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KEY POINTS

� The Orthopedic Foundation for Animals Companion Animal Eye Registry is operated to
reduce the incidence of comfort- and vision-threatening inherited ophthalmic conditions.

� A document written by the American College of Veterinary Ophthalmologists (ACVO) ge-
netics committee called Ocular Disorders Presumed to be Inherited in Purebred Dogs
guides certification and breeding recommendations of screening ophthalmic examination
findings.

� Serial screening ophthalmic examinations by Diplomates of the ACVO, with breeding rec-
ommendations, have decreased the incidence of some inherited ophthalmic disorders in
dogs.
CANINE BREED SCREENING OPHTHALMIC EXAMINATION

The AmericanCollege of VeterinaryOphthalmologists (ACVO) and theOrthopedic Foun-
dation for Animals (OFA) work jointly to operate the Companion Animal Eye Registry
(CAER). Through screening ophthalmic examinations and certifications with associated
breeding recommendations, the goal is to reduce the incidence of comfort- and vision-
threatening inherited ophthalmic conditions in animals, mainly purebred dogs.

HISTORY AND CURRENT ORGANIZATION

In 1970, Dolly Trauner established the Society for the Investigation of Hereditary De-
fects in Dogs. This group performed pedigree analyses and determined coefficients of
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inbreeding to reduce the likelihood that dogs affected with inherited diseases would
be bred. However, progress was limited by resistance of owners of affected dogs
to make pedigrees available. In 1974, Mrs Trauner established the Canine Eye Regis-
try Foundation (CERF) in an attempt to mediate the lack of pedigree information. The
goals for CERFwere to promote recognition of inherited ophthalmic conditions in dogs
and implement methods for control of these via breeding practices (G Aguirre, per-
sonal communication, January 2023). This involved in ophthalmic examinations of
breeding dogs, which eventually became exclusively performed by Diplomates of
the ACVO (DACVO) and the Veterinary Medical Database through 2013 and OFA
beginning 2012 to present, as registry and certifying organizations for these CERF
and CAER examinations, respectively.
The American Board of Veterinary Ophthalmologists standardizes and oversees the

residency training programs and certification of DACVO. Performing and interpreting
ophthalmic examinations are foundational to the practice of veterinary ophthalmology
and are thus a focus of the training and credentialing process, though residents may or
may not be exposed to CAER examinations specifically. Once diplomate status is
conferred to candidates, they receive an orientation to the nuances of breed screening
CAER ophthalmic examinations. This is provided by the OFA CAER program manager
and either the ACVO-OFA liaison or a member of the ACVO genetics committee. The
ACVO-OFA liaison and ACVO genetics committee members are all ACVO board-
certified veterinary ophthalmologists (DACVO). The OFA CAER program manager,
ACVO-OFA liaison, and members of the ACVO genetics committee are also available
to answer examiner, owner, and breed club questions regarding these examinations.

Ocular Disorders Presumed to be Inherited in Purebred Dogs

The ACVO genetics committee, with the help of OFA personnel and registry informa-
tion, compiles and evaluates information regarding known and presumed inherited
ophthalmic conditions in dogs to generate the document Ocular Disorders Presumed
to be Inherited in Purebred Dogs, often referred to solely as The Blue Book.1 It is avail-
able online via the ACVO (acvo.org) and OFA (ofa.org/diseases/eye-disease/blue-
book/) Web sites and serves as a resource for veterinarians and owners, and as the
guide for diagnostic coding of CAER examination findings and ultimately certification
and breeding recommendations. The Blue Book is updated annually based on registry
data and relevant published literature reviewed by the ACVO genetics committee.
Evidence-based breed club requests, available genetic tests, and ACVO genetics
committee discretionary recommendations may also generate updates to The Blue
Book.1,2

American Kennel Club-recognized breeds are each given a specific “page” within
The Blue Book if warranted by breed CAER data and scientific information. There, spe-
cific ophthalmic disorders are listed for each breed if examined dogs are reported in
sufficient numbers to detect presumed inherited ophthalmic conditions via registry
data or if scientific studies or a genetic test has identified inherited ophthalmic condi-
tions. Sufficient numbers are defined as an incidence � 1% of the examined popula-
tion with a minimum of five affected animals per 5-year period or 50 or more affected
animals in a 5-year period regardless of the population of dogs examined.1 Descriptive
information about the listed disorder is provided, including the mode of inheritance or
genetic mutation if known and cited with appropriate references.1

In addition, breeding advice is given for each listed disorder of each breed. “Breeder
option” conditions are either unlikely inherited, though the possibility cannot yet be
definitively ruled out (eg, suspect not inherited/significance unknown cataracts) or
suspected or known to be inherited but not of significant potential threat to ocular
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comfort or vision in either the individual dog or potential offspring.1 Awareness of such
conditions and status enables and empowers breeders to responsibly breed away
from the condition as indicated, hence the designation “breeder option.” A “no” or
do not breed recommendation is listed on the breed page for disorders with very
strong evidence of heritability and significant potential threat to ocular comfort or
vision in either the individual or the offspring.1 “No” breeding advice for a given disor-
der in a given breed may also be stated per breed club request at the discretion of the
ACVO genetics committee. Finally, certain CAER examination diagnoses generate
“no” breeding advice irrespective of whether or not the disorder is listed on the
dog’s Blue Book breed page because they have both strong evidence of heritability
and frequently result in ocular pain and/or blindness in the offspring and sometimes
the individual (Table 1).
Each breed “page” concludes with its associated complete ocular disorders report,

which lists prevalence of all diagnoses for reported examined dogs of the breed.

OPHTHALMIC EXAMINATION PROCESS AND CERTIFICATION

To enhance sensitivity of detection of inherited conditions, which are frequently not
congenital, the ACVO recommends serial annual ophthalmic examinations of dogs
in active breeding lines of all breeds,1 though some breed clubs have their own recom-
mendations based on specific concerns for their breeds. Serial examination with asso-
ciated breeding advice by the German panel of veterinary ophthalmologist has been
shown to reduce the incidence of certain inherited ophthalmic disorders (cataract,
progressive retinal atrophy [PRA]) in German dachshunds.3

A breed screening CAER ophthalmic examination thoroughly assesses features of
the orbits, eyelids, and globes (from corneas to retinas and optic nerves) and is per-
formed by a DACVO using slit lamp biomicroscopy and binocular indirect ophthalmos-
copy. It is performed after pharmacologic mydriasis (pupil dilation) to best allow
thorough evaluation of the peripheral/entire lenses and ocular fundi. Dogs of certain
breeds with known inherited disorders of the iris should be examined before dilation
to best allow thorough evaluation of the anterior segment for the following disorders:
dalmatian—iris hypoplasia/sphincter dysplasia; Australian shepherd, miniature Amer-
ican shepherd/miniature Australian shepherd, and toy Australian shepherd—iris colo-
boma.1 They should subsequently be dilated and otherwise examined fully as above.
All findings of the breed screening CAER ophthalmic examination, though with a focus
on those potentially significant to breeding (ie, known, suspected, or possibly
inherited), are noted by the diplomate examiner on a specific CAER examination
form (Fig. 1). This allows most appropriate documentation and communication and ul-
timately appropriate and consistent diagnosis/coding and certification with breeding
Table 1
Unequivocal “no” breeding recommendation conditions1

� Keratoconjunctivitis sicca (KCS or dry eye)
� Certain forms of persistent pupillary
membranes (PPM) and associated findings
(iris to iris and iris to cornea PPM, iris sheets,
and endothelial opacity/no strands)

� Lens subluxation or luxation
� Retinal detachment
� Geographic or detached retinal dysplasia
� Optic nerve coloboma or hypoplasia

� Glaucoma
� Cataracts without an obvious, reasonable,

non-inherited explanation
� Persistent hyperplastic primary vitreous

(PHPV)/persistent hyperplastic tunica
vasculosa lentis (PHTVL)

� Generalized or diffuse retinal atrophy/
retinal degeneration (eg, the inherited
progressive retinal atrophies [PRA])



Fig. 1. The CAER ophthalmic examination form. (From OFA; with permission.)
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recommendations dictated by the ACVO genetics committee via The Blue Book
through OFA.
It should be noted that a Schirmer tear test (STT), fluorescein staining, tonometry,

gonioscopy, high-resolution ultrasonographic imaging for evaluation of the iridocor-
neal angle, electroretinography, and streak retinoscopy to determine refractive error
are not components of the routine CAER examination. Certainly, these ophthalmic
diagnostic tests may provide additional information relevant to the breed screening
CAER ophthalmic examination (ie, diseases they test for may be inherited) or the indi-
vidual canine patient being examined (ie, they may warrant intervention to reduce risk
of ocular discomfort and or visual impairment). They may thus be performed at the
discretion of the examiner or request of the owner and documented as “comments”
on the examination form. In addition, in some cases (eg, where KCS is suspected
but cannot be confirmed solely via examination findings), such tests (in this case, an
STT) may be requested or required to be performed before an official diagnosis can
be given and thus a certificate or other result generated at OFA. However, because
these additional ophthalmic examination components are not included in the vast ma-
jority of CAER examinations, early cases where physical ophthalmic examination signs
are not yet present could be missed.1

With input from the ACVO Vision for Animals Foundation Canine Glaucoma Con-
sortium, the ACVO genetics committee and OFA have created a separate gonioscopy
examination form. Although currently only in the data collection phase, the goal of this
form is to establish a standardized database for additional information related to the
iridocorneal angle/aqueous humor outflow and potential risk factors for glaucoma in
purebred and breeding dogs. Like the general breed screening CAER ophthalmic
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examination, the ultimate goals of this additional arm of the program are to promote
recognition and allow understanding of predispositions to inherited primary glaucoma
in dogs (ie, are there predictable iridocorneal angle factors and examination findings?)
and make evidence-based breeding recommendations to reduce such. At present, if
performed, gonioscopy and any other iridocorneal angle assessment findings may be
written in as comments on the CAER form as above or a gonioscopy form may be
completed.
Although examiners provide and document gonioscopic findings to owners and

may interpret and make breeding recommendations regarding these results, no certi-
fication or recommendation is provided by OFA/ACVO as both performing that exam-
ination itself and interpreting what it means for the individual dog and its breed lines is
complicated and lacks consensus. Dogs having had gonioscopy performed and
documented on a CAER or gonioscopy form submitted to OFA receive a denotation
on their CAER certificates that it was done, but again, no official interpretation or rec-
ommendations occur.
It is important to note that like most physical examination subsets, breed screening

CAER ophthalmic examinations are phenotypic. Dogs may be carriers of inherited
conditions or even genetically affected but not (yet) displaying the phenotype as
many non-congenital inherited diseases manifest later in life, often after dogs have
been bred. In these cases, CAER examinations could be normal despite the possibility
of dogs passing on problematic genes and ultimately disorders. Many genetic defects
with ophthalmic ramifications are not yet known or do not have an available genetic
test. In addition, available genetic testing is very specific (eg, may rule in or out one
form of inherited retinal degeneration but not others), whereas the phenotypic
screening CAER examination, which looks at the entire ophthalmic system, is broad.
Therefore, it is recommended that dogs in active breeding lines receive phenotypic
CAER examinations that are complemented with genetic testing for specific disorders
in dogs of known affected breeds.
Given the screening nature of CAER examinations, they attract a biased population

and generate biased, likely underestimated, data regarding the true incidence of dis-
orders in affected dog breeds. Dogs with ophthalmic disorders that cause noticeable
pain and or vision loss, or even just obviously visible lesions may not be presented for
and diagnosed via CAER examinations as their severity may have already necessi-
tated veterinary attention. Asymptomatic but phenotypically present conditions are
more likely to be detected on this type of examination.
Owner copies of completed CAER examination forms may be submitted to OFA for

registry and certification. A database is created from this registry along with CAER ex-
amination form research copies which capture instances of examined dogs where
owners do not submit results. A review by the ACVO-OFA liaison will clarify unclear
diagnoses and cross-reference findings with any previous examinations on file. Ulti-
mately, diagnoses are finalized and certificate codes and breeding recommendations
are generated per The Blue Book guidelines and breed pages. Although forms may be
submitted any time, certification and breeding recommendations expire a year after
the date of the examination to encourage serial screening and enhance the sensitivity
of detecting inherited conditions.
SELECTED SPECIFIC CONDITIONS SCREENED FOR ON A COMPANION ANIMAL EYE
REGISTRY EXAMINATION

Common or otherwise particularly problematic conditions from each section of the
CAER form are described and discussed below.
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Multiple canine eyelid conditions are likely inherited, though the causative mutations
are unknown. These adnexal disorders usually generate a “breeder option” breeding
recommendation when diagnosed on a CAER examination because they are
complexly inherited and cause less severe pathology than disorders where breeding
is not recommended.

� A distichia is abnormal eyelashes that emerge through the eyelid margin, most
commonly through the meibomian gland orifices (Fig. 2). They are usually
asymptomatic but can cause squinting, tearing, and corneal ulceration in some
instances.

� Entropion is an inward rolling of the eyelid margin that causes irritation and
corneal ulceration when periocular hair rubs on the ocular surface. In contrast,
ectropion is an outward rolling of the eyelids that can cause ocular surface irrita-
tion via exposure. Both entropion and ectropion are likely influenced by multiple
factors related to facial conformation and therefore may be inadvertently
selected for as breeders seek a desired appearance in their dogs. At the request
of their breed clubs, entropion in the Rhodesian ridgeback and rottweiler has
been designated as a “no” breeding recommendation.1

Corneal disorders with a presumed or known genetic basis in dogs vary in their clin-
ical significance and therefore also in CAER breeding recommendations.

� Chronic superficial keratitis, also knownaspannus, is an immune-mediatedcorneal
disease characterized by vascularization, fibrosis, pigmentation, and infiltrate often
to theextentofpinkproliferative tissue formation (Fig. 3). Pannusof thenictitanscan
occur in isolation (plasmomaor atypical pannus) or concurrentwith corneal disease
and ismanifested by a pink nodular appearance to the normally smooth pigmented
third eyelid conjunctiva. Blindness can occur when corneal disease is severe. A ge-
netic basis is suspected in German shepherds (GSD), greyhounds, Belgian tervu-
rens, Belgian sheepdogs, and Maremma sheepdogs due to breed predilections
and sufficient incidence in CAER data.1,4–6 A CAER examination diagnosis of pan-
nus receives a “no” breeding recommendation. This has seemingly improved
breeding practices and decreased incidence of the condition in GSD presented
for CAER examinations: in 2013, 150 GSD were examined and 2% were affected
with plasmoma, 1.3% with corneal pannus; in 2022, 209 were examined and 0%
and0.5%were affectedwith plasmomaand corneal pannus, respectively. (J Pautz,
personal communication of breed data report, January 2023).

Epithelial-stromal corneal dystrophy is characterized by the accumulation of white
to gray opacities, most often lipid, within one or more corneal layers (Fig. 4). It rarely
Fig. 2. Distichia in the right eye of a 2-year-old spayed-female boxer (A) and the right eye of
a 1.5-year-old spayed-female shih tzu (B). These were bilateral in both cases.



Fig. 3. Pannus in the left eye of a 6-year-old spayed-female German shepherd (A), the right
eye of a 4-year-old neutered-male greyhound (B). Pannus and atypical pannus in the left eye
of 5-year-old neutered-male German shepherd (C). These were all bilateral.
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causes pain or blindness and usually does not require treatment; therefore, for most
breeds, this diagnosis receives a breeding recommendation of “breeder option.”
This still allows breeding practices to select away from the disorder, and the cavalier
King Charles spaniel (CKCS) provides an example of a commonly affected breed with
decreasing incidence in dogs presented for CAER examinations: in 2013, with 2520
CKCS examined, 10% were affected with corneal dystrophy; in 2022, with 3192
CKCS examined, 7.6% were affected (J Pautz, personal communication of breed
data report, January 2023). Exceptions to the breeder option recommendation for
corneal dystrophy include “Sheltie corneal dystrophy” in the Shetland sheepdog,
which carries a “no” breeding recommendation because the disease results in an un-
stable overlying tear film and often painful corneal erosions warranting treatment,1,7

and the Siberian husky where the inheritance is presumed to be autosomal recessive
and the opacities are often more severe, potentially resulting in vision
impairment.1,8–11

� Endothelial corneal dystrophy results in progressive corneal edema. When se-
vere, this disease causes pain via chronic corneal ulcerations and vision impair-
ment from corneal opacification. Predispositions have been identified in the
basenji, Boston terrier, chihuahua, and dachshund; therefore, a “no” breeding
recommendation is made for these breeds due to the presumption of hereditary
disease.1,8 Based on sufficient incidence in CAER data, endothelial corneal dys-
trophy is also listed as a disorder for the petit basset griffon vendeen with a
“breeder option” breeding recommendation.1 Corneal endothelial degeneration,
which is usually age-related and may present similarly clinically, does not
generate any specific breeding recommendations.

� Macular corneal dystrophy is a unique form of corneal dystrophy in Labrador re-
trievers with autosomal recessive inheritance from a mutation in the CHST6
Fig. 4. Epithelial-stromal corneal dystrophy in the left eye of a 6-year-old neutered-male
cavalier King Charles spaniel (A) and the right eye of a 4-year-old male Siberian husky (B).
These were bilateral in both cases.
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gene.12 This disease usually affects dogs aged 4 to 6 years and is characterized
by bilateral stromal grey–tan circular corneal opacities of varying size with poten-
tial associated vascularization.13 A commercial genetic test is available, and a
“no” breeding recommendation is made if this disorder is diagnosed on a
CAER examination.

� Pigmentary keratitis, also known as pigmentary keratopathy, is defined as the
deposition of superficial corneal pigment which is usually accompanied by
fibrosis and vascularization (Fig. 5). It is most often a problem in brachycephalic
dogs, especially pugs, where ocular surface irritation and exposure from facial
conformation such as medial lower eyelid entropion and macropalpebral fissure
(wide eyelid openings) may play a role.14 As with the previously discussed
adnexal disorders, selection for a certain facial appearance may result in an
increased prevalence of pigmentary keratitis. However, one study in pugs did
not find an association between facial conformation and corneal pigmentation
and therefore surmised that the disorder may have its own genetic basis sepa-
rate from corneal pigmentation secondary to irritation and exposure consider-
ations.15 This disorder is categorized as “breeder option” as it is not fully
understood, does not threaten ocular comfort, and though may be vision impair-
ing when severe, often is milder. Again, this still allows breeding practices to
select away from the disorder, and the incidence in pugs presented for CAER ex-
aminations went from 73.3% (of 101 dogs examined) in 2013 to 46.2% affected
(of 173 dogs examined) in 2022 (J Pautz, personal communication of breed data
report, January 2023).

Uveal disorders vary in severity and breeding recommendations.

� Uveal cysts are fluid-filled semitransparent circular structures arising from the
epithelium of the posterior iris or ciliary body (Fig. 6). They can be variably pig-
mented, vary in size, and remain attached or break free to float in the anterior
chamber. Cysts may rupture and deposit pigment on intraocular tissues. Uveal
cysts rarely cause clinical problems and in all breeds are receive a breeding
recommendation of “breeder option.” However, in the golden retriever, uveal
cysts may be associated with pigmentary uveitis and secondary glaucoma,
and they may be associated with glaucoma in the great dane and American
bulldog.16–19

� Pigmentary uveitis is a poorly understood and potentially devastating condition
that occurs in middle-aged to older golden retrievers16 and carries an OFA
Fig. 5. Pigmentary keratitis/keratopathy in the left eye of a 4-year-old neutered-male shih
tzu. Note the typical “wedge” of nasal corneal pigment, in this case without vascularization.



Fig. 6. Solitary, heavily pigmented, free-floating (in the anterior chamber) uveal cyst in the
left eye of a 6-year-old neutered-male Boston terrier (A). Solitary, mildly-pigmented, free-
floating uveal cyst, along with multiple, lightly pigmented uveal cysts “peeking” around
the nasal pupillary margin from behind, in the right eye of a 5-year-old neutered-male
golden retriever (B). Multiple, mildly pigmented uveal cysts at the nasal pupillary margin
in the right eye of an 8-year-old spayed-female golden retriever with pigmentary uveitis
and secondary glaucoma in the contralateral eye (C). Note the relatively heavily pigmented
iris, and focal dense pigment on the superior-nasal anterior lens capsule, which is a remnant
from a ruptured and deflated previous additional uveal cyst.
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“no” breeding recommendation (Fig. 7). It begins with the presence of radial
pigment deposition on the anterior lens capsule and can progress to cause pos-
terior synechiae, secondary cataract, and in its most advanced form, secondary
glaucoma.20,21 This disease has been associated with the presence of uveal
cysts, though not all golden retrievers with uveal cysts will progress to develop
pigmentary uveitis.17,21,22 As dogs in the initial stage of this disease are often
asymptomatic, screening ophthalmic examinations may allow earlier detection
and altered breeding practices. At later stages, affected dogs are usually recog-
nized when clinical signs prompt veterinary attention. However, elimination of
this disease has been challenging because it does not yet have a genetic test
and affected dogs are usually not diagnosed until after they may have been
bred. This said, with recognition and earlier diagnosis of the disorder, the inci-
dence in golden retrievers presented for CAER examinations has decreased:
2% (of 6458 dogs examined) in 2013 to 1.1% affected (of 9619 dogs examined)
in 2022 (J Pautz, personal communication of breed data report, January 2023).

� An iris coloboma is a congenital full-thickness defect of the iris that occurs as a
developmental anomaly. It can occur anywhere in the iris thoughmost commonly
occurs at the most ventral aspect (typical coloboma) from failure of closure of the
. 7. Pigmentary uveitis in the right eye of a 9-year-old female-spayed golden retriever.
te the diffuse radial pigment deposition on the anterior lens capsule and early secondary
aract.
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optic fissure. Iris colobomas are coded as “breeder option” except for in the
Australian shepherd, miniature American shepherd/miniature Australian shep-
herd, and toy Australian shepherd where a “no” breeding recommendation is
made due to their potential association with more serious abnormalities in other
parts of the eye.1 This has seemingly affected breeding practices and slightly
decreased incidence of the condition in Australian shepherds presented for
CAER examinations: in 2013, 3742 were examined and 1.5% were affected; in
2022, 3582 were examined and 0.9% were affected (J Pautz, personal commu-
nication of breed data report, January 2023).

� Congenital partial thickness iridal defects are marked as iris hypoplasia on the
CAER form and are considered “breeder option” for all breeds.

� Persistent pupillary membranes (PPMs) are remnants of the fetal anterior
segment vascular system that have failed to regress by 3 months postnatally.
They can occur unilaterally or bilaterally in a variety of forms: strands that origi-
nate from the surface of the iris and connect to the iris (iris–iris PPM), lens (iris–
lens PPM), or cornea (iris–cornea PPM), as endothelial corneal opacities without
strands (Fig. 8), or most severely as iridal sheets within the anterior chamber.
PPMs that contact the lens frequently cause cataract and those that contact
the cornea cause corneal opacity. The mildest form, iris–iris PPMs, is coded
“breeder option,” but for all other forms, a “no” breeding recommendation is
made as they can cause vision impairment and or because of potential heritability
and more severe forms in offspring. PPMs are found in multiple breeds but have
been especially significant in the basenji, where they may also be associated with
optic nerve colobomas23,24 and the (English) mastiff and Pembroke Welsh corgi
breeds.1 The incidence of iris-to-iris PPMs in Pembroke Welsh corgis presented
for CAER examinations decreased from 17.2% (of 529 dogs examined) in 2013 to
14% affected (of 810 dogs examined) in 2022. The incidence of iris-to-lens PPMs
in basenjis presented for CAER examinations decreased from 7.7% (of 221 dogs
examined) in 2013 to 1.1% affected (of 272 dogs examined) in 2022. The inci-
dence of endothelial corneal opacities without strands from previous PPMs in
. 8. Iris-to-iris persistent pupillary membranes (PPM) and endothelial opacities no strands
mnants of iris-to-cornea PPM) in the left eye of a 4-month-old male corgi. The contralat-
l eye was equivocally microphthalmic and had iris-to-cornea PPM with associated corneal
dothelial leukoma and overlying corneal edema from focal endothelial dysfunction in the
ion of PPM adherence.
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mastiffs presented for CAER examinations decreased from 3% (of 201 dogs
examined) in 2013 to 1.9% affected (of 160 dogs examined) in 2022 (J Pautz, per-
sonal communication of breed data report, January 2023).

Disorders of the lens can result in ocular discomfort and vision impairment via opa-
cification, intraocular inflammation, and secondary glaucoma. Many severe lens con-
ditions result in a “no” breeding recommendation.

� Lens luxation is a potentially blinding disorder in dogs but fortunately one of the
few anterior segment disorders that has a well-defined genetic etiology. An auto-
somal recessively inherited mutation in ADAMTS17 causes the development of
abnormal lens zonules which break prematurely.25 As a result, the lens becomes
loose and can move anteriorly or posteriorly out of position to increase suscep-
tibility to glaucoma, corneal edema, uveitis, and retinal detachment. This muta-
tion is widespread across breeds but is especially prevalent in terriers and
other dogs bred for short stature.26,27 This gene has also been associated with
primary open angle glaucoma in a growing number of breeds, including the
shar-pei, basset hound, petit basset griffon vendeen, and basset fauve de Bre-
tagne.27–30 Subtle signs of lens instability, such as a deep anterior chamber, vit-
reous in the anterior chamber and abnormal movement of the iris or lens with
rapid eye movements (iridodonesis and phacodonesis, respectively) may be
found on a CAER examination before more devastating disease occurs when
the lens has become completely luxated. A “no” breeding recommendation is
made for this condition. Commercial genetic testing is available.

� A cataract is an opacity of the lens, and the most common presumed etiology of
clinically significant cataracts in dogs is heredity. Hereditary cataracts can occur
in any part of the lens and vary in size/extent. In general, a cataract that is sus-
pected to be hereditary (without other reasonable, likely explanation such as
developmental vascular contact, trauma, age, or previous inflammation, and
so forth, typical in location, shape, and so forth) on a CAER examination receives
a “no” breeding recommendation. There are some exceptions to this such as
posterior Y-suture tip opacities, which are not considered a true cataract, and
nuclear fibrillar/pulverulent cataracts, which may be inherited and/or senile.
These lesions do not progress to cause vision impairment and are not associated
with risk of more severe forms in offspring. Therefore, these cataract types are
coded as “breeder option,” with posterior Y-suture tip opacities receiving their
own specific code (E2). In GSD presented for CAER examinations, the incidence
of nuclear cataracts decreased from 6% in 2013 with 150 dogs examined to
4.3% in 2022 with 209 dogs examined (J Pautz, personal communication of
breed data report, January 2023).

Mutations in the HSF4 gene have been associated with cataract development as an
autosomal codominant trait in the Australian shepherd, miniature American shepherd/
miniature Australian shepherd, and toy Australian shepherd (HSF4-2), and an auto-
somal recessive trait in the Boston terrier, Staffordshire bull terrier, French bulldog,
and miniature pinscher (HSF4-1).1,31–34 However, in most breeds, the specific gene
or genes involved in cataract formation remain unknown. In addition, other genes
may be involved within known HSF4 affected breeds.
Posterior polar cataracts, which are presumed hereditary in multiple breeds, are

small, often triangular, and usually do not significantly impact vision in the animal in
which they occur (Fig. 9). However, they may be associated with more severe forms
of cataract in offspring, and hence, a “no” breeding recommendation is made for this



Fig. 9. Posterior polar cataract in the left eye of a 3-year-old female golden retriever pre-
sented for CAER examination. This was bilateral.
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diagnosis on a CAER examination.35 This has seemingly affected breeding practices
and decreased incidence of the condition in dogs presented for CAER examinations of
several breeds: golden retrievers [4.1% (of 6458 dogs examined) in 2013 to 3.2% (of
9619 dogs examined) in 2022]; cocker spaniels [4.3% (of 1129 dogs examined) in 2013
to 3.1% (of 1085 dogs examined) in 2022]; Siberian huskies [4.9% (of 984 dogs exam-
ined) in 2013 to 3.8% (of 993 dogs examined] in 2022; and greater Swiss mountain
dogs [5.2% (of 115 dogs examined) in 2013 to 1.9% (of 105 dogs examined) in
2022] (J Pautz, personal communication of breed data report, January 2023).
Another form of cataract, in the equatorial cortex, may be inherited or not. Its inci-

dence has decreased in greater Swiss mountain dogs (6.1% of 115 dogs examined to
2.9% of 105 dogs examined) and Boston terriers (2.8% of 533 dogs examined to 1.7%
of 773 dogs examined) presented for CAER examinations in 2013 and 2022, respec-
tively (J Pautz, personal communication of breed data report, January 2023).
Cataracts can occur secondary to nonhereditary causes, such as trauma, aging,

uveitis, nutritional deficiencies, and specific metabolic diseases such as diabetes mel-
litus and hypocalcemia. For those cataracts that the examiner suspects not to be ge-
netic in origin, “significance unknown/suspect not inherited” can be marked on the
CAER form and those dogs may receive a breeder option code (E1).
The vitreous, retina, pigmented epithelium, choroid, sclera, and optic nerve

comprise the posterior aspect/segment of the globe. These tissues mediate initiation
of the visual pathway, transmission of visual information to the brain, recycling of vi-
sual pigments, and provision of nutrients/metabolite removal for the metabolically
active photoreceptors. Inherited or presumed inherited disorders of these structures
are common and can be congenital (retinal dysplasias, collie eye anomaly, optic nerve
hypoplasia, or coloboma) or adult-onset (PRA, multifocal retinopathy). Although ge-
netic tests for some conditions are available, there are many potentially inherited con-
ditions for which no genetic diagnosis (and therefore test) exists. Hence, genetic
testing cannot replace yearly hereditary eye disease screening, particularly for poste-
rior segment conditions. For breeding dogs, a clinical diagnosis of a potentially
inherited retinal disorder could be confirmed with genetic testing, but a “clear” genetic
test does not exclude an inherited component. Most inherited conditions of the canine
posterior segment have an autosomal recessive mode of inheritance, although domi-
nant conditions and recessive conditions with additional modifier genes have been
described. The CAER examination system does not currently administer breeding rec-
ommendations based solely on genetic testing, and owners should seek expert advice
from ophthalmologists and theriogenologists when making breeding decisions based
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on these outcomes. Genetic test results may help further inform or modify a pheno-
typic CAER examination diagnosis and breeding recommendations.

Vitreous Conditions

� Liquefaction of the vitreous is common in aging, but earlier onset vitreous degen-
eration occurs in specific breeds. The genetics of this condition are not defined
but it is presumed inherited in the Italian greyhound, Brussels griffon, shih tzu,
whippet, and bichon frise, as well as other breeds based on sufficient incidence
in CAER data and references.1,36 Although this theoretically predisposes dogs to
retinal detachment, glaucoma, and lens luxation, in a study of these dogs diag-
nosed with vitreous degeneration on CAER examinations, no such association
with these ocular comorbidities nor cataract was found.36 In Italian greyhounds,
Brussels griffons, and whippets, from 2013 to 2022, incidence of one form of vit-
reous degeneration (syneresis) in dogs presented for CAER examinations
decreased from 26% to 4.3% (in 192 and 94 Italian greyhounds examined),
20% to 14.3% (in 60 and 63 Brussels griffons examined), and 4.5% to 2.4%
(in 355 and 594 whippets examined) (J Pautz, personal communication of breed
data report, January 2023).

� A group of congenital conditions relate to persistence of the fetal lens vasculature
in the vitreous (persistent hyaloid artery [PHA], persistent hyperplastic primary
vitreous or persistent hyperplastic tunica vasculosa lentis [PHPV/PHTVL]). These
vessels can contribute to cataract formation and/or vitreal hemorrhage if patent.
PHPV/PHTVL is best documented as a presumed inherited disorder in Dober-
man pinschers and Staffordshire bull terriers, though the genetics of the disorder
are not defined.1,37–44 CAER examinations seem to have decreased the inci-
dence of these conditions in these breeds in that the incidence of PHA in Staf-
fordshire bull terriers presented for CAER examinations decreased from 3.4%
in 2013 (88 dogs examined) to 2% in 2022 (99 dogs examined), and the incidence
of PHPV/PHTVL in Doberman pinschers presented for CAER examinations
decreased from 1.2% in 2013 (172 dogs examined) to 0.7% in 2022 (287 dogs
examined) (J Pautz, personal communication of breed data report, January
2023).

Congenital Retina/Choroid/Optic Nerve Conditions

� Retinal dysplasias vary from mild (retinal folds manifesting as small multifocal
areas of retinal thickening and/or thinning) (Fig. 10), moderate (larger, geographic
areas of retinal thickening and/or thinning) to severe (complete detachment of the
retina with visual impairment). Although commonly diagnosed clinically in many
breeds, mutations have been described in only two genes, COL9A2 (Labrador
retriever) and COL9A3 (Samoyed and northern Inuit), which also cause an
oculo-skeletal dysplasia.45 Limb deformities include shortened forelimbs with
valgus deformity, and ocular abnormalities include cataract, multifocal retinal
dysplasia, vitreous degeneration, and retinal detachment. Diagnosis of the
more severe forms of retinal dysplasia (geographic/complete) on a CAER exam-
ination will result in a “no” breeding recommendation. Retinal folds vary in their
recommendation from “breeder option” to “no” based on the breed affected
and can be downgraded from a “no” to a “breeder option” for the three already
mentioned breeds affected by COL9A2 and COL9A3 mutations if a negative ge-
netic test can be provided.1 The Labrador retriever provides an example of
decreased incidence of retinal dysplasia–folds: 1.5% of 6741 dogs examined
for CAER examinations in 2013 were affected versus 0.8% of 6374 dogs in



Fig. 10. Extensive retinal folds in the right eye of an 8-week-old English springer spaniel pre-
sented for CAER litter screening examination. Multiple puppies in the litter were affected
with retinal folds or geographic retinal dysplasia in one or both eyes.
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2022. The English springer spaniel was similar with a decreased incidence from
3.2% (of 1618 dogs examined for CAER examinations) in 2013 to 2.2% (of 1077
dogs) in 2022 (J Pautz, personal communication of breed data report, January
2023).

� Collie eye anomaly is most prevalent in collies and related breeds. Phenotypes
range from inadequate development of the choroid (choroidal hypoplasia) to de-
fects of the choroid, sclera, and/or optic nerve (coloboma/staphyloma) to com-
plete retinal detachment (with or without hemorrhage) that may be blinding.
Mildly affected animals will have no detectable vision impairment. It is important
to screen for this condition in puppies, as the development of pigmentation and
the tapetum can sometimes mask milder versions of the condition (the “go
normal” phenomenon), limiting clinical detection in adulthood. A mutation in
the gene NHEJ1 is known to be associated with choroidal hypoplasia; however,
the genes responsible for colobomas are unknown.46 A clinical or genetic diag-
nosis of collie eye anomaly results in a “no” breeding recommendation.

� Optic nerve hypoplasia is a maldevelopment of the optic nerve that results in vi-
sual impairment. It is characterized by a very small optic nerve head and blind-
ness or severely impaired vision and can occur unilaterally or bilaterally.
Although inheritance is likely autosomal recessive, there may be incomplete
penetrance, and the genetics of this condition have not been defined. Commonly
affected breeds include the miniature poodle, Belgian tervuren, and shih tzu.1 Mi-
cropapilla is a related condition where a small optic nerve head is observed clin-
ically but without vision impairment. A diagnosis of optic nerve hypoplasia results
in a “no” breeding recommendation, whereas a diagnosis of micropapilla results
in a breeder option recommendation.
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Adult-Onset Retina/Choroid/Optic Nerve Conditions

� Multifocal retinopathy is characterized by numerous distinct (ie, multifocal),
roughly circular patches of elevated retina with accumulation of material that pro-
duces gray-tan-pink colored lesions (multifocal bullous retinal detachments).
These lesions, looking somewhat like blisters, vary in location and size, although
typically they are present in both eyes of the affected dog. Infrequently or chron-
ically, this disorder can impair vision. There are several forms of canine multifocal
retinopathy from known mutations in the BEST1 gene with commercially avail-
able genetic tests. Breeding recommendations vary from “breeder option” to
“no” based on breed, and commonly affected breeds include the bullmastiff (En-
glish) mastiff, American bulldog, great Pyrenees, coton de Tulear, Finnish Lap-
phund, Lapponian herder, and Australian shepherd.1,47–53 The miniature
American shepherd/miniature Australian shepherd, toy Australian shepherd,
boerboel, Brazilian terrier, bulldog, cane corso, dogue de Bordeaux, perro de
presa canario, and other breeds may also be affected.48,52,53

� PRA is a group of hereditary diseases that cause bilaterally symmetric, progressive
degeneration of the retinal photoreceptors. More commonly, rod photoreceptors
are affected by gene mutations, although cone disorders are described. Cone
dysfunction and/or degeneration can also be a consequence of rod dysfunction
and or degeneration. Dogs will typically present with night vision changes before
onset of vision changes in daylight or bright light. Age of onset and rate of progres-
sion are highly variable, underpinning the necessity to perform CAER examinations
yearly. On the CAER form, PRA is denoted as “retinal atrophy–generalized.” The
most well-known genetic mutation associated with PRA is the autosomal reces-
sively inheritedprcdmutation, thoughover20differentmutationshavebeendiscov-
ered to cause this disease in a variety of breeds and many more are yet to be
discovered.34,53,54 A clinical diagnosis ofPRA results in a “no”breeding recommen-
dation. Because not all PRA causative genes are known, genetic testing may be
used to complement but not circumvent a clinical diagnosis. The English cocker
spaniel provides an example of decreased incidence of PRA in dogs presented
for CAER examinations: 2.6% of 116 dogs examined in 2013 versus 0.7% of 268
dogs in2022 (JPautz,personal communicationofbreeddata report, January2023).

SUMMARY

The incidence of comfort- and vision-threatening inherited canine ophthalmic condi-
tions can be reduced with the use of screening examinations and certifications with
associated breeding recommendations provided by collaboration between the
ACVO and OFA in the form of CAER examinations. The document Ocular Disorders
Presumed to be Inherited in Purebred Dogs (known as “The Blue Book”) is the primary
reference for these recommendations and can be viewed online.
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