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Manifestations of systemic disease in the retina and fundus of cats and dogs
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The fundus is unique in that it is the only part of the body that allows for a noninvasive and uninterrupted view of vasculature and nervous tissue. Utilization of this can be a powerful tool in uncovering salient incidental findings which point to underlying systemic diseases, and for monitoring response to therapy. Retinal venules and arterioles allow the clinician to assess changes in vascular color, diameter, outline, and tortuosity. The retina and optic nerve may exhibit changes associated with increased or decreased thickness, inflammatory infiltrates, hemorrhages, and detachments. While some retinal manifestations of systemic disease may be nonspecific, others are pathognomonic, and may be the presenting sign for a systemic illness. The examination of the fundus is an essential part of the comprehensive physical examination. Systemic diseases which may present with retinal abnormalities include a variety of disease classifications, as represented by the DAMNIT-V acronym, for Degenerative/Developmental, Anomalous, Metabolic, Neoplastic, Nutritional, Inflammatory (Infectious/Immune-mediated/ischemic), Toxic, Traumatic and Vascular. This review details systemic illnesses or syndromes that have been reported to manifest in the fundus of companion animals and discusses key aspects in differentiating their underlying cause. Normal variations in retinal anatomy and morphology are also considered.
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Introduction

The examination of the fundus may be brief, or extensive. It is achievable in a darkened room using a variety of instruments including a Finoff transilluminator or indirect ophthalmoscope with a condensing lens, a direct or panoptic ophthalmoscope, a specialized retinal camera, or nowadays a smartphone (1). A thorough assessment is made possible when the pupil is dilated and the optical media before the fundus is fairly clear. Therefore, systemic diseases which manifest in profound uveitis or complete cataracts may hinder the ability to appreciate changes which occur in the fundus, though some retinal changes may be appreciated indirectly via ultrasonographic techniques, other imaging modalities or histopathology. In addition, contraindications to using mydriatics (e.g., glaucoma, lens luxation), challenges with pupillary dilation (e.g., pharmacologic or pathologic miosis) may hinder the exam. It is of note, that at times even a partial view of the fundus can offer valuable insight.

When examining the fundus, one must be familiar with normal variations in anatomy for the species being examined, and normal breed-related phenotypic variations within certain species. Variations are mostly associated with the appearance and presence of vasculature, tapetum, pigment in the retinal pigment epithelium, and optic nerve head myelination (Figure 1). Unlike humans, the cat and dog do not have a macula or fovea, however they do have a visual streak, and a region analogous to the macula which is called the area centralis. The area centralis is located temporal and dorsal to the optic nerve in dogs and cats and is rich in cone photoreceptors making it important for high acuity vision, and subject to higher metabolic needs (2). The extent of normal retinal vasculature of cats and dogs span the entire retina (i.e., they have a holangiotic retina). The tapetum may be absent, or vary in size, shape, or color, and variations are related to species, breed, and the degree of ocular pigmentation (Figure 1). Poorly pigmented or subalbinotic individuals or eyes tend to have a smaller, patchy, or even absent tapetum (Figures 1G, L). Tapetal changes are also noted with age as the tapetum develops and matures with resulting color change over the first few months of life (Figures 1D–F). The optic nerve head may vary in shape, color, size, depth, and degree of myelination. In dogs the optic nerve is more heavily myelinated than in cats, it has a more triangular shape, as opposed to the round optic nerve head in cats, and is traversed by vessels. Myelination is also age dependent and increases in the first months during maturation. Given the extent of normal variability one must become adept in routine examinations of the fundus to diagnose abnormalities when present. Furthermore, subtle changes may become evident only when comparing the contralateral eye, though this can be challenging in animals with heterochromatic eyes, which is seen more commonly in certain breeds such as the Husky and Collie dogs. In heterochromia, blue eyes have a more pigment dilute fundus and may have a smaller or absent tapetum, while the brown eyes may be heavily pigmented, or variably subalbinotic and poorly pigmented.
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FIGURE 1
 The normal fundus of the cat (A–G) and dog (H–L). (A) Normal fundus of a cat with a green-yellow tapetum. The feline tapetum is large and spans the majority of the dorsal retina extending beyond the optic nerve ventrally. (B) A feline with a subalbinotic fundus manifesting with a yellow tapetum and lacking clinically noticeable pigment in the retinal pigment epithelium (RPE) ventrally. Without pigment and tapetum choroidal vasculature is exposed in the ventral retina. (C) A closer view of the optic nerve head of a ginger-colored cat exhibits flame shaped gray radiations from the optic nerve head following the tracks of the nerve fiber layer. These represent excessive myelination and are considered clinically insignificant. (D–F) Maturation of the feline fundus at 3 weeks of age (D), 6 weeks of age (E) and 3 months of age (F). With maturation the tapetum becomes thicker and more refractile and changes in color from a bluish gray to the final color which is most often green or yellow. The myelination of the optic disc also increases. Similar changes are seen in the dog. (G) Subalbinotic fundus of a cat with an absent tapetum and scant pigmentation in the RPE ventrally. Note how normal feline retinal vasculature emanates from the margins of the optic nerve head. The optic pit is seen as a focal gray dot in the center of the optic nerve head. The straight streaks typical of the choroidal vasculature have lent it the term tigroid fundus. (H) Heavily pigmented fundus with a green-yellow tapetum from a Beagle. (I) Heavily pigmented fundus of a dog with a yellow tapetum. (J) Heavily pigmented fundus with an amber colored tapetum from an Old English sheepdog. (K) Subalbinotic canine fundus with a yellow tapetum and reduced pigment in the RPE of the nontapetal fundus exposing the tigroid appearance of the choroidal vasculature. (L) A closer view of the well-myelinated optic disc of a subalbinotic canine fundus with no tapetum and scant pigment in the RPE. Note how the retinal vasculature traverses the optic nerve head and courses around the optic pit.


The purpose of this review is to familiarize the reader with specific and nonspecific retinal findings associated with naturally occurring systemic diseases, and key aspects which may facilitate arriving at a differential diagnosis using tools which are available at most practices. While retinal manifestations of disease occur in a broad range of companion animals the review will focus on those that occur in cats and dogs. Retinal abnormalities will be classified using the DAMNIT-V acronym (Table 1), with some findings being consistent with more than one classification. While we include a comprehensive review of the literature, it is not exhaustive. Exceedingly rare manifestations, equivocal disease associations and experimentally induced retinal abnormalities are beyond the scope of this review.


TABLE 1 Retinal abnormalities in dogs and cats classified using the DAMNIT acronym.
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Degenerative


Progressive retinal atrophy

Progressive retinal atrophy is a term which refers to a group of inherited retinal degenerations which worsen or progress over time. They result in bilateral generalized retinal thinning manifest as tapetal hyperreflectivity and accompanied by superficial retinal vascular attenuation and eventually optic nerve head atrophy. The majority of the progressive retinal atrophies (PRAs) in dogs represent diseases that are restricted to retinal dysfunction without systemic manifestations (i.e. non syndromic) (3). In people, certain retinal degenerations that affect the cilium in photoreceptors may also result in deafness, infertility, renal dysfunction and other manifestations due to the presence of cilia in other organs (4). Ciliopathies have been infrequently associated with syndromic retinal degenerations in dogs and cats, and other organ involvement is seldom reported (3). Syndromic retinal degeneration is reported in dogs affected by mutations in Bardet-Biedl syndrome 2 and 4 genes (BBS2, BBS4) and Bardet-Biedl syndrome gene TTC8 (Tetratricopeptide Repeat Domain 8). The deletion in TTC8 is reported to cause PRA with accumulation of lipofuscin in golden retriever dogs (5). A close inspection of affected dogs showed that they suffered from clinical and morphological signs similar to those seen in human BBS patients such as obesity, renal abnormalities, sperm defects and anosmia (5). A missense variant in BBS2 is reported to cause syndromic PRA in Shetland sheepdogs (6). Systemic signs in the affected dogs included uncharacteristic wavy haircoat, upturned nose, dental defects, renal changes and occasional obesity (6). A mutation in BBS4 was also described in the Hungarian puli resulting in PRA and severe reduction in sperm motility (7). The distribution of retinal atrophy and the rate of degeneration vary greatly by condition, though bilateral similarity is expected (Figure 2). Dogs with advanced long-standing PRA will often develop a cataract which may preclude the ability to see the fundus (Figures 2D, E); the lack of a dazzle response or a flat ERG can facilitate confirmation of co-existing retinal degeneration. While gene augmentation therapy has been developed in canine and feline models of specific human retinal disease, it is not commercially available for veterinary patients (8, 9). Therefore, there is no current treatment for these conditions. While some advocate the use of nutraceuticals and presumed neuroprotective therapies the practice is not supported by strong research evidence (10). Furthermore, as demonstrated in people, supplementation with certain vitamins may have adverse effects on specific retinal diseases and therefore caution is advised when advocating for oral supplements (11). Commercial genetic tests are available for most known forms of PRA in dogs and cats and may help inform the client on the expected course of disease as well as offer a definitive diagnosis. Moreover, genetic testing is a valuable tool for breeders, and it can aid in the reduction or elimination of affected progeny (12). Currently, there is no regulatory oversight for canine clinical genetic testing, though guidelines and standards have been proposed (12).
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FIGURE 2
 Progressive retinal atrophy in the dog. (A) Retinal atrophy in a 1-year-old Beagle-Corgi research dog homozygous for a mutation in PDE6A. The tapetum is hyperreflective from loss of retinal thickness and the vasculature is attenuated. (B, C) retinal images from the same dog seen in (A) at 2.5 years of age. Retinal atrophy, tapetal hyperreflectivity and vascular attenuation have progressed. (C) The ventral fundus shows pigmentary changes including multifocal punctate pigment loss. (D) Right and (E) left eyes of the same dog as seen in (A–C) at 10 years of age. There is a secondary hypermature cataract in both eyes that precludes view of the fundus. This dog had negative dazzle and PLR along with a flat electroretinogram. (F–H) End stage PRA seen in dogs during routine clinical examination. (F) Retinal thinning, vascular attenuation and optic nerve atrophy is seen. The tinctorial halo seen around the optic nerve head which is also noted in (G) is often referred to as a peripapillary conus and can also be seen independent of PRA. (H) Profound retinal thinning, vascular attenuation and optic nerve atrophy from PRA.




Lysosomal storage diseases

A variety of lysosomal storage diseases have been reported both in the dog and cat and are generally divided into mucopolysaccharidoses (MPS), oligosaccharidoses and lipidoses. These conditions are extremely rare in a clinical setting. The substrates of the deficient enzyme accumulate in tissues causing progressive organ damage. The cornea, retina, and lens are most affected in the eye; and the liver, central nervous system, skeletal and smooth muscle including the heart are commonly affected elsewhere in the body, though involvement in other organs is possible. Changes in the fundus may vary according to the conditions which may include mottling, pigmentary accumulation or changes, and retinal atrophy. There is no practical treatment for those rare conditions and interest in them has been largely driven by search for animal models for their human parallels and development of gene therapy (13, 14).

Conditions affecting the retina or fundus in cats include mucolipidosis II (15), GM1-gangliosidosis (16), GM2-gangliosidosis (17), sphingomyelinosis (Niemann-Pick) types A (18) and C (19), α-mannosidosis (20), MPS I (21), MPS VI (22), and neuronal ceroid lipofuscinosis (23).

Conditions affecting the retina or fundus in dogs include neuronal ceroid lipofuscinosis (14, 24), α -L-fucosidosis (25, 26), MPS I (27), MPS IIIA (28), MPS IIIB (29), MPS VI (30), MPS VII (31), GM1-gangliosidosis (32), and GM2-gangliosidosis (33). While MPS II has been reported to be associated with posterior segment abnormalities in people (34), ocular findings were not described in a single published case report of the condition in a dog (35). Similarly, ocular finding were reported in people with glycogenosis II (36) but ocular findings were not described in reported cases in the dog (37). Retinal manifestations are seldom reported in people affected by glucocerebrosidosis (i.e., Gaucher's disease) (38) and were not reported in the single published well-characterized case in a dog (39). Galactosylceramide lipidosis (i.e., globoid cell leukodystrophy, Krabbe disease) has been associated with optic nerve and retinal disease in affected people (40). Affected dogs appear to have a normal appearing fundus though some exhibit postretinal blindness due to occipital lobe and optic radiation inflammatory lesions (41). Ocular findings were not described in 2 case reports of dogs affected by sphingomyelinosis (Niemann-Pick) types A (42) and C (43). Investigation of these conditions may be pursued through genetic testing, or via laboratories which perform metabolic testing.




Developmental


Oculoskeletal dysplasia

In Labrador Retrievers and Samoyeds, retinal dysplasia and other ocular abnormalities have been associated with orthopedic abnormalities as part of an inherited oculoskeletal dystrophy, also known as dwarfism with retinal dysplasia (drd) (44, 45). The condition has been associated with mutations in the COL9A2 and COL9A3 genes for which genetic testing is available, and severity is variable in affected dogs (44). Dogs homozygous for the mutations manifest with osteochondrodysplasia of the appendicular skeleton, short-limbed dwarfism as well as elbow and hip dysplasia (Figure 3A) (44, 45). Ocular lesions include cataracts, retinal degeneration and dysplasia, retinal detachment, vitreous syneresis and persistent hyperplastic primary vitreous (Figures 3B, C) (44, 45). Changes in heterozygous dogs are usually limited to the retina and vitreous, and retinal imaging from Labrador retrievers heterozygous for drd1 or drd2 mutations showed multifocal retinal folds that clustered in the superior retina near the dorsal vasculature (Figures 3D, E) (46). By contrast, short stature without radiological evidence of dwarfism, and concurrent retinal dysplasia has been reported in American pit bull terriers for which an autosomal dominant mode of inheritance was suggested (47). While the causative gene was not identified, mutations in COL9A2 and COL9A3 were ruled out (47). Ocular changes included geographic or multifocal retinal dysplasia including retinal rosettes, folds, and retinal detachment, with affected dogs having a short stature, and 5/6 having hip dysplasia, though it is unclear if those latter changes are related to the same causative genetic defect (47).
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FIGURE 3
 Oculoskeletal dysplasia. (A) a Labrador retriever manifesting abnormalities in the appendicular skeleton including short limbs. (B) close up image of the dog seen in (A) revealed opacities to the lenses in both eyes consistent with immature cataracts. (C) Subtotal bollus retinal detachment in the right eye of a 6-year-old Labrador retriever. (D) Right and (E) left eyes of a Labrador retriever illustrating multifocal retinal rosettes and folds that clustered in the superior retina near the dorsal vasculature. These multifocal retinal dysplasia lesions are typical in dogs heterozygous for mutations that cause oculoskeletal dysplasia.





Anomalous


Retinal dysplasia

Retinal dysplasia in cats is mostly associated with intrauterine viral infections which result in anomalous retinal development with anatomic features including retinal folds, rosettes, and retinal gliosis (48). This has been reported in association with natural perinatal infection with feline panleukopenia virus, and experimental infection with feline leukemia virus (FeLV) (49, 50). A case report of a kitten with retinal dysplasia reported concurrent cerebellar hypoplasia, which can be associated with perinatal feline panleukopenia infection in cats (49, 51).



Merle ocular dysgenesis

In the dog, congenital ocular abnormalities are reported with the merling or dappling gene and have been termed merle ocular dysgenesis. The condition occurs in dogs affected by the merle gene which causes pigment dilution. A SINE insertion in the Silver pigment locus homolog (SILV) gene segregates with the merle phenotype, and homozygous animals are most severely affected (52). While retinal detachment and dysplasia, as well as colobomas to the choroid and optic nerve may occur with the condition there are often several ocular abnormalities as the name implies (Figure 4). Other ocular abnormalities include changes to the globe, iris and lens. Systemically, severely affected dogs will have a predominantly white coat and may show hearing deficits (Figure 4E) (52). While 25% of homozygous dogs may experience bilateral or unilateral deafness a clear association between hearing loss and ocular abnormalities has not been established for dogs (53).
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FIGURE 4
 Merle ocular dysgenesis (MOD). (A) Right and (B) left fundus and (C) left eye of a dog affected by MOD. Both fundus images illustrate massive nasal and temporal chorioretinal colobomas. Optic disc colobomas are also present, and larger in the right optic nerve head. (C) An iris coloboma is seen nasally. (D) Severe chorioretinal coloboma and abnormal optic nerve myelination are seen in this dog's fundus. The ventral window in pigmentation is suggestive, though not diagnostic of a retinal hole. (E) A dog affected with severe MOD. The coat was largely white and the dog was deaf. The left eye was noticeably microphthalmic and had uveitis and hyphema. Both eyes had a cataract and the ocular fundus was not readily visible. A retinal detachment was seen ultrasonographically in the left eye offering an explanation for the source of blood. (F) A dog affected by MOD shows a typical merle coat. (G) the right eye is severely microphthalmic with a microcornea. (H) The left eye is microphthalmic to a lesser degree. An iris coloboma and a cataract can be seen.





Metabolic


Lipemia retinalis

Hyperlipoproteinemia, hyperchylomicronemia and hypertriglyceridemia (but not hypercholesterolemia alone) may result in pathognomonic peach-cream discoloration of blood seen within retinal vessels (Figure 6A) (54). This change is only visible in the absence of profound lipemic uveitis, as a lipid-laden aqueous may impede the ability to view the fundus of one or both eyes. This manifestation may arise due to primary or secondary hyperlipoproteinemia or hyperchylomicronemia and is reported in both dogs and cats (55, 56). The most common manifestations in cats with familial hyperchylomicronemia are fasting hyperlipemia, lipemia retinalis and peripheral neuropathy, though cutaneous xanthomas or xanthogranulomas have also been described (57, 58). Underlying pathogenesis may involve a fatty diet, genetic predisposition in miniature schnauzers or the Burmese cat, and other affected breeds, or in endocrinopathies (e.g., hypothyroidism, diabetes mellitus and hyperadrenocorticism) (54, 56). Resolution is often achieved when the underlying condition is treated and controlled. A low-fat diet and supplementation with omega-3 fatty acids are often incorporated in the treatment plan and may lead to resolution (59). Lipid-lowering medications such as bezafibrate have also been shown to be effective in dyslipidemic dogs (60). The prognosis for vision is favorable and there is no evidence that elevated serum lipids adversely affect the retina (59). Therefore, lipemia retinalis in the absence of lipemic uveitis may be an incidental finding of diagnostic utility with implications to the patients' systemic wellbeing.



Diabetic retinopathy

Dogs with induced or naturally occurring diabetes mellitus (DM) may develop petechial retinal hemorrhages and microaneurysms, changes which are associated with diabetic retinopathy (61, 62). Oftentimes these lesions will only be seen in dogs that have undergone phacoemulsification, since diabetic cataracts tend to occur early in the disease process thereby precluding the ability to examine the fundus. In one retrospective study 21% of dogs that underwent removal of diabetic cataracts exhibited fundoscopic changes at a median time of onset of 1.4 years from the diagnosis of DM (61). Fundoscopic changes were not typically associated with clinically noticeable visual deficits, and were not shown to be associated with poor glycemic control (61). By contrast, the development of retinopathy could be inhibited with improved glycemic control in a canine model of diabetic retinopathy (63). Therefore, while dogs with diabetic retinopathy should be assessed carefully for glycemic control, this findings does not necessitate lack of glycemic control. A small longitudinal prospective study showed that 2 years following the diagnosis of DM 20% of dogs developed signs of diabetic retinopathy (64). In the same study, 55% and 64% of dogs developed systolic and diastolic hypertension, respectively, which could be a contributing factor to changes seen in the fundus of affected dogs (64). Signs of diabetic retinopathy have been reported in naturally occurring and induced DM in cats. Reports of sporadic naturally occurring DM have failed to demonstrate if affected cats had concurrent hypertension; however experimentally induced DM did result in histological microaneurysms (65, 66). Nonetheless, diabetic retinopathy is infrequent and does not seem to be of clinical significance in cats.




Nutritional

Inappropriate nutrition may result in a variety of retinal conditions, which often present with distinct retinal manifestations. While dietary indiscretion may result in reversible lipemia retinalis (discussed previously), certain deficiencies can result in permanent degenerative changes in the retina.


Taurine deficiency

Taurine deficiency in cats may result in a progressive condition of feline central retinal degeneration (FCRD, i.e., nutritional retinal degeneration) and ultimately blindness. Lesions start initially as increased granularity followed by a focal ellipsoidal region of hyperreflectivity within the area centralis and expand to two lesions which later coalesce (Figure 6B). If the underlying cause is corrected, the lesions do not progress, however chronic deficiency will result in a stereotypical 5-staged progression until the retina becomes fully atrophied. Historically the condition has been seen in cats fed dog food, though FCRD has become a rare condition since many dog food brands now supplement the food with taurine; nonetheless, dog food remains inappropriate for feline nutritional needs (67). With the increase in popularity of homemade, raw and vegan diets some concerns exist regarding nutritional inadequacy of noncommercial and some novel commercial diets (68–70). Cats with FCRD should undergo nutritional evaluation, as well as a cardiac evaluation to rule out dilated cardiomyopathy which may also result from taurine deficient diets.



Vitamin A deficiency

Vitamin A deficiency is reported to result in nyctalopia (night blindness) in humans, and in some species such as cattle neonatal deficiency can cause severe ocular diseases (71). Nutritional deficiency in vitamin A is of unknown significance in the cat and dog. A mutation in retinol-binding-protein 4 (RBP4) reported in Irish soft-coated wheaten terriers results in vitamin A deficiency during fetal development, and subsequently in severe ocular defects such as microphthalmia, anophthalmia and coloboma (72). Previously, microphthalmia, coloboma, and other ocular abnormalities have been reported to be heritable in soft-coated wheaten terriers, and were associated with visceral developmental aberrations such as hydronephrosis and persistent right aortic arch (73).



Vitamin E deficiency

Vitamin E deficiency in dogs manifests as pigmentary changes to the fundus due to lipofuscin accumulation and can occur with or without clinical deficits in vision. Retinal degeneration, retinal pigment epithelial dystrophy and neuroaxonal degeneration have been reported in experimental and naturally occurring vitamin E deficiency in dogs, with or without dietary insufficiency, and is suspected to be primary in English cocker spaniels and in Briards (74–79). The hallmark appearance of the fundus consists of pathognomonic small lighter brown rounded spots which correspond to lipofuscin accumulation in the retinal pigment epithelium (Figures 6C, D). The phenotype is progressive if left untreated and will ultimately result in severe visual deficits. The condition is responsive to supplementation with twice daily vitamin E (tocopherol) if treated early (77).




Neoplastic

Several neoplasms may result in ocular metastasis and retinal hemorrhages and uveitis are the most common manifestation of metastatic ocular disease (Figure 5A). A large-scale retrospective study found that 11.6% of 233 dogs and 13% of 100 cats with metastatic neoplasms had ocular metastases (80), with lymphoma being the commonest multicentric neoplasm in both species (Figure 5). FeLV associated T-cell lymphoma was the most common form in cats and typically presented with bilateral signs. The second most common neoplasms involving the eye were metastatic spread of mammary carcinoma in bitches (mostly unilateral), and pulmonary and squamous cell carcinoma in cats. The most frequently reported lesions affecting the fundus were choroidal involvement with subretinal hemorrhages and retinal detachment (80). Another retrospective of 173 ocular neoplasms in dogs found that 26% were metastatic or multicentric with round cell tumors including lymphoma and histiocytic sarcoma being the commonest, followed by hemangiosarcoma (81). Because of the blood-retina barrier, metastatic neoplasms that reach the subretinal space or enter through the optic nerve may be more advanced, thereby adversely affecting prognosis.


[image: Figure 5]
FIGURE 5
 Fundic manifestations of metabolic and nutritional diseases. (A) Lipemia retinalis in a 4-year-old domestic shorthair cat. The retinal vasculature appears peach cream colored rather than the normal red. This cat had elevated serum cholesterol, triglycerides and chylomicronemia. Image courtesy of Sheila Crispin. (B) Feline central retinal degeneration (FCRD) seen in the right eye of a cat. There is an ellipsoidal region of hyperreflectivity in the temporal retina. A second smaller ellipsoidal hyperreflective lesions is present in the nasal retina. The lesions in this image correlate with Stage 3 FCRD in which two independent lesions are identified. (C, D) Vitamin E deficiency in the dog. (C) The tapetal fundus of a dog exhibits multifocal light brown rounded spots. (D) Multifocal punctate pigmentary spots are noted throughout the tapetal fundus. The optic nerve head is heavily myelinated and the optic nerve rim is heavily pigmented, exhibiting a likely normal variation.


Angioinvasive pulmonary carcinoma with posterior segment metastasis in the cat, or feline lung-digit-syndrome, differs from other metastatic neoplasms and presents with a unique, or pathognomonic, fundoscopic appearance of wedge-shaped ischemic chorioretinopathy and unilateral or bilateral blindness (Figures 5D–K) (82). This presentation should immediately prompt the clinician to perform a comprehensive workup, and is associated with a guarded prognosis (83).

It is important to differentiate metastatic lesions in the retina from primary or solitary ocular neoplasms such as choroidal melanocytoma or meningioma, which may carry a more favorable prognosis and require a different treatment approach (e.g., benign neglect, laser therapy, enucleation or with suspected extraocular extension, orbital exenteration) (Figures 5L, M).

Cancer associated retinopathy describes a condition in which blindness occurs without any initial funduscopic changes and is secondary to immune-mediated retinal damage, or autoimmune retinopathy. In people, the diagnosis relies on the presence of a neoplasm and circulating plasma retinal autoantibodies (84). The condition resembles sudden acquired retinal degeneration syndrome (SARDS), though differences have been reported in the profile of retinal responses to different wavelengths of light (e.g., chromatic pupillometry). The condition is reported in people and suspected in dogs (85). As with SARDS a comprehensive workup including electroretinography and advanced imaging is recommended for a diagnosis that is largely reliant on exclusion.



Inflammatory

Inflammatory diseases that affect the fundus can be classified as infectious or non-infectious in origin. Inflammation is commonly associated with many of the conditions described and can be part of the primary disease process or can be secondary to breakdown of the blood-retina barrier.

In a study of 96 dogs presenting with optic neuritis, 35 were diagnosed with multifocal meningoencephalitis of unknown etiology and had other neurological abnormalities, while 42 presented with isolated optic neuritis (86). All cases presented with absent pupillary light reflex (PLR) or menace response, and in most cases both were absent. Most of the dogs in the study were treated with anti-inflammatory doses of prednisone, and for those with follow-up, 69.4% remained blind. Optic neuritis in cats has not been reported in association with immune-mediated etiologies, and is mostly associated with infectious diseases, lymphoma or rarely with systemic hypertension (87). The changes seen with optic neuritis can vary, and depend somewhat on chronicity (Figure 7). Figures 7A–D illustrate the lack of symmetry that may be present in the eyes of an affected individual animal. Traditionally, optic neuritis appears with loss of distinction to the margins of the optic nerve head, hemorrhages in or around the optic nerve head and changes to its color which may include hyperemia or a dull appearance once myelin has been lost (Figures 6L, 7C–F, Figure 9F). Other times optic neuritis may manifest as papilledema or optic nerve swelling, and be associated with blindness (Figures 7C, D, G, H). While some textbook articles state that a distinct physiologic pit is not seen in pathologic swelling (88), the latter examples help demonstrate that this may not always be the case.
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FIGURE 6
 Ocular neoplasia. (A) Funduscopy of a 10-year-old female spayed Beagle diagnosed with stage IV B-cell lymphoma and bilateral multifocal retinal hemorrhages. (B) Dorsal and (C) ventral fundus images of a 7.5-year-old female spayed Bernese Mountain dog with bilateral perivascular cuffing suspected to be secondary to malignant histiocytosis. The patient had presented with inappetence, dysphagia and sneezing and was also diagnosed with a pulmonary mass. (D–K) Angioinvasive pulmonary carcinoma, i.e., lung-digit syndrome in the cat. (D) Wedge-shaped chorioretinal necrosis, vascular leakage and darkening of the optic nerve head consistent with ischemic damage. (E) Fluorescein angiography in the same eye shows filling defects along with dye leakage consistent with profound ischemic damage. (F) Fundus image from a cat showing radiating wedges of chorioretinal ischemic lesions and associated tapetal loss. (G) A digit of a feline with ocular lesions and diagnosed pulmonary carcinoma. (H–J) Right and (K) left eyes of a cat with a digit lesion and pulmonary manifestations. The retina has massive wedge-shaped lesions consistent with chorioretinal necrosis, there are multifocal retinal hemorrhages, loss of normal architecture and blackening of the optic nerve head. (L) Left eye of a dog diagnosed with a retrobulbar mass on CT scan. There is optic neuritis with loss of distinction of the optic nerve margins, as well as multiple punctate optic nerve and retinal hemorrhages. (M) Solitary choroidal melanocytic neoplasm in a dog. This lesion appeared elevated on fundoscopy.
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FIGURE 7
 Optic nerve disease. (A, B) Right and (C, D) left eyes of a dog with optic neuritis secondary to meningoencephalitis of unknown origin. (D) A magnified view of (C) showing that the optic nerve head has indistinct margins and punctate hemorrhages. There are also hemorrhages around the optic nerve head. (A, B) The left optic nerve head appears swollen. An optic pit (gray focal point in the center of the nerve head) is still visible in spite of the swelling which is contrary to the common notion that pathologic optic nerve swelling is accompanied by the loss of an identifiable pit. (A, B) were obtained in succession and the difference between them exemplifies the change in vascular appearance with pulse phase. (E) Right and (F) left eyes of a dog presenting with bilateral blindness and optic neuritis. The optic nerve has a dull appearance with indistinct margins. In (E) the peripapillary region is hyperreflective while in the (F) left the peripapillary region is hyporeflective. (G) Right and (H) left eyes of a 9-year-old Anatolian Shepherd presenting with acute bilateral blindness and papilledema. The optic nerve heads appear bilaterally swollen, but a pit is still distinguishable. A focal round lesion is seen in the area centralis of both eyes (denoted by arrowheads). An MRI and CSF sample did not show abnormalities. The dog received a course of oral steroids and antibiotics and regained full vision, however the fundic changes remained.




Infectious

Numerous systemic infections may result in ocular manifestations; some of which affect the fundus more commonly than the anterior segment of the eye. At times, changes in the fundus are the first or only sign of those systemic conditions. Retinitis, retinal hemorrhages and chorioretinitis are common with systemic mycoses such as blastomycosis and cryptococcosis (Figure 8), as well as with rickettsial diseases (Figure 9). Those changes can be associated with infectious organisms hematogenously spreading into the retina, entry via the optic nerve or meninges, or subsequent inflammatory responses and vasculitis. Infectious diseases such as chronic monocytic ehrlichiosis in dogs or feline infectious peritonitis (FIP) may also result in profound polyclonal gammopathy, which may lead to subsequent hyperviscosity of the blood and dilation and tortuosity of retinal vasculature.
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FIGURE 8
 Chorioretinitis secondary to systemic mycoses. (A, B) Multifocal subretinal hemorrhages, retinal detachment, and tan chorioretinal granulomas in the left eye of a dog affected by systemic blastomycosis. Note how the granulomas course along the retinal vasculature. (C) Right and (D) left eyes of a dog affected by systemic blastomycosis. (C) Complete retinal detachment with fine perivascular infiltrates. (D) Two focal granulomas are noted as pale regions in the non-tapetal fundus (arrowheads). Faint cystoid peripheral atrophy can be seen ventrally and exemplifies the peripheral location in which granulomas can be found and the insidious appearance that may hinder diagnosis. (E, F) Large chorioretinal granulomas seen in the far periphery and non-tapetal fundus of the right eye of a dog affected by systemic blastomycosis. (G) 4 months following treatment with intravenous amphotericin B, there is regional tapetal hyperreflectivity and the area of prior granulomatous lesions appears as a pigmented chorioretinal scar. (H) Multifocal retinal hemorrhages, retinal detachment and hyporeflective inflammatory infiltrates in the eye of a dog affected by systemic blastomycosis. (I–K) Images of the right eye of a mixed breed dog affected by systemic Aspergillus deflectus confirmed by culture that was euthanized due to progression of disease in spite of an extensive hospitalization and workup along with treatment with itraconazole and amphotericin B. (I) At time of presentation there are several subretinal tan granulomas and associated retinal hemorrhage. (J) Ten days later the granulomas have progressed in size and number, and have caused focal retinal detachments. The margins of the optic nerve appear less sharp and the optic nerve head is hyperemic, suspicious for optic neuritis. (K) Three days following (J). There is increase in size of the granulomas and retinal detachment and worsening of optic neuritis. (L, M) Multifocal diffuse pigmented granulomas, chorioretinitis and optic neuritis in the right (L) and left (M) eyes of a cat affected by systemic cryptococcus. (N) Eye of a dog affected by systemic protothecosis. There are chorioretinal pigmentary changes to the retina, a large ventral subretinal granuloma along with retinal and vitreal hemorrhages.
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FIGURE 9
 Infectious diseases. (A) Right and (B) left eyes of a mixed breed dog that was adopted from the Philippines and presented for acute blindness. The dog was found to be seropositive by IFA for Babesia canis, Ehrlichia canis and Bartonella spp. E. canis positivity was also confirmed by PCR and SNAP 4DX. Both eyes exhibit profound retinal detachment and intraretinal hemorrhages and granulomas. (C) Starburst peripapillary retinal edema and retinitis in a cat affected by feline infectious peritonitis. The cat had resolution of severe uveitis and ocular signs following treatment with GS-441524, though retinal atrophy remained. (D) Higher magnification of the same region as seen in (C) is suggestive of elevation of the peripapillary retina. (E) The right and (F) left eyes of a feline affected by toxoplasmosis with bilateral blindness and granulomatous disease in the lungs. (E) The retina is largely normal in appearance and blindness is attributed to a retrobulbar granuloma. (F) Multifocal retinal granulomas, subretinal infiltrates and optic neuritis, retinal separation and regions of tapetal hypo and hyper reflectivity are noted.


In a large study that was conducted in Brazil, 849 eyes of 428 cats that died of systemic infectious disease were evaluated by necropsy, 29% of which manifested with histologic ocular disease (89). The most important ocular diseases included FeLV, FIP and cryptococcus which often manifested with uveitis, optic neuritis and meningitis. Coinfection of FeLV and feline immunodeficiency virus (FIV) along with cryptococcus was identified in a small subset of tissues using immunohistochemistry.


Systemic mycoses

The prevalence of systemic mycosis is highly dependent on climate and environment (90). Therefore, when considering the likelihood of an underlying fungal infection the reader must consider the geographical location of the patient. Climate change among other causes contribute to a certain degree of flux in the geographic distribution of infectious organisms. When unexpected cases present both autochthonous and heterochthonus infections must be considered. The reader is referred to a recent review by Ashraf et al. for comprehensive global maps detailing the endemic distribution of common fungal infections that affect various species (91).

Systemic mycoses occur more frequently in dogs than in cats, with Cryptococcus neoformans and Histoplasma capsulatum being the commonest in cats. Cryptococcus neoformans and gattii cause infection via inhalation and may spread to the eye via hematogenous dissemination, or through the optic nerve, and cause chorioretinitis (92). The disease predominates in the posterior segment but can extend to the anterior segment causing uveitis and keratic precipitates (93). Granulomas and variably pigmented chorioretinal lesions are commonly seen on fundic examination (Figures 8L, M). Though uncommon, Cryptococcus may result in intraocular disease and chorioretinitis in the dog (94, 95).

Like many other fungal infections Coccidioides spp. causes infection via inhalation followed by hematogenous dissemination to various organs. In dogs, coccidioidomycosis may cause ocular signs as the only manifestation of disease, and those can be either bilateral or unilateral (96). A granulomatous uveitis is the most common ocular manifestation, though disease is also present in the retina, and chorioretinitis and retinal detachments may be noted (96). Infections with coccidioidomycosis are uncommon in cats and may be difficult to diagnose via cytology. In a retrospective study of 48 cats with systemic coccidioidomycosis 13% presented with anterior uveitis or retinal detachment, 44% with fever, inappetence and weight loss, 56% with dermatologic signs, and 25% with respiratory signs (97).

A study evaluating causes of panuveitis in dogs in the United-States Midwest found that blastomycosis was the second most common cause after presumed immune-mediated disease, with histoplasmosis and aspergillosis occurring less commonly (98). A study of 73 dogs with ocular blastomycosis showed that most of the dogs had posterior segment disease with or without endophthalmitis, and only six eyes had anterior segment disease (99). Ocular lesions can include chorioretinitis and variably sized chorioretinal granulomas (Figures 8A–H). The prognosis for blastomycosis is good except with severe involvement of the lungs or involvement of the central nervous system (100). Cases with ocular disease may also have a poor outcome, and in one report half the cases with ocular involvement died, though some responded to amphotericin B (99, 101). The severity of blastomycosis with intraocular involvement, the inability of the eye to effectively clear the organism and inadequate penetration of itraconazole may reduce prognosis and affect the treatment plan, at times necessitating expensive treatment with intravenous amphotericin B or enucleation of the affected eye (100). It is therefore important to include a thorough exam of the fundus in animals diagnosed with blastomycosis. In a study looking at 35 cats affected by blastomycosis 21 had reported ocular abnormalities and yet only 18 of the cats in this series had been examined by a veterinary ophthalmologist (102). Bilateral ocular lesions were present in 15/19 cats included in the study, 10/19 cats had ocular inflammatory lesions and 9/19 had ocular manifestations of central nervous system disease including cortical blindness, absent PLR, anisocoria or Horner's syndrome. Inflammatory changes in the posterior segment included vitritis, vitreal hemorrhage, chorioretinitis, retinal detachment and retinal hemorrhage (102).

Histoplasmosis is the second most common fungal infection in cats following cryptococcosis. After the organisms are inhaled, they disseminate, and the animals develop a multisystemic disease with nonspecific signs. In a study of 55 cats affected by ocular histoplasmosis 45 of the cats had signs of chorioretinitis including chorioretinal granulomas and retinal detachments, and 32 cats were blinded by the lesions (103). 19/45 cats presented with anterior uveitis, and cataracts were seen in 11/45 affected cats, secondary glaucoma was rare and was diagnosed in 2/55 cats (103). A study of 79 affected dogs reported ocular signs in only three, and those included chorioretinitis and retinal detachment, however it was not specified if all animals underwent an ocular exam (104).

While rare, incidental infections with other systemic mycosis affecting the retina of dogs include acremoniasis (105), aspergillosis (98, 106) (Figures 8I–K), geotrichosis (107), pseudallescheriasis (108) and candidiasis (109). German shepherd dogs are predisposed to disseminated mycosis with Aspergillus spp., Pseudallescheria spp. and other fungal organisms (110, 111). While infections with the aforementioned have been reported to have ocular involvement in cats, retinal involvement was only reported with candidiasis (112). Immune suppression may contribute to sporadic infections and has been reported in association with some of the aforementioned cases.

Algal disease- Prototheca wickerhamii and P. zopfi infections have been reported both in dogs and cats, though ocular manifestations appear to be rare in cats. Prototheca has a worldwide distribution (except Antarctica), though infections are more common in warm humid climates. Clinical signs usually include hemorrhagic diarrhea, blindness, ataxia and pyuria (113, 114). In the eye, the algae most often causes uveitis, granulomatous chorioretinitis, and retinal detachment and blindness occurs in ~50% of dogs (Figure 8N) (113, 115). The organisms may be sampled from the choroid, though diagnosis is often obtained from aspirates or biopsies of cutaneous lesions, rectal scrapings or urine culture and cytology (114, 116). Combination therapy may be superior to monotherapy, and treatment often involves anti-fungal agents and antibiotics, though definitive treatment guidelines have not been formulated for the disease (114, 117). While the prognosis is generally considered grave, extended survival has been reported (115). Acute blindness in dogs with recent acute hemorrhagic diarrhea should prompt the clinician to include protothecosis as a differential diagnosis.


Tick-borne

Retinal lesions may accompany tick-borne illnesses as a manifestation of their systemic effects. The symptoms in the fundus vary in frequency, with non-specific hemorrhages being the commonest sign. The most common rickettsial organisms which are associated with retinal manifestations include Ehrlichia spp., Anaplasma spp., and Rickettsia rickettsia (Figures 9A, B). Exudative retinal detachment is the most common change seen with Ehrilichia canis, though optic neuritis, uveitis and hemorrhages associated with thrombocytopenia or inflammation are often reported (118). Anaplasma phagocytophila and other rickettsial diseases have been sporadically associated with chorioretinitis and retinal detachment (119). Retinal lesions seen with R. rickettsii (Rocky Mountain Spotted Fever) resemble those seen with canine ehrlichiosis with chorioretinitis and vasculitis also reported (120, 121). There are sporadic reports of chorioretinitis associated with Bartonella vinsonii and Borrelia burgorferi (Lyme borreliosis) (122, 123). Diagnosis is often made via PCR or serology, and tests should be submitted for multiple pathogens if tick-borne disease is suspected, due to the likelihood of co-infection with multiple organisms, and the non-specific ocular signs (124–126). Tetracyclines are the treatment of choice for most rickettsial and other tick-borne diseases, though profound ocular inflammation or bone marrow suppression (as manifested by thrombocytopenia in chronic disease) may warrant judicious use of steroids (126–128). Early treatment may permit retinal reattachment if a separation occurred. Topical ophthalmic medication is indicated for anterior segment disease but may not adequately penetrate to the posterior segment. Chronic inflammation and retinal detachment may result in secondary glaucoma and complete retinal detachment may be an indication for prophylactic anti-glaucoma medication. Babesia spp., are tick-borne protozoa that often accompany infections with rickettsial organisms (125). While less frequently reported in the literature, Babesia spp. have been associated with profound posterior segment disease in the dog, including complete retinal detachment (129). Babesiosis may be challenging to treat, often requiring combinations of anti-protozoal medications such as imidocarb, and anti-protozoal antibiotics such as clindamycin or azithromycin (130).

Cytauxzoon felis is a tick-transmitted protozoan which causes an often-fatal disseminated disease in cats. Due to the severity of non-ocular disease, findings from eyes are seldom reported in affected cats, however a small histological case series illustrated that schizont-laden macrophages may be present in the retina associated with retinal detachment and panuveitis (131).



Bacterial

Mycobacterium- Mycobacteria have been reported to cause ocular disease in a variety of species. Feline mycobacteriosis is a zoonotic condition that has a geographical distribution in the UK. In cats, ocular lesions were reported in 6.6% of affected animals (132). However, a recent study from the UK found that ocular presentation without systemic involvement occurs in 24% of affected cats (133). When ocular involvement is present, the posterior segment is most severely affected with granulomatous to pyogranulomatous chorioretinitis and retinal detachment noted in most affected cats (133). The study demonstrated that remission was able to be achieved for those 8 cats that were treated with a prolonged course (5 months or more) combining three antibiotics (rifampicin, pradofloxacin and azithromycin or clarithromycin), with or without enucleation or incisional biopsy.

Bartonella spp. species are small gram-negative bacteria that are known causative agents of endocarditis, myocarditis and granulomatous disease (134). Involvement of Bartonella spp. in ocular disease has been suspected in both dogs (122) and cats (135), but chorioretinitis was only reported in dogs. Its role as a primary causative agent has been a source of controversy among clinicians. Since prolonged treatment, often with multiple medications is required, a diagnosis is typically made after comprehensive workup and exclusion of more commonly recognized causative agents.

Rare reports of other causes of bacterial uveitis exist in dogs, including brucellosis and leptospirosis. While chorioretinitis was reported with dogs infected by Brucella canis anterior segment disease may preclude evaluation of the posterior segment in certain cases (136). Panuveitis and serous retinal detachment was reported in one dog that presented with active leptospirosis based on convalescent titers (98).



Viral

Feline infectious peritonitis (FIP) is a severe viral disease that is caused by feline coronavirus (FCoV), the disease may present in various forms that have been divided to effusive (wet) and noneffusive (dry) or to visceral and neurological. Ocular FIP is considered a neurological form of FIP that is usually noneffusive and is commonly associated with a poorer prognosis. Affected cats present with lethargy, weight loss and may exhibit severe neurological changes (137). Ocular signs of FIP often include severe fibrinous anterior uveitis with mutton-fat keratic precipitates. When the ocular media is sufficiently clear to visualize the fundus then vascular cuffing, optic neuritis, chorioretinitis, retinal hemorrhages and detachments are commonly seen (Figures 9C, D) (137). A massive lymphoplasmacytic inflammation may affect all ocular tissues, and macrophages dominate granulomas when present (138). While historically the disease has been considered to be uncurable and cats were given a guarded prognosis, treatment with adenosine nucleoside analogs shows promise in curing even the most severe forms of FIP, though access to these medications is limited (139).

The virus that causes Feline panleukopenia has affinity to rapidly dividing cells, therefore ocular changes are only seen in cats affected before 3 months of age, or in utero. As discussed above, infected kittens may present with retinal dysplasia, retinal atrophy and optic nerve hypoplasia, with or without cerebellar lesions (49).

Canine herpes virus (CHV) has been reported to cause severe ocular systemic disease in both experimental and naturally occurring infections in dogs. While naturally occurring disease is associated with severe conjunctivitis and ocular surface disease (140), retinal pathology has been reported only with experimental infection of newborns and included retinal dysplasia, retardation of retinal maturation and necrosis (141).

The hallmark of Canine distemper virus is an acute catarrhal conjunctivitis with respiratory signs. Nonetheless, up to 80% of affected dogs also suffer from retinochoroiditis which is most easily identified as pigment loss and edema in the non-tapetal fundus, with or without perivascular infiltrates (142). Neurologic signs result from affinity of the virus to gray and white matter, and blindness or visual impairment may be sequalae of optic nerve or optic tract demyelination (143). While no treatment is available for canine distemper virus, its prevalence has largely diminished due to vaccination.



Protozoal

Protozoal diseases, including toxoplasmosis, neosporosis and leishmaniasis, are reported in cats, and less frequently in dogs. While the cat is the definitive host for Toxoplasma, the dog is the definitive host for Neospora, and the reservoir host for Leishmania. Toxoplasma gondii may induce lesions in any part of the eye, but chorioretinal lesions and anterior uveitis are the most common, and are frequent in infected animals (Figures 9E, F) (144). Histologically or clinically the retina may exhibit intraretinal inflammatory infiltrates, subretinal inflammatory exudation, or retinal detachment in severe cases. Diagnosis is usually made by serology (including both IgG, and IgM titers), though PCR testing from ocular samples can also be performed. Four-weeks of treatment with clindamycin and trimethoprim-sulfonamide are usually needed, though complete clearance of the parasite is unlikely (145). Retinal changes which occur with N. caninum often include mild retinitis of the inner retina, and chorioretinitis with occasional tissue cysts with intralesional tachyzoites in severe infections. Diagnosis is achieved by serum immunofluorescence, antibody titers, IgG agglutination or PCR (146). Treatment using clindamycin or other drugs is only partially effective (146). Co-infection of Neospora and Toxoplasma, is not infrequently reported, warranting a thorough workup of suspected cases. Leishmaniasis is most often caused by L. infantum, though other serovars have been reported. While ocular changes are commonly associated with L. infantum in the dog, those are most likely to involve the ocular adnexa and anterior segment; nonetheless, up to 12.5% of dogs diagnosed with leishmaniasis are reported to have retinal abnormalities such as chorioretinitis (147). Similar changes are reported, albeit rarely, in affected cats. Diagnosis is made by serology, PCR and cytology and remission is achieved by combination therapy with long-term combination of meglumine antimonite and allopurinol (148).



Parasitic

Ophthalmomyiasis interna posterior and ocular nematodiasis secondary to ocular larval migrans has been reported in both cats and dogs. Prognosis for sight is poor to guarded, and prognosis for globe retention is variably affected by the degree of damage caused by larval migration. Cuterebra spp. of the order Diptera are the most commonly reported in the cat and a case suspected to be from the order Diptera was reported in the dog (149, 150). Cases of successful removal of Cuterebra larva from the anterior segment and the vitreous have been reported in dogs, making it a likely culprit in this species (151, 152). The animals may present asymptomatic or with lethargy and inappetence; funduscopically there are pathognomonic curvilinear cross-hatching tracts in the retina (Figures 10A–E) (149, 150). Hemorrhages, edema or the presence of actual larvae may indicate an active disease process.
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FIGURE 10
 Parasitic ocular disease. (A) Fundus of the right eye of a 3-month-old kitten affected by larval migrans interna posterior before and (B, C) 1 month after a Cuterebra larva was removed from her skin. Notice the crisscrossing lines in the retina, retinal hyperreflectivity and vitreal and retinal hemorrhages. The fellow eye was unaffected. (D, E) Right eye of a cat diagnosed larval migrans interna posterior. Crisscrossing and coalescing chorioretinal scars are consistent with historic infection. (F) Fundus of a greyhound dog with multiple hyperreflective chorioretinal scars. One circular lesion has a pigmented center which is consistent with reports of DUSN. While not proven to have a parasitic etiology, a historic parasitic exposure is suspected in many such cases.


Toxocara canis is an important gastrointestinal parasite which may cause ocular larval migrans via somatic migration. While reports of this parasitic infection are rare, funduscopic lesions consistent with T. canis, were found in 39% of working sheep dogs in New Zealand, and in some cases T. canis was confirmed histologically (153). In contrast to crisscrossing lesions seen with Cuterebra migrans, lesions associated with T. canis include well delineated multifocal subretinal granulomas and retinal degeneration (153). The lesions are usually not associated with active or live larval migration, however a fecal should be performed to rule out active systemic infection. In rare cases, chorioretinitis and retinal hemorrhages have been reported with Angiostrongylus vasorum (154). Recently, a commentary and review of Diffuse Unilateral Subacute Neuropathy (i.e., DUSN), had detailed typical patchy retinal lesions more commonly seen in male dogs as being associated with ocular larval migrans, and accidental entry of nematodes into the canine eye (155). The lesions were characterized by focal or multifocal patches of tapetal hyperreflectivity with a dark center or non-tapetal patchy depigmentation (Figure 10F). T. canis involvement in DUSN was reported by Johnson (156). Toxocara canis, and T. cati were the most suspected in dogs, cats and humans. Though Baylisascaris procyonis was commonly implicated in humans and animals, it has not been reported in the eyes of dogs and cats. Both in sheepdogs and in border collies an association was made to a diet which included raw frozen mutton and pork scraps (153, 156). As T. canis larva can survive for weeks in frozen tissue, it is possible that the increase in propensity of “raw” frozen diets has resulted in the increase of DUSN cases encountered clinically (155).

Encephalitozoon cuniculi is a spore forming intracellular microsporidium that has been most associated with phakitis in rabbits, with sporadic reports in other species (157, 158). The organism is presumed to invade the lens in utero, and later causes lens capsule rupture with subsequent induced uveitis and organism invasion to other ocular tissues (157). Affected rabbits may present with severe neurological symptoms (157). A case series of three young dogs reported on multiple ocular lesions including chorioretinitis, uveitis and focal cataracts (159). Disease was confirmed in the affected dogs via serum antibody testing, PCR and immunohistochemistry, and dogs were responsive to anti-inflammatory treatment and fenbendazole (159). Population studies of American household dogs found a high E. cuniculi seroprevalence of 21%, with young dogs more commonly affected (160). While some reports of involvement of E. cuniculi in canine neurological disease exist, a study exploring its involvement found it to be of limited clinical significance (161).





Immune-mediated

A retrospective study found that the most common cause of panuveitis in dogs was idiopathic or immune-mediated disease (71%), with partial or complete serous or bullous retinal detachment being the most common posterior segment clinical sign (95% affected) (98). Dogs with immune-mediated panuveitis had more favorable outcomes when compared to dogs with infectious panuveitis. Of the dogs with immune-mediated panuveitis 9% were diagnosed as having uveodermatologic syndrome. Most dogs in the study were treated with oral prednisone (80%) for an average of 94 days as well as doxycycline hyclate (67%) for an average of 22 days and topical prednisolone acetate (80%) for an average of 191 days.

Uveodermatologic syndrome is a presumed immune-mediated disorder in which macrophages attack melanocytes resulting in profound uveal inflammation and pigment dispersion. The dermatological hallmarks of the condition include loss of pigment of the skin (i.e., vitiligo) and hair (i.e., leukotrichia) with the muzzle and eyelids most commonly affected (162). While the most common ocular clinical sign is uveitis, retinal detachment has been reported in 46% of dogs and choroidal depigmentation and infiltrates in 20% of dogs (162). Akitas and arctic breed dogs such as Siberian husky and Samoyed are overrepresented, though the condition may affect dogs of any breed. The early non-specific ocular signs often precede the pathognomonic dermatological signs complicating diagnosis in crossbred dogs, or dogs of underrepresented breeds. The condition is variably controlled with aggressive topical and systemic anti-inflammatory and immune suppressive treatment protocols, however vision loss is common secondary to chronic inflammation and subsequent glaucoma (162).

Idiopathic immune-mediated conditions include Sudden Acquired Retinal Degeneration Syndrome (SARDS), cancer associated retinopathy (discussed previously) and autoimmune retinopathy. Affected dogs present with largely normal retinal morphology, sudden blindness and abolished electroretinographic responses. Changes such as decreased outer retinal thickness, and increased inner retinal thickness may be noticeable using optical coherence tomography (163). Early in the disease, chromatic pupillometry usually reveals disrupted photoreceptor function and absent PLRs to a red wavelength of light with preserved pupil constriction driven by blue wavelength light stimulation of melanopsin in intrinsically photosensitive retinal ganglion cells (164). A systemic workup is recommended to rule out underlying systemic diseases and treatment options are controversial and may require prolonged systemic immune suppression to spare or restore vision (164). Non-ocular changes associated with SARDS bear clinical similarity to hyperadrenocorticism (HAC) or pituitary-dependent hypercortisolism (PDH) in dogs. Clinical signs of HAC, systemic hypertension, and proteinuria were commonly found in dogs with SARDS, with sex hormone elevations present in 85% of dogs diagnosed with SARDS, and cortisol elevations present in 69% of dogs (165). A recent study found that urine MT6s:creatinine ratio was higher in dogs with PDH compared to dogs with SARDS, but not compared to normal dogs (166).



Ischemic

Ischemic retinal changes may occur following major disruption to vascular supply. In most cases, animals may present with other major systemic illnesses, acute glaucoma, or following trauma. As described above (Figures 6D–K) ischemic retinal disease develops in cats with angioinvasive metastatic pulmonary carcinoma, or lung-digit syndrome (82). Clusters of neoplastic cells occlude major choroidal vessels resulting in wedges of choroidal ischemia and retinal degeneration, along with retinal hemorrhages. The differentiation between glaucoma, trauma or feline metastatic neoplasm is usually straightforward and the diagnosis will guide the recommended treatment plan. While ischemic damage to the retina will often cause severe and irreversible visual deficits, there has been increased interest in the use of neuroprotective agents to spare retinal ganglion cell function (10).



Toxic retinopathy

A variety of drugs and toxins can result in retinal damage and blindness. Perhaps most important to mention is the toxic effect of systemically administered fluoroquinolones, and particularly enrofloxacin in cats, which while rare, can cause permanent blindness even when using the recommended dose (167). Age and renal disease are considered risk factors. Enrofloxacin-associated retinal toxicity results in retinal degeneration and vascular attenuation (167). While all systemic fluoroquinolones should be used with caution, to date there are no reports of any retinal toxicity associated with the new fluoroquinolone pradofloxacin (168, 169). Orbifloxacin has been reported to cause retinal toxicity at 18 times the recommended dose (170) and marbofloxacin has been anecdotally reported to cause retinal toxicity (168).

Of note, ivermectin may cause idiosyncratic blindness in dogs, horses and cats which may not present with fundoscopic lesions but exhibit visual impairment and decreased electroretinographic function (indicative of a loss of photoreceptor function) (171–173). Two affected dogs presented with blindness and mild obtundation, and ocular exam revealed retinal edema and retinal folds (174). One dog presented with optic neuritis (86). Cats and dogs with defects in the ABCB1 gene (formerly MDR1) may present with severe concurrent signs of neurotoxicity when exposed to macrocyclic lactones (e.g., avermectins and milbemycins) (171, 172, 175). The ABCB1-1Δ mutation is typically seen in herding-type breeds, primarily but not limited to collies, Shetland sheepdogs, Australian shepherds and crosses of affected breeds (175). Genetic testing is readily available for dogs and should be performed in predisposed breeds to determine a safe antiparasitic treatment plan (175). The condition may result in permanent blindness, though improvement is reported with supportive care, removal of the toxin is achieved by cessation or via intravenous lipid emulsion therapy (173, 174, 176).



Traumatic

Severe trauma to the eye and head may result in optic nerve ischemia, retinal hemorrhages, or detachments. Affected patients will likely have a history of a traumatic episode or other signs of trauma noted to the body and eye. Hyphema and hemophthalmia will preclude a fundic exam in severe ocular trauma (177).



Vascular


Retinal hemorrhages

Retinal hemorrhages are nonspecific signs of retinal disease that occur when vascular endothelial permeability permits egress of red blood cells. This can occur from hypoxemic damage, vasculitis, increase in blood pressure or other conditions (Figure 11). While a variety of conditions may manifest in retinal hemorrhages (e.g., anemia, thrombocytopenia, coagulopathies), the most common underlying cause of retinal hemorrhages is systemic hypertension. Often these hemorrhages may be incidental findings, but their importance cannot be understated, as they can facilitate the timely identification of life-threatening hypertension or systemic illness. Hemorrhage appearance may indicate the location or retinal layer in which they occur: punctate hemorrhages often manifest intraretinal hemorrhages which are restricted in spread, flame shaped hemorrhages track the fibers of the nerve fiber layer, keelboat hemorrhages are epiretinal allowing a gravity line to form. Subretinal hemorrhage can be extensive and bright red, while choroidal hemorrhages are often darker in appearance and have indistinct margins (Figures 11A–D, G, H). In chronic hypertensive retinopathy one might see changes in retinal vessel morphology such as increased tortuosity or aneurysms (often called “box-carring”), and patchy retinal degeneration, edema, or detachment. One study demonstrated that 62% of hypertensive dogs (systolic blood pressure >160 mmHg) presented with at least 1 ocular sign (178). Visual deficits are common in hypertensive cats and may be associated with either primary or secondary hypertension (179). While permanent blindness occurs in affected cats, favorable prognosis for vision is possible even for eyes with complete retinal detachment, if treated early (180). Another study that looked at punctate retinal hemorrhages in dogs found that 60% of 83 affected dogs suffered from concurrent systemic diseases (181).
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FIGURE 11
 Retinal hemorrhages. (A) Subalbinotic fundus of the right eye of a cat manifesting with subretinal and intraretinal (punctate) hemorrhages of unknown etiology. Tapetal hyperreflectivity and vascular attenuation are also visible. (B–F) Feline hypertensive retinopathy. (B) Multifocal retinal hemorrhages ranging in size from punctate to one optic nerve in diameter, along with tapetal hyperreflectivity and vascular attenuation. Upon presentation the patient had a systolic blood pressure of 215 mmHg and a hematocrit of 20 and a prolonged aPTT at 89.6s (Ref 23.6–54.9s). The cat later became blind and recumbent. Humane euthanasia was elected and a necropsy showed chronic renal failure and a cerebellar hemorrhage. (C) Multifocal punctate retinal hemorrhages and retinal lesions. This cat was diagnosed with a functional adrenal carcinoma and secondary hyperaldosteronism and a systolic blood pressure of 300 mmHg. (D) Right fundus, (E) right eye, and (F) left eye of a cat suffering from hypertensive retinopathy in the right eye, and hypertensive oculopathy in the left. (D) the fundic vasculature is greatly attenuated and the retina is hyporeflective. There are punctate intra-retinal hemorrhages, subretinal and vitreal hemorrhages. (E) the pupil is dilated and non-responsive to light. (F) Hyphema and blood clots are formed in the anterior chamber. (G) Optic neuritis, subretinal and vitreal hemorrhage in the right eye of a dog affected by immune mediated thrombocytopenia. (H) Optic neuritis with flame shaped hemorrhages tracking along the nerve fiber layer, subretinal hemorrhages and focal retinal atrophy in the left eye of the same dog.




Vascular dilation and tortuosity

The presence of vascular tortuosity and dilation should prompt the clinician to measure blood pressure and perform a general workup including a complete blood count and total protein evaluation to rule out hypertension or hyperviscosity. Hyperviscosity and vascular engorgement has been reported secondary to infectious diseases that cause poly or monoclonal gammopathy, and more infrequently due to increased cellular burden from conditions such as multiple myeloma and polycythemia vera (182–185). Segmentation of the blood column or “box-car” appearance may be seen both with hyperviscosity and hypertensive retinopathy. One clinical sign that may help distinguish the underlying cause relates to the affected vasculature- in cases of hypertension the arterial vasculature is affected, while the venous vasculature is spared, and in cases of hyperviscosity both venous and arterial vasculature are affected. Retinal changes seen with hyperviscosity and systemic hypertension may also include retinal edema, retinal detachment and hemorrhages as discussed earlier in the text.



Anemia and thrombocytopenia

Ocular lesions were reported in 42% of dogs affected by thrombocytopenia with or without concurrent anemia and the severity and prevalence of the lesions was correlated to the severity of thrombocytopenia (186). The most common changes in the fundus included retinal hemorrhages and retinal detachment, ocular lesions were not associated with anemia in that study (Figures 11G, H) (186). In cats, anemic retinopathy has been reported in association with chronic and severe anemia, most often due to haemobartonella felis or FeLV and manifests with superficial and deep retinal hemorrhages and pale thin retinal vessels; vascular aneurysms or sacculations were also reported (187, 188). Rarely vascular congestion and dilation has been reported with left sided congestive heart failure in the dog (143).




Summary of conclusion

In summary, retinal and fundic changes in the dog and cat can offer a wealth of information with regards to patient health. While many changes are non-specific, some are pathognomonic or highly suggestive of specific disease processes and can expedite the path to a correct diagnosis and appropriate medical plan. Familiarity with the wide range of normal variations, as well as the ability to distinguish active from static lesions is paramount. Clinicians are encouraged to incorporate the fundic exam during wellness evaluations and evaluation of sick patients.
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