
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



CHAPTER 4 The Eye and Ear 
BRIAN P. WILCOCK 
Ontar io Veter inary College, Canada 

T H E E Y E 

I. General Considerations 

The role of the veter inary pathologist in the diagnosis 
of ocular disease is greatly influenced by the accuracy with 
which the eye can be examined in the living animal. Some 
of its t issues , such as the lens, do not lend themselves well 
to pathologic techniques . Some focal lesions, especially 
of the poster ior segment , may be readily visible and magni-
fied with the ophtha lmoscope but difficult to locate histo-
logically. The reluctance of many pathologists to embrace 
ophthalmic pathology s tems from the disappointing qual-
ity of sect ions made from formalin-fixed globes processed 
by routine me thods , and from unfamiliarity with the com-
plex terminology shared by clinical ophthalmologists and 
ophthalmic pathologists . At least equally daunting is the 
need to be familiar with the ever-growing list of inherited 
disorders that occur in purebred dogs , the species which 
indisputably dominates veter inary ophthalmology. In 
many ins tances , the correct diagnosis requires the correla-
tion of the structural lesion with the age, breed , and spe-
cific clinical features of the disease to a much greater 
degree than is the case with most o ther body sys tems . 

The eye undergoes very rapid pos tmor tem change that 
not only obscures subtle degenerat ive lesions but also 
mimics genuine developmental or degenerat ive diseases . 
Even with a globe obtained within minutes of death or 
surgical removal , improper handling of the specimen fre-
quently results in a section of poor quality. The globe 
can be speedily and gently removed by grasping the third 
eyelid with forceps and applying traction to the globe 
while making a circumferential incision at the fornix. Blunt 
curved scissors inserted through this incision may be used 
to sever extraocular muscles and optic nerve , and allow 
the globe to be removed from the orbit . All orbital fat and 
extraocular muscles should be gently removed from the 
sclera to permit rapid penetration, of fixative to the retina. 

The choice of fixative depends on the disease suspected 
and on the type of examinat ion to which the eye will be 
subjected. Formalin has the advantage of ready availabil-
ity, little danger of overfixation, and adequa te preserva-
tion of color and macroscopic detail for photography. 
Also, it permits localization in the bisected globe of lesions 
identified ophthalmoscopical ly , and the use of electron 
microscopy should such examinat ion be warranted by the 
findings of light microscopy. H o w e v e r , formalin pene-
trates the sclera slowly, and there are pos tmor tem 
changes , including retinal de tachment , even in globes 
fixed immediately after dea th or surgery. Rapid-acting 
fixatives such as Z e n k e r ' s , Hel ly ' s or Bouin ' s are pre-
ferred for globes in which preservat ion of histologic detail 
is pa ramount . All render the globe and its refractive media 
opaque and less suitable for macroscopic photography 
than does formalin. All require strict a t tent ion to the dura-
tion of fixation and thorough postfixation washing in water 
(Zenker ' s , Hel ly 's) or 70% ethanol (Bouin ' s ) . Regardless 
of the method of fixation, all eyes benefit from hardening 
in 70% ethanol over about 24 hr to prevent retinal detach-
ment when tr imming the globe for embedding . A mixture 
of equal par ts cold 4 % buffered glutara ldehyde and 10% 
neutral formalin has been r ecommended as an ocular fixa-
tive for both light and e lect ron microscopy. 

In all domest ic animals , the preferred section for histol-
ogy is made from a midsagittal slab which includes optic 
nerve , thereby allowing examinat ion of both tapetal and 
nontapetal fundus in the same sect ion. 

Bibliography 

Dodds, W. J. et al. The frequencies of inherited blood and eye 
diseases as determined by genetic screening programs. J Am 
Anim Hosp Assoc 17: 697-704, 1981. 

Duke-Elder, S. "System of Ophthalmology/' Vol. I-XV. St. 
Louis, Missouri, Mosby, 1964. 

Fine, B. S., and Yanoff, M. 'Ocular Histology," 2nd Ed. Hagers-
town, Maryland, Harper & Row, 1979. 

441 



442 4 . T H E E Y E A N D E A R 

Gelatt, Κ. N. Feline ophthalmology. Compend Cont Ed 1: 
576-583, 1979. 

Gelatt, Κ. N. (ed.). ''Veterinary Ophthalmology." Philadelphia, 
Pennsylvania, Lea & Febiger, 1981. 

Jensen, H. E. Histological changes in the canine eye related to 
aging. Proc Am Coll Vet Ophthalmol, 3-15, 1974. 

Martin, C. L., and Anderson, B. G. Ocular anatomy. In "Veteri-
nary Ophthalmology" Κ. N. Gelatt (ed.), pp. 58-64. Philadel-
phia, Pennsylvania, Lea & Febiger, 1981. 

Peiffer, R. L. (ed.). "Comparative Ophthalmic Pathology." 
Springfield, Illinois, Charles C Thomas, 1983. 

Prince, J. H. et al. "Anatomy and Histology of the Eye and 
Orbit in Domestic Animals." Springfield, Illinois, Charles C 
Thomas, 1960. 

Rubin, L. F. "Atlas of Veterinary Ophthalmoscopy." Philadel-
phia, Pennsylvania, Lea & Febiger, 1974. 

Rubin, L. F. "Inherited Eye Disease in Purebred Dogs." Phila-
delphia, Pennsylvania, Williams & Wilkins, 1989. 

Saunders, L. Z., and Rubin, L. F. "Ophthalmic Pathology of 
Animals." Basel, Switzerland, Karger, 1975. 

Smolin, G., and O'Connor, G. R. "Ocular Immunology," Phila-
delphia, Pennsylvania, Lea & Febiger, 1981. 

Spencer, W. H. (ed.). "Opththalmic Pathology." Philadelphia, 
Pennsylvania, W. B. Saunders, 1985. 

Stryer, L. The molecules of visual excitation. Sei Am, July 1987, 
42-50. 

Walls, G. L. (ed.). "The Vertebrate Eye and its Adaptive Radia-
tion." New York, Hafner Publishing, 1967. 

Yanoff, M., and Fine, B. S. "Ocular Pathology." 3rd Ed., Phila-
delphia, Pennsylvania, J. B. Lippincott, 1989. 

II. Developmental Anomalies 

Ocular developmental defects are common in domest ic 
animals , particularly in purebred dog breeds in which ex-
tensive linebreeding has been used to increase the predict-
ability of the phenotype . Many of the defects involve the 
eyelids and result from accentuat ion of anatomic peculiari-
ties of the breed, such as entropion from deliberate enoph-
thalmos or misdirected hairs from overly prominent facial 
folds. Such anomalies are clinically obvious and amenable 
to surgery, and rarely require the at tention of a pathol-
ogist. 

Anomalies of the globe are usually multiple, which re-
flects the in terdependence of the various parts of the devel-
oping eye . Without proper considerat ion of ocular embry-
ology, the lesions found in anomalous eyes can be a 
catolog of observat ions rather than predictable results of 
single errors in organogenesis . It is also important to rec-
ognize the differences in normal ocular s t ructure among 
the various species , and the different rates at which mature 
form is at tained. For example , the retina of carnivore 
eyes remains immature until about 6 weeks postnatal ly, 
whereas that of ruminants and horses is mature at birth. 

The primary optic vesicle is an evagination of the fore-
brain that , with differential growth of brain and surface 
ec tode rm, becomes separated from the presumptive dien-
cephalon by the optic stalk. The apposit ion of primary 
opt ic vesicle to overlying surface ec toderm induces a focal 
ec todermal thickening, the lens placode. The placode 

Fig. 4.1 Canine embryo, 34 days gestation. Lids fused, cor-
nea fully formed. Large lens surrounded by complete vascular 
tunic derived posteriorly from hyaloid artery and anteriorly from 
the future pupillary membrane. Iris not yet formed. Retina almost 
fills cavity of optic vesicle. 

grows to form a primitive lens vesicle. It is the developing 
lens which orches t ra tes the invagination of the optic vesi-
cle to form the bilayered optic cup and bring the lining 
neuroec toderm into the apposit ion that provides the future 
photoreceptor and pigment epithelial layers . Surrounding 
the optic cup is a mass of mesenchyme , derived from 
neural cres t , that will form the vascular and fibrous tunics 
of the eye under the induction of the differentiating neu-
roec toderm (Fig. 4.1). Ocular adnexa and muscles form 
independent ly and seem not to require normal develop-
ment of the globe, as evidenced by the presence of normal 
lacrimal gland, lids, and ext raocular muscles in most cases 
of severe microphtha lmos . 
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A . Defective Organogenesis 

Failure of the eye to attain even the stage of optic cup 
is not a rare occur rence and is usually of unknown cause . 
The defect is usually bilateral but asymmetr ica l , and the 
severity of the defect relates to the stage of organogenesis 
at which the insult occurred . Failure of formation of the 

primary vesicle, or its early and complete regression, is 

true anophtha lmos and is very rare . Failure of optic vesicle 
invagination gives rise to the very rare congenital cystic 

eye . Incomplete invagination results in congenital retinal 
nonat tachment . Failure of division (or subsequent fusion) 

of the optic pr imordium as it g rows from the te lencephalon 

results in cyclopia, or synophtha lmos , a single dysplast ic 
midline globe. 

anophtha lmos for all such cases . Concurren t anomalies of 
skeletal and central nervous sys tems are common . 

Macroscopic examinat ion of orbital content usually re-
veals a normal lacrimal gland and vestigial extraocular 
muscles . The globe is usually recognized as an irregular 
mass of black pigment , with s t ruc tures such as cornea or 
optic nerve variably recognizable . Histologically, there is 
almost a lways a mass of pigmented neurec toderm, remi-
niscent of ciliary p rocesses , and some effort at retinal 
differentiation. There is frequently some remnant of lens, 
a finding which suggests regression of an embryonic globe 
that had reached at least the stage of optic cup . One or 
more plates of cart i lage, presumably derived from third 
eyelid analog, are common . 

2. Cyclopia and Synophthalmos 

Damage to the prosencephalon prior to the outgrowth 
of the optic vesicles may result in improper separat ion 
of paired cranial midline s t ruc tures , including eyes . Cy-
clopia defines a fetal malformation character ized by a 
single median orbit containing a single globe. Most 
spec imens have some duplication of intraocular struc-
tures such as lens , iris, or hyaloid vessels and are thus 
more properly considered incomplete separat ion or early 
fusion (synophthalmos) (Fig. 4.2). Some specimens have 
two dysplast ic globes within a single orbit . Severe cranial 
anomalies accompany cyclopia and synophtha lmos , in-
cluding absent or deformed ears , a median probosc is , 
cranioschis is , cleft palate , and brain anomal ies ranging 
from microcephaly to hydranencephaly and hydro-
cephalus . 

Cyclopianlike malformations have been repor ted in 
sheep , ch ickens , and dogs , and as inherited defects in 
cat t le , with the most thoroughly documented cases being 

/. Anophthalmos and Microphthalmos 

Anophtha lmos , total absence of ocular t i ssue, is a very 
rare lesion and almost all cases descr ibed are more cor-
rectly te rmed severe microphthalmos in that some vestige 
of eye is found in serially sect ioned orbital content . The 
usefulness of distinguishing be tween the two is quest ion-
able, and many authors have adopted the term clinical 

Fig. 4.2 Globe from typical cyclopian calf. Duplication of 
lens and pupil indicates synophthalmos rather than true cyclopia. 
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in sheep grazing alpine pastures rich in the legume 
Veratrum californicum. Fresh and dried plants contain 
three steroidal alkaloids—jervine, cyclopamine, and cy-
loposine—capable of damaging the developing neural 
groove of the fetal lamb. Ewes eating the plant on 
gestational day 15 have lambs with the cyclopian malfor-
mat ion, for it is at that t ime that the neural groove has 
formed and the first cranial somites are forming. A 
similar syndrome has been produced in kids and calves 
by maternal feeding of the plant on day 14 of gestat ion. 
Ingestion of the alkaloids prior to day 15 in sheep may 
cause fetal death but no anomal ies , and exposure soon 
after day 15 may cause various skeletal abnormali t ies 
but not cyclopia. 

In naturally occurring ou tbreaks , affected lambs have 
deformities ranging from cyclopia with microcephaly to 
relatively normal lambs with harelip and cleft palate . Pro-
longed gestation is common in the case of severely mal-
formed fetuses. 

3. Cystic Eye and Retinal Nonattachment 

Failure of apposit ion of the optic vesicle to the cranial 
ec toderm results in failure of lens induction, which in turn 
removes the major stimulus for the invagination of the 
optic vesicle to form the optic cup . Persis tence of the 
primary optic vesicle is seen as a cyst ic eye (Fig. 4.3), 
consisting of a scleral sheet lined by neurec toderm of 
variable neurosensory and pigmentary differentiation. The 
absence of lens and of bilayered iridociliary epithelium 
distinguish this rare lesion from the more common dys-
plastic eye of secondary microphthalmos . 

Incomplete invagination of the optic vesicle allows per-
sistence of the cavity of the pr imary optic vesicle and 
prevents a t tachment of the presumpt ive neurosensory ret-
ina to the developing retinal pigment epithel ium. In the 
postnatal globe, retinal nonat tachment cannot easily be 
distinguished from acquired retinal separat ion (Fig. 4.4). 
In each ins tance , the retina is extensively folded and may 
have improper differentiation of neuronal layers . The diag-
nosis of retinal nonat tachment is assisted if there is also 
lack of apposit ion be tween the two layers of neurec toderm 
covering the anter ior uvea (destined to be iridal and ciliary 
epithelium) and if retinal roset tes are evident . In addit ion, 
since nonat tachment is an early and fundamental error in 
organogenesis , such eyes usually lack a lens and probably 
will be microphthalmic with multiple anomalies . 

4. Coloboma 

The mildest and latest defect in organogenesis results 
from failure of complete fusion of the lips of the embryonic 
fissure, a slitlike but normal channel in the floor of the optic 
cup and stalk through which the vasoformative mesoderm 
and stromal mesenchyme enter the globe. Failure of clo-
sure of the fissure may occur anywhere along its length, 
but the channel persists most frequently as a notchlike 
defect of the caudal pole at , or jus t ventral to , the optic 
disk and is lined by an outpouching of dysplastic neurec-
toderm. If the defect is sufficiently large, the outpouching 

Fig. 4.3 Severe microphthalmos. Foal. There is no lens, no 
apparent attempt at invagination, and no neurosensory retinal 
differentiation. Persistence of the cavity of the optic vesicle quali-
fies this as a cystic eye. Cartilage plate (arrow) is probably analog 
of third eyelid. 

of neurec toderm induces a similar bulge in the sclera, 
te rmed scleral ectasia (Fig. 4.5). Occasionally such ecta-
sias are so large as to form a re t robulbar cyst as large as 
the globe itself (Fig. 4.6). Regardless of size, the lining 
of the scleral co loboma is formed by neurec toderm that 
bulged through the defect in the optic cup . Abor t ive neuro-
sensory differentiation within the cyst wall is c o m m o n 
(Fig. 4.7). 

Colobomas occur in all domest ic species but are espe-
cially frequent in collie dogs as one manifestation of the 
collie eye anomaly . They are rare in horses and cat t le , and 
in both species , most cases have been repor ted in blue-
eyed or incompletely albino animals . In Charolais cat t le , 
co lobomas of or near the optic disk are inherited as an 
autosomal dominant trait with incomplete pene t rance . The 
lesion is bilateral but not necessari ly equal in severi ty. 
Colobomas of iris or eyelid also occur but are rarely sig-
nificant to ocular function and even more rarely receive 
histologic examinat ion. Co lobomas not aligned with the 
embryonic fissure also occur , but their pa thogenes is is 
unknown. 
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Fig. 4.6 Retrobulbar cyst (arrow) formed by coloboma and 
massive scleral ectasia. Calf. Globe is small. Retina is completely 
separated. 

Fig. 4.4 Microphthalmos. Foal. There is congenital retinal 
detachment. 

Fig. 4.5 Scleral ectasia and retinal separation. Collie. Cavity 
within the ectasia is analogous to the cavity of the primary optic 
vesicle. 

B. Defective Differentiation 

Subsequent to formation of the optic cup , ocular differ-
entiation involves cont inued differentiation of neurec to-
derm into retinal and uveal neuroepi thel ium, and induction 
of primitive periocular mesenchyme to form the fibrous 
and vascular tunics of the globe. The normal development 
of retinal pigment epithelium from the neurec toderm of 
the poster ior half of the optic vesicle seems prerequisi te 
for these differentiations to occur . Aberrant differentiation 
of the surface ec toderm dest ined to form corneal epi the-

Fig. 4.7 Coloboma (arrow) at the optic disk. Collie pup with 
collie eye anomaly. Dysplastic neuroectoderm lines the defect 
and attempts to form sensory retina. 

Hum and lens is infrequent except for those in utero degen-
erat ive diseases of the lens which lead to congenital cat-
aract . 

It is traditional to present specific ocular anomalies as 
they relate to s t ructures of the adult eye , and thus as 
anomalies of cornea , iris, lens, ret ina, and so on. This 
approach corre la tes well with the clinical examinat ion of 
the eye , but an unders tanding of the evolut ion of anomalies 
may best be gained if seen in te rms of defective differentia-
tion of the germ layers . For this reason , anomalies of 
ocular differentiation are presented here as anomalies of 
mesenchyme , ec toderm, and neurec toderm. Ocular neu-
rec toderm is the primary organizer of ocular differenti-
at ion. 
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/. Anomalies of Mesenchyme 

After formation of the optic cup and separat ion of the 
lens vesicle, the periocular mesenchyme undergoes a com-
plex series of migrations, differentiations, and atrophies 
that determines the final s tructure of the vascular and 
fibrous tunics of the globe. At the anterior edge of the 
optic cup , successive waves of mesenchymal invasion 
form corneal endothel ium, corneal s t roma, and the ante-
rior half of the transient perilenticular vascular network. 
The poster ior half is formed by invasion of vasoformative 
mesoderm and mesenchyme through the embryonic fis-
sure to form the extensive hyaloid ar tery system (Fig. 4.1). 
Another mesenchymal wave accompanies the ingrowth of 
the neurec toderm at the anterior lip of the optic cup to 
form the iris s t roma. Its peripheral portion later a trophies 
to form the porous filtration angle of the anterior chamber , 
a process that may not be completed in carnivores until 
several weeks after birth. The choroid and sclera are in-
duced by the developing retinal pigment epithelium to 
form from the mesenchyme surrounding the caudal half of 
the optic cup . 

Anomalies of mesenchyme may result from defective 
ingrowth or differentiation, as with choroidal and iris hy-
poplasia, but more frequent are the defects associated with 
incomplete a t rophy of the normally transient embryonal 
mesenchyme of the intraocular vasculature or filtration 
angle, such as occurs with persistent pupillary membrane 
and some primary glaucomas. 

a. C H O R O I D A L H Y P O P L A S I A . This is a relatively common 
lesion in the eye of dogs by virtue of its prevalence in the 
collie breed as the hallmark of collie eye anomaly, and a 
very similar syndrome occurs in Austral ian shepherd dogs 

and Shetland sheepdogs . It is also seen in a variety of dog 
breeds in associat ion with genes for color dilution (merle, 
dapple , and harlequin). The hypoplas ia is thought to result 
from induction failure by a defective retinal pigment epi-
thel ium. The basic defect is not clearly established but 
may be related to defective pigmentat ion, a suggestion 
suppor ted by the prevalence of iris and choroidal hypopla-
sia in white animals of all species , especially those with 
blue irises. Some degree of retinal dysplasia is also com-
mon, an observat ion which bears on the role of normally 
developing retinal pigment epithelium in ocular differenti-
ation. Even in o therwise normal (nonwhite) animals with 
a blue iris, there is usually hypoplasia of the tape tum and 
choroid. 

b . C O L L I E E Y E A N O M A L Y . This is a common disease of 
smooth and rough collies, first repor ted in 1953 and at one 
time est imated to have affected 90% of Nor th American 
collies. During the period 1975-1979, the defect was still 
present in over 70% of 20,000 collies examined in a volun-
tary screening program. Prevalence in Europe and the 
United Kingdom is lower (30-60%). The basic defect , 
patchy to diffuse choroidal hypoplasia , is inherited as an 
autosomal recessive trait, but the numerous associated 
defects are more unpredictable in their familial pa t tern . 
Similar syndromes are repor ted in Border collies, Shetland 
sheepdogs , and Austral ian shepherd dogs , and are proba-
bly of similar pathogenesis . The prevalence in these 
b reeds , as in rough collies, has marked geographic vari-
at ion. 

The ophtha lmoscopic findings include one or more of 
retinal vessel tor tuosi ty , focal to diffuse choroidal and 
tapetal hypoplasia , typical co loboma, and retinal separa-
tion with intraocular hemorrhage . Other observat ions that 
are occasionally made in eyes of affected dogs are enoph-
tha lmos , microphtha lmos , and corneal stromal mineraliza-
tion. The disease is a lways bilateral but not necessari ly 
equal . Even the mild, visually insignificant lesion of focal 
choroidal hypoplasia is genetically significant. 

Macroscopic examinat ion of the bisected globe reveals 
abnormal pallor of the poster ior segment of the globe. If 
the globe is t ransi l luminated, the sclera and choroid are 
focaliy or diffusely more t ranslucent than normal . The 
pallor and t ranslucency imply choroidal hypoplasia . 
Within or adjacent to the optic disk there may be a colobo-
matous pit of variable size, the lining of which is cont inu-
ous with the retina. Accompanying the larger type of pit 
is a bulge in the overlying sclera, called scleral ectasia or 
posterior staphyloma. If there is retinal separat ion, it is 
usually comple te , with the only sites of a t tachment being 
at the abnormal optic disk and at the ora ciliaris (Fig. 
4.8). In such cases , there may be extens ive intravitreal 
hemorrhage and retinal tears . Almost all collie eyes with 
retinal separat ion have large optic disk co lobomas . De-
tachment from the ora ciliaris may also occur , leaving the 
folded retina on the floor of the globe (Fig. 4.9). 

The histologic lesion found in all affected eyes is choroi-
dal hypoplasia , which virtually a lways is diffuse, despi te 
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Fig. 4.8 Retinal separation. Collie eye anomaly. There is 
coloboma at the optic disk. Choroid and sclera are thin. Retinal 
folding does not constitute dysplasia. 

ophthalmoscopic observat ion of a lesion that appears to 
be only focal. The choroid is thin and poorly pigmented, 
and the tape tum is thinner than normal or even absent 
(Fig. 4.10A,B). Retinal pigment epithelium is poorly pig-
mented even in nontapetal fundus and may be vacuolated. 
Because the choroid and tape tum in the normal dog do not 
reach adult thickness until about 4 months pos tpar tum, 
aged-matched control eyes are essential if over interpreta-
tion of normal choroidal immaturi ty is to be avoided. 

Histologic examinat ion of eyes with optic disk colobo-
mas reveals the bulging of dysplast ic neurec toderm, con-
t inuous with ret ina, into the pit in the nerve head. The 
neurec toderm may show jumbled differentiation into gan-
glion cells, photorecep tor rose t tes , glial cells, or pigment 
epithelium. Roset tes are common in the neurosensory ret-

Fig. 4.10 (A) Normal posterior pole of the globe of 13-week-
old puppy. Tapetum present but thin (normal for puppy). Choroi-
dal thickness approximates that of retina. (B) Posterior pole just 
dorsal to the optic disk of 13-week-old collie with collie eye 
anomaly. Tapetum is absent. Choroid (arrow) severely hypo-
plastic. 

Fig. 4.9 Retinal separation from ora ciliaris. Collie eye anom-
aly. Note hypopigmented choroid and prominent hyaloid artery 
(arrow). 

ina adjacent to affected disks or embedded in the optic 
disk itself. In some spec imens , there are degenerat ive 
retinal lesions overlying severely hypoplast ic choroid. 
E d e m a t o u s clefts are seen in the nerve fiber layer, and 
ganglion cells may be severely vacuola ted . 

Other retinal lesions include retinal folds and detach-
ment . The folds are seen on histologic section as tubes of 
fully differentiated retina cut in c ross section or tangen-
t i a l ^ , and are thought to represent folds in a neurosensory 
retina that at least temporar i ly has grown in excess of the 
space available for it within the optic cup . These folds 
cor respond to the clinically detectable vermiform streaks 
on the fundus, and gradually d isappear as the dog (and 
eye) ma tu res , allowing the growth of scleral shell to catch 
up with that of ret ina. Presumably it is a more severe 
imbalance in growth of inner and outer layers of the optic 
cup which predisposes to retinal separat ion in about 10% 
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of eyes with this syndrome, as a retina which is too small 
a t tempts to stretch from optic disk to ora ciliaris by the 
shortest route . 

Focal fibroblastic metaplasia and mineralization is occa-
sionally seen in the subepithelial corneal s t roma of dogs 
with collie eye anomaly , but a similar defect is seen in 
anomalous eyes of o ther b reeds ; a genetic link to the collie 
eye defect is not establ ished. Tortuosi ty of retinal veins , 
a controversial clinical lesion somet imes considered part 
of collie eye anomaly , has no described histologic coun-
terpart . 

The earliest lesion of this anomaly is defective differ-
entiation of primitive retinal pigment epithelium to form 
rosettelike s tructures near the optic disk. Proper differen-
tiation of both pigment epithelium and neurosensory 
retina requires obliteration of the lumen of the primary 
optic vesicle, which allows the two neurectodermal lay-
ers to come into apposi t ion. Whether the earliest lesion 
of collie eye anomaly results from inherently defective 
differentiation of pigment epithelium or from imperfect 
apposit ion of the two neurec todermal layers has not been 
resolved, but a central role of the pigment epithelium in 
determining ocular morphology suggests that the primary 
defect is in maturat ion of the presumpt ive retinal pigment 
epithelium. Anomalous development of choroid and 
sclera, including coloboma, is not seen in fetuses up to 
45 gestational days but is seen in neona tes . This suggests 
that the defect is in choroidal maturat ion ra ther than 
in formation. Another manifestation of mesenchymal 
maldevelopment is delayed a t rophy and remodeling in 
the anterior chamber . The filtration angle may be closed, 
iris s t roma may be at tached to the corneal endothel ium 
by a mesenchymal bridge, and remnants of anter ior 
perilenticular mesenchyme are unusually prominent . Pig-
mentat ion of iridal neurec toderm is sparse . As these 
neonatal anterior segment lesions are not seen at the 
age (8-20 weeks) when puppies are examined ophthalmo-
scopically, it is p resumed that they reflect only delayed 
mesenchymal remodeling. 

2. Defects of Anterior Segment Mesenchyme 

Hypoplasia of the iris is a rare defect that may occur 
alone or in conjunction with multiple ocular defects . It 
is relatively most frequent in horses , where it may be 
inherited and associated with cataract and conjunctival 
dermoids . The defect presumably results from incom-
plete inward migration of the anter ior lip of the optic 
cup , with resultant lack of a neurec todermal scaffold to 
guide the migration of presumptive iris s t roma. The 
hypoplasia is usually severe , and most cases are clini-
cally described as aniridia. Histologic examinat ion of 
such eyes usually reveals the vestigial iris as a triangular 
mesenchymal s tump covered posteriorly by normal-
appearing pigmented epithelium (Fig. 4 . 1 1 A). The t rabec-
ular meshwork within the filtration angles may be mal-
formed, but the ciliary apparatus is usually normal . The 
lens often is ca tarac tous (Fig. 4 . I I B ) and somet imes ec-
topic or hypoplast ic . Glaucoma has been descr ibed as a 

Fig. 4.IIA Iris hypoplasia (arrow) and goniodysgenesis (ar-
rowhead). Dog. Stroma and epithelium are inadequate. 

sequel in horses (but not in o ther species) , and would 
be an expected sequel in severely affected eyes in any 
species . 

Hypopigmentation of the iris may be unilateral (het-
erochromia iridis) or bilateral (ocular albinism). The iris is 
normal except for incomplete development of pigment 
granules in the cytoplasm of o therwise normal stromal and 
epithelial cells. Tape tum and, less reliably, choroid of 
affected eyes usually are hypoplast ic . 

Incomplete atrophy of the anterior chamber mesen-
chyme is relatively common in dogs and occurs occasion-
ally in o ther domest ic species . During organogenesis , 
three waves of mesenchyme migrate be tween the surface 
ec toderm and the anterior rim of the optic cup . The first 
two waves form corneal endothel ium and s t roma. The 
third wave forms a sheet stretching across the face of the 
lens and future iris. It differentiates centrally into the 
anter ior half of the perilenticular vascular tunic and a t ro-
phies late in gestat ion or in the early postnatal per iod. 
Failure to a t rophy results in persistent pupillary mem-
brane. The more peripheral port ions of the third mesen-
chymal wave differentiate into iris s t roma and t rabecular 
meshwork , the latter by a combinat ion of a t rophy and 
remodeling that cont inues until the third postnata l week 
in dogs . 

Much less common are those defects grouped unde r the 
general category of anterior segment dysplasia or anterior 
segment cleavage syndromes, which include multiple 
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Fig. 4 .HB Iris hypoplasia, congenital cataract and dysplasia 
of ciliary processes. Piglet, one of three affected. 

anomalies of cornea , lens, and anter ior uvea that s tem 
from disordered development of anter ior segment mesen-
chyme . Such eyes are commonly microphthalmic and usu-
ally have microphakia , ca tarac t , and congenital corneal 
opacit ies at sites of congenital synechiae . 

Persistent pupillary membrane refers to the delayed or 
incomplete a t rophy of the anter ior perilenticular vascular 
ne twork that , in the fetus, originates from the minor ar te-
rial circle of the iris and invests the developing lens. Atro-
phy is frequently incomplete at birth and, in dogs , persis-
tent remnants are common up to about 6 months of age. 
These insignificant and usually bloodless s t rands are seen 
as short , threadlike protrus ions from the area of the minor 
arterial circle (iris collaret te) , and they may insert else-
where on the iris, c ross the pupil , or extend blindly into 
the anterior chamber (Fig. 4.12A). Persistent pupillary 
membranes achieve clinical significance in two ways . 
First, the size and number of s t rands crossing the pupil 
may be such that vision is obs t ruc ted . Second, s t rands 
that contact lens or cornea are associated with focal dys-
plasia of lens or corneal endothel ium, clinically seen as 
opacity (Fig. 4.12B). 

Histologic descr ipt ions are mainly from studies in ba-
senji dogs , in which persis tent pupillary membrane occurs 
as an autosomal recessive trait of variable pene t rance . In 
this breed, a t rophy of the pupillary membrane is abnor-
mally slow even in dogs free of the defect in adult life, and 
remnants in puppies up to 8 months old are common . The 

Fig. 4.12A Persistence of anterior tunica vasculosa lentis. 
Portions are seen as fine vascular channels on anterior lens cap-
sule, in the pupil, and on anterior surface of iris (arrows). 

membranes are seen as thin endothelial t ubes , invested 
with a thin adventit ial s t roma, extending from vessels in 
the iris s t roma near the col laret te . The tubes are usually 
empty , but in severely affected eyes may contain ery thro-
cy tes , and the adventi t ia may contain melanin. The tubes 

Fig. 4.12B Persistent pupillary membrane. Dog. Central 
crescent insertion is on the anterior pole of the lens. 
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weave in and out of the plane of section en route to corneal , 
iridic, or lenticular insert ions. At sites of corneal insert ion, 
corneal endothel ium is either absent or dysplast ic , with 
the latter manifested as fibrous metaplasia. D e s c e m e t s 
membrane is malformed or absent in the areas of at tach-
ment , and there is associated deep stromal corneal edema 
to account for the clinically observed , minute gray stromal 
opacit ies. Contac t with the lens is accompanied by similar 
epithelial and basement membrane dysplasia, resulting in 
one or more epithelial, subcapsular , or polar cortical cata-
racts . 

Maldevelopment of the filtration angle (goniodysgen-
esis) occurs as a prevalent , inherited condition in dogs 
and in severely anomalous eyes of animals of any 
species. The defect may result from incomplete a t rophy 
of mesenchyme that normally fills the fetal ir idocorneal 
angle (Fig. 4 .13A,B), or may represent a true dysplasia of 
the fibrillar condensat ion dest ined to form the pect inate 
ligament. In ei ther event , the result is seen as an imperfo-
rate or inadequately perforated mesodermal sheet sepa-
rating anterior chamber from the t rabecular meshwork . 
The only lesion may be a pect inate ligament that is 
thicker, more heavily pigmented, and less fenestrated 
than normal . Alternatively, the t rabecular meshwork 
may appear as a solid mesenchymal mass that may not 
be distinguishable from postglaucoma compress ion and 

Fig. 4.13B Goniodysgenesis. Ciliary cleft is filled with primi-
tive mesenchyme and has no development of trabecular 
meshwork. 

Fig. 4.13A Goniodysgenesis. Calf. Note dense mesoderm in 
the area that should be the open lattice of the trabecular mesh-
work. Termination of Descemets membrane, where the pectinate 
ligament should insert (arrow). 

fibrosis of a developmental ly normal filtration angle (see 
Glaucoma) . 

3. Incomplete Atrophy of Posterior Segment 
Mesenchyme 

Incomplete a t rophy of poster ior segment mesenchyme 
may result in the mild and common lesion of persistent 
hyaloid artery, or in the much rarer but clinically more 
significant lesions of persistent posterior perilenticular 
vascular tunic with or without concurrent pers is tence of 
the primary vi t reous. The hyaloid ar tery and its branches 
are formed from mesenchyme that enters the optic cup 
through the embryonic fissure prior to its c losure . T h e 
vessel t raverses the optic cup from optic disk to lens , 
there it ramifies over the poster ior lens surface and jo ins 
with the branches of the anterior chamber pupillary 
membrane to form a complete perilenticular vascular 
tunic. As with its anter ior chamber counterpar t , the 
hyaloid sys tem undergoes almost complete a t rophy be-
fore birth. Pers is tence of some vestige into adult life is 
common and clinically insignificant. In ruminants the 
most common remnant is Bergmeis te r ' s papilla, a cone 
of glial t issue with a vascular core which ex tends from 
optic disk for a few millimeters into the v i t reous . In 
calves until about 2 months of age, the vestigial hyaloid 
system may still contain blood. In carn ivores , it is the 
anter ior perilenticular port ion that normally pers is ts for 
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Fig. 4.14 Persistence of hyaloid artery and posterior tunica 
vasculosa lentis. Dog. Posterior polar cataract is the almost inevi-
table consequence as seen here. 

several weeks postnatal ly. Bloodless remnants of the 
main hyaloid ar tery are common in dogs and ruminants 
up to several years of age. 

Much less common is undue pers is tence and even hy-
perplasia of the anter ior end of the hyaloid sys tem, the 
posterior tunica vasculosa lentis (Fig. 4.14). In humans 
the retained t issue may be predominant ly fibrous and is 
thought to be a metaplast ic derivat ive of the neurectoder-
mal primary vi treous which accompanies the hyaloid vas-
culature . This rare anomaly , also called persistent hyper-
plastic primary vitreous, is typically unilateral in humans 
and is accompanied by microphtha lmos , microphakia , ret-
inal de tachment , shallow anter ior chamber , and embry-
onic filtration angles. The several repor ts of this anomaly 
in dogs have descr ibed a unilateral or bilateral retrolental 
vascular or fibrovascular ne twork , usually without any 
reported anomalies o ther than the expected poster ior polar 
cataract . Such lesions are be t te r descr ibed as persistent 
posterior tunica vasculosa lentis. In Doberman pinschers 
and Staffordshire bull terr iers , the defect is inherited and 
forms a spect rum that includes persis tent pupillary mem-
brane , ca taract , lent iconus, and microphthalmia, as well 
as persis tence of variable amoun t s of primary vi treous and 
posterior tunica vasculosa lentis (Fig. 4.15). The defects 
are detected as early as gestational day 30, at which time 
hyperplasia of poster ior tunica vasculosa lentis is already 
obvious . Poster ior polar ca tarac ts and preretinal mem-
branes are observed by day 37. 
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4. Anomalies of Neurectoderm 

Included under this heading are anomalies of retina, 
optic nerve , and of neuroepithel ium of iris and ciliary 
body. Of these , retinal anomalies are by far the most 
frequent and most significant. 

a. R E T I N A L D Y S P L A S I A Retinal dysplasia is a general 
term denoting abnormal retinal differentiation, character-
ized by jumbling of retinal layers and by glial proliferation. 
Retinal dysplasia is common in dogs and in cat t le , and 
results from failure of proper apposit ion of the two layers 
of the optic cup , from failure of p roper induction by an 
inherently defective retinal pigment epithelium, or from 
necrosis of the developing retina. Regardless of pathogen-
esis , the dysplast ic retina is character ized by retinal folds, 
retinal rose t tes , patchy to diffuse blending of nuclear lay-
ers , loss of retinal cells, and glial scars . The folds and 
roset tes are the histologic counterpar ts of the vermiform 
streaks seen on the fundus with the ophtha lmoscope . The 
hallmark of retinal dysplasia is the rose t te , composed of a 
central lumen surrounded by one to three layers of neuro-
blasts . The three-layered roset te is the most co mmo n in 
naturally occurr ing cases in animals , and shows more or 
less complete retinal differentiation. Most such roset tes 
are probably retinal folds cut t ransversely. The lumen 
contains pink fibrils resembling photoreceptors and is 
bounded by a thin membrane resembling the normal outer 

limiting membrane . One- and two-layered rose t tes are en-
countered infrequently and consist of a lumen surrounded 
by undifferentiated neuroblas ts . 

There are good examples of each class of retinal dyspla-
sia among naturally occurr ing diseases of domest ic ani-
mals in which the retinal lesion is the major or sole ocular 
change. In addit ion, anomalous retinal differentiation is to 
be expected in any severely anomalous globe, such as 
those with cyclopia, microphtha lmos , or large co lobomas . 
In dogs , the locat ion, ophtha lmoscopic appearance , and 
effect on vision vary from breed to breed but tend to be 
uniform within each breed , a fact used by clinical ophthal-
mologists when a t tempt ing to distinguish inherited dyspla-
sias from those occurr ing as isolated anomalies or as se-
quelae to in utero infections. 

The first type , that resultant from retinal nonat tach-
ment , should probably be considered extensive retinal 
folding ra ther than t rue dysplasia , unless actual disorgani-
zation and blending of neural layers can be demons t ra ted . 
There may be associated cataract . Cases with retinal non-
a t tachment have extensively folded re t inas , since the dis-
tance to be t raversed from disk to ora ciliaris in a straight 
line is shor ter than the convex route taken by a t tached 
retina, and redundant ret ina is obliged to fold upon itself. 

The second type , which is probably the one seen with 
greatest frequency in dogs and in the greatest variety of 
b reeds , is retinal folding and subtle disorganization of the 
outer nuclear layer. The defect may be nonprogress ive 
and clinically insignificant or progress to complete retinal 
separat ion and bl indness , with the ou tcome greatly influ-
enced by the specific breed in which the defect occurs . In 
English springer spaniels , in which this type of dysplasia 
has been most extensively studied, changes are seen as 
early as gestational day 45 and a lways by day 55. Focal 
infolding of the neuroblast ic layer away from the retinal 
pigment epithelium and focal loss of the junc t ions be tween 
the neuroblas ts (the outer limiting membrane) are the early 
changes , followed by overt focal retinal separat ion and 
extensive retinal folding. In all b reeds in which this type 
of dysplasia has been adequate ly studied, it is inherited as 
a simple autosomal trait . The pr imary defect is probably 
related to faulty induction by the pigment epithel ium, re-
sulting in a focal dysregulat ion of retinal growth that leads 
to the retinal folding. 

Retinal dysplasia occurs in combinat ion with chondro-
dysplasia in several dog breeds , but particularly in Labra -
dor re t r ievers . Catarac t and persis tent hyaloid remnants 
may accompany the retinal lesion. In this b reed , all the 
defects are the result of a single gene , with recess ive 
effects on the skeleton and incompletely dominant effects 
on the eye . 

Another co mmo n example of retinal dysplasia , thought 
to be secondary to defects of retinal pigment epithelium, 
is seen in collie eye anomaly , in which foci of dysplast ic 
retina are common in the peripapillary ret ina, in the optic 
disk, and in the wall of the co lobomas . Some of these 
foci, which may include rose t tes , are thought to represen t 
dysplast ic differentiation of primitive retinal pigment epi-
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thelium. Others , however , routinely d isappear as the eye 
grows, suggesting that the folding results from a temporary 
imbalance be tween retinal and scleral growth . Since the 
other defects of choroidal and scleral formation and matu-
ration in this syndrome are at tr ibuted to faulty induction 
by a defective retinal pigment epithelium (RPE) , it is rea-
sonable to at tr ibute the retinal folding to the same mech-
anism. 

In the third ca tegory, retinal necrosis , are found the 
most complex examples of retinal dysplasia in domest ic 
animals. A wide variety of viral and phys ico-chemica l 
insults to the embryonic eye may cause retinal maldevel-
opment , but naturally occurr ing examples are almost ex-
clusively viral. Since the carnivore retina cont inues to 
develop for about 6 weeks after birth, the opportuni ty is 
great for injury postnatal ly to p roduce retinal maldevelop-
ment in puppies and ki t tens . Retinal maturat ion is most 
rapid in central (peripapillary) retina and progressively 
less toward the per iphery , so that occasionally dysplast ic 
lesions may be encounte red only in peripheral ret ina, sug-
gesting a viral (or other) injury quite close to the 6-week-
old limit for dysplasia of this pathogenesis . Mature retina 
will scar but will not develop lesions of dysplasia. 

The specific viruses implicated in domest ic animals are 
bovine virus diarrhea virus in cat t le , blue tongue virus in 
sheep, herpesvirus in dogs , and both parvovirus and leuke-
mia virus in ca ts . The histologic lesion is similar for all 
diseases , with variation in lesions caused by the same 
virus in one species as great as the variation caused by 
different viruses in different species . The most significant 
clue suggesting viral ra ther than genetic cause is the pres-
ence of residual inflammation and postnecrot ic scarring in 
retina, optic nerve , and perhaps subtly, in choroid. Injured 
retinal pigment epithelium undergoes one or more of reac-
tive hyperplasia , migration into injured retina as discrete 
pigmented cells in areas of scarred ret ina, or metaplast ic 
formation of multi layered fibroglial plaques in place of 
normal simple cuboidal epithelium (Fig. 4 .16A,B). Disor-
ganization of nuclear layers and roset te formation are 
seen, as in other types of dysplasia . 

Infection of calves with bovine virus diarrhea virus 
be tween 79 and 150 gestat ion days is the most frequently 
encountered and thoroughly studied retinal dysplasia of 
known viral etiology. Work with o ther viruses has been 
too limited to allow definition of the susceptible period in 
fetal development or of the full range of resultant lesions. 
The limited descr ipt ions of the o ther viral-induced retinal 
lesions suggest that the sequence of events is probably 
quite similar for all such agents . 

The initial ocular lesion is nonsuppura t ive panuveit is 
and retinitis with multifocal retinal and choroidal necrosis . 
The acute inflammatory disease gradually subsides over 
several weeks , and most cases of spontaneous abort ion or 
neonatal death retain scant vestige of previous inflamma-
tion. Those ocular s t ructures already well differentiated 
at the time of the endophthalmit is (cornea, uvea , optic 
nerve) may undergo a t rophy and scarring or be left virtu-
ally untouched. Other t issues such as retina are actively 

Fig. 4.16A Retinal dysplasia. BVD virus. Calf. Focal retinal 
scar with loss of outer nuclear layer and photoreceptors. Abortive 
regeneration with small rosette. Blending of inner and outer nu-
clear layers. Note lack of ganglion cells. 

differentiating and exhibit a combinat ion of this a t rophy 
and scarring as well as abort ive regenerat ion and arres ted 
differentiation. Retinal pigment epithelium in most exam-
ples (bluetongue being an apparent except ion) is infected 
and subsequent ly injured. The result is a patchy alterna-
tion of abort ive retinal regenerat ion, hyperplast ic pigment 
epi thel ium, and postnecrot ic glial scarring (Fig. 4.17). The 
lesions are usually more severe in nontapeta l retina and 
are bilateral but not necessari ly symmetr ica l . It seems 
reasonable to speculate that those naturally occurr ing 
cases in which the dysplasia is confined to peripheral retina 
represent late viral infection when only peripheral retina 
is still differentiating. 

Because the virus has affinity for o ther neural t i ssues , 
all calves with retinal dysplasia induced by bovine viral 
d iarrhea virus also have cerebel lar a t rophy , and some 
have hydrocephalus or hydranencepha ly . A similar associ-
ation with hydrocephalus and other brain anomalies has 
been descr ibed for feline parvovirus infection in ca ts , 
b luetongue virus infection in sheep , and in a possibly 
heredi tary syndrome in white shor thorn and Hereford cat-
tle. In the latter two ins tances , the involvement of virus 
could not be excluded based on published information. 

b . O P T I C N E R V E H Y P O P L A S I A Hypoplas ia is the most 

c o m m o n anomaly of the optic nerve . The defect may be 
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Fig. 4.16B Calf, BVD. Pigment-laden cells from retinal pig-
ment epithelium have migrated into ganglion cell layer. Postne-
crotic scar (arrow) with loss of photoreceptors and outer nuclear 
layer. 

Fig. 4.17 Focal chorioretinal scar with loss of outer nuclear 
layer and fibrous metaplasia of adjacent retinal pigment epithe-
lium. Calf, prenatal BVD infection. 

unilateral or bilateral, and usually occurs in eyes with 
other anomalies and particularly in eyes with retinal dys-
plasia. In most ins tances , the so-called hypoplasia is more 
likely to be a t rophy as the inevitable result of the dest ruc-
tion of ganglion cells in viral, toxic , genet ic , or idiopathic 
retinal disease (Fig. 4.18). The only clear example of an 
alternative pathogenesis is that associated with maternal 
deficiency of vitamin A in cat t le , in which a t rophy of the 
developing optic nerve results from failure of remodeling 
of the optic nerve foramen and subsequent s tenosis . A 
similar lesion occurs in pigs, but in that species , hypovita-
minosis A seems more indiscriminately teratogenic , and 
optic nerve hypoplasia is accompanied by diffuse ocular 
dysplasia and multiple systemic anomalies . Hypoplas ia is 
a relatively frequent clinical diagnosis in toy breeds of 
dogs, without apparent visual defects (and thus rarely 
receives histologic examinat ion) . Most examples are prob-
ably hypomyelinat ion of the optic disk, which results from 
premature halt of myelinated nerve fibers at , or poster ior 
to , the lamina cr ibrosa. The opposi te , with myelin ex-
tending too far into the nerve fiber layer of the peripapillary 
retina, is also seen in dogs and is a frequent but insignifi-
cant occur rence in horses . 

Inherited optic nerve hypoplasia is documented in one 
strain of laboratory mice, although it may accompany 
inherited retinal dysplasia or multiple inherited anomalies 

Fig. 4.18 Optic chiasm. Foal with unilateral secondary (de-
generative) microphthalmos. Small left optic nerve (arrow) due 
to prenatal atrophy following ganglion cell destruction. 

in any species . Histologic examinat ion of affected eyes 
reveals few if any ganglion cells and a thin and moth-eaten 
nerve fiber layer. 
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5. Anomalies of Surface Ectoderm 

From fetal surface ec toderm are der ived corneal epithe-
lium, lens, lacrimal appara tus , and the epithelial port ions 
of the eyelids and associated adnexa . Seldom are anoma-
lies of these s t ructures the subject of histopathologic 
s tudy, inasmuch as they are clinically obvious and of sig-
nificance only if they result in corneal irritation, impaired 
vision, or unacceptable appea rance . 

Excess ively large or small palpebral fissures are part of 
current fashion in some dog b reeds . Micropalpebral fissure 
frequently leads to entropion as the lid margin curls in-
ward , and resultant corneal abrasion necess i ta tes surgical 
correct ion. Congenital entropion also occurs as sporadic 
flock epizoot ics in lambs , but whe the r this is a structural 
deformity or the result of eyelid spasm is unclear . Ent ro-
pion associa ted with microphtha lmos occurs in all species . 
Other eyelid defects include co lobomas , which are focal 
to diffuse examples of eyelid agenesis , and delayed separa-
tion of the eyelid fusion, which is the normal state during 
organogenesis . 

Disorders of cilia are very c o m m o n in dogs but uncom-
mon in o ther species . Congenital defects include one or 
more of ectopic cilia, misdirected but o therwise normal 
cilia (trichiasis), the occur rence of a second row of cilia 
from the orifice of normal or a t rophic Meibomian glands 
(distichiasis), and excessively large cilia ( tr ichomegaly). 
In each ins tance , the significance of the anomaly depends 
on the presence or absence of corneal irritation. 

The lacrimal gland and its duc ts deve lop from an iso-
lated bud of surface ec tode rm and , al though anomalies 
must surely exist , they have not been invest igated. Failure 
of pa tency of the lacrimal punc ta occurs in dogs and horses 
and manifests as excess ive tearing. Ectopic or supernu-
merary openings have been repor ted in dogs and in cat t le . 

a. C O R N E A L A N O M A L I E S Primary corneal maldevelop-
ment is rare in all species . The category may be expanded 
to include corneal dys t rophies , defined as bilateral , inher-
ited, and usually central corneal opacit ies that , despite 
their typically adult onse t , p resumably have a congenital 
basis . These rare lesions will be discussed with degenera-
tive diseases of the adult cornea . 

Corneal anomalies may be ec todermal or mesenchymal , 
and may affect one or more of corneal s ize, shape , or 
t ransparency . Microcornea refers to a small but histologi-
cally normal cornea in an o therwise normal globe. A small 
cornea occurr ing in a microphthalmic globe is expected 
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and does not merit a separate descript ion. Mild microcor-
nea of no clinical significance is reportedly common in 
certain dog breeds . Megalocornea has not been repor ted 
in domest ic animals except in predictable associat ion with 
congenital buphthalmos . 

Dermoid is a congenital lesion of cornea or conjunctiva 
character ized by focal skinlike differentiation, and as such 
is properly termed a choristoma. They occur in all species . 
There is one report of a geographically high prevalence of 
multiple and sometimes bilateral dermoids as an inherited 
phenomenon in polled Hereford cattle in the American 
midwest , but ordinarily they seem to occur as single, ran-
dom anomalies of unknown pathogenesis . Defective in-
duction (skin instead of corneal epithelium) by the invad-
ing corneal stromal mesenchyme is the most popular 
speculat ion. 

The degree of differentiation varies , but most consist of 
stratified squamous keratinized and variably pigmented 
epithelium overlying an irregular dermis containing hair, 
sweat glands, and sebaceous glands. Very rarely, cartilage 
or bone is seen. The degree of adnexal differentiation 
varies widely but may approach that of normal skin (Fig. 
4 .19A,B,C). At the edge of the dermoid, the dermal colla-

gen reorients to blend with the regular s t roma of cornea , 
and the epidermis t ransforms itself to corneal epi thel ium. 
Surgical removal may be for cosmet ic reasons , or may be 
required if dermoid hairs irritate the cornea or if the posi-
tion of the dermoid interferes with vision. In most in-
s tances of corneal dermoid , the choris toma is a t tached to 
the surface of a corneal s t roma of normal th ickness , so 
excision of the dermoid should not risk perforation of the 
globe. 

Congenital corneal opacities are usually caused by 
anomalous formation of the anterior chamber , particularly 
congenital anter ior synechiae and persis tent pupillary 
membranes . Adherence of anterior chamber s t ructures to 
the corneal endothel ium, or perhaps their interposit ion 
during ingrowth of the corneal endothel ium, results in 
focal absence of the corneal endothel ium and disorganiza-
tion of adjacent corneal s t roma. Grossly , the affected cor-
nea has deep stromal opaci ty caused by stromal edema or 
fibrosis in the area of the defective endothel ium. Pigment, 
originating from adheren t uveal s t rands , may be found 
in the corneal s t roma. The opacity may be diffuse or fo-
cal, depending on the extent of uvea l - co rnea l adhes ion . 
Diffuse, congenital corneal opaci ty occurs in H o l s t e i n -
Friesian catt le in England and Germany . The histologic 
lesion is diffuse corneal edema , but its pathogenesis is 
unknown . The cornea remains permanent ly opaque . 

Corneal opaci ty caused by noncellular deposi t ions oc-
curs in dogs and is usually of adult onset despi te an ap-
parently genetic basis . The except ion is multifocal, sub-
epithelial deposi t ion of basophil ic , periodic acid-Shiff 
posit ive material in the corneas of puppies with collie eye 
anomaly or o ther mesodermal dysgeneses . The material 
is of unknown origin and may be the histologic counterpar t 
of the t ransient , multifocal, subepithelial opacit ies seen 
quite commonly in 2 to 3-week-old puppies whose eyes 
are o therwise normal and thus unavailable for histologic 
examinat ion. 

Fig. 4.19 Corneal dermoid, calf. (A) Notchlike defect in lower 
lid is a coloboma. (B) Globe from (A). Anterior rupture of lens 
capsule with well-organized anterior synechia, probably from 
foreign-body perforation. 

b . A N O M A L I E S O F L E N S The lens may be abnormally 

small, abnormally shaped, ec topic , or ca ta rac tous . Of 
these , only ectopia and cataract are common . 

Aphakia is the congenital absence of lens, and it may be 
primary or secondary . It is claimed that pr imary aphakia is 
possible only in a rudimentary globe because of the central 
role of lens in the induction of invagination of the pr imary 
optic vesicle. Any globe with the s t ructure of optic c u p , 
regardless of how dysplast ic , must have had a lens early 
in organogenesis , and its absence later must be the result 
of degenerat ion. This assumpt ion is an extrapolat ion from 
work done many years ago in chicken e m b r y o s ; while no 
work has been published to refute this content ion , there 
is no work in mammals to confirm it. In the one report 
of aphakia in modern l i terature that includes histologic 
examinat ion, several o ther puppies had small lenses , and 
all had invaginated optic cups with iris and retina. The re 
was no conclusion about the nature of the injury to the 
developing eyes or the timing of such injury. 

Microphakia, or congenitally small lens , is repor ted in 
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Fig. 4.19C Same eye as in (A) and (Β). Development approaches that of 
normal skin. Note abrupt transition to dense regular corneal stroma at deep 
margin of dermoid. 

dogs , ca lves , and ca t s , but is nonetheless rare . Most such 
reports descr ibe the defect in associat ion with ectopia 
lentis, microphtha lmos , and anter ior chamber mesenchy-
mal anomal ies . Such lenses are spherical and almost al-
ways are ca ta rac tous . 

Lenticonus and lentiglobus are rare defects of lens shape 
character ized by an abrupt change in capsular configura-
tion so that the lens acquires a globular or conical protru-
sion. The defect is usually polar and , in animals , usually 
poster ior . F rom scat tered and very old descr ipt ions , it is 
difficult to define the " t y p i c a l " histology of such lesions 
or their pathogenesis . The defect usually appears as a focal 
overgrowth of cortical lens fibers covered by thin poster ior 
lens capsule and retained poster ior epithelium. Of four 
relatively recent descr ipt ions , all of dog eyes , all had con-
genital ca taract but only in one did the cataract involve 
the protruding lens fibers themselves . Other ocular lesions 
reported include hyperplasia of tunica vasculosa lentis , 
rupture of the lens protrusion, and dysplasia of ciliary 
epithelium. At least in Doberman pinscher dogs , the poste-
rior lentiglobus or lent iconus accompanying hyperplast ic 
tunica vasculosa lentis appears to be an acquired defect 
caused by the abnormal fibrovascular e lements adherent 
to lens. 

Congenially ectopic lenses occur in all species but are 
relatively common only in dogs and horses . Much more 
common than congenital luxat ions are spontaneous luxa-
tions in adult dogs , which may be associated with acquired 
lesions of the zonule . The reason for the part icular suscep-
tibility of small terr iers and poodles to spontaneous lens 
luxation is unknown . 

Congenital cataract occurs in most severely anomalous 
eyes but may occur as an isolated ocular lesion (Fig. 4.20). 
When cataract is present in eyes with multiple anomal ies , 
it usually results from pers is tence of some part of perilen-
ticular vasoformative mesode rm, but may also result from 
intraocular inflammation or toxic degenerat ion. Persis-
tence of pupillary membrane or hyaloid system frequently 

results in multiple epithelial defects and subcapsular opac-
ities at the sites of mesodermal contac t with the lens. 

In dogs , congenital pr imary ca ta rac ts are frequently 
heredi tary but , as with corneal and retinal d i seases , most 
heredi tary ca tarac ts are not congenital . Subt le , nonpro-
gressive nuclear or cortical opacit ies are c o m m o n but clini-
cally insignificant in dogs and are of unknown pathogene-
sis. Primary and usually diffuse ca tarac t is the most 

Fig. 4.20 "Bladder cells" in congenital cataract. Dog. 
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common ocular anomaly of horses . The pathogenesis is 
unknown, but there is usually no o ther ocular lesion. Con-
genital nuclear ca taracts have been descr ibed as an inher-
ited lesion in Morgan horses in the United States of 
America. 

Congenital ca tarac t is rare in cat t le , swine, sheep, and 
goats . In cat t le , heredi tary congenital cataract occurs in 
Hols te in-Fr ies ians and in Je rseys and is thought to be an 
autosomal recessive trait. It is also seen as an infrequent 
result of fetal infection with the virus of bovine virus 
diarrhea. 

There is a single report of bilateral, complete ca taracts 
in a litter of Persian ki t tens , but there are no examples 
in swine or small ruminants except in associat ion with 
multiple ocular defects . 

The pathology of congenital cataract is the same as that 
of acquired cataract and is discussed later. It may be 
nuclear, cortical or capsular , focal or diffuse, stat ionary 
or progressive. 
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III. Ocular Adnexa 

The adnexa include eyel ids , nictitating membrane , and 
lacrimal and accessory lacrimal glands. Developmenta l , 
degenerat ive , inflammatory, and neoplastic diseases of 
these s t ructures are commonly encountered in clinical 
pract ice , but only the neoplasms and proliferative in-
flammatory lesions are regularly submitted for histologic 
examinat ion. 

A. Eyelids 

Disorders of size and configuration of the palpebral fissure 
are common in purebred dogs, as are anomalies of number 
or placement of cilia. None requires histologic evaluation. 

The outer lid surface is skin and thus may suffer any 
of the afflictions of that t issue so that the evaluation of 
blepharit is uses the nomencla ture and logic of dermatopa-
thology (see Chapte r 5). The inner (bulbar) surface is con-
junc t iva , and its diseases are discussed later. 

External hordeolum or stye is a suppurat ive adenitis of 
the adnexal glands of Zeis or Moll. Internal hordeolum is 
suppurat ive inflammation of the meibomian gland. With 
persis tent inflammation, the leakage of sebaceous secre-
tion into adjacent soft t issue st imulates a granulomatous 
inflammation not unlike its epidermal counterpar t , furun-
culosis . In this location, the nodular firm swelling is called 
a chalazion. Gross ly , chalazion may be confused with 
meibomian adenoma and, in fact, frequently accompanies 
such adenomas . 

B. Lacrimal System 

Acquired disease of the lacrimal system is probably quite 
common in dogs if one includes keratoconjunctivitis sicca 
(see Keratitis) and eversion of the gland of the third eyelid. 

Dacryoadenitis is inflammation of the lacrimal gland, 
and may result from involvement in orbital cellulitis or 
orbital t rauma, spread from severe intraocular inflamma-
tion, incidental involvement in systemic diseases such as 
malignant catarrhal fever, feline infectious peri tonit is , and 
canine dis temper ; or apparent ly specific immunologic as-
sault. Specific dacryoadeni t is caused by a Coronavirus 
is extremely common in laboratory ra ts , in which acute 
necrotizing inflammation of lacrimal, Harder ian , and sali-
vary glands results in eventual fibrosis and squamous 
metaplasia of affected glands. Residual lesions in mildly 
affected rats are multiple lymphoid aggregates in the glan-
dular interst i t ium. Similar changes are often seen in dogs 
with keratoconjunctivit is sicca, and in the absence of dem-
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onstrated viral cause , are assumed to represent autoim-
mune lacrimal adenit is . The analogous lesion in humans 
with Sjogren 's syndrome is associated with influx of nu-
merous T-helper cells into the gland, but no studies have 
yet been published to prove this immune pathogenesis 
for canine lacrimal adenitis and a t rophy. H o w e v e r , the 
efficacy of cyclospor ine , which acts primarily by suppres-
sion of T-helper cells, in reversing canine lacrimal adenitis 
provides evidence for such a pathogenes is . 

Protrusion of the nictitans gland is quite common in 
dogs, and is thought to reflect a congenital laxity in the 
connect ive t issue anchoring the gland to the cartilage of 
the third eyelid. Because the resultant evers ion is un-
sightly and resembles a neoplasm, these lesions frequently 
are excised, even al though the membrana nicti tans may 
be normal except for overlying conjunctival inflammation 
from exposure and abras ion. Since this gland somet imes 
supplies a significant proport ion of total lacrimal secret ion, 
its surgical removal may be followed by keratoconjunctivi-
tis sicca in dogs that have less than optimal function of the 
primary lacrimal gland. In dogs with keratoconjunctivit is 
sicca, the gland may suffer the same lymphocyt ic intersti-
tial adenit is , fibrosis, and a t rophy as affects the lacrimal 
gland itself. 

C. Conjunctiva 

At the orifice of the meibomian glands, the epidermis of 
the lid undergoes abrupt transit ion to the pseudostratified 
columnar mucous membrane typical of the palpebral and 
bulbar conjunct ivae. Goblet cells increase in number from 
the lid margin to the fornix, but ordinarily are absent in 
bulbar conjunctiva. Lymphoid aggregates are co mmo n in 
the subepithelial connect ive t issue, particularly below the 
bulbar conjunctiva and the inner aspect of the nictitating 
membrane . These aggregates are more prominent in the 
conjunctiva of horses than in o ther domest ic species . 
Whether this is normal or a reflection of increased anti-
genic stimulation of the conjunctiva in the dusty environ-
ment of many horse stables is unknown. The transit ion 
from conjunctival to corneal epithelium occurs at , or 
slightly central t o , the corneoscleral junc t ion , and is 
marked by gradual loss of pigment , rete r idges, subepi the-
lial blood vessels , and lymphoid t issue. 

The general pathology of the conjunctiva is similar to 
that of o ther mucous membranes . Acute conjunctival in-
ju ry , whether physical , chemical , or microbial , results in 
hyperemia and unusually severe edema. Evacuat ion of 
goblet cells and cellular exudat ion from the very labile 
conjunctival vessels add to the excessive lacrimation 
caused by any ocular irritation. The ocular discharge prog-
resses from serous to mucoid and perhaps purulent with 
increasing severity of insult. Chronic irritation results in 
epithelial hyperplasia , hyperplasia of goblet cells and 
lymphoid aggregates , or even squamous metaplasia prog-
ressing to keratinization. The goblet cell hyperplasia is 
a very u n c o m m o n lesion when compared to squamous 
metaplasia and lymphoid hyperplasia . Lymphoid hyper-

plasia may be so marked as to result in grossly visible 
white nodules that may require surgical or chemical re-
moval to reduce irritation of the adjacent cornea . While 
lymphoid hyperplasia is character is t ic of a number of e c o -
logically specific conjunctival d i seases , it is best consid-
ered a nonspecific response to any chronic antigenic stimu-
lation. Conjunctivitis frequently accompanies o ther ocular 
d isease , notably kerati t is , uveit is , and glaucoma. Con-
versely, conjunctival inflammation may spread to cornea , 
uvea , and orbit , a l though only secondary corneal involve-
ment is c o m m o n . 

The causes of conjunctivitis include every class of nox-
ious s t imulus, including allergy and desiccat ion. Alleged 
bacterial causes , based on isolations from conjunctival 
swabs , are usually not dist inguishable from the normal 
varied conjunctival flora. At least in dogs , the isolation 
of gram-negat ive organisms , especially coliforms, Pseu-
domonas, and Proteus, should be considered significant 
in light of the almost exclusively gram-posi t ive flora of 
normal conjuctiva. Conjunctivit is occurs in a wide variety 
of mult isystem diseases such as canine d is temper and 
ehrl ichiosis , equine viral arterit is and babesios is , bovine 
virus d iarrhea , malignant catarrhal fever, hog cholera , 
r inderpest , African swine fever, and o the r s . Conjunctivitis 
accompanies most viral and allergic d iseases of the upper 
respiratory t ract . Only those diseases in which conjuncti-
vitis is prominent or the only sign are discussed here . 

Infectious bovine rhinotracheitis is usually accompanied 
by serous to purulent conjunctivitis that can be confused 
clinically with infectious bovine keratoconjunctivi t is 
caused by Moraxella bovis. H o w e v e r , corneal involve-
ment with rhinotracheit is is u n c o m m o n and is never the 
central suppurat ing ulcer typical of infectious kera tocon-
junct ivi t is . In an unpredic table number of animals , 
multifocal white glistening nodules , 1-2 m m in diameter , 
may be seen on the palpebral or bulbar conjunctiva. They 
appear as early as 3 days after instillation of virus into 
conjunctival sac , and represent hyperplast ic lymphoid ag-
gregates . Overlying conjunct iva may be ulcera ted, and the 
defect filled with fibrin. Infectious bovine rhinotracheit is 
is d iscussed with the Respira tory (Volume 2, Chapte r 6), 
Al imentary (Volume 2, Chap te r 1), and Female Genital 
Sys tems (Volume 3 , Chap te r 4). 

Feline infectious conjunctivitis is c o m m o n and is caused 
by mycoplasma, chlamydia , o r one of the upper respira-
tory t ract viruses (herpesvi rus , calicivirus, reovirus) . 
Combined infections occur and are perhaps the rule. Usu-
ally the condit ion occurs in associat ion with upper respira-
tory or oral lesions that may suggest an etiologic diagnosis. 
Mycoplasma felis or M. gateae may cause conjunctivitis 
unassocia ted with o ther signs in immunosuppressed ca t s , 
but instillation of organisms into the conjunctival sac of 
cats without prior cort icosteroid administrat ion does not 
cause disease . The conjunctivitis is pseudodiphther i t ic 
and initially is unilateral . Histologically there is nonspe-
cific erosive and suppurat ive conjunctivit is . Diagnosis re-
quires the demonst ra t ion of coccoid bodies in the periph-
ery of conjunctival epithelial cells. 
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/. Parasitic Conjunctivitis 

Parasitic conjunctivitis is relatively common worldwide 
and may be caused by members of the genera Thelazia, 
Habronema, Draschia, Onchocerca, and several mem-
bers of the family Oestr idae. Of these , only Thelazia is 
truly an ocular parasi te ; the o thers cause eyelid, conjuncti-
val, or orbital disease incidentally in the course of larval 
migration. 

Members of the genus Thelazia are thin, rapidly motile 
nematodes 7 -20 mm in length that inhabit the conjunctival 
sac and lacrimal duct of a variety of wild and domest ic 
mammals . Their prevalence is much greater than the prev-
alence of conjunctivitis, suggesting that their number must 
be greater than usual before signs of conjunctival irritation 
are observed . The genus is found worldwide, and a listing 
of every species in every host is not justified here . The 
commones t species associated with conjunctivitis in do-
mestic animals are T. lacrymalis in horses in Europe and 
Nor th America, T. rhodesis in ruminants worldwide and 
T. californiensis in many species including dog, cat , bear , 
coyote , deer , and humans . Female worms are viviparous, 
and larvae free in lacrimal secret ions are consumed by 
flies of the genus Musca, in which they develop for 15 to 
30 days . The third-stage infective larvae migrate to the 
fly's proboscis and are re turned to the conjunctival sac as 
the fly feeds. 

Ocular habronemiasis results from deposit ion of larvae 
by the fly intermediate host , usually Musca domestic a or 
Stomoxys calcitrans, in the moisture of the medial canthus 
of horses . La rvae of Habronema muscae, H. microstoma, 
or Draschia (Habronema) megastomum are the culpri ts . 
The burrowing larvae cause an ulcerat ive, oozing lesion 
about 0 .5-1 .0 cm in diameter at the medial can thus , which 
becomes progressively more nodular as granulomatous 
reaction to the larvae mounts . Mineralized granules may 
be found within the lesion along with caseous debris , lique-
faction, and viable larvae. The histologic lesion is similar 
to that of cu taneous habronemiasis , namely chronic granu-
lomatous inflammation surrounding live or dead larvae 
and eosinophils . 

2. Ophthalmomyiasis 

A syndrome of periocular and even intraocular invasion 
by fly larvae occurs in various species , including humans . 
Its various manifestations are known collectively as oph-
thalmomyiasis . Specific oculovascular myiasis , uitpeu-
loog or gedoelstial myiasis , is a disease of domest ic rumi-
nants and horses caused by invasion and migration of 
larvae of Gedoelstia spp . of Oestr idae. The Gedoelstia are 
parasites of the blue wildebeest and har tebees t , the larvae 
being deposi ted in the eye , ra ther than in the nares , as is 
the habit of Oestrus ovis. The most important member 
of the genus in te rms of frequent aberrant parasit ism in 
domestic species is G. hassleri, which, in its natural ante-
lope host , migrates to the nasal cavity via the vascular 
sys tem and cerebral meninges and subdural space . The 
parasit ism is not clinically significant in the ante lope, but 

in domest ic species which are aberrant hos ts , severe ocu-
lar and neural disease occurs , somet imes on a large scale. 
The disease is seasonal and occurs particularly in domest ic 
ruminants in contac t with wildebeest . 

The ocular lesions vary from a t ransient mild conjuncti-
vitis to a des t ruct ive ophthalmit is with orbital or perior-
bital edema or abscessa t ion affecting one or both eyes . 
Neurological signs of varied pat tern are common in sheep , 
partly due to the larvae directly and partly to thrombophle-
bitis marking their route of invasion. Thrombos is may 
be very ex tens ive , may involve the jugular vessels and 
endocard ium, and may cause sudden death when coronary 
vessels are affected. 

Larval migration may be into conjunctival sac , orbital 
t issues , or into the eye itself. In the last ins tance , ophthal-
momyiasis interna, the globe is often des t royed by the 
larval penet ra t ion . H o w e v e r , a syndrome of relatively 
harmless larval migration in the subretinal space or within 
vi treous has been repor ted in humans . The character is t ic 
subretinal linear t racks may be accompanied by focal reti-
nal separat ion, preretinal and subretinal hemorrhage , and 
focal proliferations of retinal pigment epi thel ium. T w o 
reported cases in cats had similar subretinal t r acks , hyper-
plasia of pigment epithel ium, and retinal hemor rhages . In 
one , the live motile larva was de tec ted ei ther on the face 
of, or jus t within, the ret ina. Subsequent examinat ion 
failed to detect the larva, and the eye lesions resolved 
except for the subretinal t racks and pigment c lumps . 

The penetra t ion is usually by a single larva despi te 
numerous eggs or larvae within conjunctiva. The larva 
may die within the globe or cont inue its migration by 
uneventful exit from the globe via sclera, optic ne rve , or 
vessel adventi t ia . 

3. Allergic Conjunctivitis 

Presumed allergic conjunctivitis occurs in all species , 
but is most likely to be investigated in dogs . Rarely is a 
specific allergen identified and , like its counterpar t s in 
allergic skin d iseases , the diagnosis is based on the failure 
to demons t ra te infectious or mechanical causes , response 
to cort icosteroid therapy , and somet imes a convincing 
associat ion with environmental changes . Biopsy is rarely 
warranted but , when taken during the acute d isease , may 
show epithelial changes ranging from erosion to hyperpla-
sia to squamous metaplasia , with eosinophils a round di-
lated subepithelial blood vessels and percolat ing through-
out the epithel ium. More chronic lesions, which are the 
more usual to be biopsied, have squamous metaplasia and 
lymphocyt ic -p lasmacyt ic linear, per ivascular , or nodular 
infiltrates. The linear infiltrates predominate in a poorly 
character ized interface plasmacytic conjunctivitis more or 
less specific for German shepherd dogs . The bulbar sur-
face of third eyelid is the favorite location, and many 
believe this lesion (sometimes referred to as p lasmoma) to 
be the conjunctival variant of pannus kerati t is . 
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IV. The Cornea 

The cornea of domest ic mammals is a horizontal ellipse 
varying from 0.6 to 2.0 mm in thickness among the various 
species. In general , the larger and older the animal , the 
thicker the cornea . It appears as a structural and physio-
logic modification of sclera, and when chronically injured 
may lose the specialized features of cornea and resemble 
limbic sclera both ophthalmoscopical ly and histologically. 
Embryological ly, however , the epithelium is derived from 
surface ec toderm, and the s t roma is from neural crest 
mesenchyme , in contras t to the vascu la r -mesenchymal 
(non-neural) origin for sclera. 

The major at t r ibute of cornea is its clarity, and the loss 
of clarity is the most obvious indicator of corneal d isease . 
The clarity results from several highly specialized ana-
tomic and physiologic features: an unusually regular, non-
kerat inized, and nonpigmented surface epi thel ium; an 
avascular , cell-poor s t roma composed of very thin colla-
gen (mostly type I) fibrils arranged in orderly lamellae 
(Fig. 4.21 A) ; and a high degree of stromal dehydrat ion 
maintained primarily by an Na-K-dependen t adenosine 
t r iphosphatase (ATPase) p u m p in the cell membrane of 
the corneal endothel ium. This dehydra t ion is passively 
protected by the hydrophobic corneal epithelium and by 
the lack of stromal vascular i ty . 

The reaction of cornea to injury is strongly influenced 
by these anatomic and physiologic features . The acutely 
injured cornea cannot respond with acute inflammation 
because it lacks blood vessels . Ins tead, edema is the hall-
mark of early corneal injury. The edema may result from 
injury to the corneal epithelium or endothel ium (Fig. 
4.21B,C), and is descr ibed below. With long-standing cor-
neal d isease , the cornea may undergo metaplasia to resem-
ble limbic sclera and thus acquire the full range of inflam-
matory responses available to vascularized t issue. The 
chronically irritated epithelium undergoes epidermal 
metaplasia with the appearance of rete r idges, basilar pig-

Fig. 4.21 A Normal canine cornea. Uniform, nonkeratinized 
epithelium. Stroma is poorly cellular and compact. The corneal 
endothelium is frequently torn or missing as the result of sec-
tioning artefact. 

Fig. 4.21B Central corneal edema from abrasion of the cor-
neal endothelium by lens. Foal, congenital anterior lens luxation. 

menta t ion , and surface kerat inizat ion. The s t roma ac-
quires a capillary ne twork and dermisl ike irregular fibro-
plasia. These changes , while they enable the cornea to 
survive in a hostile envi ronment and to combat the in-
flammatory s t imulus, also depr ive it of its t ransparency . 

Corneal injury may result from physical or chemical 
t r auma, microbial agents , increased intraocular pressure 
and , rarely, from inborn er rors of metabol ism. Specific 
features of some of these injuries will be discussed later, 
but those features c o m m o n to most corneal injuries are 
presented here . 

A. Corneal Edema 

Corneal edema occurs rapidly following injury and re-
sults from imbibition of lacrimal wate r through damaged 
corneal epithelium or failure of electrolyte (and thus water) 
extrusion by the corneal endothel ium. If the epithelial or 
endothelial defect is focal, the resul tant edema is limited to 
the s t roma adjacent to the defect. The edematous cornea is 
clinically opaque , and may be up to five t imes its normal 
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Fig. 4.21C Edema of cornea and epithelial keratitis. Ox. Phe-
nothiazine photosensitivity. Inset. Detail of epithelium. 

thickness (Fig. 4.21 B). Edematous s t roma stains less in-
tensely than normal , and collagen lamellae are separated 
into a fine feltwork of pale-staining fibrils by excessive 
hydrat ion of the proteoglycan ground subs tance . Percola-
tion of stromal fluid into the epithelium results in the 
intercellular and intracellular edema known as bullous ker-
atopathy. 

Edema may also be part of more chronic corneal dis-
ease . Corneal vascularization in response to severe injury 
is accompanied by edema, as the porous new capillaries 
leak fluid into the interstitial spaces . A small amount of 
peripheral corneal edema frequently accompanies the pe-
ripheral stromal vascularization seen in chronic ante-
rior uveitis of any cause . Somet imes the edema is unex-
pectedly diffuse, severe , and may persist even after the 
uveitis itself has subsided. Such eyes have a neutrophilic 
or lymphocytic destruct ive endothelialit is, with leuko-
cytes interspersed among the vacuolated, pyknotic endo-
thelial cells (see later under anterior uveitis). Other exam-
ples of corneal edema are seen in glaucoma and anterior 
segment anomalies . In the former, it is assumed that the 
high aqueous pressure drives fluid into the hydrophilic 
corneal s t roma to a degree that overcomes the endothelial 
ion pump that dehydra tes the s t roma under normal condi-
t ions. In anterior segment anomalies , persistent pupillary 
membranes or congenital anterior synechiae cause focal 
defects in endothelial continuity and thus focal opacit ies 
due to deep stromal edema. 

Persistent corneal edema seems to predispose to stro-
mal vascularizat ion and fibrosis, but numerous exper imen-
tal models show that edema per se s t imulates neither. A 
natural example of virtually permanent corneal edema 
occurs in Boston terr ier and Chihuahua dogs with endothe-
lial dys t rophy, where neither fibrosis nor vascularization 
occurs despite years of severe diffuse stromal edema. 

When vascularization and fibrosis occur , they are in re-
sponse to cytokines released by damaged epithelium, stro-
mal kera tocy tes , or immigrant leukocytes rather than the 
edema itself. 

B. Corneal Wounds 

The healing of corneal wounds varies with the depth of 
penetra t ion. Those defects involving epithelium alone, or 
epithelium and superficial s t roma, heal by epithelial sliding 
followed by mitosis . The sliding begins within a few hours 
and is greatly enhanced by the secret ion of fibronectin 
from adjacent injured epithelium. Mitotic activity, in con-
trast , is delayed for about 24 hr, is st imulated by epidermal 
growth factor derived from the injured epithelium and the 
normal tear film, and is most marked in the corneal basal 
cells near the l imbus. Small defects are covered by flat-
tened epithelial cells from adjacent normal cornea , and 
such shallow lesions heal completely by subsequent mito-
sis of basilar epithelium to rebuild epithelial th ickness . 
Even if such abras ions affect the entire corneal surface, 
sliding and subsequent mitosis from the bulbar conjunctiva 
eventually lead to corneal rest i tut ion. Healing of shal low, 
uninfected corneal ulcers is rapid. For example , 7-mm 
ulcers heal within a mean of 11 days in horses . 

Initially the epithelium has the character is t ics of con-
junct iva , including pigment, but within a few weeks it 
adopts a corneal epithelial configuration. Shallow defects 
in superficial s t roma are filled by epithelial cells, creating 
an epithelial facet that is permanent but clinically insig-
nificant. Epithelial adhesion to the underlying s t roma re-
mains fragile for 6 to 8 weeks until the hemidesmosomal 
a t t achments of epithelium to basal lamina reform, and 
until the new epithelium secretes type VII collagen fibrils 
that anchor the basal lamina to the s t roma. In the interim, 
the cells adhere to a mixture of fibrin and fibronectin 
derived from the inflamed conjunctival vessels via the tear 
film or from the injured cornea itself. In many cases the 
only evidence of previous shallow ulceration is a thickened 
basal lamina resulting from secret ion by the regenerat ing 
epithelium, and gentle undulation of the normally flat epi-
thel ia l -s t romal interface. 

Deeper defects that include more than the outer third 
of s t roma must heal by epithelial sliding and replication 
combined with stromal fibroplasia (Fig. 4.22A). Within a 
few hours of the insult, neutrophils reach the wound via 
the tear film, a t t racted by pro teases released by injured 
epithelium. They migrate into the s t roma and control bac-
terial contaminat ion, degrade damaged collagen, and stim-
ulate both fibroplasia and vascularizat ion via product ion 
of various cy tokines , especially basic fibroblast growth 
factor. Repair of the s t roma is invariably by fibroplasia and 
never res tores the s t roma to complete normalcy. Viable 
stromal cells (keratocytes) adjacent to the wound undergo 
fibroblastic metaplasia and secrete large amoun t s of sul-
fated ground subs tance , particularly chondroi t in sulfate. 
Hist iocytes that slowly accumula te in the injured s t roma 
may also assume the morphologic character is t ics of fibro-
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Fig. 4.22A Corneal perforation. Steer. Defect filled by 
downgrowth of hyperplastic corneal epithelium. Adjacent stroma 
is vascularized and chronically inflamed. There is anterior syn-
echia. 

blasts . The stimulus for the fibroblasts to form, enlarge, 
and begin the product ion of new collagen and ground 
substance apparent ly also comes from proliferating repar-
ative epithelium, which p roduces fibroblast/angioblast 
st imulatory cytokines . If the defect is not covered by 
epithelium, or if the animal is neut ropenic , stromal fibro-
plasia is markedly re tarded. These events initially occur 
without stromal vascular izat ion, and nonsept ic corneal 
wounds , even if deep , may heal without vascularizat ion if 
they do so rapidly. The fibroblastic repair t issue gradually 
becomes less cellular, the collagen fibrils reorient to re-
semble more closely the parallel a r rays of normal s t roma, 
and the ground subs tance gradually rever ts from an em-
bryonic configuration dominated by chondroi t in sulfate to 
the normal predominance of kera tan sulfate. Comple te 
restitution of normal s t roma, however , never occurs (Fig. 
4.22B), al though the residual scar may be subtle and bet ter 
detected by clinical examinat ion than by histology. 

A corneal perforation heals , as does a deep but incom-
pletely penetrat ing wound , except for the involvement of 
corneal endothel ium and D e s c e m e t ' s membrane . The cut 
edges of D e s c e m e t s elastic membrane retract from the 
wound, and the t ranscorneal gap is initially plugged with 
fibrin. Surface epithelium grows inward along the cut sur-
face of the s t roma and is inhibited only by contact with 
viable corneal endothel ium. As with the surface epithe-
lium, the corneal endothel ium a t tempts to bridge the de-
fect by sliding over the fibrin scaffold to restore endothelial 
continuity. The cells may enlarge severalfold to compen-
sate for endothelial cell loss. Replacement by mitosis be-
gins within about 24 hr in some experimental models , but 
the regenerat ive capability of the corneal endothel ium in 
adult animals of most domest ic species is very limited, 
and repair occurs by endothelial sliding and hyper t rophy. 
So potent is this capability that normal stromal dehydra-

Fig. 4.22B Corneal epidermalization and chronic superficial 
stromal inflammation with vascularization. Anterior synechia ad-
herent by fibrous plaque that is partly formed by metaplastic 
corneal endothelium. 

tion can be maintained even in the face of a 50% reduct ion 
in endothelial cell densi ty . The cut ends of D e s c e m e t s 
membrane make no apparent effort at regrowth , but ra ther 
the endothel ium gradually secre tes a new membrane , 
which may eventually fuse with the old or remain sepa-
rated from it by a layer of fibrous t i ssue. 

The sequence of epithelial sliding and regenerat ion, re-
modeling stromal fibrosis, and endothelial repair is not 
uniformly successful. Large gaping wounds fill with prolif-
erating epithelium and stromal fibrous t issue, which may 
pro t rude through the defect in D e s c e m e t s membrane and 
endothel ium and into the anter ior chamber . The fibro-
blasts , most of which are probably derived from kera to-
cytes but which may also evolve via endothelial metapla-
sia, tend to grow along the poster ior surface of Desceme t ' s 
membrane . Regenerat ing or sliding endothel ium is then 
separa ted from the coiled remnants of the original Des-
c e m e t ' s membrane by a dense fibrous layer, called a retro-
corneal membrane. Eventual ly , the corneal endothel ium 
may resume continuity on the poster ior surface of this 
membrane , secrete a new D e s c e m e t ' s membrane , and re-
sult in a cornea with two separa te D e s c e m e t ' s membranes . 
Rarely the downgrowth of surface epithelium may gain 
access to the anter ior chamber , in which it grows uninhib-
ited as if in an organ-culture chamber . Glaucoma from 
overgrowth of the filtration angle or pupil is the usual 
consequence . 
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C. Corneal Dystrophy 

Corneal dys t rophy should refer to bilateral, inherited, 
but not necessarily congenital , defects in s t ructure or func-

tion of one or more corneal componen t s . These are recog-
nized most frequently as corneal opaci t ies , depos i t s , or 
eros ions . All are u n c o m m o n , but the least uncommon is 
bilateral recurrent central corneal erosion in middle-aged 
or old dogs , and occasionally in horses or ca ts . Stromal 
dyst rophies are discussed with corneal deposi ts next . 

Epithelial-stromal dystrophy (recurrent erosion syn-
drome) in dogs was first descr ibed in boxer dogs (hence 
the name boxer ulcer) and, while boxers and related 
breeds may be predisposed, similar recurrent erosions 
are encountered in a wide variety of breeds . The clinical 
syndrome is dist inct ive, character ized by a shallow central 
corneal erosion with scant edema and no vascularizat ion. 
The lesion refuses to heal , or repeatedly reulcera tes , be-
cause of poor adhesion of the epithelium to the underlying 
s t roma or basal lamina. The defect appears not to be in 
epithelial healing per se, since sliding and mitotic activity 
are normal in affected dogs . Kera tec tomy specimens re-
veal poorly adheren t hyperplast ic epithelium at the ulcer 
margins , usually with multiple clefts separating epithelium 
from s t roma even in areas distant from the obvious ulcer. 
The basal lamina is usually not visible with light micros-
copy , and the epithelium appears to be a t tempting to ad-
here to a thin zone of hypocellular , pale-staining s t roma. 
The observat ion of pyknot ic and lytic kera tocyte nuclei 
within this superficial zone suggests that the basic defect 
is degenerat ion of the superficial s t roma, so that epithelial 
hemidesmosomes and anchoring collagen fibrils have no 
firm anchor . Very chronic cases usually acquire superficial 
s tromal granulat ion t issue appropr ia te to any chronic ul-
cerat ion, but its onset is much delayed in compar ison to 
infectious or t raumat ic ulcers . 

Corneal endothelial dystrophy occurs in Boston terr iers , 
Chihuahuas , and several o ther dog b reeds , and causes 
slowly progressive bilateral corneal edema in mature dogs . 
The edema usually begins adjacent to the lateral l imbus 
and may initially be unilateral and unaccompanied by 
other clinical signs. La te r , epithelial fluid bullae may rup-
ture to cause painful corneal ulcers and associated in-
flammation. Despi te the persis tent stromal edema , fibrosis 
and vascularizat ion do not occur unless rupture of epi the-
lial bullae initiates kerati t is . The pr imary lesion is sponta-
neous necrosis of corneal endothel ium followed by hyper-
t rophy and sliding of viable endothel ium. A marked 
progressive decrease in overall endothelial cell densi ty 
resul ts , eventual ly , in what usually is severe bilateral cor-
neal edema. The reason for the endothelial cell dea th is 
unknown. Focal irregularities in D e s c e m e t ' s membrane 
occur in a reas of endothelial loss , presumably a result of 
new basement membrane product ion by adjacent react ive 
endothel ium. 

A ra re , juveni le-onset , genetically t ransmit ted endothe-
lial dys t rophy in Manx and domest ic short-hair cats is 
manifest as bilateral, progressive central epithelial and 
stromal edema . Fluid accumulates within superficial 
s t roma and within the epithelium. Pr imary morphologic 
abnormali t ies are not descr ibed in the Manx , but in short-
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hairs there is irregularity and vacuolation of corneal endo-
thelium. 

D. Corneal Stromal Depositions 

Deposition of mineral , lipid, or pigment within the cor-
nea may be primary or occur secondary to chronic corneal 
injury in any species . 

Corneal pigmentation often accompanies chronic cor-
neal irritation in dogs and less frequently in o ther species , 
particularly horses . The pigment is melanin and is found 
in the basal layer of the corneal epithelium and in the 
superficial s t roma. It is the result of a progressive ingrowth 
of new germinal cells that have retained pigment from the 
bulbar conjunctiva. The clinical name , pigmentary kerati-
tis, is purely descript ive (Fig. 4.23). The corneal epithe-
lium is invariably hyperplast ic and often has the o ther 
features of chronically irritated cornea , such as rete ridge 
formation and kerat inizat ion, that character ize corneal 
epidermalization. There is usually evidence of chronic 
stromal inflammation, including vascularizat ion. Infre-
quently, nonepithelial corneal pigmentat ion is the residual 
lesion of uveal (iris) adherence to cornea , with uveal mela-
nin left behind as the adhesion resolves . 

Corneal lipidosis occurs as apparent ly spontaneous 
crystalline corneal stromal opacit ies in dogs , as a result of 
persistent hypercholes terolemia , and as part of chronic 
stromal inflammation. The deposi ts are usually mixtures 
of cholesterol , phosphol ipids , and neutral fats. When the 
deposit ion is bilateral and unassocia ted with previous ker-
atitis or serum lipid abnormal i ty , the lesion qualifies as 
corneal stromal dystrophy. Crystall ine lipid-rich corneal 
dys t rophy is common in young Siberian huskies and oc-
curs sporadically in o ther dog b reeds , notably collies, 
Airedale terr iers , beagles, and cavalier King Charles 
spaniels. 

Diets high in cholesterol produce diffuse corneal s tro-
mal lipidosis in rabbi ts , as well as focal lipid deposi ts in 
uveal epithelium and s t roma. While hyperl ipemia is not a 
feature of most cases of corneal lipidosis in dogs (most 

Fig. 4.23 Corneal pigmentation. Pug dog, a breed with nor-
mally bulging eyes. 

of which are spon taneous dys t rophies) , circumferential 
peripheral s tromal lipidosis is repor ted in German shep-
herd dogs with hyper l ipoproteinemia resulting from hypo-
thyroidism. 

Regardless of pa thogenes is , the histologic lesion is simi-
lar. Cholesterol crystals and lipid vacuoles are found prin-
cipally in anter ior s t roma, and are somet imes sur rounded 
by lipid-laden macrophages and variable numbers of o ther 
leukocytes . Vascularizat ion is often present , but its patho-
genesis is unknown. 

Mineral deposition occurs primarily in the anter ior 
s t roma and the epithelial basement membrane . Predispos-
ing corneal changes include desiccat ion, anes thes ia , 
edema , or inflammation. There are many me thods for in-
ducing deposi t ion of calcium salts , but s tromal edema 
seems to be the c o m m o n denomina tor in almost all cases . 
The edema may result from corneal epithelial desiccat ion 
(exposure kerati t is) , uveit is , del iberate corneal t rauma, or 
chemical injury. Hyperca lcemia from vitamin D toxicity 
or hyperpara thyroid ism exacerba tes the mineralization 
and is essential to lesion deve lopment in some exper imen-
tal models . 

An unidentified corneal deposi t ion is often seen in ca-
nine eyes suffering from multiple anomal ies , particularly 
those involving uvea . Similar deposi ts are seen, with less 
regularity, in the horizonal midport ion of the cornea of 
many normal puppies . Fine basophil ic periodic acid-Schiff 
positive linear deposi ts are associa ted with the epithelial 
basement membrane or superficial s t roma. There is some 
disarray of superficial s tromal fibers but no inflammation. 
The nature and pathogenesis of the deposi ts are unknown, 
but most d isappear after a few mon ths . 

E. Corneal Degeneration 

Corneal degenerat ion is a vague term somet imes used 
to descr ibe those corneal lesions character ized by nonin-
flammatory loss of epithelial or s t romal viability. Diseases 
such as keratoconjunctivi t is sicca and pannus kera topathy 
are somet imes considered pr imary degenerat ive lesions, 
but their principal manifestation is inflammatory, and they 
are discussed under kerat i t is . 

The only degenera t ive , noninflammatory acquired cor-
neal lesion presented here is the corneal sequestrum of 
cats. This lesion, also called corneal mummification or 
corneal nigrum, is initially seen as a centra l , nonulcerated 
brown focus in one or both corneas of cats of any age 
or breed . Persian and Siamese cats are more frequently 
affected than are o ther b reeds . Histologically, the lesion 
is bland corneal epithelial desiccat ion that may be mis-
taken as artefact . The s t roma is hyalinized, featureless, 
and orange-brown. In older lesions the deep margin of the 
focus may be marked by a zone of react ive mononuclear 
leukocytes and, pe rhaps , a few giant cells. The epithelium 
is usually absent over the central port ion of the biopsy 
specimen, because lesions have usually ulcerated by the 
time kera tec tomy is done . The nature of the pigment and 
the pathogenesis of this unique disease are unknown . The 
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seques t rum may eventually slough, and the defect heals by 
granulat ion, al though most lesions are treated by excision 
before that stage is reached. 
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or adnexa or conjunctiva. The s t roma and endothel ium 
may become involved in diseases of the uvea by extension 
via the aqueous or by direct extension from iris root or 
ciliary appara tus across the l imbus. Purely stromal kerati-
tis is uncommon except as an extension from a severe 
anterior uveit is . 

Purely epithelial keratitis is rarely encountered in histo-
logic prepara t ions , because the clinical lesion ei ther is 
t ransient and progresses to ulceration (as in acute kera to-
conjunctivitis sicca) or is so mild that eyes are unavailable 
for histologic examinat ion. Superficial punctate keratitis 
is, in fact, noninflammatory and consis ts of multiple fine 
epithelial opacit ies that are probably foci of epithelial hy-
dropic change. Intercellular fluid accumulat ion (bullous 
keratopathy) is seen as a sequel to corneal edema. 

Stromal keratitis is subdivided into superficial and deep . 
Superficial s tromal keratit is is common only in dogs , part ic-
ularly in German shepherds , as a chronic , nonulcerat ive 
proliferative inflammation termed pannus keratitis, chronic 
superficial kerat i t is , or Uber re i te r ' s syndrome. The clinical 
disease is dist inctive. The early lesion is seen in dogs of 
ei ther sex, usually in early middle age, as a vascularized 
opacity growing into the corneal s t roma from the l imbus. 
The ingrowth is bilateral, al though not a lways of simultane-
ous onse t , and most frequently originates from the ventro-
lateral l imbus. There is no ulcerat ion, but pigmentat ion is 
often marked . The untreated lesion eventually infiltrates 
the entire cornea , convert ing the superficial s t roma to an 
opaque membrane resembling granulat ion t issue. 

The histologic appearance varies with the durat ion of 
the lesion. The initial lesion is a superficial s tromal infiltra-
tion of mononuclear cells, especially plasma cells. Subse-
quent ly , there is progressive vascularizat ion and fibropla-
sia in the superficial third of the s t roma, accompanied by 

F. Corneal Inflammation 

Corneal inflammation is called keratitis and is tradition-
ally divided into epithelial, stromal (interstitial), and ulcer-
ative kerati t is . Most lesions reaching a pathologist are 
ulcerated or show extensive stromal scarring below a 
healed ulcer. Regardless of cause , corneal inflammation 
initially follows the s tereotyped sequence of edema and 
leukocyte immigration from tears and distant limbic ven-
ules. With severe lesions, corneal s tromal vascularization, 
fibrosis, and epithelial metaplasia with pigmentation may 
occur . 

Kerati t is usually results from physical , chemical , or 
microbial injury to the cornea, but the cornea may also be 
affected by extension of disease from elsewhere in the eye 

Fig. 4.24 Superficial stromal keratitis (of pannus). Dog. Epi-
thelial hyperplasia, chronic superficial stromal inflammation and 
pigmentation. 
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epithelial hyperplasia and pigmentat ion that may include 
the s t roma (Fig. 4.24). The deep s t roma is never affected. 

The pathogenesis of the condition is unknown, but an 
immune react ion to altered corneal epithelial antigens is 
hypothesized. Its response to cont inuous cort icosteroid 
administrat ion supports this hypothes is , al though direct 
immunofluorescence tests for intraepithelial or base-
ment membrane immunoglobulin are negative. Infectious 
agents are not consistently isolated. A histologically simi-
lar lesion of the bulbar conjuctiva of third eyelid occurs in 
the same breed (so-called plasmoma) and may reflect the 
same (unknown) pathogenesis . 

Nonulcerat ive deep stromal keratitis may result from ex-
tension from anter ior uveitis or from endothelial damage by 
uveal inflammation, t rauma, or g laucoma. Inflammations 
extending from the anter ior uvea are distinctly laminar and 
initially consist of perilimbic edema and leukocytosis . 
Later , corneal stromal vascularizat ion occurs as a laminar, 
perilimbic 4' b rush b o r d e r " of vessels extending from the 
vascular plexus at the base of iris and ciliary body . As the 
uveitis subsides , the corneal lesion regresses until only the 
empty ghosts of these vessels remain. This lesion is particu-
larly common in the eyes of horses which have suffered one 
or more bouts of equine recurrent ophthalmit is . 

Ulcerative keratitis includes a large group of lesions 
caused by physical and chemical t r auma, desiccat ion, bac-
terial or viral infection, and rarely from primary degenera-
tion of the corneal epithelium itself. Regardless of cause , 
the loss of epithelium initiates a predictable series of cor-
neal react ions caused by tear imbibition, local product ion 
of cytokines , and opportunis t ic microbial contaminat ion 
of the wound . Imbibition causes superficial s tromal edema 
below the ulcer and is followed by immigration of neutro-
phils from the tear film and, later, from the l imbus. The 
leukocytes , al though somewhat protect ive against oppor-
tunistic pa thogens , also add their col lagenases , p ro teases , 
and st imulatory cytokines to the wound and thereby may 
contr ibute to its progression. Epithelial and stromal repair 
proceeds as already descr ibed for corneal wound healing, 
but the repair fails in those cases in which microbial con-
tamination is well established or in which the cause of 
the initial ulceration has not been correc ted . C o m m o n 
examples of the latter are found in dogs in which corneal 
t rauma by misdirected cilia or facial hair, or desiccat ion 
due to lacrimal gland dysfunction, persis ts . 

The usual role of bacter ia and fungi in the pathogenesis 
of corneal ulceration is opportunis t ic . However , these 
opportunis ts contr ibute significantly to the perpetuat ion 
and worsening of the lesion. Proteases and col lagenases 
of microbial, leukocyt ic , or corneal origin progressively 
liquefy corneal s t roma, a process te rmed keratomalacia 
(Fig. 4.25). Ulcers contaminated by Pseudomonas and 
Streptococcus spp . are particularly prone to rapid lique-
faction because of the potent col lagenases and pro teases 
produced by these organisms. Pseudomonas ulcers have 
been extensively investigated because of the devasta t ing F i g. 4 e 26 Ring abscess. Calf. Edematous cornea is ulcerated 
liquefaction of cornea that commonly accompanies this and infiltrated by neutrophils. Leukocytes are within and on the 
infection. The bacter ia themselves produce numerous pro- surface of the iris which is adherent to the cornea. 

Fig. 4.25 Keratomalacia. Horse with Pseudomonas keratitis. 

teases and other toxins , which may be important in the 
es tabl ishment of the early infection, but most of the char-
acterist ic s tromal malacia results from the act ion of prote-
ases originating from leukocytes , react ive corneal epithe-
lium, or injured s t roma. The s t roma conta ins a variety of 
p roenzymes (for col lagenases , e las tases , gelat inases , and 
o ther s tromal lysins) that are cleaved by the Pseudomonas 
toxins to produce the act ive enzymes . Which toxins are 
p roduced , and in what quant i t ies , is very strain dependent . 
The s tepwise degradat ion of s t roma is seen histologically 
as a featureless eosinophilic coagulum, which occurs with 
progressive septic ulcers regardless of the species of bacte-
rium. The neutrophils may encircle the liquefying focus 
as a thick wall of live and fragmented cells. The resulting 
lesion is then called a ring abscess (Fig. 4.26) and is seen 
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Fig. 4.27A Corneal epithelium is attempting to heal across a 
fibrin mass plugging the defect. Iris is incorporated into lesion 
and will form anterior staphyloma. Note coiled remnant of Des-
cemet's membrane (arrow). 

more commonly in cattle than any other species , perhaps 
because of the prevalence of unt rea ted , contaminated cor-
neal ulcers in that species and the prevalence of septic 
corneal perforation. 

The sequelae of ulcerative keratitis involve cornea , con-
junct iva , and uvea . The ulcer itself may heal with vascu-
larization and scarring proport ional to the severity of the 
initial lesion. It may persist as a s tubborn but nonprogres-
sive lesion, or it may progress to involve more of the 
s t roma and epithelium. Stromal liquefaction that reaches 
Descemet ' s membrane results in its forward bulging as 
a descemetocele. This membrane , al though resistant to 
penetrat ion of the microbial agents themselves , is appar-
ently permeable to inflammatory mediators and microbial 
toxins which diffuse into the anterior chamber . These 
chemicals , combined with a vasoact ive sensory neural 
reflex from irritated cornea , are responsible for the vasodi-
lation and exudat ion in anterior uvea which are seen histo-
logically in virtually all globes with deep ulcerative kerati-
tis. Even in nonperforating kerati t is , the anterior uveal 
inflammation may result in sufficient fibrin exudat ion so 
as to predispose to focal adhes ions , called synechiae , of 
iris to the injured cornea . In the case of corneal perfora-
tion, the iris flows forward to plug the defect and subse-
quently becomes incorporated into the corneal scarring. 
This defect is a permanent anterior synechia but is usually 
called anterior staphyloma, meaning a fibrous tunic ( i .e . , 
corneal) defect lined by uvea (i .e. , iris) (Fig. 4.27A,B). 

The conjunctiva is involved in almost all instances of 
kerati t is , ei ther as a victim of the same injury or as the 
nearest vascularized tissue to the diseased cornea . Hyper-
emia, cellular exudat ion, and lymphofollicular hyperplasia 
are common as the conjunctiva responds to the diffusion 
of inflammatory mediators of microbial , leukocyt ic , and 
tissue origin from the injured cornea . 

/. Keratoconjunctivitis Sicca 

Necrosis of corneal epithelium caused by desiccation is 
seen as a common and usually spontaneous condition in 

Fig. 4.27B Iris entrapped within cornea following perforation 
of ulcer (iris prolapse). 

dogs , but desiccat ion secondary to exophtha lmos or fail-
ure of the blinking reflex is seen in all species . Acute 
desiccat ion keratit is is particularly common in calves mor-
ibund as a result of neonatal diarrhea or meningoencepha-
litis, and is seen as bilateral, large, shallow, central corneal 
ulcers . Depending on the length of t ime be tween develop-
ment of the ulcer and the animal ' s dea th , the epithelial 
loss may be accompanied by stromal edema and neutrophil 
infiltration. A similar lesion occurs in animals subjected 
to general anesthet ics when failure to blink preven ts ade-
quate distribution of tears . 

Desiccat ion keratit is may follow destruct ion or dener-
vation of lacrimal or accessory lacrimal gland in any spe-
cies by orbital inflammation, drugs , neoplasia, or t rauma. 
Squamous metaplasia with resultant inadequacy of secre-
tion may be seen with chronic deficiency of vitamin A. 
Specific lacrimal adenitis with subsequent a t rophy is well 
recognized with Coronavirus infection in rats and may be 
seen in the acute or chronic phases of canine d is temper . 
Similar adenitis probably occurs with o ther viruses and in 
other species , but such lesions are poorly documen ted . 
Transient keratoconjunctivit is sicca may accompany 
acute herpet ic keratoconjunctivit is in ca ts . 

Keratoconjunct ivi t is sicca is encountered more com-
monly in dogs than in any other species , with an overall 
prevalence in Nor th America of about 1%. Most cases 
are chronic , progress ive , and idiopathic. The reason for 
greater than expected prevalence in certain breeds (En-
glish bulldog, Lhasa Apso , Shih Tzu , West Highland white 
terrier , and others) is unknown. Because the disease is 
amenable to medical or surgical management , few speci-
mens are available for histologic examinat ion until the 
very chronic stages. At this t ime the lacrimal gland is 
atrophic with interstitial lymphoid infiltration and fibrosis, 
but provides no clue as to the initial lesion. The ability 
of certain immune modula tors , notably cyc lospor ine , to 
reverse the disease points to some kind of immune-
mediated phenomenon , perhaps auto immuni ty . 
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The corneal changes vary with the severity and rapidity 
of onset of lacrimal deficiency. In acute disease with 
marked lacrimal deficiency, clinical signs of ulcerative 
keratitis may occur . The corneal epithelium is thinned, 
has numerous hydropically degenera te cells, and may suf-
fer full-thickness ulcerat ion. The accompanying stromal 
changes , including eventual vascularizat ion and fibrosis, 
are those of ulcerative kerati t is . More commonly in dogs , 
however , the desiccation is not absolute (at least initially), 
and the epithelial response is protect ive epidermalizat ion 
without prior ulcerat ion. Kerat inizat ion, marked hyper-
plasia with rete ridge formation, and pigmentat ion are 
commonly seen. Stromal inflammation and vasculariza-
tion are usually superficial, resulting in a lesion very simi-
lar to pannus kerati t is . Squamous metaplasia may also 
occur in the bulbar conjunctiva. The conjunctivitis that 
clinically is the earliest lesion of keratoconjunctivit is sicca 
is rarely available for histologic examinat ion. 

2. Herpetic Keratitis of Cats 

Feline herpetic keratit is caused by feline herpesvirus-1 
is seen ei ther as the sole ocular lesion or in concer t with 
conjunctivitis. Clinical signs associated with herpesvirus 
infections in cats include conjunctivit is , kerati t is , rhinotra-
cheit is , and, in neona tes , systemic disease with encephali-
tis and necrosis in visceral organs . Acquired immunity 
alters the manifestations of the disease and results in dif-
ferent lesions predominat ing in different age groups . Kera-
titis is commones t in adult cats and seems to result from 
activation of latent infection during concurrent immuno-
suppressive disease or cort icosteroid therapy. Concurren t 
mild respiratory disease may be present . In contras t , the 
infection in adolescent cats causes a nonspecific bilateral 
erosive conjunctivitis without kerati t is . Intranuclear inclu-
sions are numerous within cells prior to sloughing, and 
leukocytes are sparse until ulcerat ion permits oppor tunis-
tic contaminat ion. Uppe r respiratory disease is almost 
always present and is typically more severe than that in 
adul ts . In adult cats the disease is often unilateral and 
primarily corneal . It probably reflects recrudescence of 
latent infection. The typical corneal lesions are multifocal 
minute corneal erosions and ulcers which have a tendency 
to coalesce into branching dendri t ic ulcers . Severe or re-
current lesions in immunosuppressed cats may result in 
underlying stromal keratitis with lymphocyt ic infiltration, 
persistent edema, and vascular izat ion. Inclusion bodies , 
intranuclear and typical of herpesvi ruses , are somet imes 
found in degenerat ing epithelium at the ulcer ' s margin. 
Lesion development is preceded by viral replication within 
otherwise normal corneal epi thel ium, and only in immuno-
suppressed cats is viral antigen abundant within the 
s t roma. 

3. Feline Eosinophilic Keratitis 

Another uniquely feline ocular lesion is seen clinically 
as unilateral or bilateral proliferative, superficial s tromal 
keratit is. There is no breed , age , or sex predilection, and 
no known association with o ther ocular or systemic dis-

ease . Since diagnosis is made by cytologic or histologic 
examinat ion, this disease is more likely to be seen by 
pathologists than most o ther corneal d isorders . Scrapings 
of the surface of the lesion reveal numerous eosinophils 
and fewer mast cells and o ther mononuc lear leukocytes . 
Eosinophils may be less consp icuous on histologic exami-
nation of kera tec tomy spec imens , pe rhaps because most 
seem determined to emigrate through the epithel ium and 
into the tear film. Ins tead, the stromal lesion is a mixture 
of macrophages , p lasma cells , fibroblasts and , unpredict-
ably, mast cells and eosinophils . The lat ter are least fre-
quent in older lesions. N o bacterial or fungal agents have 
been seen. While there are histologic similarities to cutane-
ous eosinophilic ulcer and linear granuloma, no statistical 
associat ion has been proven , and the lack of unders tanding 
of even the cu taneous eosinophilic lesions makes such 
a t tempted compar isons of very limited value . 
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4. Mycotic Keratitis 

Mycotic keratit is is not a specific disease but is often 
viewed as such because of its consis tent ly poor response 
to therapy and tendency to progress to corneal perfora-
tion. The offending fungus is usually a m e m b e r of the 
normal conjunctival flora, and its role in the disease is 
that of opportunis t ic contaminant . Aspergillus is the most 
frequent isolate. The condit ion most often occurs in eyes 
with t raumat ic corneal injury, particularly if they have 
been receiving long-term antibiotic-corticosteroid ther-
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apy. Horses seem particularly prone to mycotic kerati t is , 
perhaps related to the mold-laden, dusty environment in 
which many horses are housed; only rarely does the lesion 
occur in dogs or ca t s . Fungi of the genera Aspergillus and 
Pénicillium are most commonly isolated. Since virtually 
all stabled horses have fungi as part of their conjunctival 
flora, seeing the hyphae within the corneal s t roma is re-
quired for the diagnosis. Isolation from a corneal swab or 
shallow scraping is not adequa te . 

The typical early lesion is deep ulcerative kerati t is , 
specific only in the fungi observed within the lesion. Some 
chronic lesions are exclusively s tromal, probably the re-
sult of epithelial healing of the initial penetrat ion or be-
cause therapy eliminated the infection in the superficial 
s t roma. For whatever reason, the typical equine eye enu-
cleated for mycotic keratitis has an intense neutrophil-rich 
deep stromal keratitis with several characteris t ic features: 
the neutrophils are karyorrhect ic , the inflammation is most 
intense immediately adjacent to D e s c e m e t s membrane , 
and frequently there is lysis of the normally resistant Des-
c e m e t s membrane , with spillage of the corneal inflamma-
tion into the anterior chamber . Fungi are numerous within 
the malacia of the deep s t roma and within D e s c e m e t s 
membrane itself, but rarely if ever are seen within the 
anterior chamber . They are sparse or absent within the 
superficial half of the s t roma, which explains why corneal 
scrapings or even kera tec tomy specimens may fail to re-
veal the agent. The reason for the apparent targeting of 
D e s c e m e t s membrane is not known, but the presence of 
the apparent t ropism even in untreated eyes suggests that 
it is a genuine tropism and not jus t persis tence of a pre-
viously generalized stromal infection in the site least likely 
to be reached by topical fungicides. 
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5. Infectious Bovine Keratoconjunctivitis 

This disease vies with squamous cell carc inoma as the 
most important disease of the bovine eye . It occurs world-
wide, is most prevalent in summer due to the increase in 
fly vectors , and has a clinical expression that ranges from 
initial conjunctivitis and ulcerative keratitis to iris pro-
lapse, glaucoma, and phthisis bulbi. The prevalence of 
severe sequelae reflects inadequate management of the 
disease ra ther than any special virulence of this agent as 
compared to other infectious causes of keratitis in o ther 
species . 

The disease behaves as an infectious epizoot ic within a 
susceptible populat ion, frequently affecting over 50% of 
the catt le at risk within 2 weeks of the initial clinical case . 
Shedding of virulent organisms by a carr ier animal is 
thought to be the usual route of introduct ion into a pre-
viously unexposed group, al though a role for various me-
chanical or biological vectors is also assumed . 

Moraxella bovis has been confirmed as the most im-
portant causat ive agent , al though agents including My-
coplasma bovoculi, Mycoplasma conjunctivae, Acho-
leplasma laidlawii, and bovine herpesvirus may contr ibute 
to lesion severi ty. Earlier skepticism about the virulence 
of M. bovisy based on the unreliability of reproduct ion of 
the d isease , isolation of the organism from apparent ly 
healthy cat t le , and failure of isolation from some overt ly 
affected cat t le , has been overcome by detailed information 
on the pathogenesis of the disease . It is now clear that 
virulence of M. bovis is associated with hemolyt ic , leuco-
cytolyt ic , piliated s trains, which predominate in the eyes 
of only affected cat t le . Nonpil ia ted, nonhemolyt ic strains 
predominate in healthy cattle and are probably part of the 
normal conjunctival flora. The use of immunofluorescence 
has demons t ra ted M. bovis in many of the naturally oc-
curring cases for which the results of cul ture were nega-
tive. In naturally occurr ing ou tb reaks , the number of isola-
tions of hemolytic M. bovis falls to almost zero as the 
outbreak wanes , but a few chronically affected carriers 
remain as the most important source of virulent bacter ia 
for ou tbreaks of disease in the next summer . 

In addit ion to variation in the virulence of different 
strains of M. bovis, sunlight, dust , and pe rhaps , concur-
rent infection with infectious bovine rhinotracheit is virus 
increase the severity of the disease . Calves are usually 
affected more severely than cattle older than 2 years , 
al though absolute resis tance to infection seems fragile. 
The protect ive effect of serum ant ibody against the disease 
is controvers ia l . Specific immunoglobulin A (IgA) is found 
in tears of infected ca lves , and there is substantial evi-
dence that locally produced IgA is strongly protect ive . 

Following experimental inoculation of virulent M. bovis 
onto the cornea , pi lus-mediated adhesion and product ion 
of bacterial cytotoxin result in microscopic ulceration in as 
little as 12 hr. Initial adhesion is to older surface epithelium 
("dark ce l l s" ) and results in the development of micro-
scopic pits in the cell surface. Moraxella is found within 
degenerate epithelial cells, but it is not known whe ther 
invasion is necessary for subsequent cellular des t ruct ion. 
In field epizoot ics , the earliest lesion is bulbar conjunctival 
edema and hyperemia , followed in 24 to 48 hr by the 
appearance of a shallow, central corneal ulcer. The ulcer 
is a small (less than 0.5 cm) focus of epithelial necrosis that 
may appear as erosion, vesicle or full-thickness epithelial 
loss. In untreated animals dest ined to develop the full 
clinical express ion, the ulcer enlarges , deepens , and fre-
quently a t t racts enough neutrophils to qualify as a corneal 
abscess . Stromal liquefaction ensues , probably as a result 
of neutrophil lysis, which is itself initiated by Moraxella-
derived leukotoxins . By the end of the first week , there is 
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extensive stromal edema and vascularization extending 
from the l imbus. As with any severe ulcerative kerati t is , 
the subsequent progression or regression of the lesion 
varies with each case as modifications by therapy, oppor-
tunistic bacterial and fungal contaminat ion, t rauma, in-
flammation, and immunity interact . Kera tomalacia fre-
quently leads to forward coning of the weakened cornea 
(keratoconus) . In most ins tances , whether t reated or not , 
the cornea heals by sloughing of necrot ic t issue and filling 
of the defect by granulation t issue. Re-epithelialization 
may take up to a month , leaving a cornea that is slightly 
coned and variably scarred. The scarring often is scant 
and interferes little with vision in spite of the severity of 
the primary lesion. 

Less satisfactory sequelae , while not common in rela-
tion to the overall disease preva lence , are still relatively 
common. Sterile anter ior uveal inflammation may result 
in focal or generalized adherence of iris to cornea (anterior 
synechia) or lens (posterior synechia) . Descemetoce le 
may progress to corneal rup ture , which in turn may lead 
to phthisis bulbi or resolve by sealing with prolapse of the 
iris. Synechia and s taphyloma may lead to impairment of 
aqueous drainage and thus to the lesions of g laucoma. 

6. Infectious Keratoconjunctivitis of Sheep and Goats 

Epizootics of conjunctivitis and keratitis in sheep and 
goats share many of the features of the bovine disease: 
summer prevalence , rapid spread, and exacerbat ion by 
dust , sunlight, and flies. Feedlot lambs seem particularly 
susceptible. Unlike that of bovine keratoconjunctivi t is , 
the range of clinical signs and proposed causes suggests 
that there may in fact be several different d iseases . Many 
agents including bacter ia , mycoplasmas , chlamydiae , and 
rickettsiae have been suggested as causes , but various 
mycoplasmas and Chlamydia psittaci may be the im-
portant agents . The lesions caused by M. mycoides var . 
capri in goats and M . conjunctivae var . ovis in sheep are 
similar but usually milder than those caused by Moraxella 
bovis in cat t le . This is particularly true of goats , in which 
deep corneal ulceration is u n c o m m o n . 

Keratoconjunctivi t is associated with Chlamydia psit-
taci is usually predominant ly conjunctivitis. Initial Chemo-
sis and reddening are followed by massive lymphofol-
licular hyperplasia in bulbar conjunctiva and nictitating 
membrane . Kerati t is may occur , but ulceration is seldom 
prominent . Animals with conjunctivitis may have concur-
rent polyarthrit is from which chlamydiae can be isolated. 
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V. The Lens 

The lens is a flattened sphere of epithelial cells sus-
pended in the pupillary aper ture by an equatorial row of 
suspensory zonules radiating from the basement mem-
brane of the nonpigmented ciliary epithelium in the valleys 
be tween the ciliary p rocesses and from pars plana. The 
morphologic react ion of lens to injury is very limited due 
to the simplicity of its s t ructure and physiology, and its 
lack of vasculari ty. 

The lens is entirely epithelial. Oute rmos t is a thick, 
elastic capsule , which is the basement membrane pro-
duced by the underlying germinal epithelial cells. The 
capsule is thickest at the anter ior pole and becomes pro-
gressively thinner over the poster ior half of the lens. The 
capsule in the neonate is thin, but it th ickens progressively 
throughout life. 

Below the capsule is a layer of simple cuboidal lens 
epi thel ium, which, in all but fetal globes, is found below 
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Fig. 4.28 Normal canine lens with characteristic regularity of 
surface epithelium and lens fibers. 

the capsule of only the anterior half of the lens. The apex 
of these cells faces inward toward the lens nucleus . At the 
equator , these germinal cells extend into the lens cor tex 
as the nuclear bow, an arc of cells being progressively 
transformed from cuboidal germinal epithelium to the 
elongated spindle shape of the mature lens fibers (Fig. 
4.28). The bulk of the lens is composed of onionlike layers 
of elongated epithelial cells anchored to each o ther by 
interlocking surface ridges, g rooves , and pro tuberances . 
These elongated fibers contain no nucleus and few cyto-
plasmic organelles, relying almost entirely on anaerobic 
glycolysis for energy. Since the lens cannot shed aging 
fibers as does skin or intest ine, these cells are compacted 
into the oldest central part of the lens, the nucleus . The 
cont inuous accumulat ion of these old desiccated fibers 
with altered crystalline protein results in the common but 
visually insignificant aging change of nuclear sclerosis. 

Although in many ways similar to cornea in s t ructure 
and function, the optical clarity of lens rests not with 
the regularity of its fibers but in its high percentage of 
cytoplasmic soluble crystalline protein and paucity of 
light-scattering nuclei or mitochondria . The lens is about 
35% protein, the highest of any t issue, and over 90% of it is 
the soluble crystalline variety. Insoluble high-molecular-
weight protein (albuminoid) is found in the nucleus and 
cell membranes . Opacity of lens is associated, at least in 
some cases , with decreasing concentra t ions of crystalline 
and increasing albuminoid protein, the latter insoluble in 
water and optically opaque . Many of the insults that result 
in degenerat ion of lens ultimately interfere with its nutri-
tion. Since it is avascular in the postnatal animal, the lens 
relies entirely on the aqueous for the delivery of nutr ients 
and removal of metabolic was tes . Glaucoma, ocular in-
flammation, metabolic d isorders , and various toxins share 

the c o m m o n feature of altering the amount or quality of 
lenticular nutrit ion by altering the flow or composi t ion of 
the aqueous humor . 

A. Ectopia Lentis 

The only lenticular defects of importance in domes t ic 
animals are those affecting location, configuration, and 
clarity. Those affecting configuration are usually develop-
mental defects and are discussed in earlier sect ions. Dislo-
cat ions of the lens may be congenital or acquired, and the 
latter include spontaneous dislocations and those second-
ary to t r auma and glaucoma. Apparent ly spontaneous dis-
locations are encounte red most frequently in middle-aged 
(3 -8 years) terrier dogs in which an inherited predisposi-
tion to bilateral zonular rupture exists . The pathogenesis 
of the defect has been best studied in the Tibetan terr ier , 
in which the zonules develop in a dysplast ic , ret iculate 
fashion that p recedes luxation by several years . Traumat ic 
dislocation is usually via blunt t rauma, notably automobi le 
accidents . The dislocation may be partial (subluxation) or 
complete (luxation), and in the latter ins tance , the free 
lens may damage corneal endothel ium or vi t reous causing 
edema and liquefaction, respect ively. Such lenses may 
be surgically removed but seldom receive histopathologic 
examinat ion. Anter ior luxation frequently resul ts in glau-
coma, perhaps caused by anter ior prolapse of the vi t reous 
into the pupil. Lens luxation is inexplicably u n c o m m o n in 
ca ts . It is seen in middle-aged cats as unilateral and usually 
anterior luxation. One third of cases occur in eyes with no 
o ther observed lesion, while the remainder occur in eyes 
with préexis tent uveitis or g laucoma, or a history of 
t rauma. 
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B. Cataract 

Cataract is the most common and most important disor-
der of lens. Cataract means lenticular opaci ty , and is usu-
ally prefixed by adjectives relating to locat ion, matur i ty , 
extent , suspected cause and ophtha lmoscopic appearance 
(Fig. 4.29). Of these adjectives, only those of location and , 
to some extent , maturi ty are useful in histologic descr ip-
tion. The simple s t ructure of the lens results in s te reotyped 
reaction to injury that provides few clues as to pa thogene-
sis. The histology of cataract is the histology of the general 
pathology of the lens and includes germinal epithelial hy-
perplasia and metaplasia , hydropic change , fiber nec ros i s , 
and occasional ly, deposi t ion of calcium salts or choles-
terol. Unless permit ted by invasion through a capsular 
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Fig. 4.29 Anterior polar pyramidal cataract. Puppy. Ante-
rior bulging of liquefied lens has destroyed corneal endothelium, 
resulting in diffuse corneal edema. 

tear , inflammation cannot occur within the avascular and 
totally epithelial lens. 

Epithelial hyperplasia or metaplasia is the usual histo-
logic counterpar t of anter ior subcapsular ca taract , and is 
usually seen following focal t rauma, or adherence of the 
iris or of persistent pupillary membranes to the anter ior 
surface of the lens. Initial epithelial degenerat ion or necro-
sis is followed by hyperplasia and somet imes by fibrous 
metaplasia. The resultant epithelial plaque lies jus t under 
the anterior lens capsule . The innermost epithelial layer 
may remain basilar in type ra ther than fibroblastic. Each 
epithelial layer, even if metaplas t ic , secretes a new base-
ment membrane that separa tes each layer from the adja-
cent layers . The end result is a focal plaque formed by 
multiple, sandwiched layers of flattened epithelium and 
basement membrane at the anter ior pole of the lens. Rem-
nants of adherent iris or pupillary membrane , including 
pigment, may complicate the histologic appearance . 

A more common manifestation of epithelial hyperplasia 
is migration from the equa tor to line the poster ior capsule . 
This reestabl ishment of the fetal morphology is seen most 
commonly with any chronic ca taract in young animals , 
whose epithelial cells perhaps retain greater migratory 
ability. Adjacent cortical fibers are usually degenera te . 

Degenerat ion and subsequent fragmentation or lique-
faction of lens fibers is the most common lesion of ca taract . 
Cataractous fragmentation must be distinguished from the 
almost unavoidable artifactual fragmentation of fibers that 

occurs in histologic sect ions . Degenera te fibers break into 
pieces that rapidly contract to acquire rounded ends , in 
contras t to the sharp , jagged ends of artifactually shat tered 
fibers. As fiber fragmentation progresses , the fragments 
liquefy and assume a spherical shape . These protein-
aceous spheres are referred to as morgagnian globules. 
Clefts and protein lakes appear be tween fibers, presum-
ably the result of complete liquefaction of fibers. Some of 
the clefts are probably the result of osmotic fluid imbibition 
by the ca tarac tous lens. The osmosis resul ts from protein 
denatura t ion into more numerous , smaller pept ides and 
from degenerat ion of the capsular epithel ium in which 
resides the Na-K-dependen t ATPase osmot ic p u m p criti-
cal to normal lens hydrat ion. Abort ive efforts at new fiber 
formation by lens epithelium results in the formation of 
large, foamy nucleated cells called bladder cells, pa thogno-
monic of cataract (Fig. 4.20). In advanced ca tarac ts the 
degenera te fibers may liquefy to the extent that their low-
molecular-weight end produc ts diffuse through the semi-
permeable capsule , resulting in the spontaneous clearing 
of the opaque lens typical of the hypermature cataract . 
Histologically, such lenses consist of a dense , eccentr ic 
residual nucleus in a lake of pro te inaceous fluid, sur-
rounded by a wrinkled capsule . Deposi t ion of calcium 
salts is seen rarely. Such hypermature ca ta rac t s are often 
accompanied by a lymphocy t ic -p lasmacy t ic iridocyclitis, 
presumably in response to the leaking lens protein (see 
phacolyt ic uveitis). 

A different picture is seen in lenses in which degenera-
tion is associated with rupture of the capsule , as occurs 
with ocular t rauma. First , mass ive release of more or less 
native lens protein at the t ime of rupture may cause a 
severe perilenticular nonsuppura t ive endophthalmit is 
about 10 days after the initial t r auma (see phacoclast ic 
uveitis). Second , the capsular rent permits leukocytes to 
enter the lens to speed the dissolution of lens fibers. Fibro-
blastic metaplasia of lens epithel ium may result in cartilage 
or even bone within the lens . Even after total destruct ion 
of the lens fibers, the durable capsule will be found some-
where in the anter ior or poster ior chamber as a curled 
eosinophilic mass , often encapsula ted in fibrous tissue 
probably derived from surviving lens epithelium or from 
injured ciliary epithel ium. Such remnants distinguish len-
ticular rupture with subsequent dissolution from true de-
velopmental aphakia . 

The sequence of histologic change in ca taract is the 
same regardless of cause , and thus diagnosis of cause can 
be made only in light of patient da ta or concurren t ocular 
d isease . In dogs , for example , familial ca tarac ts may be 
congenital or of later onse t . Specific examples may typi-
cally occur alone or with o ther ocular lesions, and occur 
at an age, in a location and with a progression sufficiently 
character is t ic to allow presumpt ive diagnosis of a breed-
specific syndrome. Catarac t also occurs secondary to glau-
coma , endophthalmit is , ocular t rauma, and anter ior seg-
ment anomal ies , and observat ion of these lat ter defects 
permits presumpt ive diagnosis of the pathogenesis of the 
accompanying ca tarac t . 
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Cataract may result from exposure of the lens to a wide 
variety of physical and chemical insults, such as solar 
or o ther irradiation, cold, increased intraocular pressure , 
toxins, nutritional excesses and deficiencies, nearby in-
flammation, and direct t rauma. The list of potential cata-
ractogenic chemical toxins grows daily and includes food 
additives, chemotherapeut ic agents , and by-products of 
ocular inflammation. The pathogenesis of the cataract is 
not determined for more than a few such insults, but a 
common denominator seems to be the ability to upset the 
precarious balance be tween substrate supply and enzymic 
activity within the almost exclusively anaerobic lens. This 
imbalance results in degenerat ion of fibers, accumulat ion 
of nonmetabolized subst ra te , or product ion of abnormal 
metaboli tes. The latter two classes of products may be 
cytotoxic or osmotically act ive, thus drawing water into 
the critically dehydra ted lens and causing opaci ty. 

Most cataracts in humans and animals are not identified 
as being caused by a single insult, but are assumed to 
represent the result of years of accumulated and perhaps 
synergistic cataractogenic activity of environmental , di-
e tary , and inborn insults. The majority of ca taracts seen 
in veterinary practice fall into one of three categories: 
inherited, postinflammatory, and idiopathic. In reality, the 
large group of inherited ca taracts in dogs is of unknown 
pathogenesis , although extrapolat ion from knowledge of 
similar ca taracts in rodents and humans suggests inborn 
errors of lenticular metabolism are at fault. Postinflamma-
tory cataracts result from injury to lenticular epithelium 
by adjacent inflammation, interference with aqueous pro-
duct ion, composi t ion, and flow, and accumulat ion of toxic 
bacterial , leukocyt ic , and plasma by-products in the lentic-
ular envi ronment . Adherence of iris to lens (posterior syn-
echia) inevitably causes a focal subcapsular cataract . 

Other than these broad categories , there are a few natu-
rally occurring examples of cataract about which there is 
some unders tanding. 

Diabetic cataract develops in about 70% of spontane-
ously diabetic dogs . The opacity is bilateral and begins in 
the cortex at the equator . Progression to complete cortical 
opacity usually occurs within a few weeks . The pathogene-
sis of the cataract has traditionally been ascribed to the 
excessively high level of glucose within the aqueous . Glu-
cose is normally the major energy source for lens fibers, 
with most of it used to fuel the E m b d e n - M e y e r h o f path-
way of anaerobic glycolysis. When the rate-limiting en-
zyme of this pa thway, hexokinase , is saturated with glu-
cose , the back-up of glucose is shunted to al ternative 
metabolic pa thways . Chief among these is the sorbitol 
pa thway, act ivated in the rabbit lens by glucose concentra-
tions of greater than 90 mg/dl . In this pa thway, the excess 
glucose is conver ted by an aldose reductase to the polyal-
cohol , sorbitol, which is then slowly reduced to a ke tose . 
Because this second reaction is much slower than the 
first, sorbitol may accumula te to very high concentra t ions 
within the lens, and osmotically at t racts water even to 
the point of hydropic cell rupture . Under experimental 
conditions at least , the early cataract may be reversed if 

aqueous sugar levels are reduced to normal , but the later 
cataract is irreversible. 

However , osmotic events alone are not enough to ex-
plain all of the structural and metabol ic changes in sugar-
induced ca ta rac t s . The efficacy of ant ioxidants in ame-
liorating such ca ta rac ts , the nature of intralenticular 
biochemical a l terat ions, and detect ion of increased intra-
lenticular oxidants all point to some kind of oxidative 
damage as an additional p romote r of ca tarac t . 

Galactose-induced cataracts probably have the same 
complex and incompletely unders tood pathogenesis as the 
diabetic cataract and are seen in orphaned kangaroos and 
wallabies raised on c o w s ' milk, as well as in a host of 
experimental models . Since marsupial milk is much lower 
in lactose than is bovine milk, the enzymically ill-equipped 
neonate develops osmotic diarrhea from undigested lac-
tose and galactose in the intest ine, and some excess ga-
lactose enters the aqueous humor . The lens, deficient in 
the enzymes to utilize the galactose by convert ing it to 
glucose-6-phosphate for anaerobic glycolysis, shunts the 
galactose via aldose reductase to its poly alcohol , dulcitol, 
which acts osmotically as does sorbitol to disrupt lens 
fibers. Cataract repor ted in puppies and wolf cubs fed 
commercial milk replacer , or in kit tens on feline milk 
replacer , has been at tr ibuted to deficiency of arginine, 
al though in several case reports the specific dietary er ror 
was not identified. Cataract due to dietary deficiency of 
any of several sulfur-containing amino acids , z inc, or vita-
min C occurs in farmed fish, and many models of nutri-
tional cataract exist in various laboratory animals . 

Various forms of irradiation cause cataract . The lens 
absorbs most of the ultraviolet and short-wavelength visi-
ble blue light that would otherwise damage the retina. At 
least in humans , the chronic exposure to such irradiation 
is thought to be important in the pathogenesis of senile 
cataract . Sunlight-induced cataract has been descr ibed 
several t imes in farmed fish but not yet for o ther domest ic 
animals as a naturally occurring phenomenon . Absorpt ion 
of ultraviolet or near-ultraviolet wavelengths by lens epi-
thelium nucleic acids or lenticular aromat ic amino acids 
results in photochemical generat ion of free radicals and 
peroxidat ive damage to numerous structural componen t s 
of the lens. 

A similar pathogenesis probably explains the develop-
ment of cataract in animals irradiated as part of cancer 
therapy. In one s tudy, 2 8 % of dogs receiving megavoltage 
x-radiation for nasal carc inoma developed diffuse cortical 
cataract within 12 months of irradiation. In humans , the 
risk of ca taract is dose related, and reaches virtual cer-
tainty with dosages of 800 to 1500 centigray or rads , 
whereas rodents require at least twice that dosage . The 
dogs in the study cited received be tween 3680 and 5000 
centigray s. Antioxidants such as vitamin Ε or C, or hyp-
oxia, are significantly protect ive against several models 
of light- or o ther irradiation-induced ca tarac t , providing 
further support for the c o m m o n denominator of oxidat ive 
stress in the pathogenesis of such ca ta rac ts . 

The aminoglycoside antibiotic and anthelmint ic hygro-
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mycin Β has been shown to induce poster ior cortical and 
subcapsular ca taracts in sows , but not boars , fed the drug 
continuously for 10 to 14 months . The effect is dose-
dependent and perhaps even cumulat ive . Pigs fed the same 
therapeut ic daily dose , but consuming the drug on an 8-
week-on, 8-week-off basis in accordance with the manu-
facturer ' s recommendat ions , do not develop ca ta rac ts . 
The pathogenesis of the ca taract is unknown, but a partial 
inhibition of hygromycin-induced cataracts in vitro by ad-
dition of vitamin Ε suggests that peroxidat ive damage to 
lens fiber membranes may be important . Deafness in pigs, 
and also dogs, caused by hygromycin Β is discussed with 
the Ear . 
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VI. The Uvea 

The uvea is the vascular tunic of the eye . It is derived 
from the primitive neural crest mesenchyme surrounding 
the primary optic cup (only the vascular endothel ium is 
mesodermal) . Its differentiation is guided by the retinal 
pigment epithelium. Anter ior ly, the mesenchyme accom-
panies the infolding of the neurec toderm at the anter ior 
lip of the optic cup to form the s t roma of the iris and ciliary 
processes . That port ion of anter ior periorbital mesen-
chyme not accompanying these neurec todermal ingrowths 
remains to form the ciliary muscle and t rabecular mesh-
work. Posteriorly it forms the choroid and sclera. In all 
domest ic mammals except the pig, the choroid undergoes 
further differentiation to produce the tape tum lucidum 
dorsal to the optic disk. Defects in the deve lopment of the 
retinal pigment epithelium (including its cranial specializa-
tion as iridic and ciliary epithelium) inevitably result in 
defective induction or differentiation of the adjacent uvea . 

The mature uvea includes iris, ciliary body , and cho-
roid, the last divided into vascular port ion and tape tum 

lucidum. The filtration angle is shared by iris, ciliary body , 
and sclera. Its d iseases are discussed under the heading 
of g laucoma. 

The iris is the most anter ior port ion of the uveal t ract . It 
is a muscular diaphragm separat ing anter ior from poster ior 
chamber , forming the pupil and resting against the anterior 
face of the lens. The bulk of the iris is s t roma of mesenchy-
mal origin, with melanocytes , fibroblasts, and endothelial 
cells its major cons t i tuents . There is nei ther epithelium 
nor basement membrane along its anterior face, but ra ther 
a single layer of tightly compac ted fibrocytes and melano-
cytes . 

The poster ior surface of the iris is formed by the double 
layer of neurec toderm from the anter ior infolding of the 
optic cup . The two layers are heavily pigmented and are 
apposed apex to apex , with the basal aspect of the poste-
rior epithelium facing the poster ior chamber , and sepa-
rated from it by a basement membrane . The basilar port ion 
of the anter ior epi thel ium, in contras t , is differentiated to 
form the smooth muscle fibers of the dilator muscle of the 
iris. These fibers lie along the poster ior aspect of the iris 
s t roma immediately adjacent to the epi thel ium. The con-
strictor muscle is found deeper within iris s t roma but only 
in the pupillary third to quar te r of the iris. The iris epithe-
lium is ra ther loosely adherent be tween layers and be-
tween adjacent cells of the same layer, so that cystic 
separat ion occurs quite commonly . N u m e r o u s spaces 
reminiscent of bile canaliculi lie be tween adjacent cells 
and communica te freely with the aqueous humor of the 
poster ior chamber . 

The ciliary body ex tends from the poster ior iris root to 
the origin of neurosensory ret ina. Like iris, it consis ts of 
an inner double layer of neuroepi thel ium and an outer 
mesenchymal s t roma. The epithelial cells are oriented 
apex to apex and separa ted from the poster ior chamber 
and vi t reous by a basal lamina. Only the outer epithelial 
layer is p igmented. The ciliary body is divided into an 
anter ior pars plicata and a poster ior pars plana, the latter 
blending with ret ina at the ora ciliaris re t inae. The pars 
plicata consis ts of a circumferential ring of villuslike epi-
thelial ingrowths suppor ted by a fibrovascular co re , called 
ciliary p rocesses . Externa l to the ciliary p rocesses the 
mesenchyme forms a ring of smooth musc le , the ciliary 
muscle , responsible for putt ing tract ion on the lens zonules 
and effecting the changes in lens shape necessary for visual 
accommodat ion . The muscle in domest ic animals , particu-
larly ungulates , is poorly deve loped , and accommodat ion 
is thought to be minimal in these species . The lens zonules 
anchor in the basal lamina of the nonpigmented ciliary 
epithel ium, particularly of the pars plana and within the 
crypts be tween ciliary p rocesses . 

The choroid is the poster ior cont inuat ion of the s t roma 
of the ciliary body . The poster ior cont inuat ions of the 
inner and outer layers of ciliary epithelium are ret ina and 
retinal pigment epi thel ium, respect ively, with the transi-
tion made ra ther abrupt ly at the ora ciliaris re t inae. The 
choroid consis ts a lmost entirely of blood vessels and mela-
nocytes , except for the postnatal metaplasia to t ape tum 
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dorsal to the optic disk. The choroid is thinnest peripher-
ally, thickest at the posterior pole, blends indistinctly with 
sclera externally, and is separated from the retinal pigment 
epithelium internally by a complex basal lamina called 
Bruch ' s membrane . 

The general pathology of uvea includes anomalous or 
incomplete differentiation, degenerat ion, inflammation, 
and neoplasia. Anomalies have been previously discussed, 
and uveal neoplasms are considered in the section on 
ocular neoplasia. Uveal degenerat ions , except as a sequel 
to uveitis, are poorly documented . Idiopathic atrophy of 
the iris is descr ibed in Shropshire sheep as a bilateral 
defect obvious by 1 to 2 years of age. About 2 5 % of the 
iris is converted to full- or partial-thickness holes. Those 
of partial thickness are spanned by a poster ior bridge of 
iris epithelium. The eye is otherwise normal except for 
rudimentary corpora nigra. The pathogenesis of the appar-
ently spontaneous a t rophy is unknown. Similar a t rophy is 
seen in middle-aged Siamese cats and in several breeds of 
small dogs (poodles, Chihuahuas , miniature Schnauzers) . 
The pathogenesis is unknown, and there are no published 
descript ions of the microscopic lesions in dogs or ca t s . 

Multifocal cystic separation of the poster ior iris epithe-
lium is common in old dogs , and occasionally may be seen 
clinically as one or more t ranslucent black cysts a t tached 
to the posterior iris or freely floating in the aqueous . 
Whether the cysts are truly degenerat ive , or represent 
residual lesions of fluid exudat ion from an undetec ted 
iritis, is unknown. 

A. Uveitis 

Uveal inflammation is common and may result from 
ocular t rauma, noxious chemicals , infectious agents , neo-
plasia, or immunologic events . In addit ion, corneal injury 
may cause hyperemia and increased permeabil i ty of ante-
rior uveal vessels ei ther by percolat ion of bacterial toxins 
or inflammatory mediators into the aqueous , or by stimula-
tion of a vasoact ive sensory reflex via the trigeminal nerve . 
The uvea may be the initial site of inflammation, as in 
localization of infectious agents , or may become involved 
as the nearest vascular t issue capable of responding to 
injury of the lens, cornea , or ocular chambers . Con-
versely, the uvea seldom undergoes inflammation without 
affecting adjacent ocular s t ructures . 

The vocabulary of uveitis and its sequelae is complex. 
Anterior uveitis descr ibes inflammation of iris and ciliary 
body. Posterior uveitis involves ciliary body and choroid, 
with panuveit is occasionally used to designate diffuse uve-
itis. Chorioretinitis descr ibes inflammation of choroid and, 
usually less severely, overlying retina. Endophthalmitis is 
inflammation of uvea , ret ina, and ocular cavit ies, with 
panophthalmitis reserved for inflammation that has spread 
to involve all ocular s t ructures including sclera. The use-
fulness of such terminology is doubtful when one consid-
ers the vascular unity of the uvea and its intimate associa-
tion with other ocular t issues . Uveal exudat ion inevitably 
leads to protein and cellular exudat ion into the aqueous 

and vi treous and thus technically is endophthalmit is . 
Uveal vessels pe rmea te the sclera as a normal anatomic 
feature and thus provide an easy route for uveal leukocytes 
to enter the sclera. By convent ion , the choice of diagnostic 
classification is strongly influenced by clinical severi ty, 
with anter ior uveitis the mildest and panophthalmit is the 
most severe lesion. 

Ocular inflammation is further classified as suppurat ive , 
granulomatous or nonsuppura t ive , nongranulomatous . 
The last is a peculiar historical te rm in human ophthalmol-
ogy. It is equivalent to lymphocy t ic -p lasmacy t ic inflam-
mation and will be so descr ibed here . The usefulness of 
such classification in predict ing causes decreases as the 
lesion ages and as the events of host immune response 
blend with the initial inflammation. Fur the rmore , the reac-
tion may differ be tween anter ior and posterior segments , 
with choroidit is much more commonly lymphocyt ic than 
suppurat ive , despi te concur ren t anterior uveal suppura-
tion. Specific examples of uveitis are presented later. Dis-
cussed here are the features c o m m o n to uveal inflamma-
tion and its sequelae , regardless of cause . 

Acute uveitis involves the usual sequence of protein-
rich fluid exudat ion followed by emigration of leukocytes , 
typically neutrophi ls . In the iris, the fluid and cells readily 
percolate through the loose s t roma to en ter the anter ior 
chamber as the clinically observed aqueous flare and hypo-
pyon, so that large numbers of neutrophils are rarely seen 
within the iris itself. In ciliary processes there usually is 
severe stromal edema , perhaps a consequence of the initial 
inability of the serous exuda te to pass through the tight 
intercellular junc t ions of the ciliary epithel ium. Choroid 
exhibits the most convincing vascular engorgement as well 
as edema , with the latter frequently seeping through the 
retinal pigment epithelium to cause serous retinal sepa-
ration. 

Leukocy tes are initially neutrophils in uveitis of bacte-
rial origin, such as in the neonatal sept icemias of ca lves , 
foals, and pigs. Neutrophi ls also predominate in acute 
mild neurogenic uveitis associated with corneal epithelial 
injury and in the acute phase of phacoclast ic uveit is . In 
very mild uveitis they are found marginated along the 
endothel ium of iris and ciliary venules , in per ivascular 
adventi t ia , adherent to ciliary p rocesses , and in the filtra-
tion angle (Fig. 4.30). Neutrophi ls rapidly degenera te 
within the aqueous to a s sume an unsegmented globular 
morphology. Clumps may adhere to the corneal endothe-
lium as keratic precipi ta tes , settle ventrally within the 
anter ior chamber as hypopyon , or plug the filtration 
spaces , possibly (but rarely) to cause glaucoma if the plug-
ging is ex tens ive . Fibrin exudat ion may accompany the 
acute inflammation, but fibrinolysis is very efficient within 
the anter ior chamber so that g laucoma rarely resul ts . 

Nonsuppurative uveitis usually is dominated by lympho-
cytes and p lasma cells. It may occur simply as a chronic 
form of what was initially a suppurat ive uveit is , but is 
more frequently seen as the typical manifestat ion of 
immune-mediated uveit is , ocular t rauma, viral and my-
cotic uveit is , phacolytic uveit is , and uveitis accompany ing 
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Fig. 4.30 Anterior uveitis. Dog. Leukocytes within stroma 
of iris (arrow) and peripheral cornea (arrowhead), and within 
filtration angle. 

intraocular neoplasia. Inasmuch as the inflammation in 
most of these examples is probably of immunologic patho-
genesis , it is probably more accura te to consider all non-
suppurat ive uveitis as immune mediated, with the prefix 
idiopathic or the name of the inciting antigen. Dogs , 
ca ts , and horses are the species most frequently affected, 
and in these species , the inciting agent is usually unknown. 

The eye is an immunologically privileged site, with no 
resident lymphocytes , no antigen-processing macro-
phages or dendrit ic cells, and no lymphatic drainage. 
These peculiarit ies, plus the b l o o d - e y e barr ier created 
by the tight intercellular junc t ions of iris endothel ium, 
ciliary nonpigmented epithel ium, and retinal pigmented 
epithelium, fostered the mis taken belief that many intra-
ocular antigens were sufficiently sequestered as to be seen 
as " n o n s e l f " in the event of their release into systemic 
circulation. The numerous diseases character ized by 
lymphocyt ic -p lasmacyt ic uveitis in the absence of an 
identified infectious agent have thus been broadly grouped 
as examples of au to immune react ion to sequestered uveal , 
lenticular, or retinal ant igens. 

More recent studies have demons t ra ted that these sup-
posedly unique and sequestered antigens are nei ther 
unique nor completely seques tered . Antigens identical to 
some of the lenticular or uveal ant igens, for example , are 
found in nonseques te red t issues e lsewhere in the body . 
Antigens inoculated into anter ior chamber induce a sys-

temic humoral and T-cell r e sponse , clearly pointing to at 
least some leakiness in the b l o o d - e y e barrier . A variety 
of exper iments have lead to the suggestion of a carefully 
regulated sys tem of ocular immuni ty , te rmed anterior 
chamber-associated immune deviation. In this sys tem, in-
t raocular antigens are somehow processed within the eye 
before draining from the t rabecular meshwork into sys-
temic circulation. These ant igens , on reaching the spleen, 
initiate a typical humoral immune response but an atypical 
cell-mediated immune response . Proliferation of cytotoxic 
and suppressor Τ cells is enhanced , but those Τ cells 
commit ted to the product ion of cy tokines as part of de-
layed hypersensit ivi ty are suppressed . The theoretical re-
sult is that when these act ivated lymphocytes return to 
the eye , they are only of the types dest ined to produce 
the most localized and specific effects on the offending 
antigen, with the least nonspecific " b y s t a n d e r " injury. As 
a further safety measure to prevent unnecessar i ly damag-
ing immune-media ted injury, both uveal t issue and aque-
ous humor contain cytokines [transforming growth factor 
β (TGF-ß) is one] that inhibit act ivation of Τ lymphocytes . 

Wha teve r their type , the splenic lymphocy tes reach 
the eye about 1 week after exper imental introduct ion of 
antigen into anter ior chamber . Typically the lymphocytes 
are seen as perivascular aggregates in iris s t roma, in ciliary 
body and , less obviously , in choroid and even ret ina. In 
long-standing cases (which are most likely to receive histo-
logic examinat ion) , the aggregates may be very large and 
resemble lymphoid follicles (Fig. 4.31). As in o ther t issues , 
amplification of the immune response, results in recruit-
ment of lymphocytes that are not necessari ly specific for 
the inciting antigen. The polyclonal na ture of these lym-
phocytes is probably important in the typically recurrent 
nature of uveitis in all species . Once establ ished in the 
eye , these cells respond to a diverse range of circulating 
antigens that en ter the eye through a b l o o d - e y e barrier 
disrupted by the previous bout of inflammation. It is thus 
possible , or even probable , that chronic , recurrent uveitis 
results not from pers is tence of a single antigen, or repeated 
exposure to the same antigen, but is a s tereotyped ocular 
response to activation of any one of its many acquired 
lymphoid populat ions by a variety of circulating antigens 
or native ocular ant igens. 

Granulomatous uveitis is distinguished from simple 
lymphocy t ic -p lasmacy t ic uveitis by the conspicuous 
presence of epithelioid macrophages and, occasional ly, 
giant cells. Ocular localization of some species of dimor-
phic fungi or of algae, helminths , or mycobacter ia may 
cause granulomatous ophthalmit is , as may lens rupture 
and the V o g t - K o y a n a g i - H a r a d a - l i k e syndrome in dogs. 

The major significance of uveitis is its effect on adjacent 
nonuveal t issues . Some effects result from the accumula-
tion of acute exuda tes or chemical by-products of inflam-
mation, but most result from the later organization of 
exuda tes and proliferative events of wound healing within 
ocular cavit ies . 

Corneal changes include edema and peripheral s tromal 
hyperemia (ciliary flush). The edema results from corneal 
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Fig. 4.31 Lymphonodular iritis and secondary glaucoma. 
Cat. The iridocorneal angle has been dislocated far posterior to 
the termination of Descemet's membrane (angle recession). 

endothelial damage or as part of the reaction of limbic 
blood vessels to the inflammatory mediators released from 
the adjacent uvea . In the former instance, damage may be 
the direct result of the agent causing uveitis , as occurs in 
infectious canine hepatitis or feline infectious peritonitis. 
It may also occur as a result of an immune response to 
endothelial cells containing antigens of these infectious 
agents , to cross-react ion be tween microbial and corneal 
endothelial ant igens, or as a nonspecific response to the 
presence of the chemical by-products of inflammation 
within the anterior chamber . Similar by-products mediate 
the acute inflammatory response in the nearby limbic and 
conjunctival vasculature , leading to edema in the periph-
eral corneal s t roma. Hyperemia of this limbic ne twork also 
results in the circumferential peripheral corneal stromal 
hyperemia, resembling a brush border , that is a clinical 
hallmark of anter ior uveit is . In eyes with chronic uveit is , 
corneal edema may also result from glaucoma or from 
anterior synechia. Persistent edema may lead to stromal 
fibrosis, vascularizat ion, bullous kera topathy , and the risk 
of ulceration. Limbic hyperemia may give way to periph-
eral corneal s t romal vascularizat ion, again presumed to be 
merely a response to the spillover of angiogenic cytokines 
from the chronic intraocular inflammation. 

The accumulat ion of fibrin, l eukocytes , and ery thro-
cytes in the aqueous may result in plugging of the filtration 
angle and subsequent g laucoma. The infrequent observa-
tion of this sequel suggests e i ther unusual po tency of the 
fibrinolytic sys tem within the aqueous or the inability of 
exudates to plug more than the most ventral port ion of the 
circumferential angle. Much more c o m m o n is the organi-
zation of inflammatory exuda tes on the surface of iris or 
ciliary body. Adherence of iris to lens (posterior synechia) 
is more common than adherence to cornea (anterior syn-
echia) because of the normally int imate associat ion of the 
lens and iris. If the poster ior synechia involves the circum-
ference of the iris, the pupillary flow of aqueous is blocked, 
posterior chamber pressure r ises , and the iris bows for-
ward (iris bombé) and may actually adhere anteriorly to 
the cornea . Glaucoma results from pupillary block, periph-
eral anterior synechia , or both . In severe and prolonged 
anterior uveit is , there may be development of a fibrovas-
cular membrane on the iris face, which may span the pupil 
to cause pupillary block (occlusio pupillae) or cover the 
face of the pect inate ligament to cause neovascular glau-
coma (Fig. 4.32). Alternat ively, the membrane may con-
tract on the face of the iris resulting in infolding of the 
pupillary border to adhere to the anter ior (ectropion uveae) 
or poster ior (entropion uveae) iris surface. Atrophy of iris 
may follow severe and necrotizing inflammation, and some 
examples can be distinguished from idiopathic and senile 
a t rophy by the observat ion of residual lesions of the previ-
ous uveit is , such as lymphoid aggregates , focal synechiae , 
and uveal hyalinization. 

The ciliary appara tus suffers the same range of chronic 
lesions as does iris. Deposit ion of PAS-posit ive hyaline 
material along the luminal surface of the ciliary epithelium 
is particularly frequent in horses . It appears to be depos-

Fig. 4.32 Preiridal fibrovascular membrane. 
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ited in the cytoplasm of the nonpigmented epithel ium, and 
may represent aberrant basement membrane . It is not 
fibrin. Organization of exudate within the poster ior cham-
ber or vi t reous results in a retrolental fibrovascular mem-
brane , called a cyclitic membrane, which s t re tches around 
the ciliary body and across the back of the lens. Vi t reous 
is almost a lways liquefied as a result of the severe uveit is , 
and cont inued contract ion of fibrin in the poster ior cham-
ber and vitreous causes a separat ion of ret ina. Histologic 
examinat ion of most cyclitic membranes reveals a fibro-
vascular retrolental membrane incorporat ing lens into its 
anterior face and a folded, degenerate retina in its poster ior 
surface. 

The residual lesions of chronic choroiditis include focal 
lymphoid aggregates and scarring. Tape tum usually re-
mains unaffected. As choroiditis severe enough to evoke 
these lesions will a lmost invariably have involved ret ina 
and retinal pigment epithel ium, the residual scar will in-
volve these s t ructures . Chorioret inal scars are seen as 
focal fibrous chorioretinal adhes ions in place of normal 
retinal pigment epithelium. Because these scars prevent 
the involved retina from separat ing as part of processing 
artifact, they frequently appear as " s p o t w e l d s " along an 
otherwise artifactually de tached ret ina. Retinal pigment 
epithelium may be hyper t rophic or hyperplas t ic , particu-
larly if retina has been chronically separated by choroidal 
effusion. The fibroblastlike cells forming the scar may be 
derived from retinal Müller cells, choroidal fibroblasts, or 
metaplasia of retinal pigment epithel ium, the last being the 
major source . 

Cataract is a common sequel to uveit is , ei ther as a result 
of uveal adhesions to lens surface, al tered aqueous flow 
with lenticular malnutr i t ion, exposure to injurious in-
flammatory by-products , or increased aqueous pressure 
in postinflammatory glaucoma. 

Phthisis buibi descr ibes a hypotonic , shrunken, s truc-
turally disorganized eye that is the end stage of severe 
ophthalmit is . Phthisis is seen most commonly as a sequel 
to severe prolonged suppurat ive septic ophthalmitis from 
corneal perforation. Cornea and sclera are thickened by 
fibrosis and leukocytic infiltration, and ocular content is 
barely recognizable. Mineralization and even ossification 
may occur , but cartilage is absent (unlike that in congeni-
tally dysplast ic globes) . A shrunken, end-stage eye that 
contains ocular s t ructures with at least recognizable orien-
tation is properly te rmed atrophia bulbi. The te rm is sel-
dom used, but a t rophia is much more common than true 
phthisis bulbi. 
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/. Immune-Mediated Uveitis 

The humoral and cellular even ts of immunologic reac-
tion may occur within the eye in response to endogenous 
or exogenous ant igen. The normal eye contains no 
lymphoid t issue and, following initial antigenic challenge, 
must rely on diffusion of antigen to the spleen before 
effector lymphocytes enter the eye . The lymphocytes do 
so as per ivascular aggregates throughout the uvea . Sub-
sequent exposure to the sensitizing antigen results in 
one or several of hypersensi t ivi ty react ions I through IV. 
For reasons previously stated (see anter ior chamber-
associated immune deviat ion) , it is likely that the pro-
longed disruption of the b l o o d - e y e barr ier following any 
uveitis al lows a variety of circulating antigens to contact 
the polyclonal lymphoid populat ion newly established 
within the uvea , and perpe tua te the uveit is . 

There is no clear distinction be tween immune-mediated 
uveitis and uveitis traditionally ascr ibed to a specific caus-
ative agent . Excep t for rapidly progressing bacterial uve-
itis following hematogenous localization or penetrat ing 
injury, virtually all uveitis probably has an immune com-
ponent super imposed on initial nonspecific inflammation. 
Even t raumat ic uveitis probably permits unusually large 
amoun t s of endogenous ocular ant igens to enter venous 
drainage and to reach the spleen and o ther lymphoid tis-
sue . Types III and IV hypersensi t ivi ty have been induced 
in various laboratory animals using tissue-specific antigens 
of photorecep tor , uveal , lens , and corneal origin. Lens -
induced uveitis and an idiopathic uveitis associated with 
dermal depigmentat ion in dogs (the so-called V o g t - K o y a -
n a g i - H a r a d a syndrome) are naturally occurr ing examples 
of uveitis induced by endogenous ocular ant igens . Recent 
demonst ra t ion of strong cross-react ivi ty be tween leptospi-
ral ant igens and equine corneal endothel ium serves to 
further obscure the distinction be tween infectious and im-
mune-media ted ocular d isease . 

Included in this section are those diseases that are ex-
clusively or predominant ly immune media ted . In general , 
all are chronic , nonsuppura t ive , and diffuse affections of 
the uvea in which the infiltrating leukocytes are predomi-
nantly lymphocytes and p lasma cells in per ivascular col-
lars. Clinically, they are ei ther cont inuously progressive 
syndromes or subject to periodic irregular clinical exacer-
bat ions and remiss ions . The histologic lesion is continu-
ously present , and may eventual ly lead to the formation 
of uveal lymphoid nodules . 

Examples of immune-media ted uveitis should be di-
vided into those in which the antigen is known by cul ture , 
morphology, or his tory, and those of unknown cause . In 
the former category are many examples of viral, mycot ic , 
p ro tozoan , and helminthic uveit is , postvaccinal uveitis in 
dogs , and at least some cases of recurrent ophthalmit is in 
horses . The idiopathic group includes the majority of ca-
nine and feline cases . Lens- induced uveitis is a frequent 
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and special syndrome that is, at least in part , a manifesta-
tion of endogenous uveitis. 

a. C A N I N E A D E N O V I R U S Infectious canine hepatitis vi-
rus (canine adenovirus , type 1 ) is the bes t -documented 
cause of immune-mediated uveitis in domest ic animals . 
The systemic disease is discussed in Volume 2, Chapter 
2, Liver and Biliary System. During the acute viral stage 
of the d isease , viral replication within endothel ium and 
stromal phagocytes of the uvea results in a primary mild 
nonsuppurat ive uveitis that usually is clinically unde-
tected. Inoculation of field virus into the anterior chamber 
of dogs and foxes may result in viral inclusion bodies 
within corneal endothel ium and subsequent edema, but 
edema is not a feature of the act ive stage of naturally 
occurring disease . During the convalescent phase of the 
disease , or 6 - 7 days after vaccinat ion with a modified live 
virus, a small percentage of dogs develop anter ior uveit is , 
endothelial damage , and corneal edema that is a manifesta-
tion of type III hypersensit ivity to persistent viral antigen 
in which complement fixation at t racts neutrophi ls . The 
proteases of neutrophils are responsible for the cell injury. 

The histologic lesion is bilateral but not usually of equal 
intensity so that clinically apparent disease may be unilat-
eral . Corneal edema results from diffuse hydropic degen-
eration of corneal endothel ium and secondary stromal 
edema. In a small percentage of affected dogs , the damage 
is so persistent as to cause interstitial keratit is and perma-
nent fibrosis. Whether this sequel results from unusually 
persistent antigen, unusually severe endothelial damage 
or age-dependent variation in endothelial regenerat ive 
ability is unknown. Intranuclear inclusion bodies of adeno-
virus type may be seen in a few degenerate endothelial 
cells. There is an accompanying anter ior uveit is , with 
lymphocytes and plasma cells a round vessels in iris and 
ciliary body, in the filtration angle, and adherent to cornea 
as keratic precipi tates . Choroidal involvement is mild or 
absent . Sequelae such as synechia or angle obstruct ion 
with debris are infrequent, occurring in fewer than 5% of 
affected eyes . In most dogs , whether recovering from 
natural or vaccine-induced infection, the ocular react ion 
subsides within 3 to 4 weeks . 

b . E Q U I N E R E C U R R E N T O P H T H A L M I T I S ( P E R I O D I C O P H -

T H A L M I A ) This is a worldwide and important cause of 
blindness in horses and mules . The blindness results from 
repeated a t tacks of anterior uveitis occurring at unpredict-
able intervals and with increasing severi ty. With each 
at tack there is increasing involvement of poster ior uvea , 
retina, and optic nerve , and increasingly frequent sequelae 
of ca taract , lens luxation, synechiae , retinal separat ion, 
and interstitial kerati t is . Despite the frequent observat ion 
of posterior synechiae, g laucoma is rarely repor ted. It is 
speculated that aqueous drainage in horses relies less on 
the t rabecular meshwork and more on uveal resorption 
than is t rue of dogs or ca ts . The disease may initially be 
unilateral but eventually affects both eyes . Blindness is 

usually a late sequel , but may occur early in the disease if 
exudat ive choroidit is causes retinal separat ion. 

Gross lesions of the acute disease are typical of anter ior 
uveitis in any species: serous conjunctivitis, Chemosis, 
circumcorneal ciliary hyperemia , corneal edema, and plas-
moid aqueous and vi t reous , with fibrin and leukocytes 
in the aqueous . Clinically, such animals are often sys-
temically ill as de tec ted by fever, decreased appet i te , 
and depress ion . Lacr imat ion and photophobia are usually 
marked . Subsequent a t tacks tend to become increasingly 
severe , and resolution of the gross lesions be tween a t tacks 
is less comple te . Such horses , during the quiescent period, 
may have one or more of peripheral corneal vasculariza-
tion with fibrosis and persis tent edema; irregular thick-
ening and pigmentat ion of iris; multiple poster ior synech-
iae; pa tchy residual uveal pigment on lens capsule ; and 
peripapillary retinal hyperreflectivity suggesting retinal 
scarring. 

The microscopic lesions depend on the stage of the 
disease and represent a cont inuum from anter ior uveitis 
to endophthalmit is with retinal scarring, or even phthisis 
bulbi. The earliest lesion is anter ior uveal inflammation 
that is transiently neutrophil ic but rapidly becomes pre-
dominant ly lymphocyt ic . Ciliary p rocesses are most obvi-
ously affected. E d e m a , fibrin, and leukocytes distend the 
s t roma, and PAS-posit ive hyaline material obscures the 
nonpigmented epithelium (Fig. 4.33). Leukocy tes and fi-
brin lie in the anter ior chamber and in the filtration angle. 
In the eyes of horses with a history of several a t tacks of 
uveit is , the exudate in act ive phases of the disease is 
almost purely lymphocyt ic -p lasmacyt ic and is found 
about vessels of choroid, ret ina, and optic nerve as well 
as anter ior uvea (Fig. 4.34A). Peripheral corneal vasculari-
zat ion, both from conjunctival and limbic ciliary vessels , 
becomes increasingly prominent and ex tends farther to-
ward the center of the cornea (Fig. 4.34B). E d e m a accom-
panies the newly formed vessels . The chorioretinit is may 
be sufficiently exudat ive to cause multifocal retinal separa-
tion. As these severe uveal lesions regress during clinically 
quiescent per iods , they leave behind character is t ic resid-
ual changes . Relatively early in the disease there is the 
development of per ivascular lymphoid aggregates in iris 
and ciliary body , which persist and may even form true 
lymphoid nodules (Fig. 4 .34C,D). The ciliary p rocesses 
may remain thickened by fibrous organizat ion of s tromal 
edema , and a hyaline membrane often seems to cover the 
ciliary epithelium. This material , in fact, lies within the 
apical cytoplasm of the nonpigmented ciliary epithelium 
and may be the histologic counterpar t of crystall ine pro-
tein inclusions seen in this epithelium ul t rastructural ly . 
Small blood vessels persist along corneal s t romal lamellae, 
and there is subtle fibrous disorganization of the s t roma, 
the result of previous edema. Peripapillary chorioret inal 
scarring is seen as focal retinal pho torecep tor loss , j um-
bling of layers , and gliosis. Adjacent retinal p igment epi-
thelium may be hyper t rophic or hyperplas t ic , and a focal 
cluster of lymphocytes in the nearby choroid is c o m m o n . 

Choroidal vessels are unusually thick-walled due to 
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Fig. 4.34A Choroiditis and inflammatory infiltrate of pars 
plana. Equine recurrent ophthalmitis. 

Fig. 4.33 Hyalinization of inner nonpigmented ciliary epithe-
lium. Equine recurrent ophthalmitis. 

edema or fibrin, the latter probably analogous to the hya-
linization descr ibed in several repor ts . Increased vascular 
permeabili ty persists even in quiescent per iods , with loss 
of the b l o o d - a q u e o u s barr ier demons t ra ted by fluorescein 
angiography. Whether or not this vascular alteration par-
ticipates in the perpetuat ion of the uveitis is unknown, but 
it is known that such al terat ions predispose to localization 
of circulating immune complexes and subsequent type III 
hypersensit ivi ty-induced inflammation (Auer react ion) . 

Focal retinal de tachments may reat tach by fibrous orga-
nization of subretinal exudate or may progress to total 
separation with a barely recognizable retina adherent to 
posterior lens capsule . Gliosis and lymphocyt ic aggregates 
may be found within proximal optic nerve . Scarring in 
optic disk and adjacent ret ina often is clinically obvious 
and may occur in horses with no o ther lesions of uveit is , 
leading to speculat ion that it is not really linked to , or at 
least not specific for, equine recurrent uveit is . Les ions 
of such sequelae as ca tarac t , chronic conjunctivitis, and 
glaucoma are descr ibed e l sewhere . 

The causes and pathogenesis of recurrent equine oph-
thalmitis have not been intensively studied, in contras t to 
the abundance of opinion expressed in reviews or tex ts . 
The almost universal opinion is that the disease is the 

result of hypersensi t ivi ty to exogenous antigen. The most 
frequently cited antigens are Leptospira and dead microfi-
lariae of Onchocerca cervicalis. The recent demonst ra t ion 
of antigenic cross-react ion be tween equine corneal endo-
thelium and several common leptospiral serovars suggests 
that accidental auto immuni ty may part icipate in some of 
the lesions. Cross-react ion with o ther ocular ant igens has 
not been studied, but the repeated observat ion that lesion 
deve lopment follows the deve lopment of serum or aque-
ous ant ibody ti ters to Leptospira makes an immune patho-
genesis very likely for this disease syndrome . 

There seems little doubt that Leptospira, particularly 
L. pomona, can initiate uveitis in horses and in humans . 
In both species the uveitis develops as a sequel to 
infection, delayed by weeks or years . The initial suspi-
cion of this associat ion was the observa t ion , as early as 
1948, that horses with uveitis frequently had very high 
serum and aqueous agglutination ti ters against L. po-
mona. This observat ion has since been repeatedly con-
firmed, and has been suppor ted by the observat ion of 
uveitis in 22 of 36 eyes of Shet land ponies inoculated 
subcutaneously with small numbers of L. pomona. All 
ponies underwent subsequent leptospiremia, but none 
developed ocular lesions until 50 weeks after inoculation. 
The lesions were typical of anter ior uveit is , and six eyes 
progressed to phthisis bulbi after repeated bouts of 
uveit is . In 18 eyes there were central retinal scars typical 
of the naturally occurr ing disease . Although there seems 
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Fig. 4.34B Peripheral corneal stromal vascularization and 
subtle fibrosis in a horse with equine recurrent ophthalmitis. 

little doubt that hypersensit ivity to L. pomona can cause 
the syndrome of equine recurrent ophthalmit is , it is 
unlikely to be the only cause . In a recent survey in 
Florida, only 1 of 10 horses with uveitis had a positive 
microagglutination titer against L. pomona. Eight had 
cutaneous onchocercias is , but that was not significantly 
different from the overall 60% prevalence of that parasi te 
in the sample populat ion. Typical of the long-standing 
controversy about this disease is a 1990 survey of horses 
with uveitis in Virginia and Maryland, in which 52 of 
80 affected horses had positive serum titers to one or 
more leptospiral se rovars , and a statistically significant 
associat ion be tween uveitis and positive titer was found 
for the serovars pomona and autumnalis. 

Onchocerca cervicalis infection of the eye is considered 
briefly with helminthic uveit is . React ion to dead microfi-
lariae within uveal t issues is considered by some an im-
portant cause of equine recurrent uveit is , al though the 
high prevalence of this parasi te in the horse populat ion 
makes such claims difficult to support statistically. The 
enthusiasm for this pathogenesis may be generated, in 
part , by the importance of onchocercias is as a leading 
cause of blinding keratit is in people . 

c. B O V I N E M A L I G N A N T C A T A R R H A L F E V E R - A S S O C I A T E D 

U V E I T I S The presence of severe uveitis is an important 
clue in the clinical differentiation of malignant catarrhal 
fever from other bovine systemic d isorders , particularly 

Fig. 4.34C Equine recurrent ophthalmitis. Lymphoid nod-
ules in iris stroma. 

from mucosal d isease . The histologic lesions within the 
eye resemble those e lsewhere in the body: arterial necrosis 
and per ivascular and intramural lymphocyt ic accumula-
t ions. The presence of mitotic figures among the lymphoid 
cells is dist inctive. The arteritis usually is most obvious in 
the iris, but may be seen affecting arterioles or venules in 
retina, choroid, meninges of optic ne rve , or even periph-
eral cornea . There is marked corneal edema with a ring of 
peripheral corneal s tromal vascularizat ion, clinically seen 
as a dark red circumferential brush border of straight ves-
sels in the perilimbal cornea . Blood vessels in the conjunc-
tiva and even in the newly vascularized cornea may be 
targets for the d isease , so that the edema and hemorrhage 
of vessel injury are added to the nonspecific lesions of 
conjunctivitis and peripheral keratit is that accompany 
uveitis of any cause in all species . 

Infiltration of lymphocytes among corneal endothelial 
cells is associated with pa tchy necrosis of that layer, which 
may also contr ibute to the corneal edema (Fig. 4.35). 
A layer of mononuclear leukocytes enmeshed in fibrin 
often is adherent to the aqueous face of the corneal endo-
thelium. 

Even the very early lesions are lymphocyt ic . In vessels 
the first changes involve subendothelial and adventi t ial 
lymphocyt ic and lymphoblast ic accumulat ion, with lit-
tle necrosis . Despite long-standing speculat ion for an 
immune-complex pathogenesis for the vasculi t is , proof is 
lacking. Deposit ion of immunoglobulin or complemen t is 
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Fig. 4.34D Equine recurrent ophthalmitis. Lymphoid nod-
ules in iris stroma. 

not a significant feature of the vascular lesion within the 
eye , and a Τ cel l -dependent , type IV immune pathogenesis 
has been suggested. 

d. F E L I N E I N F E C T I O U S P E R I T O N I T I S - A S S O C I A T E D U V E -

ITIS The Coronavirus of feline infectious peritonitis 
causes diffuse uveitis that is probably immune mediated 
(see Volume 2, Chap te r 4, The Per i toneum). The fre-
quency of ocular lesions is unknown because the eyes are 
not regularly examined in cats with the disease . Es t imates 
based on clinical examinat ion range from about 10% in an 
outbreak to 50% of unselected clinical cases . Most cats 
which die of the disease have ocular involvement as de-
tected by coagulation of aqueous with acidic fixatives (in-
dicating increased aqueous protein) . The histologic evi-
dence for inflammation in some eyes may be subtle indeed, 
and such eyes usually reach pos tmor tem without clinically 
detected uveit is . Converse ly , some cats develop severe 
uveitis at tr ibuted to this virus by clinical, serologic, or 
histologic evaluat ion, without concurren t evidence of the 
disease e lsewhere . 

The typical histologic lesion, as is the case e lsewhere 
in the body, varies with t ime and location. The leukocytic 
infiltration is most extensive in ciliary body and adjacent 
limbic sclera, and is usually a ra ther even mixture of neu-
trophils, lymphocytes , p lasma cells, and macrophages . In 
some eyes the infiltrate is purely hist iocytic. The inflam-
matory cell population often becomes more purely 

Fig. 4.35 Lymphocytes as part of a presumed immune-
mediated endothelialitis obscure the few remaining corneal endo-
thelial cells. Bovine malignant catarrhal fever. 

lymphoid in the choroid and more neutrophil ic in the ante-
rior chamber . Per ivascular lymphocy t i c -p lasmacy t i c ag-
gregates are common in re t robulbar connect ive t issue and 
in the optic nerve sheath , and in the ret ina. In the retina 
the accumula t ions are larger and are more likely to involve 
a t rue phlebitis than is the case with the subtle per ivascular 
retinitis that is a frequent and nonspecific accompaniment 
to most forms of anter ior uvei t is . Sequelae to the uveitis 
are rarely seen, ei ther because the ca ts are in the late 
stages of the disease when ocular lesions are examined or 
because euthanas ia halts its progress ion. Retinal separa-
tion with serous subretinal exuda te is occasionally ob-
served. The presence of large globular accumulat ions of 
macrophages and neutrophils adheren t to the corneal en-
dothel ium (keratic precipitates) is an important clinical 
hallmark of the d isease , and is useful histologically as well. 
Neutrophi l ic endotheliali t is with severe corneal edema 
may also occur . 

e. I D I O P A T H I C L Y M P H O C Y T I C U V E I T I S O F D O G S A N D 

C A T S Chronic lymphocy t i c -p lasmacy t i c uveitis is fre-
quent in dogs and ca ts . Most cases are of unknown cause , 
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in that affected animals are otherwise heal thy, the eye 
itself contains no visible causal agent , and serologic tests 
are inconclusive. The last point is the most hotly deba ted , 
particularly for ca ts , in which there is serologic evidence 
for involvement of toxoplasmosis or feline immunodefi-
ciency virus in the pathogenesis of the uveit is . Other stud-
ies still conclude that about 80% of all uveitis in cats is of 
unknown cause , but many cats had not been tested for 
antibody to the immunodeficiency virus. 

The lesions are similar in dogs and ca ts . Perivascular 
accumulat ions of lymphocytes and plasma cells are seen 
throughout the uvea and, with less regularity, around small 
vessels in the retina. Ciliary body tends to have the great-
est accumulat ion. Format ion of lymphoid nodules may 
occur in chronic and severe cases , and for unknown rea-
sons , these are seen much more often in cats than in dogs. 
The presence of this lymphonodular anterior uveitis is 
highly correlated with the development of glaucoma in 
cats but not in dogs (see succeeding sections). 

Idiopathic lymphocytic uveitis is presumed to be im-
mune mediated, but the identity of the antigen or antigens 
is unknown. In dogs the lesion may be confused with 
the mild uveitis that accompanies maturing cataracts (see 
Phacolytic Uveit is) , while in cats the alternative diagnoses 
include feline infectious peritonit is , toxoplasmosis , and 
lymphoma. 

f. G R A N U L O M A T O U S U V E I T I S IN D O G S ( V O G T - K O Y A -

N A G I - H A R A D A S Y N D R O M E ) Despite the exotic-sound-

ing name , this disease is relatively frequent in those areas 
in which the most susceptible breeds (Akitas , Siberian 
huskies , Samoyeds) are popular . The clinical syndrome of 
facial dermal depigmentat ion and severe bilateral uveitis 
is dist inctive, although many dogs examined for the uveitis 
are not noted to have skin lesions. The canine syndrome 
closely parallels the human disease , except for the enceph-
alitis that is the least frequent part of the human syndrome 
and has not been confirmed in dogs . The human disease 
is most prevalent in Asians ; the predilection in dogs for the 
Japanese Akita is a fascinating but unexplained parallel. 

The histologic lesion is a destruct ive granulomatous 
endophthalmit is with abundant dispersal of melanin. The 
melanin-laden retinal pigmented epithelium seems to be 
especially susceptible. Retinal de tachment and des t ruc-
tive granulomatous inflammation are seen in advanced 
cases . The lesion is distinguished from the more prevalent 
systemic mycot ic diseases by the predilection for pig-
mented t issues within the eye , the lack of visceral involve-
ment , and the distinctive skin lesions, if they are present 
(see Chapter 5, The Skin and Appendages) . 

The pathogenesis of the human disease is thought to 
involve cell-mediated immune reaction to uveal (or epider-
mal) melanin. 
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g. L E N S - I N D U C E D U V E I T I S Uveit is in response to leak-
age of lens material is seen in all species , but is most 
frequent by far in dogs . The te rm lens-induced uveitis 
encompasses two very different syndromes—phacoly t ic 
and phacoclast ic uvei t i s—that differ markedly in clinical 
severi ty, in his topathology, and in pathogenesis . 

Phacolytic uveitis is a mild lymphocy t ic -p lasmacy t ic 
anterior uveitis that occurs in response to the leakage of 
denatured lens protein through an intact lens capsule , 
which occurs regularly in the course of maturat ion of 
ca taracts toward total fiber liquefaction. The inflammation 
is readily controlled by routine therapy, so the pathologist 
is likely to encounte r this lesion only as an incidental 
finding in eyes with hypermature cataracts that were enu-
cleated for reasons unrelated to the uveit is . The lesion 
is identical to that descr ibed for idiopathic ( immune-
mediated) uveit is , except it is a lways mild. Its pa thogene-
sis is unknown . The lens leaks small dena tured lens pro-
teins that are not immunogenic but a re , pe rhaps , direct 
inflammatory st imulants with lymphocyt ic chemotac t ic 
proper t ies . 

Phacoclastic uveitis is, at least histologically, a more 
complicated disease that follows rupture of a normal lens 
in an unknown percentage of cases . The rupture is usually 
from corneal penetra t ion by a thorn , quill, bul let , or cat 
claw, and thus usually is of the anter ior capsu le . The 
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clinical syndrome is dist inctive: corneal perforation and 
mild t raumatic uveitis that are successfully managed by 
conventional therapy, followed by the sudden reappear-
ance of a severe , intractable uveitis 10-14 days after the 
initial injury. Poor response to medical therapy and the 
eventual development of g laucoma or phthisis bulbi 
prompt enucleat ion, so that phacoclast ic uveitis is one of 
the most prevalent ocular d iseases to be submit ted for 
histologic examinat ion. 

The macroscopic changes in the bisected globe are diag-
nostic: the lens is flattened in its an teroposter ior dimen-
sion, and there frequently is a wedge of opacification ex-
tending from the anterior capsule toward the nucleus (Fig. 
4.36A). Usually there is poster ior synechia , iris bombé , 
and the various o ther lesions of any severe uveitis (Fig. 
4.36B). 

The histologic lesions vary considerably depending on 
duration and, probably , on the amount of lens protein that 
escaped through the rupture site. There are often complex 
lesions that result from a combinat ion of the direct effects 
of t rauma, immunologic react ion to massive release of 
lens protein, reparat ive proliferation of metaplast ic lens 
and /or iridociliary epithel ium, and possible contr ibut ions 
by corneal wound healing, sepsis , and glaucoma. 

The simplest and presumably earliest lesion of pha-
coclastic uveitis occurs at the site of capsular perforation. 

Fig. 4.36B Phacoclastic uveitis with posterior synechiae, iris 
bombe, and a serous endophthalmitis with complete retinal de-
tachment. Note continuity between transcorneal scar and perilen-
ticular fibroplasia. 

Fig. 4.36A Posterior synechia, iris bombe, and glaucomatous 
cupping of optic disk following traumatic corneal and lenticular 
perforation. The anterior-posterior flattening of the liquified lens 
is typical. 

The edges of the capsule are re t rac ted and coiled ou tward , 
and a wedge of neutrophils and liquified lens material 
ex tends from the perforation toward the nucleus . The 
inflammation outs ide of the lens is usually distinctly peri-
lenticular and involves a mixture of neutrophils and mac-
rophages in the anter ior and poster ior chamber s , and a 
lymphocyte-dominated react ion within the uveal s t roma. 

Older lesions (which predomina te in most enucleated 
globes) are dominated by the perilenticular proliferative 
changes of wound repair . There is proliferation and fibro-
blastic metaplasia of lens epithelium adjacent to the perfo-
rat ion, which escapes from the lens to ramify over the lens 
surface and frequently incorpora tes lens , ciliary pro-
cesses , and iris leaves into a large fibrous mass that ob-
structs aqueous outflow. Metaplasia of ciliary epithelium 
or recrui tment of fibroblasts from uveal s t roma may con-
tribute to the proliferation (Fig. 4.37). Many such speci-
mens contain little evidence of inflammation other than 
the fibroplasia, probably because of very extens ive antiin-
flammatory therapy that is , in hindsight, useless against 
the proliferative events that d o o m the eye to glaucoma or 
phthisis . 

Phacoclast ic uveitis is an important complicat ion of 
cataract surgery in which fragments of lens cor tex or epi-
thelium may be left in the eye . These initiate the same 
inflammatory and proliferative react ion as descr ibed , and 
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Fig. 4.37 Phacoclastic uveitis. Severed ends of anterior lens 
capsule (arrow) are fimbriated. Typical fibrous proliferation fuses 
cataractous lens to the (pigmented) iris. 

the complicat ions are as refractory to conventional antiin-
flammatory therapy as is the naturally occurring disease . 

The immune pathogenesis of phacoclast ic uveitis has 
been extensively studied, but with no universally accepted 
conclusion. The current theory is that the release of mas-
sive amounts of lens protein antigen overwhelms the 
splenic T-cell tolerance to small amounts of lens antigen. 
Recrui tment of lens-sensitized lymphocytes into the peri-
lenticular uvea then initiates both the pyogranulomatous 
perilenticular inflammation and the proliferative events of 
healing that , unfortunately, doom the eye . This pathogene-
sis, if t rue , explains the typical delay be tween injury and 
react ion, and why rapid surgical removal of lens is preven-
tive. It may also explain the unpredictabili ty of phacoclas-
tic uveit is , especially following small perforations in pup-
pies, which seem often to heal uneventfully. Even in adult 
dogs the disease is unpredictable , so owne r s ' quest ions 
about the risk of phacoclast ic uveitis as the justification 
for surgical removal of a perforated lens cannot be an-
swered with cer ta inty. One recent study found lens re-
moval shortly after perforation prevented serious compli-
cations in 6 of 7 dogs thus t reated, whereas 5 of 6 dogs 

t reated with aggressive medical therapy lost the eye to 
complicat ions of the uveit is . 

T w o interesting variat ions on what is basically a canine 
scheme are seen in rabbits and ca t s . Rabbi ts suffer what 
appears to be spontaneous lens capsule rupture of a pre-
viously normal lens. The response is a well-contained 
perilenticular granulomatous inflammation very similar to 
human phacoanaphylact ic uvei t is . Cats occasionally de-
velop lesions similar to those in dogs , but also develop a 
unique feline primary intraocular pleomorphic sa rcoma 
that may arise from metaplast ic lens epithelium or from 
other t ransformed epithelial e lements in the reparat ive 
reaction (see Feline Primary Ocular Sarcoma) . 
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2 . Endophthalmitis 

a. B A C T E R I A L E N D O P H T H A L M I T I S Bacter ia may enter 

the eye hematogenously or via penetrat ing wounds . Those 
arriving hematogenously cause their initial lesion in ciliary 
body or, less frequently, in choroid. Those arising via 
penetrat ion usually incite the initial react ion in anter ior 
chamber , particularly if the penetra t ion is via perforation 
of an ulcerative kerat i t is . Most are suppura t ive , and their 
extent and severi ty vary with the size of inoculum, viru-
lence of the agent , and host response and its durat ion. 

The list of organisms capable of causing endophthal -
mitis is long. It is probably t rue that any bacter ium capable 
of bacteremia or septicemia can cause endophthalmi t is . 
Particularly prominent are the s t reptococci and coliforms 
in neonatal septicemia (Fig. 4.38). The failure to detec t 
ocular lesions in such animals is more often the result of 
the brief, fatal course of the disease than of specific ocular 
res is tance. The ocular lesion may be very mild, be t te r 
detected by opacification of the plasmoid aqueous in 
Bouin ' s or Zenke r ' s fixative than by histologic examina-
tion. Histology may reveal only edema of ciliary p rocesses 
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Fig. 4.38 Acute streptococcal Ophthalmitis with corneal 
edema and hypopyon. Calf. 

with a few neutrophils along the capillary endothel ium or 
enmeshed in filaments among ciliary p rocesses . The best-
known bovine septicemic d isease , infectious thrombot ic 
meningoencephali t is , is seen as focal ra ther than diffuse 
chorioretinit is . 

Except ions to the generalization that bacterial endoph-
thalmitis is suppurat ive occur if infection is caused by 
bacteria which, in o ther t i ssues , incite lymphocyt ic or 
even granulomatous inflammation. Ocular tuberculosis is 
largely of historical interest . It occur red as part of general-
ized systemic d isease , and the typical tubercles were most 
numerous in the choroid. Mycobacterium tuberculosis 
var. bovis was the usual isolate except in ca t s , in which 
the human strain was common (Fig. 4.39). In ca t s , ocular 
tuberculosis may also occur as keratoconjunctivit is with-
out uveal involvement . 

Brucella canis may cause chronic lymphocyt ic endoph-
thalmitis that is probably immunologically mediated. Ag-
glutinating titers for B. canis antigen in aqueous exceed 
those of serum, and the ocular lesions are similar to those 
of equine recurrent ophthalmit is . 

Listeria monocytogenes often causes endophthalmit is 
in associat ion with meningoencephali t is in ruminants (see 
Chapter 3, The N e r v o u s Sys tem) . The condit ion is unilat-
eral , and the pathogenesis is obscure . 

Uveitis caused by the rickettsias of Rocky Mountain 
spotted fever and ehrlichiosis a re discussed under Reti-
nitis. 

b . M Y C O T I C E N D O P H T H A L M I T I S Fungi may affect the 

eye as causes of kerati t is , orbital cellulitis, or endophthal -
mitis. Only rarely do the fungi causing keratitis or orbital 
infection penetra te the fibrous tunic to cause intraocular 
disease. However , hematogenous uveal localization is 
rather common in the course of systemic mycoses caused 
by Cryptococcus neoformans and Blastomyces dermati-

Fig. 4.39 Tuberculous ophthalmitis. Cat. Exudate in vitreous 
and detaching retina (arrows). 

tidis and , less regularly, with Coccidioides immitis and 
Histoplasma capsulatum. In immunodeficient animals , 
one might expect occasionally to detect endophthalmit is 
as part of general ized disease caused by saprophyt ic fungi 
such as Aspergillus or Candida. 

The frequency with which endophthalmit is accompa-
nies systemic mycosis is unknown and probably varies 
with the specific agent , the species affected, and whether 
the disease is in an endemic area or is a sporadic occur-
rence . Hematogenous ocular mycosis is found almost ex-
clusively in dogs , except for c ryp tococcos i s , which is 
more c o m m o n in ca t s . Blastomyces and Cryptococcus are 
more likely to invade the eye in the course of generalized 
infection than are Coccidioides o r Histoplasma, and oc-
currence in nonendemic a reas is strongly linked to pro-
longed systemic cort icosteroid therapy . Involvement is 
bilateral but not necessari ly equal . Blas tomycos is , c rypto-
coccos is , and coccidioidomycosis are discussed with the 
Respiratory Sys tem (Volume 2, Chap te r 6), and histoplas-
mosis with the Hematopoie t ic Sys tem (Volume 3, Chap-
ter 2). 

Blastomycosis is the most frequently repor ted cause of 
intraocular mycosis in dogs . It is rare in ca t s . Be tween 20 
and 26% of dogs with the systemic disease are blind or 
have grossly observed ocular les ions, suggesting that in-
t raocular involvement would be recognized more often if 
histologic examinat ions were routinely done . The clinical 
ocular disease is severe diffuse uveit is , frequently with 
retinal separat ion. 
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Fig. 4.40A Subretinal exudate containing Blastomyces der-
matitidis. Dog receiving long-term corticosteroid therapy. 

The histologic appearance is of diffuse pyogranuloma-
tous or granulomatous endophthalmit is with retinitis, exu-
dative retinal separat ion, and commonly , granulomatous 
optic neurit is. Choroiditis is often more pronounced than 
is the anterior uveit is . The greatest accumulat ion of leuko-
cytes often is in the subretinal space enlarged by exudat ive 
retinal de tachment . The causat ive diagnosis depends on 
the demonstra t ion of the spherical-to-oval, thick-walled 
yeasts in vi treous aspirates or in the histologic section. 
They are usually most numerous in the subretinal exuda te , 
but are rare in anterior chamber or in retina itself (Fig. 
4.40A). The organisms are free or within macrophages , 
are 5-20 μτη in d iameter and show occasional broad-based 
budding. Ex t remes in sizes may result in yeasts from 2 to 
30 μιη in diameter . The eye may, in addit ion, have the full 
spectrum of corneal , lenticular, and glaucomatous se-
quelae , as expected of any severe uveit is . Panophthalmit is 
with orbital cellulitis is seen in about one third of enucle-
ated globes. 

Cryptococcosis is similar to blas tomycosis in that the 
lesions are predominantly within retina, choroid, and optic 
nerve . However , infection of the eye may arise either 
hematogenously or by extension from the brain via optic 
nerves , and lesions are often conspicuously lacking in 
cellular host react ion. Large collections of poorly stained 
pleomorphic yeas ts , surrounded by wide capsular halos, 
impart a typical soap-bubble appearance to the histo-
logic lesions (Fig. 4.40B). The yeasts vary in size, but 

Fig. 4.40B Retinal separation and focal necrotic retinitis. Cat, 
Cryptococcus. Note soap-bubble appearance (arrow) and mini-
mal host reaction. 

most are 4 - 4 0 μ,πι in d iameter . Round , oval , and crescent ic 
forms are seen. In some animals , however , a granuloma-
tous react ion mimicking that of blas tomycosis can be 
found. In such lesions the organism typically is scarce . 

The frequency with which Coccidioides immitis infects 
the eye appears to be low, —2%, despite the prevalence of 
generalized infection in endemic areas . The ocular lesion 
resembles blas tomycosis in that pyogranulomatous reac-
tion occurs around fungal spherules . The reaction is pre-
dominantly purulent a round newly ruptured spherules , 
gradually becoming granulomatous as the released endo-
spores mature . The lesion tends to be more dest ruct ive 
than o ther mycoses , usually spreading to involve sclera 
and even episclera in a suppurat ive panophthalmit is . 

Histoplasma capsulatum is a common cause of general-
ized mycosis in dogs but is rare in other domest ic species . 
It has a predilection for lymphoid tissue and o ther t issues 
rich in phagocytes such as lung and liver, and perhaps this 
preference accounts for the paucity of ocular involvement 
in spontaneous d isease . In dogs and cats infiltrative cho-
roiditis or panuvei t is occurs and is dominated by p lasma 
cells and by macrophages filled with the organisms. Reti-
nal separat ion, plasmoid vi t reous , and optic neuritis also 
develop . The reaction tends to target the choroid , and to 
be less destruct ive than ei ther blas tomycosis or coccidioi-
domycos is . 

Prototheca are colorless saprophyt ic algae capable of 
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causing enter ic , cu taneous , m a m m a r y , or generalized 
granulomatous disease in a variety of mammalian species . 
Ocular lesions have been descr ibed only in dogs with the 
disseminated form of the disease . The lesions are bilateral 
and may vary from lymphocyt ic -p lasmacyt ic to granulo-
matous panuveit is with optic neuritis and exudat ive retinal 
separat ion. The host response is usually quite mild. The 
lesions resemble ocular mycos is , particularly c ryptococ-
cosis , and are distinguished only by the observat ion of the 
pleomorphic algae. In histologic sect ion, the algae are free 
or within phagocytes . The organisms are spherical to oval , 
from 2 to 20 μπι in d iameter with a refractile, PAS-posit ive 
and argyrophilic cellulosic cell wall. Each cell consists 
of granular , weakly basophilic cytoplasm surrounding a 
central nucleus . Prototheca p roduces by asexual multiple 
fission, so that multiple daughter cells form within a single 
cell wall. One or two cycles of nuclear division without 
cytoplasmic cleavage may produce transient multinucle-
ated cells before eventual cytoplasmic division results in 
up to eight daughter cells. Each daughter cell acquires a 
capsule , resulting in a parent cell cr isscrossed by sep-
tations that represent the cell walls of maturing daughter 
cells. Rupture of the parent cell wall releases the unicellu-
lar au tospores . Col lapsed, crumpled, and seemingly 
empty cell walls are visible in histologic section. There is 
no budding as with Blastomyces and Cryptococcus. 

Those canine isolates that were definitively identified 
were P. zopfii. An enteric route of entry is probable inas-
much as necrot ic enterit is is a feature of the disease (see 
Volume 2, Chapte r 1, The Alimentary System). Immuno-
deficiency may be prerequisi te for dissemination of the 
organism. Les ions are found in many visceral o rgans , 
skin, and lymph nodes in most cases . The reaction is 
granulomatous but is usually minimal in compar ison to the 
large number of organisms. 

c. P R O T O Z O A N E N D O P H T H A L M I T I S While ocular lesions 
have been reported in infections caused by pro tozoa of 
the genera Toxoplasma, Leishmania, Encephalitozoon, 
Besnoitia and Trypanosoma, only Toxoplasma specifi-
cally causes intraocular lesions, al though some cases so 
diagnosed may have been caused by Neospora. Most of 
the o thers cause keratoconjunctivi t is that occasionally ex-
tends to anter ior or general ized uveitis in which the causal 
agent may be found. The except ion is Encephalitozoon 
that may induce periarteri t is within the uvea and retina as 
it does e lsewhere . 

Toxoplasmosis affecting the eye is , as e lsewhere , much 
more frequently suspected than proven , and clinical diag-
noses greatly ou tnumber those confirmed by histopathol-
ogy. The histologic lesion is usually in retina, uvea , or 
extraocular muscles , and varies from focal, acute coagula-
tive necrosis to granulomatous or lymphocyte-r ich in-
flammation. The organisms are seen most easily as intra-
cellular pseudocys ts during acute disease or as true cysts 
during remission. The more noxious merozoi tes are found 
only with difficulty as 7- to 9-μ,πι crescent ic , basophilic 
bodies within phagocytes , or free amid necrotic debr is . 

The histologic changes of ocular toxoplasmosis have 
received various in terpre ta t ions , and valid differences 
probably exist be tween species and be tween individuals 
of differing immune s ta tus . In h u m a n s , the disseminated 
disease is usually congenital , and the ocular lesion is 
multifocal necrot ic retinitis, in which free or encysted 
Toxoplasma gondii are found. There may be lymphocytes 
and plasma cells in adjacent choroid . In human adul ts , the 
ocular lesion is predominant ly a lymphocy t ic -p lasmacy t ic 
choroidi t is , suggesting that the pathogenesis is related 
more to host immune response to the previously encoun-
tered, ubiquitous antigen than it is to local infection. 

Les ions analogous to human congenital toxoplasmo-
sis occur in young cats as multiple foci of retinal necro-
sis. Choroidit is may be present and is lymphocyt ic-
plasmacyt ic , and anter ior uveitis is seen in only 2 0 - 3 0 % 
of such cases . Much more c o m m o n than this classical 
ret inochoroidi t is , however , is lymphocy t ic -p lasmacy t ic 
anter ior uveitis with serologic evidence for act ive Tox-
oplasma infection. The role of toxoplasmosis in feline 
anter ior uveitis is controvers ia l . Ret rospect ive histologic 
studies list the majority of such cases as idiopathic and 
are p resumed to be immune media ted , with antigen or 
antigens unknown . In the several large published s tudies , 
there has not been a single case confirmed by observat ion 
of merozoi tes or cys ts in the eye ; even serologic evidence 
in these studies pointed to toxoplasmosis in only 1-2% of 
cases . In cont ras t , one study repor ted evidence of anter ior 
uveal product ion of toxoplasma-specific ant ibody in 32 of 
69 cats with anter ior uveit is , and another report confirmed 
that anter ior uveitis is indeed the most frequent manifesta-
tion of toxoplasmosis in ca t s , seen in 60% of cats with 
confirmed toxoplasmosis . None the le s s , evidence remains 
less than conclusive about the role of T. gondii in the 
prevalent and enigmatic syndrome of anter ior uveitis in 
this species . It may be that the local product ion of Tox-
oplasma ant ibody in cats with uveitis is merely the result 
of nonspecific recrui tment of Toxoplasma-sensitized lym-
phocytes into the chronically inflamed uvea , and that 
lymphoid aggregates in such eyes are producing a whole 
range of ant ibody quite irrelevant to the original cause of 
the uveit is . 

The situation in o ther species is not clear , but the preva-
lence of ocular lesions seems quite low. Lymphocy t ic 
cyclitis and multifocal necrot ic retinitis are most fre-
quent ly descr ibed and are usually seen together . Multifo-
cal choroidi t is , not necessari ly adjacent to retinal lesions, 
is lymphocyt ic-plasmacyt ic in most species but granulo-
matous in sheep . A more c o m m o n lesion is severe myo-
necrosis in ext raocular muscles associated with free and 
encys ted Toxoplasma. Toxoplasmosis is discussed in 
more detail in the Alimentary Sys tem (Volume 2, Chap-
ter 1). 

d. P A R A S I T I C E N D O P H T H A L M I T I S Many parasi tes are 

found incidentally in the eye , including echinococcosis in 
pr imates and cyst icercosis in swine, multifocal ischemic 
chorioretinit is and optic neuritis in elk caused by occlusive 
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vasculitis due to microfilariae of Elaeophora schneiden, 
and uveitis associated with fortuitous localization of larvae 
of Toxocara canis or other ascar ids , Angiostrongylus va-
sorum, Dirofilaria immitis, and Onchocerca cervicalis. In 
addition, adults of Setaria spp. are occasionally found 
within the eye of horses . The long threadlike worms are 
seen floating within the aqueous , and the uveitis that re-
sults seems to be the result of mechanical irritation. The 
only specific intraocular parasi t ism is seen with the lens 
fluke offish (Diplostomum spathaceum), which, after pen-
etrating the skin, seeks the lens with remarkable speed 
and specificity. The principal lesion is cataract induced by 
the intralenticular p resence of hundreds of larvae awaiting 
ingestion by fish-eating birds for complet ion of their life 
cycle, but infected fish may have larvae arrested in many 
other ocular or ext raocular locat ions. 

Chronic mild anter ior uveitis is reported to accompany 
ectopic localization of immature Dirofilaria immitis within 
aqueous and vi treous cavities of dog eyes . Pathological 
studies are sparse , but endophthalmit is is repor ted in 
which anterior synechiae , subretinal exuda te , and early 
cyclitic membrane may accompany the numerous vitreal 
and subretinal larval nematodes . 

Ocular onchocerciasis affects humans and horses . The 
human disease is endemic in Africa and Central America 
and is one of the most frequent causes of blindness in the 
world. The microfilariae of the causal agent, Onchocerca 
volvulus, are t ransmit ted by Simulium spp. flies to affect 
the skin, eyel ids, and corneas of children and young 
adults . The microfilariae are found throughout the eye , 
but the lesion of greatest visual significance is diffuse 
sclerosing superficial stromal keratitis complicated by an-
terior uveitis with synechiae and eventual glaucoma. 

Equine onchocercias is has some similarities. The para-
site, O. cervicalis, is of worldwide distribution, and sur-
veys from the United States of America document the 
prevalence of dermal infection in horses as varying from 
48 to 96%. About one half of the infected horses have 
microfilariae in conjunctiva or sclera. The microfilariae 
enter the eye only incidentally in the migration from the 
l igamentum nuchae to the subcut is . The ocular sites of 
greatest concentra t ion are the peripheral cornea and the 
lamina propria of the bulbar conjunctiva near the l imbus. 
The microfilariae in the cornea are associated with a super-
ficial stromal keratitis resembling the disease of man , al-
beit much milder. Some of the horses also have anterior 
uveitis typical of equine recurrent ophthalmit is , prompting 
theories that Onchocerca is one cause of this disease. The 
microfilariae can be recovered from the conjunctiva and 
eyelids of horses with uveitis, keratoconjunctivit is , and 
eyelid depigmentat ion, but are recovered with equal fre-
quency from horses with no ocular disease and no micro-
scopic reaction to the worms . 

Ocular manifestations of visceral larva migrans in hu-
mans are associated with larvae of Toxocara canis or, 
perhaps more frequently, of the raccoon roundworm Bay-
lisascaris procyonis. The unilateral granulomatous fundic 
lesions are caused by a single wandering larva, and are 

relatively common in children but have rarely been de-
scribed in nonhuman subjects , despi te the ra ther c o m m o n 
occurrence of ascarid-induced granulomas in canine kid-
neys , lungs, or l ivers. The pauci ty of repor ts may not 
reflect the actual prevalence of d isease in specific canine 
populat ions. One large survey of working sheepdogs in 
N e w Zealand recorded a 39% prevalence of lesions attr ib-
uted to visceral larva migrans, cont ras ted to a 6% preva-
lence in similar dogs living in urban env i ronments . The 
active lesions were lymphocyt ic and granulomatous uve-
itis, nonsuppura t ive retinitis, and peripapillary nontapetal 
retinal necrosis . Inactive lesions involved choreoret inal 
scars and multifocal chronic retinal separat ions in dogs 
older than 3 years . Larvae most compat ible with Toxocara 
canis were seen in sect ions of some acutely affected eyes . 
The high prevalence in these dogs was tentatively ascribed 
to the feeding of uncooked frozen mut ton that may have 
contained T. canis larvae as part of a d o g - s h e e p - d o g life 
cycle. A report of similar lesions in Border collies in the 
United States was associated with the feeding of raw pork . 

Ocular disease may also result from the intraocular 
migration of fly larvae. This syndrome , te rmed internal 
ophthalmomyiasis, is discussed with diseases of con-
junct iva . 
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B. Glaucoma 

Glaucoma is a pathophysiologic state character ized by 
prolonged increase in intraocular p ressure . Although such 
increases of pressure may theoretically result from in-
creased product ion or decreased removal of aqueous , only 
the latter is known to occur . The lesions in g laucomatous 
eyes include those related to the pathogenesis of the glau-
coma and those resulting from the glaucoma itself. Glau-
coma occurs commonly in dogs , less commonly in ca t s , 
occasionally in horses , and rarely in o ther species . Be-
cause most affected eyes eventually require enucleat ion, 
glaucoma is one of the most frequent ocular condit ions 
examined histologically. 

The lesion predisposing to g laucoma may be the result 
of antecedent ocular d isease , particularly anter ior uveal 
inflammation with poster ior or anter ior synechiae . Such 
cases are te rmed secondary glaucoma. Primary glaucoma 
describes those cases without evidence of prior ocular 
disease and, in practical t e rms , is synonymous with mal-
formation of the filtration angle. Pr imary glaucoma is seen 
almost exclusively in dogs and vies with neoplasia as the 
most frequent cause of g laucoma in dogs . 

Because the pathogenesis of g laucoma so frequently 
involves developmental or acquired distort ion of the fil-
tration angle, a descript ion of that s t ructure is appropr ia te 
here . 

The filtration apparatus is a series of mesenchymal 
sieves that occupies the ir idocorneal angle, and ex tends 
circumferentially a round the globe. These sieves appear 
to form by rarefaction of the same mesenchyme that forms 
iris s t roma, and its rarefaction cont inues (at least in carni-
vores) for several weeks after birth. This area of perforated 
mesenchyme is the ciliary cleft, bordered externally by 
sclera, posteriorly by the muscles of the ciliary body , and 
internally by the iris s t roma. Its anter ior border is the 
pectinate ligament, which is visible clinically as a series of 
cobweblike branching cords (carnivores) or a fenestrated 
sheet (ungulates) s tretching from the terminat ion of Des-
c e m e t s membrane to the anter ior port ion of the iris root . 
They consist of col lagenous cords covered by a very thin 
endothel ium, with a thin intervening layer of basement 
membranel ike material . The endothel ium is cont inuous 
with the corneal endothel ium, and the collagenous core is 
cont inuous with corneal s t roma. 

Aqueous humor percolat ing through the pect inate liga-
ment into the ciliary cleft must then pass through mesen-
chymal sieves consisting of collagenous cords covered 
by phagocytic and pinocytot ic endothel ium, called the 
trabecular meshwork. The large, open ne twork of cords 
occupying most of the ciliary cleft is the uveal t rabecular 

meshwork , and external to it is a more compressed net-
work called the corneoscleral t rabecular meshwork . Ordi-
narily, aqueous humor produced by the ciliary processes 
passes through the pupil , through the pect inate ligament, 
and then through the uveal and corneoscleral t rabecular 
meshworks en route to the scleral venous plexus that will 
re turn the aqueous to the systemic circulat ion. Improper 
deve lopment or acquired obst ruct ion of any part of this 
drainage pa thway may result in g laucoma, but one must 
r emember that the ciliary cleft ex tends 360° around the 
ir idocorneal angle. Blockage of most of it is required for 
the deve lopment of g laucoma, and this assessment is virtu-
ally impossible with two-dimensional histologic examina-
tion. It is quite common to encoun te r dog eyes with malde-
veloped filtration angles in both por t ions contained in a 
histologic sect ion, yet with no evidence of g laucoma. Ex-
aminat ion of the circumference of the angle with a dis-
secting microscope or scanning electron microscope in 
such cases often reveals the maldeve lopment to be seg-
mental and thus not a cause for g laucoma. 

Differences exist among species in the finer details of 
angle s t ructure and in the degree to which al ternative 
routes of aqueous outflow are utilized (Fig. 4.41 A,B) . The 
horse , for example , has very thick pect inate fibers, an 
inconspicuous corneoscleral t rabecular meshwork and 

Fig. 4.41A Normal canine filtration angle showing fenes-
trated pectinate ligament inserting at the termination of Desce-
m e t s membrane. Large vessels are part of scleral venous plexus. 
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Fig. 4.41B Normal feline filtration angle. 

scleral venous p lexus , and alternative routes of aqueous 
outflow (into iris s t roma or caudally through ciliary muscle 
into choroid) that are probably much more important than 
similar routes in dogs or ca ts . In contras t , the cat has 
extremely delicate pect inate fibers, a very large, open 
ciliary cleft, a conspicuous scleral venous plexus , and 
minimal (about 3 % of aqueous outflow) reliance on alterna-
tive outflow pa thways (Fig. 4 .4IB) . In dogs al ternative 
drainage routes account for 15 to 2 5 % of all outflow. The 
existence of these alternative routes may explain the ab-
sence of g laucoma in some eyes (especially in horses) in 
which the angle changes would ordinarily have resulted in 
glaucoma, and may even explain the presence of glaucoma 
in eyes with apparent ly normal angles but lesions affecting 
port ions of these other potential drainage routes . 

Primary glaucoma is most frequently encountered in 
dogs . Although theoretically pr imary glaucoma may have 
no visible angle lesion (which is frequently the case in 
humans) , in dogs there is almost a lways a readily detected 
maldevelopment . The one except ion is pr imary open-
angle glaucoma in beagle dogs , in which there is no visible 
antecedent lesion. The broad term goniodysgenesis en-
compasses all developmental defects of the filtration 
angle, of which two types account for most canine cases . 
The most prevalent is cont inuat ion of mature iris s t roma 
across the trabecular meshwork to insert into the termina-
tion of D e s c e m e t s membrane . Some consider this an ex-

ample of dysplasia of pect inate l igament, and the term 
imperforate pectinate ligament is widely used. The band 
usually is much broader than pect inate l igament, no mat ter 
how poorly perforated, but the term seems well en-
t renched. It is seen as a breed-related and thus presumably 
inherited defect in Bouvier des F landres , Basset hounds , 
American cocker spaniels , Dandie Dinmont terr iers , Sibe-
rian huskies , Samoyeds , and numerous other breeds . The 
defect, and the resul tant g laucoma, are occasionally seen 
in mixed-breed dogs . T h e dysplasia is usually bilateral but 
not necessari ly of equal extent , so that the g laucoma often 
is initially present only in one eye . The prevalence of the 
ir idopectinate dysplasia is much higher than the preva-
lence of g laucoma, and even in dogs with very extens ive 
dysplasia that should seemingly eliminate almost all aque-
ous drainage, the onse t of glaucoma is not until several 
years of age. Age-related changes in outflow resis tance in 
al ternative routes of aqueous outflow have been postu-
lated as the explanat ion, but no proof exis ts . 

The second major type of goniodysgenesis is seen as an 
apparent arrest in the maturat ion of the t rabecular mesh-
work so that the ciliary cleft is filled with dense t issue 
resembling primitive anter ior uveal mesenchyme (Fig. 
4 .13A,B). This may occur in conjunction with iris hypopla-
sia or anter ior chamber cleavage syndromes , but it may 
exist as an isolated defect. 

Secondary glaucoma occurs most commonly as the re-
sult of peripheral anter ior synechiae , with the root of the 
iris effectively sealing the filtration angle. The synechiae 
may result from iris b o m b é , from expanding neoplasia 
behind or within the iris, or from primary adhesion of 
an inflamed iris to the cornea . Because the iris does not 
normally contact the cornea , anter ior synechia by the last 
mechanism is frequent only as a consequence of corneal 
perforation, in which case the iris flows forward to seal 
the defect and may then adhere diffusely to the corneal 
endothel ium (Fig. 4.42A). Other causes of secondary glau-
coma include occlusion of the t rabecular meshwork by 
preiridal fibrovascular membrane , inflammatory debr is , or 
tumor cells. Lens luxation may precipi tate g laucoma by 
allowing vi t reous to occlude the pupil , by stimulating ante-
rior uveit is , or by trapping iris against cornea . Rarely , lens 
swelling with cataract ( intumescent cataract) seems to 
occlude the pupil. In small terrier dogs with an inheri ted 
tendency to luxation, there is an unusually high prevalence 
of g laucoma. Removal of lens prior to the onset of glau-
coma prevents the expected glaucoma, seemingly es tab-
lishing the causal role of the luxation. Poster ior synechiae 
may also occlude the pupil (particularly as part of pha-
coclastic uveitis) , but poster ior synechiae usually cause 
g laucoma via iris bombé and thus a circumferential periph-
eral anter ior synechia . 

There are substantial differences among species in what 
mechanisms of g laucoma predominate . In dogs, goniodys-
genesis , poster ior synechiae with iris b o m b é , anter ior 
uveal melanoma, and anter ior lens luxation are the leading 
causes . In cats, diffuse iris melanoma and chronic idio-
pathic anter ior uveitis (by an unknown mechan ism) are 
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Fig. 4.42A Glaucoma caused by swelling of cataractous lens 
(intumescent cataract) and resultant functional anterior synechia. 
Dog. Note thin sclera typical of buphthalmos secondary to 
glaucoma. 

the only prevalent causes of g laucoma, with poster ior 
synechiae very uncommon . In horses, the presence of 
preiridal fibrovascular membranes across the pect inate 
face (neovascular glaucoma) is the most frequent cause , 
although the stimulus for the membrane development is 
unknown in most repor ted cases . In those horses with 
glaucoma in which the membrane had not apparent ly 
crossed the pect inate l igament, the glaucoma may have 
been caused by obstruct ion of al ternative ( i .e . , iridal) 
routes of aqueous outflow, which are assumed to be more 
important in horses than in dogs or ca t s . 

Lesions that develop as a result of g laucoma vary with 
the durat ion and severi ty of the g laucoma and the distensi-
bility of the globe, and affect virtually all par ts of the globe. 
Enlargement of the globe buphthalmos or megaloglobus) 
occurs most readily in young animals or in those species 
with thin scleras such as cats and laboratory animals . In 
cornea , increased aqueous pressure forces fluid into the 
corneal s t roma resulting in diffuse edema and eventual 
fibrosis and vascularizat ion. If buphtha lmos occurs , cor-
neal stretching results in rents in Desceme t ' s membrane , 
visible clinically as corneal striae (Fig. 4.42B). These are 
relatively most frequent in horses and least prevalent in 
cats with g laucoma. Failure of lids to cover the enlarged 
globe permits corneal desiccat ion and eventual ulceration 
with all its sequelae . Catarac t is usual , presumably the 
result of stagnation of aqueous and subsequent lens malnu-

Fig. 4.42B Focal break in Descemet's membrane (corneal 
stria) commonly seen in horses and dogs with glaucoma. 

trit ion. Iris and ciliary body undergo bland a t rophy , most 
obvious as thinning and flattening of ciliary p rocesses . 
Collapse of the ciliary cleft and t rabecular meshwork itself 
is frequent and makes evaluat ion of these s t ructures for 
possible goniodysgenesis very difficult. Increased promi-
nence of PAS-posi t ive material in linear a r rays resembling 
poster ior migration of D e s c e m e t ' s membrane is probably 

Fig. 4.43A Normal canine retina overlying tapetum lucidum. 
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Fig. 4.43B Early glaucomatous retinopathy, dog. Ganglion 
cells absent. Remnant of inner nuclear layer remains. Inner lim-
iting membrane is abnormally prominent (arrow) over atrophic 
nerve fiber layer. 

a response of the endothel ium covering the t rabecular 
beams to the glaucoma, but its possible primary role in 
the pathogenesis of glaucoma has not been adequately 
investigated. 

The retinal lesion is characteris t ic and is the most reli-
able method of diagnosis of glaucoma based solely on 
histologic criteria. Atrophy begins in nerve fiber and gan-
glion cell layers , making glaucoma the only naturally oc-
curring cause of inner retinal a t rophy other than the rare 
instances of t raumatic or neoplastic disruption of optic 
nerve (Fig. 4.43A,B). Loss of nerve fibers unmasks the 
normally inconspicuous Müller fibers, a lesion that may 
be more easily seen and more confidently interpreted than 
the loss of the nerve fibers or ganglion cells themselves 
(Fig. 4.44). This is particularly true in ca ts , in which the 
ganglion cells persist with considerable tenacity under 
c i rcumstances that would, in dogs , have progressed to a 
very obvious a t rophy. With increasing durat ion or sever-
ity, the inner nuclear layer and its axons and dendri tes 
also a t rophy, resulting in thinning of the inner nuclear 
layer and the blending of this layer with the outer nuclear 
layer as the plexiform layers (the axons and dendri tes of 
the nuclear layer cells) rarefy. 

Eventually the retina exists only as a thin glial scar with 
scat tered remnants of outer nuclear layer and melanin-
laden phagocytes derived from retinal pigmented epithe-
lium. The retina overlying tapetum is less severely affected 
than nontapetal retina. Excavat ion ( 4' cupp ing" ) of the 
optic disk is a pathognomonic lesion when present , but its 
absence does not rule out the diagnosis. It occurs by two 
mechanisms , ei ther (or both) of which may explain the 
cupping in an individual eye . Particularly in animals with 

Fig. 4.44 Glaucomatous retinal atrophy. Ganglion cells are 
absent, inner nuclear layer is sparse, and Müller's fibers (arrows) 
unduly obvious due to loss of nerve fiber layer. 

a thin sclera and lamina cr ibrosa, the elevation of pressure 
may cause rapid poster ior bowing of the lamina, resulting 
in visible cupping without apparent nerve a t rophy . This is 
frequently seen in cats and rabbi ts , but not in ungulates 
with their thick, rigid lamina. In all species , cupping also 
occurs by axonal loss from the optic ne rve . It has been 
suggested that the poster ior bowing of the lamina cr ibrosa 
contr ibutes to the later a t rophy of nerve by mechanical 
pinching of axons or blood vessels as they pass through 
the distorted lamina (Fig. 4 .45A,B). This cupping is distin-
guished from coloboma by the absence of dysplast ic neu-
rec toderm lining the defect and the presence of inner reti-
nal a t rophy. The pathogenesis of the retinal and optic disk 
a t rophy is controvers ia l . Ei ther pressure- induced retinal 
ischemia or interference with axoplasmic flow in the axons 
of the ganglion cells en route to the optic nerve may be 
responsible . Why the dorsal (tapetal) ret ina is more resis-
tant is unknown. 

Bibliography 

Bedford, P. G. C. The clinical and pathological features of canine 
glaucoma. Vet Ree 108: 53-58, 1980. 



THE EYE 495 

Brooks, D. Ε. Glaucoma in the dog and cat. Vet Clin North Am: 
Small Anim Pract 20: 775-797, 1990. 

De Geest, J. P. et al. The morphology of the equine iridocorneal 
angle: A light and scanning electron microscopic study. Eq Vet 
J 10: 30-37, 1990. 

Martin, C. L. The pathology of glaucoma. In "Comparative Oph-
thalmic Pathology" R. L. Peiffer (ed.), pp. 137-169. Spring-
field, Illinois, Charles C Thomas, 1983. 

Quigley, Η. Α., and Addicks, Ε. M. Chronic experimental glau-
coma in primates. II. Effect of extended intraocular pressure 
elevation on optic nerve head and axonal transport. Invest 
Ophthalmol 19: 137-152, 1980. 

Smelser, G. K., and Azanics, V. The development of the trabecu-
lar meshwork in primate eyes. Am J Ophthalmol 71: 366-385, 
1971. 

Smith, P. J., Samuelson, D. Α., and Brooks, D. E. Aqueous 
drainage patterns in the equine eye: Scanning electron micros-
copy of corrosion cast. J Morphol 198: 33-42, 1988. 

van der Sinde-Sipman, J. S. Dysplasia of the pectinate ligament 
and primary glaucoma in the Bouvier des Flandres dog. Vet 
Pathol 24: 201-206, 1987. 

Wilcock, B. P., Brooks, D. E., and Latimer, C. A. Glaucoma in 
horses. Vet Pathol 28: 74-78, 1991. 

Wilcock, B. P., Peiffer, R. L., Jr., and Davidson, M. G. The 
causes of glaucoma in cats. Vet Pathol 27: 35-40, 1990 

VII. The Retina 

When involution of the pr imary optic vesicle brings into 
Fig. 4.45A Normal canine optic disk. apposi t ion the anter ior and poster ior poles , the anter ior 

( innermost) neurec todermal layer undergoes mitotic repli-
cation and subsequent specialization to form the nine lay-
ers of the neurosensory ret ina. T h e ou te rmos t neurec to-
derm remains as a relatively unspecial ized simple cuboidal 
layer, the retinal pigment epi thel ium. Although it is tradi-
tionally considered the tenth retinal layer , its s t ruc ture , 
function, and react ion to injury are unlike those of neuro-
sensory ret ina, and it is best d iscussed separate ly . In this 
discussion, ret ina refers only to the neurosensory retina. 

In the fixed, bisected globe, the ret ina is seen as a thin, 
opaque membrane lining the poster ior half of the globe 
be tween vi t reous and choroid . It jo ins the darkly pig-
mented pars plana of the ciliary body at an abrupt transi-
tional point called the ora ciliaris retinae. In all but the best-
preserved spec imens , the ret ina is separa ted artifactually 
from the retinal pigment epithel ium and adjacent choroid, 
remaining adherent only at the ora ciliaris and at the optic 
disk. 

Histologically, the neurosensory ret ina begins abruptly 
at the ora ciliaris as a mult i layered cont inuat ion of the 
inner layer of the ciliary epi thel ium. In dogs and some-
t imes in horses , the layers here are poorly defined and 
pho torecep tors , sparse . The peripheral ret ina is only about 
half the thickness (100 μιή) and has half the photoreceptor 
densi ty (250,000/mm 3) of the central ret ina, with fewer 
nuclear and plexiform e lements and a thin innermost nerve 
fiber layer. 

The ret ina consis ts of three structural componen t s : neu-
Fig. 4.45B Cupping of optic disk and rarefaction of the nerve. rons , glia, and vascula ture . The neurons are the functional 

Chronic glaucoma. e lements and t ransmit the photoact iva ted electrical im-
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pulse from photoreceptor process to occipital cor tex . The 
photoreceptor is the raison d'être of the entire globe. It 
is a sensory, apical cytoplasmic process of the neurons 
forming the outer nuclear layer. These processes , called 
rods or cones , based on their shape and ultrastructural 
composi t ion, extend from the outer nuclear layer toward 
the choroid. They are enveloped by a glycosaminoglycan 
in terphotoreceptor matrix, and interdigitate with apical 
processes of the retinal pigment epithelium, but no actual 
adhesions exist be tween the two layers . Within the outer 
segment of the photoreceptors are s tacks of collapsed, 
disklike spheres which contain the photoact ive chemicals . 
The disks within rod outer segments are constant ly pro-
duced basally and shed apically at the rate of 80 to 100 
disks per day , with an outer segment turnover t ime of 6 
days in dogs. Effete disk debris is engulfed and degraded 
by the retinal pigment epithelium. Such turnover has not 
been demonst ra ted in the outer segment of cones , which 
have s tacks of lamellae formed by infoldings of the plasma 
membrane . In addit ion, cones appear to be of many differ-
ent types within a single retina. It is probably the ratio of 
different cones sensitive to different wavelengths of light 
that permits the visual cor tex to discriminate color. In 
general , fish, amphibia, repti les, and birds have excellent 
color discrimination. Ungulates can distinguish yellows, 
blues , and, variably, green and red. Carnivores have very 
limited color percept ion as far as can be determined. 

Other retinal layers are best descr ibed in te rms of func-
tion. The photoelectr ic stimulus originating in the photore-
ceptor outer segment is t ransmit ted through the outer nu-
clear layer and along the axons of the photoreceptor nuclei 
to the bipolar and horizontal neurons of the inner nuclear 
layer. The accumulat ion of outer nuclear layer axons and 
inner nuclear layer dendri tes forms the outer synaptic or 
plexiform layer. The inner nuclear layer contains the nu-
clei of the bipolar, horizontal , amacr ine , and glial (Müller) 
cells. The bipolar cells receive impulses from the photore-
ceptors and relay them to ganglion cells. The bipolar cells 
also stimulate the horizontal cells, which transmit the im-
pulse horizontally to excite adjacent bipolar cells. Ama-
crine cells counterbalance the bipolar cells in that their 
stimulation releases an inhibitor of ganglion cell excita-
tion. The glial cells are primarily structural support cells, 
whose processes t raverse the retina to form the retinal 
scaffold, and their anterior and poster ior terminat ions fuse 
to form the inner and outer limiting membranes . The axons 
of the bipolar and amacrine cells, dendri tes of ganglion 
and horizontal cells, and glial processes form the thick, 
inner synaptic or plexiform layer. The ganglion cell layer 
is the thinnest and innermost of the neuronal layers . Large , 
granular neurons form a single and often sparse layer, 
supplemented by a few as t rocytes , that become bilayered 
in the area centralis to accommoda te the marked increase 
in photoreceptor densi ty. The density of ganglion cells 
predicts , in a general way, visual acuity. They are most 
closely packed in animals requiring fine visual discrimina-
tion (most bi rds , predatory fish, many reptiles). In con-
trast , they are sparse in ungulates , who do not feed by 

sight, but who flee at anything that moves . Their axons 
form the nerve fiber layer, which gradually increases in 
thickness toward the optic disk. In most animals , the fibers 
are not myelinated until they reach the optic disk. The 
nerve fiber layer is separa ted from the vitreous by an 
internal limiting membrane formed by the terminat ions of 
the Müller fibers and a t rue basal lamina. 

The organizat ion of the retinal vasculature is an im-
portant variable in ophtha lmoscopic examinat ion, both 
because vascular abnormali t ies are frequent signposts of 
disease and because normal species variation can erro-
neously be diagnosed as d i sease . Carnivores , ruminants , 
and swine have large venules and smaller arterioles radiat-
ing from the optic disk to per ipheral retina. The horse has 
about 60 thin, short vessels extending from the disk for 
about 5.0 m m into surrounding retina. In dogs and ca t s , 
the major vessels lie within the deep half of the nerve fiber 
layer and the ganglion cell layer. In ruminants and pigs, 
the vessels are very superficial and bulge into the v i t reous , 
covered only by a thin layer of nerve fibers and basal 
lamina. The retinal vessels form an end-ar tery circulation 
which supplies the inner layers of the retina. The photore-
ceptors and outer nuclear layers are avascular and receive 
nutr ients primarily by diffusion from choroid. Such depen-
dence cannot be absolute (except in horses) because de-
generat ion of these outer layers is surprisingly slow (weeks 
to months) following retinal separat ion. In contras t , occlu-
sion of a retinal vessel results in focal infarction of the 
inner ret ina within less than 1 hour . 

The blood vessels also part icipate in the b l o o d - e y e 
barrier similar to that already descr ibed for uvea . The 
tight endothelial junc t ions and junc t ions be tween adjacent 
retinal pigmented epithelial cells conspire to crea te a retina 
that is immunologically isolated from nonocular t issues in 
a manner similar to that descr ibed for uvea . Like that in 
uvea , such a barrier is probably not absolu te , and the 
various retinal antigens are not likely to be totally seques-
tered or absolutely unique to retina. Saline ext rac ts of 
retina yield the retinal S antigen, and the in terphotorecep-
tor retinoid-binding protein is another antigen that may be 
important in the initiation or perpetuat ion of degenerat ive 
(see sudden acquired retinal degenerat ion in Sect ion 
VII ,B,1) or inflammatory ret inopathies . 

The retinal pigmented epithelium ex tends from the ora 
cil iaris ' to optic disk as the poster ior cont inuat ion of the 
outer layer of ciliary epithelium. It forms a simple cuboidal 
epithelial layer that is separated from the choroid by a 
complex basal lamina, Bruch ' s membrane . T h e apical bor-
der interdigitates with the pho torecep to rs , with an average 
of about 30 photoreceptors contact ing a single pigment 
epithelial cell, but forms no junct ional complexes . The 
inclusion of the adjective

 4
' p i g m e n t e d " is somewha t a 

misnomer in domest ic species except the pig, inasmuch 
as the epithelium overlying the tape tum contains no cy to-
plasmic pigment granules . This seemingly insignificant 
layer plays a major role in embryologie induct ion of the 
eye as previously descr ibed, and also plays a crucial role 
in the nurturing of the photoreceptors th roughout life. The 
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pigment epithelium engulfs and degrades obsolete rod and 
cone outer segments , absorbs light to protect photorecep-
tors , synthesizes and degrades part of the glycosaminogly-
can matrix enveloping photorecep tor outer segments , and 
participates in the vitamin A - r h o d o p s i n cycle. Which of 
these functions are most essential for photorecep tor health 
is still unclear . 

The ocular fundus is a clinical te rm describing those 
ophthalmoscopical ly visible por t ions of the poster ior 
globe, excluding vi t reous . The fundus is commonly di-
vided into dorsal tapetal and ventral nontapetal fundus, 
with the optic disk usually at the junct ion of the two . 
Retina, al though almost t ransparent , does absorb some 
incident and reflected light to somewhat dull the fundus 
reflection ophthalmoscopical ly . Areas of retinal a t rophy 
absorb less light and are seen as areas of increased tapetal 
reflectivity. Pre- or subretinal exuda tes , converse ly , in-
crease light absorpt ion and are seen as focal fundic opac-
ities. Developmental or acquired absence of tape tum 
allows black choroidal pigment to be seen. More severe 
choroidal lesions may be seen as red choroidal vasculature 
or even pink sclera obscured by variable amounts of resid-
ual pigment. Particularly in dogs , ca t s , and horses , selec-
tive breeding has made hypoplast ic variat ions in amount 
and pigmentat ion of choroid and tapetum normal for par-
ticular breed or color variet ies. 

The general pathology of retina is often said to resemble 
that of brain. While this is undoubtedly t rue , inasmuch as 
retina is merely an extension of the brain, the prevalence 
of such lesions as malacia, nonsuppura t ive per ivascular 
cuffing, and proliferative microgliosis within the ret ina is 
very low compared to the brain. Although no actual da ta 
are published, most animals with encephali t is do not , in 
fact, have concurrent retinitis. Retinal inflammation is 
most often the result of spread from choroid or across the 
vi treous from anterior uvea . Degenerat ions are much more 
common than inflammations and are not usually accompa-
nied by inflammatory react ion. The mature mammalian 
retina has no capacity for regenerat ion of entire neural 
cells, al though photoreceptor outer segments and glia may 
be replaced if des t royed in the course of degenerat ive 
or inflammatory disease . Even the fetal retina has poor 
regenerat ive capaci ty , as evidenced by the prevalence of 
retinal dysplasia following prenatal or neonatal retinal in-
ju ry . Retinal repair is by proliferation of inner layer 
as t rocytes , which eventually form a dense glial scar. Occa-
sionally the as t rocytes proliferate along the vitreal face 
of the ret ina, forming a preretinal fibroglial membrane . 
Similar subretinal membranes are seen with chronic de-
tachments and originate from retinal pigment epithelium 
or Müller cells. The retinal pigment epithelium retains 
mitotic ability. When injured, these cells respond with 
hyper t rophy, hyperplasia , and fibrous metaplasia. The 
presence of pigment in the neuroret ina is frequent in in-
s tances of retinal a t rophy , most probably derived from 
migration of retinal pigmented epithelial cells into the adja-
cent retina. 

Autolytic changes are visible within retina within 30 min 

of death and within a few hours are of sufficient magnitude 
to interfere with the diagnosis of retinal degenera t ions . 
The earliest histologic change is pyknosis of a few nuclei 
in outer and inner nuclear layers , and loss of uniform 
densi ty of the photorecep tor layer. Progressive dissolution 
of the photorecep tor outer segments results in retinal sepa-
ration. Nuclear layer pyknosis and ganglion cell chroma-
tolysis are widespread within 4 to 6 hr. By 12 hr, the retinal 
separat ion is comple te , and the extensively folded ret ina, 
with autolytic pho torecep to rs , may mimic genuine retinal 
separat ion. The extensive pyknosis within both nuclear 
layers dist inguishes the two , being absent in an temor tem 
separat ion (see the following for o ther cri teria) . By 18 hr 
after dea th , the retina is represented by a barely separable 
bilayer of pyknot ic nuclei suspended in a pale , eosinophilic 
foamy matrix represent ing fragmented nerve fiber and 
plexiform layers . 
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Fig. 4.46 Healed ophthalmitis with retinal detachment, syn-
echia, and displacement of lens. 
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Fig. 4.47A Cystic degeneration and gliosis in spontaneously 
detached retina. Dog. 

A. Retinal Separation 

The retina is firmly a t tached in the globe only at the ora 
ciliaris and at optic disk. When the retina separa tes , it 
does so by cleaving photoreceptors from their interdig-
itations with the retinal pigment epithelium. Separat ion 
may occur as the result of accumulat ion of inflammatory 
exudates (Fig. 4.46), t ransuda tes , tumor cells, or hel-
minths be tween pigment epithelium and photoreceptors , 
by contract ion of a cyclitic membrane , or by leakage of 
liquefied vi treous through retinal tears . Such tears may 
result from orbital t rauma or from progression of periph-
eral cystic retinal degenerat ion (Fig. 4.47A). The latter is 
relatively common in humans but not in domest ic animals , 
despite the frequent occur rence of microcystoid retinal 
degenerat ion in the peripheral retina of dogs (Fig. 4.47B) 
and, less often, of horses . 

The diagnosis of retinal separat ion in fixed specimens 
is complicated by the ease with which retinal separat ion 
can be induced by delayed fixation or improper handling 
of globes. The credibility of the diagnosis is greatly en-
hanced by the presence of subretinal exudates or cyclitic 
membranes (Fig. 4.48), but in their absence , the diagnosis 
rests on the observat ion of photoreceptor outer segment 

Fig. 4.48 Healed ophthalmitis. Ox. Cyclitic membrane 
(arrow) behind lens. 

Fig. 4.47B Peripheral microcystoid retinal degeneration. 
Dog. Such change is very common and of no apparent functional 
significance. 

Fig. 4.49 Complete retinal exudative separation. Dog with 
metastatic choroidal melanoma. 
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Fig. 4.50A Serous retinal separation. Dog. Hypertrophic reti-
nal pigment epithelium; photoreceptors atrophic; loss of nuclei 
from inner and outer nuclear layers. Blending of nuclear layers 
due to atrophy of outer plexiform layer. 

degenerat ion, hyper t rophy and hyperplasia of pigmented 
epithelium, and the development of marked edema in inner 
nuclear, ganglion cell and inner plexiform layers (Figs . 
4.49, 4.50A,B). Hypertrophy of the retinal pigmented epi-
thelium is the most rapid change , occurr ing within a few 
hours after separat ion. The edematous changes are visible 
with the light microscope as early as 3 days following 
experimental ly induced separat ion in owl monkeys . Co-
alescence of the edema crea tes a virtual cleavage of inner 
from outer retina, called retinoschisis. The cleavage is 
spanned by the radial Müller fibers, which seem the only 
anchor holding ret ina together . Photoreceptor degenera-
tion is s lower to appear under the light microscope , with 
loss of outer segments (probably the most subtle change 
that can be unequivocal ly diagnosed with routine light 
microscopy) visible by about 14 days . Inner segments 
and the cell bodies of the outer nuclear layer are almost 
unaffected and may remain so for mon ths , suggesting that 
their maintenance is not so intimately linked to the pigment 
epithelium as is the case with the outer segments . This 
temporal hierarchy of change permits reasonably accura te 
aging of retinal separa t ions , somet imes a necessary or 
at least interesting assessment in eyes enucleated after 
numerous clinical examinat ions or manipulat ion. The 
outer retinal lesions are apparent ly not ischemic, inas-
much as there is very little necrosis and no similarity to 

Fig. 4.50B Prolonged retinal separation with retinal edema 
and photoreceptor degeneration. Radial Müller's cell fibers an-
chor nerve fiber layer to ganglion cell layer. Retinal outer limiting 
membrane is prominent because of photoreceptor loss. 

the lesion induced by retinal ar tery occlusion. Perhaps 
the ou te r layers can survive by diffusion of oxygen and 
nutr ients from the subretinal fluid or from vascularized 
inner layers , and indeed the speed of pho torecep tor a t ro-
phy varies with the height of the separat ion. An except ion 
is seen in horses , inasmuch as the horse retina depends 
almost entirely on choroidal diffusion for oxygenat ion. 
Separat ion in this species results in rapid, full-thickness 
retinal infarction. A very frequent lesion in horses is focal, 
l inear, or multifocal chorioret inal glial scarring with pig-
ment migration and fibrous metaplasia of pigment epi the-
lium, a lesion which is probably a healed infarct following 
t raumat ic separat ion or th romboembol ic d isease . 
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B. Retinal Degeneration 

Retinal degenerat ion, more commonly called retinal at-
rophy, may result from senile change, nutritional defi-
ciency, metabolic disorder , or injury caused by infectious, 
chemical , or physical agents . With the except ion of the 
previously described g laucomatous retinal a t rophy, virtu-
ally all are initially degenerat ions of photoreceptor outer 
segments or of retinal pigmented epithelium, and many 
retinal atrophies of different pathogenesis have similar 
histologic appearance . The similarities become even 
stronger as the lesions progress to the severity usually 
encountered in enucleated eyes from clinically affected 
animals. Nonethe less , it is useful to review the subject 
and to discuss the differences be tween some of the best-
studied examples of naturally occurr ing retinal a t rophies . 
Most frequent are the inherited ret inopathies of dogs , 
grouped under the name progressive retinal atrophy. Less 
common are retinal degenerat ions caused by deficiencies 
of taur ine, vitamin E , or vitamin A, by excessive visible 
light, or by several toxic or metabolic diseases . 

/. Inherited Retinal Atrophies in Dogs 

Progressive retinal a t rophy descr ibes , admittedly with 
some inaccuracies , a large group of bilateral retinal 
diseases in dogs . They share the clinical features of being 
bilateral, progressing to blindness and being unassocia ted 
with inflammatory or o ther ocular disease . More than 
100 breeds have been identified as affected, al though 
there is little published information as to the prevalence 
within various b reeds . All thus far studied are inherited 
as an autosomal recessive trait. Some are juvenile onset 
degenerat ions that result from a congenital biochemical 
defect and are thus properly termed photoreceptor dys-
plasias. Photoreceptors never reach proper ul trastruc-
tural or physiologic maturi ty, and affected dogs may be 
blind by a year or two of age. Irish se t ters , collies, 
Norwegian e lkhounds , and miniature Schnauzers are the 
best-studied breeds that are affected, each with slightly 
different clinical expression and biochemical abnormal-
ity. Some initially affect only rods , but most affect both 
rods and cones . Alaskan malamute dogs have what 
seems to be a purely cone dysplasia, leaving dogs 
visually impaired in daylight but with good night ( i .e . , 
rod-dependent) vision. 

A quite separate group of diseases are currently consid-
ered to be true degenera t ions , in that photoreceptor devel-
opment seems normal . It may be , however , that even 
these inherited a t rophies will be shown to have a develop-

mental biochemical defect. The t rend to da te has been to 
reclassify more and more degenera t ions as dysplas ias , 
in parallel with the use of more sensit ive investigative 
techniques . 

All of these different d iseases may have significant dif-
ferences in pathogenesis , but by the t ime the eyes are 
removed from impaired or totally blind dogs , the histologic 
and ul trastructural lesions are similar. At this stage, the 
old name of progressive retinal atrophy cont inues to be 
used as a catch-all . The l ight-microscopic lesion is degen-
eration of photorecep tors beginning dorsolateral to the 
optic disk. Over months or years the photoreceptor loss 
ex tends , and there is secondary a t rophy of nuclear and 
plexiform layers of ret ina (Fig. 4.51). Eventual ly , in dogs 
permit ted to live long enough, the retina remains as a 
poorly cellular glial scar. Despi te the many similarities in 
clinical and histologic features , the impor tance of these 
ret inopathies in the s tudy of retinal disease in general 
warrants some more-detai led explanat ion of the best-
described var iants . 

Retinal atrophy in Irish setters is descr ibed as r o d - c o n e 
dysplasia, inherited as a simple autosomal recessive trait . 
Dogs homozygous for the defect have arres ted differentia-
tion of the rod external segments . Cones are less affected. 
The defect is de tec ted ul trastructural ly as early as 16 days 
after bir th, at which t ime in the normal ret ina, the outer 
rod segments should be developing adjacent to the pigment 
epithelium. Arres ted development is followed by degener-
ation of inner rod segments , so that there is diffuse loss of 
all rod photoreceptors by 12 weeks of age. This is followed 
by loss of cones and of outer nuclear layer. By the time 

Fig. 4.51 Progressive retinal atrophy. English cocker spaniel. 
Diffuse atrophy of photoreceptors and outer nuclear layer. 
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the dog is about 1 year of age, there is diffuse a t rophy of 
the outer nuclear layer, and the inner nuclear layer is 
in direct contact with the pigment epithelium. The inner 
retinal layers are unaffected. Dogs show visual deficits in 
dim light as early as 6 weeks of age and are usually blind 
by 1 year. The biochemical defect is a marked deficiency 
of the phosphodies terase responsible for the cont inuous 
hydrolysis of cyclic guanine monophospha te within outer 
segments . While the function of the enzyme in this site is 
not fully unders tood , the resultant excess of cyclic guanine 
monophospha te (cGMP) is toxic to photoreceptors in 
vitro, and is known to cause arres ted development or 
degenerat ion of rod outer segments in vivo. In the Irish 
setter , the substrate levels are about 10 t imes higher in 
affected than in control dogs , and the elevation precedes 
morphologic change in the photorecep tors . There are 
o ther biochemical retinal abnormali t ies (in rhodopsin and 
in membrane lipids), but it is not known whether they 
are primary abnormali t ies or merely effects of the c G M P 
phosphodies terase deficiency. The basic defect is in the 
gene encoding the outer segment-specific phosphodies-
terase . 

Rough collies have a very similar r o d - c o n e dysplasia , 
also inherited as an autosomal recessive tract . The 
progression of the lesion is slightly slower than that in 
Irish se t ters , but the biochemical defects are virtually 
identical. In nei ther instance is it clear how photorecep-
tor death leads to death of all the outer nuclear layer 
neurons . 

Retinal atrophy in Norwegian elkhounds resembles 
that of the Irish set ter in most respec ts . Onset of visual 
deficits in dim light is early, progression to bl indness is 
only slightly less rapid, and the histologic retinal lesion 
in blind dogs is almost identical to that in set ters . 
Ultrastructural ly and biochemically, however , the two 
diseases are distinct. In e lkhounds the primary lesion is 
restricted to rods and is not associated with elevated 
c G M P . The rods are not halted in their development but 
develop imperfectly. There is disorientat ion of lamellar 
disks and eventual disintegration. Light microscopic 
lesions appear at about 6 months of age and progress to 
complete photoreceptor loss by 1 to 2 years . Atrophy 
progresses to affect outer nuclear , outer plexiform, and 
inner nuclear layers . Eventual ly the ret ina, as in any of 
the canine familial re t inopathies , may remain only as a 
thin glial scar with disorganized neuronal c lumps . A 
second type of r o d - c o n e dysplasia exists in this breed , 
with rapid progression to bl indness by 12 to 18 months 
of age. Photoreceptor growth is erratic and apparent ly 
uncoordinated, but there is also dysplasia of rod and 
cone axonal synaptic junc t ions in the outer plexiform 
layer, which results in greatly reduced transmission of 
impulses from the pho torecep tors . 

Retinal atrophy in miniature poodles is classified as a 
true degenerat ion, in that photorecep tor differentiation 
seems to be normal until 6 to 9 weeks of age. After this 
t ime, and progressing at an unpredictable ra te , there is 
disk disorganization and plasma membrane fragmentation 

in rod outer segments , visible as early as 15 weeks of age 
in the retina adjacent to the optic nerve . Peripheral retina 
is unaffected at this early s tage, but by several years of 
age, the entire retina is affected. Cones are affected in a 
similar but milder fashion later in the disease course . The 
reason for the fragmentation is u n k n o w n , but it is known 
that affected dogs have abnormal ly slow oute r segment 
tu rnover (about 40% of normal) prior to any observed 
structural change. Affected poodles have evidence for 
decreased rate of incorporat ion of docosahexanoic acid, 
the major long-chain structural membrane fatty acid, into 
rod outer segments . It may be that the decreased disk 
tu rnover permits older membranes to unduly persist and 
to be peroxidat ively damaged in situ. The histologic lesion 
is identical to that of Irish set ters or Norwegian e lkhounds . 
Catarac ts are present in many poodles with retinal atro-
phy. Because of wide variation in disease progression, 
dogs may not be noticed to have dim-light deficiencies 
until middle, or even old, age. 

Retinal atrophy in Alaskan malamute dogs is a progres-
sive cone dysplasia , inherited as a simple recess ive trait . 
Although now rare because of elimination by selective 
breeding, it remains an interesting example of specific 
cone dysfunction. Affected dogs are not iced to have poor 
vision in bright light as early as 8 weeks of age. Night 
vision is, and remains , clinically normal , as does the oph-
thalmoscopic appearance of affected eyes . The ul trastruc-
tural lesion is disorganizat ion and loss of cones , with rods 
normal . Adult dogs have no cone outer segments , and 
atrophic inner segments , but no change in rods or outer 
nuclear layer. 

Central progressive retinal atrophy of dogs (pigmented 
epithelial dystrophy) denotes a peculiar lesion in retinal 
pigment epithelium of dogs that apparent ly results from 
defective intracellular phagocytos is of shed photorecep-
tor outer segments . Normal pigment epithelium engulfs 
and enzymatical ly degrades this mater ial , resulting in a 
gradual buildup of intracellular l ipopigments throughout 
life. In dogs with this pigment epithelial dys t rophy , 
membrane peroxidat ion is excess ive , and l ipopigments 
accumula te to excess . Associa ted with the pigmentary 
accumula t ion , the epithelial cells hyper t rophy . Photore-
ceptor outer segments adjacent to hyper t rophic pigment 
epithelium degenera te . As the lesion progresses , hyper-
t rophy and hyperplasia of epithel ium give rise to dysplas-
tic pigmented cell c lumps . Within such clusters there 
may be an eosinophil ic , hyal ine, periodic acid-Schiff 
posit ive concret ion resembling drusen . This material , 
ra ther frequent in ophthalmic specimens from humans 
with a variety of degenerat ive retinal or choroidal dis-
eases , is a concret ion of excess basal lamina produced 
by the pigment epithel ium. The eventual histologic le-
sion in affected dogs is a monolayer of hyper t rophic , 
l ipochrome-rich pigment epithelial cells with multifocal 
hyperplast ic c lumps . Ret ina has a t rophy of photore-
ceptors and outer nuclear layer, and some irregular 
gliosis. Pigment-laden cells may invade the ret ina. 

The disease is sporadic and of unpredictable clinical 
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progression. The prevalence is, for example , much higher 
in Great Britain than in Nor th America , where it is rare . 
Retrieving and herding dogs are most frequently affected. 
The ophthalmoscopic lesion of irregular black mottling 
begins near the optic disk and may progress to generalized 
pigment mottling interspersed with the increased reflec-
tivity of atrophic retina. The mode of t ransmission is un-
known. An interesting speculat ion, based on morphologic 
similarities, is that the disease represents a defect in vita-
min Ε metabolism within pigment epithelium. 

Sudden acquired retinal degeneration is an enigmatic , 
rapidly progressing photoreceptor degenerat ion that is his-
tologically identical to the inherited progressive retinal 
atrophies. Blindness occurs very rapidly (over a period of 
a few days to a few weeks) . Affected dogs are adult or 
even elderly, and the disease can affect any breed or 
crossbreed. The fundoscopic lesion is bilaterally symmet-
rical and diffuse across the retina, but histologic studies 
of the early lesions are very few. The cause is unknown, 
but the presence of the retinal disease is linked to systemic 
signs of polyuria, polydipsia, and elevated serum choles-
terol and alkaline phospha tase . Some , but not even the 
majority, of the affected dogs have adrenal cortical hyper-
function. H o w this malfunction causes the irreversible 
re t inopathy, if indeed it does , is unknown. One small study 
demonst ra ted circulating, complement-fixing ant ibody to 
retinal S-antigen and interphotoreceptor retinoid-binding 
protein, raising the possibility that the disease is a cyto-
toxic au to immune phenomenon . 

2. Inherited Retinopathies in Cats 

Inherited retinal dysplasias and degenerat ions have 
been reported in a variety of cat b reeds , but only in the 
Abyssinian breed has the syndrome been adequately 
studied. In this breed there are two different diseases: 
early-onset r o d - c o n e dysplasia and late-onset retinal de-
generat ion affecting rods much sooner than cones . The 
early-onset dysplasia is inherited as an autosomal domi-
nant trait. It is histologically and ultrastructurally similar 
to the disease in Irish set ter dogs , and a similar defect in 
the activity of c G M P phosphodies terase has been re-
por ted. Affected cats are blind by a few months of age. 

The late-onset retinal degenerat ion is inherited as an 
autosomal recess ive , and affected cats progress slowly to 
blindness by 5 to 10 years of age. The earliest structural 
changes are in rod outer segments in peripheral retina, 
with jumbling of the rod disks and patchy blunting of the 
photoreceptors themselves . Only after many years is there 
histologically detected diffuse photoreceptor loss. A much 
more prevalent feline ret inopathy, caused by a deficiency 
of dietary taur ine, is discussed later. 

3. Inherited Night Blindness in Horses 

This poorly documented disease affects the Appaloosa 
breed and is probably inherited, and is seen as night blind-
ness with daylight vision that is usually, but not a lways , 
normal . N o structural lesion is seen in retinas of affected 
horses , and functional studies point to a defect in intrareti-

nal synaptic t ransmission in outer plexiform or inner nu-

clear layers ra ther than a defect in pho to recep to r s . 
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4. Light-Induced Retinal Degeneration 

Light of various wavelengths has a variety of injurious 
effects on cornea , lens, or retina that vary with the wave-
length, durat ion, and intensity of the light. The effects also 
vary with a large but poorly unders tood group of animal 
variables that include ocular pigmentat ion, habitat , previ-
ous exper ience with photoper iod, nutri t ion, body temper-
a ture , age and, most obviously, species . The wavelength 
of light has the greatest effect; short wavelengths in the 
ultraviolet and blue range (up to about 475 nm) have the 
greatest energy per photon and are the most damaging. 
For tunate ly , most of these wavelengths are absorbed by 
cornea and lens, so that their lethal effects on retina are 
seldom seen. They may cause corneal epithelial injury 
or ca tarac t , al though these effects are apparent ly rare in 
domest ic animals (see Section V , B , Catarac t ) . 

In humans , accidental exposure to light from arc weld-
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ing, solar ecl ipses, or ophthalmic examinat ion or operat ing 
equipment (including lasers) crea tes the potential for rapid 
injury from mechanical disruption or heat . Although such 
damage is certainly possible in o ther animals , most natu-
rally occurr ing lesions result from the additive effects of 
much less intense ultraviolet and short-wavelength visible 
light because of unnatural photoper iods . Animals with 
poorly pigmented eyes , and those adapted for nocturnal 
vision, are most susceptible. Susceptibili ty also increases 
with age and with t empera tu re . 

The initial lesion is disruption of rod outer-segment 
disks , with eventual destruct ion of all photoreceptors and 
their nuclei. Because the lesion is identical to most inher-
ited, nutrit ional, and toxic re t inopathies , the diagnosis is 
made on the circumstantial ev idence of abnormally bright 
light, abnormally long light photoper iod , or a rapid change 
in photoper iod. Most instances occur with rodents or fish 
kept in cont inuous fluorescent light. Albino rodents or 
deepwater fish a re , predictably, the most suscept ible . 

The mechanism by which visible light of modera te in-
tensity damages the retina is still incompletely unders tood , 
and different exper imental models give rise to different 
theories . Most studies use blue light in the 400- to 475-nm 
range which, unlike shor ter ultraviolet wavelengths , is not 
filtered out by cornea or lens. The most popular theory 
is that of light-induced oxidation of the very abundant 
polyunsaturated long-chain fatty acids of the rod disks , 
with the generat ion of free radicals to then cause cell 
membrane damage . This theory gains support from studies 
showing a protect ive effect by vitamin C or E , and en-
hanced injury under condit ions of retinal hyperoxia . 

5. Nutritional Retinopathy 

Nutrit ional causes of retinal degenerat ion include defi-
ciencies of vitamins C, A, or E , and the amino acid, tau-
rine. Retinal a t rophy and ca tarac ts have been seen in fish 
with a dietary deficiency of vitamin C. The lesions were 
thought to be light induced, with the fish unusually suscep-
tible because of the deficiency in the antioxidant effects 
of the vitamin. The ocular lesions of vitamin Ε deficiency 
resemble those of retinal pigment epithelial dys t rophy and 
were referred to briefly under that heading. Pups fed se-
verely deficient diets develop night bl indness within about 
6 weeks , and an extinguished electroret inogram sugges-
tive of diffuse photorecep tor damage . These last two ef-
fects are not seen in naturally occurr ing central retinal 
a t rophy. Ret inopathy has been descr ibed only in pr imates 
and dogs fed rat ions deliberately and severely deficient in 
vitamin E. Lipofuscin, seen as eosinophilic cytoplasmic 
inclusions, accumulated to excess in the pigment epi the-
lium, and was followed by hyper t rophy of the pigment 
epithelium and degenerat ion of photoreceptor outer seg-
ments . Eventual ly there were full-thickness central retinal 
a t rophy and some small foci of retinal separat ion. 

a. H Y P O V I T A M I N O S I S A Ret inopathy caused by hypovi-
taminosis A is seldom encountered except in growing cat-
tle or swine kept in confinement and fed a ration deficient 

in the vitamin over months or years . Grains o ther than 
corn (maize) are very poor sources of vitamin A, and the 
level in corn falls markedly with prolonged s torage. Green 
pas ture is very rich in ca ro tene , which is conver ted to 
vitamin A by intestinal epi thel ium. H a y that is excessively 
dry , leached by rain, cut late in the year , or stored for 
prolonged periods is a much less adequa te source , but in 
most pas tured animals the liver reserves are sufficient to 
prevent clinical signs of deficiency for at least 6 months 
and often up to 2 years . Young, rapidly growing animals 
have greater requi rements and smaller s tores of the vita-
min and are thus more susceptible than adul ts . 

Hypovi taminos is A affects bone remodeling and causes 
epithelial cell a t rophy and defects in synthesis of rhodop-
sin. Ocular lesions can result from each of these three 
defects . 

As previously d iscussed, maternal deficiency of vitamin 
A causes bl indness in offspring due to defective remodel-
ing of optic nerve foraminae and subsequent ischemic or 
pressure a t rophy of the ne rve . In piglets, there may be 
massive ocular dysplasia and such anomalies as cleft 
pala te , skeletal deformities, hydrocepha lus , epidermal 
cys t s , genital hypoplasia , and anomalous hear t s . Optic 
nerve a t rophy is preceded by optic disk swelling (papi-
l ledema) and followed by a t rophy of nerve fiber and gan-
glion cell layers . This sequence of events may occur if 
very young animals are on deficient d ie ts , with the optic 
nerve changes being caused in part by stenosis of optic 
foramen and in part by increased cerebrospinal fluid pres-
sure that itself results from a t rophy and metaplasia of 
arachnoid villi. The papi l ledema precedes optic nerve ne-
crosis and is reversible . The corneal lesions of hypovita-
minosis A have received scant a t tent ion and are seldom 
seen in natural ou tb reaks . 

The acquired ocular effect of hypovi taminosis A in-
volves pho torecep tor outer segments . The ophtha lmo-
scopic lesion is multifocal retinal a t rophy and scarring 
in animals with slow or absent pupillary light reflex and 
apparent bl indness . The histologic lesion is patchy-to-dif-
fuse photorecep tor a t rophy , which first affects the rod 
outer segments . Night bl indness is thus the initial com-
plaint and is often the chief complaint about a deficient 
herd. Eventual ly the a t rophy affects all photoreceptors 
and their nuclei , and may progress to full-thickness atro-
phy with scarring. The lesions have been produced in 
all domest ic species on specially formulated die ts , but 
naturally occurr ing retinal lesions are a lmost restr icted to 
catt le with chronic deficiencies. 

The pathogenesis of the pho torecep to r a t rophy demon-
strates the structure:function in te rdependence of retinal 
cells. Vitamin A is conver ted to ret inene and then to the 
glycoprotein rhodopsin . Rhodops in is s tored as a compo-
nent of the lamellar disks of the outer segment . Light 
initiates a physicochemical change in rhodops in , resulting 
in a cascade of events culminating in the hyperpolar izat ion 
of the outer segment m e m b r a n e . The resul tant electrical 
impulse is t ransmit ted to bipolar cells , ganglion cells, and 
then to brain. The deficiency of vi tamin A necessarily 
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results in a deficiency of rhodopsin. The corresponding 
ultrastructural lesion is swelling, then fragmentation of 
lamellar disks that can be reversed by therapy with vitamin 
A unless inner segments have also been affected. Regener-
ation simulates normal development and requires about 2 
weeks to rebuild outer segments completely. Vitamin A is 
discussed further with Bones and Joints in Chapter 1. 

b . T A U R I N E - D E F I C I E N C Y R E T I N O P A T H Y Retinal degen-

eration caused by taurine deficiency is seen only in ca ts , 
al though taurine is the predominant free amino acid in the 
retina of other species . Among domest ic mammals , only 
the cat seems unable to synthesize taurine from cysteine 
in amounts adequate for retinal function. Taurine is con-
sidered a dietary essential for ca ts , and its deficiency 
results in a characteris t ic central retinal a t rophy and in 
cardiomyopathy (see Volume 3, Chapter 1, The Cardio-
vascular System). 

The ocular lesion of taurine deficiency was first detected 
in cats fed semipurified diets in which casein was the only 
protein. After several months , such cats developed focal 
retinal a t rophy adjacent to the optic disk, which pro-
gressed to generalized retinal a t rophy. Supplementat ion 
with taurine halted but did not reverse the lesion, presum-
ably because photoreceptor nuclei or inner segments al-
ready had been damaged. The naturally occurring disease 
of ca ts , called feline central retinal degeneration, is de-
scribed in a variety of breeds . The lesion is bilateral, 
dorsolateral to the optic disk, and is usually unassociated 
with visual impairment . The histologic lesion is photore-
ceptor degenerat ion, initially targeting cone outer seg-
ments but eventually affecting rods as well. The rods of 
the peripheral retina are the last to degenera te . Taurine 
also seems essential for membrane integrity of the tapetal 
reflective rodlets , so that dissolution of the membrane 
surrounding these crystalline intracytoplasmic inclusions 
is another characteris t ic lesion. Some of the cases of idio-
pathic central a t rophy are associated with the feeding of 
dry dog food, which is low in taur ine. Most , if not all, 
examples of feline central retinal a t rophy are probably due 
to taurine deficiency. 

Less clear is the association of taurine deficiency with 
diffuse retinal a t rophy in cats (Fig. 4.52). Familial a t rophy 
occurs in Abyssinian and Persian ca ts , but most cases are 
of unknown cause . Cont inued deficiency of taurine leads 
to diffuse retinal a t rophy and thus might be responsible . 
Many cases of central a t rophy remain static for years , 
perhaps as the permanent scar of a temporary dietary 
deficiency. 

6. Toxic Retinopathies 

Experimental toxic ret inopathies have been caused by 
many chemicals and toxic plants , but only a few toxic 
plants cause important diseases of domest ic animals . 

Bracken fern (Pteridium aquilinum) causes a progres-
sive retinal degenerat ion in sheep in several areas of Great 
Britain. The common name bright bl indness refers to 
pupillary dilation and tapetal hyperreflectivity of the se-

Fig. 4.52 Idiopathic diffuse retinal atrophy. Cat. Note com-
plete atrophy of photoreceptors and depletion of outer nuclear 
layer. 

verely affected sheep . The disease has been seen only in 
flocks grazing hills rich in bracken fern, and has been 
reproduced by prolonged feeding of the fern to sheep . A 
similar syndrome has been noted in catt le during long-
term exposure to the fern. The lesion is usually seen in 
middle-aged or older sheep as bilateral and initially central 
tapetal hyperreflectivity. Diffuse involvement follows. 
The histologic lesion is nonspecific, consist ing of photore-
ceptor outer segment degenerat ion progressing to deple-
tion of all retinal layers . 

Blindness is one of the features of intoxication with 
locoweed, Astragalus and Oxytropis spp . , in the Uni ted 
States of Amer ica , darling pea , Swainsona spp . , and blind 
grass , Stypandra spp . in Austral ia , and selenium indicator 
plants wor ldwide . 

Astragalus and Swainsona cause a neurovisceral lyso-
somal storage disease analogous to genetically t ransmit ted 
mannosidosis (see Chapter 3, The N e r v o u s Sys tem) . All 
members of the genus Swainsona contain an indolizidine 
alkaloid, swainsonine , that is a potent inhibitor of lyso-
somal mannos idase . At least some Astragalus spp . contain 
a similar alkaloid. Chronic ingestion of the plant occurs in 
cat t le , sheep , and horses forced to eat the plants on dry 
pas tures where nothing more palatable is avai lable. Af-
fected animals develop behavioral abnormali t ies and de-
fects of gait and vision. The histologic lesion consis ts of 
widespread cytoplasmic vacuolat ion in most o rgans due 
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to the intralysosomal accumulat ion of mannose-r ich oligo-
saccharides. Onset of clinical signs may require several 
months of heavy Swainsona ingestion, but ul trastructural 
vacuolation is seen within a few days . The ocular lesion 
is, as e lsewhere in the central nervous sys tem, vacuolat ion 
of neuronal cytoplasm and, later, axonal degenerat ion. 
The vacuolation is readily reversible on cessat ion of inges-
tion of the plant and seems not to be the lesion responsible 
for clinical signs. The axonal degenerat ion is not reversible 
and is probably the more important lesion. Whe the r blind-
ness is retinal or central in origin is unknown. 

Poisoning with Stypandra spp . occurs in sheep and 
goats on dry pas tures in southwes tern Austral ia . The plant 
is among the first to reappear after au tumn rains end the 
drought , and is ea ten if nothing bet ter is available. Acute 
intoxication is frequently fatal. Animals surviving the 
acute stage become blind and a taxic . In retina there is 
diffuse photoreceptor a t rophy and patchy hyperplasia of 
retinal pigment epithel ium. Axonal degenerat ion is found 
within the optic nerve and e lsewhere within the central 
nervous sys tem. 

The colloquial te rm blind staggers refers to chronic 
intoxication of sheep and catt le with plants known to accu-
mulate organic selenium selectively. Affected animals 
wander aimlessly, become weak and ataxic and are finally 
paralyzed prior to dea th . There is some quest ion as to 
whether bl indness is genuine or merely the result of stu-
por. Ocular lesions are not descr ibed. The syndrome of 
blind staggers does not occur in experimental selenium 
toxicity, and it is possible that the syndrome is of much 
more complex pathogenesis than simple selenium toxicity. 
Plants of the genera Astragalus and Oxytropis are sele-
nium accumulators as well as sources of swainsoninelike 
alkaloids. 

7. Miscellaneous Retinopathies 

Retinal lesions are found in a number of metabolic disor-
ders and systemic s ta tes . Best known among these is dia-
betes mellitus, but retinal lesions are found also in any 
of the neuronal s torage d iseases , coagulation d isorders , 
anemia, disseminated intravascular coagulat ion, hypervis-
cosity syndrome, and hyper tens ion , and following exces-
sive exposure to oxygen or light. 

Diabetes mellitus is the major cause of bl indness in 
humans in Nor th Amer ica . The cause of the bl indness 
is chorioretinal vascular disease with subsequent retinal 
degenerat ion. The characteris t ic lesions are seen only in 
patients with diabetes of 10 to 15 years ' durat ion. Even 
though virtually all chronic diabetics develop some retinal 
lesions, less than 10% become blind. Blindness is strongly 
predictive of the development of fatal diabetic nephropa-
thy. Lesion development is not prevented by insulin re-
placement . Other ocular lesions include ca tarac t , rubeosis 
iridis, and glycogen-induced vacuolat ion of iris epithelium 
and massive thickening of the ciliary basal lamina. The 
corneal epithelium may be unduly fragile, and tear produc-
tion may be reduced. 

The retinal lesion in humans is mostly the result of 

microvascular d isease . Loss of retinal per icy tes , develop-
ment of mic roaneurysms , thickening of capillary basal 
lamina, and retinal hemorrhages const i tute the early, de-
generat ive phase of the re t inopathy. This is followed by a 
proliferative phase in which more capillary aneurysms , 
a r te r io la r -venula r shunts , and neovascular izat ion occur 
as the presumed responses to retinal ischemia. The neo-
vascularizat ion is initially bland and confined to retina, 
but later there is extension into preret inal vi t reous with 
accompanying fibroplasia (retinitis proliferans). Hemor-
rhages and hyalinized collections of leaked plasma are 
c o m m o n in the retina. 

In nonpr imates , the naturally occurr ing re t inopathy is 
seen only in dogs and , even then, infrequently. This low 
frequency may be due to the fact that affected dogs do not 
live long enough for the retinal disease to deve lop . In dogs 
deliberately made diabetic and kept for up to 6 years , 
microvascular lesions typical of human diabetes occur . 
Pericyte loss is accompanied by capillary aneu rysms , re-
act ive endothelial proliferation, and per ivascular plasmoid 
exuda tes or hemorrhages . 

Retinal hemorrhages are seen in a variety of primary 
clotting d isorders , in th rombocytopenia of any cause , and 
in degenerat ive or inflammatory vascular d isorders . Mas-
sive hemorrhage may occur from complete ly separated 
ret inas . The bes t -known examples in veter inary medicine 
are multifocal hemorrhage from vessels damaged in the 
course of thrombot ic meningoencephal i t is of cat t le , and 
with Rocky Mounta in spot ted fever or ehrlichiosis of dogs . 
Apparent ly unique to cats is multifocal retinal hemorrhage 
observed in severe anemia . The lesions heal with scarring 
if the cat survives the anemia , suggesting that the hemor-
rhage is only the most visible manifestation of multifocal 
and probably ischemic re t inopathy. Similar retinal a t ro-
phy, but without hemorrhage , has been seen in horses 
following massive but sublethal blood loss as in surgery 
or from nasal hemorrhage subsequent to severe cranial 
t rauma. Affected eyes have multifocal retinal a t rophy and 
hyperpigmentat ion. Similar lesions may also result from 
focal retinal separat ion (which causes infarction in 
horses) , or from thromboembol ic consequences of bacter-
emia. Retinal hemorrhage , and somet imes retinal infarcts, 
occur in an unknown percentage of animals with dissemin-
ated intravascular coagulat ion of any pathogenesis . 
Horses seem particularly suscept ible , pe rhaps because of 
their poorly vascularized ret ina (Fig. 4.53). Rarely , retinal 
infarcts are caused by neoplast ic emboli . 

Senile retinopathy is character ized by microcystoid de-
generat ion, which is very c o m m o n in dogs from middle 
age onward (Fig. 4.47B). A similar lesion is found occa-
sionally in horses . The lesion affects peripheral retina 
adjacent to ora ciliaris and for a variable dis tance medially. 
There is formation of small cyst ic spaces within inner 
nuclear and plexiform layers , fusion of inner and outer 
nuclear layers , pigment cell accumulat ion and haphazard 
a t rophy and mingling of nuclei in a manner simulating 
peripheral retinal dysplasia . If the cys ts rupture to the 
vitreal face, the retina external to the cyst is seen as an 
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Fig. 4.53 Choroidal thrombosis and vasculitis. Horse. Idio-
pathic purpura hemorrhagica. Note infarction of adjacent retina. 

atrophic hole. Such holes are foci of ex t reme retinal thin-
ning, so that only the external limiting membrane sepa-
rates vi treous from pigment epithelium. The pigment epi-
thelium and choroid are usually normal , but they too may 
show at rophy and fibrosis. Intermingling of cysts and holes 
in peripheral retina is common . Complete breaks are un-
common and do not usually lead to retinal separat ion as 
occurs in humans . 

Multifocal coalescing peripheral retinal a t rophy is very 
frequent in very old dogs and horses , and is of no apparent 
visual impor tance . 

Hypertensive retinopathy is in most cases associated 
with chronic renal failure. At least 60% of dogs with 
chronic renal failure are hyper tensive . Dogs and cats are 
most frequently affected. 

The macroscopic ocular lesions include retinal or pre-
retinal hemorrhage , retinal edema, and retinal detach-
ment . The histologic lesions are primarily in retinal and 
choroidal vessels , which have lesions varying from fi-
brinoid necrosis of tunica media to medial hyper t rophy 
with adventitial fibrosis. Changes that are probably sec-
ondary to vessel damage include localized retinal necrosis , 
exudat ive retinal separat ion with resultant a t rophy of pho-

Fig. 4.54 Hypertensive retinopathy, dog. Hyalinized, thick-
walled retinal arteriole and focal retinal degeneration. 

toreceptors and hyper t rophy of retinal pigmented epithe-
lium, and intraretinal hemosiderin deposit ion (Fig. 4.54). 
Vascular lesions and associated necrosis may also occur 
in anter ior uvea . Eyes that are eventually enucleated or 
obtained at necropsy may have a variety of o ther lesions 
that probably occur secondary to chronic retinal detach-
ment and chronic intraocular hemorrhage . Most notable 
among these is preiridal fibrovascular membrane and its 
resultant hyphema or neovascular g laucoma. 

The early lesions, likely to be seen only under experi-
mental condi t ions , are the result of exaggerated autoregu-
latory vasoconstr ic t ion in response to the systemic hyper-
tension. Sustained vasoconstr ic t ion leads to ischemic 
necrosis of the deprived retina or choroid , as well as necro-
sis of vascular endothel ium distal to the constr ic ted pre-
capillary sphincters . The histologic consequences are fo-
cal retinal necros is , and leakage of plasma or even 
ery throcytes through damaged endothel ium. This leakage 
causes intramural fibrinoid change in the vessels and 
edema or hemorrhage in adjacent retina. 

Many of the neuronal s torage diseases cause retinal 
lesions identical to those in the brain. The list of those 
with descr ibed ocular lesions probably reflects those in 
which the eyes have been examined ra ther than a t rue 
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reflection of those diseases in which ocular lesions do , or 
do not , occur . Those interested should consult a useful, 
referenced table in the text by Slatter. 
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C. Retinitis 

Retinitis as the sole ocular lesion is rare but may occur 
in animals with neurot ropic virus infections, with toxo-
plasmosis , and with thrombot ic meningoencephal i t is of 
catt le (Fig. 4.55). In the lat ter d isease , however , it is more 
usual to find the typical th rombot ic , inflammatory lesions 
in choroid as well as retina. Their charac te r is identical to 
the lesions in the brain. The multifocal chorioret inal scars 
expec ted as sequelae are seldom seen, pe rhaps because 
catt le with neurologic and ocular lesions almost inevitably 
die. The prevalence of the ocular lesion, useful as an aid 
in the clinical diagnosis , is es t imated at 30 to 50% in ani-
mals with the septicemic form of the d isease , and as high 
as 6 5 % in experimental ly infected ca lves . 

Multifocal viral retinitis with the same histologic fea-
tures as the respect ive brain lesions occurs in animals 
with scrapie , hog cholera , rabies , Teschen d isease , Borna 
disease , Pseudorabies in pigs, and canine dis temper . Un-
doubtedly the list is incomplete . The ocular lesions associ-
ated with canine d is temper will be descr ibed here because 

Fig. 4.55 Focal destructive retinitis. Haemophilus somnus. 
Steer. 
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it is a classic example of inflammatory and postinflamma-
tory ret inopathy of viral etiology; canine dis temper is dis-
cussed with the Respiratory System (Volume 2, Chap-
ter 6). 

I. Canine Distemper 

Retinal and optic nerve lesions occur in most dogs with 
naturally occurring dis temper . The lesions most often are 
degenerative ra ther than inflammatory, al though some of 
the degenerat ive changes may have been sites of inflam-
mation earlier in the disease course . 

Acute lymphocyt ic -p lasmacyt ic chorioretinitis and op-
tic neuritis are found in about 2 5 % of dogs submitted for 
laboratory confirmation of the disease . Random perivas-
cular cuffing, edema, focal exudat ive retinal separat ion, 
and hyper t rophy of retinal pigment epithelium are present . 
Eosinophilic intranuclear inclusion bodies occur in gan-
glion cells or as t rocytes in 30 to 40% of the cases , which 
is the only etiologically specific change in what is an other-
wise nonspecific picture shared by many systemic infec-
t ions. 

The more prevalent lesions are multiple random foci of 
retinal degenerat ion and scarring. These usually affect the 
full thickness of ret ina and are most likely sequelae to 
the previous undetec ted retinitis. Such foci often contain 
numerous melanin-laden cells, probably derived from mi-
gration of adjacent, injured retinal pigment epithelium. 
Occasionally only the outer nuclear layer and photorecep-
tors are missing, probably a sequel to focal exudat ive 
retinal de tachment . 

Optic nerve lesions of one type or another are present 
in all dogs with ocular lesions. Nonsuppura t ive neurit is , 
astrocyt ic scarring, and demyelination similar to that in 
brain are the three most frequent changes . In those dogs 
suffering only the demyelinating disease , the ocular le-
sions may be inapparent , or there may be demyelinat ion 
of optic nerve and ganglion cell degenerat ion. 

2. Tick-Transmitted Infections 

Infection with the t ick-transmitted rickettsial agents of 
Rocky Mountain spotted fever (Rickettsia rickettsii) or 
canine ehrlichiosis (Ehrlichia canis) cause ocular lesions 
in dogs. The clinical and histologic ocular lesions are virtu-
ally identical and occur in a high percentage (80% for 
Rocky Mountain spotted fever) of dogs with active infec-
tion. Most of the lesions result from injury to vascular 
endothel ium parasit ized by the rickettsiae, and multifocal 
hemorrhage , edema , and vascular necrosis occur in all 
par ts of the eye . Multifocal retinal hemorrhage , perivascu-
lar retinal edema, and necrosis of endothel ium in retinal 
venules and arterioles are the characteris t ic retinal 
changes . Although often listed along with other agents 
as a cause of anter ior uveitis or endophthalmit is , most 
naturally occurring infections have clinical signs attribut-
able only to the vascular injury ra ther than a genuine uveal 
inflammation. There is one report of unusually severe 
uveitis occurring 14-28 days after experimental infection 
with Rickettsia rickettsii, following the d isappearance of 

all o ther signs of the acute systemic disease . Dogs thus 
affected had a neutrophil ic and lymphocyt ic destruct ive 
vasculit is , a ssumed to represent a type III immune reac-
tion to parasi t ized endothel ium. 
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VIII. Optic Nerve 

The optic nerve is a white fiber tract of brain formed by 
the outgrowth of ganglion cell axons from the eye through 
sievelike perforat ions in poster ior polar sclera, called the 
lamina cribrosa. The axons travel within a preformed neu-
rectodermal tube formed by the pr imary optic stalk to 
reach the optic chiasm and then the lateral geniculate 
body . The neurec toderm lining the optic stalk induces 
the surrounding mesenchyme to form the three meningeal 
layers , similar to and cont inuous with those of brain itself. 
La te r differentiation of neurec toderm produces the 
as t rocytes and Oligodendroglia that , together with the gan-
glion cell, axons , and fibrovascular septa from pia mater , 
form the subs tance of the optic nerve . The optic disk is 
the intraocular port ion of the nerve and is the only port ion 
available to ophtha lmoscopic examinat ion. It is formed by 
the convergence of ganglion cell axons prior to their exit 
via the lamina cr ibrosa. The axons of the nerve fiber layer 
are unmyel inated, and at what point (relative to lamina 
cribrosa) the axons become myelinated determines the 
ophthalmoscopic appearance of the optic disk. Histologi-
cally, the disk is unmyel inated in most domest ic species 
except the dog, conta ins abundant glia, and may have a 
small paracentra l excava t ion—the physiologic cup—from 
which Bergmeis ter ' s papilla originates. A few pigmented 
cells are commonly seen, as are small neuroblast ic clus-
te rs , both probably minor anomalies of retinal differentia-
tion but of no significance. 

There is considerable variation in the normal histology 
of the optic nerve among animals of different species and 
ages . Optic disk myelination has already been ment ioned . 
The lamina cr ibrosa is formed by heavy fibrous t rabeculae 
in horses , dogs , and catt le and is therefore more obvious 
than in cats and laboratory animals . F ibrous septa within 
the nerve are prominent in catt le and horses , and their 
similarity to the axons in hematoxyl in and eosin sect ions 
may mask a pathologic pauci ty of nerve fibers. The fibrous 
tissue reportedly increases with age . 

The general pathology of opt ic nerve shares features of 
both retinal and neural d isease . Because it is in direct 
continuity with both s t ruc tures via its axons , and with 
brain via the perineural cerebrospinal fluid, it is c o m m o n 
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that optic nerve be affected by diseases of ei ther retina or 
brain. Thus optic neuritis is expected in at least a propor-
tion of animals suffering with inflammation of retina or 
neural white mat ter , and optic nerve a t rophy inevitably 
follows loss of ganglion cells. For tui tous hematogenous 
localization of infectious agents or tumor cells may occur 
in optic nerve as anywhere else. 

Papilledema is hydropic swelling of the optic disk. It 
may result from ext raocular even ts that cause an increase 
in cerebrospinal fluid pressure within the optic nerve or 
from local vascular leakage. The former is usually associ-
ated with re t robulbar t issue masses , but is also seen with 
intracranial neoplasms and with hypovitaminosis A. Ocu-
lar hypotony may cause optic disk edema as a result of 
decreased tissue hydrostat ic pressure . Serous inflam-
mation within the nerve also results in papil ledema. 
Papil ledema is a c o m m o n clinical diagnosis that rarely is 
available for histologic examinat ion. 

Optic neuritis is a te rm somet imes used ra ther broadly 
to describe both inflammatory and degenerat ive diseases 
of the nerve . Optic neuritis is seen clinically as swelling, 
hyperemia , and focal hemorrhage within the optic disk. 
Affected animals , usually dogs or horses , are blind when 
the lesion is bilateral. Although descr ibed as a clinical 
entity not associated with o ther ocular lesions, his topatho-
logic confirmation is lacking. Optic neuritis may , of 
course , accompany any case of retinitis or endophthal-
mitis. 

Fig. 4.56 Axonal degeneration in the retrobulbar, intraorbital 
optic nerve. Dog, 11 days after being struck by a car. 

The pat tern of inflammation within the nerve may pro-
vide clues as to the pathogenesis of the neuri t is . Perineuri-
t is , or optic nerve leptomeningit is , is typical of meningeal 
spread of bacterial meningitis from the brain. Toxoplasmo-
sis and cryptococcos is frequently cause multifocal and 
nonselect ive lesions within the ext raocular ne rve , as does 
canine dis temper . Optic neurit is originating as endophthal-
mitis is usually restr icted to the optic disk. Fel ine infec-
t ious peritonitis is frequently associated with perineurit is 
and optic neuritis in which the mononuc lea r aggregates 
are a round blood vessels in the meninges and in the exten-
sions of the meninges into the nerve . 

Chronic optic neuri t is , like its counterpar t in the brain, 
is character ized by focal gliosis, as t rocyt ic scarring, and 
secondary axonal degenerat ion. The loss of axons may be 
partially masked by the increased prominence of glia and 
pial septa . 

Degeneration of the optic nerve is part of optic neurit is , 
g laucoma, and chronic , severe retinal a t rophy of any 
cause . Initiation of gliosis and fibrosis may eventually 
make the chronic degenerat ive lesion indistinguishable 
from that of chronic inflammation. The most frequently 
diagnosed example is that following t r auma to one or both 
nerves in dogs or cats s t ruck by cars (Fig. 4.56). The gross 
lesion may be avulsion or contus ion. Injury to the nerve 
may be ins tan taneous , as caused by tearing or complete 
severance , or may result from vascular injury with slightly 
delayed ischemic necros is . In severed ne rves , there is 
disintegration of the distal axons back to the lateral genicu-
late body . The proximal port ion of each affected axon dies 
back to the ganglion cell, which eventually also dies . The 
inner nuclear layer remains unaffected, a useful criterion 
to distinguish t raumat ic , " d i e b a c k , " ganglion cell a t rophy 
from that of g laucoma. 

Degenerat ion of optic nerve also occurs in calves defi-
cient in vitamin A, and in ruminants ingesting male fern 
or hexach lorophene . Ingestion of male fern, Dryopteris, 
on pas ture or as a taenicidal ext ract causes papil ledema 
and subsequent optic nerve demyel inat ion when ingested 
in large amoun t s . Ret ina may be unaffected early, but 
ganglion cell a t rophy occurs eventual ly . Hexach lorophene 
adminis tered to calves or sheep as an anthelmintic causes 
edema and then a t rophy and gliosis of optic nerve . 

Proliferative optic neuropathy is an unusual lesion of 
horses . Anecdota l descr ipt ions are numerous , but histo-
logic descr ipt ions are few. The lesion is a raised, gray 
mass on the surface of the optic disk, unassocia ted with 
visual deficit. The mass is composed of spherical mononu-
clear cells with hyperchromat ic , eccentr ic nuclei and 
foamy eosinophilic cytoplasm (Fig. 4.57). Some of these 
cells are also found within ext raocular optic nerve . The 
cytoplasmic content may be s tored lipid, but its origin is 
not known. The descr ibed lesion bears much resemblance 
to the proliferation of myelin-laden macrophages that oc-
curs in and on optic nerves injured by t rauma or ischemia. 
Also, the distinction be tween the proliferative optic neu-
ropathy and gliomas or granular cell tumors descr ibed in 
various repor ts is unclear . 
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Fig. 4.57 Equine proliferative optic neuropathy. The identity 
of the foamy cells is much debated. 

Bibliography 

Bistner, S. et al. Neuroepithelial tumor of the optic nerve in a 
horse. Cornell Vet 73: 30-40, 1983. 

Gelatt, K. N. et al. Optic disc astrocytoma in a horse. Can Vet 
J 12: 53-55, 1971. 

Nafe, L. Α., and Carter, J. D. Canine optic neuritis. Compend 
ContEdS: 978-984, 1981. 

Saunders, L. Z., and Rubin. L.F. 'Ophthalmic Pathology of 
Animals." Basel, Switzerland, Karger, 1975. 

Saunders, L. Z., Bistner, S. I., and Rubin, L. F. Proliferative 
optic neuropathy in horses. Vet Pathol 9: 368-378, 1972. 

Vestre, W. Α., Turner, Τ. Α., and Carlton, W. W. Proliferative 
optic neuropathy in a horse. J Am Vet Med Assoc 181:490-491, 
1982. 

IX. The Sclera 

The limbus marks the transition from the avascular , 
nonpigmented, and very orderly cornea to the vascu-
larized, pigmented, and interwoven fibrous t issue that 
identifies sclera. The sclera forms the poster ior two thirds 
of the fibrous tunic of the eye , blending with choroid on 
its inner aspect and orbital fascia exteriorly. Its thickness 
increases with age and varies considerably among domes-
tic species . In catt le and horses , it is thickest at the poste-

rior pole (2.2 mm in catt le and 1.3 m m in horses) and 
thinnest at the orbital equator (1.0 mm in cat t le , about 
0.5 mm in horses) . In dogs and ca t s , it is much thinner , 
about 0.3 mm at the poster ior pole and 0.1 m m at the 
equator , varying somewhat with age and globe size. In 
carnivores , however , there is a circumferential ring of 
thickened (1 mm) sclera at the l imbus, in which is buried 
the venous plexus receiving aqueous drainage. The sclera 
is perforated by numerous vessels and ne rves , the most 
notable of which are the optic nerve and limbic scleral 
venous p lexus . 

The optic nerve fibers exit the globe through extensive 
scleral fenestrat ions called the lamina cr ibrosa. Diseases 
of the sclera are few in compar ison to diseases of o ther 
ocular s t ructures . Most are inflammatory and arise by 
extension from within the globe or from orbital cellulitis. 
The efficiency with which the sclera resists inflammatory 
spread is evidenced by the infrequency of panophthalmit is 
as opposed to endophthalmit is , and the even greater infre-
quency of intraocular involvement resulting from orbital 
inflammation. When the sclera is involved in inflammatory 
disease originating within the eye , its initial involvement 
is seen histologically as leukocytes in per ivascular adven-
titia, which is in direct communica t ion with the choroid. 
A similar phenomenon is seen in scleral extension of cho-
roidal neoplasms , in which collars of tumor cells surround 
scleral vessels but show little inclination to infiltrate di-
rectly into scleral connect ive t issue. 

Nodular fasciitis (nodular granulomatous episcleritis) is 
the most prevalent primarily scleral disease of dogs . It 
occurs rarely in ca t s . It is the proliferative, nodular lesion 
of the l imbus that has been variously te rmed nodular fasci-
itis, nodular scleritis or episclerit is , fibrous his t iocytoma, 
proliferative keratoconjunctivi t is , conjunctival granu-
loma, and collie granuloma. The various names reflect 
the spec t rum of clinical presenta t ions of this lesion. The 
variat ions are t reated as a single enti ty, nodular fasciitis, 
in this discussion. 

The usual macroscopic lesion is a firm, painless , move-
able, nodular swelling, 0 .5 -1 .0 cm in d iameter , below the 
bulbar conjunctiva at, or jus t poster ior to , the l imbus. 
Infiltrative extension of the mass into the peripheral cor-
neal s t roma is accompanied by edema and vascular izat ion 
(Fig. 4.58A). Although the temporal l imbus unilaterally is 
the most frequent site for initial occur rence , o ther com-
mon locations include third eyelid and e lsewhere along 
the l imbus. Third eyelid involvement is often bilateral and 
occurs almost exclusively in rough collies. Limbic and 
nicti tans involvement may occur in the same dog and even 
in the same eye . 

Ocular nodular fasciitis behaves as would a locally infil-
trative neoplasm. Extens ion is usually into peripheral cor-
neal s t roma and posteriorly into sclera, episclera, and 
T e n o n ' s capsule . The t issue of origin of this lesion is 
unresolved. Fibrous t issue of sclera, episclera , and Ten-
o n ' s capsule have all been suggested. Les ions involving 
the third eyelid, or the rare case of palpebral subconjunct i -
val origin, probably originate from the fascia nat ive to 
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Fig. 4.58A Nodular fasciitis. Dog. Infiltrative scleral mass of 
2 years' duration. 

those s t ructures . Histologic examinat ion distinguishes this 
lesion from extension of intraocular tumors or the rare 
scleral sa rcomas . Occasional ly, infiltration of therapeut i -
cally refractory fasciitis is so ex tens ive , both into cornea 
and sclera, as to require enucleat ion. 

Histologically, the lesion is a proliferative, nonencapsu-
lated mixture of neocapil lar ies , spindle cells, and mononu-
clear leukocytes (Fig. 4.58B). The spindle cells may be 
fibroblasts, his t iocytes , or a mixture of both . The spindle 
cells are haphazardly arranged and, despi te a fibrous ap-
pearance to the sect ion, surprisingly little collagen is dem-
onstrated by special stains except in coarse septa that may 
dissect the mass into irregular lobules. Reticulin, however , 
is abundant . The mononuclear leukocytes are found 
loosely throughout the mass but are usually most numer-
ous near its per iphery. When present in cornea , the above 
cell mixture affects s t roma but spares the epithelium and 
an adjacent zone of subepithelial s t roma. 

Necrotizing scleritis is a rare lesion seen in dogs as a 
poorly delineated inflammatory and proliferative lesion of 
anterior sclera. The disease incites much more inflamma-
tory react ion, as measured by clinical criteria, than does 
nodular fasciitis. The lesion consis ts of coalescing scleral 
granulomas centered around remnants of dena tured , re-
fractile collagen. Eosinophils somet imes are seen in the 
centers as well. Some cases have diffuse granulomatous 
inflammation ra ther than discrete granulomas . The lesion 
tends to slowly spread circumferentially and posteriorly 

Fig. 4.58B Higher magnification, nodular fasciitis. 

to involve the entire sclera, and involvement of uvea and 
even ret ina with granulomas eventual ly occurs . Bilateral 
involvement is usual , but not necessari ly at the same t ime. 
Response to anti inflammatory therapy is poor . N o etio-
logic agent has been seen. 

X. The Orbit 

Diseases of the orbit are few and relatively uncommon 
in domest ic animals except for those resulting from 
t rauma. Systemic diseases of b o n e , musc le , blood vessels , 
and nerves may incidentally affect orbital componen t s . 
Orbital fat fluctuates with nutri t ional s ta tus , contributing 
to the enophtha lmos of malnour ished animals . Ordinarily, 
however , orbital d isease ar ises by extension of inflamma-
tory lesions from the mouth , paranasal s inuses , or from 
penetrat ing wounds through periorbital soft t i ssue. Exten-
sion from intraocular inflammation is surprisingly rare , a 
t r ibute to the barrier offered by the sclera. Converse ly , 
orbital disease rarely invades the globe. Metas ta t ic orbital 
neoplasia is rare except for l ymphoma of catt le and of 
ca t s . While theoretically the orbit may suffer from primary 
neoplasia of any of the bony or soft t issues within it, such 
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occurrences are rare . Of these , ill-defined spindle-cell sar-
comas and lacrimal gland tumors in dogs are the most 
common (see Ocular Neoplasia) . 

Orbital cellulitis is the commonly used term to descr ibe 
pyogenic orbital inflammation. The cause is usually bacte-
rial, and the pathogenesis involves extension from nearby 
inflammation of paranasal s inuses , molar tooth socket , 
or periorbital soft t i ssue. Only rarely does uncontrol led 
endophthalmit is spread through the sclera into the orbit . 
Bacteremic localization within the orbit , while presumably 
occurring as do such localizations e l sewhere , is seldom 
detected except perhaps for Streptococcus equi infection 
in young horses . 

Orbital inflammation most frequently results from pene-
trating foreign bodies , whe ther by direct penetra t ion or 
particle migration from conjunctival sac or pharynx . 
Horses seem particularly p rone . Aberrant localization by 
nematode parasi tes (Dirofilaria immitis, Ancylostoma 
caninum) or Dipt era larvae is repor ted . 
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XL Ocular Neoplasia 

Although the eye is the site of a wide range of primary 
and metastat ic neoplasms, only a few are of sufficient 
prevalence or importance to justify discussion here . Meta-
static ocular neoplasia is repor ted ra ther infrequently but 
it is common when sought. Multicentric lymphoma in ca ts , 
dogs, and cattle regularly involves the eye , al though in 
cattle the re t robulbar t issue is preferred over the eye itself. 
Carc inomas are repor ted more frequently than sa rcomas , 
and this probably reflects the greater prevalence and meta-
static potential of carc inomas . Uveal vessels are the usual 
sites of lodgement , and ocular disease may result from 
vessel occlusion, or from inflammation in response to tu-
mor antigen, or to necrosis of ei ther tumor or damaged 
host t issue. H y p h e m a is more common in eyes with tumor-
induced uveitis than with uveitis of o ther causes and is 
therefore a diagnostically useful sign. 

Primary ocular tumors may arise from the eyelids and 
adnexa , from optic nerve , or from the globe. Those of the 
globe may originate from any of the t issues , but only those 
from uveal melanoblasts and neurec toderm are anything 
o ther than rare . Most primary intraocular tumors are be-
nign in te rms of histologic appearance or potential for 
metas tas is . Dogs and cats are frequently affected, but 
primary intraocular neoplasms are inexplicably rare in 
o ther domest ic species. 

The most important pr imary ocular neoplasms are squa-
mous cell carc inoma, meibomian adenoma, melanoma, 
and ciliary adenoma. Other tumors are uncommon. 
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A. Squamous Cell Carcinoma 

Squamous cell ca rc inoma arises from the conjunctival 
epithelium of the l imbus, third eyelid, or eyelid in cat t le , 
horses , ca t s , and dogs , in that order of f requency. Bovine 
ocular squamous cell ca rc inoma is the most common 
and most economical ly significant neoplasm of domest ic 
animals . Its relative rarity in dogs is peculiar and unex-
plained. 

Bovine ocular squamous cell carc inoma, which is 
largely restr icted to the Hereford breed , also occurs in 
o ther breeds of cat t le , as well as Indian water buffalo, 
sheep , and cat talo (Fig. 4.59). It has a prevalence shown 
to be related directly to exposure to ultraviolet radiat ion, 
and less directly to lack of pigment in lids and conjunctiva. 
Never the less , variation in prevalence in different lines of 
Herefords in the same district has led to speculat ion that 
o ther genetic factors within the breed may influence sus-
ceptibility. The quest ion has been further widened by dem-
onstrat ion of papil lomaviruses in some of the papillo-
matous precursor lesions which eventually t ransform into 
squamous cell carc inoma. Similar papi l lomaviruses , as 
well as being the causat ive agents of cu taneous war t s , 
have been demons t ra ted in bovine al imentary papil lomas 
in Scot land, and viral D N A persists in the squamous cell 

Fig. 4.59 Squamous cell carcinoma. Ox. 
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Fig. 4.60A Squamous papilloma of corneoscleral junc-
tion. Ox. 

carc inomas which arise from these papil lomas in catt le 
grazing pas tures that contain bracken fern. It remains to 
be determined whether or not there is any relat ionship 
be tween a viral componen t of the ocular carc inoma and 
the fact that in many cases the tumor regresses after immu-
notherapy. At least at the moment , no viral particle or 
viral genome has been consistent ly demonst ra ted in ocular 
squamous cell carc inomas in any species . Envi ronmenta l 
co-carcinogens such as those in bracken have not yet been 
implicated in the induction of ocular tumors . 

The tumor in all species develops through a series of 
premalignant s tages , called epidermal plaques and papillo-
mas , before proceeding over months or years to carc inoma 
in situ and to invasive carc inoma (Figs . 4.59, 4.60A,B). 
Spontaneous regression of the p recancerous lesions may 
occur with an est imated frequency of 25 to 50%. At least 
in cat t le , plaques are much more common (about 6 : 1 ) 
than papil lomas or outright ca rc inomas . The epidermal 
plaque is character ized by marked acanthos is , with vari-
able presence of kerat inizat ion, dyskera tos is , and epider-
mal downgrowth into the subconjuctival connect ive tis-
sue. Invasion through basal layer or basement membrane 
is not seen. Papil loma also involves acanthosis but , in 
addit ion, there is marked para- and hyperkeratos is with 
papillary projections suppor ted by a vascularized connec-
tive t issue core . Papil lomas may be up to 3.0 cm in diame-
ter, peduncula ted or sessile, and are often ulcerated. Car-
cinoma in situ arises by focal or multifocal t ransformation 

Fig. 4.60B Squamous cell carcinoma arising from bulbar con-
junctiva. 

of increasingly dysplast ic cell nests in the deep layers of 
plaques or papi l lomas. Fully developed carc inoma has 
squamous cell invasion across the basement membrane . 
T u m o r invasion is almost a lways accompanied by an in-
tense lymphocy t ic -p lasmacy t ic infiltration, presumably 
the host response to tumor ant igen. It is a ssumed that 
this response is responsible for regression of some of the 
precursor lesions, al though spontaneous regression of 
fully developed carc inoma is ra re . Stimulation of immune-
mediated rejection by intra lesional inoculation of anti-
genic tumor ext rac ts or nonspecific lymphocyte st imulants 
induces partial or total regression of small t umors . 

Histologically, ocular squamous cell ca rc inoma resem-
bles similar tumors in o ther sites and ranges from well-
differentiated carc inomas with kerat in pearl formation to 
anaplast ic carc inomas with marked nuclear size variation 
and mononuc lear tumor giant cells . Metas ta t ic or invasive 
potential has not been corre la ted with histologic criteria, 
but there is a correlat ion be tween site of origin and subse-
quent behavior . Most surveys in catt le identify the bulbar 
conjunctiva of the l imbus as the most frequent site of 
origin, es t imated at about 70% of all occur rences . Some 
surveys consider nictitating membrane as next most fre-
quent , with palpebral conjunct iva of the t rue eyelid as 
third. Other repor ts claim nicti tans origin to be uncommon 
and eyelid tumors to be as c o m m o n as those of limbic 
origin. Tumors probably do not arise from cornea unless 
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Fig. 4.61 (A) Early squamous cell carcinoma involving conjunctiva of nictitating membrane. Horse. (B) Histology of (A). 
Disorderly and defective maturation, premature keratinization, and invasion across the basement membrane. 

it has previously been vascularized. Tumors arising at the 
limbus are confronted by the dense and poorly vascu-
larized connect ive tissue of sclera and peripheral cornea , 
which retards metastasis to extraocular sites. Invasion 
of corneal s t roma, sclera, and anterior chamber occurs 
slowly. Tumors arising from the nictitans extend to the 
root of the membrane and then to the cartilage and bone 
of the orbit and internal nares . Metastasis probably will 
eventually occur in all ins tances , with parotid lymph node 
the initial site. Wide dissemination to thoracic and abdomi-
nal organs has been reported and is probably limited only 
by the limited longevity of the animal. 

Squamous cell carc inoma of the equine eye is much less 
thoroughly documented but is quite common . In contras t 
to cat t le , the preferred site is the edge of the third eyelid, 
followed by limbic bulbar conjunctiva (Fig. 4.61). Bilateral 
involvement is seen in 15 to 20%. All breeds may be 
affected, and the mean age of affected horses is about 9 
years . The same range of precancerous lesions occurs in 
horses as in cat t le . Prognosis is strongly influenced by 
therapy, but the untreated neoplasm is slow to metasta-
size, and even then, it is usually only to local lymph nodes . 
Retrospect ive studies document 10 -15% of equine ocular 
squamous cell carc inomas to have regional or distant 
spread, but the data do not consider durat ion of the disease 
prior to therapy (Fig. 4.62). 

In cats, ocular squamous cell carc inoma most frequently 
affects the skin or palpebral conjunctiva of the eyelids. 

White cats are particularly suscept ible , and squamous cell 
carc inomas in these animals may occur simultaneously or 
sequentially on eyel ids, ear p innae , nose , and lips. The 
early lesion is one of sunlight-induced epithelial necrosis , 
and even the early neoplasm may be ulcerated and in-
flamed to a degree that may mask its neoplast ic charac ter 
and delay appropr ia te therapy. Growth tends to be circum-
ferential a round the lid margins , resulting in a palpebral 
fissure bordered by a th ickened, red, and ulcerated tumor . 

Fig. 4.62 Scleral squamous cell carcinoma has grown inward 
to approach ciliary processes, an unusual behavior for these nor-
mally exophytic tumors. Horse. 
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Metastasis to local lymph nodes occurs late in the course 
of the disease . 

Squamous cell carc inoma in dogs infrequently involves 
the eye . Proliferative eyelid or conjunctival growths in 
dogs are much more likely to be meibomian adenomas , 
viral papi l lomas, or nodular fasciitis. In one study of 202 
canine eyelid neoplasms, squamous cell carc inoma ac-
counted for only 2 % of lesions. Precancerous changes 
probably occur but , in contras t to catt le and horses , eyelid 
papillomas in dogs are usually benign and nonprogress ive 
lesions. 
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B. Meibomian Adenoma 

Meibomian adenoma is the most common ocular neo-
plasm of dogs , account ing for at least 50% of eyelid tu-
mors . It is comparable in most respects to sebaceous ade-
nomas found e lsewhere in the skin, and many authors 
have abandoned the n a m e , meibomian adenoma , in favor 
of the latter te rm. H o w e v e r , these tumors are specifically 
of meibomian gland and not of o ther eyelid sebaceous 
glands and regularly have histologic features that are infre-
quently seen in their cu taneous counte rpar t s . In the eyelid 
tumors , the lobules of foamy, eosinophilic sebaceous cells 
are surrounded by basal (reserve) cells that are regularly 
a prominent part of the tumor (Fig. 4.63). In many in-
s tances , the basal cell componen t is so prominent as to 
cause diagnosis to be made of basal cell tumor with seba-
ceous differentiation or even sebaceous adenocarc inoma. 
None metas tas izes , and even the so-called carc inomas 
show little inclination for invasive growth. Other distinc-
tive features are the regular occur rence of squamous meta-
plasia appropr ia te to sebaceous gland duc ts , and a marked 
lymphocyt ic -p lasmacyt ic infiltrate within the s t roma be-
tween tumor lobules and around the tumor margins, and 

Fig. 4.63 Meibomian adenoma. Dog. Note sebaceous cells, 
basal (reserve) cells, melanin, abundant mononuclear leukocytic 
infiltration. 

localized granulomatous response (chalazion) to leaking 
secret ion. The basal cells in many of these tumors are 
heavily pigmented, with mature melanocytes interspersed 
with the basal cells and melanophages prominent in the 
s t roma. 

C. Other Adnexal and Conjunctival Tumors 

A wide range of neoplasms has been repor ted to occa-
sionally affect the conjunct iva or adnexa of domest ic ani-
mals . Other than meibomian adenoma , squamous cell car-
c inoma, or papil loma (previously descr ibed) or melanoma 
(to be described) in their respect ive species , all are uncom-
mon to rare . 

Hemangiomas and hemangiosarcomas occur anywhere 
in the conjunctiva, most frequently on the perilimbal bul-
bar conjunctiva of dogs and horses . They resemble vascu-
lar tumors e l sewhere , a l though some of the canine tumors 
occur in the very superficial p lexus adjacent to a hyper-
plastic conjunctival epi thel ium, and have been called angi-
okera tomas . Their behavior is the same as that of hemangi-
oma . Malignant variants seem more prevalent in horses , 
where more than half of the repor ted cases are solid hem-
angiosarcomas with a very aggressive local infiltration 
and , usually, distant metas tas is . There is much specula-
t ion, but no proof, that sunlight is important in their cau-
sation. 
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Adenocarcinoma of the gland of the third eyelid occurs 
as a nodular swelling in very old dogs (mean age 11.5 
years) . They are locally infiltrative, recur after a t tempted 
resect ion, but are cured by complete removal of the third 
eyelid. Only chronically neglected cases metastas ize to 
lung after a very protracted local expansion. Histologically 
these are tubular carcinomas with abundant squamous 
metaplasia. They should not be confused with the promi-
nence of the gland that occurs with prolapse of the gland 
(cherry eye) or with lymphocytic interstitial adenit is . 

Lymphoma may have several ocular manifestat ions, the 
most frequent of which are diffuse uveal metas tases as part 
of generalized lymphoma in dogs or ca t s , or as re t robulbar 
tumor in cat t le . It may occasionally occur as a conjunctival 
disease as part of generalized lymphoma or as a mucocuta-
neous manifestation of epitheliotrophic lymphoma. There 
are several reports of conjunctival or third eyelid 
lymphoma occurr ing in horses as an apparent ly isolated 
lesion cured by local excision. 
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D. Melanotic Tumors 

Our unders tanding of the biology of primary ocular 
melanomas in animals has suffered greatly from the prema-
ture assumpt ion that they are similar to the much-studied 
human ocular melanomas , and for many years the descrip-
tions and prognoses reflected the human exper ience . Per-
haps because of this error , a great many enucleated globes 
were available for histologic evaluat ion, inadvertently 
allowing the flurry of re t rospect ive studies that eventually 
established ocular melanomas in dogs and cats as distinct 
entities quite different in s tructure and behavior from the 
human neoplasms. 

Primary melanomas of the eye or adnexa are common 
in dogs and ca ts , rare in horses , and almost nonexistent 
in other domest ic species . Even in dogs and ca t s , the 

prevalence and behavior of the various types of ocular 

melanomas differ markedly , so that generalizat ions must 

be studiously avoided. 

1. Canine Ocular Melanomas 

In dogs, melanomas arise in the skin of the lid margin, 
in conjunctiva, in anter ior uvea , in the pigmented line 
demarcat ing the l imbus, and in the choroid (Fig. 4 .64A,B). 
The tumors arising in each location represent a distinct 
biologic group with a natural behavior and therapeut ic 
protocol quite different from melanomas arising at one of 
the o ther si tes. 

Melanomas of the haired skin of the lid margin a re the 
second most prevalent eyelid tumor in dogs . They are rare 
in this site in o ther species . They are almost invariably 
benign and closely resemble benign melanomas e lsewhere 
in the skin. 

Melanomas arising in the conjunctiva a re very infre-
quent compared to all o ther ocular melanomas . The few 
case repor ts do not allow for general izat ions about behav-
ior, but they often are histologically and behavioral ly ma-
lignant. Their relat ionship to eyelid melanoma seems anal-
ogous to those of the lip, where melanomas of the haired 
exter ior lip are benign like most skin me lanomas , and 
those of the mucous membrane of the inside of the lip are 
malignant like those e lsewhere in the mouth . Conjunctival 
melanomas may appear as well-pigmented tumors of 
bland, p lump melanocytes with little anisokaryosis or mi-
totic activity, but often are poorly melanot ic and have 
invasive clusters of angular epithelioid cells with marked 
anisocytosis and numerous mitotic figures. Local recur-
rence and spread after excision is frequent, and metastas is 
to lung has been repor ted . 

Limbal (epibulbar) melanoma is a histologically and 
behaviorally benign tumor of the melanocytes normally 
found in an oblique line that demarca tes the junc t ion of 
corneal s t roma with sclera at the l imbus. The tumor is 
composed of large p lump melanocytes with a central nu-
cleus and abundant cytoplasmic pigment. Mitotic figures 
are absent , and nuclear variation is minimal. T h e tumor 
grows outward as a protruding spherical nodule , hence 
the al ternative name of epibulbar melanoma. There may 
be nodular expansion into peripheral cornea , but virtually 
never into the uvea or anter ior chamber . Tumors with 
similar clinical and histologic appearance that do invade 
the globe should be assumed to have originated as anter ior 
uveal me lanomas , and the scleral extens ion of such tumors 
along the adventi t ia of the scleral venous plexus merely 
mimics the outflow of many other materials from within 
the eye . 

Anterior uveal melanomas (melanocytomas) of dogs is 
the most frequent intraocular tumor in that species . It is 
topographical ly, histologically, and behavioral ly unre-
lated to human epithelioid ocular me lanomas , to which it 
was long compared . The typical tumor arises from melano-
cytes of the iris root or adjacent ciliary body , and is com-
posed of variable propor t ions of lightly pigmented spindle 
cells and heavily pigmented plump melanocy tes identical 
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Fig. 4.64 (A) Ciliary melanoma at the limbus, which resembles an epibulbar melanoma grossly. (B) Benign iris melanoma 
(nevus), dog iris. 

to those of limbal melanomas . The spindle cells are as-
sumed to be the proliferative populat ion, and the p lump 
cells probably represent the mature , end-stage melanocyte 
with a s torehouse of cytoplasmic pigment. 

The diagnosis itself presents no problem, but offering 
an accura te prognosis is more complex . About 15% of all 
canine anter ior uveal melanomas are histologically malig-
nant , and one third of these have been confirmed to be 
behaviorally malignant by virtue of extraocular metasta-
ses . The overall prevalence of behavioral malignancy is 
thus about 5%, and this small group can be predicted by 
mitotic index. Histologically malignant tumors are domi-
nated by the spindle cells ra ther than the p lump cells, are 
more lightly pigmented, have much more anisokaryosis 
and more mitotic figures than the benign tumors . Of these , 
mitotic index is the most reliable predictor of behavior . 
Benign tumors have virtually no mitotic figures. Those 
confirmed as behaviorally malignant have a mitotic index 
of 3 or more (usually much more!) . 

Even benign melanomas are significant to the eye , 
spreading transclerally and circumferentially within the 
globe. Glaucoma from occlusion of ciliary cleft is seen 
in about half the dogs presented for enucleat ion, and is 
probably the eventual fate of all eyes with this neoplasm. 
Uveitis from tumor necrosis or hyphema from tumor-
induced uveal neovascular izat ion are o ther frequent ac-
companiments . 

Clinically insignificant iris nevi or freckles occur in dogs 

as nonprogress ive pigmented spots . Their only signifi-
cance is to cause p remature and unnecessa ry enucleat ion. 
Histologically, the lesions are well c i rcumscr ibed clusters 
of bland melanocytes adjacent to the anter ior border layer 
of the iris. 

Choroidal melanomas account for about 80% of all hu-
man ocular me lanomas , but are rare in dogs . The few 
repor ted were d iscovered as incidental findings on fundos-
copic examinat ion, and grew very slowly. They seem very 
similar to the benign melanomas of l imbus or anter ior 
uvea: well-pigmented, cytologically bland, and cause clini-
cal signs only by their slow expans ion into adjacent sensi-
tive t issues . In the case of choroidal me lanomas , such 
expansion results in localized retinal de tachment and tu-
mor infiltration of overlying ret ina or adjacent optic nerve . 
One of five dogs in one report became blind because of 
comple te retinal separat ion from the choroid . 

2. Feline Ocular Melanomas 

Ocular melanomas in cats are very different from their 
canine counte rpar t s . Cats very rarely have eyelid or con-
junct ival me lanomas , paralleling the paucity of melanomas 
reported in o ther cu taneous or mucous membrane sites in 
this species . The few repor ted conjunctival melanomas 
have been histologically and behavioral ly very malignant. 
Limbal melanomas , histologically and behaviorally identi-
cal to those in dogs , are occasionally seen. The major 
presenta t ion, however , is of diffuse iris thickening and 
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Fig. 4.65A Diffuse iris melanoma. Cat. The scleral infiltration 
is a grim prognostic sign in this species. 

glaucoma—clinical findings typical of the diffuse iris mela-
noma unique to cats (Fig. 4.65A). Only rarely does one 
encounter a well-pigmented, plump-cell melanoma analo-
gous to the common canine uveal melanoma. 

The diffuse iris melanoma was at first considered an 
interesting but benign lesion causing diffuse thickening 
and hyperpigmentat ion of the iris. Subsequent re t rospec-
tive studies have been unanimous in document ing a 50 to 
60% metastat ic ra te . Because cats seem even more elusive 
than dogs in te rms of follow-up studies, the actual number 
of cases with good postoperat ive data is small, and consid-
erable debate persists among ophthalmologists about the 
real rate of metastasis of these tumors . 

Histologically, these tumors diffusely infiltrate the 
s t roma of the iris, the ciliary cleft, and then the overlying 
sclera, peripheral cornea , and ciliary body. They are noto-
riously p leomorphic , and are apt to be misdiagnosed by 
those pathologists not aware of this disease . Tumor cells 
vary from spindle-shaped cells to mult inucleated epitheli-
oid cells (Fig. 4.65B). Pigmentation often is light, and the 
cytoplasm may be foamy and eosinophilic. Balloon cells 
with foamy cytoplasm and very distinct cell boundaries 
are frequent in some tumors . The accura te prediction of 
tumor behavior is compromised , in all published s tudies , 
by the low percentage of affected cats available for follow-
up. Metastasis has been correlated with large tumor size, 
intrascleral spread, and mitotic index. 

Like dogs , cats have focal-to-coalescing hyperpigmen-
tation of the anterior iris s t roma. Some cases , as in dogs , 

Fig. 4.65B Pleomorphic round cells. Iris melanoma. Cat. Pig-
mentation is light and mononuclear giant cells are conspicuous. 

are nonprogress ive and harmless . Others seem slowly to 
coalesce and thicken, at which t ime they are indistinguish-
able from the most benign variants of diffuse iris mel-
anoma. 

3. Equine Ocular Melanomas 

If one excludes the chance occur rence of gray-horse 
skin melanomas on the eyelid, pr imary ocular melanomas 
in horses are rare . Almost all repor ted cases have been in 
gray horses , many quite young (younger than 8 years) . 
Most involve anter ior uvea and are histologically similar 
to the benign uveal melanomas of dogs . N o n e has metasta-
sized. 

There are two repor ts of benign limbal melanomas in 
horses , histologically similar to those in dogs . 
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E. Tumors of Ocular Neurectoderm 

These tumors include a d e n o m a and carc inoma of ma-
ture ciliary epithelium and medulloepithel ioma and ret ino-
blas toma from embryonic neurec toderm. The prevalence 
of these neoplasms is second to that of anter ior uveal 
melanomas , although it is perhaps underes t imated be-
cause the most common examples are small, slowly expan-
sive ciliary adenomas that are unlikely to cause clinical F"g- 4.66A Ciliary adenoma. Dog. 
signs. They are relatively common in dogs , rare in ca t s , 
and virtually unknown in o ther species except for medul-
loepitheliomas in horses . 

Ciliary adenoma is the most com m on of this group (Fig. 
4.66A,B). It is a well-differentiated papillary or tubular 
adenoma arising from the nonpigmented inner layer of 
ciliary epithelium. Most originate from the pars plicata, 
but occasionally the histologic evidence points to origin 
from poster ior iris epithel ium. The tumor cells resemble 
mature ciliary epithelium and usually have very little asso-
ciated s t roma. Nuclei are basilar, regular, and are sur-
rounded by eosinophilic cytoplasm (Fig. 4.67A). The tu-
mor cells are not pigmented, al though melanophages are 

occasionally seen within tumor s t roma. They make an 

abundance of basal lamina or iented, as in normal ciliary 
epithelium, toward the inside of the eye . Its abundance , 
easily seen with periodic acid-Schiff reagent , is useful in 

distinguishing ciliary tumors from carc inomas metastat ic 

to the eye . Examples which have little tubular or papillary 
organization, or have locally invasive growth , have tradi-
tionally been called ciliary carcinomas. Metas tas is is ex-
ceedingly rare , so there seems little point in debat ing the 

histological criteria that justify the appellation of malig-

nancy. 

Even small ciliary body tumors may cause hyphema or 
glaucoma. This paradox , unexplained by tumor mass or 

by particularly abundant tumor vascula ture , is a t t r ibuted Fig. 4.66B Ciliary adenoma. Dog. 

to this t umor ' s s trong propensi ty to induce preiridal fibro-
vascular membranes (Fig. 4.67B). Ciliary body tumors are 
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Fig. 4.67A Ciliary adenoma. Dog. Note well-differentiated 
tubular proliferation. 

more likely to induce such neovascularizat ion than is any 
other ocular disease . Large tumors may, of course , induce 
glaucoma by such mechanisms as pupillary block or infil-
tration of ciliary cleft. 

Medulloepitheliomas and retinoblastomas arise from the 
primitive neurec toderm of the optic cup . Ret inoblas toma 
is the second most frequent neoplasm of children, yet 
critical review of the veterinary literature fails to reveal 
a single acceptable diagnosis of this tumor . Converse ly , 
medulloepitheliomas are rare in children, but examples 
have been observed in animals , mainly in the horse , in 
which these rare neoplasms are probably the most com-
mon primary intraocular tumor . The neoplasm may origi-
nate from any portion of embryonic neurec toderm and 
may show differentiation into any neurec todermal deriva-
t ive; retina, ciliary epithelium, vi t reous, or neuroglia (Fig. 
4.68A,B). The typical neoplasm is a loose ne twork of 
branching cords of small basophilic neuroblas ts resem-
bling those of embryonic retina. Mitotic figures are numer-
ous . The cords have definite polarity: they rest upon a 
basement membrane analogous to the inner limiting mem-
brane of ret ina, and some have adjoining apical terminal 
bars analogous to outer limiting membrane . A typical fea-
ture is the clustering of neuroblas ts around an empty cen-
tral lumen defined by the terminal bars , creating a true 
roset te (Fig. 4.69). The basilar port ion of the roset te or 
cord faces a hyaluronic acid-rich myxoid matrix analogous 
to the vi t reous. This histologic feature may be found in 

Fig. 4.67B Ciliary adenoma. Dog. Note accompanying preiri-
dal vascular membrane. 

only a few foci within a huge mass that is otherwise com-
posed of poorly differentiated, neuroblast l ike cells, and 
has abundant necrosis . Many tumors also contain foci of 
cart i lage, skeletal musc le , or brain t issue and are classified 
as teratoid medul loepi thel iomas. Metas tases are not re-
corded. 
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F. Feline Posttraumatic Sarcoma 

This syndrome seems unique to ca t s . As the n a m e im-
plies, eyes subjected to t rauma, especially penet ra t ing 
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Fig. 4.68 Medulloepithelioma. Dog. (A) The main tumor lies between choroid and retinal pigment epithelium. There 
is also tumor in anterior chamber (arrow). (B) Histologic section of (A). Note tubular latticework of the tumor. 

injury, are prone to develop pleomorphic spindle cell sar-
comas that des t roy the globe and have substantial risk 
of metastas is . The interval be tween injury and observed 
tumor varies from 5 months to 11 years . Those skeptical 
about claiming such neoplasia to be the result of an injury 
10 years previously prefer to call these tumors primary 
ocular sa rcomas , al though such lag t imes are common in 
experimental models of carcinogenesis . The risk for in-
jured eyes to develop sa rcoma is unknown. Almost all 
recorded cases have perforated lenses , leading to specula-
tion that these tumors represent malignant t ransformation 
of the perilenticular fibroplasia and epithelial metaplasia 
that character izes phacoclast ic uveitis in all species . Of 
relevance to ocular surgeons is the development of sarco-
mas in cat eyes receiving prosthet ic implants , presumably 
viewed by the eye as yet ano ther form of t rauma. 

The tumor itself varies from fibrosarcoma to osteosar-
coma to giant-cell tumor , varying even within the same 
eye . The tumor tends to line the inside of the eye , and 
then extend via scleral venous plexus or optic nerve to 
involve the orbit . Most cases are presented with advanced 
disease, and follow-up da ta to document the prevalence 
of metastasis are scant . Available evidence uniformly doc-
uments a metastat ic prevalence of at least 60%. 
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G. Optic Nerve Tumors 

Although the optic nerve and adjacent retina can pre-
sumably develop all of the neoplasms of the central ner-
vous sys tem (excepting those from t issues like ependyma 
that are not present in the eye) , documented examples are 
few indeed. Most are repor ted as individual case repor ts 
prior to the era of immunohis tochemical markers that 
would have permit ted more precise classification. 

Primitive neuroepithelial tumors of optic nerve are 
occasionally seen in young dogs and in horses . They 
are composed of nes t s , co rds , and rosettel ike s t ructures 
formed by small hyperchromat ic neuroblast ic cells with a 
very high mitotic index. Very rapid spread throughout the 
orbit and into brain occurs in affected dogs and in the one 
published equine case . 

Spindle cell t umors , considered by some to be optic 
nerve meningiomas or neurof ibrosarcomas, will be con-
sidered. 

H. Orbital Neoplasms 

Tumors may be pr imary within the orbit or arise by 
extension from adjacent s t ruc tures or by hematogenous 
localization. They usually p roduce deviat ion or protru-
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Fig. 4.69 Medulloepithelioma. Dog. Note rosette with rudi-
mentary formation of retinal outer limiting membrane and photo-
receptors. 

sion of the globe with secondary desiccation keratocon-
junctivi t is . In dogs , sa rcomas and carc inomas are of 
almost equal prevalence , and pr imary orbital tumors are 
approximately equal in frequency to those arising by 
extension from nose , mouth , or distant si tes. Of the 
primary orbital tumors , sarcomas are much more preva-
lent than epithelial tumors . The sarcomas are a bewilder-
ing array of locally infiltrative spindle cell tumors of 
unknown origin, with the abundance of diagnoses proba-
bly reflecting the diversity of pathologists ' opinions 
rather than actual proof of histologic identity (Fig. 4.70). 
Metastasis is rare , but their infiltrative growth habit in 
this difficult site makes eventual elective euthanasia a 
frequent ou tcome . One tumor that does have a distinctive 
appearance is multilobular os teoma arising from the 
bones of the orbit , identical in appearance and behavior 
to this tumor e lsewhere in the canine skull. 

Most primary epithelial tumors of the canine orbit are 
lacrimal adenocarc inomas , which are locally invasive, re-
cur after a t tempted resect ion, but are not noted to metasta-
size in what usually is a brief postoperat ive follow-up 
period. Tumors infiltrating the orbit from the nearby zygo-
matic salivary gland are similar histologically and behav-
iorally. 

In other species , metastat ic lymphoma is the only sig-
nificant orbital tumor . 

Fig. 4.70 Meningioma of optic nerve invading eye. Dog. 

T H E E A R 

I. General Considerations 

Diseases of the ear of domest ic animals are of small 
interest to most veter inary pathologists . Of the three broad 
categor ies—defects of hearing, otitis media , and otitis 
ex te rna—only otitis media in farm animals regularly re-
ceives some at tent ion, but even that is usually restr icted 
to macroscopic examinat ion at necropsy . Otitis ex te rna is 
almost exclusively the realm of the clinical pract i t ioner , 
al though hyperplasia of chronically inflamed epithelium 
within the external ear canal may simulate neoplasia and 
be submitted for histologic interpretat ion. Disorders of 
hearing certainly occur in domest ic animals , but their 
prominence in the medical l i terature is the result more of 
their usefulness as models for human deafness than of 
their intrinsic impor tance in animals . The growing avail-
ability of equipment for evaluat ion of hearing may , how-
ever , see a resurgence of interest in deafness in specific 
breeds or colors of dogs and ca ts . The tedious task of 
preparing adequa te sections of the cochlea and labyrinth 
when related to the relative impor tance or prevalence of 
the diseases makes examinat ion of the inner ear a rare 
event in most veter inary insti tutions. The gross and micro-
scopic ana tomy of the ear in the var ious species is re-
viewed in specialized tex ts , and the appropr ia te references 
are included in the bibliography. 
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II. External Ear: Otitis Externa 

Diseases of the external ear may be a local manifestation 
of generalized skin disease or may specifically affect the 
ear because of some anatomic or physiologic peculiari ty. 
Disorders of skin that only incidentally affect the ear are 
discussed with diseases of the Skin and Appendages 
(Chapter 5). 

Ear-tip necrosis may result from frostbite, cold-aggluti-
nin d isease , ergot poisoning, thrombosis during the course 
of septicemia, or from t rauma inflicted by the animal itself 
or cannibalistic he rdmates . Particularly in pigs, the preva-
lence of atrophic and misshapen ears may be quite high in 
individual herds . This usually results from sept icemia, 
sarcoptic mange, or cannibal ism. In some ins tances , how-
ever , no such history can be elicited, and a syndrome of 
infectious ear necrosis has been proposed . Culture of ears 
showing marginal lesions results in isolation of a variety 
of bacterial agents , and claims for a pr imary bacterial 
etiology are not convincing. The one that comes closest 
is the spirochete Borrelia suilla. It usually acts as an oppor-
tunistic contaminant of abraded skin in pigs, giving rise to 
localized (usually ear margins) or generalized ulcerative 
dermati t is . 

Auricular hematoma occurs as a consequence of 
t rauma, usually from excess ive head shaking by dogs with 
otitis externa . Dogs and pigs with pendulous ears are par-
ticularly prone to hema toma formation, but cats are occa-
sionally affected as well. H e m a t o m a s usually develop on 
the concave side of the pinna and are initially fluctuant 
but become firm as the hema toma (or blood-contaminated 
seroma) organizes . As it is conver ted to granulation t issue 
by fibroblastic and capillary ingrowth, the lesions become 
hard. Subsequent fibroblastic contract ion may result in 
disfigurement of the pinna. 

The location of the initial damage is unclear . Subcutane-
ous and subperichondrial sites are suggested but a predom-
inantly intrachondral location seems most likely. The car-
tilage plate of the pinna is cleaved by a longitudinal 
fracture and then by the hemorrhage . Granulat ion t issue 
forms at the interface of blood and cart i lage, and the lesion 
is eventually conver ted to a fibrous scar. La te in the repar-
ative p rocess , regenerat ion of cartilage occurs adjacent to 
per ichondrium or the ruptured edge of the carti lage. The 
intrachondral location of the hema tomas is thought to be 
the result of rupture of vessels as they pass through minute 
foraminae in the cartilage plate . The convent ional view 
that the initial lesion results from shear forces or outright 
t rauma caused by head shaking has recently been chal-
lenged by one study of 40 dogs and 20 cats with auricular 
hematoma. N o associat ion with ear configuration or otitis 
ex terna was found, but most affected animals had serum 
and local t issue changes interpreted as evidence for a 
lupuslike au to immune disease . The link be tween this pro-
posed pathogenesis and the observat ion of the early cart i-
laginous fractures and hemorrhages was not made . 

Dermatologie disease of the ear pinna may be part of a 
generalized skin disorder , but a few diseases seem unique 

to the ear . Pigs with chronic sarcoptic mange may have 
gross lesions only on the ea r s , consist ing of reddening, 
crust ing, and thickening of the pinna. Short-haired dogs 
with pendulous ears (dachshunds , poin ters , b loodhounds) 
are predisposed to a chronic dermati t is of the ear margin, 
variously te rmed marginal auricular dermatos is or ear 
margin seborrhea . The gross lesion is a multifocal, greasy, 
gray, nodular encrus ta t ion that may coalesce to cause 
thickening of the entire ear margin. The histologic lesion 
resembles that of sebor rhea e lsewhere with hyperkera to-
sis, acanthos is , and a mild superficial per ivascular derma-
titis in which mononuc lear leukocytes p redomina te . 

Chronic ulcerat ive dermati t is of the ear margin of white 
ca ts (feline solar dermati t is) is d iscussed below as a prema-
lignant lesion under squamous cell carc inoma, as is a simi-
lar disease of sheep . 

Alopecia of the pinna occurs in dogs and in Siamese 
ca ts . In dogs , the alopecia appears gradually and prog-
resses slowly. In ca ts the lesion may wax and wane at 
irregular intervals throughout life. Microscopical ly there 
is bland pi losebaceous a t rophy resembling endocr ine alo-
pecia , but the precise cause is u n k n o w n . 

Pinnal vasculitis is surprisingly frequent and resembles 
the lesion of cu taneous vasculit is e l sewhere . In its mildest 
form, it may cause only p i losebaceous a t rophy and thus 
may mimic the lesions of idiopathic pinnal alopecia when 
examined clinically. 

Otitis externa is a very c o m m o n disorder in dogs and 
ca t s , and is probably equally c o m m o n in goats . In dogs , 
the pathogenesis is complex , while in cats and goats , the 
ear mite is by far the major initiating factor. Otitis ex te rna 
in dogs is most prevalent in breeds with pendulous ears or 
with abundan t hair within the ear canal , which implies that 
inadequate circulation of air and en t rapment of moisture 
are important predisposi t ions to the d isease . Foreign bod-
ies, usually foxtail or grass a w n s , may be important me-
chanical i rr i tants , creat ing a breach for microbial infec-
t ion, but since otitis is c o m m o n in city dogs , o ther factors 
apparent ly are involved. The role of microorganisms in the 
pathogenesis of otitis ex te rna is , as e l sewhere , intimately 
linked to environmenta l c i rcumstances that permit their 
uncontrol led proliferation. The bacter ia and fungi cul tured 
from diseased ears a lmost invariably are member s of the 
normal aural flora. Staphylococcus spp . , Pseudomonas 
spp . , Proteus spp . , and the yeast Malassezia pachy-
dermatis (syn. Pityrosporum canis) a re cul tured much 
more frequently or in greater number s from ears with otitis 
than from normal ea r s , but this may relate as much to their 
res is tance to antibiotic t rea tment as to their causat ive role. 
The lipid-rich envi ronment of the ear canal favors the 
lipophilic Malassezia, which is the best candidate for a 
pr imary pathogen in the causat ion of canine otitis ex terna , 
inasmuch as it frequently is the only pa thogen isolated, 
and affected ears improve dramatical ly with antifungal 
therapy . 

Otitis ex terna in species o ther than dogs is closely corre-
lated to infestation with ear mites, and even in dogs , acaria-
sis is an important cause of oti t is . 
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Otodectes cyanotis is the ear mite of carnivores . The 
importance of the mite in initiating otitis ex terna is not 
entirely clear because the ear canal , once inflamed, be-
comes an environment unsuitable for the mites and thus 
gives rise to misleadingly low est imates of the prevalence 
of ear mites in dogs with otitis. As few as five mites can 
initiate otitis ex terna in dogs , with bacterial and mycotic 
opportunis ts rapidly masking the role of mites in the devel-
opment of the lesion. Est imates vary from 2 to 50% preva-
lence of mites in dogs with otitis ex terna . 

In ca ts , the role of mites is firmly established. In con-
trast to dogs , all cats have erect and sparsely-haired pin-
nae , and the role of ear carriage and hair is negligible. 
There is a poor correlat ion be tween the number of mites , 
the severity of inflammation in the external mea tus , and 
clinical signs. 

The mites are obligate paras i tes , spending their entire 
3- to 4-week life cycle on the host . Transmission be tween 
animals of the same or different species readily occurs , 
and spread of the mites from their preferred aural niche to 
paws as the animal scra tches , or tail as it sleeps with tail 
curled to touch the ear, is occasionally seen. 

The mechanism by which the mites initiate otitis is 
controversial . Some maintain that the mites feed only on 
epithelial debr is , while o thers claim that the mites pierce 
the epithelium and ingest blood and lymph. The latter 
claim is supported by the demonstra t ion of host-specific 
serum componen ts within the mites , but such componen ts 
could exist in exuda tes , and should not be considered 
proof of penetrat ing feeding behavior . 

The variation in the number of mites necessary to cause 
clinically obvious otitis, the species variat ion, and some 
tenuous age resis tance to disease (if not infection) suggest 
an allergic basis for the otitis. Most ca ts , and perhaps 
dogs, probably are infected with mites at some t ime. They 
may react to subsequent minor infection with immune-
mediated inflammation of a severity not predicted by the 
small number of mites within the ear canal . 

Psoroptes cuniculi is the ear mite of rabbits that also 
affects goats , horses , and deer . Its prevalence among do-
mestic animals seems to be greatest in goats , ranging from 
about 20 to 80%. Careful examinat ion may be required to 
find the mites . Clinical signs in goats , if present at all, are 
usually mild, consisting of ear twitching and head shaking. 
The ear canal of goats is the best site for isolation of 
several pathogenic Mycoplasma species in clinically nor-
mal animals . The same mycoplasmas were isolated from 
ear mites (P. cuniculi or Raillietia caprae) of infected 
goats , fueling speculation that the mites are important 
vectors of the mycoplasmas in endemic herds . Similar 
coexis tence of ear mites and mycoplasmas has been ob-
served in cat t le , but identification of the bacteria within 
the mites was not repor ted . 

Psoroptes cuniculi may be quite common in horses (20% 
of horses in one Australian report) , but it is unclear how 
frequently it causes clinical signs. Head shaking and re-
sentment of handling of the ears are the usual signs. 

Raillietia auris, the ear mite of cat t le , occurs in most 

areas of the world. Infection may be common but is rarely 
of clinical significance. Manifestat ions of disease may fol-
low extension of the otitis ex te rna through the t ympanum, 
and affected animals show head tilt and circling due to 
otitis interna. 

Otobius megnini, the spinose ear tick, is parasit ic on 
domest ic ruminants , pigs, horses , and dogs , and cats in 
restricted geographic a reas . Infestation may be so heavy 
that the ear canals are full of t icks, making diagnosis easy . 
In light infestations, they occur deep in the folds of the 
ear , at the bo t tom of the external mea tus . Only the larvae 
and nymphs are parasi t ic . The larvae a t tach themselves 
to the skin below the hairline and, biting through the skin, 
suck lymph until they are engorged. The parasi tes irritate 
the external audi tory mea tus , and the ensuing exudate 
may completely fill it. In addit ion, secondary bacterial 
infection may occur in the inflamed areas a round the bite 
wounds , and this infection may extend downward and 
cause otitis media . The microscopic appearance of the ear 
in this infestation has not been descr ibed. 

Otitis externa is a nonspecific lesion. The relat ionship 
be tween type of exuda te and causat ive agent has not been 
critically evaluated. The initial macroscopic lesion is hy-
peremia of the external audi tory mea tus followed by accu-
mulation of se rum, ce rumen , leukocytes , and epithelial 
debr is . A predominance of leukocytes tends to produce a 
suppurat ive exuda te , whereas ce rumen yields a dry , dark 
b rown, crumbly accumulat ion. 

The histopathology of otitis ex te rna varies with the 
durat ion of the inflammation and is ra ther typical inflam-
mation of any epithelial surfaces. Only chronic lesions are 
likely to be seen by the pathologist . Such specimens show 
epidermal hyperplasia with acanthos is , a t rophy of hair 
follicles, hyperkera tos is , and parakera tos is . Crus ts of in-
flammatory debris adhere to the epithelial surface. Ulcer-
ation may be present , particularly if Pseudomonas is pre-
dominant and Malassezia yeas ts may be seen in the 
surface keratin or debr is . The dermis contains numerous 
lymphocytes , p lasma cells, mast cells, and neutrophi ls , 
the lat ter usually within dilated venules or adjacent to 
ulcers . Neutrophi ls are very sparse in mite-induced otit is. 
In very chronic and severe examples , dermal fibrosis is 
marked , and ossification may occur . A feature of chronic 
otitis ex te rna is increased product ion of ce rumen . His to-
logically there is hyperplasia of the normally very large 
sebaceous glands and cystic hyperplasia of the coiled, 
tubular , apocr ine ceruminous glands, which are dis tended 
by eosinophilic ce rumen . The combinat ion of epithelial 
hyperplasia , glandular hyperplasia, and stromal fibropla-
sia may create proliferative lesions that occlude the ear 
canal and simulate neoplasia. 

Bibliography 

Cook, R. W. Ear mites (Raillietia manfredi and Psoroptes cuni-
culi) in goats in New South Wales. Aust Vet J 57: 72-75, 1981. 

Cottew, G. S. Mycoplasmas in ears. Aust Vet J 62: 420, 1985. 
Cottew, G. S., and Yeats, F. R. Mycoplasmas and mites in the 

ears of clinically normal goats. Aust Vet J 59: 77-81, 1982. 



THE EAR 525 

Dubielzig, R. R., Wilson, J. W., and Seireg, A. A. Pathogenesis 
of canine aural hematomas. J Am Vet Med Assoc 8: 873-876, 
1984. 

Fernando, S. D. A. Certain histopathologic features of the exter-
nal auditory meatus of the cat and dog with otitis externa. Am 
J Vet Res 28: 278-282, 1967. 

Gedek, B. et al. The role of Pityrosporum pachydermatis in otitis 
externa of dogs: Evaluation of a treatment with miconazole. 
Vet Ree 104: 138-140, 1979. 

Kowalski, J. J. The microbial environment of the ear canal in 
health and disease. Vet Clin North Am: Small Anim Pract 18: 
743-754, 1988. 

Kuwahara, J. Canine and feline aural hematoma: Clinical, experi-
mental, and clinicopathologic observations. Am J Vet Res 47: 
2300-2308, 1986. 

Larsen, S. Intrachondral rupture and hematoma formation in the 
external ear of dogs. Pathol Vet 5: 442-450, 1968. 

Littlejohn, A. I. Psoroptic mange in the goat. VetRec%2\ 148-155, 
1968. 

Menzies, G. C. The cattle ear mite, Raillietia auris (Leidy, 1872) 
in Texas. J Parasitol 43: 200, 1957. 

Powell, M. B. et al. Reaginic hypersensitivity in Otodectes cy-
notis infection of cats and mode of mite feeding. Am J Vet Res 
41: 877-882, 1980. 

van der Gaag, I. The pathology of the external ear canal in dogs 
and cats. Vet Q 8: 307-327, 1986. 

Weisbroth, S. H. et al. Immunopathology of naturally occurring 
otodectic otoacariasis in the domestic cat. J Am Vet Med Assoc 
165: 1088-1093, 1974. 

Williams, J. F., and Williams, C. S. F. Psoroptic ear mites in 
dairy goats. J Am Vet Med Assoc 173: 1582-1583, 1978. 

III. Middle Ear: Otitis Media 

Otitis media is inflammation of the tympanic cavity 
within the temporal bone . Its cause is almost a lways bacte-
rial, the organisms reaching the poorly drained cavity via 
the Eustachian tube or following perforation of the tympa-
num. In swine and lambs , the infection usually ascends 
from the pharynx via the Eus tachian tube . In dogs and 
ca ts , chronic otitis ex terna is the major predisposi t ion, 
al though the t ympanum is quite resistant to inflammatory 
lysis. There are insufficient cases recorded in o ther species 
to permit generalization. In all species there is c i rcumstan-
tial evidence for hematogenous localization of infection in 
the middle and inner ear , perhaps occurr ing most often in 
pigs. 

Otitis media as a clinically obvious entity is most fre-
quent in feeder pigs. The infection is usually unilateral and 
associated with hemolyt ic s t reptococci . The clinical signs 
of head tilt, circling, and ataxia suggest involvement of 
the inner ear in most ins tances . Otitis media in swine may 
occur as small epizootics involving a dozen or more pigs. 
The basis for the clustering of the disease is unproven , 
but its sporadic associat ion with atrophic rhinitis suggests 
spread from the upper respiratory t ract . In lambs , the 
lesion is usually clinically undetec ted and unilateral , and 
often occurs in associat ion with pneumonia . Pasteurella 
hemolytica is the usual isolate from both ear and lung. 
Bottle feeding also increases the prevalence of otitis media 
in lambs. 

Regardless of the route of en t ry , the lesion and its pro-
gression are similar. The epithelium lining the tympanic 
cavity is hyperemic , edema tous , and may be ulcerated. 
Neutrophi ls exuding from the react ive vessels under the 
epithelium enter the tympanic cavi ty , joining the initially 
serous or serofibrinous exuda te to make it progressively 
more purulent . Exuda te may temporar i ly drain into the 
pharynx via the Eus tachian tube , which is soon sealed by 
inflammatory swelling of its epithel ium. In severe infec-
t ions, the exuda te escapes via inflammatory lysis of the 
t ympanum or, rarely, the bone on the ventral floor of the 
tympanic bulla. Chronic inflammations are character ized 
by inspissation of exuda te , lysis of the oss ic les , and occa-
sionally, the t y mp an u m, and spread to inner ear and brain 
s tem. 
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IV. Inner Ear 

A. Otitis Interna 

Otitis interna is a lmost a lways the result of infection 
spreading from the middle ear . The inflammation is usually 
of bacterial origin and thus suppura t ive . Ascens ion via the 
eighth nerve is relatively frequent and results in focal 
suppurat ive meningitis or encephali t is in the region of the 
pons . The usual clinical syndrome is vest ibular dysfunc-
tion, descr ibed in a subsequent sect ion. 

B. Deafness 

Deafness is difficult to assess in animals , and its diagno-
sis by simply observing behavioral abnormali t ies is almost 
impossible unless the animal is totally and bilaterally deaf. 
The recent introduct ion of electrodiagnost ic tes ts has iden-
tified a higher prevalence of deafness , especially in dogs , 
than was suspec ted . Conduct ive deafness results from 
interference with the conduct ion of sound to the sensory 
end organ (of Corti) by diseases of external or middle ear . 
Alternat ively, sensorineural deafness results from malde-
velopment or degenerat ion of the sensory organ, eighth 
nerve , or audi tory pa thways within the brain. The last is 
very unusual and , because of the mult i tude of possible 
pa thways , is seen only in mass ive des t ruct ive lesions with 
their neurologic signs overshadowing the hearing loss. 
Nerve deafness usually involves the organ of Cort i , and 
is by far the most prevalent type of deafness encountered 
in animals by virtue of heredi tary deafness in several 
b reeds of dogs , and in dogs or ca ts with color-dilution 
anomal ies . Conduct ive deafness may result from oblitéra-
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tion of the external auditory meatus by chronic prolifera-
tive inflammation or tumor , from inflammatory or trau-
matic rupture of the tympanum, or from ent rapment of the 
ossicles in exudates or granulation t issue. Rarely there is 
destruction of the middle or inner ears by osteomyeli t is or 
neoplasia. 

The anatomy of the auditory appara tus is complex . The 
sensory fibers of the eighth cranial nerve terminate at the 
base of sensory hair cells within the organ of Cort i , the 
latter a sensory specialization of the epithelium lining 
the cochlear duct . Exci ta t ion of the hair cells results from 
pulsations within the endolymph fluid that fills the entire 
membranous labyrinth, including cochlear duct . The pre-
cise mechanism of such excitat ion remains unknown. 
Sound waves in the envi ronment reach the endolymph via 
the tympanum and ossicles . Vibration of the tympanum is 
t ransmit ted to the ossicles , and vibration of the ossicles 
causes vibration of the oval window which separates the 
foot plate of the s tapes from the endolymph. Any lesion 
that interferes with vibration of the tympanum or ossicle 
interferes with the establ ishment of fluid waves within 
the endolymph. Traumat ic fracture of ossicles, rupture of 
tympanum, or dampening of vibration by exudates within 
middle ear can do this . 

1. Hereditary Cochleosaccular Degeneration 

Heredi tary deafness in association with incomplete pig-
mentat ion of hair coat and uvea is seen in ca ts , dogs , mink, 
and mice. Incompletely documented examples exist in 
o ther domest ic species . The pigmentary defect is not true 
albinism but is white spotting or merling, the distinction 
being the absence of melanocytes in white areas in the 
latter instance and functionally defective melanocytes in 
the former. In some instances the hearing defect is associ-
ated with inheri tance of the merling gene. All homozygotes 
and many of the heterozygotes are deaf and have some 
degree of iris he terochromia . In o ther instances there is 
he terochromia iridis but no apparent coat color dilution 
(Dalmatian dogs) , while in o thers , both eyes and coat are 
phenotypically normal . Even when the coat color is whi te , 
as in deaf bull terr iers , the genetic basis for the white coat 
and the associated deafness need not be the merling gene . 
Out of this confusing picture one should rescue the con-
cept that color-dilute animals have ocular heterochromia 
and deafness much more frequently than normal animals , 
but that o ther genetic bases for deafness also exist. Ocular 
anomalies and deafness commonly are encountered in the 
same animal, probably the result of the inductive influence 
of pigmentation on both organs. For example , all white 
cats with blue irises are deaf, as are many Dalmatian dogs 
with iris he terochromia . Several dog breeds , particularly 
Dalmatians and English set ters , have a prevalence of 
early-onset deafness in excess of that predictable from 
their prevalence in the overall canine populat ion. Promi-
nent also are merle dogs such as Australian shepherds , 
Australian blue heelers , old English sheepdogs , and Great 
Danes . 

The fully developed lesion of cochleosaccular degenera-

tion is a t rophy of the sensory and support ing cells of the 
organ of Corti and the saccular macula , collapse of the 
dorsal or lateral walls of the cochlear and saccular mem-
branous labyrinth, and secondary degenerat ion of the neu-
rons within the spiral ganglion. The osseous portion of the 
labyrinth is unaffected, as is the vest ibular portion of the 
inner ear . With minor var iat ions, all cases in dogs and cats 
are similar. Initial s t ructure and function are normal , but 
there is failure to achieve normal maturat ion and, subse-
quent ly , degenerat ion occurs . 

The carnivore ear is completely developed at birth and 
cont inues to mature for 2 (organ of Corti) to 4 (stria vas-
cularis) weeks . Thereafter , the epithelial lining of the 
cochlear duct is incapable of mitotic regenerat ion. In white 
ki t tens , the ear is morphologically and physiologically nor-
mal at birth but shows arres ted development as early as 1 
week of age. At this t ime there is inward sagging of the 
free dorsolateral wall of the cochlear duct (Reissner ' s 
membrane) and saccule , and hydropic change in the stria 
vascular is . The degenerat ion within the organ of Cort i and 
adjacent nutrit ive stria vascularis is so rapid that there is 
no consensus as to the initial or causal lesion. It may be 
that degenerat ion of the stria vascularis results in ischemic 
degenerat ion of the avascular organ of Cort i , or there may 
be a pr imary defect within the sensory cells themselves 
resulting from an inborn metabolic error . 

2. Senile Deafness 

Many animals become hard of hearing as they reach 
old age. This phenomenon , called presbyacus is , is more 
frequently observed in old dogs because dogs tend to be 
kept well into their advanced years and because hearing 
loss is more readily noticed in them than in o ther species . 
In humans the loss of hearing is progressive from about 
the fortieth year of life and particularly affects hearing of 
high tones . The cause seems to be inherent age-related 
degenerat ion of the epithelial t issues within the cochlea 
and of the spiral ganglion, a process that may be acceler-
ated by excess ive noise, ar ter iosclerosis , and nutritional 
factors . The essential lesions are a t rophy of all epithelial 
s t ructures within the cochlear duct and the associated 
auditory nerves , as well as neuronal a t rophy within the 
spiral ganglion. Occasional ly, the major lesion is a t rophy 
within the stria vascularis or the basal membrane support-
ing the organ of Cort i . 

Presbyacusis in animals has been studied in guinea pigs, 
ra ts , mice, dogs , and ca ts . Degenerat ion of the hair cells 
in the organ of Corti and loss of neurons from the spiral 
ganglion are the c o m m o n denomina tors in all such in-
s tances , and presumably is the aging change common to 
all mammalian species . Stria vascularis a t rophy has not 
been seen in these animals . 

3. Acoustic and Chemical Ototoxicity 

Noise , ei ther as a sudden loud noise or as modera te but 
prolonged environmental background, causes degenera-
tion of the sensory hair cells within the organ of Cort i . 
Loud noise causes hair cell necrosis and even outright 
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disruption of the organ of Corti or Reissner ' s membrane 
by mechanical t rauma, mediated via fluid waves within 
the endolymph that must be the otic equivalent of tidal 
waves . Environmenta l noise is frequently an occupat ional 
hazard . The eventual lesion is hair cell necrosis , but 
whether this results from repeated sublethal micro t rauma 
by noise peaks or by interference with hair cell metabol ism 
is not known. That animals are susceptible to such t rauma 
is well established in exper imental models , but investiga-
tion of naturally occurring examples is not repor ted . 

The list of chemicals that are ototoxic is very long, and 
is even longer if idiosyncratic drug injury is included. 
Only a few major examples likely to be encounte red in 
veter inary pract ice are included here . 

Aminoglycoside antibiotics (gentamicin, s t reptomycin , 
kanamycin , neomycin , and others) are all nephrotoxic and 
ototoxic in proport ion to their blood levels and durat ion of 
administrat ion. Overdosing, or administrat ion to animals 
with decreased renal function, markedly increases the risk 
of toxic injury to the inner ear . Clinical signs of vestibular 
dysfunction precede evidence of hearing impairment . The 
initial lesion affecting hearing is degenerat ion of the apical 
port ion of cochlear hair cells. The earliest visible lesion is 
mitochondrial swelling and increased number of myelin 
figures. The early lesion is reversible but later becomes 
permanent , presumably as mitochondrial swelling leads to 
structural disintegration of cellular respiratory enzymes 
and cell death . Cats are part icularly susceptible, and ves-
tibular toxicity (defects of pos tu re , ba lance , and gait) pre-
cedes clinical evidence of hearing loss. Ordinari ly, these 
signs appear only after several weeks of aminoglycoside 
therapy. 

The diuretics furosemide, bumetan ide , and e thacrynic 
acid are chemically related, and all are ototoxic to dogs 
and ca ts . Other domest ic species have not been tes ted. 
Electrophysiologic evidence of hearing impairment occurs 
within a few hours of even a single high dose but is unac-
companied by structural changes within the cochlea . The 
except ion is e thacrynic acid intoxicat ion, in which edema 
of the stria vascularis is seen ul trastructural ly. There is a 
corresponding alteration in the composi t ion of the endo-
lymph produced by the stria. The hearing impairment , 
which occurs frequently in humans receiving therapeut ic 
doses of the drugs , is assumed to result from structural 
or physiologic lesions in the hair cells nourished by this 
abnormal endolymph. 

Acetylsalicylic acid (aspirin) and its derivat ives are oto-
toxic for humans and several laboratory animal models , 
but no structural lesion has yet been detec ted . 

The ant ibacter ia l -anthelmint ic agent , hygromycin B , as 
well as causing ca taracts in swine (see the Eye) also causes 
permanent deafness in dogs if therapeut ic dosages are 
given. The drug is not approved for use in dogs . Deafness 
is reported occasionally in swine receiving the medicat ion 
in excess of recommended levels. Histologic descr ipt ions 
of cochlear lesions are not available. 

The antiseptic combinat ion of Chlorhexidine and cetr im-
\de (Savlon) is a widely used antiseptic that occasionally 

is used to cleanse the external ear canal . If used in dogs 
or cats with a ruptured typanic membrane , this solution is 
toxic to both vest ibular and cochlear cells, al though the 
clinical signs in affected animals are primarily vestibular. 

4. Other Causes of Deafness 

Deafness is repor ted in humans with various storage 
d iseases , but few animal counterpar t s have been studied 
for this specific defect. Goa t s with ß-mannosidos is have 
deformed ear p innae , bony exos toses within the tympanic 
cavi ty, and deforming accumulat ion of ol igosaccharides 
within lysosomes of many t issues of middle and inner ear . 
Epithelial and mesothelial cells of Re issner ' s membrane , 
most s tructural cells of the organ of Cort i , and cochlear 
neurons of the spiral ganglion are all affected, even at a 
few days of age. 

C. Vestibular Dysfunction 

Vestibular dysfunction is charac ter ized by head tilt and 
falling toward the affected side, a taxia without weakness , 
and nys tagmus . Clinical signs are most obvious with uni-
lateral d isease . The lesion may be in brain or in the vestibu-
lar appara tus , or both . Animals with vest ibular dysfunc-
tion caused by brain lesions, as in listeriosis or canine 
d is temper , usually show other signs of neurologic dysfunc-
tion. Since vest ibular signs are more readily de tec ted than 
is partial hearing loss , mild lesions of the inner ear are 
more frequently associated with vest ibular abnormali t ies 
than with hearing deficits. 

The causes of peripheral vest ibular disease are the same 
as those causing deafness: uncontrol led otitis media, 
t r auma, invasive neoplasia , and a number of drugs . Con-
genital vest ibular disease has been repor ted in several 
dog b reeds , but no morphologic observa t ions were given. 
Nonspecific des t ruct ion of par t or all of the vest ibular 
appara tus as a sequel to otitis media is by far the most 
c o m m o n cause of labyrinthitis in all species . 

Idiopathic vest ibular disease occurs in old dogs and in 
cats of any age. In old dogs it is often mistakenly diagnosed 
as an acute cerebrovascular accident (s t roke) , but there is 
no demonst rab le brain lesion in such dogs , and most have 
rapid, spontaneous remission of clinical signs unless pre-
vented by premature euthanas ia . N o histologic examina-
tion of the labyrinth has been repor ted . An equally myste-
rious acute vest ibular dysfunction affects ca ts of any age. 
Recovery usually occurs over a few days to weeks . N o 
lesions are repor ted . 
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V. Neoplasms and Similar Lesions 

Neoplasms of the ear include those capable of affecting 
skin e lsewhere , as well as primary tumors of ceruminous 
glands and , very rarely, tumors of Eustachian or auditory 
epithelium and of cranial nerves . Inflammatory polyps are 
included in this section because of their gross resemblance 
to neoplasia. 

Squamous cell carc inoma is by far the most important 
skin tumor affecting the ear , al though the predilection of 
canine his t iocytoma for the ear pinna probably makes it 
the most frequent tumor affecting the pinna. Squamous 
cell carc inoma of the ear occurs commonly in white ca t s , 
with a frequency more than 10 t imes that of non white ca ts , 
and in sheep in sunny cl imates. In ca t s , the tumor has 
a long precancerous phase consisting of e ry thematous , 
ulcerative dermati t is of the ear margin, known as feline 
solar or actinic dermati t is because of its associat ion with 
exposure to sunlight. Other sparsely haired a reas , such as 
nose , lips, and eyelids, may be affected. Histologically, 
the lesion consists of multifocal coalescing epidermal ne-
crosis overlying a diffuse superficial dermal infiltrate of 
lymphocytes and plasma cells. The lesion waxes and 
wanes with the intensity of sunlight. Epidermal hyperpla-

sia p roceeds to dysplasia , carc inoma in situ, and invasive 
squamous cell ca rc inoma in a manner analogous to bovine 
ocular squamous cell carc imona. The lesion is bilateral 
but not necessari ly of synchronous progression. The pro-
gression to invasive neoplasia usually occurs over 3 or 4 
years . Metas tas is is a late occur rence and prevented (at 
least in the case of ears) by amputa t ion . Rarely , squamous 
cell ca rc inoma occurs within the external ear canal or 
even within the tympanic cavity of the middle ear . Local 
infiltration results in damage to the seventh cranial nerve 
with resultant signs of vest ibular dysfunction and facial 
paralysis . 

Neop lasms of the ceruminous glands occur in dogs and 
ca ts . The tumors are very similar to those of apocrine 
sweat glands. The ceruminous glands are modified sweat 
glands within the deep port ion of the external auditory 
mea tus . Tumors are relatively more prevalent in cats than 
in dogs , and in both species they tend to occur in very old 
animals . In dogs most are benign, but in cats about half 
are histologically malignant. The adenomas are smooth , 
nodular , or peduncula ted masses seldom exceeding 
1.0 cm in diameter . The epithelium overlying the tumor is 
intact unless there is concurren t otitis ex terna . Cerumi-
nous gland tumors cannot be distinguished in the live 
animal from cystic dilatation with epithelial hyperplasia 
typical of chronic otitis ex terna . Carc inomas may occa-
sionally invade from the audi tory meatus into the region 
of the parotid salivary gland or into bone , and when very 
anaplast ic , may be confused with salivary carc inoma. The 
diagnosis of carc inoma usually is based on histologic crite-
ria of anaplasia and local invasiveness ra ther than on be-
havioral evidence of metas tas is . 

Histologically, adenomas are well-differentiated tubu-
lar and cystic g rowths . The epithelial cells are cuboidal 
and eosinophil ic. They may be flattened when the tubular 
or acinar lumen is dilated. The most typical feature is the 
presence within lumina of deeply eosinophilic or orange , 
colloidlike secret ion typical of ce rumen. Mixed cerumi-
nous tumors analogous to mixed apocrine sweat glands or 
mammary tumors occur infrequently. Carc inomas do not 
differ markedly from adenomas but have less secret ion 
and more cellular anaplasia , and show invasion by tumor 
cells into an abundant fibrous s t roma rich in mononuc lear 
leukocytes . Mixed tumors with cartilage and bone are 
descr ibed. 

As expec ted , a variety of o ther neoplasms have been 
descr ibed in the external ear canal or tympanic cavity of 
dogs and ca t s . All would seem to be ra re , and no prognos-
tic s ta tements are justified by the small number s . In one 
small series in dogs , eight of eleven middle ear neoplasms 
originated in the external ear and perforated the tympanic 
membrane . T w o were papillary adenomas formed by cili-
a ted co lumnar epithelium and goblet cells , thought to have 
arisen from the epithelium of the dorsal port ion of the 
tympanic cavi ty. The final case was an anaplast ic carci-
noma of unknown origin involving o ropha rynx and ear . 

Paraganglioma and fibroma in dogs , and fibrosarcoma 
in ca t s , are represented by single case r epor t s . 
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Inflammatory polyps are observed in dogs and more 

frequently in cats with clinical signs of head shaking, head 

tilt, ataxia, or nys tagmus . These may be the most c o m m o n 
4
' t u m o r " of the feline ear canal . In ca t s , the lesion is a 

loose mass of connect ive t issue containing numerous small 

blood vessels and mononuclear leukocytes , covered by 

epithelium that may be either stratified, nonkerat inized 

squamous , or simple to bilayered ciliated columnar . Often 

the ciliated epithelium is found only focally, but nonethe-

less it is the characteris t ic feature distinguishing this lesion 

from nonspecific proliferations of glands and connect ive 

tissue seen in many cases of chronic otitis ex terna . The 

presence of this ciliated epithelium is used to support 

theories that such polyps originate from the Eus tachian 

tube , but only rarely has that opinion been confirmed by 

careful dissect ion. An al ternative origin could be from 

ciliated epithelium of the tympanic cavity itself. Some of 

these polyps are gro tesque , protruding from outer ear , 

hanging into the o ropharynx , or even protruding through 

the nose . A familial occur rence has been seen in Abys-
sinian and Himalayan ki t tens , further confusing the debate 
about the cause of these distinctive lesions. 

Under the umbrel la of inflammatory polyp fall many of 
the tumorlike proliferations excised from the external ear 
canal of dogs (rarely cats) with chronic otitis ex terna . 
The lesion consis ts of variable propor t ions of hyperplast ic 
surface epithelium, hyperplast ic or dysplast ic sebaceous 
and ceruminous glands , fibroplasia, and leukocytes . The 
rupture of the glands often adds the lesions of sterile for-
eign body periadenit is to the chronic inflammation associ-

ated with the bacter ia , yeast , or foreign bodies causing the 
initial otitis itself. 

Ano the r nodular lesion, clinically resembling neoplasia, 
is the dent igerous cyst of heterotopic polyodont ia in foals, 
seen as a draining nodule on the anter ior aspect of the 
base of the pinna. 
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