, while a scle- 
rotic nucleus appears as an obvious but transparent 
sphere within the lens. 

Magnification to examine the lens 
A direct ophthalmoscope can be used to examine 
opacities of the lens in more detail. A + I2  dioptre 
setting is required for the anterior of the lens and +8 for 
the posterior of the lens. A slit-lamp biomicroscope 
provides superior magnification and illumination. With 
the use of an obliquely directed slit beam of light, lens 
opacities can be very accurately localized and exam- 
ined in great detail. 
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Conditions of the canine lens 

Congenital conditions 

Aphakia 
Aphakia means a lack of lens. Congenital aphakia is 
extremely rare and only occurs in severely malformed 
and cystic eyes. 

Microphakia 
Microphakia means an abnormally small lens. This 
may occur in dogs with multiple congenital ocular 
defects, including microphthalmos and cataracts. It 
may also be a feature of more severe forms of persist- 
ent hyperplastic primary vitreous1 persistent tunica 
vasculosa lentis (see below). 

Lens coloboma 
A lens coloboma is a rare condition in which an area of 
the lens, usually at the equator, has not formed, result- 
ing in a notch in the affected region (Figure 12.5). 

Figure 12.5 An 
abnormallv shawed , , 
lens in a young 
dog The ventral 
wortion of the lens 
has not formed 
(coloboma) Note 
the gap between 
the pup11 edge and 
the lens equator 
ventrally The lens 
is also develowlna , 
a cataract. 

Capsular cataracts associated with persistent 
pupillary membrane (PPM) 
PPM represents abnormal remnants of the embryonic 
vasculature of the anterior chamber. Typically, strands 
of iris-coloured tissue arise from the iris cellarette, 
approximately one third of the distance from the pupil 
edge to the iris root. They may insert at a variety of sites 
(see Chapter lo), including the anterior lens capsule. 
There is usually a focal capsular and subcapsular cata- 
ract at the insertion polnt. PPM remnants may occur in 
eyes with microphthalmos and multiple ocular abnor- 
malities (Figure 12.6). Persistent pupillary membrane 
remnants attach~ng to the lens capsule should not be 
confused with posterior synechiae, wh~ch are post- 
inflammatory Iris to lens adhesions (see Chapter 10). 

Other mesodermal remnants 
The mildest form of anterior chamber mesodermal 
remnants are collections of small circular pigment 
spotsseen axially on theanteriorcapsuleof somedogs 
(Figure 12.7). English Cocker Spaniels in particularare 
affected. The plgment spots may be so small that they 
are difficult to see without magnification. 

Fig-. - . . .. . -. . -,-. ,-,,, .. ... . 
microphthalmos, persistent pupillary membrane and 
cataract. There is a dense white capsular plaque that 
protrudes into the anterior chamber. 

on the anterior lens capsule. 

Persistent hyperplastic primary 
vitreouslpersistent hyperplastic tunica 
vasculosa lentis IPHPVIPHTVL) 
As described earlier in this chapter, the embryonic 
lens is supplied by a ramifying network of blood 
vessels with supporting tissue. In PHPVIPHTVL, vari- 
able proportions of this vascular network persist and 
proliferate into adult life. The severity of the resulting 
lesions varies considerably between affected dogs. 
Typically, a fibrovascular plaque is 'present on the 
posterior lens surface and involves the lens capsule 
(Figure 12.8). The lens itself may be abnormally 
shaped and cataractous. Persistent hyaloid vascula- 
ture may also be present. lntravitreal or intralenticular 
haemorrhage can also occur:. 

PHPVIPHTVL is variable in its severity, with more 
severe cases resulting in Slindness. Clinically, the 
presence of blood vesselsand sometimes pigment 
within a plaque on the posterior lens capsule 
allows the condition to be differentiated from uncom- 
Dlicated cataract. 

. . 
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posterior capsule of the lens. 

Surgery on eyes with PHPVIPHTVL to remove the 
cataract and posterior capsular fibrovascular plaque is 
possible, but the success rate is lower than that of 
conventional cataract surgery, because of the risk of 
complications, such as haemorrhage from patent ves- 
sels supplying the fibrovascular plaque. Further dis- 
cussion of this condition can be found in Chapter 13. 

Congenital cataract 
Congenital cataractscan occur in otherwise normal eyes. 
They are considered in the section on cataracts below. 

Acquired conditions 

Nuclear sclerosis 
Nuclear sclerosis is a hardening of the nucleus of the lens 
that occurs in all olderdogsduetothecompression of the 
more central portions of the lens. The difference in 
refractive index between the compressed nucleus and 
surrounding cortex gives the lens a bluish-grey appear- 
ance that is often mistaken for cataract. Examination of 
the lens as described previously should allow nuclear 
sclerosis to be distinguished from cataract. 

Cataract 
A cataract is an opacity of the lens or its capsule. 
Cataract formation is common in dogs. Detailed exami- 
nation of the lens, allowing a description of the extent of 
the cataract, its position in the lens and the appearance 
of the opacity, helps in the classification of a cataract. 

The position of the opacity in the lens may be 
capsular, subcapsular, nuclear or cortical. It may in- 
volve the visual axis and lie at the anterior or posterior 
poles of the lens, or involve the equatorial region of the 
lens. Accurate localization and recording is important 
in monitoring the progress of cataracts and in deciding 
whetheracataract is typical of inherited cataractsseen 
in that particular breed. 

Lens opacities vary in appearance. Lens vacuoles 
may be present: theseappear like bubbles of fluid within 
the lens, orsomeopacities may manifestasdensewhite 
condensations. Sometimes, the cataract involves just a 
few lensfibres, which can beseen highlighted within the 
lens; in other cases, the lens suture lines may be 
involved or the entire lens may be cataractous. 

Cataracts may be classified by age at onset, stage 
of development or aetiology. 

Classification by age of  onset: Cataracts may be 
present as a congenital abnormality (congenital cata- 
ract), developin the young animal 0Jvenilecataract)or 
develop in old age (senile cataract). 

Congenita1cataracts:These are often associated with 
other ocular abnormalities such as microphthalmos, 
PPM, PHPVIPHTVL and retinal dysplasia. When mul- 
tiple ocular abnormalities are present, there may also 
be abnormal eye movements, ranging from a fine 
oscillatory nystagmus to a more rotatory type of move- 
ment. This is described as a searching nystagmus. 
Congenital cataracts are quite often stationary and 
may actually decrease in size relative to the entire lens 
if clear lens fibres are produced as the lens grows. In 
many instances, cataract surgery is not required. 

Congenital cataract associated with microphthalmos 
is breed related andshownto beinherited in the Miniature 
Schnauzer. Other breeds in which the condition is com- 
mon include the English Cocker Spaniel, Golden Re- 
triever, Old English Sheepdog and West Highland White 
Terrier. In these breeds, the defect, although breed 
related, does not appear to follow a simple Mendelian 
mode of inheritance, and environmental factors may play 
a major role in the aetiology (Strande eta/., 1988). 

Theseverity oftheconditionvaries between affected 
puppies, even within the same litter. Some members of 
a litter may have marked microphthalmos, whereas 
others may have eyes which appear grossly to be of 
normal sizeandonly have small cataracts. The region of 
the lens involved usually includes the nucleus, but in 
some eyes there is cortical involvement and the pres- 
ence of dense white capsular plaques that protrude into 
the anterior chamber. When the cataracts are axial in 
position, the dog's vision may be improved by keeping 
the pupil dilated by the use of topical atropine drops 
although, sometimes, the pupils will only partially dilate. 

The Y suture lines are often clearly visible in pup- 
pies' eyes, and this should not be confused with 
congenital or early-onset cataract. Temporary devel- 
opmental lens opacities are sometimes seen in pup- 
pies of a few weeks of age (Figure 12.9). These are 
arrow-tip-shaped opacities situated at the equatorial 
end of one or more of the lens suture lines. These 
transient opacities disappear within a few weeks. 

Figure 12.9 Temporary lens opacity at the tip of a lens 
suture line in a puppy. The three tips of the suture lines 
were affected. This type of opacity is only temporary. 
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Juvenile cataracts: Primary cataracts that develop in 
juvenile animals are inherited in some breeds and may 
progress to involve the entire lens. 

Senilecataracts:Thesearecommon in dogs, and most 
animals presenting for cataract surgery are middle 
aged and older. 

Classification by stage of development 

1ncipientcataracts:These are very early lens changes 
(Figure 12.10).Thesemay involve justafew lensfibres 
or a small area of the lens. The presence of vacuoles 
suggests that the cataract may progress. Incipient 
cataracts have little or no effect on vis~on. 

Figure 12.10 lnc~plent cataract in a young Staffordshlre 
Bull Terr~er the lens opaclty can be seen silhouetted 
agatnst the tapetal reflex 

Immature cataracts:The entire lens is not yet involved 
andafundicreflexcanstill beseen (Figure 12.11).This 
reflex can be used to highlight lens changes, making 
them more readily detected. The fundus may still be 
examinable by indirect ophthalmoscopy. 

Maturecataracts:With these, theentire lens is opaque, 
and a tapetal reflex cannot be seen (Figure 12.12). 
The affected eye will be blind. The cataract may take 
up fluid and swell (intumescence), thus becoming 
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reflex can no longer be seen 

hypermature. intumescence is commonest in rapidly 
developing cataracts secondary to diabetes mellitus; it 
results in a shallow anterior chamber. In some cases, 
compromise of aqueous drainage and Increased 
intraocular pressure can result. The increase in size of 
the lens in such cases, which is sometimes dramatic, 
can be fully appreciated on ocular ultrasonography. 

Hypermature cataracts: There are varying degrees 
of hypermaturity of the cataract. Fluid accumulation 
may lead to separation of the lens along the suture 
lines, resulting in a Y-shaped cleft within the lens. 
Liquefied lens proteins may leak out through the lens 
capsule. Exposure of the uvea to these proteins, 
which are considered 'foreign'by the immune system, 
induces an anterior uveitis. Some degree of lens- 
induced, or phacolytic, uveitis can be detected in 
most eyes with mature to hypermaturecataracts. 
Signs include mild episcleral congestion, lowered 
intraocular pressure and a darkening of the iris.The 
pupil may be resistant to the effects of mydriatis. 
Sometimes a more severe uveitis results, leading to 
the formation of iris rests (pigment depositedfrom the 
iris on the anterior lens capsule), posterior synechiae 
(iristo lensadhesions- Figure 12.i3), keratic precipi- 
tates and even secondary glaucoma. 

Figure 12.13 A hypermature caiaradt with lens-inducea 
uveitis. The inflammation has resulted in posterior 
synechiae, leading to an abnormally shaped pupil. 
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Secondary changes in the vitreous may also de- 
velop; these may eventually cause retinal detachment. 
In some instances, the cataractous lens may luxate. 

Loss of iiauefied lens material results in a wrinkled - ~,~~ ~ 

iens capsule (best detected when the anterior surface of 
the iens isviewed obliquely). If sufficient lens material is 
lost, the anterior chamber will appear deeper and the 
face of the iris will appear flatter (the iris is normally 
bowed anteriorly by the convex shape of the anterior 
lens surface). Liquefied lens material may be present, 
swirling in the lens capsule with eye movements. 
Refractile condensations of lens proteins are common, 
appearing as shiny flecks of cataractous material. 

Some dogs may have significant clearing of the 
visual axis as a result of lens resorption. This tends to 
occur more frequently in young animals with rapidly 
developing cataracts. If the more severe secondary 
ocular changes (uveitis, glaucoma and retinal detach- 
ment) do not develop, useful sight may be restored 
(Figure 12.14). 

Figure 12.15 The aetiology of cataracts 

n 
liquefaction of the lens proteins that have leaked out of the 
lens capsule, leaving a few small white condensations of 
lens proteins. The resulting lens-induced uveitis has 
resulted in a darkened iris and the development of an 
anterior uveal cyst (visible at the 11 o'clock position). 

Morgagniancataracts:Morgagnian cataracts are those 
in which a dense remnant of cataractous nucleus and 
the capsule is all that remains of the lens. The nuclear 
remnant sinks ventrally in the collapsed capsular bag. 

Classification by aetiology: The causes of cataract 
formation are shown in Figure 12.15 and discussed 
below. 

Hereditary cataracts: There are many breeds of dog 
worldwide that have, or are suspected to have, inher- 
ited cataracts (Rub~n, 1989). Only those which are 
listed on the British Veterinary Association/Kennel 
Clubllnternational Sheepdog Society (BVA/KC/ISDS) 
eye examination scheme are included here. For infor- 
mation of the breeds affected in other countries, see 
the literature of the appropriate eye screening scheme 
(e.g. CERF scheme in the USA). 

Most inher~ted cataracts follow a characteristic pat- 
tern in age of onset, part of the lens affected and 

progression. Before condemning a dog as having 
inherited cataracts and, thus, implicating related dogs, 
it is important to ascertain that the cataract follows the 
characteristics for that particular breed. Figure 12.1 6 
shows details of the cataracts listed by the BVA/KC/ 
ISDS eye scheme as being inherited and Figure 12.17 
lists breeds that have been noted to havecataracts, but 
inheritance has not been proven in the UK. 

Early developing and progressive inherited cata- 
racts are recognized in a number of breeds. They are 
classically described in the Boston Terrier and Staf- 
fordshire Bull Terrier. Selective breeding and eye 
screening means that the incidence of these cataracts 
is now low. 

Posterior polar subcapsular cataracts (PPC) are 
the commonest form of inherited cataract encoun- 
tered in adult dogs. They were initially described in the 
Golden and Labrador Retriever breeds. The opacity 
develops at the confluence of the posterior suture 
lines, is subcapsular in position and is typically trian- 
gular, pyramidal or of an inverted Y shape. Generally 
both eyes are affected, although the opacity may 
develop in one eye before the other. Most PPCs do 
not appear to have a major impact upon vision, 
although some may involve a larger area of the 
posterior subcapsular region. Occasionally, affected 
dogs are reported to develop a progressive cataract, 
which starts as vacuolation at the lens equator and 
may spread to involve the entire lens. This second 
form of cataract can have a marked effect on vision. 

The insertion of the remnant of the hyaloid vascu- 
lature on the posterior lens capsule is often associated 
with a small capsular opacity (Mittendotf's dot) which is 
ventromedial to the confluence of the suture lines and 
should not be confused with a PPC. Some retrievers 
are seen with a faint perinuclear 'ring'; this does not 
appearto be a true opacity and should not be confused 
with the inherited cataract. 
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91tm.m: - . ~ I ~ M ~ ~ O ~ ~ T C ~ M I ~ \ R ~ R S ) ~ ,  
I Main y n-clear, somet:mes conica; I A,tosomal recessive I Gelan etal., 1983; 

11 mlcro~hthalmos I Schnauzer I rarelv ~roaress~ve. Some have ~osterlor I I Bamett. 1985 I , ,  - 
lentiwnus and micmphakia. 

Early onset and Boston Terrier Bilateral, spreads lrom nucleus and I ~roaressive (1st form) suture lines, leads to total cataract. 

Posterlor polar 
cataracts - affect 
confluence of 
suture lines. 
inverted Y 
shaped, 
triangular or 
pyramidal 

Other forms of 
cataract 

German Bilateral, slowly progressive. Stalts as 

Unknown Barnett, 1985 
I 

Autosomal recessive Barnett, 1986 

Autosomai recessive I Barnett, 1978 

cataract with extensions around the 
suture lines. Anterior cortex may be 
involved 

American Cocker Onset 2 month+€ years. Variable Autosomal recessive Yakely, 1978 
Spaniel appearance, non-symmetrical, stationary 

or progressive 
Boston Terrier Onset from 3-10 years. Subcapsular, Unknown Curtis, 1984 
(2nd form) anterior radial wedges (spokes) from 

Figure la16 lnhertted cataracts ~n dagses recorded by the BVNKCIISOS eye examlnatlh? scheme 

Acataract initially affecting the posterior sdture lines A so-called 'pulverulent'cataract has been described 
occurs in the Siberian Husky (Figure 12.18; Gelatt, in the Norwegian Buhund as a potentially dominant trait 
1979), Alaskan Malamute and Norwegian Elkhound. with a high degree of penetrance (BjerkAs and Haaland. 
However, this differs from that typical 6 r  the retrjever 1995). A similarly appearing cataract is also seen in 
breeds and can be more progressive. PPG is also German Shepherd Dogs. In-{he Buhund, the opacity 
recorded in the RoMNeiler (BjerkAs and Bergsjs, 1991). starts as a series of parallel' dots along the posterior 

Inhetit&cataractinthe~erimnCo&rSpanielis suture lines. The central part of the nucleus then 
the most pleomorphic of the described inherited cats- becomes involved with fine lines of opacity, which re- 
ram. It hasavariableageofonset, may be progressive semble candyfloss. The opacity does not progress to 
or stationary and may be unilateral or bilateral. have a stgnificant effect on vision. 
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Figure12.17Breen-re a.eocaraVaclsun cnrnay or: riper leo 
( .noer rivest gar or) in lne BdA I(C SDS e/c scrlcnc) 

Figure 12.18 
Hereditary cataract 
in a Siberian Husky. 
This. is a posterior 
polar subcapsular 
Y-shaped cataract 
with an additional 
cortical ring of 
cataract. 

Cataracts secondary to other ocular disorders: Cata- 
racts may develop secondarily to any disease that 
alters the environment around the lens or directly 
damages it. 

An important cause of secondary cataracts is gen- 
eralized progressive retinal atrophy (gPRA). Hence, 
bilateral mature cataracts in dogs of the breed and 
age known to be at risk of developing gPRA should be 
investigated fully forthe possibility of concurrent gPRA 
before lensectomy is advocated. Cataract formation 
is often the presenting sign in middle-aged Miniature 
Poodles and English Cocker Spaniels with gPRA; the 
owners wrongly attribute the vision loss to the cata- 
racts. Labrador Retrievers with gPRA also develop 
secondary cataracts, but these appear to progress at a 
slower rate than the cataracts in the breeds already 
mentioned. Careful questioning of the owners may 
suggestthatthere wasadeterioration invision, particu- 
larly under poor lighting conditions, prior to the devel- 
opment of the cataract. Although the extent and 
briskness of the pupillaly light reflex may give an 
indication of retinal function, it is highly unreliable. 
Affected dogs may also still have a dazzle reflex 
because of residual retinal function. When the fundus 
of these breeds cannot be viewed by indirect 
ophthalmoscopy, electroretinography should be per- 
formed to assess retinal function before considering 
cataract surgery. The reason that. cataracts develop 
secondaryto gPRA is unknown, but it is suggested that 
toxic products released by thedegenerating retinamay 
be responsible. Other disorders that cause degenera- 
tion of widespread areas of the retina may also be 
associated with cataract formation. 

Conditions such as anterior uveitis and glaucoma 
alter the composition and characteristics of the aque- 
ous on which the lens relies for nutrition and for the 
removal of waste products. Not surprisingly, both of 
these conditions can induce cataract formation. 
Hypermature cataracts and rapidly developing cata- 
racts are often associated with signs of low-grade 
anterior uveitis. With some chronic inflammations, it 
is difficult to decide whether the cataract or the uveitis 
developed first. Chronically luxated lenses often be- 
come cataractous, regardless of whether they induce 
glaucoma or not. 

Traumaticcataracts:Trauma to the globe may result in 
cataract formation (seealso Chapter 10). The lens may 
be damaged directly or as a result of a trauma-induced 
uveitis. Blunt trauma may result in a more slowly 
developing cataract secondary to the resulting uveitis 
or as a result of disruption of lens material, allowing the 
influx of fluid and the release of lens proteins which will 
exacerbate the traumatic uveitis. Penetrating wounds 
that damage the lens capsule will result in rapid cata- 
ract formation. Small capsular injuries may heal, leav- 
ing a focal opacity, while slightly larger defects will 
usually result in a rapidly progressing cataract associ- 
ated with a more severe inflammatory reaction. Larger 
tears, or ruptures, of the lens capsule will result in a 
severe purulent uveitis that leads to loss of the eye, 
often due to secondary glaucoma. 

Medication with topical and systemic anti-inflam- 
matory drugs and topical mydriatics is required. Lens 
extraction by phacoemulsification is indicated if there is 
release of a large amount of lens material, but the 
prognosis is guarded. 
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Metabolic cataracts: Diabetes mellitus is a common 
cause of cataracts (Basher and Roberts, 1995). In- 
creased blood glucose levels lead to increased lens 
and aqueous glucose levels, causing the normal meta- 
bolic pathwaysfor glucose metabolism in the lens to be 
saturated. Glucose is then converted by aldose reduct- 
ase to sorbitol. This is a larger molecule than glucose 
and cannot diffuse out of lens fibres: its accumulation 
creates an osmotic gradient. The resulting uptake of 
fluld intothe lensdlsrupts lensfibres, causingvacuola- 
tion and cataract formation. Diabetic cataracts fre- 
quently develop rapidly and progress to maturity. Early 
suraical removal of dlabetlc cataracts usuallv carries a .. 
slmilar success rate to that of non-diabetic cataracts 
(Bagley and Lavach, 1994), so long as the medical 
compl~cations due to diabetes are controlled and the 
anlmal is well stabilized on insulin prior to surgery. 

Hypocalcaemla, for example due to hypopara- 
thyroldism, can result In characteristic bilateral lens 
changes in which there are numerous punctate ante- 
rior and posterior subcapsular opacities (Figure 12.1 9) 
(Bruyette and Feldman, 1988). 

Figure 12.19 Multlple punctate subcapsular lens 
opacltles In a dog wlth hypocalcaem~a due to 
hypoparathyroldlsm 

Toxic or dietary cataracts: Cataract formation in 
orphaned puppies fed inappropriate milk substitutes 
has been reported (Martin and Chambreau, 1982; 
Glaze and Blanchard, 1983). Various drugs and toxins 
arecataractogenic (da Costa etal., 1996; Davidson and 
Nelms, 1999), and exposure to radiation for the treat- 
ment of malignancies can induce cataract formation. 

Senile cataracts: There is a higher incidence of cata- 
racts in older animals. The majority of dogs presented 
forcataract extraction are middleto old aged, often with 
no apparent cause for their cataracts. 

Treatmentofcataracts:Th~s is discussed by Nasisse 
eta/. (1991); Glover and Constantinescu (1997) and 
Naslsse and Davidson (1999). 

The only current treatment for cataracts is surgical 
removal. Occasional dogs are encountered wlth lens 
opacities that resolve spontaneously, the commonest 
of which are the temporary opacities seen in puppies at 
thetipsofthesuture lines. However, most cataracts will 
not spontaneously resolve, and there is no proof that 
medlcal therapy is effectwe in resolving cataracts. 

It has long been accepted that extracapsular tech- 
niques, in which the lens capsule is opened and the 
contents of the capsule are removed, are preferable to 
intracapsular techniques, in which the entire lens is 
removed. The strong zonular attachments to the lens 
equator and the vitreal attachments to the posterior lens 
capsule mean that intracapsular techniques are difficult 
to perform without inducing intraocular bleeding, vitreal 
loss and an increased risk of retinal detachment. There 
are exceptions to this: some cataracts do luxate or 
subluxate due to loss of zonuiar attachments, and, in 
such cases, intracapsular extraction may be preferred. 

Phacoemulsification is accepted as the preferred 
technique of cataract removal. This involves the use of 
a phacoemulsification needle, which is vibrated by 
ultrasoundand breaks up thecataractous material; this 
is then aspirated from the eye through the needle. 
Irrigatingfluid is used to replace thatwhich isaspirated, 
thereby keeping the globe formed. A circular defect is 
created in theanterior lenscapsule (typically by careful 
and controlled tearing); this allows the phaco- 
emu!sificationneedleaccesstothe lens material. Once 
the cataractous portions of the lens have been emulsi- 
fied and asoirated. an irriaationlasoiration handoiece is 
used to remove all reGdual lens fibres.  hie entire 
procedure is performed through an ~ncision just large 
enough to allow the introduction of the phaco- 
em,isificarion needieand surrounding irrigating sheath 
(typically 3.2 mm). Tne incision is then enlarged if an 
intraocular lens is to be implanted. lntraocular lens 
implantation following cataract removal is routine, and; 
although aphakic dogs can usually cope well, implan- 
tation of an intraocular lens that corrects the visual 
deficit will obviously improvevision. lntraocular lenses 
followina ohacoemulsification are oositioned within the ., , 
remaining capsular bag. This holds the lens in position 
within the eye (Figure 12.20). 

Figure 12.20 A -  
canine eye following 
phacoemulsification 
and intraocular lens 
(IOL) implantation. 
The IOL can be seen 
positioned in the 
remaining capsular 
bag. The 
capsuiorrhexis can 
also be seen 
overlying the IOL. 

Cataract surgery is a skilled procedure that should 
always be performed wlth the aid of an operating 
microscope. Those undertaking it should have re- 
celved considerable training,~as well as possessing all 
the required equipment. Nevertheless. ~t is Important 
that the practitioner IS aware of what is involved, the 
selection criteria and the possible complications. A 
detailed description of the surgical procedure is be- 
yond the scope of this manual. 
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Selection criteria for cataractsurger)!: The ideal stage 
of cataract development for extractionis the immature 
stage (Davidson et al., 1991). Secondary changes 
present in eyes with mature and hypermature cata- 
racts typically result in a-more severe postoperative 
inflammatory reaction, increased risk of retinal detach- 
ment and other complications.that reduce the likely 
success rate. 

With careful patient selection, typical success 
rates will be over 90% in the short term. However, the 
success rate will be lower if the patients are followed 
for extended periods, because of slowly developing 
complications, such as those'resulting from pro- 
liferation of residual lens epithelial cells. The success 
rate for eyes with more advanced cataracts and 
pre-existing lens-induced uveitis can be considerably 
lower, particularly when the longer term outcome 
is considered (Paulsen et al., 1986; van der Woerdt 
et a/., 1992). 

Before performing cataractsurgery, it is essential to 
show that either the cataract is having a significant 
effect on vision or that it is progressive and, therefore, 
very likely to lead to blindness if it is not treated. 

With older dogs, it is particularly important to differ- 
entiate between nuclear sclerosis and cataract. Veteri- 
nary ophthalmologistscommonly receive referrals for 
cataract evaluation, only to find that the dog has 
nuclear sclerosis. 

Many dogs that develop cataracts are either older 
or have systemic disease such as diabetes mellitus. 
It is essential that dogs with cataracts arefully evalu- 
ated for systemic disease problems before surgery 
is considered. A detailed evaluation of the eye for 
accompanying abnormalities is essential. This dic- 
tates that the eyes are fully evaluated and this 
typically includes the following: 

Schirmer tear test - to ensure that tear 
production is normal 
lntraocular pressure measurement - to examine 
for secondary glaucoma and actiye uveitis 
Gonioscopy - to evaluate the predisposition 
to primary narrow anglelgoniodysgenesis forms 
of glaucoma 

. Detailed slit-lamp examination - to check for 
lens-induced uveitis and other changes that may 
complicate surgery 
Indirect ophthalmoscopy - to evaluate the 
posterior segment through an immature cataract 
Ocular ultrasonography - particularly to look for 
evidence of retinal detachment 

. Evaluation of retinal function - to rule out 
generalized retinal dysfunction,such as that 
caused by gPRA. Although the pupillary light 
reflex and.dazzle reflex can give an indication 
that the retina is functional, they are not 
completely reliable and many veterinary 
ophthalmologists will perform electroretinography 
before cataract extraction. 

Figure 12.21 summarizes the ocular cond~tions 
that particularly need to be considered prior to 
cataract surgery. 

i n l l i ~~ io i i o r i~ fe 'n~on~ i i ou ld  tie '-. ' 
v; consiaei ie&l lm8vshinclion : I 

~ - ,..,. :. ...- 
' ~ ! ~ i e . e l : i ~ ~ ~ i ' v e i ~ i s  wll b'ekx&hr.$ed vy surg~yl nle~entiofi.' 
dowev~r;@iin'ld~previo~S,~eilis wn:ch:h8Sib^eerisu&sS(Ully:~.r- , 

.~sdppreSsed.is.1iot,a.~ontra'ndication,-3~ '&f*~thi'd~Zi;~c.. ,,r 

Figure 12.21 Ocular assessment prlor tocataract surgery. 

There are many possible complications associated 
with cataract surgery, including: 

Those that arise during the surgery, often related 
to surgical technique 
The occurrence of rises in intraocular pressure 
within a few hours of the end of surgery (Smith et 
a/., 1996; Miller etal., 1997) 
Those associated with inflammation as a result 
of the release of lens proteins into the eye 
during surgery 
Those seen in the longer term as a result of 
attempts by the residual lens epithelial cells to 
produce new lens fibres. This can occur, leading 
to opacification of the posterior lens capsule. This 
is particularly a problem in younger dogs and 
may impede vision and cause a lens-induced 
uveitis. The presence of an intraocular lens may 
limit the space for lens epithelial proliferation 
(Nasisse et al., 1995). 

Complications, such as glaucoma (Biros et al., 
2000; Lannek and Miller, 2001), damage from un- 
controlled uveitis, retinal detachment and permanent 
corneal oedema, are among the more serious compli- 
cations that can result in fallure of the surgery. 
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Lens luxation 
Dislocation of the lens lrom its normal position results 
from a breakdown of the zonu es wnich should f:rmlv 
attach the lens to the ciliary body. This may occur as a 
primary or secondary condition. 

Primary lens luxation: This disease is discussed by 
Curtis etal. (1 983) and Curtls (1 990). 

This is an inherited condition that affects the terrier 
breeds (Jack Russell Terrier, Fox Terr~er, Tibetan 
Terrier, Sealyham Terrier. Mniat~re B ~ l l  Terrier), the 
BorderColl~e (Foster etal., 1986) and Shar Pei (Lazar~s 
et a/., 1998), and is a relatively common cause of 
secondary glaucoma. It occurs occasionally in other 
breeds and crossbreeds. Studies in theTibetan Terrier 
suggest that it is inherited in an autosomal recessive 
manner (Willis etal., 1979). 

Affected terriers are typically 3 to 6 years of age. 
Gradual zonular breakdown allows the lens to move 
relative to the rest of the globe under the effects of 
inertia. Lens instability (phacodonesis) and iridodone- 
sis ('iris wobble') are early signs that are best detected 
when closely viewing the anterior chamber from an 
oblique angle just after an eye .movement. Zonular 
breakdown allowsstrands of vitreous to pass anteriorly 
to appear through the pupil as faint wisps of slightly 
translucent material (see Figure 13.14). Following dila- 
tion of the pupil, evidence of early lens subluxation is 
more readily observed. The lens equator may be seen 
and an aphakiccrescent (agap between the pupil edge 
and the lens equator) may be present (Figure 12.22). 
Eventuallythe lenswill luxatefully. Most luxateanteriorly 
through the pupil (Figure 12.23) and, in the majority of 
cases, cause a 'pupil block' and secondary glaucoma. 

It can be difficult to measure the intraocular pres- 
sure reliably of an eye with an anteriorly luxated lens. 
An applanation tonometer, such as a Tonopen, can be 
used. It should be pressed on the peripheral cornea, 
which does not have the luxated lens lying against its 
posterior surface. Measurement of intraocuiar pres- 
sure withan indentation tonometer, such as the Schi~tz 

Figure 12.22 rrlmary lens luxation in a I iaetan ~errier. 
The lens in this photograph was subluxated, whereas the 
lens in the other eye had already luxated into the anterior 
chamber. An aphakic crescent is visible, and stretched 
zonular fibres can be seen dorsally, stretching from the 
lens equator to the ciliary processes. 

Figure 12.23 Primary anterior lens luxation in a 
Jack Russell Terrier The lens is clearly vlsible in the 
anterlor chamber 

tonometer, will not give an accurate result in such 
cases. Contact between the luxated lens and the 
corneal endothelium will result in the development of 
an area of corneal oedema just ventral to the centre of 
the cornea. Sometimes the anteriorly luxated lens will 
spontaneously move into the vitreous,. at which time 
the intraocular pressure often returns to normal and, 
therefore, the eye becomes morecomfortable. In such 
cases, a characteristic patch of corneal oedema usu- 
ally remains and acts as an indicator ofthe previous 
prese'nce of the lens in the anterior chamber. Such 
lenses often luxate anteriorly again. However, while 
they remain in the vitreous, they generally causes few 
problems. In long-standing luxations, the lens often 
becomes cataractous. 

Treatment: This is discussed by Nasisse et al. (1995) 
and Nasisse and Glover (1997). 

Emergency treatment to reduce intraocular pks-  
sure is indicated priorto surgical removal. The osmotic 
diuretic, mannitoi, is most commonly used for this 
purpose (see Chapter 11). 

Referral to a veterinary ophthalmologist equipped 
for intraocular surgery is recommended. The lens and 
itscapsule can be removed through a small incision by 
phacoemulsification of the lensnucleusand cortexand 
manual extraction of the remaining capsule. More 
commonly, the luxated lens is removed in one piece 
through a corneal incision that approaches 180 de- 
grees. It is possible to suture in an intraocular lens 
following intracapsular lens extraction. 

Primary lens luxation is a bilateral condition, so the 
lens of the second eye is very likely to luxate at some 
stage. The eye should be examined for signs of im- 
pending luxation. Many veterinary ophthalmologists 
will elect to remove the lens from the second eye if it 
shows signs of instability. This saves the eye from 
possiblysuffering glaucoma;.with consequent irrevers- 
ible damage, in the future. Ifthe decision ismade not 
to remove the unstable but not luxated lens at thesame 
time as the luxated lens, the owners should be warned 
to seek veterinary help immediately if the second eye 
shows signs of having developed an anterior luxation. 
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Posteriorly luxated lenses can also be associated 
with the development of a secondary glaucoma 
(Glover etal., 1995); the riskof thisshould be weighed 
against the potential difficulties of removal and the 
poss~ble riskof complications due to the surgery, such 
as retinal detachment. 

Secondary lens luxation: Lens luxation may occur 
secondary to glaucoma, cataract formation or trauma, 
or It may be associated with uveitis. The globe enlarge- 
ment duetoglaucomadoes not often result in complete 
lens luxation. Afewzonularfibres usually remain intact 
and attach the lens to one area of the ciliary processes. 
An aphakic crescent is seen between the edge of the 
pupil and the equator of the subluxated lens. Removal 
of a lens that has been subluxated secondarily to 
glaucoma is not indicated. 

Conditions of the feline lens 

Lens abnormalitlesoccur lesscommonly in catsthan in 
doos. There are few reDorts of inherited lens diseases. 
an: most lens pathology issecondaryto lnjuryorother 
ocular disorders. 

Congenital conditions 
~ ~ h a k i a  (Peiffer,1982b) and microphakia (Molleda et 
al., 1995) have been reported, but are very rare. Lens 
defects may be seen in kittens born with multiple 
congenital defects. Focal capsular and subcapsular 
opacities areassociated with the insertion of persistent 
pupillarymembrane remnants on to the anterior lens 
capsule, but this is an uncommon condition in cats. 
Congenital cataracts have been reported in related 
Himalayan kittens, leading to suggestions of inherit- 
ance (Rubin, 1986). 

Acquired conditions 

Blunt trauma can injure the lens, leading to a 
slowly progressive cataract. Penetrating wounds, 
such as those caused by cat claws, may Involve the 
lens and may lead to cataract formation. Develop- 
ment of cataracts secondary to diabetes mellitus is 
uncommon in cats (Salgado et ah, 2000). Metabolic 
cataracts resulting from hypocalcaemia due to hypo- 
parathyroidism have been reported (Parker, 1991; 
Bassett, 1998). Cataracts are common sequelae to 
chronic anterior uveitis in cats. The cataracts tend to 
be slowly progressive, but may eventually cause 
blindness. Chronically luxated lenses may become 
cataractous. Furthermore, cataracts may develop 
secondary to chronic glaucoma. 

Cataract extraction: Although less frequently indi- 
cated in the cat than in the dog, cataract surgery 
generally has a good prognosis, and the cat's eye 
tends to be much less reactive than that of the dog. 
Removal of cataracts that develop secondaryto ante- 
rior uveitis can give good results, although the anterior 
uveitis must be suppressed prior to surgery, and the 
possibility of it being associated with a serious sys- 
temic disease must be considered and fully investi- 
gated. Persistence of inflammation with continued 
formation of pre-iridal fibrovascular membranes may 
lead to secondary glaucoma. 

Lens luxation 
This has been studied by Olivero etal. (1991). 

Lens luxation or subluxation in the cat most com- 
monly occurs secondary to trauma, glaucoma, anterior 
uveitis or cataract formation. Glaucoma usually results 
in tearing of part of the zonules due to globe enlarge- 
ment, resulting in an aphakic crescent and lens sub- 
luxation. Cats with anterior lens luxation secondary to 
anterior uveitis (Figure 12.25) are sometimes pre- 
sented because of the change in appearance due to 
the lens luxat ion.~heowners~a~ nothavenoticedthe 
signs of the preceding anterior uveitis. Close examina- 
tion of such eyes reveals evidence of previous anterior 

Cataract uveitis (see Chapter 10). 
Primary cataracts are very rare in cats (Figure 12.24). . . 
Cataracts usually develop secondary to injury or other 
ocular disease, but cataracts secondaryto other ocular 
disease are not as common in cats as in dogs. 

A mature cataract 

The condition 
was bilateral and 

Fib-.- . :ior lens luxation in ._-., .o 
chronic anterior uveitis. The lens is clearly visible in the 
anterior chamber. Iris neovascularization is present as an 
indicator of chronic anterior uveitis. 
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lnher i ted primary lens luxat ion is not recognized in 
the cat, but an apparently spontaneous luxation is 
occasionally encountered in older cats with no evi- 
dence of  an accompanying anterior uveitis. 

Removal of anteriorly luxa ted  lenses is advisable. 
They do not cause a secondary glaucoma as fre- 
quent ly  as anterior lens luxat ions do in dogs, but they 

may result in corneal oedema due to endothel ial  dam- 
age, and t h e  lens may become cataractous. The out -  

come of  removal of  anterior lens luxations in cats is 
generally good. If lens luxation is secondary t o  anter ior 

uveitis, the possibleaetiologiesof the uve i t isshould  be 
fully invest igated and appropriately treated. 
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The vitreous 

Christine Heinrich 

Introduction 

The vitreous humour is a transparent hydrogel that 
occupies the posterior segment of the globe. Its func- 
tion is notonlytoactas aclearmediumfortransmission 
of light between lens and retina, but its viscoelastic 
properties also provide mechanical support and pro- 
tection for the internal structures of the eye during 
movement and deformation of the globe. The vitreous 
takes part in intraocular metabolism and acts as a 
nutrient reservoir and metabolic waste repository for 
the retina and neighbouring tissues. 

Embrvoloav 

The development of the vitreous has traditionally been 
divided into three stages. 

In thefirststage, the relativelysmall retrolental space 
is filled by the primary vitreous, which consists of the 
hyaloid artery and its branches, and provides nutrition to 
the developing lens via the tunica vasculosa lentis. The 
primary vitreous is thought to be of a mixed ectodermal 
and mesenchymal origin. Not only the vascular mesen- 
chymeofthe primitive ophthalmicartery butalsosurface 
ectoderm-derived elements which surround the lens 
during invagination contribute to its formation. Vitrosin 
(see below) may be of neuroectodermal origin. With the 
development of the iris and ciliary body, a need for a 
direct vascular supply is lost, so the hyaloid vasculature 
regresses. This begins at day 45 of gestation and is 
completed at around 2-4 weeks post partum in the dog. 

In the second phase, secondary oradultvitreousfills 
the increasing space of the posterior optic cavity. The 
atrophying primary vitreous becomes condensed in the 
centre of the posterior segment and forms Cloquet's 
canal, which runs between the optic disc and lens. 

The area of previous hyaloid artery attachment to 
the posterior lens capsule remains visible in the adult 
dog as Mittendorf's dot. This mark can be seen ventro- 
medial to the confluence of the posterior suture line; a 
fine remnant of the atrophied vessel is usually visible 
on slit lamp examination within the anterior vitreous. 

The posterior remnant of the hyaloid artery, 
Bergmeister's papilla, is not usually visible on exami- 
nation of the adult dog, but the area where the hyaloid 
artery has originated from the posterior pole can be 
seen easily on ophthalmoscopic examination as the 
physiological piton thesurface of theopticnerve head. 

The origin of the secondary or adult vitreous re- 
mains unclear, but hyalocytes, ciliary epithelium, mes- 
enchymal cells at the rim of the optic cup, hyaloid 
vessels during fetal development and retinal glial cells 
(Muller cells) are thought to contribute to its develop- 
ment (Forrester et a/., 1996). 

In the third stage of vitreal development, the colla- 
gen condensations of the vitreal base and the zonular 
fibres are formed. As with the secondary vitreous, the 
exact origin of the tertiary vitreous is unclear, but it is 
suspected that the non-pigmented ciliary epithelium is 
involved in its formation. 

The development and regression of the structures 
of the primary vitreous are of the utmost importance for 
normal ocular development; failure of the normal re- 
gression of these embryological structures gives rise to 
several congenital vitreal abnormalities. 

Anatomy, physiology and biochemistry 

Thevitreous is boundanteriorly by the lens, itszonules 
and the ciliary body, and posteriorly by the retinal cup 
(Figure 13.1). Filling most of the posterior cavity of the 
globe, the vitreous is almost spherical in shape with a 

Figure 13.1 Globe and vitreous. 1. Vitreous base: 
2, anterior hyaloid face; 3. hyaloideocapsular ligament; 
4, attachment to margin of optic disc; 5. cortical vitreous; 
6. lamellae and tracts; 7. Cloquet's canal; 8. hyaloid 
vessel remnant; 9. Mittendorf's dot. 
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depression on its anterior face - the fossa hyaloidea, 
which offers a resting space for the lens. The vitreous 
can be divided into a cortical zone and a central zone. 
A further, geographical, description divides the vitre- 
ous into an anterior, an intermediate and a posterior 
zone. 

The vitreous consists of approximately 99% water, 
with the remaining 1% comprising collagen, vitreal 
cells (hyalocytes), soluble protein and hyaluronic acid. 

The vitreous gel is approximately 2-4 times more 
viscous than water, the viscosity being largely depend- 
enton theconcentrationof sodium hyaluronate. During 
ageing or pathological processes, this structure is lost 
and thevitreous becomes liquefied - a  process known 
as syneresis. The hyaluronic acid molecules degrade 
and the collagen fibrils clump together, to form vitreal 
'floaters' (see below). 

The cortical vitreous is attached by the condensa- 
tion of the fine collagen fibrils to the peripheral retina 
and the pars plana (vitreous base), the posterior lens 
capsule (hyaloideocapsular ligament), the margins of 
the optic nerve head at the base of the hyaloid canal 
and the inner limiting membrane of the retina. Break- 
down and disruption of the vitreous base is found 
during diseases such as primary lens luxation, al- 
though detachment of thevitreal face from the internal 
limiting membrane, where it has its weakest attach- 
ments, is more common. This condition, described as 
posterior vitreal detachment, can easily be demon- 
strated on ultrasonographic examination of the post- 
erior segment and may predispose the eye to the 
development of a retinal detachment. 

Cellular elements 
Although the vitreous is essentially acellular and avas- 
cular, a small number of macrophage-derived cells 
named hyalocytes are found in it, with their highest 
number in thecortical zone. The function of thesecells 
is not clear but their high numbers of phagolysosomes 
indicates that they may be active phagocytes. It has 
also been shown that hyalocytes are able to produce 
hyaluronate in vitro, and it is suspected that hyalocytes 
contribute to the synthesis of vitreous humour. 

Matrix 
Thevitreous containsvitrosin, a unique fibrous protein, 
which is most similar to type 2 collagen, but differs 
from normal collagen in being inseparably linked with 
complex polysaccharides. Unlike type 1 collagen, 
which has weak interactions with only small amounts 
of proteoglycans and therefore presents as a compact 
fibril, vitrosin, in common with type 2 collagen, appears 
in extracellular matrices that are rich in proteoglycans 
and have a strong collagen-proteoglycan interaction. 
Vitrosin fibrils form a skeleton for the vitreal gel by 
entrapping large coiled hyaluronic acid molecules, 
which, in turn, keep the collagen fibrils widely spaced. 
Electronegative charges of the hyaluronic acid triple 
helix are responsible fo r  the hydrophilic character 
of the molecule. 

Hyaluronic acid, a glycosaminoglycan molecule, is 
present in the gel and affects the flow of fluid within the 
vitreous. The transvitreal movement of substances is 

influenced by a number of mechanisms, such as diffu- 
sion, hydrostatic and osmotic pressure, convection 
and active transport. The strong electrostatic charges 
within the gel also affect electrolyte transport through 
the vitreous. 

Glucose and other sugars are also present, sug- 
gesting thatthevitreous could temporarily supply nutri- 
entsto the retina. Wasteproductsof retinalandlenticular 
metabolism can accumulate within the vitreous, and 
increased intravitreal glutamate levels are thought to 
be an indicator for retinal and optic nelve fibre injury in 
glaucoma. 

Light transmission 
Light transmission in the vitreous occurs according to 
the same principles as in the cornea, i.e. vitreal colla- 
gen fibrils are thinner than half the wavelength of light, 
and the distribution of glycosaminoglycans between 
the fibrils reduces the effects of diffraction. 

Congenital and developmental 
anomalies in the dog 

Persistent primary vitreous 

Persistent hyaloid artery (PHA) 
Failure of the normal regression of the hyaloid vascu- 
lar system is a relatively rare and sporadic congenital 
ocular anomaly in the dog. Clinical signs vary in 
accordance with the part of the hyaloid artery struc- 
ture that has persisted. The most common form is 
a small vascular remnant that protrudes from the 
posterior lens capsule into the anterior vitreous (Fig- 
ure 13.2). A localized capsular opacity may be seen 
at the point of insertion of the vessel remnant on 
the posterior lens capsule, but the opacity is rarely 
progressive. The remnant does not usually carry 
blood, but a patent hyaloid artery may persist in rare 
cases and haemorrhage from this vessel into the 
lens or vitreous may occur. Extensive cataract forma- 
tion may ensue, and persistent hyperplastic tunica 
vasculosa lentislpersistent hyperplastic primary 
vitreous (PHTVUPHPV) should be considered as a 
differential diagnosis (see later). 

igure 13.2 
mall hyalo~d 

r imnant on 
osterlor lens 
apsule 
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Persistence of the posterior part of the hyaloid 
artery is sometimes seen in collies affected with collie 
eye anomaly. The remnant of the glial sheath of the 
primitive hyaloid artery, Bergmeister's papilla, may in 
these cases give rise to a patent blood vessel, with 
resulting vitreal haemorrhage. 

Persistent tunica vasculosa lentis 
Persistence of the posterior tunica vasculosa lentis in 
isolation is rare, but does occasionally present on 
ophthalmoscopic examination as a fine filamentous 
web or punctate or pigmented opacities on the poste- 
rior lens capsule. It is rarely of any clinical significance, 
may be unilateral or bilateral and has a similar clinical 
presentation to mild degrees of PHTVUPHPV. 

Grade 1 PHTVUPHPV. 
Figure 13.3 Fine opacities on posterior lens capsule: 

PHTVUPHPV 
In this condition, the hyaloid system and the tunica 
vasculosa lentis become hyperplastic durinq rela- -1 Figure 13.4 

PHT\/I /PHP\/ .. . 
tively early embryological development and continue 
to proliferate following birth. The extent of the lesions 
varies between affected animals. The degree of 
visual impairment that results depends on the degree 
of proliferation of the hyaloid system and the pres- 
ence of complications, such as cataract formation 
and haemorrhage. 

Clinically visible lesions vary in severity from fine 
pigment spots on the posterior lens capsule (Figure 
13.3) to large fibrovascular plaques involving the pos- 
terior lens capsule and may be accompanied by other 

. . . . . - . . . . . 

formation. (Courtesy 
of SM Crispin.) 

,. ., 
. . .. . . . :.:* . ,. . abnormalities, including abnormal lens shape (lenti- 

conus or lentiglobus), cataract, intralenticular haemor- 
rhage (Figures 13.4 and 13.5), elongated ciliary 
processes, persistent hyaloid artery, persistent pupillary 
membrane and capsulopupillary vessels. These last 
vessels appear in the form of pigmented strands or 
even patent vessels that originate from the retrolental 
plaque, course over the lens equator and, in most 
cases, insert on the anterior surface of the iris. 

PHTVUPHPV has been reoorted as a bilateral I * 
inherited trait in the staffordshirk Bull Terrier (Leon et 
a/., 1986) and the Dobermann (Stades, 1980). It has 
been studied extensively in the latter breed, where an 
incomplete dominant mode of inheritance has been 
suggested (Stades, 1983a). A grading system has 
been applied for the condition in the Dobermann, to 
allow clinical classification of the lesions: 

Figure 13.5 PHTVUPHPV showing extensive cataract 
1. Very minor posterior capsular cataract and formation following intraienticular haemorrhage. (Courtesy 

retrolental pigment dots of P Renwick.! 
2. More intense central posterior capsular cataract, 

with yellow/brown retrolental fibrous tissue and 
peripheral retrolental pigment dots. Persistent 
pupillary membrane is also commonly seen 

3. Persistent tunica vasculosa lentis-hyaloid system 
visible as retrolental meshwork and abnormalities 
as in Grade 2 

4. Lenticonus and abnormalities as Grade 2 
5. Combination of Grade 3 and Grade 4 

abnormalities 
6. Combination of former grades associated with 

lens coloboma, microphakia and accumulations 
of pigment and blood. 

Preventive measures, in theform of selective breed- 
ing (excludingseverely affecteddogs classedas Grade 
2-6 from breeding programmes), have been success- 
ful in reducing the incidence of PHTVUPHPV in the 
Dobermann in the Netherlands (Stades eta/., 1991). 
Unlike the Dobermann, where dogs with anomalies 
from Grade 2 to 6 will develop progressive cataract and 
blindness, extensive cataracts are uncommon in asso- 
ciation with the typical fibrovascular plaque on the 
posterior lens capsule seen in the Staffordshire Bull 
Terrier (Figure 13.6). 
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. - . . - -- - - . - . . . 
PHNLIPHPV in the 
Staffordshire Buli 
Terrier. (Courtesy of 
D Gou1d.j 

PHTVUPHPV can occasionally occur in any breed 
of dog, and may be unilateral. When vision is severely 
impaired but retinal morphology and function are un- 
affected, phacoemulsification . with posterior 
capsulectomy and anterior vitrectomy can be consid- 
ered. The overall success rate in dogs with this condi- 
tion is much lower than for uncomplicated cataracts, 
due to the risks associated with vitrectomy and the 
potential for haemorrhage from a patent hyaloid artery 
(Stades, 1983b). Wet field cautery may be required to 
cauterize any patent hyaloid vessels, but is not without 
hazard. 

Vitreoretinal dysplasia 
Vitreoretinal dysplasia describes an abnormal devel- 
opment of vitreous and neurosensory retina. Affected 
puppies either have retinal non-attachment, seen as a 
funnel-shaped abnormally formed retina in the vitreal 
cavity, or develop an early-onset detachment of an 
abnormally formed retina. Vitreal non-development is 
thought to be an important factor in the aetiopathogen- 
esis of vitreoretinal dysplasia in the Bedlington Terrier 
and Sealyham Terrier. Vitreoretinal dysplasia due to 
non-allelic gene defects has been described in the 
Labrador Retriever and Samoyed. Animals homo- 
zygous for the gene defect have skeletal dysplasia in 
addition to the vitreoretinal dysplasia. Heterozygotes 
have a multifocal retinal dysplasia (see Chapter 14a). 

Acquired conditions in the dog 

Degeneration 

Syneresis 
As a result of ageing, or due to concurrent ocular 
disease, such asvitreal haemorrhageorglaucoma, the 
vitreal collagen framework can break down, leading to 
vitreal liquefaction. Collagen fibrils that are clumped 

scintillans (see below), the vitreous does not become 
liquefied. Although the aetiopathogenesis of asteroid 
hyalosis remains unclear, it is thought that the dis- 
persed particles consist of a lipid and calcium complex. 
Clinical diagnosis is straightfolward, as the presence 
of small refractile particles suspended throughout the 
vitreal framework is pathognomonic (Figures 13.7 and 
13.8). The diagnosis can be made with pen light 
examination alone in the majority of cases, and the 
condition is not thought to affect vision or give rise to 
other ocular disease. 

shepherd Dog. (courtesy of P ~enwici.) 

Fi 
photography in an 11-year-old crossbreed dog 

Synchysis scintillans 
In synchysis scintillans (also named cholesterolosis 
bulbi), fine scintillating particles containing cholesterol 
are found in the liquefied vitreous. The particles settle 
out ventrally if the eye is kept still, but following rapid 
ocular movement the particles become dispersed 
throughout the vitreous (Figure 13.9). This condition is 
not thought to interfere with vision, but as it is com- 
monly the result of concurrent ocular disease, other 
abnormalities may be present. In humans, synchysis 

togetherareeasilyvisibleophthalmoscopicallyas'float- scintillans is usually the result of a previous intravitreal 
ers'in the liauefiedvitreous. Thisorocess is irreversible haemorrhaae, and, in such cases, the oarticles mav be 
and can predispose the eye to the development of a darker in ciiour. 
retinal detachment. 

Vitreal haemorrhage 
Asteroid hyalosis As the vitreous is primarily avascular, vitreal haemor- 
Asteroid hyalosis is a form of endogenous vitreal rhage is always the result of a pathological process 
degeneration in which, in contrast to synchysis of a neighbouring ocular tissue or associated with a 
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Figure 13.1 I 
;mall intravitreal 
iaernorrhage in a 
5-week-old Border 
:ollie. (Courtesy of 
' Renwick.) 

I . , -. - . - . - - , . . - . . , - . .. - - . . . . . . . - . . - . . . - - . - - - - . - - - - - , . 
(Courtesy of SM Crispin.) 

congen~tal anomaly involving abnormal persistence 
of blood vessels (see above). It is commonly seen 
in cases of trauma and hypertensive retinopathy; 
other causes include retinal detachment, neoplasia, 
coagulopathles, severe uve~tis, glaucoma and optic 
neuritis. Vitreal haemorrhage can be severe and 
prevent detailed ophthalmoscopic examination of 
the posterlor segment. However, as many cases of 
vitreal haemorrhage are the result of an underlying 
systemic disease, careful examination of the other 
eye may suggest an aetiology. 

Vitreal haemorrhage can be divided into pre- 
retinal (between the posterlor vitreal face and the 
internal limiting membrane) and intravitreal. Whereas 
pre-retinal haemorrhages are usually keel-boat 
shaped (Figure 13.10) and resorb rapidly, haemor- 
rhage into the v~treal body is often diffuse (Figure 
13.11) and will clear only very slowly over weeks 
and months. Liquefaction of thevitreal gel is common 
following haemorrhage, and condensat~ons of vltreal 
collagen around the clot with pseudocapsule and 
vitreal membrane formation can occur. Severe vltreal 
haemorrhage can be deleterious to the retina due 
to toxic effects from blood breakdown products or 
the formation of pre-retinal fibrous membranes and 
vitreoretinal traction band formation (Figure 13.12). 
This may lead to rhegmatogenous retinal detach- 
ment, i.e. a retinal detachment arising from a tear. 

The treatment of vitreal haemorrhage is aimed at 
correcting any underlying disease. In human patients, 

Figure 13.1 2 
Vitreal 
haernorrhage and 
vitreoretinal traction 
band formation with 
persistent hyaloid 
artery in a l-year- 
old Welsh Terrier. 

. . 

where vitreal haemorrhage is often associated with 
diabetic retinopathy, vitrectomy has become an estab- 
lished mode of treatment. Vitrectomv is not. as vet. a 
commonly appliedtreatmentforvitreil haemorrhage in 
veterinary medicine. 

Vitritis 
Being almost acellular, the vitreous IS unlikely to 
mount an inflammatory response. However, involve- 
ment of the vitreous in inflammatory processes of 
surrounding tissues is common and described as 
vitritis or hyaiitis. With intraocular inflammation, 
breakdown of the b lood~cular  barrier occurs, allow- 
ing inflammatory cells and proteins, together with 
blood, to leak into the vitreous and destroy the gel 
structure. Vitritis presents clinically as a generalized 
'blurring' of fundic detail on ophthaimoscopy, and 

Figure 13.10 severeLitritis may render fundic examination impos- 
Keel-boatshaped sible. The most severe form of vitritis is seen In 
pre-ret~nal endophthalmitis resulting from ~nfections caused by 
haemrrhage penetrating injuries, intraocular surgery or spread 

from systemic d~sease. Potential bacterial and fungal 
aetiologies must be considered. 

Although rare in the UK, granulomatous 
endophthalmit~s IS commonly seen in other partsof the 
world as the result of ocular mycoses, such as blasto- 
mycosis, cryptococcosis and histoplasmosis. . . 
Foreign bodies 
Vitreal foreign bodies are generally associated with 
severe ocular trauma. The most common intraocular 
foreign bodles in dogs and cats are airgun pellets and 
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lead shot. A gunshot injury must therefore be consid- 
ered in every case of sudden-onset ocular pain. Signs 
of ocular penetration, in the form of corneal or scleral 
wounds, should raise suspicion of the possible pres- 
ence of a foreign body within the vitreal space. Ocular 
ultrasonography must be carried out if vitreal haemor- 
rhage or opacification of theanterior segment prevents 
ophthalmoscopic assessment. 

Although both lead shot and pellets are visible on 
radiographic examination, it is usually not possible to 
determine on radiographs alone whether the foreign 
bodv is situated within the vitreous or within the orbit. 

small vitreal cyst. 
(Courtesy of the 
Animal Health 
Trust.) 

  he use of ocular ultrasonoqraphy can aid in the exact 
locar on ol the foreign bod;. vegetab e rnaterla that 
has penetrated the outer ocular coats is Jsual y con- 
taminated with organisms; thus, endophthalmitis is 
likely to result if a piece of vegetable material remains parasites 
in the vitreous. 

The prognosis for salvage of the eye is dependent 
ontheextentoftraumaatthetimeof entry oftheforeign 
body, especiallyon theinvolvementofthelens. Whether 
removal of a vitreal foreign body is attempted depends 
on whether the particle is surgically accessible and 
also on the type of material and its interactions with 
intraoculartissues. Whereas high-quality glass, stone, 
high-quality plastics, stainless steel and other high- 
quality alloys are considered to be relatively inert and 
are probably best left in situ, others, such as organic 
matter, iron, copper, low-grade alloys and low-grade 
glass and plastics are known to be poorly tolerated 

. -. - -. - - - 
Occasionally, aberrant parasites can be found in the 
vitreous on ocular examination. Reported parasites 
include Toxocara canis, Dirofilaria immitis, 
Angiostrongylus vasorum and Echinococcus spp. 
Species of Diptera have also been seen, associated 
with ophthalmomyiasis interna. Although some para- 
sites can be killed by the use of systemic medication, 
surgical removal of larger parasites is indicated to 
avoid deleterious inflammatory reactions following 
parasitic death. However, surgical intervention is a 
skilled procedure and should only be performed by 
those with experience of posterior segment surgery. 

 elin in, 1992). However, if, following an ocular perfora- "itreal prolapse and herniation 
tion, aforeign body is retained intravitreally, referral for Extraocular prolapse of vitreous can be seen in trau- 
a specialist assessment is advised. matic ocular injuries with scleral or corneal lacerations 

Neoplasia 
Primary vitreal neoplasia has not been reported, but 
involvement of the vitreous is seen in neoplasia of the 
adjacent tissues, both by infiltration with neoplastic 
cells and by displacement of the vitreous by solid 
tumours. Possibly themostcommon typeof neoplastic 
vitreal involvement is seen in lymphoma, where 
neoplasticcells originatingfrom the uveal tract infiltrate 
the vitreous. Exudate and haemorrhage from leaky 
new blood vessels that often accompany intraocular 
neoplasia commonly lead to vitreal degeneration. 

Clinically, vitritis, retinal detachment or masses 
within thevitreal cavity may be seen; further diagnostic 
aids, suchasocularultrasonography andvitreocentesis, 
should be considered. Cytology of a vitreal aspirate 
may aid in the diagnosis of systemic metastasis, espe- 
cially if the primary tumour site has not been identified. 
However, the procedure is not without risk and, in 
sighted eyes, should be left to those experienced in the 
technique. The treatment will depend on the type of 
tumour present, but most eyes with solid neoplasms 
within the vitreal space will require enucleation. 

Cysts 
Uvealcystscan sometimes be found on examination of 
the vitreous and present as variably pigmented 
semitransparent spherical structures floating in the 
vitreous body. They can vary in size and usually have 
no impact on vision (Figure 13.13). 

or during some types of intraocularsurgery. Herniation 
of degenerate vitreous through the pupil into the 
anteriorchamber (Figure 13.14) isoften thefirst signof 
lens instability. As a result of zonular breakdown, the 
anchoring collagen fibril arrangements at the 
capsulohyaloid ligament weaken and the anterior 
vitreous undergoes syneresis. In severe cases, the 
herniated vitreous can obstruct the iridocorneal angle, 
leading to an increase in the intraocular pressure. 
Herniated vitreous is often present on first incision into 
the anterior chamber in cases of lens luxation; closure 
of thecorneal incision should not be carried out until the 
prolapsed vitreous has been removed. 

Figure 13.14 Vitreal material in the pupil of a 5-year-old 
Jack Russell Terrier caused by lens zonule breakdown. 
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Vitreal interventions 

Vitrectomy 
As mentioned previously, herniation of vitreous into 
the anterior chamber is a common presentation in 
lens luxation. Vitreal prolapse through accidental 
tears in the posterior lens capsule is a major compli- 
cation during phacoemulsification. Vitreous that 
prolapses into the anterior chamber as a result of 
posterior capsular defects or zonuiar breakdown 
during lens surgery should be removed. The pro- 
lapsed vitreous can impair aqueous drainage, poten- 
tially leading to glaucoma. If it is incarcerated into 
a corneal wound, it can lead to surface epithelial cell 
downgrowth into the anterior chamber, which may 
result in additional complications. If vitreous is left 
touching the corneal endothelium, it may lead to 
corneal endotheliai dysfunction and corneal oedema. 

Surgical removal of herniated or prolapsed vitreous 
(vitrectomy) can becarried out manually, with cellulose 
sponges and scissors, or mechanically, with auto- 
mated vitreous cutting devices. These instruments are 
usually an integral part of phacoemulsification equip- 
ment and can be used through a small corneai incision 
(approximately 2 3  mm). 

If removal is carried out manually, great care must 
be taken nottoexert excessive traction on theadherent 
vitreal gel, to avoid retinal detachment. 

Vitrectomy can also be carried out as a diagnostic 
procedure in cases of endophthalmitis, and vitreous 
samples are forwarded for microscopic examination, 
bacterial and fungal culture. It must be emphasized 
that vitrectomy is a challenging procedure with severe 
potential complications and should only be carried out 
by experienced veterinary ophthalmologists. 

should only be carried out by experienced veterinary 
ophthalmologists. 

Vitreal conditions in the cat 

The anatomy, embryology and biochemistry of the 
feline vitreous are very similar to those of the canine 
vitreous, but there are minor differences: the cortical 
vitreous in thecat is more liquid and thecentralvitreous 
has a more solid nature. 

Congenital conditions 
Congenital conditions of the vitreous are extremely 
rare in the cat and published reports are limited to 
the presence of a persistent hyaloid artery (Ketring 
and Glaze, 1994; Barnett and Crispin, 1998). Persist- 
ent tunica vasculosa lentls posterloris has not been 
reported in the cat. 

Acquired conditions 

Chronic feline uveitis 
Involvement of the vitreous in chronic feline uveitis is 
common; the extent of vitreal involvement is depend- 
ent on the location of the uveitis (anterior, intermediate 
or posterior). An interesting phenomenon is the accu- 
mulation of inflammatory cells within the anterior vitre- 
ous in pars planitis (Figure 13.15). The clinical 
appearance of this change has led to the use of the 
descriptive term 'snowbanking'. It is thought frequently 
to be associated with feline immunodeficiency virus 
infection. Snowbanking is also occasionally seen in 
uveitis as the result of toxoplasmal infection (see 
Chapter 10). 

Therapeutic intravitreal injection 
Adequate treatment with antibiotics and anti- 
inflammatory drugs is of utmost importance for the 
outcome in cases of hvalitis or endoohthalmitis. 
Topical application of any drug is rarely able to 
achieve therapeutic levels in the vitreous, especially 
in cases of bacterial endophthalmitis. As the vitreous 
is avascular, systemic delivery of drugs is limited 
by the blood-ocular barrier, and only lipid-soluble 
drugs, such as chloramuhenicol, are likelv to reach 
a ignificant concentration after systemic admini- 
stration. With the breakdown of the blood-ocular I 
barrier in uveitis, adequate levels of other drugs 
may also be achieved within the vitreous following 
systemic medication. 

The most efficient way, however, to achieve 
adequate levels of medication in the vitreous is 
by intravitreal injection. Drugs used for intravitreal 
injection are usually antibiot~cs or steroids, and 
recommended doses of intravitreal antibiotics have 
been extrapolated from use in rabbits, primates or 
humans. It must be remembered that intravitreal 
injectton is associated with risks, such as lens injury, 
haemorrhage, infection and retinal detachment, 
and that the drug itself can have a deleterious effect 
on vttreous gel structure and other lntraocuiar 
tissues. For this reason, intravitreal injections 

immunodeficiency viius infection. (courtesy of SM ~rispjn.) 

Vitreal haemorrhage 
Vitreal haemorrhages (Figure. 13.16) are possibly 
more commonly noted in the cat than in the dog 
and should alert the observer to the possible pres- 
ence of an underlying hygertensive retinopathy 
(Barnett and Crispin, 1998,' and see Chapter 14). 
Vitreal haemorrhage can also be the result of head 
trauma and may be an indicator of the severity of 
the trauma, considering how well the feline globe is 
protected by the deep orbit. 
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Figure i3.16 Retinal and vitreal haemorrhage in a cat wlth 
systemic hypertensive disease. (Courtesy of SM Crispin.) 
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The canine fundus 

Gillian McLellan 

Introduction 

The term 'fundus' describes the part of the posterior 
segment of the eye that is viewed with the ophthalmo- 
scope. Structures that contribute to the ophthalmoscopic 
appearance of the fundus include the optic disc (also 
known astheopticnerve head (ONH)oropticpapilla), the 
neurosensory retina and the retinal pigment epithelium, 
theunderlyingchoroidand, insomeinstances,thesclera. 

The neurosensory retina is continuous anteriorly 
with the non-pigmented epithelium of the ciliary body at 
the ora ciliaris retinae. The retinal pigment epithelium 
(RPE) is continuous with the pigmented epithelium of 
the ciliary body. The optic disc represents the com- 
mencement of myelination of the retinal ganglion cell 
axons, as they converge to form the optic nerve and 
leavetheglobethrough the laminacribrosaofthesclera. 

In the dog, development of photoreceptor cells occurs in 
the first 2-3 weeks postnatally, and organization of 
retinal layers may not be completed for up to 
6-8 weeks postnatally (Gum etal., 1984). 

Histologically, the retina may be described in terms 
of layers (Figure 14.2). 

Anatomy and physiology of the 
retina and choroid I 
Retina 
The retina develops from the two layers of neuro- 
ectoderm that constitute the optic cup. The optic cup 
develops from an evagination of the primitive forebrain, u 
known as the optic vesicle; therefore, the retina may be Figure 14.2 section of the retina and 
regarded as an extension of the forebrain via the optic choroid of a normal dog, illustrating the tapetum (T) and 
nerve. The neurosensory layer of the retina forms from choriocapillaris (A)  within the choroid (C),  the retinal 
rhe inner, non-p:gmented ayerand the RPEformsfrom p gmenr ep rhe .m (RPE) ana ine neurosensory re! !la 
theoulerpigmenled layerol lheopriccup (Flg~re 14.1). InP "e .ro"nSorY rcrtna cons Of 'nc s-al ce I 

unolorecevror ayer ( 1 )  Ine ouizr 1ni.I 1:g memnranc (2) 
the outer nuclear laver (3). the outer Dlexiform laver (4) 

,;j: 
,.- , . .&"ii. &&# 

c.. d 

Figure 14.1 Pnorom crograph lnal oemonslrates ooln 
rrie rner (ne~roscnsory, an0 me outer re! na p gmenl 
epllne a ayers of tne opt c cup (OC) n a canlne cmoryo 

. . 
!tie oner 11;cear aker (51. tne nnrr pex form aier (6j. lnc 
gang on cc layer (7 )  Ine ner\e f~vre .aim (8, atiu 111e 
nner I m rna memnrane 19) Re1 na o ooo rresse s are a so 
shown ( B V ) ~  

The outermost layer of the neurosensory retina, the 
photoreceptorlayer, contains the outer segments of the 
rod and cone photoreceptor cells. In dogs, the photo- 
receptor layer consists mainly of rod photoreceptors. 

An area of greater cone density (known as the area 
centralis) exists as an oval area extending horizontally, 
dorsally and laterally to. the optic disc. Rod 
photoreceptors are slender and cylindrical in profile, 
and function more effectively in dim light than cones, 
and are thus more suited to night vision. However, the 
visual acuity produced by rod photoreceptors is lower 

The developing lens (L) IS also shown than that of cones. 
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Photoreceptor outer segments consist of stacks of 
membranous discs which undergo constant shedding 
and renewal. Photoreceptor inner segments contain 
large numbers of mitochondria and other organelles. 
The photoreceptor inner segments are separated from 
theirnuclei, within the outernuclearlayer, by averythin 
outer limiting membrane. 

Progressing inwards, the outer plexiform layer 
consists of the terminal branches of the photoreceptor 
cell axons and their synapses with the horizontal 
and bipolar cells. The cell bodies of the horizontal and 
bipolarcells, theamacrinecellsandthoseofthe Muller 
cells, which serveassupportivecellsextendingthrough 
the neurosensory retina, are located in the inner 
nuclear layer. The horizontal, bipolar and amacrine 
cells, which maintain a connection between the 
photoreceptors and ganglion cells, are involved in the 
modification and integration of stimuli. 

The inner plexiform layer, which is thicker than 
the outer plexiform layer, represents a region of 
synapses between the bipolar and amacrine cells 
and the ganglion cells. Functionally, this layer accen- 
tuates contrast in the retinal image and enhances 
detection of motion. 

Theganglion celllayercontains retinal ganglion cell 
bodies, the axons of which gather in the nerve fibre 
layer. These axons pass centripetally, without branch- 
ing, to form the optic nerve. To maintain retinal trans- 
parency, the nerve fibres are typically not myelinated 
until they reach theopticdisc. The nerve fibre layeralso 
contains some neuroglial cells and the innermost tips 
of the Muller cells. Retinal blood vessels occupy the 
nerve fibre, ganglion cell, and inner plexiform layers. 

The innerlimitingmembrane is formed by the fused 
terminations of the Muller cells. 

The outermost layer of the retina, the RPE, consists 
of a single layer of cells which play a vital role in the 
maintenance of the overlying neurosensory retinal 
tissue. The RPE is responsible for the control of 
metabolite movementto and from theouter retina, and 
it phagocytoses spent photoreceptor outer segment 
debris. The RPE also plays an important role in the 
metabolism of vitamin A, which is vital to normal 
photoreceptor function. Although elsewhere normally 
densely pigmented, the RPE cells that overlie the 
tapetum lack melanin granules. Numerous microvilli 
extend from the inner surface of the RPE cells and 
surround the photoreceptor outer segments. These 
microvillus processes increase the surface area avail- 
able for metabolite exchange and transport, facilitate 
phagocytosis of photoreceptor material and promote 
adhesion between the RPE and neurosensory retina. 

Choroid 
The choroid is external to the RPE; it is a highly 
vascular, pigmented tissue. The choroid also consists 
of a number of distinct layers. 

Immediately underlying the RPE is a thin capillary 
layer, the choriocapillaris, beneath which, in the dorsal 
portion of the fundus, lies the highly reflective tapetum. 
The presence of a tapetum increases visual sensitivity 
in dim light by reflecting incident light back through the 
photoreceptors. 

In dogs, the cellular tapetum consists of layers of 
polyhedral cells that contain reflective crystals within a 
regulararray of membrane-bound rodlets. Beneath the 
tapetum lie medium-sizedandlarge vessellayersand, 
in turn, the elastic pigmented connective tissue of the 
suprachoro,dea, whiin representsa lrans!lion oetween 
thecnoroidandsc.era (Sam,elson, 1999). Small olooo 
vessels penetrate the tapetum to connect the medium 
vessel and choriocapillaris layers. 

Investigation of disordersof thefundus 

Behavioural tests 
The ability to 'follow' moving objects (e.g. cotton 
balls) and negotiate obstacles and stairs should be 
tested in both photopic (bright) and scotopic (dim) 
lighting conditions. 

Reflexes 
Pupillary light reflexes, menace response and dazzle 
reflexes may allow acrude assessment of visual capa- 
bility. The pupillary light reflex and dazzle reflex are, 
however, subcortical reflexes that do not require con- 
scious perception of visual stimuli. Therefore, as dis- 
cussed in Chapter 15, these neuro-ophthalmological 
tests have significant limitations as a means of assess- 
ing retinal function and vision. 

Ophthalmoscopy 
Indirect and direct ophthalmoscopy (previously de- 
scribed in detail in Chapter l a )  are central to any 
investigation of retinal disease. Usually, both tech- 
niques are employed to facilitate thorough evaluation 
of the fundus; the former provides an overview and the 
latter allows a more detailed, magnified image of spe- 
cific regions. Normal ophthalmoscopic features and 
commonly recognized abnormalities of the canine fun- 
dus are considered in later sections of this chapter. 

Ultrasonography 
As described in Chapter 1 b, this is particularly useful in 
those cases in which opacification of the ocular media 
precludes ophthalmoscopic examination of the fun- 
dus. Total, infundibular retinal detachment appears as 
a 'gull wing' shape, with its apex at the site of attach- 
ment of the retina at the optic nerve (Figure 14.3). 

Figure 14.3 
Ultrasonographic 
appearance of a 
total bullous retinal 
detachment. White 
arrowheads indicate 
the detached retina: 
ON =optic nerve. 
(Courtesy of CR 
Lamb.) 
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Fluorescein angiography 
This is used infrequently in the clinical investigation of 
fundic disorders in dogs, due to the requirement for 
specialist instrumentation. 

Fluorescein angiography is particularly helpful in 
the investigation of retinal vascular disease, although 
tapetal autofluorescence combined with an absence of 
RPE melanin within the tapetal fundus may mask 
visualization of ca~illaries in this reaion. - 
Electroretinogram 
The electroretinogram (ERG) measures the electrical 
responseofthe retinatoalightflash orpatternstimulus 
and is dependent on photoreceptor activity. Measure- 
ment of visually evoked potentials (VEPs) allows the 
evaluation of gross electrical activity elicited in the 
occipital cortex in response to a light stimulus. This 
electrophysiological technique gives a more accurate 
indication of visual perception. However, this tech- 
nique is rarely used in the clinical investigation of 
disorders of the ocular fundus in dogs. 

Electroretinography is considered further in the 
following section. 

Understanding the ERG - Basic retinal 
electrophysiology 
A basic understanding of photoreceptor electrophysi- 
ology and the process of phototransduction, which is 
responsible for the generation of electrical impulses in 
response to a light stimulus, is required before consid- 
ering the principles of electroretinography. 

The visual pigment of rods is rhodopsin, which 
contains a derivative of vitamin A. Rhodopsin is local- 
ized within the disc membranes of rod photoreceptor 
outer segments. The initial event in the process of 
phototransduction within the photoreceptor outer seg- 
ment is the light-triggered isomerization of the 11-cis 
retinal component of rhodopsin. The 'activated' form of 
rhodopsin which results from the isomerization process 
is then able to interact with the protein transducin. 
Activated transducin molecules, in turn, interact with the 
phosphodiesterase (PDE) enzyme complex, causing a 
marked increase in PDEactivity and consequent drop in 
the level of cyclic guanosine monophosphate (cGMP). 
High levels of cGMP in darkness interact with cGMP- 
gated ion channels in the photoreceptor outer segment 
plasma membrane, allowing an influx of cations and 
resulting in membrane depolarization. Thus, the fall in 
cGMP levels associated with phototransduction inter- 
rupts this 'darkcurrent', leading to photoreceptor hyper- 
polarization. This hyperpolarization, in turn, leads to a 
modulation in the rate of secretion of a synaptic trans- 
mitter by the photoreceptor synaptic terminal, issuing a 
message to the retinal bipolar and horizontal cells. 

The ERG gathers information on the electro- 
physiological function of the neuroretinal tissues, in- 
cluding photoreceptors, bipolar and ganglion cells, 
associated alia (Miillercells) and, if ao~ro~r iate lv modi- 

dilated in order to allow optimum retinal illumination. 
Recording equipment generally consists of reference 
and earthed subdermal electrodes and an active re- 
cording electrode, most commonly a corneal contact 
lens electrode. The subdermal electrodes are typically 
positioned near the lateral canthus and at the nuchal 
crest. The signal generated is then amplified and 
averaged over a number of flashes. For complex, 
sensitive ~rotocols. such as those emaloved in the 
early diagnosis of inherited photoreceptAr dystrophies 
and degenerations, patients must be anaesthetized. In 
contrast, simple, scotopic ERG protocols (conducted 
after a period of dark adaptation) may be performed in 
conscious or lightly sedated patients. Scotopic ERG 
protocols are frequently used in veterinary patients to 
assess retinal function prior to proceeding with cata- 
ract surgery, and are invaluable in the diagnosis of 
sudden acquired retinal degeneration (see below). 

An example of a typical, scotopic ERG trace is 
shown in Figure 14.4. 

I I 
Figure 14.4 Scoiopc LI3G iracc (norma an.. i oog 
t ~o:zonla u . s 01s reoresen: 330 n .seconos ano 
vertical divisions repiisent 20 microvolts. 

The ERG trace may be described in simple terms: 

The a wave mainly reflects photoreceptor 
electrical activity, as they hyperpolarize in 
response to a bright flash of light which interrupts 
the 'dark current' 
The b wave reflects bipolar cell activity and 
associated changes in the electrical potential of 
glial cells. Oscillatory potentials on the b wave 
provide information on the electrical activity 
within the inner retina 
The c wave reflects mainly RPE activity; 
however, this component is not usually detected 
using routine ERG protocols, as brighter stimuli 
of longer duration are required, together with 
alterations to the standard recording equipment 
(Acland, 1988). 

fied recording protocols are utilized;  the'^^^. Molecular genetic tests for inherited 
Recording the ERG retinal disease 
Aconsistent, bright light source is required to generate Current research leading to the development of 
the light flashes which stimulate photoreceptor hyper- DNA-based tests will increasingly offer the means 
polarization. The subject's pupils should be widely of eradicating a number of inherited canine retinal 

www.vet4arab.co.cc
by Itra



230 The canine fundus 

! I , . 
, , 
I 1 ,  ; 

1 ; :  I :  
, ,  , ! ; '  , 

j i ,  
: ,  I 

1 :  
i !  
: I ,  
[ : I  

'i18 1 . :  
8 , #  
, ' ,  

j l ,  : 1 :  ; 

i 
1 :  

! i ., 

disorders. Molecular genetic tests offer considerable 
advantages over traditional methods of inherited 
disease control, such as costly and time-consuming 
test-mating procedures. 

DNA-based tests are of particular value in those 
disorders which are of late onset (e.g. progressive rod- 
cone degeneration (prcd) and late-onset generalized 
progressive retinal atrophy (gPRA)). They can be useful 
in predictingwhich animalswill beclinicallyaffected, and 
in predicting those that are carriers of recessively inher- 
ited traits, early in life, before they reach breeding age. 

For diseases, such as collie eye anomaly, which 
have a very high incidence within specific breeds, and, 
in particular, for those diseases which are inherited as 
autosomal recessive traits, the development of a spe- 
cific molecular genetic test would allow the identifica- 
tion of carrieranimals. This would allowfortheir inclusion ~~ ~ ~ 

in the breeding programme if they display highly desir- 
able traits, provided that matings involve genotypically 
unaffected animals. Thus, use of the available gene 
pool could be maximized, reducing the likelihood of 
promoting the emergence of other recessively inherit- 
ed traits, while allowing theinherited retinal disorder to 
be eliminated from the breed population gradually, 
overa numberof generations(Petersen-Jones, 1999). 

It should; however, be borne in mind that DNA- 
based tests are specific for individual gene mutations 
that may be specific for a single breed. They should 
therefore be considered to represent an adjunct, rather 
than an alternative, to traditional clinical screening 
schemes in the control of inherited ocular disease. 

Molecular genetic tests which are presently 
available for inherited canine retina1,dystrophies and 
degenerations are discussed in greater detail later 
in this chapter. 

Normal ophthalmoscopic features of 
the canine fundus 

Marked variation in the ophthalmoscopic appearance 
of the fundus exists both within and between species; 
the degree to which fundic appearance may vary 
between normaldogsisstriking. It is imperativethatthe 
clinician is familiar with the spectrum of normal varia- 
tion if incorrect diagnosis is to be avoided. 

Tapetal fundus 
In most dogs, a bright shiny sweep of colour, roughly 
triangular in shape, occupies the dorsal area of the 
fundus (Figure 14.5). In this region, the RPE lacks 
pigment and there are tapetal cells present within the 
choroid, beneath the choriocapillaris. Although the 
normal thickness of the retina does attenuate light 

I reflected from the underlying tapetum, the retina is 
/ , I  : essentially transparent, so the ophthalmoscopic ap- 
! ' : , ,  pearance is of retinal blood vessels against a back- I ! , ; ;  groundoftapetum.Thesmall bloodvesselsconnecting 

, ! '  
the medium-vessel and choriocapillaris layers, may be 

/ ; ! . I !  observed end-on as they penetrate the tapetum as 
multiple dark spots known as 'stars of Winslow'; how- 
ever, this ophthalmoscopic feature is less obvious in 
dogs than in certain other species, such as horses. 

Tapetal fundus coloration differs greatly between 
individuals, although in dogs it is generally yellow, 
orange, green or blue. The tapetal colour often differs 
slightly at its margins, e.g. a yellow tapetum may have 
a blue or green border. The margins of the tapetum 
may be clearly demarcated or irregular and broken up 
(the latter appearance being particularly prevalent in 
long-haired breeds). Islands of pigment may be visible 
within the tapetal fundus, and islands of tapetum may 
be visible within the non-tapetal fundus. Typically, the 
tapetum extends to the level of the optic disc; however, 
the extent of the tapetum may also vary, tending to be 
small in small dogs (Figure 14.6) and larger in large 
dogs. The tapetum may be absent, particularly in 
subalbinotic dogs. 

Figure 14.6 
Normal adun 
canine fundus 
in a Chihuahua. 

It should be borne in mind thattapetal development 
is incomplete in puppies up to 12-14 weeks of age. In 
very young puppies, the future tapetal region first 
appears dark grey, changing to violet or lilac (Figure 
14.7) and then bright blue, before achieving its defini- 
tive adult coloration. 

Non-tapetal fundus 
The non-tapetal fundus, ventral to the optic disc and 
peripheral to the tapetum, typically appears dark grey, 
brown or black in colour (Figure 14.8). This appear- 
ance is due to the presence of melanin within the RPE 
cells beneath the neurosensory retina, with retinal 
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Figure 14.8 
Normal adult 
canine fundus 
in an Old 
English 
Sheepdog (left 
eye with pale 
brown iris). 
(Courtesy of 
SM Crispin.) 

blood vessels observed against a background of RPE 
and choroidal pigment. However, degrees of pigment 
dilution lead to variations ranoino from a reddish tan to .. .. 
a striped appearance, which is characteristic of 
subalbinotic dogs (Figure 14.9). This appearance is 
due to an absence of pigment in the RPE, exposing the 
underlying choroidal blood vessels, which are thus 
observed against a background of choroidal pigmenta- 
tion. Choroidal vessels have a more orange appear- 
ance than the retinal vasculature and are orientated 
approximately radially. The 'tigroid' striped appear- 
ance is accentuated in animals that lack choroidal 
pigmentation, where the choroidal vessels are viewed 
against the white background of the underlying sclera. 
The latter appearance is most commonly associated 
with a merle coat colour, and with blue and hetero- 
chromic irides. 

Optic disc 
The normal canine optic disc appears white or pink, due 
to myelination of nerve fibres as they converge to form 
the optic nerve. Although the optic nerve is circular in 
cross-section, the shape of the optic disc may vary as a 
resultof myelin extending into the nervefibre layerofthe 
retina beyond the margins of the optic nerve head. In 

Figurn 14.9 Normal adult canlne tunaus in an Old 
English Sheepdog (right eye with blue iris). 

puppies the optic disc is round, as myelination is a 
postnatal phenomenon. It is not uncommon forthe optic 
dlscto haveanoval, triangularor irregularoutline in adult 
dogs. This excessive myelination is frequently exagger- 
ated in Golden Retrievers and German Shepherd Doqs 
and is termed 'pseudopapilloedema' (~ i&re 14.10). 
This may be distinguished from pathological swelling of 
the optic nerve head by observing the course of retinal 
blood vessels (which should not be deviated over the 
optic disc) and by identification of the normal physiologi- 
cal pit (a small grey spot at the centre of the optic disc). 
Occasionally, asmall glial remnant of the hyaloidvascu- 
lature ('Bergmeistees papilla') may be observed at the 
centre oftheopticdisc. Somedogs havea hyperrefiective 
crescent around the disc, known as conus: this is the 
only instance of 'normal' hyperrefiectivity. Others have.a 
ring of pigment around the disc. 

Figure 14.10 
Normal adult canlne 
fundus demonstrat~ng 
'pseudopapllloedema' 
due to extenslve 
mvellnatlon of the 
I optic disc 

Retinal vasculature 
Dogs possess a holangiotic retina, in which the inner 
neurosensory retina receives a direct blood supply. 
Typically, 3-5 major veins are visible, which converge 
at the optic disc and may anastomose on its surface to 
a varlable degree. The number of major retinal blood 
vessels may vary, as may theextent of thew anastomo- 
ses on the surface of the optic disc. Slightly narrower 
diameter major retinal arterioles emerge at the optic 
disc and follow the course orthe retinal veins. These 
major retinal blood vessels branch as smaller venules 
andarteriolesthroughoutthefundus.Vasculaturetends 
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Figure 14.1 I 
Normal adult 
canine fundus 
demonstrating 
tortuous retinal 
vasculature and a 
small optic disc/ , micropapilla. 

Changes may be observed in the retinal vascula- 
ture in response to systemic disease processes, such 
asanaemia, hyperviscositysyndrome, systemic hyper- 
tension and hyperlipoproteinaemia (see below). 

Haemorrhage 
The appearance of retinal haemorrhages depends on 
their relative depth within the retina. Subretinal haem- 

to curve around, rather than traverse, the area centra- 
lis, dorsolateral to the optic disc. Tortuosity of the 
retinal vasculature may be a normal feature in some 
individuals (Figure 14.1 1). 

General ophthalmoscopic 
abnormalities 

Altered tapetal reflectivity 
Tapetal hyperreflectivity signifies a thinning of the 
neurosensory retina, e.g. due to atrophy or degenera- 
tion. The tapetum is viewed through a thinner layer of 
retinal tissue than normal and, consequently, appears 
brighter, duetoareduction in thedegreeof attenuation 
of reflected light (see Figures 14.20, 14.23and 14.29). 

Tapetal reflectivity may be reduced by disease 
processes that are associated with thickening of the 
retina, e.g. due to folding, detachment, oedema or 
cellular infiltration of the neurosensory retina (see 
Figures 14.16,14.25 and 14.27). 

Altered pigmentation *- 
Lesions within the pigmented region of the fundus which 
result in thickening, oedema, or exudates within the 
neurosensory retina will appear as paler areas against 
the background of RPE pigment (see Figure 14.17). 

Proliferation, migration and aggregation of 
melanocytes and RPE cells within either the tapetal 
or non-tapetal fundus are non-specific responses 
to insult, such as inflammation, injury and degenera- 
tive processes (see Figure 14.29). Black or dark 
brown melanin pigment should be distinguished 
from the lighter brown or tan-coloured lipopigment 
whichaccumulateswithin the RPEof animalsaffected 
by retinal pigment epithelial dystrophy (see below, 
and Figure 14.23). 

Vascular changes 
Attenuation of retinal vasculatureoccurs secondarilyto 
retinal degeneration and is most readily observed in 
the peripheral fundus, affecting the smaller arterioles 
around the optic disc. The major venules 'disappear' 
only in very advanced retinal degeneration (see Figure 
14.20), although theircalibre may be reduced earlier in 
the degenerative process. 

Perivascular cuffing with inflammatory cell infil- 
trates may be observed in chorioretinitis. 

orrhages generally appear very dark red and are often 
diffuseandill-defined; intraretinal haemorrhagesappear 
as small dark round spots (Figure 14.12); superficial 
retinal haemorrhages appear as radial, flame-like 
streaks, reflecting thecourse of axons within the nerve 
fibre layer(see Figure 14.34); preretinal haemorrhages 
may assume a 'keel-boat' shape (Figure 14.12). 

associated with vascular disease and coagulopathy 3ue 
to multiple myeloma in an adult dog. 

Developmental lesions of the retina 
and choroid 

Collie eye anomaly 
As its namesuggests, this congenital disorder is most 
prevalent in the Collie breeds, in particular the Rough 
and Smooth Collie and the Shetland Sheepdog. The 
clinical incidence of this disorder in Collie breeds is 
high, with the reported percentage of affected dogs 
of these breeds ranging from approximately 40% to 
more than 75% depending on geographic location, 
the age group examined and criteria employed in 
the interpretation of disease status (Roberts, 1969; 
Bedford, 1982b; Bjerkis, 1991; Wallin-HBkanson et 
a/., 2000 a and b). However, the incidence of the 
disease in the Border Collie appearsto be much lower 
(Bedford, 1982a). A similar syndrome has been 
described in other breeds, most notably the Lanca- 
shire Heeler(Bedford, 1998)andtheAustralian Shep- 
herd Dog (Rubin eta/., 1991). 

Clinical and pathological features 
Thecharacler sliclesion of collieeyeanomaly (CEA) is 
an area of choroidal hypoplasia (also termed 
chorioretinal dysplasia) lateral to the optic disc. Choroi- 
dal hypoplasia appears, on ophthalmoscopy, as a pale 
patch lateral to the optic disc, within which abnormal 
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choroidal vessels may be observed against a white 
scleral background (Figures 14.13 and 14.14). Abnor- 
mal choroidal vessels may be recognized by their 
altered diameter and irregular distribution, which de- 
parts from the normal, approximately radial, pattern of 
thechoroidalvasculature. Within this region, thechoroid 
isattenuated, has apoorly developedvascularbedand 
lacks pigment (Roberts, 1969). 

Figure 14.1 3 Crloro us liyooplas a n lne r grl e) e oi d 
Ro~gn Co r (Co-rresy ol SR hol npsncirtn 1 

:igure 14.14 
:horoidal 
ivwowlasia and ,, , 
n t ic  disc -r-.- 

:oloboma in the 
right eye of a 
Shetland 
Sheepdog. 

I (Courtesy of 
PGC Bedford.) 
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Embryological studies have implicated faulty oblit- 
eration of the opticvesicleand abnormal differentiation 
of the RPE in the process of impaired differentiation of 
mesodermal, i.e. choroidal andscleral, tissues(Latshaw 
et aL, 1969). 

Choroidal hypoplasia may be accompanied by 
other ocular abnormalities, including optic nerve, or 
peripapillary, coloboma (Figures 14.14 and 14.15) 
(see below) and, as secondary complications, retinal 
detachment and intraocular haemorrhage. In a study 
of the incidence of CEA in Collies in the UK, 34% of 
dogswith choroidal hypoplasia, the essential lesion of 
CEA, had concurrent colobomas; 6% had retinal 
detachment, and approximately 1% had intraocular 
haemorrhage (Bedford, 1982b). Retinal detachment 
and intraocular haemorrhage generally occur within 
the first few years of life. 

in;olving the optlc disc in a BGrder Collie wlth collie eye 
anomaly. (Courtesy of R Elks ) 

CEA is usually a bilateral condition, but the severity 
of the ocular lesions can differ greatly between the two 
eyes of affected individuals. Minor lesions of choroidal 
hypoplasia have little effect on vision, but very large 
colobomatous defects, extensive areas of retinal de- 
tachment or intraocular haemorrhage may lead to 
blindness. Fortunately, bilateral blindnessas a result of 
CEA is not common. 

Heritability and disease control 
CEA has been suggested to be a pleomorphic trait with 
simple autosomal recessive inheritance (Yakely et aL, 
1968; Bedford, 1982b). The findings of recently pub- 
lished studies from Scandinaviasuggest, however, that 
the colobomatous defect may not be inherited directly 
along with choroidal hypoplasia. On the basis of their 
findings, these authors suggested a polygenic inherit- 
ance of CEA (Wallin-Hskanson eta/., 2000a and b). 

Control of CEA by selective breeding has proved 
difficult for several reasons. Ophthalmoscopic diagno- 
sis in mature dogs may be confounded by the 'go- 
normal' phenomenon, in which regions of choroidal 
hypoplasia are obscured by postnatal tapetal matura- 
tion in a proportion of affected dogs. For this reason, 
screening of litters of puppies at approximately 6-7 
weeks of age, prior to tapetal developmeilt, is advised. 
Ophthalmoscopicdiagnosisof small areas of choroidal 
hypoplasia may prove challenging in dogs with a 
subalbinoticfundus, particularly in merleanimals.Very 
small optic nerve colobomas may prove difficult to 
distinguish from the normal physiological pit, particu- 
larly in very young puppies. 

Nonetheless, clinically affected dogs, regardless of 
how mildly they may be affected, should not be in- 
cluded in breeding programmes. Unfortunately, the 
prevalence of this disease in the Rough and Smooth 
Collie and Shetland Sheepdog breeds means that an 
extremely large proportion of the breeding stock are 
genetically affected. 

In future, the developm&it of a molecular genetic 
test may enable carrier animals to be identified. How- 
ever, at present, efforts to reduce the incidence of CEA 
mustrely on the identification of affected animals by 
ophthalmoscopic screening. 
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Retinal dysplasia 
Retinal dysplasia may be defined as abnormal retinal 
differentiation with disorderly proliferation and dis- 
oroanization of retinal lavers. The condition is charac- 
tehzed histopathologi~ally by folding and rosette 
formation within the neurosensory retina (O'Toole 
ef aL,1983). Retinal dysplasia in dogs may arise 
spontaneously, or may be acquired as a result 
of external insults to the developing retina, such 
as systemic infections (e.g. canine herpesvirus); 
X-irradiation; vitamin A deficiency; and a range of 
intrauterine insults (Percy ef a/., 1971 ; Narfstrom 
and Ekesten, 1999). The lesions of retinal dysplasia 
may occur in isolation, or in conjunction with other 
congenital ocular defects, such as microphthalmos, 
or in association with systemic abnormalities, such 
as skeletal dysplasia, as reported in Labrador 
Retrievers and Samoyeds with short-limbed dwarfism 
(Carrig eta/., 1977; Meyers eta/., 1983). In dogs, 
retinal dysplasia occurs most frequently as a primary 
genetic disorder. 

Clinical features 
Three major forms of retinal dysplasia are recognized 
clinically: 

In the mildest form, focal or multifocal retinal 
dysplasia, dysplastic lesions appear as single or 
multiple greyish vermiform linear streaks and 
small circular lesions which are most frequently 
observed as regions of reduced reflectivity within 
the tapetal fundus dorsal to the optic disc (Figure 
14.16). Lesions of retinal dysplasia are generally 
observed in the region of the dorsal retinal blood 
vessels, although, occasionally, dysplastic lesions 
may be visible within the pigmented non-tapetal 
fundus (Figure 14.17). The lesions of focal or 
multifocal retinal dysplasia generally remain static, 
although, occasionally, they may become less 
obvious with time, or they may become more 
clearly demarcated by the development of 
adjacent hyperreflective or hyperpigmented areas. 
In geographic retinal dysplasia, larger, 
circumscribed horseshoe-shaped or approximately 
circular areas are typically observed within the 
tapetal fundus, generally in close association with 
the dorsal retinal vasculature. The abnormal, 
dysplastic areas may include regions of retinal 

Figure 14.16 
Multiple retinal 
folds within the 
tapetal fundus of 
an American 
Cocker Spaniel 
with rnultifocal 
retinal dyspiasia. 
(Courtesy of NC 
Buyukrnihci.) 

I 
Figure 14.1 7 
Multiple retinal 
folds within the 
non-tapetal 
fundus 
associated with 
rnultifocal retinal 
dysplasia. 

detachment, and there may be tapetal 
hyperreflectivity and hyperpigmentation (Figure 
14.18). As with multifocal retinal dysplasia, the 
appearance of these lesions may alter throughout 
life. Generally, geographic lesions become more 
obvious with the passage of time. This may be 
due to increased tapetal hyperreflectivity, and 
greater distinction between the dysplastic region 
and the adjacent, normally differentiated, retina 
related to altered pigmentation within, and at the 
margins of, the lesion. In addition, focal or total 
retinal detachment or intravitreal haemorrhage 
may occur as infrequent complications of retinal 
dysplasia in affected dogs, within the first few 
years of life (Lavach eta/., 1978). 

1 
Figure 14.18 
Area of 
geographic 
retinal dysplasia 
within the taoetal 
fundus of an 
adult Engllsh 
Spr~nger Span~el 

In the most severe form, total retinal dysplasia, 
there is congenital infundibular detachment, or 
non-attachment, of the retina, which is seen as 
greyish folds floating behind the lens. 

In its mildest form, retinal dysplasia usually does 
not affect vision. However, geographic retinal dys- 
piasia may lead to significant visual impairment. The 
lesions of retinal dysplasia may be unilateral or bilat- 
eral. Total retinal dysplasia invariably results in blind- 
ness, and is frequently associated with a 'searching' 
nystagmus. Secondary complications associated with 
retinaldysplasiaincludeintraocular haemorrhage, cata- 
ract and secondary glaucoma. 
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Heritability and disease control eta/., 1999), togetherwith laterexamination which may 
Primary retinal dysplasia may occur sporadically in any help in distinguishing mismatched growth from genu- 
breed; however, those breeds which are presently con- ine dysplasia and may help to ensure that.lesions of 
sidered by the British Veterinary AssociationlKennel geographic retinal dysplasia do not go undetected. 
Clubllnternational Sheepdog Society eye scheme to be 
affected by inherited retinaldysplasiain the UKare listed 
in Figure 14.19. A dominant mode of inheritance, with 
incomplete penetrance, has been suggested for both 
the multifocal form of retinal dysplasia identified in field 
trial Labrador Retrievers in the USA (Nelson and 
MacMillan, 1983) and the more severe retinal dysplasia 
associated with short-limbed dwarfism in Labrador 
Retrievers (Carrig et a1.,1988). With these exceptions, 
a simple autosomal recessive mode of inheritance 
has been proposed for retinal dysplasia in all affected 
breedsthathave been adequately studied (Rubin, 1968; 
MacMillanand Lipton, 1978; Schmidt eta/., 1979; Meyers 
eta/., 1983; Long and Crispin, 1999). 

form of retinal dysplasia I Breeds affected 
MJ I loca Joca I Amer can Coc<ecer Span el 

I Cavalier Kina Charles Soaniel I 

Geographic 

Total 

English springer spaniel 
Golden Retriever 
Hungarian Puli 
Labrador Retriever 
Roitweiler 
Cavalier King Charles Spaniel 
English Springer Spaniel 
Golden Retriever 
Labrador Retriever 
Bedlington Terrier I Enolish Sorinaer Soaniel 
 airi id or ketieve; ..... 
Sealyham Terrier ..-..,. . .~,>, . . 

Fiaure 14.19 Breeds considered to be affected bv 
inherited retinal dysplasia in the UK. 

Diagnostic problems 
As with many forms of retinal disease, problems exist 
in the interpretation of ophthalmoscopic findings. In 
particular, areas of focal, multifocal or geographic 
retinal dysplasia associated with tapetal reflectivity 
and hyperpigmentation may prove difficult to distin- 
guish from postinflammatory lesions. In breeds 
which are known to be affected by inherited forms of 
retinal dysplasia, e.g. the English Springer Spaniel, 
lesions of this tvoe should be viewed with susoicion. ~ - - ~ -  ~- ~ ~ 

~ , , ~ ~  ~ 

especially if bilateral and closely associated with the 
dorsal retinal vasculature. 

Transient retinal folds may be observed in imma- 
ture dogs of any breed, possibly as a result of disparity 
between the rates of growth of the tissues of the 
neurosensory retina and outer layer of the optic cup. 
However, these disappear with age. Results of an 
investigation conducted in a number of affected breeds 
in the USA suggested that lesions of retinal dysplasia, 

Acquired disease of the retina 

Inherited retinal dystrophies and 
degenerations 

Generalized progressive retinal atrophy 
Generalized oroaressive retinal atroohv 1aPRA) is an . , ~- 
important inherired cause of blindness in pedigree 
dogs. gPRA is a general term encompassing a range 
of different diseases in which rod and/or cone 
photoreceptors either fail to develop normally (photo- 
receptor dysplasia) or degenerate prematurely follow- 
ina normal oostnatal DhOtOreCeDtOr maturation 
(photoreceptdr degenerations). ~ h e s e  genotypically 
and phenotypically heterogeneous disorders are all 
characterized by a bilateral degeneration of the neuro- 
sensory retina, with gradual loss of vision that invari- 
ably leads to complete blindness. With the exception of 
X-linked PRA, which has been described in a strain of 
Siberian Huskies in the US (Zeiss et aL, 1999), most 
formsof gPRAdemonstrateasimpleautosomal reces- 
sive mode of inheritance. 

Clinical features:Typically, gPRA is first recognized 
as night blindness (nyctalopia), with subsequent pro- 
gression to complete blindness, even under bright 
lighting conditions. Both the age of onset of clinical 
signs and the rate of progression of loss of vision differ 
between breeds and between affected individuals. 
Specific breed-related differences in clinical presenta- 
tion have been reviewed in detail elsewhere (Curtis, 
1988; Millichamp, '1990; Clements et a/., 1996; 
Narfstrom and Ekesten, 1999). e 

Characteristic ophthalmoscopic findings, irrespec- 
tive of the form of gPRA, include retinal vascular 
attenuation andtapetal hyperreflectivity (Figure 14.20). 
Progressive attenuation of the superficial retinal vas- 
culature, initially recognized as a reduction in the 
number of, and narrowing of, the retinal arterioles, 
proceeds to a loss of retinal venules in the later stages 
of the disease process. 

Figure 14.20 
Generaiized 
progressive 
retinal atrophy 
in a Miniature 
Poodle with 
pronounced 
attenuation of 
the retinal 
vasculature. 

in particular thegeographic form, may not be ophthal- 
moscopically visible until animals are6-18 months old 
(Holle eta/., 1999). However, as previously described, 
multifocal forms may become less obvious as animals 
mature. The screening of puppies has, therefore, been 
recommended at 4-6 and 10-12 weeks of age (Crispin 
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In the early stages of the degenerative process, 
altered granularity or coloration, often in a radial, or 
striate, pattern, may be noted within the peripheral 
tapetal fundus. Subsequently, tapetal hyperreflectivity 
develops as a result of thinning of the neurosensory 
retina. Although the primary defect in gPRA lies within 
the photoreceptors, RPE atrophy or hypertrophy with 
intraretinal migration of RPE cells may be observed in 
very advanced stages of the disease. This leads to a 
mottled appearance of the non-tapetal fundus (Figure 
14.21), which has been described as 'pavementing' 
(Narfstrom and Ekesten, 1999). 

Secondary cataract formation is a common finding 
in advanced cases of gPRA, hence the importance of 
evaluating retinalfunction, particularly in 'at risk'breeds, 
prior to embarking on cataract surgery (Millichamp, 
1990; Narfstrom and Ekesten, 1999). 

Breed incidence and disease control: Figure 14.22 
shows those breeds that are currently listed in the UKas 
being affected by gPRA, by the British Veterinary Asso- 
ciation1Kennel Clubllnternational Sheepdog Societyeye 
examination scheme. It should, however, be noted that 
the incidence of gPRA in a large number of other breeds 
of doa is ~resentlv under investiaation bv veterinaw 
ophth;?lmdlogists, both in the U< and wbrldwide. IA 
addition to the breeds listed in Figure 14.22, the inci- 
dence of gPRA in the Australian Cattle Dog, the Mini- 
ature Smooth-haired Dachshund, the Irish Wolfhound, 
the Japanese Akita, the Papillon and the Golden 
Retriever remains under investigation by the BVAIKCI 
ISDS eye scheme in the UK. Information on breeds 
affected by inherited retinal degenerations in other 
countries can be obtained by consulting the literature 
of the appropriate eye disease screening scheme 
(e.g.'Ocular Disorders Presumed to be Inherited in 
Purebred Dogs'. ~ublished in the US bv the Genetics 
Committee of the American college.of Veterinary 

Ultimately, secondary optic nerve atrophy may also Ophthalmologists). In the UK, gPRA is most commonly 
be observed. Pupillary light responses may be re- encountered in the Toy and Miniature Poodle, the Lab- 
duced, and the pupils of affected dogs frequently rador Retriever and the English Cocker Spaniel. 
appear relatively dilated under normal lighting condi- 
tions. However, itshould be borne in mind that pupillary Early diagnosis: In those canine breeds in which 
light reflexes may be retained long after functional electrophysiological changes associated with photo- 
vision has been lost. receptor degeneration have been adequately charac- 

Figure 14.22 Breeds considered to be affected by progressive retinal degeneration related to primary inherited retinal 
disease in the UK. (csnb = conoenital stationarv niaht blindness: rcd = rod-cone dvswlasia; erd= earlv retinal . .. . . 
oegercrar on, ro = roo oysp nsa. pa - pnororeceplor a,ss 6sa prcu = progress $ e  120-conc oegcncrar on) Mom-ar 
yenel c DhA-oasea lesrs >re c-rrert'y a .a  ac n cornrncrc a , n lrosc owos A I  cn are nurneo o) at' aslei zn 
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terized, early diagnosis of gPRA may be made in ad- 
vance of the development of ophthalmoscopically vis- 
ible fundic changes by means of electroretinography 
(Acland, 1988). 

This diagnostic modality is of particular value in 
those breeds which are affected by the later-onset 
photoreceptor degenerations. For example, prcd- 
affected Miniature and Toy Poodles may not demon- 
strate clinical signs of retinal degeneration until they 
reach middle age, by which time they may have pro- 
duced both affected and carrier offspring. 

On the other hand, specialist ERG studies can 
detect affected dogs at 18 months of age. However, the 
complex, time-consuming protocol required means 
that ERG diagnosis of gPRA is not commonly per- 
formed and has not been widely adopted as a means 
of control of gPRA in the UK. 

Molecular genetics: In recent years, significant 
advances have been made in the understanding of the 
molecular genetics of canine gPRA (Petersen-Jones, 
1998; Petersen-Jones, 1999). A mutation in the gene 
which encodes the P-subunit of cyclic guanosine 
monophosphate phosphodiesterase (cGMP-PDE) has 
been identified in gPRA-affected Irish Setters, which 
has allowed the development of a DNA-based diag- 
nostic test for the disease in this breed (Clernents et 
a/., 1993). Recently, a mutation in the a-subunit of 
cGMP-PDE has been identified and characterized 
asacauseof gPRA in Cardigan Welsh Corgis (Petersen- 
Jones eta/., 1999; Petersen-Jones and Zhu, 2000), 
and a further mutation in the P-subunit of cGMP-PDE 
has been identified as a cause of gPRA in the Sloughi 
breed (Dekomien eta/., 2000). 

Breeding studies involving Toy and Miniature 
Poodles, Labrador Retrieversand EnglishCockerSpan- 
iels have demonstrated that the later-onset form of 
gPRA obsetved in these breeds, known as progressive 
rodxone degeneration (prcd), is inherited at acommon 
genetic locus. Linkage analysis studies have mapped 
the gene responsible for prcd - paving the way for a 
DNA-based diagnostic test for gPRA in the Labrador 
Retriever, English and American Cocker Spaniel and 
Portuguese Water Dog, although the specific genetic 
mutation responsible for gPRA in these breeds has not 
yet been identified (Acland etaL, 1998). 

In addition, many candidate genes (canine homo- 
logues for many of the genes known to be associated 
with retinal degenerations in other species) have been 
excluded as causal genes for gPRA in a number of 
other dog breeds. 

Retinal pigment epithelial dystrophy 
Retinal pigment epithelial dystrophy (RPED) is a pro- 
gressive retinal degeneration, previously known ascen- 
tral progressive retinal atrophy (CPRA), that has been 
described in several breeds of dog in the UK. These are 
the Cocker Spaniel, the Border Collie, the Golden and 
the Labrador Retriever, the Smooth and the Rough 
Collie, the Briard (Barnett, 1969, 1976; Bedford, 1984) 
and the Polish Lowland Sheepdog or Nizzini (Watson et 
aL, 1993). Although this breed predisposition implies an 
inherited basis for the disease, a specific mode of 
inheritance has not yet been elucidated. 

Pathological features: Characteristic histopathologi- 
cal findings in this disease include an accumulation of 
autofluor&cent lipopigment within the cells ofthe RPE 
(Lightfoot eta/., 1996). It is thought that auto-oxidative 
processes may play a role in the accumulation of this 
lipopigment. The pronounced clinical and pathological 
similarities which exist between canine RPED and the 
retinopathy associated with deficiency of the important 
antioxidant, vitamin E, are consistent with this hypo- 
thesis. RPED-affected Cocker Spaniels have been 
found to have extremely low plasma levels of vitamin E. 
Acharacteristicneurologicalsyndrome, including ataxia 
and proprioceptive deficits particularly affecting the 
hind limbs, has been demonstrated in a number of 
these dogs (McLellan eta/., 2000). 

Clinical features: Typically, RPED-affected animals 
suffer a slowly progressive loss of central vision. The 
age of onsetand rate of progression of this disease are 
variable, and complete blindnessmay or may not result. 
Clinical signs are generally not apparent until affected 
animals are 2 to 6 years of age. However, as the early 
stages of RPED are not associated with significant 
visual impairment, it is likely that the disease is fre- 
quently overlooked until later in its course (Parry, 1954). 

The loss of central vision, which is a characteristic 
featureof RPED, meansthat affected animals, although 
still ableto see moving objects, may notbeableto locate 
quite large stationary objects directly in front of them. In 
somecases, the disease may stabilize, with no progres- 
sion from mid-stage for several years, while in others, 
complete blindness may result within 12 months. 

RPED is characterized ophthalmoscopically by the 
appearance of light brown pigment spots and patches 
within the lateral tapetal fundus that progressively 
increase in number, coalesce and become associated 
with patchy areas of tapetal hyperreflectivity and vas- 
cular attenuation (Figure 14.23). Lesions are initially 
more severe within the central region of the tapetal 
fundus, becoming more widespread across the whole 
tapetal fundus as the disease progresses. Optic nerve 
atrophy, pigmentary disturbances within the non- 
tapetal fundus and the development of secondary 
cortical cataract are inconsistentfindings in RPED and, 
if they occur, are generally only recognized in ad- 
vanced stages of the disease process. 
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Management: An ophthalmoscopic diagnosis of 
RPED thus warrants the measurement of plasma 
vitamin E values. Should a diagnosis of vitamin E 
deficiency be made, then high dose oral supplemen- 
tation is recommended, with 600-900 IU of natural 
source vitamin E, administered twice daily with food. 
Although supplementation may arrest the progres- 
sion of retinal and neurological lesions in clinically 
affected animals, this is unlikely to be accompanied 
by an improvement in vision. 

Retinal dystrophy in Briard dogs 
Congenital hereditary retinal dystrophy, characterized 
by night blindness and variable day blindness, has 
been described in Scandinavian Briard dogs (Narfstrom 
etal., 1994), with sporadic reports of the disease in 
Briards in the USA, France and the UK. Low amplitude 
or non-recordable ERGsarediagnosticforthis disease 
in 5-week-old puppies (Narfstrom etal., 1994). How- 
ever, no distinctivefundoscopic changes are observed 
in this disease until animals are at least 2-3 years old. 
Often, a subtle alteration in the tapetal colour (or 
'sheen') is observed, which may be followed by the 
development of focal yellow-white spots throughout 
the fundus (Narfstrom, 1999). 

Although theregenerally appearsto benoevidence 
for continuing deterioration in vision in affected ani- 
mals, histological changes have been shown to be 
progressive. 

Results of a breeding programme conducted in 
Sweden were consistent with a simple autosomal 
recessive mode of inheritance but with varying expres- 
sion, possibly due to the effect of modifying genes on 
the clinical manifestation of the disease. Recently, 
molecular genetic studies have identified a mutation in 
the RPE65 gene, which codes for a protein involved in 
RPE retinoid metabolism, in dogs affected by this form 
of retinal dystrophy (Veske eta/., 1999). 

Other acquired retinal disorders 

Sudden acquired retinal degeneration 
Sudden acquired retinal degeneration (SARD) refers 
to a syndrome recognized in dogs, in which an acute 
onset of blindness is associated with a complete 
absence of photoreceptor activity on ERG. In 
SARD-affected dogs, vision is usually lost within 
days or, at most, within a few weeks of the owner first 
observing that their pet is visually impaired. Most 

from other causes of acute onset blindness in which 
there are no fundoscopic abnormalities, i.e. retrobul- 
bar optic neuritis or CNS disease, by electroretino- 
graphy. In SARD, as the photoreceptorsare no longer 
functioning, the ERG trace is extinguished. 

It has been demonstrated that initial retinal morpho- 
logical abnormalities in SARD are restricted to the 
photoreceptor layer, with subsequent degeneration of 
other layers of the neurosensory retina. However, the 
aetiopathogenesis of the photoreceptor loss observed 
in SARD remains unclear. 

Clinical features: The disorder typically affects mid- 
dle-aged or older dogs (van der Woerdt et al., 1991). 
Dogs of any breed or sex may be affected; however, 
affected animals are often obese, or have a recent 
history of weight gain. In addition, many SARD-affected 
dogs have a history of polyuria and polydipsia. It is not 
uncommon for affected dogs to demonstrate 
haematological or serum biochemical abnormalities, 
such as a neutrophilia, lymphopenia and elevations in 
serum liver enzyme values. A proportion of dogs also 
show abnormal responses to ACTH stimulation or 
dexamethasone suppression tests, suggesting an 
association between SARD and hyperadrenocorticism 
(Holt etal., 1999). 

Unfortunately, there is no treatment for this disor- 
der, with affectedanimals remaining permanently blind. 

Retinal detachment 

Pathological features: The neurosensory retina is 
only firmly attachedtothe underlying tissueat theoptic 
disc and the ora ciliaris retinae; between these points 
the attachment is relatively weak, relying on its close 
apposition totheunderlying RPEandthesupportofthe 
vitreous. Thus, detachment almost always reflects 
separation of the neurosensory retinafrom the RPE. In 
cases with total detachment of the retina, the neuro- 
sensory retina may become disinserted from the ora 
ciliaris retinae peripherally, remaining attached only at 
the optic disc (Figure 14.24). 

detachment of 
unknown cause, 
with disinsertion 

affected dogs demonstrate moderately or widely 
dilated pupils, with decreased or absent pupillary 
light reflexes. In the early stages of the disease 
process, the fundus appears normal on 
ophthalmoscopy, although, over a period of several 
weeks to months, vascular attenuation and alteration 
of tapetal reflectivity become apparent. Ultimately, 
in SARD-affected dogs, degeneration of the neuro- 
sensory retina leads to an ophthalmoscopic appear- 
ance that becomes indistinguishable from advanced 
retinal degeneration associated with other disorders, 
such as gPRA. Congenital retinal detachment (or non-attachment) 

In its early stages, prior to the development of may be recognized in association with disorders such 
fundoscopic changes, SARD may be distinguished as retinal dysplasia or collie eye anomaly (see above). 
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Clinical features: On ophthalmoscopy, areas of de- 
tachment may appear as focal greyish areas within the 
tapetal fundus (with local reduction in tapetal reflectiv- 
ity) (Figure 14.25) or non-tapetal fundus (where they 
appear paler than the surrounding area). More exten- 
sive retinal detachments will no longer be observed 
within the normal plane of the retina and will appearas 
greyish billowing folds, with surface blood vessels 
appearing progressively out of focus as they billow 
towards the observer. In tapetal regions of the fundus 
where the neurosensory retina is absent due to tearing 
or disinsertion, hyperreflectivity may be noted. 

Figure 14.25 
Focal area of 
exudat~ve 
retlnal 
detachment 
dorsal to the 
3pt1c d~sc 

Classification: Retinal detachment in dogs may be 
classified according to the extent of retinal involvement 
as focal, multifocal or total. Focal areas of detachment 
may not beassociated with clinically appreciablevisual 
impairment in dogs, but total detachment is inevitably 
associated with blindness and reduced or absent 
pupillary light reflex in the affected eye. Potential 
secondary complications of retinal detachment include 
intraocular haemorrhage, cataract and glaucoma. 

Acquired retinal detachments may also be classi- 
fied in terms ofthe pathophysiology of the detachment: 

Exudative or serous detachments occur as a 
result of the accumulation of fluid or cellular 
infiltrates within the potential 'subretinal space' 
which exists between the neurosensory retina 
and the RPE, thereby separating the two layers. 
This may occur as a result of choroidal 
inflammatory and vascular disease, and is the 
most common form of retinal detachment 
encountered in small animal patients. Causes of 
exudative, or serous, retinal detachments include 
chorioretinitis, vascular disease related to 
hypertension, hyperviscosity syndrome, diabetes 
mellitus, coagulopathies (see below), neoplasia 
and idiopathic retinal detachment. 

Provided that the underlying cause of 
detachment is addressed, and that retinal tears 
have not occurred, areas of serous detachment 
may reattach and this may be accompanied by 
improvement in vision. However, a variable 
degree of degeneration of the neurosensory 
retina is to be expected when photoreceptors are 
separated from the underlying RPE. 
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Idiopathic serous retinal detachments are 
generally bilateral and appear to occur more 
commonly in German Shepherd Dogs and 
their crossbreeds than in other canine breeds. This 
form of serous retinal detachment often responds 
favourably to immunosuppressive therapy. 
Provided that no specific local or systemic 
disorder can be identified as a cause of retinal 
detachment, oral prednisolone therapy may be 
instituted at an immunosuppressive dose (2 mgl 
kglday, divided into twice daily doses). Perhaps 
surprisingly, although the time which elapses prior 
to reattachment of the neurosensory retina may be 
prolonged, useful vision is often regained in dogs, 
regardless of the subsequent development of 
ophthalmoscopic signs of multifocal or diffuse 
retinal degeneration (Andrew eta/., 1997) 
Occasionally, soliddetachments are observed, 
due to elevation of the retina by solid infiltration, 
particularly by neoplastic cells, of the choroid or 
retrobulbar space 
Traction retinal detachment occurs when bands 
composed of inflammatory andlor fibrotic tissue 
form within the vitreous and subsequently exert 
anterior traction forces on the neurosensory 
retina. Traction retinal detachments are less 
common in small animal patients, although 
they may ensue following trauma, intraocular 
haemorrhage or posterior segment inflammation, 
as a result of the organization of inflammatory 
infiltrates within the vitreous. Unfortunately, this 
form of retinal detachment is rarely amenable to 
medical or surgical therapy in dogs 
Rhegmatogenous detachments are caused 
by tears in the neurosensory retina which 
allow fluid, e.g. liquefied vitreous, to enter the 
potential 'subretinal space'. Subretinal fluid 
is then responsible for dissecting the 
neurosensory retina from the underlying R P E  
Rhegmarogenous detachment is relat vely 
common in doas lHendr x et a/.. 1993). and - ~ , . 
may occur as a result of trauma, or of tearing 
of the thinned neurosensory retina in cases of 
advanced retinal degeneration. Displacement, 
movement or fibroblastic changes within the 
vitreous body may contribute to the formation 
of rhegmatogenous retinal detachments. 
Rhegmatogenous retinal detachment is not 
uncommon in dogs with hypermature cataract 
or lens luxation and may occur as an 
unfortunate postoperative complication 
following cataract surgery. 

Tears in the neurosensory retina may occur in 
dogs with colobomatous lesions of the fundus, 
and these have been implicated in the 
development of retinal detachment in cases of 
collie eye anomaly (Vainisi eta/.,1989). Giant 
retinal tears (i.e. those which involve more than 
25% of the circumference of the ora ciliaris 
retinae) have also been reported to occur in Shih 
Tzus, in conjunction with vitreous degeneration 
and liquefaction (Vainisi and Packo, 1995). 
lntraretinal cystic degeneration, which is a 
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common finding within the peripheral retina of 
elderly dogs, may lead to the formation of splits 
within the neurosensory retina, with separation 
occurring between retinal layers (retinoschisis). 

Surgical repair of rhegmatogenous retinal 
detachment is possible, but is rarely undertaken 
in veterinary patients at present, due to the 
requirement for specialist skills and 
instrumentation (Sullivan, 1997). However, an 
increasing number of veterinary ophthalmologists 
have the facility to perform laser retinopexy at the 
margins of retinal tears, in order to prevent the 
propagation of retinal detachment. 

Chorioretinitis 
Due to the intimate anatomical relationship between the 
retina and underlying choroid, inflammatory disease 
processes rarely affect either structure in isolation. Gen- 
erally, inflammation affects both the choroid and retina 
concurrently and, often, the inflammatory process within 
the choroid is predominant, as reflected in the term 
chorioretinitis. As the choroid is also continuous with the 
structures ofthe anterioruveal tract, chorioretinitis is often 
recognized in association with adegreeof anterioruveitis, 
and has a similar range of causes (see Chapter 10). 

Causes: Causes of chorioretinitis in dogs include 
manv systemic infectious diseases, which are summa- 
r i zed in~ i~ure  14.26; trauma; foreign bodies; immune- 
mediated disorders, such as uveodermatological 
syndrome, discussed in Chapter 10; and neoplasia. 
Specific disorders associated with canine chorioretin- 
itis have previously been reviewed in greater detail by 
Narfstrom and Ekesten (1999). 

Viral 
Canine distemper virus 
Canine herpesvirus . 
Infectious rhinotonsillitis 
Bacterial 
Generalized bacteraemialsepticaemia 
Protozoal 
Toxoplasmosis 
Neosporosis 
Leishmaniasis 
Parasitic 
ioxocariasis 
Angiostrongylosis 
Ophthalmomyiasis infema posterior (dipteran larvae) 
Rickettsial 
Ehrlichiosis . ' 

Rocky Mountain spotted fever 
Mycotic 
Aspergillosis 
Blastomycosis 
Histoplasmosis 
Cryptococcosis 
Co~idioidomycosis 
Geotrichosis. 
Algal 
Protothecos~s 

Figure 14.26 Infectlous causes of chor~oret~n~tls In dogs 

Clinical and pathological features: Chorioretinitis 
may be unilateral or, as is usually the case in systemic 
infectious disorders, bilateral. However, the lesions of 
chorioretinitis are rarely bilaterally symmetrical. In the 
acute stages of chorioretinitis, ophthalmoscopic find- 
ings may include irregular greyish ill-defined areas of 
inflammatory cell infiltrates. These lesions may be 
focal, multifocal or perivascular in location. Cellular 
infiltrates and more diffuse areas of retinal oedema 
may be recognized as areas of reduced reflectivity 
within the tapetal fundus and as pale greyish areas 
within the non-tapetal fundus (Figure 14.27). 

Figure 14.27 
Active 
chorioretinitis 
in a dog with 
distemper. 
(Courtesy of NC 
Buyukmihci.) 

A variable degree of detachment of the neurosen- 
sory retina may occur where inflammation and exuda- 
tion are severe (as discussed in the previous section), 
leadino to im~airment of vision. Severe inflammation 
may i s o  le id to retinal or intravitreal haemorrhage 
(see Figure 14.34) and secondary vitreal involvement 
may lead to vitreous haze or the accumulation of 
inflammatory material within the vitreous, with sub- 
sequent vitreous syneresis. 

Particularly in mycotic disease, well demarcated 
raised subretinal granulomas, with deviation of over- 
lying retinal vasculature, may be observed (Figure 
14.28), although such disorders are rarely encountered 
in dogs in the UK. Chorioretinitis may also beassociated 
with inflammation of the optic nerve (see below). 

Figure 14.28 
Subretinal 
granuloma in a 
dog with ocular 
and systemic 
blastomycosis. 
(Courtesy of NC 
Buyukmihci.) 

In later stages of chorioretinitis, degeneration of the 
neurosensory retina may lead to regions of tapetal 
hyperreflectivity, often associated with well demar- 
cated hyperpigmented foci due to hypertrophy and 
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migration of RPE cells (Figure 14.29). Within the non- 
tapetal fundus, areas of depigmentation may be ob- 
Served. Small localized focal postinflammatory lesions 
in dogs are rarely associated with clinically appreciable 
impairment of vision, and may be observed as an 
incidental finding in dogs with no history of prior ocular 
or systemic disease. However, widespread degenera- 
tionof theneurosensoryretinain moreseverely affected 
patients can lead to permanent severe visual impair- 
ment, or even total blindness. 

toxicities, may lead to retinal haemorrhage. The 
ophthalmoscopic appearance of retinal haemorrhage 
has beendescribedabove. Insomeinstances, intraocular 
haemorrhagecan be the majorpresenting sign of poten- 
tially life-threatening systemic bleeding disorders. 

Systemic hypertension: Systemic arterial hyperten- 
sion, which is generally secondaryto other disorders in 
the dog, such as renal or endocrine disease, but which 
may be primaryoridiopathic, may leadtodiseaseofthe 
retina. choroid and o ~ t i c  nerve. Associated ocular 
abnormalities, such a s k u a l  impairment or intraocular 
haemorrhage, may be initial presentingsigns in affected 
dogs (Sansom and Bodey, 1997). Fundic lesions that 
may be observed in hypertensive dogs include narrow- 
ing of retinal arterioles; retinal, subretinal and vitreal 
haemorrhaaes (Fiaure 14.30): retinal oedema and 
serous detgchmknt and papilloederna. These lesions 
are consistent with the angiographic abnormalities 
which have been demonstrated in hypertensive dogs, 
which include choroidal, particularly choriocapillary, 
ischaemia, arteriolar vasoconstriction and subretinal 
oedema. The response of ocular lesions to appropriate 
ant hypertensive therapy vanes constoerabk and to 
some exlent I IS Ildely lo oe lnfl~enceo by rhe ourallon 

Figure 14.29 Postinflammatory chorioretinopathy in a 
Jack Russell Terrier. 

Management:As chorioretinitis frequently represents 
an ocular manifestation of asystemicdisease process, 
affected animals should be subjected to a thorough 
general clinical examination. The presence of further 
ocular, neurological or other disease signs may arouse 
a high degree of clinical suspicion for a particular 
disorder, e.g. in cases of distemper virus infection. 
Where possible, every effort should be made to inves- 
tigate, identify and address any underlying systemic 
disorder. In those rare cases in which mycotic disease 
is suspected, vitreous paracentesis may allow identifi- 
cation of the fungal organism involved. 

Treatment: Although systemic anti-inflammatory 
therapy isgenerally warranted, systemiccorticosteroids 
are contraindicated in the management of chorioretin- 
itis associated with infectious disease processes; they 
should, therefore, beused withgreatcaution. Systemic 
therapy with non-steroidal anti-inflammatorydrugs may 
be of benefit. 

Retinal vascular disease 
The transparency of the ocular media affords the clini- 
cian an unparalleled opportunity to directly visualize 
abnormalities of the vascular system, non-invasively. 
Retinalvasculardistension, torluosity and haemorrhage 
are examples of relatively commonly observed abnor- 
malities that may be noted on ophthalmoscopic exami- 
nation of the fundus and that may indicate severe 
underlyingsystemicvasculardisease(Lane eta/., 1993). 

Coagulopathies: Quantitative and qualitative disor- 
ders affecting platelet function and disorders of the 
intrinsic and extrinsic coagulation pathways, including 
inherited and immune-mediated coagulopathies and 

and aetiopathogenesis of hypertension in individual 
patients (Villagrasa and Cascales, 2000). 

Figure 14.30 
Retinal 
haemorrhage 
and detachment 
in a 9-year-old 
Labrador Retriever 
with systemic 
hypertension. 
(Courtesy of NC 
Buyukmihci.) 

Hyperviscosi ty syndrome: Blood or serum 
hyperviscosity may occurasa resultof polycythaemia, 
or hyperproteinaemia (e.g. monoclonal gammopathy 
related to multiple myeloma). In such cases, the retinal 
blood vessels may appear tortuous and distended and 
may demonstrate a characteristic 'sausage' or 'box- 
car' appearance, with multiple sacculations due to 
'sludging' of blood. Retinal haernorrhage and detach- 
ment may also be recognized (Figure 14.31, and see 
Figure 14.12). 

Diabetic retinopathy: In contrast to human diabetic 
patients, in whom retinal vascular disease is a major 
cause of blindness, the most common ocular compli- 
cation of diabetes mellitus in dogs is cataract forma- 
tion. However, retinal vascular changes have been 
described in canine patients with long-standing 
diabetes and it would appear that the difference in 
the reported incidence of diabetic retinopathy 
between the species reflects differences in longevity 
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Figure 14.31 NCL has been described in the Miniature Schnauzer 
Retinal vascular (Smith eta/., 1996). It is important to distinguish NCL 
changes, 
haemorrhage from gPRA-affected Tibetan Terriers, particularly 

I and detachment as the neurological signs associated with NCL may 
related to be relatively mild in this breed, with nyctalopia being 
hypervlscosity a prominent clinical sign (Cummings eta/., 1990; Riis 
syndrome ln a et aL, 1992). 
dog with multiple 
myeloma. Vitamin E deficiency 

The long-term feeding of vitamin E-deficient diets to 
dogs leads to the development of a pigmentary retino- 
pathy which is clinically and pathologically indistin- 
guishable from RPED (Riis et a/., 1981). A relative 
deficiency of vitamin E may be encountered in dogs u which are fed poor quality, high fat diets (Davidson et 
a/., 1998), particularly those diets which have a high 
content of polyunsaturated fatty acids. 

Photic retinopathy 
and duration of diabetes. Retinal lesions that have Retinal damage resulting from exposure to intense 
been described in diabetic dogs include micro- light has been well documented in a numberof species 
aneurysms with irregular variations in the calibre of and should be a consideration in patients that may be 
retinal blood vessels and multifocal retinal haemor- exposed to the light of an indirect ophthalmoscope or 
rhages. Ultimately, areas of retinal degeneration with operating microscope for prolonged periods of time. 
associated lapera nyperreflect~vity may become ap- Ophrhalmoscopic and hislopalhological evidence of 
oarenl IBarnelr. 1981: Muiiana. 1995). deoeneralion of the ourer retina has been descr bed 

Lipaemia retinalis: Raised serum triglycerides, in 
particular due. to chylomicronaemia, may result in 
the retinal vessels appearing whiteto pale pink, which 
is most readily appreciated within the peripheral 
blood vessels of the pigmented non-tapetal fundus 
(Wyman and McKissick, 1973; Crispin, 1993). Lipae- 
mia retinalis is not associated with impairment of 
vision, unless sustained or severe; however, this 
fundic abnormality should prompt investigation and 
characterization of the underlying disorder affecting 
systemic lipid metabolism. 

Neuronal ceroid-lipofuscinoses 
The neuronal ceroid-lipofuscinoses (NCL) are a group 
of inherited storage diseases which are well recog- 
nized in animals and in man, in which NCL is often 
referred to as Batten's disease (Jolly etal., 1992). 
These diseases are characterized by an intracellular 
accumulation of autofluorescent lipopigment within 
many tissues throughout the body, in particular in the 
nervous system and retina. Within this heterogene- 
ous group of related disorders, various clinical syn- 
dromes with differing age of onset and clinical course 
are recognized. 

Clinical manifestations of NCL include multifocal 
nervous signs, such as tremors and seizures (due 

in ;he tapetal region of dogs that were subjected to 
illumination from the light source of an indirect ophthal- 
moscope for 1 hour (Buyukmihci, 1981). Use of a 
yellow-tinted, rather than clear glass, condensing lens 
to focus light on the retina prevented the development 
of retinal lesions. 

Neoplasia 
Primary tumours rarely affect the canine posterior 
segment, with choroidal melanoma (Figure 14.32) be- 
ing the most frequently reported primary neoplasm of 
the canine fundus. In contrast to the situation in man, 
canine choroidal melanoma appears to be relatively 
benign, with most reported cases being considered 
melanocytomas (Collinson and Peiffer, 1993). 

I Figure 14.32 
Choroidal 
melanoma in an 

dence of retinal degeneration is not a consistent or 
prominent feature of NCL in dogs. The disease Secondary neoplastic ~nvolvement of the posterior 
has been described in certain breeds, such as the segment, specifically thechoroid, is lesscommon than 
English Setter, the Border Collie, the Tibetan Terrier that of the anterior uvea. Generalized and metastatic 
and the Dalmatian, but in none of these have neoplasms,suchaslymphoma,carcinoma,melanoma 
marked fundoscopic changes been descr~bed. and haemangiosarcoma have, however, all been 
Severe retinal degeneration associated with canine reported at this site. 
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Congenital abnormalities of the 
optic nerve 

Optic nerve hypoplasia 
Optic nerve hypoplasia refers to a marked reduction in 
the number of optic nerve axons, because of reduced 
numbers of retinal ganglion cells. Characteristically 
there is an abnormally small, dark optic nerve head, 
within an otherwise relatively normal fundus (Figure 
14.33). Optic nerve hypoplasia is associated with im- 
paired vision in the affected eye and reduced pupillary 
light reflex, with pupillarydilation (Kernand Riis, 1981). 
Patients with bilateral optic nerve hypoplasia may be 
totally blind. The condition has been reported in a 
number of breeds, and may be inherited in the Mini- 
ature and Toy Poodle. Optic nerve hypoplasia should 
be differentiated from micropapilla, in which a small 
optic disc is also observed on ophthalmoscopy, but 
which is associated with normal pupillary light reflexes 
and apparently normal, functional vision. 

Figure 14.33 
Optic nerve 
hypoplasia in an 
adult crossbred 
dog. (Courtesy of 
SR Hollingsworth.) 

Optic nerve coloboma 
Optic nerve colobomas represent focal absence of 
ocular tissue in the region of the optic nerve that may 
be related to failure, or incomplete, closure of the 
ventral foetal fissure during ocular development. Al- 
though colobomas may be observed sporadically as 
congenital lesions in any breed, they are most com- 
monly recognized indogsaffected bycollieeyeanomaly 
(see earlier), in which they are invariably seen in 
conjunction with lesions of choroidal hypoplasia. Optic 
nerve coloboma is also considered to be inherited in 
the Basenji (Rubin, 1989). 

Colobomas of the optic nerve head range in 
ophthalmoscopic appearance from small greyish 
pits to deep excavations within the optic disc, into 
which vessels may be seen to plunge at the margins 
of the lesion (see Figures 14.14 and 14.15). 'Typical' 
colobomas are located in a ventral midline position 
(i.e. in the location of the foetal fissure) and 'atypical' 
colobomas are located at, or near, the temporal or 
nasal margins of the disc. Colobomas frequently 
have little or no appreciable effect on vision, although 
large defects may be associated with severe visual 
impairment. The presence of optic nerve coloboma 
has been implicated in the development of retinal 
detachment as a complication of collie eye anomaly 
(Vainisi etal., 1989). 

Acquired diseases of the optic disc 
and optic nerve 

Papilloedema 
Papilloedema is a term which refers to an abnormal 
swelling of the optic disc. This may be the result of 
elevated intracraniallcerebrospinal fluid pressure. 
Oedema of the optic disc may also reflect primary 
optic nerve neoplasia (see below); it may result 
from compression of the retrobulbar optic nerve by 
orbital space-occupying lesions, or it may accompany 
systemic hypertension, acute glaucoma or uveitis. 
The affected optic disc appears 'fluffy' and swollen, 
with deviation of the retinal blood vessels as they 
cross the margins of the disc. Papilloedema recog- 
nized on ophthalmoscopy may or may not be directly 
associated with PLR deficits or loss of vision (Palmer 
etal., 1974). 

Optic neuritis 
Optic neuritis (inflammation of the optic nerve) in 
dogs may be due to viral, bacterial, parasitic or 
fungal infectious disease processes, such as canine 
distemper, toxoplasmosis, cryptococcosis or blasto- 
mycosis. Alternatively, it may result from extension 
of local disease processes, such as orbital cellulitis, 
or may reflect granulomatous or neoplastic infiltra- 
tion, for example, in cases of granulomatous 
meningoencephalitis (GME) or lymphoma. However, 
in many dogs affected by optic neuritis, the inflamma- 
tory process is deemed to be idiopathic, and is 
assumed to be immune-mediated on the basis of 
clinical response to immunosuppression. 

Clinical features 
Inflammation of the optic netve usually leads to a 
sudden loss of pupillary light reflexes in association 
with visual impairment, or blindness. Optic neuritis, 
with involvement of the ONH. may lead to ophthalmo- 
scopically visible changes, such as optic disc conges- 
tion and swelling, which is recognized by: 

The absence of a normal physiological pit in the 
optic disc 
Cellular infiltrates within the posterior vitreous 
Haemorrhages within or surrounding the disc 
Peripapillary retinal oedema or detachment 
(Figures 14.34 and 14.35). However, 
inflammation of the retrobulbar portion of the 
optic nerve may lead to pupillary light reflex 
deficits and visual impairment in the absence 
of fundoscopic abnormalities. Bilateral 
retrobulbar optic neuritis should therefore be 
considered as an important differential diagnosis, 
together with SARD (see earlier) and central 
nervous system disorders, in those patients that 
present with a history of blindness of acute onset 
and widely dilated pupils, and that have a normal 
fundic appearance on ophthalmoscopy. 

Diagnosis: Normal ERG responses are maintained in 
patients with retrobulbar optic neuritis, a feature which 
distinguishes this condition from SARD. A thorough 
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doses of corticosteroids may be encouraging in the 
early stages, but the long-term prognosis for restora- 
tion and maintenance of vision is generally poor, as 
optic atrophy frequently ensues. Prednisolone should 
be administered orally at 2mglkglday (divided into 
twice daily doses) for 10-14 days, with the dosage 
being gradually reduced by half attwo-weekly intervals 
until an alternate day maintenance dosage is reached. 
Patientsshould bemonitoredthroughoutthe treatment 
period to ensure that signs of improvement, such as 
resolution of optic disc swelling andlor restoration of 
vision and PLRs, are achieved and maintained (Figure 
14.36) (Nafe and Carter, 1981). 

Figure 14.34 Optic neuritis and chorioretinitis of 
undetermined cause in an adult dog. Note flame-like 
haernorrhages within the nerve fibre layer of the retina. 

Figure 14.35 Optic neuritis in a Cavalier King Charles 
Spaniel with granulomatous rneningoencephalitis. 

neurological examination is warranted, in order to 
detect other neurological abnormalities consistent with 
the presence of CNS disease. 

Orbital ultrasonography is particularly useful in 
those cases of optic disc swelling that are accompa- 
nied by exophthalmos, in which optic nerve neoplasia 
or optic nerve involvement in other orbital disease 
processes is suspected. 

Advanced imaging techniques, such as magnetic 
resonance imaging or computed tomography, may 
detect lesions, such as CNS neoplasia, and may 
demonstrate optic nerve swelling. 

Cerebrospinal fluid (CSF) analysis may be valu- 
able, particularly in those cases in which optic neuritis 
is a manifestation of more diffuse CNS inflammatory 
disease, such as GME, in which the CSF typically 
displays a mononuclear pleocytosis and elevation in 
protein concentration (Thomas and Eger, 1989). CSF 
samples may also be subjected to tests for canine 
distemper, toxoplasmosis or cryptococcosis. 

Management 
In cases of idiopathic optic neuritis, or of suspected 
GME, the response to systemic, immunosuppressive 

Figure 14.36 L n o  c aopearance of 1r.e sarrle eye as 
snoNn n F q,re 14 35 fn on ng mm..r.os.opress ve 
therapy with oral corticosteroid 

The prognosis in those cases of optic neuritis 
related to GME is extremely guarded, as ultimately 
other manifestations of CNS disease occur. However, 
remission may be achieved in response to systemic, 
immunosuppressive dosesof corticosteroids (Thomas 
and Eger, 1989). 

Optic nerve neoplasia 
Optic nerve tumours are uncommon in the dog, 
with meningioma being the most frequently reported. 
The optic nerve may be involved secondarily, by 
local extension or by metastasis of neoplasia from 
other sites. Meningioma may involve the optic nerve 
by secondary extension of intracranial neoplasia, or 
by primary neoplastic transformation of cells within 
theoptic nerve sheath (Mauldin eta!., 2000). Affected 
dogs may present with slowly progressive exophthal- 
mos, accompanied by loss of vision and pupillary light 
reflex deficits. Orbital exenteration may be curative, 
although intracranial and chiasmal extension and 
pulmonary metastasis of primary optic nerve menin- 
giomas have been reported (Barnett and Singleton, 
1967; Paulsen eta/., 1989; Dugan eta/., 1993; Mauldin 
eta/., 2000). 
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Optic atrophy 
Optic atrophy may occur as a result of a previous 
episode of optic nerve inflammation; a traumatic inci- 
dent (particularly as a common sequel to prolapse or 
proptosis of the globe); previous optic nerve compres- 
sion (e.g. by space-occupying lesions within theorbit); 
or as a result of an elevation in the intraocular pressure 
associated with glaucoma (which leads to optic disc 
'cupping'). The atrophic ONH appears grey and dark, 
with loss of myelin leading to an irregular, crenated 
appearance, and loss of blood vessels (Figure 14.37). 

Figure 14.37 Advanced op tc  atrophy and g ia l  scarrng 
following optic nerve trauma. 
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The feline fundus 

Joan Dziezyc and Nicholas J. Millichamp 

Anatomy and physiology 

The anatomy of the feline posterior segment is similar 
to that of the other domestic species, but the normal 
feline fundus shows less variation than the normal 
canine fundus. The sensory (neural) retina is found 
closest to the vitreous, with the ganglion cell layer 
nearest the vitreous and the layer of rods and cones 
(photoreceptors) nearest to the sclera. Adjacentto the 
photoreceptors is the one-cell layer of the retinal pig- 
ment epithelium (RPE). In the non-tapetal fundus, this 
layer normally contains melanin granules. In the tap- 
eta1 fundus, the RPE is non-pigmented. 

The next layer is the choroid, which consists of 
choriocapillaris, tapetum, and large blood vessels. The 
tapetum is only found in the dorsal fundus. It is a 
reflectivestructure, consisting of stacksof riboflavin-rich 
tapetal cells - the iridocytes; its purpose is to enhance 
light gathering by reflecting light back to the 
photoreceptors. The majority of the choroid consists of 
numerous large vessels which radiate from the optic 
nerveand which may be seen in somefundi asa striped 
pattern on the white background of the sclera. The 
choroid is usually pigmented, except in blue-eyed cats. 

The most external layer isthesclera. This isaflbrous 
layer to which the extraocular muscles of the eye are 
attached and is continuous with the cornea anteriorly. 

The optic nerve head (optic disc) is found in the 
tapetal fundus. It is unmyelinated and therefore circu- 
lar, smaller than the canine disc, and greyish in colour. 
Three paired major retinal arterioles and veins extend 
into the retina from the peripheryof the optic disc. One 
vessel pairrunsdorsally and theothertwo runventrally: 
one medially and one laterally. Small arterioles also 
extend from the disc between the three major vessels. 

The area around the optic nerve may be darker or 
more reflective than the rest of the tapetal fundus 
(Figure 14.38). The tapetum itself is usually yellow- 
green, with less variation in size than in dogs. The non- 
tapetal fundus isdark brown. In blue-eyed cats with the 
Siamesecoatcolour pattern (e.g. Siamese, Himalayan) 
there is often a yellow-green tapetum but the RPE in 
the non-tapetalfundus is not pigmented and the normal 
'tiger-striping' of the choroidal vessels is seen against 
the white of the sclera. In other blue-eyed cats there is 
no tapetum and no RPE pigment and the entire fundus 
showsthe'tiger-striping'ofthechoroidalvesselsagainst 
the white sclera (Figure 14.39). These two fundic 
variations are known as subalbinotic fundi. Cats with 

Figure 14.38 
A normal fundus 
In a cat. 

Figure 14.39 
A normal 
subalbinot~c 
fundus in a 
Siamese cat 

I (Courtesy of SM 
Cr~spin ) . 

chocolate coats (e.g. Burmese) may have a tigroid 
fundic pattern in the non-tapetal fundus, with choroidal 
blood vessels seen against a background of brown 
choroidal pigment (Rubin, 1974; Barnett and Crispin, 
1998; Glaze and Gelatt, 1999). 

The area centralis is the cat's equivalent of the 
human macula. It is located dorsolateralto thediscand 
contains the highest concentration of cones in the 
retina. Sometimes the norm?! tapetum in thisarea may 
look slightly more granular dr greener than the rest of 
the tapetum. 

The ora ciliaris retinae and ciliary processes can 
often bevisualized when performingfelinefundoscopy 
through a dilated pupil. 
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Developmental diseases 

Developmental diseases of the posterior segment of 
cats are rare, but several have been described. Per- 
sistent hyaloid artery is rare in cats (Ketring and Glaze, 
1994; Barnett and Crispin, 1998; Glaze and Gelatt, 
1999). Persistent hyperplastic tunica vasculosa lentisl 
persistent hyperplasticprimaryvitreous (PHTLVIPHPV) 
has been rarely reported; it is associated with persist- 
ent pupillary membrane remnants and corneal and 
lens opacities (Allgoewer and Pfefferkorn, 2001). 

Coloboma 
A coloboma is a congenital defect in which tissue is 
missing. Congenital defects in the optic nerve head 
have been reported, and are seen as.pits (single or 
multiple) affecting varying percentages of the optic 
nerve head (Bellhorn etal., 1971). Optic nerve head 
colobomas do not usually affect vision unless they are 
very extensive. 

Retinal dysplasia 
Retinal dysplasia is the abnormal development of the 
retina that produces the characteristic pathology of 
retinal folds, rosettes or areas of degeneration. It isvery 
uncommon in the cat and has only been described in 
association with perinatai infection with feline pan- 
leukopenia virus or experimental infection with feline 
leukaemiavirus (FeLV) (Percy etal., 1975; Albert etal., 
1977). In the non-tapetal fundus, dysplasia is seen as 
depigmentedareas. Inthetapetalfundus, thedysplastic 
areas can look darker than the surrounding fundus or 
can be hyper-reflective in regions of degeneration. 

Optic nerve aplasia 
Optic nerve aplasia has been reported in a cat in which 
there was no evidence of optic nerve or retinal vessels 
on fundic examination (Barnett and Grimes, 1974). 

Acquired diseases 

Most of the retinal disease seen in cats is acquired. It 
can be divided into three categories depending on the 
clinical signs: 

Non-inflammatory degenerative disease: Lesions 
are seen as bilateral symmetrical changes in the 
fundus. Degenerations may be hereditary or 
associated with nutritional deficiencies or toxicity 
to the retina. In their final stages, all of these 
cause diffuse changes throughout the fundus. In 
the early stages, changes may be localized or 
best seen in only one part of the fundus 
Inflammatorydisease:Lesionsare usually multifocal, 
asymmetrical and of varying size, and can be found 
anywhere in the tapetal or non-tapetai fundus. 
- Active inflammatory lesions in the tapetal 

fundus are seen as hyporeflective areas, 
which are dull green, white, or grey; the 
edges appear fuzzy. In the non-tapetal area, 
lesions are hypopigmented, either white or 
greyish. Retinal detachments are seen as 

elevated areas. Perivascular cuffing may be 
seen as fuzzy white opacities surrounding or 
running alongside retinal vessels. This is best 
appreciated in the non-tapetal fundus, 
especially with smaller-calibre vessels. Active 
lesions are hyporeflective or hypopigmented 
because cells and fluid are infiltrating the 
retina or are collecting between sensory 
retina and RPE. The retina becomes 
thickened and oedematous, and therefore 
absorbs and scatters more light. Thus the 
reflection from the tapetum is dulled and the 
RPE in the non-tapetal fundus is obscured. 

- Chronic, inactive inflammatory lesions in the 
tapetal fundus are seen as hyper-reflective 
areas with sharp edges. Hyper-reflectivity is 
seen as an area that looks bright - often like 
a mirror - when seen at certain angles. 
However, when the light is coming from a 
different angle, the lesion will look dark or 
greyish. This is a feature of the appearance of 
focal retinal degeneration that is especially 
evident in cats. lnactive lesions are hyper- 
reflective because retinal thinning occurs after 
the active pathology ceases. With retinal 
thinning, there is less scatter of light by the 
retina and more light is reflected back from 
the tapetum to the observer. 

Pigment may be seen within the areas 
of hyper-reflectivity in the tapetal fundus. 
lnactive lesions in the non-tapetal fundus 
can be either depigmented (whitish) or 
hyperpigmented (very dark brown), or, often, 
a combination of both. The edges of the 
lesion are sharply demarcated and the 
lesions look flat. Colour changes are a result 
of RPE changes (loss of pigment andlor 
increased pigmentation due to RPE 
hyperplasia or hypertrophy). Whatever the 
cause of the lesion, it is no longer active and 
there is usually no way of determining the 
aetiological agent. 

If the lesion is chronic and inactive, 
no further time need be spent on the 
problem. On the other hand, if the lesion 
is active, an attempt should be made to 
determine the aetiology. If a diagnosis is 
made, the underlying disease process, 
which is frequently a systemic problem, 
should be treated whenever possible. If no 
diagnosis is made, then non-specific 
anti-inflammatory drugs can be used to 
suppress the inflammation. 

Retinal detachment: This occurs between the 
neural retina and the RPE, with attachment 
usually remaining at the optic nerve and the ora 
ciliaris retinae. The retina can often be seen as a 
billowing grey sheet with blood vessels just 
behind the lens. Total retinal detachments can 
usually be diagnosed with a penlight. Indirect , 
ophthaimoscopy will, however, give a better view 
of the detachment, and haemorrhage or 
inflammatory exudates can be seen more readily. 
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Non-inflammatory fundic diseases 

Taurine deficiencylfeline central retinal 
degeneration 
The cat has an essential requirement for the amino 
acid taurine. Taurine deficiency has been associated 
with a well described syndrome of retinal degeneration 
(Aguirre, 1978) as well as, more recently, cardiomyo- 
pathy (Pion eta/., 1992). 

Clinically, the earliest obvious lesion of taurlne defi- 
ciency isan elliptical areaof hyper-reflectivityatthearea 
centralis (dorsolateral to the disc) in both eyes (Figure 
14.40). With continued taurine deficiency, this area 
increases in size. Then asimilar lesion begins toappear 
in the medial tapetal fundus, dorsal to the disc:As the 
two lesions grow, they become confluent and extend 
horizonrally across the f~ndus above the disc (Figlrre 
14.41) (Bellhorn eta/., 1974). Thisareaincreasesinsize 
until the entire tapetum becomes hyper-reflective, reti- 
nal vessels become markedly attenuated, and the optic 
disc appears dark (Barnett and Burger, 1980). 

Figure 14.40 
An early lesion 
of taurine 
deficiency in a 
Siamese cat. 
Note the hyper- 
reflectivity in the 
area centralis. 

3 
Figure 14.41 
A later lesion of 
taurine deficiency 
in a domestic 
shorthair. There 
is a horizontal 
area of hyper- 
reflectivity 
extending dorsal 
to the optic disc. 
(Courtesy of SM 
Crispin.) 

Cats with early taurine deficiency lesions do not 
appear to have any decrease in vision clinically, 
although electroretinograms (ERGS) performed at this 
time show a marked decrease in cone function. Later, 
a marked decrease in rod responses is also seen 
(Rabin et a/., 1973; Glaze and Gelatt, 1999). The 
electrophysiological data suggest that the cones are 
initially more involved in the disease. However, there is 
evidence that the distribution of lesions histologically, 
which progresses from the central area of retina to a 
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circumferential band of degeneration around the peri- 
phery of the retina, cannot be entirely explained by the 
distributionof conesin thefelineretina(Le0n etaL,1995). 

Taurine deficiency retinopathy has been seen most 
commonly in cats exclusively fed dog food (Schmidt et 
a/., 1976; Aguirre, 1978). Dog food may have very low 
levels of taurine, as it is not an essential amino acid for 
the dog. If taurine is supplemented at any point in the 
course of the disease, no further progression will be 
seen.Although ophthalmoscopiclesionsdonotchange, 
there isan improvement in retinal function asassessed 
by the ERG. 

Underexperimentalconditions, ittakes4-12months 
for cats fed taurine-deficient diets to develop ophthal- 
moscopically detectable signs of retinal degeneration. 
Changes in the ERG are apparent after about 10 
weeks (Rubin and Lipton, 1973). Normal retinal taurine 
levels are maintained until liver reservesare near zero. 
Differences in onset of disease may be correlated with 
differences in liver taurine reserves or difference in 
sensitivity to a dietary deficiency of taurine. 

Feline central retinal degeneration (FCRD) is a 
clinical entity described as a bilateral elliptical area of 
hyper-reflectivity at the area centralis. It is clear that 
taurine deficiency is a cause of FCRD. However, cats 
with a good dietary history can also be seen with 
FCRD. It is possible that these cats also have taurine- 
deficiency retinopathy. They may be particularly sensi- 
tive to taurine deficiency; have had an episode of 
dietarytaurine deficiency in the past, have impaired gut 
absorption of taurine, or it may be that cat foods that 
were presumed to have adequate taurine levels did 
not. In the USA, recommended minimum levels for 
dietary taurine have been raised and, consequently, 
cat food manufacturers have raised the level of taurine 
in cat foods. A cardiologist should examine cats diag- 
nosed with FCRD because of the known association 
with dilated cardiomyopathy. 

Progressive retinal degeneration 
In photoreceptor dysplasia, photoreceptors begin 
to form in the developing retina, but never attain 
normal configuration and, subsequently, they degen- 
erate. The retina normally completes its development 
inthecatduringthefirst3monthsafterbirth(Hamasaki 
and Maguire, 1985; Jacobson et a/., 1987) and 
clinical signs can be detected during this period in 
affected cats. 

Progressive retinal degenerations have been 
described in both purebred and mixed breed cats. It 
is assumed (and proven in the Abyssinian) to be a 
hereditary problem. In cats (as in dogs),these inher- 
ited diseases (which may comprise several genetic 
forms) are collectively referred to as progressive 
retinal atrophy (PRA). 

Abyssinian cats: The Abyssinian suffers from two 
well described formsof inneritgd PRA. One isan early- 
onset photoreceptor dysplasia.'Affected kittens begin 
to develop pupillary dilation at 2-3 weeks, nystagmus 
at 4-5 weeks arid ophthalmoscopically detectable reti- 
nal degeneration at 8 weeks. The tapetal fundus be- 
comes increasingly hyper-reflective, with vessel 
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attenuation. The disease is inherited as an autosomal 
dominant trait and has been described in a closed 
colony of cats in the UK (Voaden eta/., 1982; Curtis et 
a/., 1987). The second form of PRA in the Abyssinian 
isa later-onsetdiseasethat is inherited recessively and 
is common in Scandinavia (Narfstrom, 1983, 1985). 
Definitive clinical signs are first seen at 18 months to 
2 years; a grey tapetal discoloration is seen in the 
midperipheral and peripheral fundus. This progresses 
to hyper-reflectivityand within 3-4yearsthe retinasare 
severely degenerate, with blood vessel attenuation. 
This form of PRA is a degeneration which affects rod 
and then cone photoreceptors, starting in the 
midperipheral fundus. Abnormally immature rod 
photoreceptors are present in the retina as early as 5 
weeks of age, with considerable degeneration evident 
in the rods at 5 months of age. The cones may remain 
largely normal until 2-3 years of age (Narfstrom and 
Nilsson, 1986, 1989). 

Siamese cats: A generalized retinal degeneration 
is seen in older Siamese cats in the UK (Figure 14.42). 
Theaffected animals typically present with visual impair- 
ment at approximately 10 years of age, at which time 
advanced retinal degeneration is present. inheritance in 
these cases has not been proven (Barnett, 1965). 

Figure 14.42 
Progressive retinal 
atrophy in a 
Siamese cat. Note 
the attenuated 
retlna vessels and I the diffuseiv 
hyper-reflective 
tapetum. 

Persian cats: In Persians in the USA, early- and late- 
onset forms of suspected inherited PRA have been 
reported (Rubin and Lipton, 1973; West-Hyde and 
Buyukmihci, 1982). 

End-stage degeneration: A number of diseases may 
progress to end-stage degeneration and any breed 
can be affected (Figure 14.43). Clinically, the cat has 
impaired vision. However, because blind cats can 
function remarkably well in their own surroundings, 
owners often do not realize that the cat is blind. It can 
also be difficult to determine visual function by using 
a maze test. 

On ocular examination, the pupillary light response 
is usually present, but slow and incomplete. The 
tapetal fundus is diffusely hyper-reflective, vessels 
are attenuated to the point where they are almost 
invisible and the optic nerve head looks darker than 
normal. This appearance is identical to end-stage 
taurine deficiency. 

Figure 14.43 End- retinal atrophy in a Siamese 
cat with complete lack of retinal vesseis and optic atrophy. 
This miaht be seen in advanced ~roaressive retinal 
a~ro~ny'al a ale stage cf la,, nc ae'c ency or res.. I ng 
Irorn enrol oxac n-associ?rea .el ra acgeneral on 
(Codnest ol SM Cr sp r i  ! 

Quinolone-associated retinopathy 
An apparent toxic retinal degeneration has been re- 
ported in cats, associated with the use of the antimicro- 
bial drug enrofloxacin (Gelatt eta/., 2001) This is a 
sporadictoxicitywhichoccursincatsgiven enrofloxacin 
near or above the recommended dose of 5mgIkg per 
day, and is particularly associated with parenteral 
administration of the drug. 

Clinical signs include a decrease in vision and an 
acute onset of mydriasis, which is often the first sign 
noticed by owners. Pupillary light reflexes may still be 
present although sluggish and incomplete. The fundus 
may appear normal on examination initially, although 
signs of retinal degeneration can develop within a few 
days of enrofloxacin administration. Signs include in- 
creased tapetal hyper-reflectivity, vascular attenua- 
tion, the presence of rust- to gold-coloured spots 
throughoutthe tapetal fundus, and variable pigmentary 
changes in the non-tapetal fundus. The ERG in af- 
fected cats is extinguished. Although some cats may 
regain some vision if the drug is discontinued immedi- 
ately, others will remain blind. Similar changes have 
been reported experimentally in cats given thequinolone 
orbifloxacin (Kay-Mugford, 2001). 

Anaemic retinopathy 
Anaemia has been reported to be the cause of retinal 
haemorrhages in cats, when blood haemoglobin levels 
are less than 50 g/l (Figure 14.44) (Fischer, 1970). 
Concurrent diseases in these cats included thrombo- 
cytopenia, lymphoma, septicaemia, uraemia and pan- 
leucopenia. Blood pressure measurements were not 
performed. It is certainly possible that other factors or 
underlying disease processes, rather than the anaemia 
per se, were the cause of the retinal haemorrhages. 

inherited enzyme deficiencies 
There have been occasional reports of hereditary 
enzyme deficiency or lysosomal storage disease that 
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haemorrhage in 
the fundus of a cat 
with both a blood 
clotting defect 
and anaemia. 
Note that the red 
blood cells settle 
ventrally in the 
areas of 
haemorrhage. 

affect the retina as well as other body systems. These 
include: alpha-mannosidosis(Blakemore, 1986), which 
is manifested as a dull grey, granular appearance to 
the area centralis; GM,-gangliosidosis (Murray et aL, 
1977), which is associated with focal fundic lesions; 
gyrate atrophy (ornithinase deficiency) resulting in 
generalized retinal atrophy (Valle et a/., 1983); and 
Chediak-Higashi syndrome, manifested as a lack of 
tapetum and decreased pigmentation, allowing cho- 
roidal vessels to be seen (Collier eta/., 1985). 

Inflammatory fundic diseases 
Active inflammatory posterior segment disease is 
described clinically as a chorioretinitis because often 
both layers are involved and, clinically, it is difficult 
to distinguish between choroiditis and retinitis. The 
same disease entities that cause anterior uveitis (see 
Chapter 10) cause posterior uveitis (choroiditis). Cer- 
tain differences in clinical signs between disease 
entitieswill be mentioned, but none is pathognomonic 
fora particular disease (with the possible exception of 
ophthalmomyiasis interna). 

Diagnosis 
Cases of active inflammatory chorioretinitis should be 
investigated further to determine aetiology. The work- 
up of a cat with active chorioretinitis should include a 
complete blood count and differential white cell count, 
biochemistry, urinalysis, feline leukaemiavirus (FeLV) 
and feline immunodeficiency virus (FIV) tests, and IgG 
and IgM antibody titres for toxoplasmosis. 

Other diseases to consider are feline infectious 
peritonitis (FIP) and, at least in tropical and subtropical 
zones, systemic fungal infections. Unfortunately, there 
are no reliable serological tests for FIP or systemic 
mycotic infection. 

The cat should always be screened for other sys- 
temic illness - there are cases where the diagnosis of 
the cause of chorioretinitis can be made based on 
lesions elsewhere in the body that are more accessible 
than the retinaand choroid. For instance, aspirates can 
be taken from enlarged lymph nodes and skin lesions; 
CSF paracentesis is also indicated if neurological 
signs are present. Thoracic radiography, abdominal 
ultrasonography and computerized tomography (CT) 
or magnetic resonance imaging (MRI) may be indi- 
cated in cases of systemic illness (with respiratory, 
alimentary or genitourinary or central nervous system 

signs). In rare cases, anterior chamber, vitreous or 
subretinal aspirates may be indicated for serology, 
although collecting subretinal aspirates carries a sig- 
nificant risk of complications and should not be 
attempted by non-specialists. 

Treatment 
If a cause is determined, this should be treated with 
appropriate systemic drugs (see Chapter 10). If all the 
titres are negative and no other evidence of systemic 
illness is present; and this will be true in a large 
percentage of cases, then systemic corticosteroids 
(prednisolone 1-2 mglkg orally, divided into two daily 
doses) are the tieatment of choice. Only systemic 
drugs, not topical preparations, will reach the posterior 
segment, and the long-term use of non-steroidal anti- 
inflammatory drugs is probably unsafe in cats. When 
the clinical signs of inflammation have subsided, the 
dosage of corticosteroids can be gradually reduced. In 
some animals, the inflammatory signs will disappear. 
However, in other animals, inflammation will recur and 
the cat will need to stay on long-term reduced levels of 
corticosteroids to keep the inflammation under control. 

Cats with inflammatorychorioretinitisshould be re- 
examined periodically to monitorany recrudescenceof 
disease. The possibility of a systemic disease that can 
be worsened by the use of systemic corticosteroids 
must also be kept in mind. If chorioretinitis is accompa- 
nied by anterior uveitis, the lattershould also be treated 
with topical drugs (see Chapter 10). 

Viral diseases 
Feline infectious peritonitis (FIP) causes a pyogranu- 
lomatous inflammation, especially of blood vessels 
(vasculitis). In the posterior segment, this presents as 
retinal perivascular exudates, retinal haemorrhage, 
choroidal exudation (hyporeflective tapetum), focal 
retinal detachments and optic neuritis (FIP also affects 
the central nervous system) (Figures 14.45 and 14.46) 
(Vianisi and Campbell, 1969; Campbell and Reed, 
1975; Campbell and Schiessl, 1978; Andrew, 2000). 

Feline leukaemia virus (FeLV) is described as a 
cause of anterior and posterior uveitis, although little 
has been published on the ocular signsassociated with 
this infection (Brightman eta/., 1991; Corcoran eta/., 
1995). Abnormal lymphocytescan invade the posterior 
segment, causing perivascular cuffing, chorioretinal 
infiltrates, retinal detachment and optic neuritis (Fig- 
ure 14.47). 

Figure 14.45 
Perivascular exudates 
are the most obvious 
feature in the fundus of 
this 14-month-old 
Chinchilla cat with 
feline infectious 
peritonitis. There are 
also some acquired 
retinal folds. indicative 
of subretinal effusion 
and early retinai 
detachment. (Courtesy 
of SM Crispin.) 
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dorsal tapetum of 
this Siamese cat 
with feline 
infectious I ' - xitonitis. 

:horioretinitis with 

?specially dorsal 
o the optic disc. 

FIV seropositii/ity has been associated with the 
developmentof posterior segment signs, including 
retinal perivasculitis andwhite punctate infiltrates in 
the anterior vitreous, most noticeable peripherally. 
These are interpreted as signs of pars planitis 
(English et a/., 1990). FIV can cause ocular signs 
by direct damage to the uveal tract, by causing 
immune reactions and thus secondary damage, or 
by allowing opportunistic organisms such as Toxo- 
plasma gondii to invade the eye (Davidson et al., 
1993; Lappin et a/., 1993). 

Parasitic diseases 

Toxoplasmosis: Toxoplasma gondii has been shown 
to produce retinitis and choroiditis (Figure 14.48), as 
well as anterior uveitis (Vianisi and Campbell, 1969). 
The retina has been reported as the primary site of 
inflammation, but inflammation and organisms can 
also be found in the choroid (Dubey and Carpenter, 
1993; Davidson and English, 1998). The organism is 
transmitted through the ingestion of infected tissues, 
ingestion of oocytes (passed in infected cats' faeces), 
or transplacentally. 

  he inflammatory lesions produced by T. gondiiare 
not, however, pathognomonic. In the past, it was diffi- 
cult to reach a specificdiagnosis of toxoplasmosis. IgG 
antibody titres do not accurately reflect recent disease 
because IgG levels may not become positive until a 
month after infection. Once positive, they can remain 
very highly positive for a least a year: IgM antibody 

Figure 14.48 
Focal inflammatory 
lesions and retinal 
folds in a domestic 
shorthair with 
toxoplasmosis. The 
retinal folds are 
indicative of 
subretinal effusion 
and early retinal 
detachment. The 
cat also had mild 
vitritis. (Courtesy of 
SM Crispin.) 

titres have been used to diagnose recent infection with 
T. gondii more accurately. IgM antibodies are pro- 
duced within 2 weeks post-infection and become nega- 
tive by 16 weeks. IgM titres of > I  :256 indicate recent 
infection (Lappin eta/., 1989a,b). In most cases, cats 
only become sick with recent infection, although clini- 
cal relapse can occur in immunosuppressed animals. 

Clindamycin (12.5-25 mglkg orally twice a day for 
2 weeks) has been suggested as the treatment of 
choice for toxoplasmosis, although it may not control 
ocular signs, and recent work has indicated that it may 
exacerbatethedisease (Chavkin etal., 1992; Davidson 
and English, 1998). Corticosteroids should not be used 
to treat cases of chorioretinitis in cats with toxoplasmo- 
sis, in view of the risk of exacerbating generalized 
disease that often accompanies chorioretinal involve- 
ment in the disease (Davidson and English, 1998). 

Animals with toxoplasmosis should have their 
FIV status tested. FIV, being an immunosuppressive 
agent, may reactivate latent T. gondii infections. A 
strong association between FIV-positive status and 
positive T. gondiititres has been demonstrated. How- 
ever, FIV-positive animals may have an impaired 
antibody response, making diagnosis of toxop!asmo- 
sis difficult. Animals that are FIV-positive may also 
respond poorly to treatment for toxoplasmosis 
(Davidson and English, 1998). 

Ophthalmomyiasis interna posterior: Aberrant 
migration of parasites in the posterior segment has 
been described in several cats. The lesions, which are 
considered pathognomonic, consist of curvilineartracks 
of uniform width, resembling a road map. In the tapetal 
fundus, the tracks can be darker than, or more reflec- 
tive than, the rest of the tapetal area. In the non-tapetal 
fundus, they appear lighter than the surrounding fun- 
dus, with pigment clumping possible. In addition to the 
tracks, there can be large areas of chorioretinal scar- 
ring. Whilethe parasite isnot usually present in theeye 
at the time of examination, the problem is assumed to 
be caused by botfly larvae, such as Hypoderma spp., 
which are capable of invading living tissue (Brooks et 
al., 1984; Harris etal., 2000). 

Systemic fungal diseases 
In tropical and subtropical zones, systemic fungal 
disease is a cause of chorioretinitis. These organisms 
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are opportunistic, often enter the body through the Figure 14.50 

respiratory tract, and are usually spread haemato- Total ...:-., bullous d-L..-L---L 

genously to the eye. Organisms reported as causing 
disease include Histoolasma caosulatum. Blastomvces 

I ~ L ~ I I ~ I  U a l a G I  I I I I ~ I  

and retinal 
h r̂m .̂.,.̂ nn* in 

dermatitidis. ~wptocbccusneoiormans~iiqure 1449), 
Coccidioides immitis and Candida albicais. 

Of these fungal diseases, the ones most likely to 
present with posterior segment inflammation in the cat 
are cryptococcosis (chorioretinitis and optic neuritis) 
(Blouin and Cello, 1980), blastomycosis (chorioretinitis 
with subretinal and intraretinal pyogranulomas and 
retinal detachment) (Gionfriddo, 2000) and histoplas- 
mosis. Diagnosis needs to be confirmed by finding the 
organisms in infected tissues, because serology in 
cats often results in false negatives. 

Various therapies have been proposed for 
intraocular inflammation caused by mycoses in cats 
(Gionfriddo, 2000, and see Chapter 3). 

Retinal detachments 
Animals with retinal detachments are usually pre- 
sented when the retina in the second eye also de- 
taches, at which pointtheowner noticesthatthe animal 
has suddenly gone blind. On examination, pupillary 
light reflexes are present, but are usually slow and 
incomplete. Retinal vessels and folds of retina can 
often beseen behind the lens when examining the eye 
with a penlight. 

Serous retinal detachments are the commonest 
type reported in cats. They are caused by choroidal 
exudates ortransudates forming subretinal fluid which 
detaches sensory retina from RPE. They are not asso- 
ciated with retinal tears or vitreal traction bands. They 
can be divided into two categories: inflammatory and 
non-inflammatory. 

Inflammatory retinal detachments 
Because inflammatory disease is usually multifocal, 
there will be areas of retina that remain attached and 
normal. In abnormal areas, there will be cellular thick- 
ening of the retina or choroid, which can look white or 
yellow. Haemorrhage may be present (Figure 14.50). 
In cases of inflammatory disease, the differential diag- 
nosis is as for inflammatory chorioretinitis. 

, """"'""""""" " 8  

a cat with feline .~ . . 
infectious 
peritonitis. 

Non-inflammatory retinal detachments 
Non-inflammatory retinal detachments are usually 
bilateral. The neural retina separates from the RPE 
and choroid throughout the posterior segment, but 
remains attached at the optic nerve and ora ciliaris 
retinae. The retina is usually uniformly greyish-white 
and may undulate with eye movement. These are 
described as 'morning glory' detachments because 
their appearance is similar to that of the flower. Haem- 
orrhage can also be seen either in the retina, vitreous, 
subretinal space, or choroid. 

Causes of non-inflammatory bullous retinal detach- 
ments in the cat include systemic hypertension, 
hyperviscosity syndromes and neoplasia. If the under- 
lying causeof the retinal detachment can be controlled, 
the retina may spontaneously reattach. Unfortunately, 
in most instances, the reattached retina will not regen- 
erate and the cat remains blind. 

Degeneration ofthe feline retina begins within 1 hour 
of detachment. The degenerative changes in the neural 
retinaand retinal pigment epithelium continue with time, 
and many are irreversible (Anderson et a1.,1981; 
Anderson etal.. 1983). The time between detachment 
and reattachment is dritica~ for the regeneration of the 
retina (Anderson etal., 1986). While no precise critical 
time period has been reported, it would appear that this 
period is shorter in the cat than it is in the dog. 

Systemic hypertension: Although there have been 
few reportsof hypertension-induced retinal detachments, 
this is not an uncommon problem (Morgan, 1986; Stiles 
etal., 1994; Sansom et aL, 1994; Maggio etal., 2000). 

The most obvious lesions are bullous retinal detach- 
ments, which can be partial or total (Figures 14.51 and 
14.52). Retinal and optic nerve oedema can be marked 
and vitreal haemorrhages are also seen, as well as 
hyphaema (Figure 14.52). In the early stages of the 
disease, retinal oedema may give the impression of 
narrowing of the retinal arterioles (retinal venules are 
largely unaffected). In more chronic stages of the dis- 
ease, the arterioles are definitely narrowed and, histo- 
pathologically, reveal arteriosclerosis. These vessels 
may appearwhite and, occasionally, more tortuousthan 
usual. Retinal detachment is probably largely due to 
subretinal oedema (transudafe) from terminal choroidal 
arterioles and capillaries, and breakdown of the blood- 
retinalbarrierthatallowsthisfluidaccesstothesubretinal 
space (Crispin and Mould, 2001). In chronic cases, 
retinal and opiic nerve atrophy willensue. . ~ 
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rn Serum hyperviscosity: Serum hyperviscosity syn- 
dromes are rare, but have been described in the cat 
associated with multiple myeloma and tetralogy of 
Faiiot. Serum hyperproteinaemia or polycythaemia 
(Figure 14.53) cause hyperviscosity which can cause 
retinal and vitreal haemorrhages and retinal detach- 
ments (Williams, 1981; Glaze and Gelatt, 1999). 

Figure 14.53 
Retinal 
haemorrhage. 
(a) A cat with 
hyperviscosity 
syndrome. There 
are multiple areas 
of retinal 
haemorrhage, as 
well as small 

Figure 14.51 There is a large pre-retinai haernorrhage multifocal areas of 
(top of picture) in this domestic shorthair (approximately tapetal hyper- 
10 years old) with systemic hypertensive disease (mean reflectivity, which 
svstolic blood ~ressure 280 mmHai. The retinal arterioles probably mark ... 
aso ?II.:A i c n c  .ar a : ~ n  n cs ore escec 6 , .cilrs ir 
inc naenorrca:~e M.. 1 3  e u.. C..S o~lacire' i l? a 53 

wesent. Whereas the haemorrhaae oriainated from retinal 

Figure 14.52 
Total bulious 
retinal detachment 
with large areas of 
retinal and vitreal 
haemorrhage. 

Neoplasia: Primary or secondary neoplasiacan invade 
the posterior segment, causing retinal detachments and 
haernorrhaqe. Sometimes the turnour can be seen 

areas where there 
have been 
previous 
haernorrhages. 
(b) Secondary 
polycythaemia 
associated with 
tetralogy of Fallot 
in a 10-month-old 
domestic 
shorthair. The 
retinal vessels are 
dark, congested 
and tortuous. 
(Courtesy of SM 
Crispin.) 

Hypertension in the cat is defined as sustained 
systolic pressure >I70 mmHg and sustained diastolic 
pressure >I00 mmHg. It is associated with chronic 
renal disease, hyperthyroidism, left ventricular hyper- 
trophy and diabetes mellitus. Primary hypertension 
should be considered where these associated dis- 
easescan be ruled out. Although direct blood pressure 
measurements are more accurate. indirect blood Dres- 

ophthalmo~copically. Tumours reported include retinal 
astrocytoma, metastatic squamous cell carcinoma, 
metastatic adenocarcinoma, metastatic haemangio- 
sarcoma and lymphoma (Figure 14.54) (Glaze and 
Gelatt, 1999). Primary bronchogenic carcinoma is 
associated with ischaemic chorioretinopathy and nec- 
rosis of the extremities and appears to be a unique 
neoplastic syndrome in the cat (Cassotis etal., 1999). 

sure measurementscan be usedtd ~onfirmthedia~no- 
sis (Labono and Ross, 1991). 

Treatment consists of treating the underlying condi- 
tion, aswellasspecificmedicalantihypertensivetherapy. 
Reduction of peripheral vascular resistance with angio- 
tensin-converting enzyme inhibitors (such as enalapril 
maleate)orcalciumchannelbiockers(suchasamlodipine 
besylate) will usually result in retinal reattachment, with 
some restoration of vision. Amlodipine besylateappears 
to be the treatment of choice (Maggio et al., 2000). 
Retinal degeneration may, however, occur after the 
retina is reattached, causing further deterioration of 
vision. This possibly reflects the severity of retinal and 
choroidal vasculopathy resulting from systemic hyper- 
tension (Crispin and Mould, 2001). 

Figure 14.54 
Multicentric 
lymphoma in a 
7-year-old 
domestic 
shorthair. There is 
neovascuiarization 
and possible 
neoplastic 
infiltration in the 
papillary and 
peripapillary 
region. (Courtesy 
of SM Crispin.) 
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Other conditions of the feline fundus 

Lipaemia retinalis 
Lipaemia can cause retinal vessels to look creamy or 
pale (Figure14.55). This condition is usually of diag- 
nostic s~gniflcance only and, in cats, is mostfrequently 
associated with an inherited form of primary 
chylom~cronaemia due to mutation of the lipoprotein 
lipase gene (Ginzinger et a/., 1996) but secondary 
associat~ons also occur (Gunn-Moore eta/., 1997). 

Optic nerve lesions 
Oedema of the optic nelve head may be seen in cases 
of systemic hypertension and, possibly, be associated 
with central nervous system neoplasia and inflamma- 
tion. Optic neuritis can be associated with CNS inflam- 
mation or chorioretinitis, and is not infrequently seen in 
cats with systemicfungal disease (see above). Atrophy 
of the optic nerve occurs secondary to neuritis and 
retinal degenerations. Cupping of the optic nerve in 
glaucoma, which is commonly seen in chronic disease 
in the dog, is difficult to appreciate in the cat (Barnett 
and Crispin, 1998; Glaze and Gelatt, 1999). 
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Fabiano Montiani Ferreira and Simon Petersen-Jones 

The baslc rationale for the practice of neuro- 
ophthalmology isvery objective, almost mathematical, 
and relies heavily on our current knowledge of neuro- 
anatomical circuitry. Neuro-ophthalmology combines 
apparently disparate specialties, lnclud~ng neuro- 
anatomy, internal medicine, neurology, neurosurgery, 
radiology and ophthalmology, in a fascinating way. 

Clinical tests 

Clinical evaluation of animals suspected of having 
disease involving neuro-ophthalmicpathways requires 
a good knowledge of neuroanatomy. Clinical history 
dataandseveral testscan be used.Theobjectiveofthe 
clinical examination is to detect the presence of a 
neuro-ophthalmicdiseaseand establish the location of 
the lesion in the nervous system. The diagnostic proce- 
dures and clinical tests, as well as the order in which 
they are performed, vary among specialists but it is 
important for every clinician to understand the basic 
principles and to establish their own method and se- 
quence of tests, so as to be consistent in every exami- 
nation. The cranial nerves influencing the globe and 
adnexa, their actions and the clinical tests used in their 
evaluation, are listed in Figure 15.1. 

A brief description of the most commonly used 

clinical tests is presented here. Further details can be 
found in neurology textbooks(de Lahunta, 1983; King, 
1987; Bagley, 1996; Hanson eta/., 2001). 

Tests of vision 
Vision requires transparent ocular media (a clear cor- 
nea, aqueous humour, lens and vitreous) and func- 
tional retina, optic nerve (11) and central projection 
pathways to the visual (occipital) cortex. Testsof vision 
also require cortical association and projection path- 
ways, and motor neurons necessary to complete the 
responses to visual stimuli.Several neurological tests 
rely on the optic nerve as the afferent arm. . 

Maze test 
The animal should be watched as it negotiates a maze 
or strange environment (see Figure 1.3). This should 
be performed in both bright and dim light. 

Visual tracking 
This can be tested by dropplng cotton wool balls about 
30 cm in front of the anlmal's face (see Figure 1.2). 
Most sighted animals will follow the ball to the floor, 
although stressedanimalsmay notrespond, andsome 
cats are indifferent. This is also called a fixating re- 
sponse. It can be used to evaluate not only visual fields 
but also eye movements. 

I 

Figure 15.1 Cranial nerves influencing the globe and adnexa. (continues) b 
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Lateral rectus muscle and retractor bulbi 

on corneal or palpebral 

Secretory control of lacrimal glands 

Figure 15.1 continued Cranial nerves influencing the globe 

Menace response 
The menace response is a little less subjective than 
the above. The test consists of making a menacing 
gesture, using the hand with the fingers spread 
(Figure 15.2), directed at each eyeball in turn, while 
the other eyeball is covered. The examiner should 
not touch the facial hairs of the patient nor produce 
air turbulence that will be felt by the patient. The 
response observed is closure of the palpebral fissure 
- a  blink. The menace response tests the optic nelve 
(11) as the afferent arm and the facial nerve (VII) as 
the efferent arm (blink). The central interconnecting 
pathway is shown in Figure 15.2. 

This is a learned response and is often absent in 
animals under 10-12 weeks old. Some normal adult 
animalsdo not respond-sometimesdue tostress, and 
sometimes for no obvious reason. 

If the menace response is present and the 
palpebral or corneal touch reflex is absent, this 
may indicate reduced sensation, e.g. due to a 
trigeminal nerve (V) lesion 
If a unilateral cerebellar cortical lesion is present, 
the menace response is usually lost on the 
same side 
The menace response is lost with most 
cerebrocortical lesions. 

Dazzle reflex 
The dazzle reflex is elicited when a bright light (prefer- 
ably a halogen light) is shone along the visual axis. The 

and adnexa. 

pathway for this reflex involves the optic nerve (11) as 
the afferent arm, rostra1 colliculus, subcortical connec- 
tions and the facial nerve (VII) (Figure 15.3). The 
expected response is a rapid blink. 

It is important to bear in mind that the dazzle reflex 
is a subcortical reflex. Fibres project directly from 
several regions nearthe region ofthe Edinger-Westphal 
nucleustothefacial nucleus, resulting in a blink(Takada 
eta/., 1984). This reflex may be more prominent with 
forebrain disease due to loss of inhibition from the 
controlling upper motor neuron. - If the dazzle reflex is present and the menace 

response is absent, this may indicate the 
presence of a cerebrocortical lesion, because 
only the menace response requires a normal 
visual cortex. 

Pupillary light reflex and 'swinging 
flashlight test' 
A bright light (preferably a halogen light) is shone into 
the eye, causing both pupils to constrict (Figure 15.4). 
The afferent fibres from the optic nerve (11) cross both 
in the optic chiasma and in the pretectum to influence 
oculomotor nuclei bilaterally (consensual reflex). The 
efferent arm of the reflex is via parasympathetic fibres 
in the oculomotor nerve (Ill), causing miosis. Figure 
15.4 shows the entire pathway. Part of this pathway 
also mediates lens accommodation. 

It is important to be aware that every time a light is 
shone into the eye, the normal response is an initial 
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Figure 15.2 Menace response. The afferent and final efferent components of the menace response are illustrated. The 
photograph shows the test being performed. 1 -Optic nerve (11); 2) -Optic chiasma: 3 -Optic tract: 4 -Lateral geniculate 
nucleus; 5 O p t i c  radiation; 6 -Visual cortex: 7 - Internal capsule, association fibres; 8 M o t o r  cortex: 9 - Internal 
capsule. projection fibres, crus cerebri; 10 Longitudinal fibres of pons: 11 - Pontine nuclei; 12 Transverse fibres of pons 
and middle cerebellar peduncle: 13 -Cerebellar cortex: 14 -Efferent cerebellar pathway; 15 - Facial nuclei: 16 -Facial 
nerve;i/ - indicates axons crossing the midline. 
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I I 
Figure 15.4 Pupillary light reflex. The afferent and efferent components of the reflex are illustrated. The photograph 
shows the test being performed. 1 -Optic nerve ( 1 1 ) ;  2 -Optic chiasma; 3 O p t i c  tract; 4 Lateral geniculate nucleus; 
5 - Pretectal nucleus; 6 -Central decussation; 7 Ventral tegmental area, anteromedian nucleus, periaqueductal grey and 
Edinger-Westphal nucleus; 8 - Oculomotor nerve + parasympathetic supply to the iris; 9 -Ciliary ganglion: I 1  indicates 
axons crossing the midline: *-Optic radiation to visual cortex. 

pupillary constriction followed by a slight redilation. 
The degree of the latter depends upon the intensity of 
the light source and theduration of the stimulus. There 
isagreaterdegree of redilation with weaklightsources 
or longer time of light exposure. This is due to light 
adaptation of the photoreceptors, and it is referred toas 
'pupillary escape'. 

The pupillary light reflex requires fewerfunctioning 
optic nerve (11) fibres than does the menace response. 
Thus, it is not rare to find blind animals that still have a 
reasonable pupillary light reflex. 

The 'swinging flashlight' test is simply a method of 
observing both direct and consensual pupillary light 
reflexes. The test involves swinging the penlight from 
one eye to the other. When it is shining on the first eye, 
the direct reflexconstriction ofthat pupil isobserved; as 
it is swung to the second eye, the pupil can be seen to 
be already constricted (the consensual reflex from the 
first eye) and will remain constricted (the direct reflex 
from the second eye). The pupil under direct illumina- 
tion normally constricts slightly more than the contra- 
lateral pupil. 

Reflex pupillary dilation 
Reflex dilation in response to reduced illumination can 
be obtained by completely covering both eyes or by 
leaving the animal in adark room for about30 seconds. 
Theafferent arm istheoptic nerve and theefferentarm 
is reduced parasympathetic tone to the pupillary 
constrictor muscle leaving the dilator muscle (under 
sympathetic innervation) unopposed. 

Ophthalmoscopy 
Oohthalmosco~v allows direct inspection of the head 

Corneal and palpebral reflexes 
The corneal and palpebral (touch) reflexes are used 
to test sensory innervation to the cornea, palpebrae 
and surrounding skin. The afferent arm of the reflex 
is the trigeminal nerve (V) (ophthalmic branch for the 
whole eyeball, including medial canthus). 

This reflex is triggered by gently touching the 
corneaorthe medial canthus (Figure 15.5), taking care 
not to induce a menace response. 

Touching the lateral canthus tests the maxillary 
branch (overlapping with the ophthalmic branch) 
of the trigeminal nerve (V). The normal response 
is eyelid closure, mediated by the efferent arm 
that is the facial nerve (VII) innervating the 
orbicularis oculi muscle. 
If the examiner touches the cornea, an 
additional response is seen, which uses a 
different efferent pathway in addition to the 
one already mentioned. This response is 
eyeball retraction via activation of the efferent 
arm that is the abducens nerve (VI) innervating 
the retractor bulbi muscle (Figure 15.5). 
Contraction of the retractor bulbi displaces 
orbital fat and connective tissue, and this 
displacement has an indirect mechanical 
effect on the third eyelid, causing it to sweep 
across the eye. This is also known as the 
nictitating reflex. 

Sensory deficits are uncommon compared with 
facial paralysis. 

If the animal blinks with the menace response . . 
of'tne optic nerve (11) fordiagnos ng, for examp e, optlc and dazz e reflex out not w th the corneal or 
ne~r i t~sand pap loeoema. It alsoenao es nspectionol palpebral reflex, a trigemina nerve (V) esion s 
the position of the retinal vessels, useful in detecting suspected 
rotation of the globe due to trochlear nerve (IV) lesions Corneal sensation can be quantified using an 
in dogs (see below). aesthesiometer (see below). 
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Figure 15.5 Corneal andlor palpebral (blink) reflex.The afferent and final efferent components of the reflex 
are illustrated. The DhOtOaraDh shows the test beina oerformed. 1 -Corneal and oaloebral sensorb terminals of 
me :r gem na Te,.; 2 f r  gem n3 nerre ,( ) 3 Poi ne an0 sp na :fact n-c e ;I ine r g e r r  na i e r l e  V, 
L - A0a.cens n..c e-s 5 - Aan..ccns ner.e ,b to rGlrac!or n.. n n..sc c.  E - l a c  a n..c c..s. 7 - l a c  n ncr.c \, J 
to orbicularis oculi muscle. 

lnducing physiological nystagmus to test 
extraocular muscle innervation and 
vestibular system 
Nystagmus is an involuntary rapid rhythmical eye 
movement associated with vestibular or visual 
stimuli, commonly with a slow and fast phase. Less 
commonly the eye excursions can be equal in 
extent; this is called pendular nystagmus. Usually 
the slow phase is a slow movement of the eyes 
away from their central position; the fast phase then 
rapidly re-centres the eyes. Physiological nystagmus 
is said to occur in the direction of the fast phase, 
i.e. if the animal's head is rotated to the left, nystag- 
mus (fast phase) will occurto the left. Inducing physio- 
logical nystagmus serves to test the cranial nerves 
that innervate the extraocular muscles, i.e. ocuiomo- 
tor (Ill), trochlear (IV) and abducens (VI) (Figure 
15.6 and see Figure 15.17) and the extraocular 
muscles themselves. 

Vestibular nystagmus 
The examiner may elicit vestibular eye movements 
(doll's eye, oculocephalic or oculovestibular reflexes) 
simply by moving the animal's head from side to 
sideand then up anddown. With the head moving, the 
eye will attempt to maintain eye direction towards 
the area where the animal was looking initially. This 
will result in a slow drifting of the eyes in the opposite 
direction to the movement. As the head continues 
to be moved, the extraocular muscles influenced 
by the vestibular system produce a quick deviation 
of the eyes in the direction of the movement. This 
slowlquick eye movement is continued as the head 
movement is being accelerated or decelerated 
(Bagiey, 1996). 

In physiological nystagmus the eyes move in 
unison. After the head has stopped moving the 
nystagmus stops; if it continues this is abnormal - The nystagmus produced by this reflex is due to 
the vestibular apparatusand will occur in'blind 
dogs (so long as the necessary vestibular 
apparatus and pathways are normal) 
If the animal's body is rotated rapidly and then 
stopped, there is normally a post-rotatory 
nystagmus for a few moments. Vestibular 
disease is suspected when there is a different 
response to post-rotatory nystagmus following 
rotation in one direction compared with that 
following rotation in the other direction 
The response is depressed when thepatient is 
rotated in a direction opposite to the side of a 
peripheral receptor lesion (de Lahunta, 1983). 

Optokinetic nystagmus 
Higher centres also influence the normal nystagmus 
induced by head movements. The autonomic 'pursuit' 
eye movements coordinated by the cerebral cortex 
allow fixation on a moving object in the surroundings or 
on astationary object if the head is moving. Nystagmus 
induced, for instance, when looking out of a moving 
train, is an example of optokinetic nystagmus. Moving 
the visual stimuli with the patient's head stationary, or 
moving the patient's head and body with the visual 
stimuli stationary, can reproduce this reaction. Clini- 
cally this can be achieved by rotating a striped drum 
(optokinetic device) in front ofthe animal. The test also 
is an objective means of detecting vision in animals. It 
requires an intactcentral visual pathway. Further dis- 
cussion on cranial nerves influencing eye movements 
is found below. 
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A problem-oriented approach to 
neuro-ophthalmology 

The following neuro-ophthalmic problems are consid- 
ered together for the dog and cat: 

Central blindness 
Difference in size of pupils - anisocoria 
Abnormalities of eye position and movements 
Disorders of blinking 
Abnormalities of lacrimation. 

This is intended as a guide to the investigation of 
each presenting sign; a fairly detailed anatomical de- 
scription of important neurological pathways is in- 
cluded. Suggested further reading is included at the 
end of the chapter. 

Central blindness 

Visualdeficits may result from lesions atany level ofthe 
central visual oathwavs. from the o ~ t i c  nerve to the .. ~ -~ ~~ 

occipital lobe df the ceiebral cortex (optic nerves, optic 
chiasma, optic tracts and optic radiation). 

Causes 
Among the most common causes are: 

Trauma 
Feline cerebral infarction 
Congenital defects 
Neoplasia 
Proliferative conditions such as granulomatous 
meningoencephalitis (GME) and other space- 
occupying lesions 
lnfections(e.g.caninedistemper,systemicmycoses, 
Toxoplasrna gondii, feline infectious peritonitis) 
Necrotizing vasculitis and inflammatory diseases 
Hydrocephalus 
Metabolic storage diseases 
lschaemic damage. 

Diagnosis 
The complete arsenal of techniques for the diagnosis 
of central blindness may include: laboratotydata; phys- 
ical and neurological examination; cerebrospinal fluid 
analysis (culture, serology and cytology); and com- 
puted tomography (CT)ormagneticresonanceimaging 
(MRI). Although superseded by advanced imaging 
techniques, optic tecography can be performed by 
injecting contrast medium into the cerebeliomedullary 
cistern. With the animal's head tilted downward for 
several minutes, skull radiographs can reveal contrast 
enhancement of possible optic nerve masses (Moore 
eta/., 1996). Orbital ultrasonography can be used to 
diagnose optic nerve.lesions and retrobulbar masses, 
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although CT or MRI are superior for this task. Ocular 
ultrasonography is very useful in the identification of 
retinal detachment or intraocular masses, especially in 
cases where opacification of ocular media is present. 
Visual evoked potential (VEP) analysis can evaluate 
the functional integrity of the post-retinal visual path- 
ways and visual cortex. In theVEP the electrical activity 
in the visual cortex produced in response to light 
stimulation of the eye is recorded by scalp electrodes. 
Thistechnique can be very useful in cases of blindness 
due to lesions in the optic nerve, visual tracts or visual 
cortex (Hamilton and McLaughlin, 2000). 

Animals with blindness of intracranial origin usually 
have a normal fundic examination unless there is a 
retrograde degeneration of the optic nerves. Initially 
they will also have a normal electroretinogram (ERG) 
(Hamilton and McLaughlin, 2000). Vision tests, menace 
response, dazzle and pupillary reflexes can be used 
to localize lesions. The anatomy of the central visual 
pathwaysandthe pupillarylight reflex pathways must be 
understood before these tests can be interpreted. 

The central visual pathways 
It is important to appreciate that visual information from 
one side of the body projects to the opposite cerebral 
cortex. This does not mean that the information from 
the left eye projects to the right cortex, but rather that 
the information from the left visual field of each eye 
(i.e. objects that are seen to the left of the body) project 
to the right cerebral cortex and vice versa. Ganglion 
cell axons in the temporal retina project ipsilaterally, 
whereas those located nasally project contralaterally. 
In domestic animals more than half of the optic nerve 
fibres cross (decussate) at the optic chiasma to the 
opposite side of the body. In cats, 65% of fibres 
decussate, whereas in dogs 75% of fibres cross over. 
This is in contrast with humans, where 50% of the 
visual fibres decussate. 

Optic tract projections 
In small animals, as in most mammals, fibres from 
the optic tracts terminate in one of six destinations 
(Figure 15.7): 

Lateral geniculate nucleus (LGN), a 
caudodorsolateral protrusion of the thalamus. 
The LGN is the main retinofugal projection site in 
the CNS (Hoffmann etal., 1984). From the LGN, 
there are two basic pathways axons can follow: 
(1) a pathway for conscious perception of vision 
(cortical pathway); and (2) a reflex pathway 
(subcortical pathway). There is a complete 
retinotopic anatomical relationship maintained 
throughout the central visual pathway, mainly in 
the LGN, rostral colliculus and visual cortex 
(Laties and Sprague, 1966). In other words, there 
is a map of the retinal visual space maintained in 
these structures 
Suprachiasmatic nucleus of the hypothalamus, 
via the retinohypothalamic bundle. This is the site 
of a 'biological clock' (Pu, 2000). The retinal input 
serves to regulate and reset the clock according 
to circadian and circannual light cycles. Some of 

Dorsal lateral 
geniculate nucleus 

Ventral lateral 
geniculate nucleus 

Pretectal nucleus 
Rostral 

colliculus 

Accessoly 
Suprachiasmatic optic system 

nucleus 

tract 

chiasma 

Figure 15.7 Optic tract projections. (Adapted, with 
permission, from a drawing by Dr John I. Johnson.) 

these cycling phenomena are also mediated 
through the pineal body via a suprachiasmatic- 
spinal lateral horn-cranial cervical ganglion- 
pineal sympathetic pathway 
Accessory optic system of the midbrain, across 
the cerebral peduncles to small nuclei in the 
midbrain tegmentum, which project to the inferior 
olive and cerebellum. This pathway mediates 
adjustment in direction of visual gaze correlated 
with head and neck movements. This system is 
crucial for the optokinetic response (nystagmus) 
(Hoffmann and Fischer, 2001). 
Pretectum (pretectal nucleus), situated frontal to 
the rostral colliculus at the junction of the ' 

thalamus and midbrain tectum. Some of these 
retinofugal fibres help to mediate the pupillary 
light reflex (PLR), are involved in perception of 
diffuse light and help coordination of eye 
movements and visually guided behaviour, as 
well as maintaining binocularity. It is also the 
sensorimotor link between the retina and 
premotor structures in the pathway mediating 
optokinetic response (Hoffman etal., 1984) 
Rostral (anterior) colliculus (Hoffman et aL, 
1984), called the optic tectum in non-mammalian 
vertebrates. Output from the colliculus goes to 
the spinal cord (tectospinal tract), to the pontine 
cerebellar peduncle, to the midbrain tegmental 
nuclei and to the thalamic pulvinar and 
posterolateral nuclei. These last two nuclei 
project to the associated cortex, which thus 
completes a route from retina to cortex. Visual 
acoustically guided activities are mediated via 
this oathwav. Additionallv. a oooulation of cells ,, . . 
capable of encoding the amplitude and sign of 
horizontal visual disparity is found in the anterior 
colliculus. Horizontal disparities are the main cue 
for stereopsis (Gonzalez and Perez, 1998). 

www.vet4arab.co.cc
by Itra



There is also a strong projection from the visual 
cortex to the rostra1 colliculus 
Ventral lateral geniculate nucleus (VLGN), a 
major portion of the ventral thalamus. There are 
projections from the VLGN to each of the other 
terminals of the retinofugal pathways. Basically, 
any nucleus receiving retinal input also receives 
input from VLGN. The significance of these 
projections is still undetermined. 

The neuronal pathway for the pupillary light and 
accommodation reflexes 
Axons from the ganglion cells of the retina that are 
involved in the PLR accompany those concerned 
with conscious perception of vision from the retina to 
the LGN. However, rather than terminating in the 
LGN, they pass the LGN to project to the pretectal 
nucleus (PN). From the PN these fibres project to 
several areas of the midbrain, such as the ventral 
tegmental area, periaqueductal grey, peripheral part 
of the Edinger-Westphal nucleus and the 
anteromedian nuclei (Toyoshima etal., 1980; Takada 
etal., 1984; Evinger, 1988). Despite detailed studies 
using retrograde tracers and microstimulation tech- 
niques, the exact preganglionic origin of the pupillary 
light reflex and accommodation reflex of small ani- 
mals has not been fully determined (Loewy et a/., 
1978). From electron microscopy studies it seems 
likely that accommodation-related pre-ganglionic 

neurons are predominantly located anterior and dor- 
sal to the somatic nuclei of the oculomotor nuclear 
complex (i.e. theanteromedian and Edinger-Westphal 
nuclei, and the ventral central grey area), while 
pupilloconstriction-related oculomotor parasympa- 
thetic pre-ganglionic neurons are predominantly 
located ventral to the somatic nuclei (i.e. the ventral 
tegmental area) (Ichinohe etal., 1996). Otherauthors 
found, using microstimulation, that accommodation- 
related areas include the posterolateral pretectum, 
the posteromedial pretectum and the mesencephalic 
reticular formation, while pupilloconstriction-related 
areas include the posteromedial pretectum, the nu- 
cleus of the posterior commissure and the anterior 
pretectum around theolivary pretectal nucleus (Konno 
and Ohtsuka, 1997). These parasympathetic nerve 
fibres to the iris and ciliary body are initially carried 
within the oculomotornerveandthen leaveto synapse 
in the ciliary ganglion. This pathway is responsible for 
the efferent arm of the PLR and accommodation 
reflex (Figure 15.8). 

As with the axons concerned with vision, over 50% 
of those concerned with the PLR decussate at the 
chiasma in domestic animals. A similar percentage 
then cross back to the original side at the central 
decussation. This means that if a light is shone in one 
eye the pupil of that eye will constrictslightly more than 
the contralateral pupil, although in practice this differ- 
ence can be difficult to appreciate. 

Periaqueductal grey matter 

, 
Pari of the Edinger-Westphal 
& anteromedian nucleus 

Ventral teamental area / " W'. ... 7 .. .. 
Posteromedial pretectum 
Nucleus of posterior commissure 0 
Anterior pretectum (around the "'eon 
olivary pretectal nucleus) 

These fibres all travel 

.. (Ill) fibres 
optic tract\ Cilliary ganglion 

Figure 15.8 7.p ar, aio ens accorlltronnr on ref ex palnna,s hmc ine oe~a 5 o: Ine 02c e, ne e\eu lo oe o r 0  her, 
* - M crosl m 2  a1 on respotls ve areas "--* - t'-o a'y cons!.cl ori-re aieo fore', - - - - Tnc 'csxosr s a na)s 
bilateral even though only one side is depicted in thls cartoon 
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Linking the results of vision tests with 
those for pupillary reflexes 
Figure 15.9 shows the effect of lesions within the 
central visual pathways on the visual fields; Figure 
15.1 0 is a flow diagram to help link the results of vision 
testing with the pupillary responses. 

1 KEY 
Left visual Right visual Lefl medial field 

field field -vision normal 

(34 Y E !  
L = lateral field Left lateral field 

A e  of 
lesion 

M = medial field -vision affected 

Figure 15.9 Effect on visual fields of lesions at various 
ieveis of the central visual pathways. (Reproduced from 
the BSAVA Manual of Small Animal Neurology) 

Optic nerve lesions 
Complete lesions affecting the optic nerve will render 
the eye on the affected side blind. Under normal room 
lighting a staticanisocoria will be present, with the pupil 
of the affected eye being slightly more dilated than the 
other pupil. However, in darkness both pupilswill dilate 
even y. Tne affected eye will have no direct or consen- 
sua PLR and the swing ng fjash ght rest w .be abnor- 
mal. In other words, if there is a unilateral afferent 
lesion, when the light is directed into the normal eye 
both pupils constrict but as the light swings into the 
affected eye, the pupil slowly dilates from its previous 
(consensual) constricted position as it does not re- 
spond to the direct stimulus. The abnormality detected 
with this test is an afferent defect, also known as the 
Marcus-Gunn pupil (Figure 15.11). In normal room 
light, if the unaffected eye is covered, the abnormal 
eye's pupil will dilate. This is defined as a 'positive' 
(abnormal) cover test result. Bilateral lesions result in 
dilated non-responsive pupils and blindness. 

Fundoscopy and, if necessary, electroretinography 
will help differentiate retinal from pre-chiasmal optic 
nerve lesions. Retinal diseasesuch as sudden acquired 
retinal degeneration syndrome (see Chapter 14a) will 
result in an abnormal ERG, whereas central causes of 
blindness do not initially affect the ERG. Optic nerve 
lesions include congenital optic nerve hypoplasia, optic 
neuritis (Fischer and Jones, 1972), papilloedema, neo- 
plasia (Williams eta/., 1961; Barnett eta/., 1967), trauma 
and optic nerve compression. It is suggested that optic 
nerve hypoplasia may be inherited, but a mode of 
transmission has not been determined in most breeds, 
although in the Miniature Poodleit may beanautosomal 
recessive trait (Ackerman, 1999). 
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r Normal reaction Efferent defect Afferent defect 
(both eyes) (left eye) (left eye) I 

Room light 

Note the normal consensual reflex 

Figure 15.1 I Pupillary iight reflexes in the presence of afferent and efferent lesions. 

Optic neuritis can be due to infectious agents 
(canine distemper virus, Toxoplasma gondii, Blasto- 
myces dermaolrd~s, Cryptococcus neoformans, Hrsto- 
plasma capsulatum), fellne ~nfect ous per tonltls, GME 
(in dogs), neoplasia, trauma and idiopathic causes 
(Hamilton and McLaughlin, 2000). When optic neuritis 
also involves the initial portion of the optic nerve 
(papillitis), ophthalmoscopic changes such as a swol- 
len optic disc, often with haemorrhages, is present. 
Optic neuritis posterior to the globe (retrobulbar optic 
neuritis) can result in blindness without any 
ophthalmoscopic changes. Neoplasia of the presphe- 
noid bone or meninges (de Lahunta, 1983) or any kind 
of neoplasia involving or compressing the optic nerves 
may result in loss of vision. Papilloedema, a non- 
inflammatory swelling of the optic nerve head, does 
not itself cause blindness (presence of vision loss 
is dependent on the disease process causing the 
swelling), and should be differentiated from papillitis 
(inflammation involving the optic nerve head) that is 
typically associated with vision loss. 

Lesions of the optic chiasma 
Blindness can be the only neurological deficit of tu- 
mours in the optic chiasma (Davidson et a/., 1991). 
Space-occupying lesions such as neoplasia (Braund 
etal., 1977; Skerritt etal., 1986) and abscesses may 
affect the optic chiasma; meningiomas can develop 
between the opticchiasmaand pituitary gland, causing 
compression of both (deLahunta, 1983); and pituitary 
macroadenomas may grow to compress the chiasma. 
Cerebral vascular infarction in cats is occasionally 
reported to cause ischaemic necrosis of the optic 
chiasma. Complete lesions of the optic chiasma result 
in blindness with non-responsive pupils. 

Post-chiasmal optic tract lesions prior to 
divergence of the fibres of the PLR 
Visual impairment due to unilateral post-chiasmal 
lesions is more difficult to demonstrate than that due to 
pre-chiasmal lesions because neither eye is rendered 
totally blind, although the contralateral eye is more 
severely affected. Careful use of the menace test may 

show loss of the medial visual field of one eye and the 
lateral visual field of the other eye-a defect described 
as homonymous hemianopia. The swinging flashlight 
test and cover tests are relatively normal, except that a 
static anisocoria is present, with the pupil of the eye 
contralateral to the lesion remaining more dilated. 

The internal capsule and rostra1 crus cerebri are in 
close association with the optic tracts and may also be 
affected by lesions involving the optic tracts; a 
hemisensory deficit affecting the side of the body 
contralateral to the lesion will result. Unilateral lesions 
may be caused by space-occupying lesions such 
as neoplasms (de Lahunta and Cummings, 1967) or 
abscesses. lschaemia following vascular occlusions 
may also occur. Canine distemper virus infection can 
cause bilateral inflammation of both optic tracts. 

Lesions affecting the LGN, optic radiation 
or occipital cortex 
Homonymous hemianopiawill be present, asdescribed 
above for post-chiasmal optic tract lesions. The PLR 
will be unaffected. An animal with bilateral complete 
lesions will be blind and yet have a normal PLR. The 
LGN and initial portion of the optic radiation is situated 
just lateral to the internal capsule, so lesions may also 
affect the sensory and motor components within this 
structure. The posterior part of the optic radiation 
branches away from the internal capsule towards the 
occipital cortex, so lesions closer to the cortex may 
spare the internal capsule fibres. 

Unilateral lesions may result from neoplasia, 
abscessation or trauma; encephalitis and vascular 
occlusions are additional causes. Trauma resulting 
in cerebral swelling, or space-occupying lesions such 
as hydrocephalus and neoplasia which result in brain 
herniation (pushing of posterior cerebrum under the 
tentorium towards the cerebellum), and encephalitis 
may all result in bilateralvisual deficits usually accompa- 
nied by additional severe neurological abnormalities. 

Cerebellar lesions 
Although the cerebellum is not directly involved in 
vision, cerebellar lesions can influence the visual 
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system. In addition to nystagmus due to lesions of the 
flocular nodular lobe, which is a vestibular nucleus, it is 
known that the cerebellum positively influences the 
menace response because animals with exclusively 
cerebellar lesions lack a menace response ipsilater- 
ally. Affected animals retain normal responses in vision 
tests (cotton wool bail tests) and have a blink reflex 
induced by other tests, e.g. by inducing palpebral 
and dazzle reflexes. The cerebellum in the cat, and 
probably in the dog, also receives fibres from the 
Edinger-Westphal nucleus(Rosteand Dietrichs, 1988). 
The physiological significance of this projection is still 
not completely clear. 

Anisocoria 

Anisocoria is defined as a resting bilateral inequality in 
pupil size. It may result not only from interference with 
the nervouscontrol ofthe pupils butalsofrom intraocular 
disease, e.g. glaucoma (ipsilateral mydriasis), uveitis, 
synechiae and iris atrophy. 

Causes 
Anisocoria of neurological origin may result from 
lesions of the PLR arc, or of the sympathetic 
nerve supply to the eye, or from cerebellar 
disease 
Painful conditions of the cornea, such as ulcers, 
may cause miosis (oculosensory pupillary reflex) 
via the trigeminal nerve (V) 
Several drugs may interfere with pupillary 
symmetry (Figure 15.12). 

Lesions within the afferent pathway of 
the PLR 
Afferent nerve fibres involved in the PLR diverge from 
fibres concerned with vision just before the LGN. 
Lesionsaffecting the fibres priorto that point alsoaffect 
vision (see above). 

Afferent fibres concerned with the PLR may be 
damagedasthey pass between the optic tractsand the 
oculornotor nuclei. Lesions at these sites spare vision. 
The effect on the pupillary responses of lesions priorto 
the central decussation (via caudal commissure) is the 
same as caused by lesions of the ipsilateral optic tract 
prior to the LGN. 

I Drug 
I Sympathomimet~c 

Lesions within the efferent pathway for 
control of pupil size 
Parasympathetic control of pupil size and lens accom- 
modation are illustrated in Figures 15.4 and 15.8. 
Lesions of the oculomotor nerve (Ill) will affect the 
parasympathetic nerve supply to the pupillary sphinc- 
ter muscle. Total lesions result in a dilated unrespon- 
sive pupil. The oculomotor supply to the extraocular 
muscles may also be affected; ptosis and a lateral and 
ventral strabismus result. 

Pharmacological testing may help to localize the 
site of the lesions within the PLR arc: 

Direct acting parasympathomi~netics (e.g. 
piiocarpine): Topically administered pilocarpine 
can be used to differentiate between upper motor 
neuron (UMN) (pretectal nucleus to oculomotor 
nucleus) and lower motor neuron (LMN) (between 
the oculomotor nucleus and iris) lesions. 
Pilocarpine 1% ophthalmic solution is diluted to 
0.05% with normal saline and 1 drop applied to 
the ocular surface. Dogs with LMN lesions have a 
denelvation hypersensitivity and the pupil will 
constrict rapidly. Even at the 0.05% dilution, some 
normal dogs may show some constriction of the 
pupils after 45-60 minutes. If no response is seen 
90 minutes after instilling the 0.05% solution, the 
test can be repeated with 1% pilocarpine to show 
that the pupil is physically capable of constricting 
Indirect acting parasympathomimetics (e.g. 0.5% 
physostigmine drops): These have no effect on 
pupil size if the lesions are post-ganglionic. They 
cause a rapid pupillary constrictionwhen either 
pre-ganglionic lesions or UMN iesions are 
present. The pupil of the normal eye constricts 
within 40-60 minutes. 

Potential causes of lesions of the PLR arc include 
those listed as causes of central blindness. Feline 
dysautonomia may affect the parasympathetic control 
of the pupils, resulting in fixed dilated pupils, although 
this condition is less common nowadays. Brain hernia- 
tion under the tentorium cerebelli, due to displacement 
by space-occupying lesions, can cause compression 
of the mid-brain, including the oculomotor nuclei and 
the oculomotor nerve trunks (Wheeler, 1991). Figure 
15.11 shows the influence of afferent and efferent 
lesions on the pupillary responses. 

. ~ .. 
. . 

I Mydriasis 
Normal I Parasympathom~metic I Mlosls 
Normal I Prostaglandin analogue I Mlosis 
Normal I Opioids (oral or intravenous formulations) I Miosis (dog); mydrias (cat) 
Normal ( Beta blocker ( Miosis (sane cases) 1 

Figure 15.12 Effects of pharmacological agents on the pupil in small animals 
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Sympathetic innervation of the eye 
~ n e  s;mparhet~c nervoLs system s~pply to the eye is 
snownin F ig~re  15.13(Bar owandRoot, 1949j.Sympa- 
thetic control is initiated in the hypothalamus and dien- 
cephalon. The impulse descends through the brainstem 
and cervical spinal cord in the lateral tectotegmental 
spinal pathway. This UMN pathway synapses on cell 
bodies of the pre-ganglionic sympathetic nerves to the 
eye. The nerve cell bodies are located in the TI-T3 
spinal cord segments. Pre-ganglionic fibres exit the 
spinal cord and course cranially in the cervical sympa- 
thetic trunk within the cranial thorax. This pathway 
continues through the cervical area, with the vagus 
nerve forming the vagosympathetic trunk. The pre- 
ganglionic neurons then synapse in the cranial cervical 
ganglion caudoventral to the ear. The post-ganglionic 
fibres run through the tympanic bulia and middle ear, 
and course with the giossopharyngeal nerve (IX), then 
enter the skull and course in the cavernous sinus with 
thecarotid artery (de Lahunta, 1983; Bagley, 1996). The 
axons join theventral surface of the trigeminal ganglion 
and the ophthalmic nerve. These axons exit the skull 
through the orbital fissure (de Lahunta, 1983). 

In thecat, post-ganglionicsympatheticfibres to the 
smooth muscle of the third eyelid and to the iris dilator 
muscle do not pass through the trigeminal ganglion; 
rather, they unite with the ophthalmic division of the 
trigeminal nerve beyond the ganglion afterfirst passing 
through the middle ear (de Lahunta, 1983). 

Smooth muscle within the iris (radial or dilator 
muscle), orbit, upper and lower eyelid (Muller's mus- 
cle) and third eyelid is also innervated by the sympa- 
thetic nervous system. This musculature serves to 
keep the eyeball protruded, the palpebral fissure 

widened and the third eyelid retracted. Additionally, 
smooth muscle within the walls of blood vessels of the 
head also have sympathetic innervation. 

Sympathetic stimulation of the iris, either via circu- 
lating adrenaline or by neuronal pathways, results in 
a degree of pupillary diiation that can be further 
increased by, for example, excitement and stress. 
Note that reduced tone in the pupillary constrictor 
muscle (parasympathetic supply) is responsible for 
pupillarydilation in reduced light (reflex diiation) (King, 
1987; Bagley, 1996). 

The sympathetic nervous system innervates the 
pupillary dilator muscles, and interruption of its path- 
way totheiris resultsinamiotic(constricted) pupil.This 
occurs as part of Horner's syndrome. 

Horner's syndrome 
Interference with the sympathetic nerve supply to the 
head results in a combination of signs collectively 
referred to as Horner's syndrome (Figure 15.14). 

Clinical features 

Miosis: the pupil on the affected side is smaller 
than the pupil on the normal side (anisocoria) 
Protrusion of the nictitating membrane (third 
eyelid): due to lack of tone in the smooth muscle 
retracting it (normally under sympathetic 
innervation) and also secondary to the 
enophthalmos 
Upper eyelid ptosis (incomplete elevation): due to 
reduced tone in Muller's muscle; laxity of the 
lower eyelid may also be observed. The 
palpebral fissure may appear narrowed 

cranial cervical 
through m~ddie 

Sympathetic nerves innervate: 

i 
Second-order neurons (pre-ganglionic neurons) . Pupiilaty dilator muscle Cell bodies in intermediate grey column T,-T, 

Smooth muscle in orbit and in Leave cord in T,-T, ventral roots and join vago-sympathetic 
upper, lower and third eyelids trunkvia rami communicantes 

Synapse in cranialcervicalganglion 
Actions: 

Slight pupillaty diiation 
Eyeball protrusion 
Widen palpebral fissure 
Third eyelid retraction Third-order neurons (post-ganglionic neurons) 

Cell bodies in cranial cervical ganglion join frigeminai (V) nerve at 
trigeminalgangiion, provide sympathetic supply to structures of the head 
Sympathetic axons to the eye are conveyed via the ophthalmic branch of 
the trigeminal nerve 

Figure 15.13 Sympathetic nerve supply to the eye and adnexa. (Reproduced from the BSAVA ManualoiSmail Animal 
Neurology.) 
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Figure 15.14 Horner's syndrome in a cat. Note the 
narrowed palpebral fissure, protruded third eyelid and 
miotic pupil. 

Enophthalmos: resulting from a lack of tone in 
the orbital smooth muscle, allowing the eye to 
sink back into the orbit 
The intraocular pressure may be slightly reduced, 
and increased peripheral vasodilatation causes a 

and its potential to involve the third-order neuron 
(post-ganglionic sympathetic axons). Other clinical 
signs and pharmac'ological differentiation may aid 
localization of the lesion. 

Diagnosis and differentiation 

Hydroxyamphefamine:Hydroxyamphetamine 1% (an 
indirect acting adrenergic amine) can be applied topi- 
cally to both eyes. This drug will normally displace the 
noradrenaline vesicles from the nerve terminal to the 
synaptic cleft, producing mydriasis by constriction of the 
radial muscle of the iris. This test is useful for differentia- 
tion of pre- and post-ganglionic Horner's syndrome. If 
the patient has pre-ganglionic Horner's syndrome there 
will be mydriasis. If the lesion IS post-ganglionic (third- 
order neuron) there will be no mydriasis because the 
disrupted neuron will have lost its amine vesicles. 

Phenylephrine: Phenylephrine 10% (a direct acting 
adrenergic agonist) can be applied topically to both 
eyes. The pupil of a normal eye or an eye with a first- 
order Horner's syndrome will dilate in 60-90 minutes; 

warmer pinna and a slight engorgement of dilation occurs in about 45 minutes in second-order 
coniunctival blood vessels on the affected side. Horner's svndrome and in about 20 minutes in third- 

order ~orner 's  syndrome. The decreased time and 
Causes increased sensitivity to phenylephrine in second- 
Horner's syndrome may result from lesions of the and third-order Horner's syndrome is due to 
sympathetic supply to the head at one of three dene~at ion hypersensitivity (Bistner et al., 1970). 
anatomical levels, resulting inafirst-, second-orthird- This occurs because in the normally innervated eye 
order Horner's syndrome. These levels and possible the termination of phenylephrine action is due to 
aetiologies of lesions are illustrated in Figure 15.15. the pre-synaptic neuronal high affinity re-uptake 
Special attention should be given to otitis media system. With the second- or third-order 'lesion the 

Site of lesion for first-order 
Horner's syndrome 

Possible causes: . C e ~ i c a l  spine lesions (usually 
severe) . Rostra1 thoracic spine lesions 

Thoracic 

Possible causes: . Brachial plexus root lesions 
Injuries to soft tissue of neck 

\ Puncture wounds 
Horner's syndrome Infections 
Possible causes: . Iatrogenic. 

Middle ear lesions (otitis media, 
neoplasia, etc.) .. . 
Fractures of the skull . Retrobulbar contusions 
Iatrogenic 

I 
. 

I 

Figure 15.15 Sites of lesions resulting in Horner's syndrome and possible aetiologies. (Reproduced from the BSAVA 
Manual of Small Animal Neurology.) 
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re-uptake system isdisrupted and more drug remains 
in the synaptic cleft, causing an exaggerated re- 
sponse. Another important contributory factor is the 
upregulation of receptors in the denervated radial 
muscleofthe iris. In addition todilating the pupil, other 
local signs of Horner's syndrome are abolished by 
topical phenylephrine. 

Other diagnostic aids: Radiographs of the anterior 
thorax, cervicothoracic spine and middle ear may help 
localize the lesion. Neuropathies, including Horner's 
syndrome, can be associated with hypothyroidism, 
and this possibility should be considered. Despite 
these investigations the aetiology in many cases of 
Horner's syndrome remains obscure, especially in 
dogs. Male Golden Retrievers in particular seem pre- 
disposed to an apparently idiopathic second-order 
Horner's syndrome, from which they recover, partly or 
totally, after several weeks (Boydell, 2000). 

Pupil abnormalities accompanying 
intracranial disease 
In severe bilateral cerebrocortical disease, pupils are 
often miotic. There are two theories that attempt to 
explain this phenomenon: (a) miosis is caused by the 
lackof inhibitory response from the UMN; and (b) there 
is a disruption of the central sympathetic system at the 
level of the hypothalamus or brainstem. Severe mid- 
brain, or bilateral oculomotor nerve damage results in 
fixed dilated pupils. 

Other pupil abnormalities 

Hippus is a rhythmic contraction and subsequent 
dilation of the pupil. Its cause is still not well 
understood, but some believe it indicates CNS 
disease (Bagley, 1996) 
Spastic pupil syndrome is a static anisocoria of 
cats that remains unchanged during dark 
adaptation. It is believed to be associated with 
feline leukaemia virus (FeLV) infection. Vision is 
unaffected and other ophthalmic abnormalities 
are absent. C-type FeLV particles have been 
identified in the ciliary ganglia and short ciliary 
nerves of these cats, suggesting viral invasion 
and damage of these nerve tissues (Bagley, 
1996; Stiles, 1999) 
Idiopathic post-ganglionic parasympathetic 
denervation of the pupil is referred to as Adie's 
syndrome (Hanson eta/., 2001). The disease is 
rarely seen in domestic animals but has been 
reported in a dog (Goldfarb and Swann, 1984). In 
humans it is predominantly seen in young women 
and is usually unilateral. In ordinary light, the 
affected pupil is usually larger. Pupillary light 
reflexes are usually decreased or absent. 
Instillation of a cholinergic drug (e.g. pilocarpine 
1% drops) will cause a more rapid constriction of 
the affected pupil, indicating denervation 
hypersensitivity (Bradford, 1999) 
A dysfunction of the autonomic nervous system 
called dysautonomia can occur in small animals. 

In addition to other signs such as urinary tract 
abnormalities (detrusor atony), regurgitation and 
constipation, ophthalmic signs such as dilated 
poorly responsive pupils can be seen (Bagley, 
1996; Lane, 2000; Hanson eta/., 2001; Jamieson 
et a/., 2002) 
'D' or 'reverse D' pupil (or hemidilated pupil) 
can occur in cats when there is impairment in 
the nasal or temporal parasympathetic 
innervation, respectively, of the iridal sphincter 
muscle (Scagliotti, 1999). As with feline spastic 
pupil syndrome, most affected cats test positive 
for FeLV. 

Abnormalities of eye position and 
movements 

Strabismus 
Strabismus (squint) occurs quite commonly. It may 
be due to a congenital abnormality or result from 
lesions of the extraocular muscles or their nerve 
supply. A full knowledge of the actions and innerva- 
tions of the extraocular muscles (see Figure 15.17) 
is required to enable the aetiology of a squint to 
be investigated. Disorders of eye movement can be 
observed during the oculocephalic reflex (see above). 
Surgery to correct squints in animals is possible but 
seldom necessary. 

Congenital 
Congenital strabismus may be seen in any breed of 
dog or cat. A common example is the bilateral con- 
vergent strabismus (esotropia) of some Siamese, 
Himalayan and similarly coloured cats. A genetically 
determined massive misrouting of retinal ganglion 
cell axons towards the contralateral hemisphere is 
believed to underlie the extreme paucity of binocular 
cells in the primaryvisual cortex. This impairs binocu- 
lar information (stereopsis) in these cats and causes 
strabismus as well as an accompanyingfine pendular 
nystagmus (Bacon eta/., 1999). These binocular cells 
normally process spatially coordinated stereopsis in- 
put, an ability on which normal ocular alignment 
depends. Furthermore, in Siamese cats, there is an 
abnormal degree of decussation of the optic nerve 
axons originating from the temporal retina (nasal 
visual field) that normally remain uncrossed. There- 
fore, esotropia may be a compensatory change in 
eyeball position in an attempt to place the functional 
temporal visual field (nasal fundus) to a more frontal 
position (Scagliotti, 1999). 

Strabismus can also occur in non-Siamese non- 
albino cats. Animals with a congenital convergent 
squint due to lack of binocularity in the striate cortex 
were discovered within a colony of Mill Hill cats (von 
Grunau and Rauschecker, 1983). 

Exotropia (divergentstrabismus) iscommonly seen 
in animals with congenital hydrocephalus. Both eyes 
often deviate ventrolaterally. This is thought to result 
from cranial cavity distortion during early development 
(Hanson eta/., 2001) (Figure 15.16). 
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1 
Fibr0singstrabismus:Following polymyositis it is pos- 
sible for fibrosis of the extraocular muscles to occur 
which, in itself, can be the cause of strabismus. This 
condition, calledfibrosingstrabismus, typically occurs in 
young dogs. Breeds in which the disease has been 
described include Akita, Dalmatian, Golden Retriever, 
Shar Pei ('Shar Pei strabismus'l and Wolfhound. The 

1 medial r&tus muscle seems tb be more commonly 
affected, resulting in esotropia, enophthalmos, visual 
impairmentande;en blindness (Scagliotti, 1999).Treal- 
men1 during active 'nllammation can incl~de immuno- 
modulators and co~licosteroids in imm~nosu~oressive 

I 
. . 

doses; after fibrosis has developed, surgical correction 
may be necessaw. 

Figure 15.16 Exotropia in a dog with congenital N e ~ e  supply to  the extraocular muscles 
hydrocephalus. (Courtesy of L. Kavinski.) Figure 15.17 shows the extraocular muscles, their 

actions and innervation. 

Other causes 

Trauma:Traumatic proptosis of the globe can result in 
a strabismus due to tearing of the rectus muscles 
(usually the medial rectus muscle). A divergent strabis- 
mus or exotropia results from tearing of the medial 
rectus muscle. Retrobulbarswelling (due to infection or 
neoplasia) may cause a deviation of the globe in 
addition to exophthalmos (see Chapter 4). 

E ~ t r a ~ ~ ~ l a r p ~ l ~ m ~ ~ S i t i S : T h i ~  is a focal inflamma- 

Oculomotor (111): Different motor areas control move- 
ment of the eye and pupillary constrict~on and lens 
accommodation. Fibres from the oculomotor motor 
nucleus (rostra1 mesencephalon) innervate the dorsal, 
medial and ventral rectus muscles, the ventral oblique 
muscle and the levator palpebrae superioris. These 
muscles elevate, depress, cause extorsion (twist out- 
ward) and turn the globe nasally, and the levator palpe- 
brae superloris elevates the upper eyelid. Interference 
with the parasympathetic component of the oculomotor 
nerve results in a fixed d~lated pupil. When the aeneral 

tory myopathy inthe extraocular muscles, producing somaticefferentcomponentofthenerveisaffectebthere 
bilateral exophthalmos (see Chapter 4). This disease isalateralandventralstrabismus(the'downandouteye') 
occurs particularly in young (6-18 months) large- and an upper eyelid ptosis. In some instances, dysfunc- 
breed dogs, most commonly in Golden Retrievers tionoftheoculomotornervedoesnotresultinstrabismus, 
(Taylor, 2000). but the eye is unable to move normally (Bagley, 1996). 

Key: Dlrectlon of arrow shows dlrectlon of actlon of muscle * (Ill) -0culornotor nerve ), (IV) -Trochlear nerve (VI) - Abducens nerve 
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Trochlear (1V):The trochlear nerve is unique because (fast phase) is always opposite to the side of the 
it is the only cranial nerve that exitsviathe dorsal aspect peripheral lesion. The direction of the nystagmus does 
of the brainstem and also the only one that decussates not change if the position of the animal's head isaltered 
100%. It innervates the dorsal oblique muscle. This by the examiner. Other signs of vestibular disease 
muscle forms a tendon, coursing rostrally and nasally, such as head tilt, circling, rolling and loss of balance 
that oasses throuah a aroove in the trochlea, which is may also be present (Figure 15.18). .. ... r - - - - -  - - 
a cartilaginous plaque attached at the level of the nasal 
angle of the eye to the wall of the orbit. The tendon of 
the dorsal oblique muscle, after passing around the 
trochlea, deviates and courses temporally and attaches 
to the sclera under the tendon of insertion of the dorsal 
rectus muscle. Dorsal oblique contraction turns nasally 
(intorts) the dorsal portion of the globe. Lesions of either 
the trochlear nucleus or nerve paralyse the dorsal 
obliquemuscle, resulting in rotationof theglobe, with the 
dorsal portion turned laterally. Ophthalmoscopy may 
show the dorsal vein and arteriole deviated laterally, 
which is avery useful clue in species with a round pupil. 
In the cat it is easier to diagnose trochlear nerve (IV) 
lesions because the dorsal aspect of the vertical pupil is 
deviated laterally (temporally). 

Abducens (V1):This innervates the retractor bulbi and 
lateral rectus muscles. These muscles retract and turn 
the globe temporally, respectively. Lesions of the ab- 
ducens nerve result in a medially diverted globe (eso- 
tropia or convergent strabismus), which cannot be 
abducted or retracted. 

Lesions on the floor of the skull involving a very 
vascularized area - the cavernous sinus - which 
encircles the pituitaryfossa, can cause paralysis of all 
extraocular muscles because the oculomotor (Ill), 
trochlear (IV) and abducens (VI) nerves, the sympa- 
thetic innervation totheeye andthe ophthalmic branch 
of the trigeminal nerve (V) course in this region prior 
to exiting theskull via the orbital fissure. The resulting 
complete ophthalmoplegia is also called cavernous 
sinus syndrome. 

Disorders of eye movement 
The coordination of eye movements is a complex 
mechanism, with inputs from the vestibular system, 
cerebellum and higher centres. Communication be- 
tween the nuclei of the nerves and the extraocular 
muscles occurs via the medial longitudinal fasciculus 
(MLF) and helps coordinate the extraocular muscles. 
The vestibular system is involved in controlling eye 
movements and position as well as maintaining the 
position of thetrunkand limbs in relation to the position 
or movement of the head (see Figure 15.6). 

Abnormalities of nystagmus 

Abnormal nystagmus occurring when an animal's 
head is unrestrained is called 'spontaneous 
nystagmus' . Nystagmus occurring when an animal's head is 
held in an abnormal position by the examiner is 
called 'positional nystagmus'. 

Vestibular disease 
Peripheral vestibular disease results in spontaneous 
horizontal nystagmus. The direction of the nystagmus 

Fiaure 15.18 Perioheral vestibular disease: nore the - - ~ ~  - 

head tilt 

Vestibular disease may cause one eye to be devi- 
ated ventrally or ventrolaterally when the neck is ex- 
tended. The ventrally deviated eye is usually on the 
side of the lesion (Thomas, 2000). 

Central vestibular disease can cause a vertical or 
positional nystagmus (where the direction of ny- 
stagmus alters as the head's position is altered). In 
some instances the fast phase can be towards the 
side of the lesion (paradoxical vestibular syndrome). 
Other cranial nerve deficits may accompany central 
vestibular disease. 

Cerebellar disease 
Cerebellardisordersmay result in nystagmus, this being 
a form of intention tremor of the extraocular muscles. 

Congenital nystagmus 
Congenital nystagmus may sometimes be observed In 
puppies or kittens and is manifested as continual fine 
oscillations of the globes. 

In Siamese cats it is thought to be associated 
with congenital abnormalities of the central visual 
pathways (see above) 
Congenital blindness may be accompanied by 
continuous, almost random, eye movements 
described as 'searching nystagmus'. The correct 
name for this is amaurotic nystagmus. If the 
potential for vision is later restored, these 
movements will remain 
A rotatory nystagmus is often seen in puppies 
that have microphthalmos and congenital 
cataracts, even if the lesions do not render them 
totally blind 
Nystagmus may develop in animals that lose 
their vision at a very early age, e.g. Abyssinian 
kittens with early-onset generalized progressive 
retinal atrophy 
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Pendular nystagmus is usually due to congenital 
disoroers (e.g. Samese cats. Belgian sheepdogs). 
In Beaian SneetJdoas it can be a cl,n~cal sion of . - ., 
an autkomal recessive trait characterized by a 
lack of decussation at the optic chiasma. All retinal 
ganglion cell axons in the affected animals extend 
directly into the ipsilateral optic tract (Hogan and 
Williams, 1995). Pendular nystagmus can also be 
seen in poisonings that cause diffuse body tremors 
and as part of 'shaker syndrome' (de Lahunta, 2002). 

Disorders of blinking 

The normal blink reflex is important forthe wellbeing of 
the eye. A deficiency in blinking can result in corneal 
disease. Lackof a normal blinkmay result from lesions 
of the afferent (sensory) orefferent (motor) armsof the 
corneal or palpebral reflex (see Figure 15.5). 

Sensory innervation of the eye 
The ophthalmic division of the trigeminal (V) nerve 
supplies sensory innervation to the globe, the upper 
eyelid and the medial canthal region. Branches of the 
maxillary division of the trigeminal nerve supply the 
lateral parts of the upper eyelid (overlapping with the 
ophthalmic branch), the lower eyelid and surrounding 
skin. The trigeminal nerve transmits sensory impulses 
to the trigeminal nucleus in the brainstem. After syn- 
apsing, these impulses cross to the contralateral tha- 
lamic nuclei and from there to the cerebral cortex for 
conscious perception. 

Corneal blink reflex 
The corneal blink reflex is used to assess corneal 
sensation; the efferent arm of this reflex is via the facial 
(VII) nerve. Several attempts have been made to 
establish a method of quantitatively evaluating corneal 
sensation in animals. Corneal sensation can be as- 
sessed using asyringe filled with air to generate an air 
puff stimulus. For greater consistency a Cochet-Bon- 
net aesthesiometer can be used (Figure 15.19) with a 
relatively good degree of objectivity and repeatability 
(Brooks eta/., 2000). Canine dolichocephalic breeds 
are moresensitivetothisstimulusthan brachycephalic 
breeds. Also, the central cornea is the most sensitive 
region for the test (Barret eta/., 1991). 

Abnormalities due to sensory deficits 

Denervation of sensory supply to the globe 

A neurotrophic keratopathy results from a sensory 
deficit of the cornea (see Chapter 8). This affects 
the cornea exposed within the interpalpebral 
fissure. Note that the menace reflex will cause the 
animal to blink if the eye is still visual 
lnfranuclear lesions (i.e. between the sensory 
nerve endings and cells of the trigeminal nuclei) 
may result in total anaesthesia or partial 
anaesthesia. Hypoalgesia of the three branches 
of the trigeminal nerve due to a supranuclear 
lesion may be accompanied by supranuclear 
facial nerve palsy, due to the.close proximity of 
thalamic nuclei and the internal capsule. Lesions 
of the trigeminal nerve may result from 
hydrocephalus, neoplasia, infection or skull 
fractures. Attempts should be made to identify 
the site and cause of the lesion and to treat it if 
possible. A neurotrophic keratopathy should be 
treated symptomatically, providing antibiotic 
cover and tear substitute treatment 
In the dog, tumours of the cranial nerves most 
often involve the trigeminal nerve (V) (Summers 
eta/., 1995). 

Motor innervation of the eyelids 
The facial nerve (VII) supplies the muscles of facial 
expression and carries parasympathetic nerves that 
innervate the lacrimal glands. It passes from ihe brain 
alongside the auditory nerve until it enters the facial 
canal that passes adjacent to the medial wall of the 
tympanic cavity. Fibres innervating the lacrimal gland 
pass via the major petrosal nerve and are given off just 
as the facial canal bends to become adjacent to the 
tympanic cavity. This close anatomical association 
between the facial nerve and the tvmoanic cavitv is'bf , , ~~~~ ~, ~- - 

clinical significance. The facial nerve emerges through 
the stylomastoid foramen and innervates the muscles 
of facial expression, including the orbicularis oculi 
muscle that effects blinking. The ability to blink may be 
checked by a number of reflexes: the menace re- 
sponse (see Figure 15.2) and dazzle reflex (see Figure 
15.3) use the optic nerve (11) as the afferent pathway; 
the corneal or palpebral blink reflex uses the oohthal- 
mlc branch of the trigeminal nerve (V) as the afferent 
arm (see Figure 15.5). 

Abnormalities due to motor deficits 

Lesions of the facial nerve 
Facial nerve paralysis results in an inability to blink. 
When theanimal isstimulatedtoattemptto blink by the 
menace response test or corneal blink reflex, the globe 
is retracted and the third eyelid flicks across the cor- 
nea, but the upper and lower, lids are incapable of 
closing the palpebral fissure. The cornea may be 
unaffected in cases where the parasympathetic supply 
to the lacrimal gland is spared and the third eyelid can 
adequately distribute the pre-ocular tear film. How- 
ever, brachycephalic breeds with prominent globes 
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may develop an exposure keratopathy because the 
third eyelid cannot pass completely across the cornea 
in these individuals; thus the pre-oculartear film is not 
adequately spread. The cause of the facial nerve 
lesion, such as trauma, neoplasia, or otitis media, 
should be identified and treated if possible. Ocular 
treatment is not usually necessary unless a brachy- 
cephalic breed is affected or lacrimal function is im- 
paired, in which case tear substitutes should be used. 

Idiopathic facial paralysis 
This condition can be unilateral or bilateral. Signs in- 
clude drooping ears, drooling from the corner of the 
mouth, lip weakness, widening of palpebral fissure and 
weak or absent palpebral and corneal reflexes. Despite 
the absence of a confirmed association with otitis 
media-interna, animals with idiopathicfacial weakness 
or paralysis frequently have vestibular signs. An asso- 
ciation with hypothyroidism has been noted in some 
affected dogs. In idiopathic cases a comparison with 
Bell'spalsy may be appropriate (Summers etal., 1995). 

Hemifacial spasm 
This is the result of increased motor activity of the facial 
nerve. It is characterized by the spontaneous onset of 
unilateral intermittent spasms of the orbicularis oculi 
muscle. It may, at first glance, be confused with facial 
nerve paralysis of the contralateral side. It has been 
reported in dogs with chronic otitis media (irritation of 
facial nerve) and following facial paralysis (Roberts 
and Vainisi, 1967; Parker etal., 1973). True hemifacial 
spasms should be differentiated from unilateral facial 
tics, tetanus, and focal epilepsy (Glaser, 1990). 

Abnormalities of lacrimation 

Tear production may be measured by the Schirmer 
tear test (see Chapters l a  and 6). Abnormalities of 
lacrimation are also dealt with in Chapter 6. 

The tearing reflex 
The afferent component of so-called reflex tearing 
is the trigeminal sensory stimulation from exposure 
of the eye to light, cold wind or other irritants; the 
efferent arm of this reflex is mediated by the pre- 
ganglionic parasympathetic fibres that arise near the 
facial nucleus in the pontine tegmentum in a nuclear 
column ventral to the fourth ventricle. These fibres 
exit the brainstem and travel with the sensory root of 
the facial nerve and join the major petrosal nerve. The 
major petrosal nerve leaves the facial nerve within 
the facial canal in the medial wall of the middle ear 
cavity; the presynaptic fibres enter the pterygopalatine 
ganglion where they synapse with postganglionic fi- 
bres (Glaser, 1990). Then these latter fibres innervate 
the lacrimal gland by joining the zygomatic branch of 
the maxillary division of the trigeminal nerve. 

Lesions of the afferent arm 
Sensation conveyedfromthe cornea, conjunctivaand, 
to a certain extent, the nasal mucosa via the trigeminal 
nerve, acts as the afferent arm of the reflex to increase 

tear production. Lesions in this pathway are often 
overlooked as a potential cause of keratoconjunctivitis 
sicca (KCS). Lesionsof the trigeminal nerve have been 
discussed above. 

Lesions of the efferent arm 
Pre-ganglionic parasympathetic fibres that arise near 
the facial nucleus in the pontine tegmentum mediate 
reflex tearing. These fibres travel with the initial portion 
of the facial nerve (VII). Therefore, lesions of the 
parasympathetic supply to the lacrimal gland are com- 
monly accompanied by facial nerve (VII) lesions. The 
consequent denervation of the tear glands results in 
much reduced tear production and KCS. The lateral 
nasal gland, a serous secreting gland that keeps the 
nose moist, is innervated by a different branch of the 
facial nerve that separates at the level of the pterygo- 
palatine ganglion. Therefore, KCS associated with a 
dly nose suggests apreorbital lesion, likely to beatthe 
level of the petrous temporal bone (Smith, 2002). A 
neurological lesionshouldtherefore besuspected,and 
treated if possible. 

Topicaltearsubstitutesand ointments can be used. 
Oral parasympathomimetics, such as 1% pilocarpine 
aiven in food twiceadav 11-4droos\. mav beof benefit 
Gecause of denervati&'hypersensjtivit; of the tear- 
producing tissue. Topical cyclosporine treatment alone 
is usually of some help in these cases but often will not 
result in a satisfactory remission of the clinical signs 
because immune-mediated dacryoadenitis is not 
present. A parotid duct transposition is indicated if 
medical treatment fails to control the condition. 

Paradoxical tearing 
Paradoxical tearing (gustolacrimal reflex, 'crocodile 
tears') is the onset of excessive tearing while the 
patient is eating or anticipating a meal. It is called 
'crocodile tears'after the myth that crocodiles cry while 
eating their prey. The afferent input is the stimulation of 
taste receptors. This phenomenon is the result of 
aberrant sprouting of salivary nerve fibres that gain 
access to the ipsilateral lacrimal glands. It has been 
reported in humans and in small animals (Glaser, 
1990; Hacker, 1990). The condition is rare, usually 
unilateral, and may occur following facial palsies. 
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Rabbits 

David L. Williams 

Introduction Orbital glands 
The glands occupying the orbit are very different from 

The explosion of veterinary interest in the pet rabbit the analogous structures in the cat or dog. 
over the past few years has been paralleled by an 
increaseinattention paidto theophthalmicdiseasesof The lacrimal gland and an accessory lacrimal 
this soecies. Des~i te the fact that the rabbit eve is aland with orbital and retro-orbital lobes are 
widel; used in comparative research, the physiAlogy 
and gross and microscopic anatomy differ substan- 
tially from that of other mammals, including humans. 
These differences result in significant variations in 
disease presentations from those seen in the dog and 
cat.Thischapterwil1 highlightthosedifferencesagainst 
the background of similarities between the eyes of the 
rabbit and other companion mammals. 

The orbit 

Orbital anatomy 
The rabbit orbit is dissimilar from that of other mam- 
mals inseveral respects.Theeyesare placed laterally, 
setwidely apart, and projectwell beyond theorbital rim. 
In addition toopening intothecranial cavity, each optic 
foramen communicates directly with the opposite orbit 
through an opening approximately 5 mm wide; this 
anatomical feature has clinical significance, potentially 
enabling infection to pass from one orbit to the other in 
cases of orbital cellulitis or retrobulbar abscess. Two 
further important anatomical features of the rabbit orbit 
are the retrobulbar venous plexus (or 'orbital sinus') 
and the glands associated with the globe. 

Orbital sinus 
The retrobulbar venous plexus extends from the 
orbital apex to the globe equator and lies immediatelv 

Situated dorsolaterally 
The third eyelid has a superficial (nictitans) gland 
and a deep gland. The nictitans gland is buried 
within the nictitating membrane and envelops the 
deep end of the cartilage of the nictitating 
membrane. The deep gland has a white dorsal 
lobe and a pink ventral lobe and is known as the 
Harderian gland. It is almost completely 
enveloped by the orbital venous sinus. The fascia 
of the Harderian gland is tightly attached to the 
fascia surrounding the extraocular muscles and 
to the base of the nictitating membrane. 

Conditions of the orbit 

Prolapse of the globe 
Rabbits have very prominent globes, and relatively 
minor trauma, including poor restraining techniques, 
can result in prolapse of the globe. 

Exophthalmos 
Exophthalmos in the rabbit is most commonly due to a 
retrobulbar abscess; less common causes include 
neoplasia, impeded venous drainage from the orbit, 
and orbital vascular anomalies (Figure 16.1). 

internal 'to the p&iorbital' membrane, effectively a 
'second lining for the bony orbit' (Ruskell, 1964). The 
venous plexus communicates with several major 
veins. The reflex vein is the largest vessel draining 
the olexus: the auical arouo of small veins drains into I 
the btervgoid sinus. A - Q ~ O ~ U  of small veins connects . . -  
the orbira venous p ex;~ w l h  the inlracran~al cavern- 
0,s slnus, g ving the potent a for cereoral spread of I 
orbital infection. Other veins draining to the orbital 
sinus aretheanteriorpalpebralvein, the orbitotemporal 
vein and the superior ophthalmic vein. The orbital t . 1  
sinus is of clinical significance when enucleation or ~i~~~~ 16.1 A rabbit with stress-related exopht,,almos 
exenteration is undertaken, as it can be a Source of whichwascaused bvananteriorthoracicmasscomoressina 
significant bleeding. the anterior vena c iva (Courtesy of C. Giliespie.) ' 

i 
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Retrobulbar abscess: Retrobulbar abscessation 
(Figure 16.2) is the commonest orbital disease of the 
rabbit. The majority of retrobulbar abscesses are 
related to dental disease; Pasteurella multocida has 
been implicated, though without firm evidence. In- 
fected molar tooth roots that are retropulsed into the 
orbit can readily lead to an orbital abscess and cure is 
rare in such cases. The purulent discharge associated 
with a retrobulbarabscess is difficult, if not impossible, 
to evacuatecompletely and even after completeorbital 
exenteration the majority of chronic retrobulbar ab- 
scesses will recur. The use of antibiotic-impregnated 
beads in the orbit may be valuable, as has been 
reported for the treatment of dental abscesses in the 
rabbit. Calcium hydroxide paste, which is bactericidal 
as a result of its high pH, may be useful (Remeeusand 
Verbeek, 1995). 

Figure 16.2 Retrobulbar abscess characterized by 
laooohthalmos and exowhthalmos, and associated with 
~&ieure/la multocida molar tooth ioot infection. 

Orbital gland prolapse 
Prolapse of the glands associated with the third eyelid 
is not common but has been reported (Roxburgh et 
al., 1998; Janssens etal., 1999). Given the anatomy, 
it might be expected that the prolapsed gland 
would invariably be the more superficial nictitans 
gland (Figure 16.3a), but it is usually the Harderian 
gland (Figure 16.3b) that is involved (Janssens et 
a/., 1999). 

A mucosal pocket technique as described for the 
dog (Morgan etal., 1993) can be used to effect repair 
(see Figure 5.46). Preservation of thegland may not be 
necessary to maintain tear production but the high 
vascularity of the gland means that excision may be 
accompanied by severe haemorrhage. 

Enucleation 
A transconjunctival approach to enucleation is pre- 
ferred. With this technique the dissection can be 
made close to the globe, with each extraocular 
muscle being sectioned at its insertion on the sclera. 
The optic nerve and accompanying vessels are 
sectioned last. This approach minimizes the chance 
of causing serious bleeding by disrupting or damag- 
ing the orbital sinus. 
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Retrobulbar anaesthesia 
Retrobulbar anaesthesia can be performed to allow 
lighter levels of general anaesthesia when enuclea- 
tion, orbital surgery or intraocular surgery is under- 
taken. A needle is inserted at the dorsal border of the 
zygomatic arch and directed posteromedially to reach 
the superior orbital fissure; 0.5-1 ml of lignocaine 
(lidocaine) is injected. The nerves supplying the 
extraocular muscles andthose for orbital nociception 
pass through the superior orbital fissure (Diesem, 
1964). This procedure should be pelformed with care 
to avoid inadvertent penetration of the globe. 

Eyelid and conjunctival diseases 

Infectious conditions involving the eyelids often also 
involve the conjunctiva. 

Blepharoconjunctivitis and conjunctivitis 

Causes 

Irritation: Conjunctivitis may be caused by irritation 
from dust arising from poor-quality hay or straw. 
Distichia and ectopic cilia have not been reported as 
causes of ocular irritation and inflammation in the 
rabbit, although single ectopiccilia unassociated with 
clinical signs are occasionally observed arising from 
the nictitating membrane. 

Infection: .. . . 

Haemophilus spp. have been reported as a 
primary cause of conjunctivitis in the rabbit 
(Srivastava eta/., 1986) but other infectious 
agents are often isolated 
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Blepharoconjunctivitis with mucopurulent ocular 
discharge and eyelid thickening and crusting has 
been reported associated with localized 
Staphylococcus aureus infection (Millichamp and 
Collins, 1986). Topical and parenteral gentamicin 
was curative 
Blepharitis and blepharoconjunctivitis in the rabbit 
may be associated with rabbit syphilis caused by 
the spirochaete Treponema cuniculi. T. cuniculi is 
transmitted to neonates by the genitally infected 
dam (Harkness and Wagner, 1989) 
Myxomatosis is most commonly seen in wild 
rabbits and is caused by the myxoma virus. 
Affected rabbits suffer from periocular swelling 
and a white purulent ocular discharge, probably 
as a result of secondary infections with bacteria 
such as Staphylococcus spp. or Pasteurella spp. 
(Figure 16.4). Animals that have been vaccinated 
may develop periorbital swelling associated with 
facial oedema when they encounter field strains 
of the virus. 

Fibrosarcoma is another possible tumour of the 
orbital and periobital region; exenteration, the only 
surgical option, is rarely curative. 

Aberrant conjunctival overgrowth 
Aberrant overgrowth of the conjunctiva to cover the 
cornea (Figure 16.5) is an unusual abnormality unique 
to the rabbit (Matros eta/., 1986; Bauck, 1989; Dupont 
etal., 1995).Theaetiology of thecondition is unknown. 
While it may present as a congenital defect, it can also 
develop in adult animals. 

Figure 16.4 Purulent ocular discharge in a rabbit with 
myxomatosis. 

Diagnosis and treatment 

Laboratory diagnostic techniques should include 
bacteriology and cytology using Giemsa and 
Gram stains. Gram staining of a conjunctival 
sample helps in the immediate choice of an 
appropriate antibiotic while awaiting confirmation 
from culture and sensitivity 
Diagnosis of rabbit syphilis is made by 
demonstrating the spirochaete on a conjunctival 

con~unctiva to cover 
the peripheral cornea. I ' -  

A fold of conjunctival tissue arises circumferentially 
from the limbus and grows over the cornea but IS non- 
adherent. It appears as a th~n annulus that covers a 
considerable portion of the ocular surface and in some 
cases can completely cover the cornea. Typically the 
condition recurs following s~mple surgical removal. 
Suturing the fold back to the sclera, or using topical 
cyclosporin after surgery, reduces the degree of recur- 

scrape, the prepared side is best v ewed with rence so thar permanent v is~a l  impairment is avoided. 
oar6 f eld ill~mination Hisroloav ol resected tissue shows no inflammaro~y ~-~ ~~ ~ 

An autogenous vaccine has been suggested for 
the treatment of staphylococcal conjunctivitis 
(Hinton, 1977). 

Eyelid tumours 
Squamous cell carcinomacan mimic theclinical signs of 
treponemal blepharoconjunctivitis (Bagley and Lavach, 
1985) but cytology should be diagnostic as neoplastic 
epithelial cells can be demonstrated when the cause is 
squamous cell carcinoma. Surgical excision is the cur- 
rent preferred treatment, although brachytherapy, if 
available, would be a radiotherapeutic option. 

changes, although one study demonstrated aberrant 
contractile elements in the leading edgeof the conjunc- 
tiva (PE Miller, personal communication, 2001). 

Lacrimal system 

Tear production 
There is a wide range in normal tear production as 
measured by the Schirmer 1 tear test. In a study by 
Abrams eta/. (1990) of 142 apparently normal eyes, 
the average value was 5.3 f 2.9 mmlmin, with a range 
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from 0 to 15 mmlmin. Breed differences accounted for 
the wide variation in this study; while it might be 
supposed that larger breeds would have the higher 
readings, the study showed Netherland Dwarf rabbits 
to have an unusually high reading of 12.0 k 2.5 
mmlmin. Given the breed and individual variation, if 
reduced tear production is suspected it is essential to 
compare tear production in a diseased eye with the 
normal fellow eye. 

Tear drainage 
The rabbit's nasolacrimal system is unusual in that 
there is only one ventrally placed lacrimal punctum 
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Diagnosis and investigation: Ocular discharge is a 
frequent finding in rabbits, ranging from simple epi- 
phora, mucoid and mucopurulent discharge (Figure 
16.7a), to dense white purulent nasolacrimal emission 
(Figure 16.7b). A key feature in the investigation of 
such cases is defining whether the discharge merely 
signals a localized conjunctivitis or whether, as is most 
usual, it is the result of dacryocystitis. With dacryocys- 
titis, mucopurulent material may be seen emerging 
from the lacrimal punctum or can be expressed by 
digital pressure over the medial canthal region (Figure 
16.7~). Expressed material should be collected for 
bacterial culture and sensitivity testing. 

which is located deep withinthe medial of the 
ventral conjunctival sac, at the base of the external 
surfaceof the third eyelid. The Kasolacrimal duct takes 
a tortuous wathwavfrom the lacrimal wunctum throuoh 
the lacrimal and maxillary bones a h  has two sh$p 
bends associated with duct narrowing (Figure 16.6). 
The duct passes close to the roots of both molar and 
incisor teeth, emerging through the nasal mucosa 
(Burling etal., 1991). 

I 

Figure 16.6 Tortuosity and narrowing of the nasolacrimal 
duct. ib = bend at incisor root, pb = proximal maxillary 
bend (Courtesy of T. Burling.) 

Conditions of the lacrimal system 

Keratoconjunctivitis sicca (KCS) 
KCS causing frank ocular surface pathology does 
not appear to be common in the rabbit and, as noted 
above, normal rabbits can have very low tear pro- 
duction. Nevertheless, a Schirmer tear test should 
be performed as part of the basic diagnostic work-up 
for any case with ocular surface disease. It is possi- 
ble that altered tear production, or other abnormality 
of the tear film components, may play a role i n  
persistent corneal ulceration (see below). Although 
Schirmer tear test values may not be substantially 
reduced, treatment with tear replacement agents 
may benefit a high proportion of cases with persist- If any doubt remains, conjunctivitis and dacryocys- 
ent ulceration. titis can be differentiated by cannulation and irrigation 

of the nasolacrimal duct (Figure 16.8). Easy flushing, 
Nasolacrimal duct obstruction and withoutthe appearance of puliilent material around the 
dacryocystitis . . cannula,suggests that dacryocystltis is not present. 
Interference with nasolacrimal drainage and develop- Radiography, including dacryocystorhinography 
ment of infections involving the nasolacrimal system (Figure 16.9), can be useful in the investigation of 
are a common cause of ocular discharge in the rabbit. dacryocystitis. The nasolacrimal duct is cannulated 

. .="." . ". . 
Dacrvocvstitis: 
:a) kcdpurulent ocular 
discharge; (b) copious 
whlte nasolacrimal ' : scnarge c p-r- en: 
?axF a c.q.r?csco i~ :m 
:he nasolacrimal 
3unctum; note the 
3ccompanying corneal 
3bscess. (Courtesy of 
3M Crispin.) 
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Carrington, 1988; ~auck,  1989) 
The close association between the nasolacrimal 

,.,,., .,., ,,nnulation of the sinole ventral nasolacrirnal 

In dacryocystitis, infected purulent material 
causes the obstruction (Petersen-Jones and 

- " 
p .ncl..m U Q [a press:e . e r a  , o i  rne oncr c ) c  o 
Causes lrle ps o' Ine o-net-m :c p1.1 fa: la1 fig 
introduction of a 23 gauge nasolacrimal cannula. 

Figure 16.9 Dacryocystorhinography to show the 
nasolacrirnal duct. 

with a 23 gauge lacrimal cannula and 0.2 ml of non- 
ionic contrast medium injected. Radiography, utilising 
lateral and dorsoventral views, will delineate structural 
abnormalities ofthe duct and demonstratethe relation- 
ship between the duct and any dental pathology. 

Causes: The normal rabbit nasolacrimal duct has 
specific portions where it suddenly narrows. These are 
potential sites for obstruction. 

duct and the roots of incisors and molars means 
that tooth malocclusion and root retropulsion can 
contribute to duct obstruction 
The architectural changes in maxillary bones 
secondary to dietary metabolic bone disease 
probably also has an important part to play in 
nasolacrimal duct pathology. Nutritional 
hyperparathyroidism-related dental and facial 
bone abnormalities (Harcourt-Brown, 1996) are 
common, particularly in dwarf rabbits, and 
frequently result in nasolacrimal duct obstruction 
leading to dacryocystitis 
Bacterial infection alsoplaysa role in dacryocystitis: 
- PasteureNa multocida is often considered to 

be the most common bacterial pathogen in 
the rabbit but a wide range of bacterial 
species may be isolated 

- Marini eta/. (1996) showed a wide range of 
organisms, including Neisseria spp., Moraxella 
spp., Bordetella spp., Pseudomonas spp., 
Streptococcus viridans and Oligella urethralis, 
in the bacterial flora from rabbits affected by 
epiphora alone. Which organisms were 
pathogenic and which were part of the normal 
flora is not clear, since the same organisms 
were found in nasolacrimal flushes from 
unaffected rabbits. The most frequently 
isolated organism in an earlier study of 
dacryocystitis (Petersen-Jones and Carrington, 
1988), Pasteurella multocida, was not detected 

- In a survey of staphylococcal disease in 
rabbits, over 60% had nasal exudate with 
conjunctivitis (Snyder eta/., 1976). In a more 
recent study (Cobb eta/., 1999) Staphylo- 
coccus spp. was isolated from 40% of rabbits 
with ocular infection, while P. multocida 
occurred in only 12%. 

TreatmentzTreatment of chronicdacryocystitiscan be 
frustrating and there has been no critical evaluation of 

Occasionally functional obstruction can be caused treatment regimens in the rabbit. while treatment of an 
by sterile oil droplets of indeterminate origin; this early case through nasolacrimal irrigation with the 
results in epiphora (Figure 16.10) (Marini eta/., 1996) a ~ ~ r o ~ r j a t e  antibiotic solution. with follow-uo to~ical  . .  . 

treatment, can be curative, significant n;mber of 
animals require long-term treatment. Some veterinary 
ophthalmologists consider that repeated flushing is 
indicated, while otherssuggest that in cases unrespon- 
sive to to~ical  medication. lifelona svstemic antibiotic 

F I treatmeni is the onlv means of co i r i l i na  the oroblem. 

I Enrofloxacin (5 mgikg) delivered in the &ink& water 
is probably the initial treatment of choice if this long- 
term approach is taken. 

To flush the nasolacrimal duct, dlgital retraction IS 

aooliedventrallvon the medlal lowerevel~dcausina the . . - 
lips of the punctum ro 'po-t', lac irat ng introduction of 
a 23 gaJge naso acrlma cannula (see Fig,re 16.8). 
The oucr can be oiflicu t to cannulate wnen there s 

Figure 16.10 t p  pnora it  -1 oer.ra x d o  ru [Cour:es, conc~rrentsevereconjunctiviris witna hyperaemcand . . - .  
of SM Crispin.) hyperplastic conjunctiva (Figure 16.1 1). 
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Figure 16.1 I Severe conjunctivitis with 81yprlpla~tic 
conjunctiva can render duct cannulation difficult. 

Cornea 

Corneal dystrophies 
Corneal epithelial dystrophy has been reported in the 
rabbit, presenting as peripheral areas of epithelial 
thinning and hyperplasia (Port and Dodd, 1983). An- 
other report described plaque-like paracentral granu- 
lar stippling with irregularly thickened epithelial 
basement membrane in American Dutch belted rabbits 
(Moore et a/., 1987). Occasional sporadic conditions 
resembling epithelial dystrophy may be noted (Figure 
16.12) but since 'dystrophy' refers to an inherited 
condition, in the absence of any affected relatives a 
definitive diagnosis is difficult. 

1 Figure 16.1 2 
Epitheliai pathology 
suaaestive of 
corneal dystrophy 
in a Netherland 

I 
Dwarf rabbit. 

Lipid keratopathy 
Lipid keratopathy has, not surprisingly for an obligate 
herbivore, been documented in rabbits experimentally 
fed cholesterol-rich diets to induce atherosclerosis 
(Fallon eta/., 1988) and in rabbits fed a maintenance 
diet consisting of 10% fishmeal (Sebesteny et a/., 
1985). There are two case reports of ocular lipid 
deposition in pet rabbits fed high fat diets, one pre- 
dominantly milk-based (Gelatt, 1977), the other rich in 
cheese and butter (Crispin, 1993). 

Ulcerative keratitis 
Persistent indolent superficial epithelial erosions occur 
(Figure 16.13), similar to those described in dogs (see 
Chapter8). Debridementto removeall thenon-adherent 
epithelium, with orwithoutocularsurface protection with 
a 'bandage' contact lens, allows re-epithelialization in 
many cases. In others, grid keratotomy to achieve 

long-term epithelial stability is required (see Chapter 8). 
In asmall numberof rabbits epithelial healingappearsto 
be defective to the extent that, even after debridement 
and grid keratotomy, epithelial healing does not occur. 
In such cases, a superficial keratectomy is required 
although care should be exercised, as the rabbit has a 
thinner cornea than the dog where this surgery is more 
regularly undertaken. Use of a Martinez corneal dissec- 
tor or crescent knife is recommended. 

I 
Figure 16.13 
Recurrent erosion 
wlth devitalized 
non-adherent 
epithelial lip, 
Similar to 
basement 
membrane 
epithelial 
dystrophy in, for 
example, the 
Boxer dog. 

Deeper ulceration is often associated with stromal 
abscessation, with one potential cause being a partial- 
thickness penetrating injury from hay or straw shafts. 
The optimal therapeutic strategy for such stromal 
lesions involves removal of the majority of suppurative 
maleral undertopical local cr genera, anaesthesia. Tnis 
a lowscol eclion of marerialforoacler olooical investioa- - 
tion by cytology, culture and sen~itivitytestin~. Frequent 
topical administration of an appropriate antibiotic for 
2-3 weeks is usually effective, although a mild corneal 
opacity often persists at the site of previous ulceration. 

Corneal oedema 
Corneal oedema is a common feature of glaucoma 
(Figure 16.14); it may also be associated with indolent 
ulceration. Bullous keratopathy is a not infrequent 
complication of stromal oedema. When rupture of 
epithelial bullae occurs, causing recurrent superficial 
ulceration and pain, thermal keratoplasty (see Chapter 
8) could beconsidered, but the thin cornea of the rabbit 
makes this a potentially dangerous procedure. 

Figure 16.*4 Glaucoma in a bu/bu New Zealand White 
rabbit. 
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Other non-ulcerative keratitis 
White corneal inflammatory lesions similar to those 
of feline eosinophilic keratoconjunctivitis (see Chap- 
ter 8) are on occasion seen in the rabbit. Cytological 
examination may reveal eosinophils or a more gen- 
eralized spectrum of inflammatory cells. In either 
case tooical steroid treatment with Drednisolone 
acetate two or three times daily can be efficacious 
and treatment is tapered off when the problem has 
resolved. 

Uveal tract and lens 

Uveitis 
Uveitis in the rabbit may be caused by bacteria, 

I 
presumed to be seeded into the eye during a septi- 
caemic episode. Characteristic signs include flare 
or frank hypopyon and synechiae, and possibly 
also secondary cataract formation (Figure 16.15). 
Other cases are characterized by large iridal 
abscesses in eyes with frank panophthalmitis (Figure 
16.16). A more common presentation is that of a 
solitary white mass with, or more often without, 
other more overt signs of intraocular inflammation 
(Figure 16.1 7).  he& cases were previo~sly rho,gnt 
to oe manifeslalions of Pasleurella rnultoc~da infec- I 
tion, but recently many have been shown to be a 
phacoclastic uveitis with a fascinating and unusual 
pathogenesis. I 

igure 16.15 
'asteureila 
iultocida- 
ssociated uveitis 
'ith ~osterior 
yne'chiae and 

Figure 16.16 tlrracc. ar anscessalor aro 
pinopt-ltia r ~ i  I S  3ssoc a.r-3 n in Srapn, ocucc-s a.ae..s 

Figure 16.1 7 
Encephalitozoon 
cuniculi-associated 
uveitis with an 
obvious vascular 
response in (a) but 
no such reaction 

The microsporidian parasite Encephalitozoon cu- 
niculi has for some time been known to cause cataract 
and lens capsule rupture in rabbits (Ashton et a/., 
1976). It would appear that it enters the lens during 
development in uteroand eventually leads to capsular 
rupture, with or without cataract. Release of lens mat- 
erial into the anterior chamber leads to a phacoclastic 
uveitis (Wolferetal., 1992). Theonlytreatment forsuch 
an intraocular inflammation is lens removal, ideally by 
phacoemulsification. However, one case has been 
reported where albendazole at a dosage of 30 mglkg 
orally every 24 hours over 4 weeks was effective in 
treating the parasitic infection, with concurrent topical 
steroid medication to reduce the associated inflamma- 
tion (Stiles eta/., 1997). 

Differentiating Pasteurella/Staphyloccus-associated 
uveitis from Encephalltozoon cuniculi-associated 
phacoclastic uveitis is very difficult. While paracentesis 
followed by bacteriology can give a definitive diagnosis, 
this isan invasive procedureand can result in exacerba- 
tion of the inflammatory process. 

Phacoemulsification is the ideal treatment for 
E cuniculkassociated phacoclasticuveitis.Topica1anti- 
inflammatories (ketorolac) can suppress the inflamma- 
tionsufficiently toprevent long-termsequelae. However, 
no long-term evaluation of differenttreatment modalities 
has been reported. 

Glaucoma 
Glaucoma is inherited in the New Zealand White 
(NZW) rabbit due to the recessive bugene. This also 
occurs in pet rabbits of the NZW strain as well as 
in other white breeds. The inherited glaucoma in the 
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NZW rabbit has been well researched (McMaster, Figure 16.1 9 
1960; Hanna et a/,. 1962; Lee, 1968). lntraocular Optic nerve 

pressure (IOP) in bu/bu homozygotes is normal head with deep 
physiological pit 

(15-23 mmHg) early in life but at 1-3 months IOP in the normal 
rises to 26-48 mmHg (Kolker et a/., 1963). The eyes rnerangiotic 
become buphthalmic, with cloudy corneas (see Fig- lagornorph 
ure 16.14) but, while vision is lost, the eyes do not fundus. 

appear to be painful at this stage. This may be 
because of nociceptive nerve fibre damage occurring 
as the globe expands. Over the next several months 
IOP often returnsto normal levels, since elevated IOP 
causes degeneration of the ciliary body which signifi- 
cantly reduces aqueous humour production. Affected 
eyes arecharacterized histologically by classical pec- 
tinate ligament dysplasia (Lee, 1968; Tesluk eta/., 
1982) (Figure 16.18). Medical treatment for this con- 
dition is rarely effective or necessary (Vareilles eta/., Posterior segment disease 
1980). The bu gene is known to be semilethal in It would appear that only one report exists of an 
heterozygote animals, with the production of small inherited retinal degeneration in the rabbit (Reichen- 
litters of unthriftv DUDS (Hanna eta/.. 1962). bach and Baar. 1985). The onlv two spontaneous 

Figure 16.18 Histological appearance of dysplastic 
iridocorneal angle in a bu/bu affected glaucomatous 
rabbit. C = cornea, CB = ciliary body, I = iris, S = sclera. 

Cataract 
Lens opacity may be associated with E. cuniculi as 
noted earlier. It can be an inherited condition or can be 
.secondary to trauma. The optimal treatment is 
photoemulsification but a significant complication is 
posterior capsular opacification, particularly severe in 
the rabbit. 

Fundus 

Anatomy of the posterior segment 
The retinal blood supply in the rabbit is merangiotic, 
meaning that only a portion of the fundus is supplied 
by superficial retinal blood vessels. There is a hori- 
zontal band of nerve fibres, which are normally mye- 
linated and thus appear white, with accompanying 
superficial retinal vasculature (Figure 16.19). Dorsal 
to this arrangement of vessels and myelinated nerve 
fibres is a horizontal band with densely packed 
photoreceptors that affords more detailed vision. 
This, combined with the lateral eye placement in this 
species, allows the rabbit to have a relatively high 
level of visual acuity in a band around the entire 
horizon, allowing itto readily identify advancing preda- 
tors from any direction. The optic nerve head has a 
deep physiological pit. 

posterior segment diseases commonly recognized in 
the rabbit are optic nerve coloboma and glaucomatous 
cupping of the optic disc. Optic nerve coloboma is an 
insignificant problem and appears not to cause visual 
disturbance but should be differentiated from the deep 
physiological pit in the centre of the optic disc. 

References and further reading 

Abrams KL, Brooks DE, Funk RS and Theran P (1990) Evaluation of 
Schirmer tear test in clinically normal rabbits. American Joumal 
of Veterinary Research 51, 191 2-1 91 3 

Ashton N, Cook C and Clegg F (1976) Encephalitozoonosis 
(Nosematosis) causing bilateral cataract ina rabbit. BritishJoumai 
of Ophthalmology SO, 61E631 

Bagley LH and Lavach D (1985) Ophthalmic diseases in rabbits. 
Californian Veterinarian 49, 7-9 

Bauck L (1989) Ophthalmic conditions in pet rabbits and rodents. 
Compendium on Continuing Education for the Practicing 
Veterinarian 11,258-268 

Burling K, Murphy CJ, Curiel JS, Koblick P and Bellhorn RW (1991) 
Anatomy oftherabbitnasolacrimal ductand itsclinical implications. 
Progress in Veterinaryand Compaiative Ophthalmology l,33-40 

Cobb MA, Payne B, Alien WM and Pott JM (1999) A survey of 
conjunctival flora in rabbits with clinical signs of superficial 
ocular infection. in: Proceedings of the British SrnaN Animal 
Veterinary Assoclation Congress, April 1999, Birmingham UK, 
p.250. BSAVA, Cheltenham 

Crispin SM (1993) Ocular manifestations of hyperlipoproteinaemia. 
Journal of Small Animal Practice 34, 500-506 

Dlesem CD (1964) The bony orbit. In: The Rabbit in Eye Research, 
ed. JH Prince. pp.545-547. Charles C Thomas, Springfield. IL 

Dupont C, Carrier M and Gauvin J (1995) Bilateral precorneal 
membranousocclusion in adwarf rabbit. JoumalofSmaNExotic 
Animal Medicine 3,4144 

Fallon MT, Reinhard MK, DaRifCAandSchwoebTR (1 988) Diagnostic 
exercise: eye lesions in a rabbit. LaboratoryAnimalScience38, 
612413 

Gelan GN (1977) Corneal lipidosis in a rabbit fed milk. Joornalofthe 
American Veterinary Medical Association 171,887489 

Hanna BL. Sawin PB and Sheppars LB (1962) Buphthalmia in the 
rabbit. Journal of Heredity 62,294-299 

Harcoult-Brown F (1998) Calcium deficiency, diet and dental disease 
in pet rabbits. Veterinary Record139, 567-571 

Harkness JE and Wagner JE (1969) The Biology and Medicine of 
Rabbits and Rodents, 3rd edn. Philadelphia, Lea and Febiger 

Hinton M (1977) Treatment of purulent staphylococcal conjunctivitis in 
rabbits withautogenousvaccina: LaboratoryAnimaisll, 163-1 64 

Janssens G, Simoens P, Muyile S and Lauwers H (1999) Bilateral 
prolapseof thedeepgland ofthethird eyelid in a rabbit: diagnosis 
and treatment. LaboratoryAnimal Science49, 105-109 

Kolker AE, Moses RA, Constant MA and Becker B (1963) The 
development ofglaucomain rabbits. invesfigatlveOphthalmoiogy 
2,316421 

www.vet4arab.co.cc
by Itra



284 Rabbits 

Lee PF (1968) Gonioscooic studv of hereditaw buohthalmia in 
rabbiis. Ahhives of O~hthalm~ogy 79, 775-778 ' 

Marini RP, Foltz CJ, Kersten D, Batchelder M, Kaser W, Li X (1996) 
Microbiologic, radiographicandanatomicstudyofthenasolacrimal 
duct aooaratus in the rabbit (Owctolaous cunicuius\. Laboratow 

MalroSLE Ansar Mhl and Van Pelt CS (1986) Eycanomaly inaor.arf 
raobll Vetennary Meolone (AwanIExor c Prac13cs) 3. 13 -14 

McMabrer PRB 119GO. Dccrcascd aaJeaus a.llam n rabbzts 
wlth heredttaiy buphthalm~a Archives of Ophthalmoiogy 64, 
?an-lor --- "". 

M i  icnampNJanoCo nsBR(1986 B epnarocon uncl , I  sassacmlcd 
hllh SlapnylOCOCCuSaureuSin a rabDlI Journal ofrhc Arncncan 
Verer naw tAeosar Assona1,or~ 189 I 153-1 154 

Moore CP, dubielziq R and Glaza SM (1987) Anterior corneal 
oyslrophy of Amirjcan DJcn be lea raoo.ls blom croscoplLdnu 
n~slopalnolog cal I no ngs i/erer,nary Parnology 24 28-33 

Moraan RV D.odv-M and McC .ro Kl19931 Pro aoscoflhcnlono 
Lf the ihird efelid in dogs: a Gtrdspecive st;dy of 89 &ses 
(1980 to 1990). Journal of the American Animal Hospital 
Association 29, 56-60 

Petersen-Jones SM and Carrington SD (1988) Pasteurella 
dacryocystitis in rabbits. Veterinary Record122, 514-515 

Port CD and Dodd DC (1983) Two cases of corneal epithelial 
dystrophy in rdublls Lsborarory Anrmar Sclence33, 587-588 

Pr ncc .n (1964, Tnc Raobrr in E,c Researcn Char es C Thornab 
SDr naflcld . 

~eichenbich A and Baar U (1985) Retinitis pigmentosa-like 
tapetoretinal degeneration in a rabbit breed. Documenla 
Ophthatrnoiogica 60, 71-78 

Remeeus P and Verbeek M (1995) The use of calcium hydroxide in 
the treatment of abscesses in the cheek of the rabbit resulting 

from a dental oeriaoical disorder. Journalof Veterinaw Dentistw . , 
12,19-22 

Roxburgh G, Boydell P and Genovese L (1998) Prolapse and 
hyperplasia of a third eyelid gland in 4 rabbits. Journal of the 
British Association of Veterinary Ophthalmologists 12. 4 

RuskellGL(1964) Bloodvesselsoftheorbitandalobe. in: TheRabbit 
i n~ye~esearch ,  ed. JH Prince, ~ ~ . 5 4 5 - 5 4 7 ~ ~ h a r l e s ~ ~ h o m a s ,  
Springfield, IL 

Sebesteny A. Sheraidah GAKandTrevam DJ (1985) Lipidkeratopathy 
and atheromatosis in an SPF rabbit colonv attributable to diet. 

Srivastava KK. PickJR a& Johnson PT(1986j~haracterisation of a 
Hemophilussp.isoiatedfromarabbitwithconjunctivitis. Laboratory 
Animals 36.291-293 

StilesJ, DidlerE, Ritchie B, GreenacreC, WillisM andMartinC(1997) 
Enceohalitozoon cunicoliin the lens of a rabbit with ~hacoclastic 
uveitk: conformation andtreatment. ~eterinaryand~om~arative 
Ophthalmology 7,233-238 

Tesluk G, Peiffer RL and Brown D (1982) A clinical and pathological 
studv of inherited alaucoma in New Zealand White rabbits. 

Vareilles P, Coquet P a i d  Lotti VJ (1980) lntraocular pressure 
responses to antiglaucoma agents in spontaneous buphthaimic 
rabbits. Ophthairnology Research 12, 2296-2302 

Williams DL (1999) Laboratow animal oohthalmoloov. In: Veterinaw 
~phthalholody, 3rdeddn, eb. KN~elatt ,  pp. 120$?236. ~ippincod, 
W I ams and W k ns Pn! adeiphla 

Wo ler J Grann 8 and W lcock 0 (1992, Sponlaneous ens r.pl-re n 
Inc rabo 1 Veter nary Patnology 29 478-480 

www.vet4arab.co.cc
by Itra



Exotic species 

Martin P.C. Lawton 

This chapter will consider ophthalmic conditions of: 

Primates 
Rodents 
Birds 
Reptiles 
Fish. 

Only the more common conditions, or those differ- 
ing significantly from conditions encountered in cats 
and dogs, are described. 

Ophthalmic examination 

The general approach to the ophthalmoscopic exami- 
nation of exotic species should not differ from that for 
any domestic species. Many ocular conditions are 
common to all species. 

Some exotic species may be dangerous to handle 
when conscious, and anaesthesia or sedation may be 
required. The majority of exotic animals have small 
eyes, so it is advantageous to use a magnifying loupe, 
slit-lamp biomicroscope or direct ophthalmoscope 
(with a + I0  to +I5 dioptre lens selected) for examina- 
tion of the anteriorsegment. Examination without addi- 
tional magnification could result in subtle changes 
being missed. Fundoscopy in all butthe larger species 
is best achieved by Indirect ophthalmoscopy with a 90 
dioptre lens; this allows examination through a small 
(often undilated) pupil. 

Primates 

Congenital conditions 
Rhesus monkeys(Macaca spp.), in common with other 
primates, demonstrate a variety of developmental ab- 
normalities (Acland, 1980), including colobomas of the 
iris and lens, subcapsularcataracts, persistent pupillary 
membrane and macular degeneration. 

Ocular infections 
Herpesvirus simiae infection of any primate, prenatal 
or postnatal, may result in neurological deficiency 
andvisual impairment. This organismalso haszoonotic 
potential. 

Lens changes 
As in other species, nuclear sclerosis of the lens is a 
common finding in the ageing non-human primate 
(Bellhorn, 1981). 

Rodents 

A variety of rodents are kept as pets. Rodents are also 
utilized in laboratories for toxicological studies and as 
experimental models, particularly for the understanding 
of ophthalmic pathology. Such studies have furthered 
knowledge of ophthalmic problems in pet rodents. 

Examination is aided by correct handling. If rodents 
are restrained by the scruff of the neck, exophthalmos is 
likely, particularly in hamsters. This substantially alters 
the appearance of the conjunctiva, eyelids and, in some 
cases, cornea. The use of ashort-acting gaseous anaes- 
thetic such as isoflurane allows a thorough examination 
of the eyes to be performed and any necessary samples 
taken. This causes almost no stress to the rodent. 

Mydriatics have a variable effect in rodents. Those 
Although all primates in the UK, except marmosets with pigmented irises (e.g. Lister hooded rats) are more 
(Callithrix SDU.), are covered under the Danaerous resistant to the effects of mvdriatics. oossiblv because 
wild ~ n i m a i s ' ~ i t  1976, they are neverthelessstill kept 
as pets and may be presented to veterinary surgeons 
in practice for examination and treatment. For the 
safety of the ophthalmologist and veterinary staff, they 
are best sedated or anaesthetized unless an experi- 
enced handler is available. Ketamine is routinely used, 
although this in itself can lead to a drying of the cornea 
and a secondary keratitis. 

Primates, except the nocturnal owl monkey or 
dourucouli (Aotes trivirgatus) have a fovea, which is a 
small avascular cone-rich area responsible for fine 
visual discrimination (Slatter, 1981). 

, , 
thedrug bindsto melanin inthe iris, reducing itsavailabil- 
ity to the synapticterminal. Repeated application of 10% 
phenylephrine three or four times within a 15-minute 
period usually achieves mydriasis (Kern, 1989). 

Lacrimal apparatus and conjunctiva 

Eplphora 
Epiphora is associated with obstruction of the nasolac- 
rimal duct as a result of malocclusion or overgrowth of 
the incisors. Corrective dentistry may treat this prob- 
lem and prevent it from recurring. 
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Chromodacryorrhoea 
Chromodacryorrhoea (red tears) is a common finding, 
especially inolder rodents (Figure 17.1). It iscaused by 
porphyrin secretion from the Harderian glands (Bauck, 
1989). Infection with thecoronavirussialodacryoadenitis 
virus (SDAV) may also cause chromodacryorrhoea, 
often accompanied by otherocularproblems, including 
blepharospasm, keratoconjunctivitis, megaloglobusand 
hyphaema. SDAV is highly contagious and spreads 
rapidly by aerosol, direct contact and fomite transmis- 
sion. SDAVcan alsocause focal chorioretinopathy and 
secondary retinal degeneration. 

Figure 17.1 A rat with 
chrornodacryorrhoea. 

Conjunctivitis 
Conjunctivitis is seen in rodents, especially hamsters, 
and the resulting exudate may result in the eyelids 
sticking together. This is often associated with the 
presence of sawdust bedding and is more common in 
old or debilitated hamsters that are no longer grooming 
themselves or that are dehydrated. Gentle bathing will 
open the eyelids, allowing treatment with topical anti- 
biotic drops such as fusidic acid. Ointments should be 
avoided, as these tend to cause accumulation of fur- 
ther sawdust or bedding material. The bedding should 
be changed to newspaper and any underlying cause 
treated, if possible. 

In common with cats and koalas (Canfield, 1987; 
Girjes etal., 1988), guinea pigs have been reported as 
being susceptible to chlamydia1 infection (Kern, 1989; 
Cherian and Magee, 1990). The condition is known as 
guinea pig inclusion conjunctivitis (GPIC). It is caused 
by Chlamydiophila caviae. GPIC is a self-limiting dis- 
ease. Initially, it presents as a mild serous ocular 
discharge that usually resolves in3or4weeks. C. caviae 
may also cause neonatal conjunctivitis (transmitted 
from the genital tracts of females). 

Conjunctival foreign bodies 
It is not uncommon to encounter seeds as foreign 
bodies in the conjunctiva of guinea pigs, especially if 
poor quality hay is used. Treatment involves flushing 
with Hartmann's solution, using a fine soft catheter. 
Once the foreign body has been removed, any infec- 
tion should betreatedtopically with asuitable antibiotic 
(e.g. gentamicin). 

Third eyelid 
Prolapse of the nictitans gland occurs in gerbils. Surgi- 
cal removal is indicated. Radiosurgery/electrosurgery 
should be employed to limit the possibility of fatal 
haemorrhage from the orbital venous sinus. 

Cornea 

Corneal dystrophy 
Spontaneous inherited corneal dystrophy and stromal 
corneal degenerations have been reported in rats. 

Trauma 
The cornea can be damaged by fights or scratches 
(such as from hay or straw bedding). In most cases, 
topical treatment with a suitable antibiotic and removal 
ofthepossiblecause isadvised. Where thecornea has 
been lacerated, suturing of the cornea or placement of 
a third eyelid flap may be necessary, as well as anti- 
biotic treatment. In guinea pigs, scarring of thecornea, 
without a previous history of trauma, is a common 
finding. This damage can often be associated with 
lipidosis, especially as guinea pigs are prone to obesity 
and fatty liver syndrome and often have abnormal lipid 
deposits in their blood vessels. 

Ulceration 
Corneal ulceration is quite common in pet rodents and 
can be confirmed by the application of topical 
fluorescein. Foreign bodies such as sawdust or hay 
bedding are a common cause, but ulceration can also 
result from fighting, for example, in male mice or 
chinchillas that are kept together. The conjunctival 
fornix of affected animals should be flushed to remove 
all foreign material and topical antibiotic drops pro- 
vided. The cornea usually heals rapidly. 

Lens 

Cataract 
Reversible lens opacities may develop during heavy 
sedation or anaesthesia (Bellhorn, 1973). These are 
thought to be associated with prolonged periods of 
non-blinking, resulting in the evaporation of fluid from 
the anterior chamber which, in turn, affects the trans- 
parency of the anterior lens. 

Hereditary, dietary (sucrose) and drug-induced (e.g. 
streptozotocin) cataracts have all been reported in rats. 

Cortical cataracts of suspected genetic origin have 
been reported in strains of Abyssinian and English 
short-haired guinea pigs (Kern, 1989). Cataracts are 
commonly found in older animals. 

Retina 
In most rodents the whole retina receives adirect blood 
supply from superficial retinal vessels and, like that of 
the dog and cat, is referred to as holangiotic. The 
guinea pig has a paurangiotic retinal blood supply 
(minute retinal vessels extending only a short distance 
from the disc). 

Inherited retinopathy 
Mice and rats have been found to show a variety 
of inherited retinal problems, including various 
retinal degenerations. 
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Phototoxic retinopathy support for healing from a third eyelid flap or conjunc- 
Phototoxic retinopathy is a common and important tival graft should be considered. 
cause of degenerative retinal disease in rodents, 
particularly albino rats. Predisposing factors are Enucleation 
photoperiodicity, illumination intensity and temperature. Indications for enucleation include severe trauma, neo- 
Even lowintensitiesof light overalong periodof timecan plasiaandendophthalmitis?panophthalmitis. The tech- 
produce changes in the retina. A thorough description 
has beengiven by Semple-Rowlandand Dawson (1987). 

Birds 

The avian pupil responds poorly to changes in light 
intensity but it does constrict actively to aid accommo- 
dation, which may be further facilitated by compression 
of the protruding lens by the iris. A consensual light 
reflex does not occur in birds (Fox etal., 1977) and 
slight anisocoria may be normal (Kern, 1997). 

The iris musculature is predominantly striated, al- 
lowing voluntary control of pupil size (Walls, 1942). 
Therefore, mydriatics such as atropine or tropicamide, 
which act at smooth muscle neuromuscular junctions, 
do not dilate the pupil, even after repeated applica- 
tions. Mydriasis is best achieved by general anaes- 
thesia (especially using ketamine) orthrough the useof 
D-tubocurarine, either topically or injected into the 
anterior chamber. Several topical applications of a 3 
mg/ml solution of 0-tubocurarine over a 15-minute 
period has been reported as useful (Karpinski, 1986). 
Kern (1997) demonstrated that two applications of 
alcuronium chloride (5 mglml) 15 minutes apart 
can provide mydriasis for up to 3 hours, although its 
use was not without side effects, ranging from eyelid 
paralysis to hind limb paralysis. 

The globe 
The globe is very large in proportion to the size of the 
head, with the posterior segment being substantially 
larger than the anterior segment. Marked family differ- 
ences in the shape of the eye occur. Kern (1997) 
describes three basic shapes of avian globes: flat 
(found in most birds), globose (found in diurnal raptors 
and crows) and tubular (found in owls). 

Sunken eye disease 
'Sunken eye disease' or enophthalmitis is seen in ma- 
caws (Ara spp.) secondary to sinusitis. This should not 
be confused with a lowered intraocular pressure due to 
anterior uveitis. Additionally, it should be noted that birds 
are unable to retract the globe because they have no 
retractor bulbi muscles (Kern, 1997). Birds with 'sunken 
eye disease' often have a copious mucopurulent nasal 
discharge in addition to the enophthalmos. This condi- 
tion responds to treatment with antibiotics, combined 
with flushing of the sinuses. Flushing of the sinuses can 
be undertaken with Hartmann's solution and an appro- 
priate antibiotic, either via the nostril cavities (with the 

nique is similartothat in mammals, exceptthattheglobe 
is often proportionately larger for the size of the head. 
Alateraicanthotomyallowsforbetterexposure(Murphy, 
1987). Scissors are introduced between the globe and 
the orbit; the extraocular muscles and connective tissue 
and, eventually, the optic nerve are severed. Care must 
be taken when handling the globe, as traction on the 
optic nerve can cause damage to the optic chiasma, 
resulting in blindness in the contralateral eye. 

Eyelids and periorbital tissues 
The lower eyelid contains a semicircular fibrous plate 
that can make retraction and exposure of the ventral 
conjunctiva difficult. Eyelid neoplasia is rare. 

Ankyloblepharon 
Ankyloblepharon has been reported in cockatiels 
(Nyrnphicus hollandicus) (Buyukmihci etal., 1990). Sur- 
gical attempts to reconstruct the palpebral fissures were 
unsuccessful, as the skin overlying the globe returned to 
the preoperativestate, oflen within one month of surgely. 
Kern etal. (1985) also reported problems with attempted 
blepharoplasty of a partial upper eyelid agenesis in a 
peregrine falcon (Falco peregrinus). 

Periorbital swellings 
Swelling of the eyelids or periorbital structures art: 
common, particularly in ps.ittacine birds (Lawton, 1991). 
Swellings medial and ventromedial to the globe, often 
accompanied by a fibrinopurulent ocular discharge, 
are often the result of infraorbital sinus infection. The 
infraorbital sinus of birds is part of the cervicocephaJc 
air sac system and is often involved in respiratory 
infections. Bacterial, viral and fungal infections have all 
been reported (Lawton, 1999a). 

Periorbital swellings, usually without any ocular 
discharge, are often associated with hypovitaminosis 
A. This results in squamous cell metaplasia of the 
lacrimal gland system (Figure 17.2) and a build-up of 

head pointing downwards) or by intrasinus injection. 

Globe rupture 
Traumatic rupture of the eye does not result in collapse I 
of theglobe becauseof the presenceof scleral ossicles. Figure 17.2 Squamous cell metaplasia of the lacrimal 
The cornea should be repaired, if possible; otherwise, gland in an African grey parrot. 
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sterile inspissated pus (Lawton, 1988). Treatment in- 
volves surgical exploration of these masses under 
general anaesthesia, and the diet should be changed 
to one that provides adequate levels of vitamin A. 

Viral blepharitis 
Poxvirus infection can result in a mild proliferative lesion 
that may progress to a pseudotumour involving the 
eyelids. Poxvirus lesions generally develop 10-14 days 
after infection and start as a mild blepharitis. This is 
followed by a serous ocular discharge and swelling of 
the lids with the formation of dry crusty scabs that may 
completely seal the lids so that they are shut (Figure 
17.3). Caseous masses of white fluid collect under the 
closed lids, leading to corneal oedema and ulceration, 
which may even progress to corneal perforation. The 
clinical illness lastsfrom 2-6 weeks in parrots (Karpinski 
and Clubb, 1986). The ocular lesions may precede a 
generalized infection. Poxvirus lesions respond poorly 
to treatment, and secondary bacterial infections should 
be controlled. Kern (1997) suggests that parenteral 
vitamin A (1 0,000-25,000 IUl300 g) may limitthesever- 
ity of the disease if given early in its course. 

Figure 17.3 Poxvirus affecting the eyelids of a canary 

Parasitic blepharitis 
Cnemidocoptes piNae (the cause of 'scaly face') can 
cause eyelid deformities as a result of the keratinous 
changes induced by the parasite (Figure 17.4). Treat- 
ment is with ivermectin at 200 kglkg s . ~ .  Plasmodium 
spp. have been reported as a cause of blepharitis in 

F .,-._ . . . . ~ptes  infestation affecting the 
eyelids and cere of a budgerigar. 

Trauma 
Trauma to the eyelids is frequently encountered. If it is 
severe enough todamagethe leading edgeof the eyelid 
margin, repairshould beperformedundergeneralanaes- 
thesia using a fine (6-0) absorbable suture material. 

Tear film 
The Harderian gland is the major source of tears. Its 
duct opening can be seen as an extremely large 
opening in the conjunctiva at the medial canthus. A 
lacrimal gland is also present in all birds except pen- 
guins and owls, and is positioned inferotemporally to 
the globe. In budgerigars there also is a salt gland 
within the orbit, dorsomedial to the globe. This can 
result in salt precipitates forming around the eyelids, 
though they form more usually near the cere. 

Keratoconjunctivitis sicca 
Keratoconjunctivitis sicca (dry eye) occurs in birds, 
often as a result of lacrimal gland damage due to 
hypovitaminosis A (Lawton, 1991). It is characterized 
by a mucoid discharge on the eyelid margins and is 
confirmed by performingaSchirmerteartest withstrips 
that have been cut down lengthways. The aqueous 
part of the tear film should be considered inadequate if 
it is less than 10 mmlmin. Tear production may be 
improved by dietary changes and vitamin supplemen- 
tation. Application of an artificial tear preparation, such 
as any used in dogs or cats but particularly the 
acetylcysteinelhypromellose combination is useful, 
especially if there is damage to the cornea. 

Conjunctiva and cornea 

Conjunctivitis and keratitis 
Conjunctivitis and keratitis are common and may be 
accompanied by accumulationsof inspissated pus, which 
cause swellings under either the upper or the lower 
eyelid. If the upper eyelid is affected, the pus is often 
found behind the third eyelid as well. Treatment involves 
removal ofthe pus byflushing theconjunctivalfornixwith 
Hartmann'ssolution viaafineflexible cannula. Cytology 
and bacteriology may be performed, although asuitable 
broad-spectrum antibiotic such as ciprofloxacin will 
often cure the condition. 

Upper respiratory tract infections (viral and bac- 
terial) are frequently associated with conjunctivitis. 

Corneal ulceration 
Corneal ulceration may be associated with trauma, 
infection, foreign bodies and dry eye. 

Budgerigars (Melopsitticus undulatus) and 
cockatiels (Nymphicus hollandicus) kept on loosesand 
may experience problems if sand gets into the eye. 
Other foreign bodies encountered include grass awns, 
seed husks and gravel. Rubbing the face on the bottom 
of the cage tends to exacerbate the problem, because 
more irritant material gets into the eye. Treatment is by 
flushing out the foreign material with Hartmann's solu- 
tion. A 5-day course of topical antibiotics (e.g. 
ciprofloxacin) may also be appropriate. 

Severe corneal ulceration should be treated in a 
similarway as in mammals. For example, a third eyelid 
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flap may be utilized (Figure 17.5). The third eyelid of 
birds is located in the dorsomedial fornix of the con- 
junctiva sac. Under general anaesthesia and with the 
aid of magnification, the third eyelid is pulled down and 
sutured to theventrolateral bulbar conjunctiva with two 
small mattress sutures of 6-0 absorbable suture mat- 
erial. The flap is usually left in place for 2 weeks. 
Application of cyanoacrylate glue to the ulcer bed has 
also been described (Kern, 1997). In this procedure, it 
is important to hold the eyelids apart, dry the cornea 
and apply a thin film of cyanoacrylate, such as a drop 
on a tip of a 25 gauge needle, and allow it to dry before 
releasing the eyelids. 

Figure 17.5 A third eyelid flap in a plgeon with corneal 
ulcerat~on 

Anterior chamber and uvea 
Iris colour in some species may be an indication of age 
orsex(Karp~nksiand Glubb, 1986; Kern, 1997). Fleda- 
ling macaws have brown irises that fade to grey within 
the flrst year. Young Amazon parrots (Amazona spp.) 
have brown irisesthat become redlorange asthey age. 
The irises of African grey parrots (Psittacus erithacus) 
change from a dark blue through to a grey or brown 
'colour. Juvenile red-tailed hawks have yellow-grey 
irises that change tochocolate brown by 4 yearsof age. 
The irises of osprey (Pandion spp.) and kites 
(Accipitridae) are grey in nestlings, yellow in juveniles 
:and orange in older birds, ending up as ruby-red by 5 
years of age. 

Many species of cockatoo (Cacatua spp.) show 
sexual dimorphism: adult males have dark brown to 
black irises, whereas adult females have red irises, 
The young of both sexes have brown irises. 

Trauma 
Trauma or penetrating injury can result in hyphaema, 
which often regresses within a few weeks. However, 
treatment with top~cal antibiotics and corticosteroids 
may often bring about resolution, provided there 1s no 
corneal ulceration. 

Uveitis 
Idiopathic recurrent uveitis is common in Macaws 
(Lawton, 1991). Treatment with topical corticosteroids 
and atropine brings temporary relief. The uveitis may 
not recur for several months but, ultimately, recurrent 
bouts result in secondary cataracts (Figure 17.6) and 
posterior synechiae. Chronic uveitis can result in ciliary 
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body atrophy and phthisis bulbi (Kern, 1997), although 
shrinkage of the globe is limited by the presence of the 
scleral ossicles. 

Lens 

Cataract 
Birds with cataracts often fail to feed properly. Cataracts 
are reported to occur frequently in raptors (Buyukmihci 
etal., 1988), often associated with intraocular inflamma- 
tion. However, they are also commonly noted in any 
aged bird. Resorption of the cataract with partial resto- 
ration of vision may occur in some cases. In others, 
lensectomy can be performed; however, due to the size 
and power of the lens, the vision of an aphakic bird is 
very poor. Therefore, surgery should only be contem- 
plated in cases of bilateral cataract. The lens of birds is 
substantially softer than that of mammals, being mainly 
fluid, and, although phacoemulsification in birds has 
been described (Murphy and Riis, 1984), simple aspira- 
tion of the cataractous material without ultrasonic frag- 
mentation will suffice. This may be performed through a 
small corneal incision. 

Posterior segment 
Many species with an anangiotic retina (lack of visible 
retinal blood vessel) have modified vessels protruding 
into the vitreous to supply nutrients and to remove 
metabolic wastes from the retina. In birds, this device 
is known as the pecten (Figure 17.7). The pecten is not 
just involved in nutritional support but also plays a part 
in elaboration of the intraocularfluids (Kern, 1997). On 
ocular movement, the pecten mechanically agitates 
the vitreous, facilitatingfluid movement within the eye. 

Figure 17.7 
Pecten and 
fundus of an 
African grey 
parrot. 
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Theavian opticdiscis elongated andoval but isoften 
hidden by the pecten. The majority of birds have one or 
two fovea(e), although these are absent in some 
waterbirds, most domestic birdsandsomeground dweli- 
ers, which usually only have an area centralis or visual 
streak. Monofoveal birds such as owls and swifts have 
a central fovea. Bifoveal birds include many passerines, 
hawks, eagles and other birds of prey; they have a 

Theophid (snake)eye istheexception, inthat it has 
noscleralossiclesorcartilage (Walls, 1942); itachieves 
accommodation by a combination of changing the 
shape of the lens and also moving the lens anteriorly or 
posteriorly (Davies, 1981). Movement of the eye is 
limited, except in chameleons, due to poor develop- 
ment ofthe rectus muscles, although the retractor bulbi 
muscle is well developed. 

princ.pal central foveaand a seconoary lempora one. In 
some soecles of hawk an0 eaoles. rhese two lovea are Conaenital abnormalities . - 

~ 

connected by a ribbon-like area which can be visualized 
by ophthalmoscopy (Greenwood and Barnett, 1981). 
Colour vision is well developed and some birds can also 
see ultraviolet light which, it is now thought, may even 
allow them to distinguish sexes. In birds that were 
previously thought to be monomorphic, the feathers of 
males and females appear different under ultraviolet 
light, perhapsallowing the birds todistinguish thesexes. 

Congenital conditions 
Retinal dysplasia, optic nerve hypoplasia and various 
colobomatous defects have been associated with 
microphthalmos in raptors (Buyukmihci etal., 1988). 

Trauma 
Rupture of the pecten results in a massive haemor- 
rhage into the vitreous and is encountered in casualty 
birds, especially kestrels and owls. This haemorrhage 
may regress over a period of several months, but a 
traction detachment of the retina may occur as the 
resulting clot contracts (Lawton, 1991). 

Chorioretinitis 
Chorioretinitis is common in owls. It may be associated 
with either nutritional deficiencies or toxoplasmosis 
(Greenwood and Barnett, 1981). Granulomatous in- 
flammatory changes have been reported (Miller et a/., 
1988), and these may necessitate enucleation. 

Retinal degenerations 
Several retinal dystrophies have been reported in 
chickens. In one form, impaired vision was noticed at 
3-8 weeks and resulted in a reduced pupillary light 
response (Curtis etal., 1987). 

Reptiles 

Reotiles. in common with birds, have striated muscle in 
the' iris, 'allowing voluntary control of the pupil size. 
Millichamp and Jacobson (1986) used D-tubocurarine 
asa mydriaticin largerspeciesof lizardsorcrocodilians. 
The injection of 0.05-0.1 ml via a 27-30 gauge needle 
into the anterior chamber resulted in mydriasis lasting 
from 30 minutes to several hours. 

Reptiles have a rapid direct light response but no 
consensual light response. 

Globe 
The globe of most reptiles is almost spherical. Scleral 
ossicles (6-17) play an important part in accommoda- 
tion in reptiles by changing the shape of the eye itself 
and, therefore, altering thedistance between the cornea 

~ i c r ~ ~ h t h a l m o s  is the most commonly reported con- 
genital disorder and seems to be most common in 
snakes (Dupont and Murphy, 1998). It can often be 
mistaken for anophthalmos (very rare) unless histo- 
pathology is undertaken (Lawton, 1998a). 

Eyelids 
Snakes, some geckos and skinks (Ablepharus sp.) 
have fused upper and lower eyelids and, hence, no 
palpebral fissure. The fused eyelidsform a transparent 
membrane known as the spectacle, brille or eyecap. 
Snakes and lizards (order Squamata) have a tertiary 
spectacle, which is mainly derived embryologically 
from the lower eyeiid. Although it is a horny dry trans- 
parent eyescale, Millichamp etal. (1983) showed it to 
be highly vascular by using microsilicone injection. 
When the spectacle is inflamed, the vessels can be 
seen easily with the aid of magnification (Lawton, 
1998b). Some lizards have a transparent lower eyeiid, 
with reduced or absent scales. This allows vision 
through tlie closed eyelids while still providing protec- 
tion to the eye from sand or grit (Duke-Elder, 1958). 

Crocodilians, like humans, have a well developed 
tarsal plate (Millichampand Jacobson, 1986); this may 
often become ossified (Dupont and Murphy, 1998). 

Trauma 
Trauma to the eyelids may occur in all species and is 
especially frequent in red-eared terrapins (Trachemys 
scripta elegans) as a result of feeding frenzy and 
fighting. Frye (1972) described damage to the eyelids 
in an iguana as a result of heatlamp burns and 
outlined a blepharoplasty technique for repair. The 
technique is essentially the same as that used for 
similar injuries in mammals. 

Trauma to the spectacle of snakes, especially avul- 
sion, is serious, as it can result in corneal desiccation 
due to a lackof continuity of the tear film (Figure 17.8) 

Fiaure 17.8 Desiccated eve followina avulsion of the - 
and fundus. sp&tacle in a royal python.' 
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and may ultimately result in loss of the eye (Lawton, 
1998b). Treatment may be attempted with topical 
antibiotics and artificial tears, a cut-down soft contact 
lens or by transposing oral mucosa overthe eye. Some 
success has recently been achieved by using porcine 
small intestinal submucosa(Lawton;unpublisheddata). 

Blepharoedema 
Blepharoedema is a common finding in reptiles and is 
often associated with hypovitaminosis A (see below). 

Neoplasia 
Neoplasiaof the eyelids associated with viral infection 
has been reported in a number of species. These 
include a fibroma/papilloma in green sea turtles 
(Chelonia mydas), papillomas in green lizards 
(Lacertilia spp.; Figure 17.9) and papillomas associ- 
ated with poxvirus in the speckled caiman (Caiman 
crocodilus) (Millichamp et a\., 1983; Millichamp and 
Jacobson, 1986). In all these cases surgery may be 
attempted but because the tumours are associated 
with viruses recurrence is common. 

European green lizard 

Retained spectacle 
This is the most common ocular problem in snakes. It 
presents in the early stages as an indentation of the 
normally smooth spectacle, but the appearance be- 
comes increasingly abnormal as there is a build-up of 
retained spectacles. The spectacle takes on a silver1 
white appearance due to the thick layer of dead skin 
and, in extreme cases, this will cause blindness. Diag- 
nosis is aided with the use of magnification and, in 
particular, biomicroscopy. It arises because of afailure 
of theoldspectacleto beshed during ecdysis (Lawton, 
1992,1998b, 1999b). 

The retained spectacles may become secondarily 
infected, resulting in permanent blindness. Further- 
more, temporary visual impairment may result from the 
retention of several spectacles. 

Treatment involves soaking the retained spectacle 
to aid its removal. This is best done by using a wet 
cotton bud and rubbing from the medial and lateral 
canthi towards the centre of the spectacle. If the 
spectacle does not detach following gentle manipula- 
tion with a cotton bud, artificial tears (hypromellose) 
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should be applied several times daily for a few days to 
soften the spectacle and then the technique should be 
repeated. Although Frye (1981) suggested using for- 
ceps or other instruments to remove a retained spec- 
tacle, thisauthorconsiders that inexperienced operators 
could cause damage to, or even avulsion of, the 
underlying spectacle. If the retained spectacle cannot 
be removed easily, it is bestto wait until the next slough 
and then to try again. 

Third eye 
In two suborders of Squamata, the Saura (lizards) and 
Rhyncocephalia (tuatara), there is a parietal eye (third 
eye). This is the remnant of the median eye, which was 
originally a palred visual organ on the roofof rhe nead ol 
proverleorales (Walls. 1942). Histolog'cally. 1h.sisshown 
to have a neurological input and to contain a primitive 
retina and, in the case of the tuatara (Sphenodon 
punctatus), also a lens. The third eye is located in a hole 
below the parietal boneand, in the tuatara, the overlying 
scales are transparent. There is a relationship between 
the parietal eye, the pineal body and the habenular 
nucleus. The parietal eye is thought to play a role in 
hormone production and thermoregulation. 

Tear film 

Keratoconjunctivitis sicca 
Keratoconjunctivitis sicca in reptiles (Figure 17.10) is 
most commonly due to changes in the lacrimal and 
Harderian glands associated with vitamin A deficiency 
(Elkan and Zwart, 1967). The deficiency also causes 
conjunctivalandcornealepithelialmetaplasiaand hyper- 
keratosis. Early treatment can reverse these changes, 
but the more established the deficiency, the more likeli- 
hood there is of some permanent damage. Definitive 
diagnosis of dry eye is made using Schirmer tear test 
strips that have been cut down lengthways; if thege 
show a reading of <3 mmlmin, a positive diagnosis can 
be made. Treatment is similar to that employed in 
mammals, using artificial tear preparations and, when 
xerophthalmos is due to vitamin A deficiency, admini- 
stration of vitamin A. A dose rate of 2000 IUIkg (s.c. or 
i.m.) on a weekly basis is advised (Lawton, 1997). 

. .,are 1'. . .- .<eratoconjunctivitis sicca in a 
Mediterranean tortoise. 
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Impaired tear drainage 
'Tear staining syndrome' is common in some species 
of tortoise (Testudospp.) due to the lack of afunctional 
nasolacrimal system (Lawton, 1997). The tears natu- 
rally spillovertheeyelidsanddown thesideoftheface, 
eventually evaporating. 

Blockage of the nasolacrimal system in snakes 
will result in accumulation of tears between the cor- 
nea and spectacle, resulting in an enlargement of 
the subspectacular space (Lawton, 1992). This can 
be differentiated from subspectacular abscesses 
because the fluid is clear. Patency of the snake's 
nasolacrimal drainage system may be investigated 
by injecting a small amount of fluorescein through 
the lateral canthus of the spectacle into the 
subspectacular space and then examining the mouth 
for signs of fluorescein drainage (Lawton, 1999b). 
Patency is usually restored by cannulation via the 
mouth. If this is not possible, conjunctivoralostomy 
may be performed to create a surgical fistula 
(Millichamp eta/., 1986). Under general anaesthesia, 
an incision is made through the spectacle and an 
18 gauge needle passed between the inferior fornix 
of the subspectacular space and the roof of the 
mouth, emerging between the palatine and maxillary 
teeth. Fine (0.635 mm) sialastic tubing is threaded 
through the needle and left in situ for 1 month to 
maintain patency (Lawton, 1998b). 

Conjunctiva 

Foreign bodies 
The presence of foreign bodies in the conjunctival 
fornix is often linked to environmental conditions. In 
tortoises, hay seeds are a common finding, especially 
in those that hibernate in hay. Lizards kept on peat or 
sand may occasionally get these materials into their 
eyes, resulting in blepharospasm (Lawton, 1997).Treat- 
ment involves the removal of the foreign body by 
grasping it with fine forceps, or by flushing it out with 
Hartmann's solution via a soft fine-gauge intravenous 
cannula. Any ulceration or abrasion of the cornea 
should be treated with topical antibiotics such as gen- 
tamicin or ciprofloxacin. 

Conjunctivitis 
This is a common problem but, because of the lackof 
lysosomes in the heterophils, a mucopurulent dis- 
charge is not seen. Infectious conjunctivitis usually 
results in caseous plaques that are often retained 
withintheconjunctivalfornix (Figure 17.1 1). Thecausa- 
tiveorganism is usually opportunistic and of the Gram- 
negative family, Enterobactereacae; Pseudomonas 
spp. are especially common. The presence of these 
plaques can cause a foreign body reaction. In reptiles 
other than snakes presented with a closed eye, the 
conjunctival fornix should be flushed with Hartmann's 
solution via a fine soft cannula (24 gauge) or explored 
by using wetted endodontic paper points in order to 
removeany caseous plaques. Topical broad-spectrum 
antibiotics such as ciprofloxacin usually control the 
infection (Lawton, 1997). 

Figure 17.12 Subspectacular abscess in a royal 
python. The spectacle has been lanced laterally. 

Cornea 
The reptilian cornea is thin. There is no Bowman's 
layer, although Descemet's membrane is present in all 
reptiles except a few geckos (Duke-Elder, 1958). 

Keratitis 
Keratitis in tortoises associated with a white corneal 
mass may be the result of infection with MoraxeNa, 

Figure 17.11 Caseous plaque in the conjunctival fornix 
of a Mediterranean tortoise. 

Reptiles with vitamin A deficiency may develop 
caseous masses in the conjunctival fornix of similar 
appearance to those found in conjunctivitis. In this in- 
stance, however, the masses are associated with de- 
squamated cells due to xerophthalmos (see above). 

Conjunctivitis in snakes presents as a sub- 
spectacular abscess (Lawton, 1999b). The spectacle 
appears cloudy or white and may be distorted. These 
cases often result from stomatitis and ascending 
infection of the nasolacrimal duct, although haema- 
togenous spread of systemic infection may occur. The 
condition may be unilateral or bilateral. Treatment 
involves cutting asmall wedge through thespectacle at 
the lateral canthus and flushing the subspectacular 
space with Hartmann's solution daily (Figure 17.12). A 
swab should also be taken for culture and sensitivity. A 
suitable ophthalmic solution such as ciprofloxacin or 
gentamicin is applied after flushing. ~ e p e n d i n ~  on the 
culture and sensitivity results,systemicantibiotic treat- 
ment may also be required. 
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Pseudomonasor Aeromonasspp. (Lawton, 1997; Fig- 
ure 17.13). Such keratitis is contagious and should be 
considered to be a 'herd' problem. Treatment consists 
of removal of the plaque from the cornea under general 
anaesthesia. Samples should be sent for culture and 
sensitivity. Topical treatment with a su~table antibiotic 
such as ciprofloxacin usually cures any infection. 

1 Figure 17.13 
Bacterial keratitis 
in a Mediterranean 
tortoise. 

Fungal keratitis occurs in snakes (Figure 17.14); if 
untreated, panophthalmitis may result, necessitating 
enucleation of the affected eye (Zwart eta/., 1973). 
Long-term administration of corticosteroids can pre- 
dispose to fungal overgrowth. Diagnosis is made by 
demonstrating fungal hyphae on corneal scrapings. 
Treatment is with topical miconazole. 

I e 17.14 A fungal on of the speclac11 
Florida king snake. 

Figure 17.15 
Arcus hpoides 
corneae in a 
Mediterranean 
tortoise. 

Corneal ulceration 
Ulceration may be associated with foreign bodies 
trauma, as in other species. Traumatic lacerations 
can be sutured with a fine suture material (8-0 or 
10-0 Mersilene, Ethicon) and a course of topical 
antibioticshould also be provided. Severe ulcerations 
in chelonia and lizards may be treated by performing 
a third eyelid flap. 

Arcus lipoides corneae 
Arcus lipoides corneae is seen as a white infiltration of 
the peripheral cornea. This is most commonly seen in 
adult tortoises (Figure 17.15) and is considered partot 
the normal ageing process (Lawton, 1997). 

Anterior chamber and uveal tract 

Uveitis 
Uveitis may result from trauma or infection (bacterial, 
fungal or viral) or may be associated with neoplasia. 
The clinical signs and treatment are similar to those in 
mammals. 

Hyphaema and hypopyon may occur following ex- 
posure to freezing temperatures, due to hibernation in 
unsuitable conditions or unnatural environments; this 
is particularly noted in chelonians (Lawton, 1989; Fig- 
ure 17.1 6). The resulting problems are a direct result of 
subnormal temperatures. The effects on the eye's are 
evident on emergence from hibernation. The owners 
often present such animals to the veterinary surgeon 
as they are anorexic, showing signs of blindness or, in 
extreme cases, showing CNS signsdue to brain orliver 
damage, which is also caused from the freezing epi- 
sodes. Cataracts (see below) may also be present. 

recently out of hibernation. 
Figure 17.16 Hyphaema in a Evlediterranea ise 

Lens 

Cataract 
As in all species, cataracts may occur for a variety of 
reasons. Cataracts in tortoises.have been associated 
with freezing episodes (Lawton, 1989; Lawton and 
Stoakes, 1989). Duke-Elder (1958) reported that the 
chelonian lens is extremely soft and almost fluid-like 
in consistency. It is hypothesized that, because of 
this, they are particularly prone to damage from low 
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temperatures. In some cases, these changes are 
reversible, although it may take up to 18 months for 
the lens to clear (Lawton and Stoakes, 1989). Cata- 
ract surgery in reptiles can be performed in a similar 
manner to that already described for birds. 

Retina 
Like birds, reptiles have an anangiotic retinacontaining 
both rods and cones. Nutrients are supplied and meta- 
bolic wastes removed by choroidal blood vessels or 
modified vessels protruding into the vitreous. 
Chelonians rely solely on choroidal blood vessels. In 
lizards astructuresimilarto the avian pecten is present, 
known as the conus papilaris. In snakes, there is a 
vascular network that overlies the retina, known as the 
membrana vasculosa retinae, which is a branching 
array of vessels from the choroid running into the 
posterior vitreous near the optic disc. In adult 
crocodilians the conus papilaris is functionless and is 
reduced to a glial pad with one or two capillaries that 
scarcely protrudes intothevitreous (Walls, 1942; Duke- 
Elder, 1958). In addition, crocodilians have a tapetum 
formed by guanine crystals. 

Retinal damage and degeneration 
Retinal damage associated with vitamin A deficiency, 
and following freezing episodes, has been reported in 
tortoises (Lawton, 1989). In certain circumstances, 
treatment with vitamin A (2000 IUIkg s.c. or i.m. at 
7-14-day intelvals for up to three occasions) may 
result in a clinical improvement. 

Retinal degeneration has been reported in tokay 
geckos (Gekko gecko) (Bonney et a/., 1978; Schmidt 
and Toft, 1981), although it is also thought to be a 
sporadic finding in most reptile families (Millichamp 
and Jacobson, 1986). 

Fish 

Ophthalmological examination of pet fish is seldom 
undertaken. Cataracts and corneal lesions occur com- 
monly and should be looked for during the routine 
clinical examination. Toxic, dietary or parasitic 
aetiologies should always be considered. 

Cornea 
Any chemicals added to the water should be consid- 
ered as capable of having an effect on the eye. The 
actions of surfactants on the eyes of the carp family 
have been investigated (Kohbara etal., 1987). 

Transportationof fish may resultin a high incidence 
of corneal opacity as a result of injury and corneal 
oedema (Ubels and Edelhauser, 1987). Corneal epi- 
thelial abrasions in fish are demonstrated by topical 
application of fluorescein dye when the fish are out of 
water. Anything that compromises the integrity of the 
corneal epithelium will result in oedemaand opacity. In 
severe cases of damage to the corneal epithelium 
resulting in corneal oedema, cataracts may also de- 
velop, usually within 24 hours of the original damage. 
The oedema may persist for as long as 96 hours after 
the initial injury. Provided there are no complications, 

both corneaand lensesshould regain normal transpar- 
ency within 7 days (Ubels and Edelhouser, 1987). 
Elasmobranchs are an exception, for in these fish the 
corneal stroma does not swell, so opacity due to 
corneal oedemais notseen, and the presentingsign of 
corneal epithelial damage is cataract formation. 

Lens 

Cataract 
Reversible cataracts in fish can result from osmotic 
changes. Most fish have a limited capacity to regulate 
their aqueous humour osmolarity and, therefore, a 
reduction in water osmolarity will cause the lens to 
become oedematous, giving it a cloudy appearance. 

Parasites, such as various trematode species in 
trout and Diplostomum spathaceum in freshwater fish, 
cause cataracts bvdirect invasion of the lens by larvae. 
~ ~ l o d e ~ ~ h ~ s ~ o d ~ ~ t ~ ~ n a  1s spec~lic ro perch, where the 
meracercar ae ~nfect tne eyes (Xennedy, 1987) 

Retina 

Retinoblastoma 
Retinoblastoma, the most common intraoculartumour 
of children, has been reported in two species of fish 
(Reimschuessell et al., 1989). 
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Appendix I 

Differential diagnosis 

Simon Petersen-Jones and Sheila Crispin 

This Appendix considers the differential diagnosis of those presenting signs or owner's complaints where the 
primary lesion may be in one of a number of ocular or adnexal tissues. These cases require a thorough and logical 
approach if the primary lesion is to be identified. 

The presentations included are: 

Canine 'wet' eye 
Acute canine red eye 
The painful eye in dogs and cats 
Theopaqueeye 
Sudden loss of vision 
Slowly progressive vision loss 
Congenital and early-onset poor visionlblindness. 

Canine 'wet' eye 

www.vet4arab.co.cc
by Itra



Differential diagnosis 297 

Acute canine red eye 

visualization of inflamed scleral vessels. Inflamed scleral vessels appear dark red, bluish red or almost purple and 
are immobile. Mild corneal oedema or frank lipid deposition may be present; depth of corneal involvement is best 
guide to level of inflammation. Low-grade uveitis may be present. Fundus examination may suggest thickening of 
the sclera posteriorly; ultrasonography is useful to confirm this. IOP normal or reduced. Vision rangesfrom 
unaffected to slightly impaired. 

Retmbulbarabscess Reasonably common. Acute onset of ocular discomfort. Pyrexia may be present. Severe pain on attempting to 
andorbital cellulitis open the mouth. Often marked congestion of the conjunctiva and a mucopurulent ocular discharge. Third eyelid 

prominent; exophthalmos may be present. Diffuse orbital swelling may be present when there is cellulitis. 

Trauma Common. Many possible ocular manifestations (e.g. contusion, laceration, perioration, blunt injury). Some injuries 
associated with foreign bodies. Redness usually relates to haemorrhage (see below) and bruising. 

Ocular andintraocular Common after trauma (e.g. subconjunctival, intraocular). Less common from other causes (e.g. developmental 
haemorrhage abnormalities such as collie eye anomaly and persistence of the primaly vitreous, as well as clotting delects, 

neoplasia, systemic hypertension, chronic glaucoma). If haemorrhage prevents examination of intraocular 
structures, ultrasonography is necessaly. Eye may be comfortable or acutely painful. IOP normal, decreased or 
increased. 
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The painful eye in dogs and cats 

Ocular pain is typically associated with blepharospasm, excessive lacrimation and photophobia. Signs of ocular 
pain are often more subtle in cats than in dogs. Note that retraction of the globe may be a feature of ocular pain 
irrespective of cause-apparent enophthalmos- in the dog, but is less likely to be observed in the cat as the globe 
fits more closely into the orbit. 
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Theopaqueeye 

Unless otherwise stated, the examples apply to both the dog and the cat. 
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Sudden loss of vision 

Vision loss associated with unilateral conditions may not be apparent to the owners. The presenting sign in some 
conditions may also include paln and altered appearance of the eye@). Some animals with disease that causes 
a slow loss of vision present with a history of apparent sudden lossof vision. This may be because they have been 
coping with the slow loss of vision and the vision loss becomes obvious to the owners when the animal's 
environment is changed. 
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I endolhelial dysfuncli, 

Congenital and early-onset poor visionlblindness 
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Appendix 2 
Ophthalmological emergencies 
and referrals 
Sheila Crispin 

Ophthalmological emergencies 

An emergency is an unexpected occurrence requiring 
immediate action. In all the examples listed below 
prompt and correct management will offer the best 
chance of full recovery at least cost to the client. The 
management options may include referral to a special- 
ist veterinary ophthalmologist if the facilities of the 
practice are inadequate, or the expertise of the staff is 
insufficient to cope with the problem. 

Globe prolapse (commonest in dogs) 
Retrobulbar abscess and orbital cellulitis 
(all species, but commonest in dogs) 
Foreign bodies 
Gross trauma to globe and/or adnexa 
Deep or complicated ulceration, including 
descemetocoele 
Chemical injuries and liquefactive stromal 
necrosis (all species) 
Acute uveitis (mainly dogs) 
Acute glaucoma (mainly dogs) 
Sudden loss of vision (all species) 
Sudden onset of ocular pain (all species) 

Referral of ophthalmic cases 

The list given below should not be regarded as either 
obligatory or exhaustive, especially as the level of 
expertise in ophthalmology will vary from practice to 
practice. Referral should always be considered as one 
of the management options for difficult cases and the 
art of referral lies in recognizing not only which cases 
to refer, but how and when to refer them. 

A letter of referral should set out the reason for 
referral, any information of relevance to the problem, 
the results of investigations, and any treatment that has 
been given. It is discourteous and usually unhelpful to 
send computer print-outs of the patient's life history 
and even worse to send no information whatsoever. 

Problems that may require urgent or emergency 
referral are signified by an asterisk (*) in the list 
below and in these cases brief details (including 
treatment) can be given to the receptionist at the 
time of making the appointment, or faxed through, or 
sent with the client. 

. Orbital neoplasia and complex adnexal and 
intraocular neoplasia 
Endophthalmitis and panophthalmitis 
Complicated blunt and penetrating trauma, 
including complex foreign bodies* 
Complex eyelid problems and those animals 
which have had previous eyelid surgery 
Deep corneal ulcers and penetrating corneal 
injuries* 
Liquefactive stromal necrosis including alkali 
burns* . Corneal problems requiring keratectomy or 
keratoplasty 
Acute glaucoma* 
Lens luxation in the dog* and other species 
Cataract surgery (dogs with diabetic cataracts 
should be referred as early as possible) 
Acute canine* uveitis; uveitis where the aetiology 
is complex or not obvious 
Sudden blindness' 
Unexplained ocular pain or redness (urgency of 
referral depends upon the degree of pain) 
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Appendix 3 
Eye schemes and 

hereditary eye disease 
Sheila Crispin and Simon Petersen-Jones 

Historically, eye schemes for the identification of This scheme also enables breeders to screen 
canine inherited eye disease have been based on litters of puppies, up to the age of 12 weeks, for 
examination of the eye coupled with pedigree ana- congenital and early onset disease. Although DNA 
lysis and, less commonly, test mating. Experimental testing is available for a number of inherited eye 
studies have been crucial in providing the scientific conditions, such testing does not form part of the 
evidence on which such eye schemes are based. scheme, unlike the long established Eye Scheme 
DNA testinn for nenetic eve disease is a powerful administered bvthe Swedish Kennel Club.The British 
addition to the arioury and in Sweden, for example, Veterinary ~ssbciation publishes annually, on behalf 
the Kennel Club has a DNA testing and control of the BVAIKCIISDS, a pamphlet on the canine eye 
scheme in operation. 

In the last few years there has been a move 
towards harmonization of eye schemes in different 
countries, with the aim of providing an internationally 
acceptable certificate and there is a great willingness 
to seek common ground in the assessment, diag- 
nosis, recording and publication of ocular disease 
in the dog. The Hereditary Defects Committee of 
the WSAVA (World Small Animal Veterinary Associa- 
tion) has suggested that an international certificate 
could be used alongside the certificates of each 
existing national scheme, thus facilitating data shar- 
ing while avoiding difficulties of standardization. The 
ultimate aim, however, is to have a single computer- 
readable international certificate; an international 
working party is currently engaged in reviewing eye 
schemes and hereditary eye disease on a country- 
by-country basis. 

Hereditary Eye Scheme Certification 
in Europe 

BVAIKCIISDS Eye Scheme 
The British Veterinary AssociationIKennel Club/ 
International Sheep Dog Society (BVAIKCIISDS) 
Eye Scheme operates in the UK and has been in 
existence for some 30 years. Royal College of Vet- 
erinary Surgeons (RCVS) certificate or diploma hold- 
ers, who have been assessed for the type of work 
involved, perform BVAIKCIISDS eye examinations. 
The BVAIKCIISDS Eye Scheme is primarily con- 
cerned with the examination of the eyes of dogs for 
inherited eye disease, but also includes a general 
examination of the eye and adnexa. Certificates of 
eye examination are issued in respect of inherited 
conditions of the eye only and not for inherited 
conditions of the adnexa. The results are published 
by the Kennel Club or, for ISDS-registered Border 
Collies, by the ISDS. 

conditions that are certified, as well as those that 
are under investigation. Further information on the 
Canine Health Schemescan be found on the BVAand 
the Kennel Club websites: http:l/www.bva.co.uk and 
http:l/www.the-kennel-club.org.uk 

ECVO Eye Scheme 
The Eye Scheme of the European College of Veterinary 
Ophthalmologists (ECVO) is relatively recent and has 
so far been adopted by the Netherlands, Norway, Den- 
mark, Finland, Germany and Switzerland. Other Euro- 
pean countries will undoubtedly adopt this scheme and 
the Kennel Club in England has announced recentlythat 
itwill recognize results issued underthe ECVO Scheme. 
Eye panellists issuing ECVO certificates are usually 
practising diplomates of the ECVO, although there is 
also a parallel track of assessed Eye Scheme examin- 
ers. The scheme is in part modelled on the BVAIKCI 
ISDS Scheme, with both certification of individual dogs 
andlitterscreeningofpuppiesoffered underthescheme. 
Accurate identification of the dog being examined is an 
important aspect of ECVO certification. 

Hereditary Eye Scheme Certification 
in the USA 

Canine hereditary eye disease certification in the USA 
is run by the Canine Eye Registration Foundation 
(CERF). This organization was founded by a group of 
concerned owners and breeders of pure-bred dogs 
who 'recognized that the quality of their dogs' lives 
were being affected by heritable eye disease'. The 
organization aims to 'accomplish the goal of elimina- 
tion of heritable eye disease in all pure-bred dogs by 
forming a centralised, national registry'. 

A CERF eye examination must be performed by 
an ophthalmologist board certified by the American 
College of Veterinary Ophthalmologists (ACVO). The 
examination findings are recorded on a computer 
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readable form and if the tested dog is found free of eye known or suspected hereditary eye disease in pure- 
disease the owner may apply to register the dog with bred dogs with breeder recommendations (e.g. 'don't 
CERF. CERFgathers dataon all animals that undergo breed' or 'breeding left to breeder's discretion'). This 
a CERF eye examination but only registers the dogs booklet is updated regularly. 
certified free of heritable eye diseases. The ACVO More details about CERF are available at the 
Genetics Committee publishes a booklet with lists of following website: http://www.vmdb.org/cerf.html 
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Abducens nerve, 272 
Abnormal pigment deposition see Ocular 

melanosis 
Abyssinian cats 

nystagmus, 272 
progressive retinal degeneration, 

249-50 
Accessory optic system, 263 
Accommodation reflex, 264 
Acetazolamide, 33 

glaucoma, 197, 198 
Acetylpromazine, 34 
Acid iniuries. 144 
Acute bullois keratopathy in cats, 153 
Acyclovir, 53 
Adenocarcinoma, 176 
Adie's syndrome. 270 
Adrenerg c agents, 57 
o-Aorenerglc agonlsls. 198 
.I-Aorenerqlc o ocners, 198 
~ e r o r n o n i i  spp., 293 
Afghan Hounds, crystalline strornal 

dystrophy, 138 
African grey parrots, iris, 289 
Akitas see Japanese Akitas 
Alaskan Malamutes. cataract. 21 1, 212 
Albendazole, 282 
Albinism, 163-4 
Alkali injuries, 144 
Amazon parrots, iris, 289 
American Cocker Spaniels 

cataract. 21 1 

atrophy, 238 
primary glaucoma, 193 

Aminoglycosides, 51 
Amlodipine, 199. 254 
Amoxvciiliniclavulanic acid. 52 
~mphbtericin B. 53 
Anaemia, 232 
Anaemic retinopathy, 250 
Anaesthetic plan, 34 
Analgesia, 30-1 

anti-inflammatory drugs, 30-1 
local anaesthetics, 30 
opioids, 31 

Angiostrongyius vasorurn 
uveitis, 170 
in vitreous, 224 

Aniridia, 164 
Anisocoria, 267-70 

afferent fibre lesions, 267 
causes, 367 
efferent pathway lesions, 267 
Horner's syndrome. 26&70 
intracranial disease, 270 
sympathetic innervation, 268 

Ankyloblepharon 
birds, 287 
cats, 101 
doos. 80 

~nophihi lmos. 68 
Anterior chamber, 185 

birds, 289 
Anterior scleritis, 158 
Anterior segment dysgenesis, 184-5 
Anterior uveal trauma 

cats, 181 
dogs. 173-4 

blunt ocular trauma, 174 
foreign bodies, 174 
penetrating injuries, 173-4 

Anti-allergic drugs, 55 
Anti-glaucoma drugs, 55-7 

adrenergic agents, 57 
carbonic anhydrase inhibitors, 56 
osmotic diuretics. 56 
parasympathomimetics, 56 
prostaglandin analogues, 56 

Anti-inflammatory drugs, 30-1. 5 3 4  
corticosteroids. 33, 53-4 
topical glucocorticoids, 54 
non-steroidal anti-inflammatory 

drugs (NSAIDs), 30-1, 54-5 
Antibacterials, 51-3 

aminoglycosides, 51 
fluoroquinolones, 51-2 
p-lactam antibiotics, 51 
lincosamides, 51 
macrolides, 51 
sulphonamides, 51 
tetracyclines, 51 

Anticollagenases, 58-9 
Antifibrotic agents, 59 
Antifungals, 53 
Antivirais. 53 
Aphakia, 207 
Applanation tonometers. 187 
Apraclonidine. 198 
Aqueous, 185 
Aqueous outflow, 185-6 
Arcus lipoides corneae 

cats, 153 
dogs, 147 
reptiles. 293 

Area centralis in cats. 247 
Arteriovenous shunts, 67 
Aspirates, 24 
Asteroid hyalosis, 222, 299 
Atracurium, 34 
Atropine, 198 
Australian Cattle Dogs, generalized 

orooressive retinal atroohv. 236 , , 
~ u s i r a l k n  Shepherd Dogs 

cataract. 212 ~~~~~ ~~~, - - 
collie eye anomaly, 232 

Azathioprine, 55 
Azithromycin, 52 

Bacitracin, 52. 53 
Bacterial blepharitis, 103 
Bacterial uveitis 

cats. 179 
dogs, 169 

Bacteriology, 27 
Barraquer cilia forceps. 37 
Barraquer wire eyelid speculum. 37 
Bartonellosis, 179 
Basenjis, persistent pupillary membrane, 

1 fi6 . -" 
Basset Hounds, primary glaucoma, 193 
Beagles,crystallinestromaldystrophy, 136 
Bedlington Terriers, vitreoretinal 

dysplasia, 222 
Behavioural tests, 226 
Belgian Shepherd Dogs 

cataract, 21 1 
pendular nystagmus, 273 

Bergmeister's papilla, 219,221, 231 
Betamethasone, 54 
Betaxolol. 197 
Bichon Frise 

cataract, 212 
epiphora, 115 

Binocular indirect ophthalmoscopy. 7-8 
Biomicroscopy 

high-frequency ultrasound, 20 
slit lamp. 10 

Biopsy, 24-5 
conjunctiva, 25 
cornea and orbit. 25 
eyelid, 25 

Birds, 287-90 
anterior chamber and uveal tract. 289 
conjunctiva and cornea, 288-9 

conjunctivitis and keratitis, 288 
corneal ulceration. 288-9 

evelids and oeriorbital tissues. 287-8 
' parasitid blepharitis, 286 

trauma, 288 
viral blepharitis, 288 

globe, 287 
lens, 289 
posterior segment, 289-90 

chorioretinitis. 290 
congenital conditions, 290 
retinal degeneration, 290 
trauma, 290 

tear film, 288 
Birman cats 

corneal sequestration, 152 
dermoid, 156 

Bishop-Harmon tissue forceps, 37 
Blasfornyces derrnafitidis, 253, 266 
Blastomycosis, 253 
Blepharitis 

birds, 288 
cats, 103 
dogs, 9 1 4  

chronic bacterial. 93 
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following parotid duct 
transposition, 94 

immune-mediated, 93-4 
seborrhoeic, 94 

rabbits, 278 
Blepharoconjunctivitis in rabbits, 277-8 
Biepharoedema in reptiles, 290 
Blinking disorders, 2 7 3 4  

motor deficits. 2 7 3 4  
sensory deficits, 273 

Blood pressure 
and intraocular pressure, 32 
see aiso Systemic hypertension 

Blood-filled eye, 76 
Bloodhounds, cataract, 212 
Blue eye, 135, 168 
Blue-smoke Persian cats, Chediak- 

Higashi syndrome, 164 
Bone lysis, 14 
Border Collies 

cataract, 212 
collie eye anomaly. 232 
lens luxation, 194, 215 

Border Terriers, cataract, 212 
Bordeteiia spp., 280 
Borreiia burgdo~eri, 169 
Boston Terriers 

cataract, 210. 211 
corneal endothelial dystrophies, 139 

Bouvier des Fiandres, primary glaucoma, 
193 

Boxers 
corneal endotheliai dystrophies, 139 
epithelial basement membrane 

dystrophy, 136 
Branhamella spp., 51 
- . . - . - - 

progress vc rctlna degeneral on, 236 
re! nal oystrophy, 238 

Br nzolamioe orops. 197. 198 
Bromovinyideoxuridine, 53 
Brown-Adson tissue forceps. 37 
Brucellosis, 169 
Bruch's membrane, 163 
Budgerigars, corneal ulceration. 288 
BuDhthaimos, 69. 190-1 
Bubivacaine. 58 
~ubrenor~hine, 34 
Burmese cats 

dermoid, 156 
fundus. 247 
hypertriglyceridaemia, 181 

clinical signs. 1 
diagnosis, 118 
treatment, 118-19 

Candida albicans, 253 
Canine herpesvirus, 168 
Carbonicanhydrase inhibitors, 33,56,198 
Cardigan Welsh Corgis, generalized 

progressive retinal atrophy, 236 
Castroviejo eyelid speculum, 37. 38 
Castroviejo fixation forceps, 37 
Cataract, 301 

birds, 289 
cats. 216 - 

dogs. 2 
cap! 
clas 

08-14 
sular, 207 
sification by aetiology, 
210-13 
sificatlon by age of onset 
208-9 

classification by stage of 
development, 209-10 

congenital, 208 
hereditary, 210-12 
hypermature, 209-10 
immature, 209 
incipient, 209 
intumescent, 209 
juvenile, 209 
mature, 209 
metabolic, 213 
Morgagnian, 210 
senile, 209. 213 
toxicldietary, 213 
traumatic, 212 
treatment, 213-14 

fish, 294 
and glaucoma, 190.192 
rabbits, 283 
reptiles, 293-4 
rodents, 286 
ultrasonography, 18-19 

Cats 
arcus lipoides corneae, 153 
blepharitis, 103 
calicivirus, 131 
choroid, 247 

choriocapillaris, 247 
tapetum. 247 

conjunctiva 
conjunctivitis, 130-2 
epibuibar dermoid, 129 
neoplasia, 133 
symblepharon, 132 
trauma and foreign bodies. 133 

corneal disease. 148-51 
absencelmicrocorneai 

megalocornea, 148 
acquired conditions, 149-51 
acute builous keratopathy, 153 
corneal dystrophies, 149 
corneal opacity, 148 
developmental, 148 
eosinophilic keratoconjunctivitis. 

153 
exposure keratopathy, 153 
Florida keratopathy, 153 
keratitis. 149-51 
lipid deposition, 153 
lipid keratopathy, 153 
neurometabolic disease. 148 
neurotrophic keratopathy, 153 

corneal foreign bodies, 152 
corneal sequestration, 152 
corneal trauma, 151 
dry eye. 119-20 

dysautonomia, 120 
keratoconjunctivitissicca, 119-20 
lipid abnormalities, 119 
mucin abnormality, 120 

epibulbardermoid, 129 
epiphora, 121 
eyelid conditions, 101-4 

ankyloblepharon, 101 
associated with cilia, 103 
blepharitis, 103 
coloboma, 101-2 
dermoid, 102 
ectropion, 102 
entropion, 102 
eosinophilic plaques, 103 
neoplasia, 103 
symblepharon, 102 
third eyelid, 103-4 

fundus, 247-56 
acquired diseases, 248-55 
anatomy and physiology. 247 
developmental diseases, 248 

glaucoma, 201-2 
aetiology, 201-2 

clinical signs, 202 
therapy, 202 

herpesvirus, 130-1 
lacrimal system, 119-22 
lens conditions, 216-17 

acquired, 216-17 
cataract. 216 
congenital, 216 
lens iuxation, 216-17 

retinal detachment, 248, 253-4 
inflammatory, 2 5 3 4  
non-inflammatory, 253 

retinal dysplasia. 248 
uicerative keratitis, 149-50 

aetiology, 149 
clinical findings, 149-50 
treatment, 150 

uveal tract abnormalities, 177-83 
anterior uveal trauma, 181 
foreign bodies, 181 
lipaemic aqueous, 181 
uveal neopiasia. 1 8 2 3  
uveitis, 177-81, 225 

vitreous anomalies, 225-6 
acquired. 225-6 
chronic feline uveitis, 225 
congenital, 225 
vitreal haemorrhage, 225-6 

wet eye, 119 
see aiso Feline 

Cavalier King Charles Spaniels 
cataract, 21 1. 212 
crystalline stromal dystrophy, 137-8 
keratoconjunctivitis sicca. 11 2 
retinal dysplasia, 235 

Cavernous sinus syndrome, 272 
Central blindness, 262-7 

causes, 262 
central visual pathways, 2 6 3 4  
cerebellar lesions, 266-7 
diagnosis, 262-3 
lesions of LGN, optic radiation or 

occipital cortex, 266 
optic chiasma lesions. 266 
optic nerve lesions. 265-6 
post-chiasmal optic trace lesions, 266 

Central visual pathways, 263-4 
accommodation reflex, 264 
optic tract projections, 2 6 3 4  
pupillary light reflex see Pupiilary 

light reflex 
Cephalexin. 52 
Cephalosporins, 51 
Cerebellar lesions, 266-7 
Chalazia, 92-3 
Chediak-Higashi syndrome. 164 
Chemical cauterants, 137 
Chemical injury 

dogs, 144-5 
acid injuries, 144 
alkali injuries, 144 
emergency treatment, 145 
subsequent treatment, 145 

Chesapeake Bay Retrievers 
cataract, 21 1 
generalized progressive retinal 

atrophy, 236 
Chihuahuas. corneal endothelial 

dystrophies, 139 
Chiamydiophiia spp.. 26, 27, 51, 52 
Chlamydiophiia caviae, 286 
Chiamvdioohiia feiis. 131-2 
~hior<m~henicol, 52, 53 
Chlortetracycline. 53 
Choriocapiliaris. 228 
Chorioretinitis, 240-1, 301 

birds, 290 
causes, 240 
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clinical and pathological features, 
240-1 

management, 241 
treatment. 241 

Choroid 
cats, 247 

choriocapillaris, 247 
tapetum, 247 

dogs 
anatomyandphysiology, 163,228 
choriocapillaris, 228 
suprachoroidea, 228 

Chow-Chows 
entropion, 82 
uveodermatological syndrome, 171 

Chromodacryorrhoea in rodents, 286 
Chronic superficial keratoconjunctivitis in 

dogs, 143-4 
Chylomicronaemia, 175. 242 
Cicatricial entropion, 83 
Cilia forceps, 37 
Ciliary body, 185 

anatomy and physiology, 163 
pharmacological ablation. 200 

Ciliary body adenoma, 176 
Ciliary cleft, 185 
Ciliary flush, 135 
Ciliary processes, 185 
Ciprofloxacin, 53. 288 
Clindamycin, 52, 252 
Close direct ophthalmoscopy, 6-7 
Clumber Spaniels, diamond eye. 83 
Cnemidocoptes piliae, 288 
Coagulopathies, 241 
Coccidioides immifis, 253 
Cockatiels 

ankyloblepharon, 287 
corneal ulceration, 288 

Cockatoos, iris, 289 
Colibri corneal utility forceps, 37 
Collie eye anomaly, 156, 221, 232-3 

clinical and pathological features, 
232-3 

heritability and disease control, 233 
Coloboma, 164 

cats 
eyelid, 101-2 
optic nerve. 248 

dogs 
eyelid, 80 
lens, 207 
optic nerve. 243 

Colourpoint cats, corneal sequestration, 
152 

Computed tomography, 20-1 
appearance of scans, 20-1 
detection of neoplasia, 21 
guidance for diagnostic tests, 21 
indications. 21 
orbit, 62 
reformatted images, 21 

Conjunctiva, 12433 
anatomy, 44, 124 
birds, 288-9 
rills 

conjunctivitis, 130-2 
epibulbar dermoid, 129 
neoplasia, 133 
symblepharon, 132 
trauma and foreign bodies, 133 

dogs 
conjunctivitis, 125-7 
epibulbar dermoid, 124-5 
foreign bodies, 128 
neoplasia, 128-9 
svmbleoharon. 127 
systemic disorders with 

conjunctival involvement, 129 

trauma, 127-8 
embryology, 124 
pathology, 124 
physiology, 124 
rabbits, aberrant overgrowth, 278 
reptiles, 292 

Conjunctival biopsy, 25 
Conjunctival scrapings, 23-4 
Conjunctival swabs, 23 
Conjunctivitis, 124, 298, 299 

birds, 288 
cats, 130-2 

aetiology, 130-1 
Chlamydiophiia feiis, 131-2 
feline calicivirus, 131 
Mycoplasrna, 132 

dogs, 125-7,297 
aetiology, 126 
clinical signs, 125-6 
diagnosis, 127 
history, 125 
treatment, 127 

rabbits, 277-8 
reptiles. 292 
rodents, 286 
see also Conjunctiva 

Contrast orbitography, 15 
Cornea. 134-54 

Descemet's membrane, 134, 135 
embryology, anatomy and 

physiology, 134 
endothelial damage, 135 
epithelial damage. 135 
oedema, 135 
pigmentation, 135 
response to injury, 135 
stroma, 134 
stromai damage, 135 
ulceration see Corneal ulceration 
vascularization. 135 
wound healing, 135 
see also Corneal disease 

Corneal anatomy, 44 
Corneal arcus see Arcus lipoides corneae 
Corneal biopsy. 25 
Corneal blink reflex. 260-1. 273 
Corneal disease 

cats, 148-51 
absence/microcornea/ 

megalocornea, 148 
acquired conditions. 149-51 
acute bullous keratopathy, 153 
corneal dystrophies, 149 
corneal opacity, 148 
developmental, 148 
eosinophilic keratoconjunctivitis, 

153 
exposure keratopathy, 153 
Florida keratopathy, 153 
keratitis, 149-51 
lipid deposition, 153 
neurometabolic disease, 148 
neurotrophic keratopathy, 153 

dogs, 135-45 
absence/microcornea/ 

megalocornea, 136 
acquired conditions, 136-48 
calcium keratopathy, 148 
corneal opacity, 136 
dermoid, 136 
developmental conditions, 136 
epithelial inclusion cyst, 148 
Florida keratopathy. 148 
investigation, 136 
keratitis, 140-4 

fish, 294 
rabbits, 281-2 

corneal dystrophy, 281 

corneal oedema, 281 
lipid keratopathy, 281 
non-ulcerative keratitis, 282 
ulcerative keratitis, 281 

reptiles, 292-3 
arcus lipoides corneae, 293 
corneal ulceration, 293 
keratitis, 292-3 

rodents, 286 
Corneal dystrophies, 299 

cats, 149 
dogs, 136-40 

crystalline stromal dystrophy, 
138-9 

endothelial dystrophies, 139- 
epithelial dystrophies, 136-8 

rabbits, 281 
rodents, 286 

Corneal endothelial dystrophies, 139 
pathology, 139 
treatment, 140 

Corneal foreign bodies 
cats, 152 
dogs, 146.147 

Corneal lipidoses in dogs, 146-7 
Corneal neoplasia in dogs. 148 
Corneal neovascularization. 190 
Corneal oedema. 300. 301 

in glaucoma. 188-9 
rabbits. 281 

Corneal opacity 
cats, 148 
dogs, 136 

Corneal scrapings, 23-4 
Corneal sequestration in cats, 152 
Corneal swabs, 23 
Corneal trauma, 145-6, 151 

cats, 151 
dogs, 145-6 

blunt trauma, 145 
chemical injury, 144-5 
penetrating trauma, 145-6 
thermal injury, 144 
uveitis, 171 

rodents, 286 
Corneal ulceration, 190 

birds, 288-9 
reptiles, 293 
rodents, 286 

Corneal vascularization. 189 
Corneoscleral limbus, 155 
Correctopia, 164 
Corticosteroids. 33, 53-4 

uveitis. 172 
Cranial sinus venography. 15 
Crocodile tears, 274 
Cryptococcosis, 253 
Cryptococc~s neoformans, 253, 266 
Cryptophthalmos. 68 
Crystalline stromal dystrophy, 137-8 

clinical findings, 138-9 
pathology, 139 
treatment, 139 

Cyclo-oxygenase, 30 
Cyclocryotherapy, 200 
Cycloplegics, 57 
Cyclosporin, 55 
cysts 

epithelial inclusion. 148 
iridociliary, 166 
nasolacrimal, 119 
uveal, 165,224 

Cytobrush,-24 
Cytology, 25-6 
Cytotoxic drugs in uveitis, 173 

Dachshunds, corneal endothelial 
dystrophies, 139 
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Dacrocystorhinography, 109 
Dacryoadenitis, 119 
Dacryocystitis 

dogs, 117-19 
clinical signs, 118 
diagnosis, 118 
treatment, 118-19 

rabbits. 279-81 
causes, 280 
diagnosis and investigation, 

279-80 
treatment, 280-1 

Dacryocystography, 15 
Dalmatians 

dermoid. 156 
fibrosing strabismus, 271 

Dandi Dinmont Terriers, primary 
glaucoma. 193 

Dazzle reflex, 5, 258, 259 
Demecarium bromide, 197.198 
Dental disease, 14 
Derf needle holder, 39 
Dermoid. 102, 156 

dogs. 136 
Descemet's membrane, 134 

rupture, 135 
Descemet's streaks, 190, 191 
Descemetocoele in dogs, 143 
Desmarres chalazion clamp, 38 
Dexamethasone. 54 
Diabetes mellitus. cataracts in. 213. 300 
Diabetic retlnopaihy, 232,24i-2 
Diamond eye. 87 
niazsnam 34 r-.... - . 
Dichlorphenamide, 197, 198 
Diclofenac sodium, 55 
Difloxacin. 52 
Digital tonometers, 186 
Diltiazem. 199 
Dipiostornum spathaceurn, 294 
Direct oohthalmoscoov. 1-2. 6 7 .  206 

beam selector, 2 " 
close, 6 7  
distant. 6 
lens magazine, 2 
onlofl switch, 2 
rapid lens-change switch, 2 

Dirofiiaria imrnitis, 170, 224 
Dirofilariasis 

cats, 180 
dogs. 170 

Disinfection, 43 
Disoosables. 3. 40 
~ i s i an t  dired ophthaimoscopy. 6 
Distichiasis, 88-9, 298 
Dobermanns 

cataract, 212 
dermoid, 156 
PHTVUPHPV, 221 

Dogs 
arcus lipoides corneae, 147 
bleoharitis. 9 1 4  

chronic bacterial, 93 
following parotid duct 

transposition, 94 
immune-mediated, 93-4 
seborrhoeic, 94 

choroid 
anatomyandphysiology, 163,228 
choriocapillaris, 228 
suprachoroidea. 228 

conjunctiva 
conjunctivitis, 125-7 
epibulbar dermoid, 124-5 
foreign bodies. 128 
neoplasia, 128-9 
symblepharon, 127 

systemic disorders with 
conjunctival involvement, 129 

trauma, 127-8 
corneal disease, 13545 

absence/microcornea/ 
megalocornea, 136 

calcium keratopathy. 148 
corneal opacity. 136 
dermoid, 136 
developmental conditions. 136 
epithelial inclusion cyst, 148 
Florida keratopathy, 148 
keratomalacia, 144 

corneal dystrophies, 136-40 
corneal endothelial dystrophies, 

13940 
crystalline stromal dystrophy, 

138-9 
epithelial dystrophies, 136-8 

corneal foreign bodies, 146, 147 
corneal lipidoses, 146-7 
corneal neoplasia. 148 
corneal trauma 

blunt, 145 
chemical injury. 144-5 
penetrating injury, 145-6 
thermal injury, 144 

dacryocystitis, 117-19 
clinical signs, 118 
diagnosis, 118 
treatment, 118-19 

dry eye. 110-13 
aqueous deficiency, 11 1 
keratoconjunctivitis Sicca. 112-13 
lipid abnormalities, 110-1 1 
mucin abnormalities. 113 

epiphora, 110, 115-16 
exposure keratopathy, 147 
eyelid conditions, 80-101 

ankyloblepharon, 80 
coloboma, 80 
distichiasis, 88-9 
ectopic cilia, 89-90 
ectropion, 85-7 
entropion, 82-5 
epibulbar dermoid, 80 
infections and inflammations, 

9 1 4  
injuries, 94 
macropalpebral fissure, 80-1 
micropalpebral fissure, 81 
neoplasia, 94-7 
ophthalmia neonatorum, 80 
ptosis, 87 
retraction of upper eyelid, 88 
third eyelid, 97-101 
trichiasis, 90-1 

fundus, 22746 
acquired disease of retina, 

23542 
acquired diseases of optic disc 

and optic nerve, 243-5 
choroid, 228 
congenital abnormalities of optic 

nerve. 243 
developmental lesions of retina 

and choroid, 232-5 
investigations, 228-30 
normal ophthalmoscopic 

features, 230-2 
ophthalmoscopic abnormalities, 

232 
retina. 227-8 

glaucoma see Glaucoma 
lacrimal system. 110-19 

acquired conditions, 11619 
distribution problems, 113-14 
excretory problems. 114-16 

secretory problems, 110-13 
lens conditions. 207-1 6 

acquired, 208-16 
aphakia, 207 
cataract, 208-14 
congenital, 207-8 
lens coloboma, 207 
lens luxation, 215-16 
microphakia. 207 
nuclear sclerosis, 208 
persistent pupillary membrane, 

207 

retinal detachment, 23840 
classification, 23940 
clinical features, 239 
exudative/serous, 239 
pathological features, 238 
rhegmatogenous, 239 
solid. 239 
traction, 239 

retinal dysplasia, 234-5 
clinical features. 234 
diagnostic problems, 235 
heritabilityanddiseasecontrol, 235 

ulcerative keratitis. 140-3 
causes. 140 
clinical findings, 140 
diagnosis, 140 
management, 140-3 

uveal tract abnormalities, 165-77 
anterior uveal trauma, 173-5 
ectropion uveae, 165 
iridociliary cysts, 166 
iris atrophy. 165-6 
iris hypopiasia, 164 
iris pigmentation, 165 
lipaemic aqueous. 175 
pre-iridal fibrovascular 

membranes, 165 
synechiae, 166 
uveal neoplasia. 175-7 
uveitis, 167-73, 297 

vitreous anomalies 
acquired, 2 2 2 4  
asteroid hyalosis. 222 
congenital, 220-2 
cysts, 225 
foreign bodies. 223-4 
neoplasia, 225 
parasites, 225 
persistent hyaloid atiery, 220-1 
persistent tunica vasculosa 

lentis. 221 
PHTVUPHPV, 221-2 
prolapse and herniation. 225 
synchysis scintillans, 222 
syneresis, 222 
vitreal haemorrhaae. 222-3 
vitreoretinal dysplasia. 222 
vitritis, 223 

wet eve  110 
~ .. . ,-. 
see also Canine 

Doppler flow probe, 35 
Dorzolamide hydrochloride, 197. 198 
Doxycyline, 52 
Drainage angle, 185 
Drugs, 51-9 

anti-glaucoma agents, 55-7 
anti-inflammatories. 53-5 
antiallergic agents, 55 
antibacterials, 51-3 
anticoliagenases, 58-9 
antifibrotic agents, 59 
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antifungals, 53 
antivirals, 53 
fibrinolytics, 59 
local anaesthetics, 30, 58 
mydriatics and cycloplegics, 57 
ocular irrigating solutions, 58 
tear substitutes, 57-8 
topical drug preparations, 51 
see also individual drugs and classes 

Dry eye, 298,299 
cats, 119-20 

feline dysautonomia. 120 
keratoconjunctivitis sicca. 119-20 
lipid abnormalities, 119 
mucin abnormalities, 120 

dogs, 110-13 
aqueous deficiency, 11 1 
keratoconjunctivitissicca, 112-13 
lipid abnormalities, 110-1 1 
mucin abnormalities, 113 

Dysautonomia, 270 
Dyscoria, 164 

Echinococcus spp.. 224 
Ectopic cilia, 89-90, 103, 298 
Ectroplon 

cats, 102 
dogs, 85-7.165 

Edinger-Westphal nucleus, 267 
Ehriichia canis, 168 
Ehrlichia plafys, 168 
Ehrlichiosis, 168 
Electroretinography, 11 

fundus disorders, 229 
Emergencies, 302 
Encephaiitozoon cunicuii, 282 
Endophthalmitis, 171. 297, 298, 299 
Endotracheal intubation, 32 
English Bulldogs, keratoconjunctivitis 

sicca. 112 . ..., - 

English Cocker Spanlels 
cataract, 208, 212 
distichiasis. 88 
generalized progressive retinal 

atrophy. 236 
persistent pupillary membrane, 165 
primary glaucoma, 193 
senile entropion, 83 

English Mastiffs, persistent pupillary 
membrane, 165 

English Springer Spaniels 
corneal endothelial dystrophies, 139 
generalized progressive retinal 

atrophy, 236 
primary glaucoma, 193 
retinal dysplasia, 235 

Enophthalmitis in birds, 287 
Enophthalmos, 67. 269 
Enrofloxacin-associated retinopathy, 52, 

250 
Entrooion. 298 

c i s .  '102 ~- 

dogs, 82-5 
breed-related, 82 
cicatricial, 83 
management of, 83-4 
medial canthal, 83 
senile, 83 
spastic, 83 
upper eyelid, 84-5 

Enucleation, 74-5 
birds, 287 
dogs, 201 
rabbits. 277 
trans-conjunctival. 75 
trans-palpebral, 74-5 

Eosinophilic eyelid plaques, 103 

EOSinODhilic keratoconiunctivitis in cats 
153 

Epibulbar dermoid, 80 
cats, 129 
dogs, 124-5 

Epiphora 
cats, 121 
dogs, 110,296 

miniature breeds, 115-16 
rodents, 285 

Episclera 
anatomy, 155 
congestion. 189 
vasculature, 155 

Eplsclerltis, 157, 297 
Episclerokeratitis, 157-8 
Epithelial basement membrane 

dystrophy, 136-8 
clinical findings, 136 
pathology, 137 
treatment, 137-8 

Epithelial dystrophy, 138 
Epithelial inclusion cyst, 148 
Equatorial staphyloma, 190. 191 
Equipment, 1-3 

direct ophthalmoscopes, 1-2 
disposables, 3 
electroretinogram, 11 
focal illumination. 1 
goniolenses, 3 
indirect ophthalmoscopes, 2-3 
lacrimal cannulae, 3 
lenses. 2, 3 
magnification, 1 
slit lamp biomicroscopes, 10, 214 
tonometers, 3 

Escherichia coli, 51 
Esotropia, 270 
Evisceration, 75-6 
Examination seeophthalmic examination 
Exophthalmos. 62-7,191 

arleriovenous shunts, 67 
extraocular polymyositis, 66-7 
masticatory myositis, 66 
orbital neoplasia, 63-6 
rabbits, 276-7 
retrobulbar abscessation/cellulitis, 

62-3 
temporomandibular osteopathy, 67 
zygomatic salivary gland mucocoele, 

f7 -. 
Exotic species, 285-94 

birds, 287-90 
fish, 294 
primates, 285-7 
reptiles, 290-4 
rodents, 285-7 

Exotropia. 270, 271 
Exposure keratopathy 

cats. 154 
-->-. 

ExtraocL arrnJscles.neNesJpp y,  271-2 
aoo-cens ncrvc, 272 
OcJlomOlor nerve. 271 
trochlear nerve, 272 

Extraocular polymyositis, 66-7, 271 
Eye movement disorders. 272 
Eyelid conditions in birds, 287-8 

ankyloblepharon, 287 
parasitic blepharitis, 288 
Deriorbital swellinas. 287-8 
irauma, 288 - 
viral blepharitis, 288 

Eyelid conditions in cats, 101-4 
ankyloblepharon. 101 
blepharitis. 103 
coloboma, 101-2 
conditions associated with cilia, 103 

dermoid, 102 
ectropion, 102 
entropion, 102 
eosinophilic eyelid plaques. 103 
neoplasia, 103 
symblepharon, 102 
third eyelid, 103-4 

Eyelid conditions in dogs, 80-101 
abnormalities of eyelid position, 82-8 

ectropion. 85-7 
entropion, 82-5 
ptosis, 87 
retraction of upper eyelid, 88 

congenital, 80-2 
ankyloblepharon, 80 
coloboma, 80, 296 
epibulbar dermoid, 80 
macropalpebral fissure, 80-1 
micropalpebral fissure, 82 
ophthalmia neonatorum. 80 

distichiasis. 88-9 
ectopic cilia, 89-90 
infections and inflammations. 91-4 

chalazia, 92-3 
chronic bacterial blepharitis, 93 
immune-mediated blepharitis, 

9- 
juveiie pyoderma, 93 
meibomianitis, 92 
seborrhoeic blepharitis, 94 
stye (hordeolum), 91-2 

injuries, 94 
neoplasia, 94-7 

histiocvloma. 95 
melanoma, 95 
papilloma, 94 
sebaceous adenocarcinoma, 95 
sebaceous adenoma, 94 
treatment. 95-7 

third eyelid, 97-101 
foreign bodies behind, 100 
inflammation. 99 
neoplasia, 100-1 
prolapse of gland of, 99 
protrusion of, 101 
scrolling. 97-9 
trauma, 100 

trichiasis, 90-1 
Eyelid conditions in rabbits, 277-8 

blepharoconjunctivitis and 
conjunctivitis, 277-8 

eyelid tumours. 278 
Eyelid conditions in reptiles. 290-1 

blepharoedema, 290 
neoplasia, 290-1 
retained spectacle, 291 
trauma, 290 

Eyelid specula, 37-8 
Eyelids 

anatomy, 43-4 
biopsy. 25 
embryology, anatomy and 

physiology, 78-80 
margin, 78 
motor innervation, 273 
musculature and movement, 79 
outer. 78-9 
scrapings, 23-4 
sensation, 79 
third eyelid (nictitating membrane), 

79-80 

Facial nerve lesions, 273-4 
Feline calicivirus, 131 
Feline central retinal degeneration, 249 
Feline dysautonomia, 120 
Feline herpesvirus, 130-1, 152, 179 
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Feline immunodeficiency virus, 178-9. 
7 G l  

Feline infectious peritonitis. 177-8, 251 
Feline ischaemic encephalopathy, 300 
Feline leukaemia virus, 178, 251 
Fentanyl, 34 
Fibrinolytics, 59 
Fibrosarcoma, 176 
Fibrosing strabismus, 271 
Field Spaniels, cataract, 212 
Filtration angle, 185 
Fish, 294 
Fiat-coated Retrievers 

distichiasis. 88 
ectopic cilia, 89 
primary glaucoma, 193 

Florida keratopathy 
cats, 153 
dogs, 148 

Fluorescein, 9-10 
angiography, 9-10, 229 
break-up time, 108, 138 
in ulcerative keratitis, 140 
lacrimal dysfunction, 107 
Seidel test, 145 

Fluorescein drainage test, 108 
Fluorescein test for nasal patency, 9 
Fluorometholone, 54 
Fluoroquinolones, 51-2 
5-FIuorouracil, 59 
Flurbiprofen sodium, 55 
Focal illumination, 1, 5 
Follicular hypertrophy, 124 
Foreian bodies. 298 

conjunctiva' 
dogs, 128 
reptiles. 292 
rodents, 286 

cornea, 146, 147, 152 
nasolacrimal system, 117 
uveal tract, 174, 181 
vitreous, 223-4 

Fossa hyaloidea, 220 
Fox Terriers, lens luxation, 215 
French Bulldogs, cataract, 212 
Frontal sinus 

fractures of, 71 
radiography, 14 

Fundus, canine. 227-46 
acquireddiseaseoftheretina, 235-42 

chorioretinitis, 240-1 
generalized progressive retinal 

atrophy, 235-7 
neoplasia, 242 
neuronai ceroid-lipofuscinoses, 

747 

--- 
retinal pigment epithelial 

dystrophy, 237-8 
retinal vascular disease, 241-2 
sudden acquired retinai 

degeneration, 238 
vitamin E deficiency. 242 

acquired diseases of optic disc and 
optic nerve, 243-5 
optic atrophy, 245 
optic nerve neoplasia. 244 
optic neuritis, 243-4 
papilloedema, 243 

choroid, 227-8 
conaenital abnormalities of optic - 

nerve, 243 
developmental lesions, 232-5 

collie eye anomaly. 156, 221. 
232-3 

retinal dysplasia, 234-5 

investigations, 228-30 
behavoural tests, 228 
electroretinogram, 229 
fluorescein angiography, 229 
molecular genetic tests, 229-30 
ophthalmoscopy, 228 
reflexes. 228 
ultrasonography, 228 

ophthalmoscopic abnormalities, 232 
ophthalmoscopic features. 230-2 

non-tapetai fundus, 230-1 
optic disc, 231 
retinal vasculature, 231-2 
tapetal fundus, 230 

retina. 227-8 
Fundus, feline, 247-56 

acquired diseases, 248-54 
anaemic retinopathy, 250 
inflammatory, 251-3 
inherited enzyme deficiencies, 

250-1 
lipae%a retinalis, 255 
non-inflammatory, 249-51 
optic nerve lesions, 255 
parasitic, 252 
progressive retinai degeneration, 

249-50 
quinolone-associated 

retinopathy, 250 
retinal detachments, 253-4 
systemic fungal, 252-3 
taurine deficiencylfeline central 

retinal degeneration, 249 
viral, 251-2 

anatomy and physiology, 247 
developmental diseases, 248 

Fundus, rabbits, 283 
Fusidic acid, 53 

Geckos, fused eyelids, 290 
Generalized progressive retinal atrophy, 

235-7 
breed incidence and disease control, 

236 
clinical features, 235-8 
early diagnosis, 236-7 
molecular genetics, 237 

Genetic assessment, 28-9 
marker alleles, 28-9 
specific mutations. 28 

Gentamicin, 53 
German Shepherd Dogs 

cataract, 21 1 
chronic superiiciai 

keratoconjunctivitis, 143 
pseudopapiiloedema, 231 

Giant Schnauzers, cataract, 212 
Glaucoma, 76,185-203,297,298,299, 

300. 301 
acute, 188-90 
cats, 201-2 

aetioiogy, 201-2 
clinical signs, 202 
therapy, 202 

chronic, 190-3 
classification and causes. 193-6 
clinical signs. 188-93 

corneal changes. 191 
corneal oedema, 188-9 
corneal vascularization, 189 
episcleral congestion, 189 
equatorial staphyloma, 191 
globe enlargement, 190 
intraocular haemorrhage, 192 
lens changes, 191-2 
mydriasis. 189 
optic disc cupping. 192-3 
pain, 188 

phthisis bulbi, 193 
retinai and optic nerve atrophy, 

193 
vision loss, 189-90 

control of intraocular pressure, 185-6 
diagnosis, 186-8 

gonioscopy, 187-8 
tonometry. 186-7 

medical treatment, 197-9 
a-adrenergic agents, 198 
P-adrenergic blockers. 198 
atropine, 198 
carbonicanhydraseinhibitors, 198 
miotics, 198 
neuroprotection, 199 
osmotic diuretics, 197 
prophylactic, 199 
prostaglandin analogues. 198 
tissue plasminogen activator, 198 

primary, 193-4 
acute 'closed-angle', 1 9 3 4  
chronic 'open-angle', 194 
goniodysgenesis, 193-4 

rabbits, 282-3 
secondary, 194-6 

intraocular haemorrhage, 196 
lens pathology, 196 
neoplasia, 195-6 
ocular melanosis, 196 
primary lens luxation, 194 
uveitis, 195 
vitreous prolapse. 196 

surgical treatment. 199-201 
increasing aqueous outflow, 

200-1 
lens extraction, 199 
reduction of aqueous production, 

199-200 
Globe 

birds. 287 
blunt trauma, 72-3 
enlargement, 190 
immobilization of, 34 
opaque eye, 299 
pathological examination, 76-7 
penetrating trauma, 71-2 
prolapse of, 69-70, 297 
rabbits. 276 
reptiles. 290 
see also Orbit 

Glucocoriicoids, topical, 54 
Glycerol, 197 
Glycosaminogiycans, 134 
Golden Retrievers 

cataract, 208, 210, 21 1, 212 
episcleritis, 157 
fibrosing strabismus, 271 
generalized progressive retinal 

atrophy, 236 
immune-mediated uveitis. 171 
iridociliary cysts, 166 
primary giaucoma, 193 
pseudopapilloedema, 231 
retinal dysplasia, 235 
uveitis, 195 

Goniolenses, 3 
Gonioscopy, 187-8 
Gramicidin, 52 
Granulomatousmeningoencephalitis, 177 
Great Danes 

iridociliary cysts, 166 
primary giaucoma, 193 

Green lizards, eyelid neoplasia, 291 
Green sea turtles, eyelid neoplasia, 

290-1 
Greenland Dogs, cataract, 212 
Griffon Bruxellois, cataract, 212 
Gustolacrimal reflex, 274 
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Haab's striae, 190. 191 
Haemangiosarcoma, 176 
Haemophilus spp.. 277 
Haemorrhage 

intraocular, 192, 196 
retinal, 232 
vitreal, 222-3, 225-6 

Halothane, 34 
Handling of patients, 31 
Hemifacial spa5m. 274 
Hereditary Eye Scheme Certification 

Europe, 303 
USA. 303-4 

Herpesvirus simiae. 285 
Herpetic keratitis in cats, 150-1 

aetiology, 150 
clinical findings, 150-1 

clinical course, 151 
diagnosis. 151 
treatment, 151 
vaccination, 151 

Heterochromia, 163 
Himalayan cats 

esotropia, 270 
fundus, 247 

Hippus, 270 
Histiocyioma, 95 
Histiocytosis, 177 
Histology, 25-6 
Hisloplasma capsulatum, 253, 266 
Histoplasmosis, 253 
History, 4 
Hordeolum, 91-2 
Horner's syndrome. 67, 268-70 

causes, 269 
clinical features, 268-9 
diagnosis and differentiation, 269-70 

Hyalocytes, 220 
Hyaloideocapsular ligament. 220 
Hydrocephalus, 301 
Hydrocortisone, 54 
Hydrophthalmos, 190-1 
Hydroxyamphetamine, 269 
Hyperlipoproteinaemia, 232 
HypeNiScosity syndrome. 232,241 

and retinal detachment in cats, 254 
Hyphaema 

cats, 177, 178 
reptiles. 293 

Hypocalcaemia, and cataracts, 213 
~ypopyon 

cats, 177, 179, 181 
dogs, 169,171 
reptiles, 293 

ldiooathic facial oaralvsis. 274 
ldiopathic ~~m~hocyt i~-p lasmac~t ic  

uveitis in cats, 180-1 
Idoxuridine, 53 
immobilization of globe, 34 
Immune-mediated biepharitis, 93-4 
Immune-mediated keratitis in dogs, 

143-4 
Immune-mediated uveitis, 171-2 
Impression cytology. 24 
Indirect ophthalmoscopy, 2-3, 7-8, 214 

binocular, 7-8 
monocular, 8 

Infectious canine hepatitis, 168 
Infectious cyclic thrombocytopenia, 168 
Infectious uveitis 

cats, 177-80 
bacterial, 179 
mycotic, 179 
parasitic, 179-80 
viral, 177-9 

dogs, 168-71 
bacterial, 169 

mycotic, 169-70 
parasitic, 170-1 
rickettsiai. 168-9 
viral. 168 

Inherited enzyme deficiencies in cats, 
250-1 -~ ~ 

Instruments for surgery, 36-41 
care of, 40-1 
Desmarres chalazion clamp, 38 
disposable materials and drapes, 40 
eyelid specula. 37-8 
Jaeger eyelid plate, 38 
needle holders, 39 
Scalpels and blades, 38 
scissors, 38-9 
Suture material, 39-40 
suture needles, 40 
tissue and cilia forceps, 37 

Interleron, 53 
lntracranial disease, pupil abnormalities, 

270 
lntraocular haemorrhage, 190, 192, 196, 

297,300 
intraocular infection, 73-4 
lntraocular melanoma, 76 
lnlraocular pressure, 31-2 

blood pressure. 32 
direct pressure on globe. 32 
drugs, 32 
endotracheal intubation, 32 
measurement, 214 
normal variations, 186 
physiological control of, 185-6 
Venous pressure, 31-2 
ventilation, 32 
see also Systemic hypertension 

lridociliary cysts in dogs, 166 
lridocorneal angle, 185 
Iridocyclitis, 167 
Iridocytes, 247 
Iridodenesis. 215 
Iris. 185 

anatomy and physiology, 162 
atrophy, 190 
hypoplasia. 164 

lris atrophy in dogs, 165-6 
lris bombe. 195 
lris pigmentation 

cats, 177 
dogs, 165 

Irish Setters, generalized progressive 
retinal atrophy, 236 

Irish Wolfhounds. oeneralized 
progressive rkiinal atrophy, 236 

Iritis, 167 
Irrigating solutions, 58 
Isoflurane. 34 

Jack Russell Terriers, lens luxation, 215 
Jaeger eyelid plate, 38 
Japanese Akitas 

fibrosing strabismus. 271 
generalized progressive retinal 

atrophy, 236 
immune-mediated uveitis, 171 
uveodermatological syndrome, 172 

Juvenile pyoderma. 93 

Keratinocytes, 134 
Keratitis 

birds, 288 
cats. 149-51 

deepcirneal ulceration, 150 
herpetic keratitis, 150-1 
mycobacterial keratitis, 151 
mycotic keratitis, 151 
superticial corneal ulceration, 150 
ulcerative keratitis, 149-50 

dogs, 140-4.297 
descemetocoele. 143 
immune-mediated, 143-4 
punctate, 143 
ulcerative, 140-3 

reptiles. 292-3 
Keratoconjunctivitis sicca, 274 

birds, 288 
cats, 119-20 
dogs, 112-13 
rabbits. 279 
reptiles, 291 

Keratomalacia in dogs, 144 
Ketamine, 34 
Ketoconazole, 53 
Ketoroiac trometamol, 55 

Laboratory investigations, 23-9 
cytological and histological 

assessment, 25-6 
genetic assessment, 28-9 
microbiological assessment, 26-8 
Sample collection and handling, 23-5 

Labrador Retrievers 
cataract, 208, 210,211 
generalized progressive retinal 

atrophy, 236 
iris melanoma, 176 
prlrnary gla~coma. 193 
retlnal oysplas a, 234. 235 
snort-l mbeo dnartlsrn. 235 

Lacrimal cannulae. 3 
Lacrimal ouncta. 106 
Lacrimal bunctai apiisia. 114-1 5 
Lacrimal sac, 106 
Lacrimal system, 105-23 

abnormalities of lacrimaiion, 274 
anatomy and physiology, 105-7 
assessment of suriace damage, 107 
cats 

anatomy, 119 
distribution problems, 120 
excretory problems, 121-2 
Secretory problems, 119-20 

dogs 
acquired conditions, 11 6-19 
distribution problems. 113-14 
excretory problems, 114-16 
Secretory problems, 110-13 

rabbits, 278-81 
dacryocystitis, 279-81 
keratoconjunctivitis sicca, 279 
nasolacrimal duct obstruction. 

279-81 
tear drainaoe. 279 
tear produdidn, 278-9 

rodents 7R.5-fi . . . , -. . . 
chromodacryorrhoea. 286 
conjunctival foreign bodies, 286 
conjunctivitis, 286 
epiphora. 285 

tear drainage tests, 108-9 
tear production tests, 107-8 
tear stability tests, 108 

p-Lactam antibiotics, 51 
Laooohthalmos. 296 

. .. . - . -. . , - . - 
collie eye anomaly, 232 

Large Munsterlanders, cataract, 21 1 
Laser cyclophotocoaguiation, 199-200 
Lalanoprost drops, 197, 198 
Lateral qenicuiate nucleus, 263 

les ons aiiecllng. 266 
Le!slmlanra donovanr chagasr. 170 
Lelsllrnanra dono,anr rr,lanr~fn 170 
Leishmaniasis, 170 
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Lens. 204-18 
adult, 205-6 
birds, 289 
blood supply. 205 
cats. 216-17 

acquired conditions. 

Mannitol, 33, 197 
Marbofloxacin, 52 
Marcus-Gunn pupil. 265 
Masticatory myositis, 66 
Mastiffs, entropion in, 82 

Mydriatic cycioplegics, 173 
Mydriatics, 57 
Myiasis. 171 
Myxomatosis, 278 

Maze test, 257 
cataract, 216 Medial canthal entropion, 83 
congenital conditions, 216 Megalocornea 
lens luxation, 216-17, 299 cats, 148 

dogs. 207-16 
acquired conditions, 208-16 
aphakia, 207 
cataract, 208, 208-14 
congenital conditions, 207-8 
lens coloboma, 207 
lens luxation, 215-16, 299 
microohakia. 207 
nuc~eir sc~eiosis, 208 
persistent pupiiiary membrane, 

207 
PH%PHPV. 207-8 

embryology, anatomy and 
physiology, 204-6 

examination, 206 
distantdirectophthalmoscopy. 206 
magnification, 206 
pupiiiary dilation, 206 
Slit lamp biomicroscopy. 214 
transillumination, 206 
ultrasonography, 18-19 
see also Ocular examination 

fish. 294 
primates, 285 
reptiles, 293-4 
rodents, 286 

Lens coloboma. 207 
Lens extraction; 199 
Lens luxation, 191-2, 194-5 

cats, 216-17 
dogs. 215-16 

Lens rupture, 72 
Lens subluxation, 190, 191-2 
Lenticonus, 221 
Lentiglobus. 221 
Leonbergers, cataract, 212 
Leptospirosis. 169 
Levobunolol, 197 
LGN see Lateral genicuiate nucleus 
Lhasa Apsos, keratoconjunctivitis sic 

1 1 1  , 
Lignocaine, 34, 58 
LiDaemia retinalis 

cats, 255 
doos. 242 

~ipaeGc'aqueous 
cats, 181 
dogs, 175 

Lipid keratopathy 
cats, 153 
dogs, 147 
rabbits, 281 

Local anaesthetics, 30, 58 
injectable, 58 
topical, 58 

Lyme disease, 169 
lymphoma 

cats, 183 
dogs. 176 

Lysosomal storage disease, 301 

Macaws. enoohthalmitis. 287 
~acro~i loeb;al fissure. '80-1 

dogs, 136 
Megoestrol acetate, 55 
Meibomianitis, 92, 130 
Meianocytoma, 159-60 
Melanoma 

eyelid, 95 
intraocular, 76 
uveal tract, 175-6, 182 

Menace response, 258,259 
Methazolamide, 197, 198 
Metipranoiol, 197 
Metronidazole, 52 
Meyerhoefer chalazion curette. 39 
Microbiology. 26-8 

culture and susceptibility testing, 27 
direct microscopic examination, 26 
polymerase chain reaction, 27-8 
serology, 28 

Microcornea 
cats, 148 
dogs, 136 

Micropalpebral fissure, 82 
MicroDhakia. 207 
~ i c r i ~ h t h a l i o s  

dogs. 68-9 
reptiles, 290 

Micropunctum. 115 
Midazolam, 34 
Mill Hill cats, strabismus, 270 
Miniature Bull Terriers, lens iuxation, 215 
Miniature Dachshunds, dermoid, 156 
Miniature Longhaired Dachshunds, 

generalized progressive retinal 
atrophy, 236 

Miniature Poodles 
epiphora, 115 
generalized progressive retinal 

atrophy, 236, 237 
optic nerve hypopiasia, 243 

Miniature Schnauzers 
cataract, 208, 21 1 
generalized progressive retinal 

atroohv. 236 
Miniature Skddth-haired Dachshunds, 

generalized progressive retinal 
atrophy, 236 

Miosis, 268 
Miotics, 198 
Mltomycin C, 59 
Mittendorf's dot. 210, 219 
Monitoring of patients, 34-5 
Monocular indirect ophthalmoscopy, 8 
Monocylic ehriichiosis. 168 
Moraxeiia spp., 292-3 
Mucin abnormality 

cats, 120 
dogs, 113 

Mucinomimetics, 58 
Miiller cells, 219, 228 
Mycobacteriai keratitis in cats, 151 
Mycobacterial uveitis in cats. 179 
Mycology, 27 
Mycoplasma spp.. 26,27,51,52, 132 
Mycotic keratitis in cats, 151 
Mycotic uveitis 

cats. 179 
dogs, 169-70 

Mydriasis, 5 
in glaucoma, 189 

Nanophthalmos, 68 
Nasolacrimal duct, 106-7 

obstruction in rabbits, 27941 
Nasolacrimal system, 44, 79 

dogs, 116~19 
acquired obstructions, 116-17 
canaliculitis and dacryocystitis, 

117-19 
foreign bodies, 117 
neoplasia and cysts, 119 
traumatic damage. 116 

Necrotizing Scleritis, 158 
Neisseria spp.. 280 
Neomycin, 53 
Neoplasia 

computed tomography, 21 
conjunctiva, 128-9, 133 
eyelid 

cats, 103 
dogs, 94-7 
rabbits, 278 
reptiles, 290-1 

fundus, 242,254 
and glaucoma, 195-6 
nictitating membrane. 100-1, 104 
optic nerve, 244 
orbit. 14. 63-6. 67 
sclera. 159-60 
uveal tract, 175-7, 182-3 
uveitis associated with, 172 
vitreous, 224 

Neospora caninurn, 170 
Neuro-ophthalmology, 257-75 

abnormalities of eye position and 
movement, 270-3 
nystagmus, 272-3 
strabismus, 270-2 

abnormalities of lacrimation, 275 
anisocoria, 267-70 

afferent pathway lesions, 267 
causes, 267 
efferent pathway lesions, 267 
Horner's syndrome. 26&70 
intracranial disease, 270 
sympathetic innervation of eye, 

268 
central blindness, 262-7 

causes, 262 
central visual pathways, 263-4 
cerebellar lesions. 266-7 
diagnosis, 262-8 
lesions of LGN, optic radiation or 

occipital cortex. 266 
optic chiasma lesions, 266 
optic nerve lesions, 2654 
post-chiasmal optic lesions. 266 

clinical tests. 257-62 
corneal and palpebrai reflexes, . . 

260-1 
dazzle reflex, 258. 259 
ophthalmoscopy, 260 
optokinetic nystagmus, 261-2 
~uoiliarv liaht refiex and . . 

'swingkg fiashlighf' test, 
258.260 

rel,ex p ~ p t  lary ollatat~on. 260 
swnging flasnlight tesl, 5, 258 

760 -.. 
tests of vision, 2574 
vestibular nystagmus, 261 

disorders of blinking. 2734 
motor deficits, 273-4 
motor innervation of eyelids, 273 

www.vet4arab.co.cc
by Itra



Index 313 

Sensory deficits, 273 
Sensory innervation of eye. 273 

problem-orientated approach, 262 
Neuronal ceroid-lipofuscinoses, 242 
Neurotrophic keratopathy 

cats, 153 
doas. 147 

~ictitacng membrane. 44. 79-80 
cats. 103-4 -, ~- 

neoplasia of, 104 
prolapse of gland, 103 
protrusion of, 103 
scrolling, 103 

dogs. 97-101 
foreign bodies behind, 100 
inflammation. 99 
neoplasia of, 100-1 
prolapse of gland, 99 
protrusion of. 101 
scrolling, 97-9 
trauma, 100 

rodents, 286 
Nocturnal owl monkey, 285 
Nodular episclerokeratitis, 157-8 
Non-steroidal anti-inflammatory drugs, 

30-1,54-5 
uveitis. 173 

Non-ta~etal fundus. 230-1 
~orwegian ~uhunds, cataract, 211 
Norweaian Elkhounds 

cakract, 211 
generalized progressive retinal 

atrophy, 236 
primary glaucoma, 194 

Nuclear (senile) sclerosis, 6 
Nyctalopia, 235 
Nystagmus, 272-3 

amaurotic, 272 
cerebellar disease. 272 
congenital, 272-3 
ootokinetic. 261 
p'endular, 261,273 
positional, 272 
searching, 272 
spontaneous, 272 
vestibular, 261 
vestibular disease, 272 

Occipital coltex, lesions affecting, 266 
Ocular centesis, 11 
Ocular haemorrhage, 297 
Ocular imaging. 13-22 

computed tomography, 20-1 
cross-sectional imaging, 15-20 
magnetic resonance imaging, 21-2 
radiography. 14-15 
ultrasonography, 10. 15-20 

Ocular melanosis, 160, 165, 196 
Ocular pain, 298 
Oculocardiac reflex, 32-3 
OCUlomotor nerve, 271 
Old English Sheepdogs 

cataract, 208,211,212 
persistent pupillary membrane, 165 

Oligella urefhralis, 280 
Opaque eye, 76,299 
Ophthalmia neonatorum, 80 
Ophthalmic examination, 1-12 

darkened room with focal illumination 
and magnification, 5 

electroretinography. 11 
equipment, 1-3 
exotic Species, 285 
fluorescein. 9-10 
globe, 76-7 
indirect ophthalmoscopy, 7-8 
microscopic. 26 

normal illumination without 
instruments, 4-5 

ocular centesis. 11 
ocular uitrasonography. 10 
ophthalmoscopy, 6-7 
orbit, 61-2 
penlight, 5 
protocol, 3-12 
retinal photography, 12 
retinoscopy, 11 
rose bengal, 10 
Schirmer tear test, 8, 107-8, 214, 

274,279 
Signalmen1 and history, 4 
slit lamp biomicroscopy, 10 
specular microscopy. 11 
tear drainage system, 10. 108 
testing vision, 4-5 

Ophthalmic surgery 
anatomy and physiology, 434 
immobilization of globe, 34 
instrumentation, 3641 
patient and surgeon positioning. 42 
sterile preparation, 42-3 
tissue separation, 45-6 
tissue stabilization, 44-5 
tissue uniting, 469 

Ophthalmomyiasis interna posterior, 252 
Ophthalmoscopy, 68,260 

fundus disorders. 228 
see also Direct ophthalmoscopy; 

Indirect ophthalmoscopy 
Opioids, 31 
Optic atrophy. 245 
Optic chiasma lesions, 266 
Optic discloptic nerve head 

birds. 290 
cats, 247 
dogs, 231 

acquired diseases, 243-5 
optic atrophy, 245 
papilloedema. 243 

Optic disc cupping, 190, 192-3 
Optic nerve atrophy, 190. 193 
Optic nerve coloboma 

cats. 248 
dogs. 243 

Optic nerve lesions, 265-6 
cats, 255 
dogs 

acquired diseases, 243-5 
congenital abnormalities, 243 
hypoplasia. 243 
neodasia. 244 
optic atrophy, 245 
Optic neuritis. 243--4 

Marcus-Gunn pupil, 265 
Optic neuritis. 243-4. 266, 300 

clinical features, 243 
diagnosis, 245-4 
management, 244 

Optic radiation, lesions affecting, 266 
Optokinetic nystagmus. 261 
Ora ciliaris retinae 

cats, 247 
dogs, 227 

Orbit, 60-77 
anatomy, 43. 60 
clinical examination. 61-2 
clinical signs of disease, 60-1 
diagnostic imaging. 62 
differential diagnosis, 60-1 
diseases of 

active retraction of painful eye, 67 
arteriovenous shunts, 67 
atrophy of orbital tissues, 67 
blunt trauma to globe. 72-3 
buphthalmos, 69 

enophthalmos, 67 
exophthalmos, 62-7 
extraocular polymyositis, 66-7 
Horner's syndrome, 67 
intraocular infection, 734 
masticatory myositis, 66 
microphthalmos. 68 
orbital trauma, 70-1 
penetratingtraumatoglobe, 71-2 
phthisis bulbi. 68-9 
prolapse of globe, 69-70 
retrobulbar abscessationl 

celluiitis, 62-3 
small or recessed eye, 67-9 
temporomandibular osteopathy. 

67 
zygomatic salivary gland 

mucacoele. 67 ~ ~ - ~ ~ -  -. - 

enJclea1ton. 74-5, 201, 277. 287 
evlsceraton and mp anl. 75-6 
Invest galon of osease, 61-2 
patholog cal examnalon of gobc, 

76-7 

rabdits, '2767 
anatomy, 276 
enucleation, 277 
exophthalmos, 276-7 
orbital gland prolapse, 277 
orbital glands, 276 
prolapse of globe. 276 

Orbital biopsy, 25 
Orbital ceilulitis, 62-3, 297, 298 
Orbital glands in rabbits, 276 
Orbital neoplasia, 14, 63-6, 67 

further investigation, 64-5 
history and clinicai signs. 64 
management. 65 
pathogenesis, 63 
surgical treatment, 65-6 

Orbital sinus in rabbits, 276 
Orbital trauma, 70-1 
Osmotic diuretics, 56, 197 

see also individual drugs 
Ospreys, iris, 289 
Osteosarcoma, 176 
Otoscope. 5 
Oxymorphone, 34 

Pain, 30-1 
Palpebral conjunctiva, 78 
Palpebral ligaments, 79 
Palpebral reflex, 260-1 
Pancuronium, 34 
Pannus, 143-4 
Panophthaimitis, 297, 299 
Papilloedema, 243 
Papilloma, 94 
Papillons, generalized progressive retinal 

atrophy, 236 
Paradoxical tearing, 274 
Paradoxical vestibular syndrome, 272 
Parasitic blepharitis, 103 
Parasitic Infection of vitreous, 224 
Parasitic uveitis 

cats, 179-80 
dogs, 170-1 

Parasympathomimetics, 56 
PasteureNa SOD.. 52. 278 
pasteure~~a m~liocida, 51, 149, 169, 

179,181,277,280 
Pavementing. 236 
Pecten 290 - - . , -. . 
Pccl nale I garrent, 185. 193 
Pembrode Wc sn Corg s 

ep tnc al oasemenl membrane 
dystrophy, 136 

persistent pupillary membrane, 165 
Pendular nystagmus, 261 
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Penetrating keratoplasty, 140 
Penicillins, 51 
Penlight examination, 5 
Pentobarbitone, 34 
Peregrine falcons, ankyloblepharon. 287 
Periocular hair, clipping of, 43 
Periorbital swelling in birds, 287-8 
Peripheral anterior synechiae, 194, 195 
~ers ian  cats 

corneal seauestration. 152 
entropion, i 0 2  

Persistent hyaloid artery, 220-1 
Persistent hvoerolastic orimaw vitreousl 

persistebi hyperplastic turica 
vasculosa lentis 

cats, 248 
dogs, 207-8.221-2 

Persistent pupillary membrane, 164-5, 
207 -- 

Persistent tunica vasculosa lentis, 221 
Phacoclastic uveitis, 171 
Phacodonesis, 215 
Phacoemulsification. 213 
Phaeochromocytoma, 176 
Phenol red thread test, 108 
Phenylephrine, 269-70 
Photic retinopathy, 242 
Photoreceptors, 247 
Phototoxic retinopathy, 286 
Phthisis bulbi, 68-9, 190, 193 
PHTVUPHPV see Persistent 

hyperplastic primary vitreousl 
persistent hyperplaslic tunica 
vasculosa lentis 

Physostigmine, 267 
Pigmentary glaucoma see Ocular 

melanosis 
Pilocarpine, 197, 198, 267 
Plain film radiography, 14 
Plasmodium spp., 288 
Poliosis, 171 
Polyarteritis nodosa in cats, 181 
Polymerase chain reaction. 27-8 
Polymixin B, 52, 53 
Posterior scleritis, 158 
Pre-iridal fibrovascular membranes in 
dogs, 165 
Pre-Ocular tear film. 105-7 

birds, 288 
cats 

distribution problems, 120 
excretory problems, 121-2 

distribution, 106 
dogs 

distribution problems, 113-14 
excretory problems, 114-16 

excretion, 106-7 
reptiles, 291-2 
secretion, 105-6 

Prednisolone, 54 
Preoperative evaluation, 33 
Pretectum, 263 
Primates, 285 
Progressive retinal atrophy, 249, 301 
Progressive retinal degeneration. 249-50 
Progressive rod-cone degeneration, 237 
Propofol, 34 
Propracaine, 34 
Prostaglandin analogues, 56 
Proteus spp.. 51. 52 
Prototheca wickerhamii, 169 
Prototheca zopfii, 169 
Protothecosis, 169 
Proxymetacaine, 58 
Pseudomonasspp., 51,52,280,292,293 
Pseudomonasaeruginosa, 9.51,141,142 
Pseudopapilloedema, 231 
Ptosis, 87 

Pulse oximetry, 35 
Punctate keratitis, dogs, 143 
Pupil, 185 
Pupil size, 162 

abnormalities of see Anisocoria 
Pupillary escape, 260 
Pupillary light reflex, 206, 228, 258, 260, 

9 C 1  
L-" 

afferent and efferent lesions, 266.267 
neuronal pathway, 264 

Purkinje image, 4 

Rabbits. 276-84 
cornea, 281-3 

corneal dystrophies, 281 
corneal oedema, 281 
lipid keratopathy, 281 
non-ulcerative keratitis, 281 
ulcerative keratitis, 281 

eyelid and conjunctival diseases, 
277-8 
aberrant conjunctival overgrowth, 

278 
blepharoconjunctivitis and 

conjunctivitis, 277-8 
eyelid tumours, 278 

fundus, 283 
lacrimal system, 278-81 

keratoconjunctivitis sicca, 279 
nasolacrimal duct obstruction 

and dacryocystitis, 279-81 
tear drainage, 279 
tear production, 278-9 

orbit, 276-7 
anatomy, 276 
enucleation, 277 
exophthalmos, 276-7 
orbital gland prolapse. 277 
orbital glands. 276 
orbital sinus, 276 
prolapse, 276 

uveal tract and lens, 282-3 
cataract. 283 
glaucoma, 282-3 
uveitis. 282 

Radiography, 14-15 
bone lysis, 14 
contrast orbitography, 15 
contrast techniques, 15 
cranial sinus venography, 15 
dacryocystography, 15 
dental disease. 14 
frontal sinuses; 14 
orbit 62 - ~, --  

Orbital neoplasia, 14 
plain film, 14 
sialography of zygomatic salivary 

gland. 15 
Red eye, 4,297 
Red-eared terrapins, eyelid trauma, 290 
Referral, 302 
Reflex pupillary dilation, 260 
Reflex uveitis, 168 
Rediles, 2 9 0 4  

anterior chamber and uveal tract, 293 
conjunctiva, 292 
cornea, 292-3 

arcus lipoides corneae, 293 
corneal ulceration, 293 
keratitis, 292-3 

eyelids, 290-1 
blepharoedema, 290 
neoplasia, 290-1 
retained spectacle, 291 
trauma, 290 

globe. 290 
lens, 293-4 
retina, 294 

tear film, 291-2 
impaired tear drainage, 292 
keratoconjunctivitis sicca, 291 

third eye, 291 
Retained spectacle in snakes. 291 
Retina 

anatomy and physiology, 227-8 
fish, 294 
ganglion cell layer, 228 
haemorrhage. 232 
inner limiting membrane, 228 
inner nuclear layer, 228 
inner olexiform laver. 228 
outeriimiting membrane, 228 
outer nuclear layer, 228 
outer plexiform layer, 228 
photoreceptor layer, 227 
reptiles, 294 
rodents, 286-7 
vasculature, 231-2 

changes in, 232 
Retinal degeneration 

birds, 290 
reptiles, 294 

Retinal detachment, 300 
cats, 248. 253-4 

inflammatory, 2 5 3 4  
'morning glory', 253 
non-inflammatory, 253 

dogs. 238-40 
classification, 239-40 
clinical features, 239 
exudative/serous, 239 
pathological features, 238 
rhegmatogenous, 239 
solid, 239 
traction, 239 

Retinal dysplasia, 301 
cats, 248 
dogs, 234-5 

clinical features, 234 
diagnostic problems, 235 
heritability anddiseasecontrol, 

Retinal nerve atrophy, 190, 193 
Retinal photography, 12 
Retinal pigment epithelial dystrophy, 

237-8,301 
clinical features, 237 
management, 238 
pathological features, 237 

Retinal pigment epithelium, 247 
Retinal vascular disease, 241-2 

coagulopathies, 241 
diabetic retinopathy, 241-2 
hyperviscosity syndrome. 241 
lipaemia retinalis, 242 
systemic hypertension, 241 

Retinoblastoma in fish, 294 
Retinopathy 

anaemic, 250 
diabetic, 232, 241-2 
enrofloxacin-associated, 52, 250 
photic, 242 
rodents 

inherited, 286 
phototoxic, 286 

Retinoscopy, 11 
Retrobulbar abscess, 62-3. 297 

rabbits, 277 
Retrobulbar anaesthesia, 277 
Retrobulbar block, 34 
Retrobulbar cellulitis. 62-3 
~haudomyosarcom~. 176 
t?hss~s rn3flAe) S, 285 
RlCketrS8a spp. 51 
R1cketts8il r .ck~i ls .~.  168 
Rcdettsa Jve t s. 168--9 
Rocdl Mo-nla n spotled lever, 168 

www.vet4arab.co.cc
by Itra



Index 315 

Rodents, 285-7 
cornea, 286 
lacrimal apparatus and conjunctiva. 

285-6 
chromodacryorrhoea, 286 
conjunctival foreign bodies, 286 
conjunctivitis, 286 
epiphora, 285 

lens, 286 
retina, 2 8 6 7  

inherited retinopathy, 286 
phototoxic retinopathy, 287 

third eyelid, 286 
Rose bengal. 10 

lacrimal dysfunction. 107 
Rostral (anterior) colliculus, 263-4 
Rottweilers 

cataract, 21 1, 212 
entropion, 82 

Rough Collies 
cataract, 212 
collie eye anomaly, 232 
crvstalline stromal dvstroohv. 137-8 

progre&ive ;e&al 
atrophy, 236 

microphthalmos in. 68 

Samoyeds 
crystalline stromal dystrophy, 138 
immune-mediated uveitis, 171 
primary glaucoma, 193 
retinal dysplasia. 234 
uveodermatological syndrome, 171 

Sample collection and handling, 23-5 
aspirates, 24 
biopsy, 24-5 
conjunctival and corneal swabs, 23 
cytobrushes, 24 
eyelid, conjunctival and corneal 

scrapings, 2 3 4  
impression cytology, 24 

Schistz tonometer. 186-7 
Schirmer I test, 8 
Schirmer ll test, 8 
Schirmerteartest, 8.107-8,214,274,279 
Sclera, 247 

acquired abnormalities. 157-9 
abscess, 159 
oegcncratue d~seases 161 
:nllammalory d seases, 157- 9 
neo~lastc d sease. 159-60 
ocuiar melanosis, '160 
scleritis, 158 
traumatic diseases. 160-1 
ulcerative limbal keratitis, 159 

anatomy, 155 
developmental abnormalities, 156-7 

congenital staphyloma with 
ectasia, 156 

dermoid, 156 
sclerocornea, 156-7 
thin sclera, 156 

vasculature, 155 
Scleral thinning, 151 
Scleral trephination and peripheral 

iridectomy, 200 
Scleral venous circulation, 185 
Scleritis, 158, 297, 298 
Sclerocornea, 156-7 
Scleromalacia perforans, 158 
Scottish Terriers, temporomandibular 

osteopathy, 67 
Sealyham Terriers 

lens luxation, 215 

vitreoretinal dysplasia, 222 
Sebaceous adenocarcinoma, 95 
Sebaceous adenoma, 94 
Seborrhoeic blepharitis, 94 
Seidel test, 145 
Seminoma. 176 
Senile entropion. 83 
Serology, 28 
Sevoflurane. 34 
Shar Peis 

entropion, 82 
iibrosing strabismus. 271 
lens luxation, 194, 215 

Shetland Sheepdogs 
collie eye anomaly, 232 
crystalline stromal dystrophy, 138 
epithelial dystrophy, 138 
immune-mediated uveitis, 171 

Shih Tsus, keratoconjunctivitis sicca, 112 
Shotgun pellet injury, 71 
Sialodacryoadenitis virus, 286 
Sialography of zygomatic salivary gland, 

15 
Siamese cats 

corneal sequestration, 152 
esotropia, 270 
fundus, 247 
pendular nystagmus, 273 
progressive retinal degeneration, 250 

Siberian Huskies 
cataract, 21 1 
crystalline stromal dystrophy, 138 
generalized progressive retinal 

atrophy, 235 
immune-mediated uveitis. 171 
primary glaucoma, 193 

Skinks, fused eyelids. 290 
Slit lamp biomicroscopy, 10, 214 
Smooth Collies, collie eye anomaly, 232 
Snakes 

conjunctivitis, 292 
fungal keratitis, 293 
fused eyelids, 290 
nasolacrimal blockage, 292 
retained spectacle, 291 

Spastic entropion, 83 
Spastic pupil syndrome, 270 
Speckled caiman, eyelid neoplasia, 291 
Specular microscopy, 11 
Squint see Strabismus 
Stabilizers and preservatives, 51 
Staffordshire Bull Terriers 

cataract, 210, 211 
PHTVUPHPV, 221 

Standard Poodles, cataract, 211, 212 
Staphylococcus spp., 26,278 
Staphylococcus aureus, 278 
Staphyloma. 156 
Stars of Winslow, 163, 230 
Stereopsis. 270 
Stevens tenotomy scissors. 39 
Strabismus. 270-2 

congenital, 270 
extraocular polymositis, 271 
fibrosing, 271 
traumatic, 271 

Streptococcus spp., 26 
Streptococcus viridans, 280 
Stroma, 134 

damage, 135 
Stye, 91-2 
Subalbinism. 163-4 
Subalbinotic fundi in cats, 247 
Subconjunctival granuloma, 159 
Sudden acouired retinal deaeneration 

238,300 
Sudden loss of vision, 300 
Sulphonamides, 51 

Sunken eye disease in birds, 287 
Superficial fungal blepharitis, 103 
Superficial keratectomy, 137 
Superficial keratotomy, 137 
Suprachiasmatic nucleus, 263 
Suprachoroidea, 228 
Surgery see Ophthalmic surgery 
Susceptibility testing, 27 
Suture material, 3 9 4 0  
Suture needles, 40 
Swinging flashlight test, 5, 258, 260 
Symblepharon, 102-3,161 

cats, 132 
dogs, 127 

Synchysis scintillans, 222, 223, 299 
Synechiae in dogs, 166 
Syneresis, 222 
Systemic hypertension 

and retinal detachment in cats. 2 5 3 4  
and retinal vascular changes, 232, 

241 

Tapetal reflex, 6 
Tapetum 

cats. 247 
dogs 

hyperreflectivily, 232 
taoetal fundus. 230 

Taurine dkficiency in cats, 249. 301 
Tear drainage, 107 

inadequate see Epiphora 
rabbits, 279 
reptiles, 292 

Tear drainage system, cannulation of, 
Tear drainage tests, 108-9 

cannulation and irrigation, 109 
dacrocystorhinography, 109 
direct examination, 108 
fibreoptic illumination, 109 
fluorescein drainage test, 108 

Tear film see Pre-ocular tear film 
Tear production tests, 8, 107-8 

in rabbits. 278-9 
Tear stability iests, 108 
Tear staining syndrome in reptiles, 292 
Tear substitutes, 57-8 

aqueous, 57 
lipid-based, 58 
mucinomimetics, 58 

Tearing reflex, 274 
Temporomandibular osteopathy, 67 
Tetracyclines, 51 
Thermal injury in dogs, 144 
Thiopentone, 34 
Third eye in reptiles, 291 
Third eyelid see Nictitating membrane 
Tibetan Spaniels 

epiphora, 115 
generalized progressive retinal 

atrophy, 236 
Tibetan Terriers 

cataract. 212 
generalized progressive retinal 

atrophy, 236 
lens luxation, 215 

Timolol, 197 
Tissue forceps, 37 
Tissue plasmlnogen activator, 198 
Tokay geckos, retinal degeneration, 294 
Tonometers, 3 
Tonometry. 186-7,195 

applanation tonometers, 187 
digital,-186 
Schiotz tonometer, 186-7 

Topical drugs, 51 
Tortoises 

keratitis, 292 
tear staining syndrome, 292 
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Toxocara canis, 224 
Toxoplasma gondii, 51, 170, 179, 252, 

262,266 
Toxoplasmosis 

cats, 179-80 
dogs, 170 

Toy Poodles 
epiphora, 115 
generalized progressive retinal 

atrophy, 236. 237 
optic nerve hypoplasia, 243 

TPA, see tissue plasminogen activator 
Trabecular meshwork, 185 
Transilluminator. 206 
Transmissable venereal tumour. 176 
Trauma, 300 

anterior uveal, 1734. 181 
conjunctival, 127-8, 133 
corneal, 145-6, 151 
eyelid, 288 
globe, 71-3 
iens, 216,212 
nasolacrimal system, 116 
nictitating membrane, 100 
orbit, 70-1 
scleral. 160-1 
uveal tract, 173-4, 180 

Treponema cuniculi, 278 
Trichiasis, 298 
Trifluorothymidine, 53 
Trochlear nerve. 272 
Tropical canine pancytopenia, 168 
Tylodeiphys podicipina, 294 

Ulcerative keratitis, 298. 299 
cats, 149-50 

causes, 149 
clinical findings. 149-50 
treatment, 150 

dogs, 140-3 
causes, 140 
clinical findings, 140 
diagnosis, 140 
management, 140-3 

rabbits. 281 
Ulcerative limbal keratitis, 159 
Ultrasonography, 10, 15-20 

abnormalities, 17-20 
anterior view, 16 
cataract, 18-19 
fundus disorders, 228 
high-frequency ultrasound 

biomicroscopy, 20 
hyperechoic, 17, 18, 19 
hypoechoic, 17, 19 
image production and display. 15-16 
infraocuiar disease. 17 
membranous lesions, 17-18 
multiple point-like echoes, 17 
orbit, 62 
posterior view, 16-17 
retrobuibar disease, 19-20 
technique. 16 

Uveal cysts, 165, 224 
Uveal melanoma, 195 
Uveal tract. 162-84 

choroid, 163 
ciliary body, 163 
developmental anomalies, 163-5 

aniridia and iris hypoplasia, 164 

anterior segment dysgenesis, 
164-5 

deficiencies of pigmentation, 
1 R n - 4  

uveal cysts, 165 
iris, 162 

Uveal tract abnormalities 
birds. 289 
cats, 177-83 

anterior uveal trauma, 181 
foreign bodies, 181 
lipaemic aqueous, 181 
uveal neoplasia, 182-3 
uveitis, 177-81. 225 

dogs, 165-77 
anterior uveal trauma. 173-5 
ectropion uveae, 165 
iridociliary cysts, 166 
iris atrophy. 165-6 
iris pigmentation, 165 
lipaemic aqueous, 175 
pre-iridai fibrovascuiar 

membranes, 165 
synechiae, 166 
uveal neoplasia, 175-7 
uveitis, 167-73 

rabbits. 282-3 
glaucoma, 282-3 
uveitis, 282 

reptiles, 293 
Uveitis, 298. 299, 300. 301 

birds, 289 
cats, 177-81, 225 

causes, 177 
idiopathic, 180-1 
immune-mediated, 178-9 
infectious, 177-80 
iens damage, 180 
neoplasia-associated. 180 
trauma-associated, 180 

dogs, 167-73.297 
causes. 168 
clinical features, 167 
corneal insult. 171 
diagnosis, 167 
immune-mediated, 171-2 
infectious, 168-71 
iens damage, 171 
neoplasia-associated, 172 
reflex, 168 
toxicity-associated, 171 
treatment, 172-3 

and glaucoma. 195 
rabbits, 282 
reptiles, 293 

Uveodermatological syndrome, 171, 172 

Venous pressure, 31-2 
Ventilation, 32 
Ventral lateral geniculate nucleus. 264 
Vestibular nystagmus, 261 
Vidarabine. 53 
Viral uveitis 

cats, 177-8 
dogs. 168 

Virology, 27 
Vision loss 

congenital and early onset, 301 
slowly progressive, 301 
sudden, 300 

Vision tests. 4-5, 257-8 
dazzle reflex, 258, 259 
maze test, 257 
menace response. 258,259 
visual tracking, 257 

Visual tracking, 257 
Visually evoked potentials, I1 
Vitamin E deficiency in dogs, 242. 301 
Vitiligo, 171 
Vitreal haemorrhage 

cats, 225-6 
dogs, 222-3 

Vitreal herniation, 224 
Vitreal prolapse, 196. 224 
Vitrectomy, 225 
Vitreoretinal dysplasia, 222 
Vitreous, 219-26 

acquired conditions in cats. 225-6 
chronic feline uveitis. 225 
vitreal haemorrhage, 225-6 

acquired conditions in dogs. 222-4 
asteroid hyaiosis. 222 
cysts, 224 
foreign bodies, 223-4 
neoplasia, 224 
parasites, 224 
prolapse and herniation, 224 
Synchysis scintiilans, 222 
syneresis. 222 
vitreal haemorrhage, 222-3 
vitritis, 223 

anatomy, physiology and 
biochemistry, 219-20 

cellular elements, 220 
congenital anomalies in cats, 225 
congenital anomalies in dogs. 220-2 

persistent hyaioid artery, 220-1 
persistent tunica vasculosa 

lentis. 220-1 
PHTVUPHPV, 221-2 
vitreoretinal dysplasia. 222 

embryology, 219 
light transmission. 220 
matrix. 220 
therapeutic intravitreal injection, 225 
vitrectomy, 225 

Vitreous base, 220 
Vitreous gel, 220 
Vitritis, 223, 299 
Vitrosin, 219, 220 

Welsh Springer spaniels 
cataract, 21 1 
distichiasis, 88 
primary glaucoma, 193. 194 

Welsh Terriers, primary glaucoma, 193 
West Highland White Terriers 

cataract, 208.212 
keratoconjunctivitis sicca, 1 1  2 
temporomandibular osteopathy, 67 

Westcott tenotomy scissors. 39 
Wet eye 

cats, 119 
dogs. 110,296 

Yorkshire Terriers, cataract, 212 

Zygomatic arch, fractures of, 71 
Zygomatic salivary gland mucocoele, 67 
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BSAVA Manual of 

Small Animal Ophthalmology 
Second edition 
Edited by Simon Petersen-Jones and Sheila Crispin 

This new Manual builds on the success of the first 
edition of the BSAVA Manual of Small Anima,~ 
Ophthalmology. 

The book begins with a clear and concise guide to 
the examination of the eye. 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 localized with 
precision. Chapters on imaging techniques 
(radiography, ult;asonography, CT i n d  ~ F i l ) a n d  
laboratoly investigations follow. 

New to this edition are chapters on anaesthesia and surgery. Basic principles such as tissue 
separation and suturing are described and illustrated with specially commissioned drawings. 

Ocular conditions of dogs and cats are covered in chapters on specific regions, 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 that considers the relevant 
anatomy and physiology of that portion of 
the eye. Following a consideration of 
diagnostic tests, clinical features are 
described and illustrated by a wealth of 
high-quality full-colour images. Medical 
and surgical management are then 
discussed for each condition. Conditions 
of the dog and cat are mostly considered 
separately, except where there are close 
similarities. 

The last two chapters of the Manual briefly describe ocular conditions of rabbits and exotic species 
(primates, rodents, birds, reptiles and fish), with emphasis on the commoner disorders and those 
that differ markedly from the conditions already described for the dog and cat. 

The Manual is a practical, consulting room guide to small animal ophthalmology, but there is 
sufficient detail to satisfy those who wish to study this fascinating specialty in greater depth. 

CONTENTS 
Examination and diagnostic procedures; Ophthalmic examination; Ocular 
imaging; Laboratory investigation of ophthalmic disease; Ophthalmic 
surgery and anaesthesia; Anaesthesia and analgesia; Ophthalmic surgery: 
instrumentation; Ophthalmic surgery: basic principles; Ophthalmic drugs; 
The orbit and globe; The eyelids and nictitating membrane; The lacrimal 
system; The conjunctiva; The cornea; The sclera, episclera and 
comeoscleral limbus; The uveal tract; Glaucoma; The lens; The vitreous; 
The fundus; The canine fundus; The feline fundus; Neuro-ophthalmology; 
Rabbits; Exotic species; Appendices; Index 
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