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ABSTRACT 

 

Vascular endothelial growth factor A (VEGF) is a potent mediator of blood vessel 

formation throughout the body.  Intraocular diseases characterized by inflammation, 

hypoxia or neoplasia induce new blood vessel formation within the eye.   The end result 

of such blood vessel formation may be blinding sequellae such as glaucoma from outflow 

obstruction or hyphema from intraocular hemorrhage.  Elevated VEGF concentrations in 

the aqueous humor and vitreous are documented in a number of human intraocular 

disease processes, including tumors, retinal detachment and uveitic glaucoma.  

Pharmacotherapy inhibiting VEGF expression demonstrates promise for control of some 

of these ophthalmic conditions.  We quantified and compared VEGF concentrations in 

canine aqueous humor samples from 13 dogs with normal eyes and 226 eyes from 178 

dogs with a variety of ophthalmic diseases by ELISA.  Dogs with primary cataract, 

diabetic cataract, primary glaucoma, uveitic glaucoma, aphakic/pseudophakic glaucoma, 

retinal detachment, lens luxation and neoplasia were evaluated.  Elevated VEGF 

concentrations were found in all disease conditions tested as compared to normal dogs 

excepting cataracts and diabetic cataracts.  Elevated aqueous humor VEGF 

concentrations were found in dogs with pre-iridal fibrovascular membranes (PIFM) as 

compared to dogs without PIFM.  These results are consistent with the hypothesis that 

VEGF has a role in the causation or progression of a variety of canine ocular disorders. 
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INTRODUCTION 

 

Anatomy and physiology of the canine anterior uvea and iridocorneal angle 

The iris and ciliary body comprise the anterior uvea.1  Embryologically, the iris originates 

from the neural crest (iris stroma), mesoderm (vascular endothelium) and neuroectoderm 

(epithelium and muscles).2  It extends as a diaphragm over the anterior lens and creates 

the pupil and separates the anterior and posterior chambers of the eye.  Histologically, 

there is an anterior border layer composed of fibroblasts and melanocytes, stroma of 

collagen, chromatophores and fibroblasts, smooth sphincter and dilator muscles and a 

posterior epithelial layer.1,3  Blood supply is via the terminations of the long posterior 

ciliary arteries, which forms an incomplete arterial circle in domestic animals.4  Drainage 

is via the radial vessels to the vortex veins.5,6  The iris functions to control light passage 

to the posterior segment and is a highly vascular tissue.1   

 

The ciliary body resides posterior to the iris and the posterior iris epithelium is 

continuous with the ciliary body epithelium.  Ciliary body epithelium originates from 

neuroectoderm and mesenchyme.2 It is composed of the anterior pars plicata, consisting 

of approximately 75 ciliary processes in the carnivore, and the posterior pars plana.1  

Smooth muscle comprises the largest mass of this structure.  Vascular supply is via the 

long posterior ciliary arteries to the major arterial circle and anterior ciliary arteries.4,5  

The ciliary body functions to nourish and maintain ocular rigidity by production of 

aqueous humor, allows accommodation and provides attachment for the lens zonules.1   
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The peripheral anterior iris and ciliary body is bounded by the iridocorneal angle, which 

is the conventional and major pathway of aqueous humor outflow in the dog.1,5   During 

development, the iridocorneal angle develops by separation of the anterior mesenchyme, 

trabeculae enlargement, trabecular meshwork clefting and postnatal remodeling.2,7  The 

pectinate ligament spans the opening of the ciliary cleft.  The trabecular meshwork 

resides within the ciliary cleft and is composed of cell-lined collagenous fibers.  Aqueous 

collecting channels provide outflow from the meshwork and join the angular aqueous 

plexus to reach systemic circulation via the vortex veins.1     

 

Aqueous humor production and outflow pathway in dogs 

Aqueous humor is a clear ultra-filtrate of plasma produced by the posterior non-

pigmented epithelium of the ciliary processes, primarily by the active transport of solute.8  

It is produced in the posterior chamber, then transverses the pupil to the anterior chamber 

and exits the eye by the iridocorneal angle.5  In dogs, the major aqueous outflow pathway 

is the corneoscleral meshwork; in some other species the uveoscleral or unconventional 

pathway predominates.9,10  Balance of aqueous humor production and outflow determines 

intraocular pressure.  The rate of aqueous production may be affected by the health of the 

ciliary epithelium and intraocular pressure in addition to neural, hormonal and 

pharmacologic factors.  Aqueous outflow may be affected by the health and patency of 

the drainage pathways, inflammation as well as intraocular pressure.5,11       
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Glaucoma 

Glaucoma is a disease typically identified as elevated intraocular pressure caused by 

obstruction of the normal aqueous humor outflow pathway causing damage to the optic 

nerve and retinal ganglion cells.12  Sequellae include pain and permanent blindness; these 

effects often require surgical removal of the globe or globe contents to alleviate 

discomfort.  Major causes of glaucoma in dogs include inherited or breed-related 

abnormalities of the iridocorneal angle (known also as primary glaucoma) and outflow 

obstruction from antecedent intraocular disease (known also as secondary glaucoma).   

 

Primary glaucomas are reported to affect 0.89% of the general canine population, with an 

increased incidence for specific breeds and lines.13   Despite anatomical abnormalities of 

the iridocorneal angle existing throughout life, most dogs with primary glaucoma are 

affected in middle-age.  Inflammation and pigment dispersion in the drainage angle, uvea 

and retina in the eyes of dogs enucleated for goniodysgenesis-related glaucoma have been 

reported.14,15  Tissue ischemia is implicated as cause of retinal injury in dogs.16   

 

Dogs with secondary glaucomas have an acquired ocular disease or primary ocular 

disease unrelated to iridocorneal angle malformation impeding aqueous humor outflow 

rather than a preexisting structural anomaly of the iridocorneal angle.  Secondary 

glaucomas were diagnosed in 6.9% of dogs presented for evaluation of ophthalmic 

disease in one veterinary teaching hospital in a 5 year period.17  The most frequent causes 

of secondary glaucoma in dogs are anterior uveitis, intraocular surgery, lens dislocation, 

hyphema, intraocular neoplasia and trauma.17-19  Additionally, breed-related pigmentary 
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changes (pigmentary dispersion in the Cairn terrier, uveal cyst syndrome in the Golden 

Retriever and multiple ciliary body cysts in the Boston Terrier and Great Dane) have 

been associated with glaucoma.20-23    

 

While both medical and surgical anti-glaucoma therapies are widely used for treatment of 

canine glaucoma, these therapies are rarely effective in controlling the disease long term.  

Present therapies predominantly reduce aqueous humor production, as exemplified by 

carbonic anhydrase inhibitors, beta blockers and cyclodestruction, or increase outflow, as 

exemplified by miotics, prostaglandins and gonioimplants.  In the case of secondary 

glaucomas, therapies are aimed at removing the underlying cause in addition to 

controlling the resulting intraocular pressure.  Lower success rates for control of uveitic 

glaucomas compared to primary glaucomas are described in dogs, presumably due to 

secondary effects of ocular inflammation.12 

 

Uveitis 

In dogs, uveitis or inflammation of the ocular vascular tunic occurs secondary to tissue 

injury.24  The blood-aqueous barrier is created by the tight junctions of the nonpigmented 

ciliary epithelium, the tight junctions and gap junctions of the iris vascular endothelium 

and the non-fenestrated iridal capillaries.8  Uveal inflammation induces loss of the normal 

blood-aqueous barrier via increased vascular permeability and increased vascular supply. 

 

Uveitis has a number of underlying infectious, traumatic, neoplastic, iatrogenic and 

immune-mediated etiologies.  The most commonly diagnosed causes for anterior uveitis 

in dogs are lens-induced, traumatic, and immune-mediated disease.19,25,26  Ocular auto-
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antigens involved in the initiation of uveitis include lens proteins, and in rare cases, 

melanocytes.27,28  Most commonly, an infiltrate of lymphocytes and plasma cells is 

present in the iris and ciliary body, but the histological findings vary with specific 

cause.18     

 

Sequellae of anterior uveitis include intraocular adhesions (synechiae), cataract, 

hyphema, secondary glaucoma, and collapse of the globe from chronic hypotony 

(phthisis bulbi).  Mechanisms for uveitic glaucoma include pupil seclusion with annular 

posterior synechia, angle obstruction with inflammatory debris, peripheral anterior 

synechia, pre-iridal fibrovascular membrane or a combination of these factors.24   

 

Therapies for uveitis include treatment of the underlying cause and non-specific 

treatment using anti-inflammatory drugs, immunosuppressive agents and 

immunomodulatory agents.  Additionally, specific treatments for prevention or disruption 

of synechiae and fibrin clots may be employed.24,26  

 

Cataract 

Cataract is a pathologic opacification of the lens and/or lens capsule and is one of the 

most common ophthalmic diseases affecting canine patients.  Causes include diseases or 

conditions that alter nutrition, metabolism or osmotic balance of the lens.18  Cataract 

formation is common in pet dogs, with higher incidence in some breeds and with 

increasing age, and cataract extraction surgery is commonly performed by veterinary 

ophthalmologists.29,30  Surgical intervention in dogs is indicated for animals with 
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significant visual impairment from advanced cataract.  Most dogs have some degree of 

intraocular inflammation (phacolytic uveitis) prior to cataract removal.31-33  It is reported 

that eyes with clinically significant lens-induced uveitis have a poorer prognosis 

following cataract extraction.34  In some cases, cataract formation results in lens capsule 

rupture and severe intraocular inflammation (phacoclastic uveitis); this condition may be 

associated with rapid cataract development with or without diabetes mellitus.35  

Complications of cataract surgery include posterior capsular opacification, retinal 

detachment, postoperative hypertension and glaucoma; an increased risk of long-term 

glaucoma with hypermature cataract is described.36   

 

Intraocular tumors 

In dogs, the most common intraocular neoplasms are uveal melanomas, iridociliary 

epithelial tumors and lymphomas.18,37,38  Most primary canine uveal tumors arise from 

the iris or ciliary body and most do not spread beyond the globe.39,40  However, even 

benign intraocular tumors may cause extensive damage to delicate structures of the eye, 

resulting in secondary glaucoma, intraocular hemorrhage and retinal detachment.24  These 

sequellae often necessitate enucleation to provide comfort.   

 

Retinal detachment 

There are a variety of ophthalmic and systemic conditions contributing to a separation of 

the neurosensory retina from the retinal pigmented epithelium.  Such conditions include 

retinal tears (rhegmatogenous retinal detachment), chorioretinitis from infectious or 

autoimmune disease, congenital ocular disease, posterior segment neoplasms, systemic 
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hypertension or vitreal traction bands.41  Chronic, extensive retinal detachments result in 

retinal degeneration, non-responsive uveitis and glaucoma.42   

 

Pre-iridal fibrovascular membrane 

One key pathologic feature shared by many of the aforementioned diseases is intraocular 

neovascularization.  Iridal neovascularization as described in human beings, consists 

histologically of a network of blood vessels, with or without myofibroblasts, originating 

from the superficial iris stroma following antecedent ocular disease.  Three stages of 

neovascularization of the iris in humans are described: new vessels appearing at the iris 

base and pupillary margin (stage 1), vessels penetrating the anterior iris surface and 

merging at the collarette (stage 2) and vessels with a connective tissue support (stage 3).43   

 

Causes of iris neovascularization in humans are numerous.  Broadly, causes include 

vascular disease (e.g. central retinal vein occlusion), ocular disease (e.g. uveitis, retinal 

detachment, primary glaucoma and secondary glaucoma), intraocular surgery (e.g. retinal 

reattachment surgery and cataract extraction), ocular trauma, intraocular neoplasia and 

systemic disease (e.g. diabetes mellitus).43  Iridal neovascularization was noted in 0.5% 

of human eyes removed at autopsy and 18-20% of eyes enucleated for therapeutic 

purpose.43    

 

A well-recognized form of ocular neovascularization that arises secondary to intraocular 

disease in domestic animals is pre-iridal fibrovascular membrane (PIFM).  In domestic 
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animals, cellular, vascular and fibrous forms of PIFM are described, and are thought to 

represent a temporal continuum.44   

 

Clinically, iridal vascularization may cause reddish discoloration, known as rubeosis 

iridis; this feature is most apparent in eyes with light colored irides.  This discoloration 

may be absent if the fibroblastic component obscures visualization of vessels.45  

Contracture of the membrane may cause inward or outward turning of the iridal margin, 

known as entropion or ectropion uveae, respectively.  PIFMs may grow across the 

anterior lens surface to cause pupil seclusion and/or the iridocorneal drainage angle 

causing obstruction of normal aqueous passage or may extend to the posterior iris or 

ciliary processes.  Due to vessel fragility, PIFMs are prone to rupture and cause 

intraocular hemorrhage (hyphema).  In domestic animals and humans, PIFM formation is 

suspected to play an important pathophysiologic role in the development of secondary 

glaucomas.18,44,46    

 

PIFMs are routinely noted in dogs with intraocular neoplasms, specifically ciliary body 

adenoma, adenocarcinoma, neuroepithelial tumor, uveal spindle-cell tumor, and 

osteosarcoma.47-51  Additionally, PIFM formation has been identified in dogs with 

intraocular inflammatory and hypoxic disease, including  uveodermatologic syndrome, 

uveal cyst syndrome, retinal detachment, primary glaucoma, ocular infections and 

following cataract extraction by phacoemulsification and extracapsular lens 

extraction.18,21,23,28,42,52-55   
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The incidence of iridal vascularization is widely variable, depending on report and cause.  

In dogs with retinal detachment, ciliary epithelial neoplasia, chronic glaucoma, ocular 

hemorrhage, uveal melanoma, endophthalmitis, and uveal cyst syndrome, PIFMs were 

noted in 21%, 19%, 14%, 10%, 10% and 6% of cases, respectively.21,44  Histopathologic 

studies of canine globes enucleated or eviscerated for complications following surgery 

for cataract removal cite PIFM formation in 86% of cases, with 72% classified as mild, 

24% as moderate and 4% as severe.54   The pathogenesis of PIFM formation in domestic 

animals has not been elucidated. 

 

Vasculogenesis and Angiogenesis 

There are two means of blood vessel growth or development in living systems.  

Vasculogenesis is the formation of new blood vessels de novo and angiogenesis is the 

development of new blood vessels from pre-existing vasculature.  Many factors are 

implicated in these processes, including vascular endothelial growth factor, basic 

fibroblast growth factor, platelet derived growth factor, transforming growth factors and 

angiogenin.  Neovascularization by vasculogenesis and/or angiogenesis, plays a key role 

in growth, tissue repair, inflammation and tumorogenesis.   

 

Vascular endothelial growth factor 

Vascular endothelial growth factor (VEGF, referred to also as VEGF-A or vascular 

permeability factor) is a 46kDa glycoprotein consisting of two 23kDa homodimer 

proteins, with mitogenic effects on vascular endothelial cell activity causing endothelial 

cell growth and angiogenesis.56-58  Both VEGF and its two tyrosine kinase receptors 
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(VEGFR1/Flt-1 and VEGFR2/KDR or Flk-1) are required for life, as demonstrated by 

lethality in gene knockout mice models.59-61   

 

The in vivo roles of VEGF are multi-fold, as this factor has the potential to enhance 

vascular permeability and to promote new blood vessel formation by aiding the growth 

and survival of vascular endothelial cells.62-64  In healthy adult animals, VEGF is 

expressed in vascularized tissues and theorized to have a role in vascular maintenance by 

stabilization of mature blood vessels.65   

 

There are at least six distinct isoforms of human VEGF, consisting of 121, 145, 165, 183, 

189 and 206 amino acids.  Alternative exon splicing has a role in phenotypic regulation 

for both VEGF and VEGF receptors.66-69  VEGF121 and VEGF165 are considered more 

biologically active than other forms. VEGF165 is reported to act as more potent pro-

inflammatory factor than VEGF121.70  VEGF isoforms are similar across species.  Canine 

VEGF has conserved binding sites and 95.2% and 98.4% sequence homology with 

human and feline forms, respectively (EMBL accession number AJ133758 for canine 

VEGF, GenBank accession number AF133250 for canine VEGF and AB071947 for 

feline VEGF).69,71,72     

 

VEGF expression is induced by hypoxia, ischemia, hypo and hyperglycemia, Placental 

Growth Factor, Transforming Growth Factor-β, Tumor Necrosis Factor-α, and reactive 

oxygen intermediates.73-81  Prostaglandin analogs, presumably by induction of hypoxia, 

also result in elevated VEGF expression.82  VEGF expression is inhibited by 
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corticosteroids, steroid hormones and endostatin.83-86  Reports on the effect of 

cycloxygenase inhibitors on VEGF expression are conflicting.84,87,88   

 

VEGF164 is the major isoform expressed in canine tissue.71  A study in normal dogs 

employing immunohistochemistry, RT-PCR and real time RT-PCR, revealed strongly 

positive VEGF expression in Type I and Type II alveolar cells of the lungs, apocrine 

glands of the skin and corpus leutum.  Moderately positive VEGF expression is noted in 

the Kupffer cells of the liver, lung epithelium, lung smooth muscle, collecting tubule of 

the kidney, the heart, glomerulosa and reticularis of the adrenal gland, epidermis, hair and 

sebaceous gland of the skin, and bladder epithelium.  Weak VEGF expression is noted in 

hepatocytes, bile duct, proximal and distal tubule of the kidney, zona fasculata of the 

adrenal gland, intestinal and bladder muscularis and lymph node.  Negative VEGF 

expression was noted in renal glomerulus, adrenal medulla, thyroid, intestinal epithelium 

and nerve plexus, pancreas and spleen.  The Flt-1 receptor showed similar tissue 

expression as VEGF.  This study did not evaluate expression in ocular tissue.89   

 

Within the eye of humans and laboratory animal models, VEGF and/or its receptors are 

expressed constitutively by numerous tissues apart from vascular endothelium, including 

the cornea, conjunctiva, iris pigmented epithelium, retinal pigmented epithelium, retinal 

ganglion cells, astrocytes, Müller cells, and choroidal fibroblasts.90-93  An autocrine, 

neuroprotective role of VEGF for Müller cell and photoreceptor survival has been 

proposed.94  
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In humans, increased ophthalmic VEGF expression is noted in association with a variety 

of disease conditions.  For instance, VEGF over-expression is noted in corneal 

neovascularization and corneal wound healing.95,96  Primary open-angle glaucoma, 

neovascular glaucoma, angle closure glaucoma and exfoliative glaucoma are associated 

with high levels of VEGF.97,98  Elevated VEGF expression is present with intraocular 

tumors, including malignant melanocytes and retinoblastomas.99-101  In the retina, 

elevated VEGF is found in central retinal vein occlusion, uveitis, diabetic retinopathy (in 

retinal tissue and fibrovascular membranes), retinopathy of prematurity, retinitis 

pigmentosa and age-related macular degeneration.102-106  In ischemic retinopathies, 

VEGF expression is noted in iris as well as retinal tissue.107   
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OBJECTIVES 

 

There are numerous canine ophthalmic conditions in which increased VEGF expression 

may induce intraocular neovascularization and for which control of intraocular 

neovascularization may limit disease severity or progression.  Clarification of the role of 

VEGF in these conditions may provide rationale for adjunctive therapy, including the use 

of VEGF inhibitors, in canine patients affected by ocular neovascularization.   

 

The objectives of this study were quantification of aqueous humor VEGF concentrations 

in dogs affected by a variety of intraocular disease processes and to compare these 

concentrations with aqueous humor VEGF concentrations in healthy dogs without 

evidence of ocular disease.  Specific ocular disease conditions included primary and 

diabetic cataracts, primary glaucoma, uveitic glaucoma, intraocular neoplasia, 

aphakic/pseudophakic glaucoma, retinal detachment, uveitis, lens luxation, ocular 

trauma, ocular melanosis and uveal cyst disease.  Additionally, we sought to compare 

aqueous humor VEGF levels in eyes with histopathologically confirmed intraocular 

neovascularization to those without neovascularization.     

 

We hypothesized that aqueous humor VEGF concentrations would correlate with the 

etiology and chronicity of intraocular disease as well as the presence of intraocular 

neovascularization.  
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LITERATURE REVIEW 

 

Role of VEGF in systemic disease 

Vascularization mediated by VEGF is implicated in a wide variety of human and canine 

diseases.  These conditions include neoplasia, immune-mediated disease, infectious 

disease and cardiovascular disease.   

 

Neoplasia 

 

Human beings 

In people, VEGF is expressed in patients with carcinoma, sarcoma, adenoma, lymphoma, 

leukemia and melanoma.  For many tumors, VEGF expression can relate to likelihood of 

disease progression.  In a study by Potti et al, intratumoral VEGF over-expression was 

associated with a shorter survival times in patients with soft-tissue sarcoma.108  Another 

study by Potti et al determined that 20% of archived melanoma samples over-expressed 

VEGF; however, over-expression of VEGF was not shown to have prognostic value.109  

In head and neck squamous cell carcinomas studied by Eisma et al, elevated VEGF 

expression correlated with aggressive disease, with higher rate of disease recurrence and 

shorter disease-free interval in patients with tumors expressing higher levels of VEGF.110  

Hui et al reported VEGF expression in 60% of nasopharyngeal tumors; high levels of 

tumor VEGF expression was associated with a poor overall survival.111  In breast tumors 

evaluated by Toi et al, intratumoral VEGF concentration, especially when soluble VEGF 

receptor 1 was considered, was a significant poor prognostic indicator.112  In Jebreel’s 

 14



study of VEGF expression in thyroid pathologies, elevated VEGF expression was noted 

in neoplastic disease compared to autoimmune disease.113 

 

In some human conditions, circulating blood carries VEGF in elevated quantities, acting 

as a marker for tumor angiogenesis.114  Like over-expression within tissue, elevated 

plasma or serum level of VEGF carries prognostic significance for some diseases.  For 

instance, in patients with hepatocellular carcinoma studied by Poon et al, serum level of 

VEGF higher than 245pg/mL was associated with a shorter overall survival, related to 

advanced tumor stage and venous invasion.115  For patients with gastrointestinal cancers 

evaluated by Hyodo et al, VEGF in plasma greater than 108pg/mL correlated positively 

with metastatic disease and negatively with response to chemotherapy and survival 

time.116  In a study by Etto et al, serum VEGF concentrations for patients with non-

Hodgkin’s lymphoma diminished with treatment from a mean of 500pg/mL at time of 

diagnosis to 308pg/mL following 6 months of therapy.117   

 

Dogs 

VEGF levels have also been studied in dogs with neoplastic disease.  VEGF expression 

in canine CNS tumors are reported in three studies.  In dogs evaluated by Rossmeisl et al, 

over-expression of VEGF in tumor homogenates by ELISA was found in dogs with 

intracranial astrocytomas (mean value of 2.84ng/mL, equivalent to 2840pg/mL), 

oligodendrogliomas (mean value of 0.93ng/mL, equivalent to 930pg/mL) and 

meningiomas (mean value of 0.24ng/mL, equivalent to 240pg/mL), with a higher 

expression of VEGF in higher grade tumors.118  Platt et al’s study of dogs with 
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intracranial meningiomas revealed VEGF expression by immunohistochemistry, with a 

negative correlation of VEGF expression with survival time.119  VEGF expression, 

especially isoform VEGF164, was found by Dickinson et al using quantitative real-time 

TaqMan RT-PCR, in a retrospective evaluation of dogs with intracranial tumors; again, 

tumor grade correlated with VEGF expression.120   

 

VEGF expression in canine mammary tumors has also been investigated.  In Qui et al’s 

immunohistochemical study of canine mammary tumors, VEGF over-expression was 

found more often in mammary gland tumors compared to normal tissues and correlated 

significantly with stage and lymph node metastasis.121  In a study by Millanta et al, 

clinicopathological variables and prognosis did not correlate with level of VEGF 

expression by immunohistochemistry in canine mammary carcinomas.122   

 

In evaluation of canine cutaneous tumors, Maiolino et al’s study found 

immunohistochemical expression of VEGF in 15/15 of squamous cell carcinomas, but 

only 3/20 basal cell tumors.123  In Al-Dissi et al’s evaluation of cutaneous tumors by 

immunohistochemistry, expression of VEGF was found in 89.4% of squamous cell 

carcinomas and 70.8% of trichepitheliomas and correlated with histological grade for 

both tumor types.124  In Patruno et al’s evaluation of dogs with spontaneous cutaneous 

mast cell tumors by ELISA and immunohistochemistry, VEGF expression correlated 

with microvascular density of tumors and malignancy grade.125   
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VEGF expression has been also evaluated for other canine tumor types.  In a study by 

Wolfsberger et al using immunohistochemistry, Western blotting and RT-PCR, VEGF 

was expressed by 60% of canine lymphomas; VEGFR-1 and VEGFR-2 were expressed 

by 54% and 7%, respectively, of tumor cells.126  In Yonomaru et al’s study, 

immunohistochemistry and in-situ hybridization were used to detect VEGF over-

expression in vascular tumors, with a higher relative immunoreactivity in 

hemangiosarcomas compared to hemangiomas, correlating tumor VEGF expression with 

malignancy.127   VEGF was detected by immunohistochemistry in canine patients with 

mastocytoma by Rebuzzi et al, but was not believed to act as an autocrine growth 

regulator.128   

 

Circulating and extratumoral VEGF has been evaluated and found to have prognostic 

implications in a variety of neoplasms in dogs.  In a study by Gentili et al, serum levels of 

VEGF by ELISA had prognostic value in lymphoma-affected dogs, positively correlating 

with stage B disease and negatively correlating with disease-free interval.  Mean serum 

VEGF concentrations for stage A disease were 13.74pg/mL; mean serum VEGF 

concentration for stage B disease were 38.37pg/mL; mean serum concentrations for 

healthy control dogs were below the limits of detection.129  In dogs evaluated by ELISA 

by Troy et al, dogs with neoplastic disease were significantly more likely to have 

detectable plasma VEGF levels (mean, 17.94pg/mL) compared to healthy dogs (mean, 

3.1pg/mL) or dogs with non-neoplastic disease (15/16 dogs below the limits of 

detection).130  In dogs with neoplastic and non-neoplastic cavity effusions studied by 

Clifford et al by ELISA, elevated VEGF expression was noted in the effusates compared 
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to plasma expression.  Pericardial and pleural effusates tended to harbor more VEGF than 

peritoneal effusates, with a median concentration of VEGF of 3533pg/mL, 3144pg/mL 

and 288pg/mL, respectively.131    

 

In dogs with hemangiosarcoma evaluated by Clifford et al, a higher proportion of tumor-

bearing dogs had detectable plasma VEGF compared to healthy controls (13/16 vs. 1/17).  

The mean concentration of plasma VEGF in dogs with hemangiosarcoma was 

17.2pg/mL.132    In dogs with mammary tumors studied by Kato et al, circulating VEGF 

levels by ELISA in the plasma and serum were significantly higher than in the healthy 

control dogs.  In healthy dogs, no plasma expression of VEGF was detectable.  In 

diseased dogs, plasma VEGF levels ranged from non detectable to 895.7pg/mL (mean 

2.1pg/mL).  In healthy dogs, serum concentrations ranged from non detectable to 

27.5pg/mL (mean 8.3pg/mL).  Mean serum concentrations of dogs with mammary gland 

tumors ranged from non detectable to 992.9pg/mL (mean 14.85pg/mL).  Higher 

circulating VEGF levels had a positive correlation with malignant tumors and post-

operative metastasis.133  In dogs treated with radiation therapy by Wergin et al, baseline 

plasma VEGF concentrations greater than 5pg/mL were a poor prognostic indicator for 

outcome.  No significant difference between and post radiation treatment plasma VEGF 

levels were found.134   
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Inflammatory disease 

VEGF is also associated with human autoimmune diseases and systemic inflammatory 

conditions of unknown cause, specifically systemic lupus erythematosus, rheumatoid 

arthritis, multiple sclerosis and sarcoidosis.135-137  Serum VEGF levels are reported to 

correlate with immune reaction type: high levels are noted in autoimmune disease and 

low levels are noted in allergic reaction138    

 

Cardiovascular disease 

In a study by Hamada et al, inhibitors of VEGF and VEGFR-1 were effective in 

inhibiting baseline sera activity in patients with cyanotic congenital heart disease.139   In 

Hamamichi’s study of patients with Kawasaki disease, a syndrome of systemic vasculitis, 

VEGF expression from neutrophils and mononuclear cells by immunoblot analysis was 

noted.140   

 

In a study by Ray et al of experimental heart failure in dogs, increased VEGF expression 

was noted by quantitative RT-PCR and was theorized to contribute to altered 

vasoreactivity leading to pulmonary hypertension.141   

 

Anemia 

Anemic patients have elevated levels of plasma VEGF by ELISA compared to patients 

with normal red blood cell count; those with anemia attributed to renal disease had higher 

VEGF levels than those with malignant disease (16.2pg/mL in normemic patients vs 
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67.8pg/mL in patients with renal disease vs 49.2pg/mL in patients with malignant 

disease).142   

 

Role of VEGF in Healing 

VEGF expression, as detected by immunohistochemistry in a rabbit model, was 

expressed in epithelial, stromal and endothelial corneal cells during corneal wound 

healing irrespective of the presence of granulocytes.96  In Bidder’s study of dogs with 

flexor tendon repair by in situ hybridization, a gradient of VEGF expression was noted in 

cells at the healing tendon cells, but accumulation within the epitenon was minimal, 

suggesting a role for VEGF in postoperative angiogenesis.143  In dogs with experimental 

distraction osteogenesis studied by Park et al, elevated VEGF was noted in Schwann cells 

and neurovasorum for up to two weeks postoperatively.144   

 

VEGF in Ocular disease 

In people, increased ophthalmic VEGF expression is noted in association with a variety 

of disease conditions, including corneal neovascularization, multiple forms of glaucoma, 

intraocular tumors, uveitis, retinal detachment, central retinal vein occlusion, uveitis, 

diabetic retinopathy, retinopathy of prematurity, and age-related macular degeneration.95-

106,145-147  

 

Enzyme-linked immunosorbant assay (ELISA) detection of VEGF from the aqueous 

humor and vitreous of human beings and animal models has been reported.97,98,102,148-154  

ELISA tests from different manufacturers have variable sensitivity to detection of VEGF.   

 20



Intraocular Surgery 

Aqueous humor VEGF as assessed by a Biochip Array System (Evidence Investigator, 

Antrim, N. Ireland) was found by Tu et al to be elevated 18 hours following cataract 

surgery as compared to intra-operative levels (mean values of 463pg/mL vs. 67pg/mL, 

respectively).151   

 

Corneal disease 

VEGF has been associated with corneal neovascular disease.  Immunohistochemical 

staining was used by Philipp et al to evaluate human corneas with inflammatory disease 

and normal controls for expression of VEGF and its receptors, Flt-1 and Flk-1.  It was 

found that VEGF expression was increased in vascularized corneas, specially on 

epithelial cells, vascular endothelial cells and fibroblasts.95  In a rabbit model by Gan et 

al using immunohistochemistry of corneal alkali burn, VEGF and its Flk-1 receptor were 

found to be expressed at the leading edge of cornea in epithelial, stromal and endothelial 

cells during the healing phase; this expression did not require the presence of 

inflammatory cells.96   

 

Intraocular tumors 

In studies of human anterior uveal melanomas and melanoma cell lines, expression of 

high levels of VEGF as assessed by immunohistochemistry, in situ hybridization, 

Western blot analysis and ELISA have been noted.101,150,155  In ELISA studies of aqueous 

humor samples from eyes with uveal melanomas by Missotten et al and Boyd et al, mean 

VEGF levels were 146.5pg/mL and 0.8ng (equivalent to 800pg/mL), respectively.  Mean 
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aqueous humor VEGF concentrations of control eyes from these studies were 50.1pg/mL 

and 0.1ng (equivalent to 100pg/mL), respectively.  Missotten et al utilized an ELISA 

from R&D Systems (Abingdon, Oxford, UK); Boyd et al utilized an ELISA from 

BioSource International (Camarillo, CA, USA).  150,156   

 

Glaucoma 

Two studies have evaluated the expression of VEGF in the eyes of people with glaucoma.  

In the first, Tripathi et al quantified VEGF expression from the aqueous humor using 

single antibody competitive binding enzyme immunoassay with an assay range from 

0.195 to 200ng/mL (CytImmune Sciences, College Park, MD).   In this study, VEGF was 

detected in all 12 aqueous samples from patients with neovascular glaucoma and yielded 

a mean VEGF concentration of 29.267ng/mL, equivalent to 29,267pg/mL.  VEGF was 

detected in 15/28 samples from patients with primary open angle glaucoma, with a mean 

value of 0.726ng/mL, equivalent to 726pg/mL.97   

 

In a later study, Hu et al quantified aqueous humor VEGF levels in patients with primary, 

neovascular and uveitic glaucoma using a commercial ELISA kit (R&D Systems, 

Minneapolis, MN).  In this study, VEGF was detected in all samples.  Aqueous humor 

from glaucoma eyes harbored significantly higher VEGF levels than cataracts and there 

was no significant difference between glaucoma types. In primary open-angle glaucoma 

samples, there was a mean VEGF concentration of 140.4pg/mL, in angle-closure 

glaucoma, there was a mean VEGF concentration of 142.8pg/mL and in neovascular 

glaucoma, there was a mean VEGF concentration of 158.6pg/mL.98   
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In a non-human primate model studied by Tolentino et al, 0.25 to 2.5μg VEGF injected 

intravitreally was sufficient to cause iridal neovascularization and neovascular 

glaucoma.157 

 

Lens disease 

In Tripathi et al’s and Hu et al’s studies, quantification of VEGF in the aqueous humor of 

patients with cataracts was also performed.   In Tripathi’s study, VEGF was detected in 

4/20 aqueous humor samples from patients with cataract with a mean concentration of 

0.257ng/mL, equivalent to 2570pg/mL.  VEGF was detected in 16/16 plasma samples 

from normal subjects with a mean concentration of 20.246ng/mL, equivalent to 

20,246pg/mL.97  In Hu’s study, VEGF was detected in all aqueous humor samples and 

patients with cataracts had a mean concentration of 102.4pg/mL.  VEGF was detected in 

all plasma samples with a mean concentration of 79.2pg/mL.98 

 

Uveitis 

In rat and mouse models of autoimmune uveitis by Vinores et al, markedly increased 

retinal expression of VEGF was found by immunohistochemistry.  In the same study,  

moderately increased VEGF expression was noted in retinas with induced ischemic 

retinopathy.145  In patients with uveitis evaluated by Fine et al using ELISA (R&D 

Systems, Minneapolis, MN), a correlation with increased aqueous humor VEGF 

concentrations and cystoid macular edema was made.  Mean aqueous humor VEGF 

concentrations for uveitis patients with and without cystoid macular degeneration were 
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152 and 109.5pg/mL, respectively.149  In people with quiescent uveitis studied by Paroli 

et al, elevation in aqueous humor VEGF levels as determined by ELISA (R&D Systems, 

Abingdon, UK), compared to control subjects was found with values of 118pg/mL and 

83pg/mL, respectively.146 

 

Retinal disease 

Alterations in VEGF have been noted for a variety of retinal conditions, including retinal 

detachment, diabetic retinopathy and retinitis pigmentosa.  In a murine model by Ohno-

Matsui et al, induction of high levels of VEGF correlated with development of retinal 

neovascularization, proliferative retinopathy and tractional retinal detachment.158  Two-

fold elevations of retinal VEGF as detected by ELISA (R&D Systems, Minneapolis, MN) 

were described by Ishida et al for rats in a model of pathological neovascularization, 

compared to rats with physiologic vascular development.159  In a recent study by Salom 

et al, patients with retinitis pigmentosa, a degenerative retinal disorder, harbored 

significantly lower levels of VEGF in the aqueous humor as compared to patients with 

cataracts (mean 94.9pg/mL vs. 336.5pg/mL), as detected by ELISA (Pierce 

Biotechnology, Woburn, MA).148   

 

In patients with retinal detachment, elevated levels of VEGF in the subretinal fluid 

compared to serum was described by Su et al by use of ELISA (R&D Systems, 

Minneapolis, MN).  In cases of simple rhegmatogenous retinal detachment, average 

VEGF concentration was 355pg/mL, while in cases of proliferative vitreoretinopathy 

 24



VEGF level was 901pg/mL; in serum samples, mean VEGF concentration was 

168pg/mL.160   

 

In a study by Shinoda et al using ELISA (R&D Systems, Minneapolis, MN), mean 

aqueous humor levels of VEGF  were significantly higher for patients with proliferative 

diabetic retinopathy (212 pg/mL) than non-diabetic patients (105pg/mL), patients with 

non-proliferative retinopathy (77pg/mL) and those without retinopathy (99pg/mL).102   A 

study by Ogata et al found that patients with diabetic proliferative vitreoretinopathy had 

significantly higher vitreal levels of VEGF (168μg/mL) than patients with retinal 

detachment (11μg/mL) using ELISA (manufacturer not specified).152   Shinoda et al 

found no significant correlation between VEGF levels as detected by ELISA (R&D 

Systems, Minneapolis, MN) in the aqueous humor in patients with proliferative diabetic 

retinopathy and the presence of fibrovascular membrane or tractional retinal 

detachment.153  Patel et al described mean vitreal VEGF concentrations of 957pg/mL in 

patients with non-proliferative diabetic retinopathy and 596pg/mL in patients with 

proliferative diabetic retinopathy; patients with proliferative diabetic retinopathy and 

active neovascularization had higher VEGF levels (1036pg/mL) compared with patients 

that were in a quiescent phase (303pg/mL).154    

 

Adamis et al found that intravitreal injection of a VEGF neutralizing antibody inhibited 

VEGF-mediated capillary endothelial cell proliferation causing iris neovascularization, 

demonstrating that VEGF is necessary for iridal neovascularization caused by retinal 

ischemia.161   
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There is a paucity of information concerning VEGF in companion animals with naturally 

occurring ocular disease.  However, one study exists for horses.  In horses with 

spontaneous equine recurrent uveitis studied by Deeg et al, focal up-regulation of VEGF 

was found by Western Blot in the vitreous of affected horses and corresponded to 

pigment epithelium derived factor down-regulation.162   

 

VEGF inhibitors 

VEGF inhibitors administered by anterior chamber or intravitreal injection are effective 

in treatment of some ocular diseases in humans.  Intracameral injection of bevacizumab 

has been shown to decrease aqueous humor VEGF levels in neovascular glaucoma.  In a 

case report by Mason et al for three patients with neovascular glaucoma secondary to 

rubeosis iridis from central retinal vein occlusion, a single intravitreal injection of 

bevacizumab caused vascular regression and resulted in an intraocular pressure within 

normal range.163  Davidorf et al described effective use of intravitreal bevacizumab to 

resolve iridal vascularization in a patient with neovascular glaucoma associated with a 

choroidal melanoma.164  Two cases of neovascular glaucoma, and one case of 

iris/iridocorneal angle neovascularization reported by Chilov et al, responded to 

intravitreal bevacizumab.165  Wakabayashi et al evaluated the outcome of patients in a 

larger clinical trial with ischemic retinal diseases causing iris neovascularization and 

neovascular glaucoma and found a favorable outcome for 71% of patients with early 

disease.166 
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Pegaptanib (trade name Macugen), a pegylated aptamer that blocks VEGF164, was the 

first anti-VEGF therapy approved for ocular use, specifically neovascular (wet) age-

related macular degeneration.  Selective binding of the drug is theorized to limit side 

effects from suppression of physiologic VEGF expression.  This drug has not shown 

demonstrable toxicity when administered intravitreally in dogs and rabbits.167    

 

Bevacizumab is a recombinant, full-length, anti-VEGF monoclonal antibody.    

Ranibizumab is a monoclonal antibody fragment, humanized and affinity maturated.  As 

such, ranibizumab has approximately 20 times the binding affinity as bevacizumab and 

potentially less immunogenicity in humans.   In vitro testing and testing in animal models 

have not indicated demonstrable ocular toxicity with intravitreal injection of either 

drug.168-170   

 

Pharmokinetics for these drugs show similarities.  In rabbits with 1.25mg of bevacizumab 

injected intravitreally, drug concentrations in the vitreous declined monoexponentially 

with a half-life of 4.32 days and aqueous humor drug concentration peaked at 1 week of 

29.4ng/mL; concentrations >10ug/mL remained in the vitreous for 30 days.171  In rabbit 

models with 0.5mg ranibizumab injected intravitreally, drug concentrations in the 

vitreous declined monoexponentially with a half life of 2.88 days and aqueous humor 

drug concentration peaked at 3 days of 17.9ug/mL; concentrations > 0.1ug/mL remained 

in the vitreous for 29 days.171 
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The long-term safety of these treatments has yet to be evaluated.  In cynomolgus 

monkeys injected with 1.25mg bevacizumab intravitreally, immunoreactivity of the drug 

was found in blood vessels of the anterior uvea and anterior chamber angle, with the 

highest levels within 1-4 days following injection.172  Complications of intravitreal VEGF 

inhibitor administration are noted, with RPE tears and inflammation reported but 

considered rare.173,174   

 

Bevacizumab is approved in the United States for treatment of metastatic colon cancer 

under the trade name Avastin (Genentech, Inc., San Francisco, CA).  Use of bevacizumab 

in ophthalmic disease is off-label, as this drug is not approved by the Food and Drug 

Administration for intraocular use.  Currently, ranibizumab (trade name Lucentis) and 

pegatanib (trade name Macugen), are the two ophthalmic-approved VEGF inhibitors 

available commercially and labeled for use in neovascular age-related macular 

degeneration.   

 

A xenogenic VEGF vaccine has been evaluated for use in dogs with soft tissue sarcomas.  

In a clinical trial of 9 dogs, vaccination over a 16 week period resulted in induction of 

humoral response to human and canine VEGF; an overall tumor response rate of 30% 

was noted.175 

 

To the best of our knowledge, at this time, VEGF inhibitors have not been evaluated, 

beyond safety studies, for canine ophthalmic disease. 
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MATERIALS AND METHODS 

 

Subject Identification 

 The study population was dogs with intraocular disease presented to the Ophthalmology 

service at the Virginia-Maryland Regional College of Veterinary Medicine and to 

participating veterinary ophthalmologists throughout the United States undergoing 

enucleation, intraocular surgery or requiring aqueous humor sampling for diagnostic or 

therapeutic purpose.  Informed consent was obtained from all clients and all procedures 

were approved by the Institutional Animal Care and Use Committee of Virginia 

Polytechnic Institute and State University.   

 

All study subjects had an ophthalmic examination performed by an ACVO board 

certified veterinary ophthalmologist and/or ophthalmology resident to characterize the 

ongoing intraocular disease process prior to aqueous humor sampling.  Examination 

entailed slit-lamp biomicroscopy, tonometry and indirect funduscopy or ocular 

ultrasound.   

 

Ophthalmic or systemic steroid administration and ophthalmic prostaglandin 

administration within the previous 2 weeks were recorded for each patient.  The specific 

diseases included were cataract, uveitis, intraocular neoplasia, primary glaucoma, post-

inflammatory glaucoma, aphakic glaucoma, uveal cyst syndrome and retinal detachment. 
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The control population consisted of young, adult male mixed breed dogs euthanized at 

the VTH for reasons unrelated to the present study.  There was no apparent adnexal or 

intraocular disease based on slit-lamp biomicroscopy and indirect funduscopy.   

 

Sample Collection and Handling 

Aqueous humor samples were collected by aspiration with a 25 or 27 gauge cannula 

following corneal incision for intraocular surgery or by perilimbal paracentesis using a 25 

or 27 gauge needle.  At the time of sampling, we aimed to collect ≥ 0.2mL of aqueous 

humor. For diseased eyes, aqueous humor was obtained at the time of surgical 

intervention related to the primary disease process or at the time of aqueous humor 

collection for other diagnostic or therapeutic purposes. For aqueous humor collection for 

preliminary assay validation and control dog samples, aqueous humor was collected 

within 1 hour of euthanasia.    

 

All samples obtained at the Veterinary Teaching Hospital (VTH), were immediately 

frozen and maintained at -70º C.  Samples obtained at distant sites were immediately 

frozen at -20º C and maintained for up to 6 weeks with overnight transport on ice to the 

VTH, with subsequent freezing at -70º C.  Samples with gross hyphema were centrifuged 

to remove blood contamination. 

 

A blood sample was obtained from study dogs where possible from peripheral 

venipuncture or by arterial catheter.  Whole blood samples were collected in EDTA-
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containing tubes and centrifuged to obtain plasma.  Plasma samples were handled and 

stored identically to aqueous humor samples.      

 

In February, 2008, a freezer malfunction resulted in thawing to room temperature of all 

previously collected samples.  The exact duration of the thaw period was unknown, but 

may have been up to four days.  The thawed samples were replaced to -70o C until time of 

assay. 

 

VEGF ELISA  

A sandwich enzyme-linked immunosorbant assay (ELISA) developed for detection of 

human VEGF-A in blood, aqueous humor and vitreal samples and previously validated 

for detection of VEGF in canine blood was utilized for assaying VEGF concentration in 

canine aqueous humor samples and plasma samples (Quantikine, DVE00, R&D Systems, 

Minneapolis, MN).130  Assessment of VEGF concentrations in the aqueous humor and 

plasma samples was performed in duplicate using 100μL of sample per well according to 

manufacturer instruction.  The mean minimum detectable level of VEGF for this test is 

reported by the manufacturer to be 9.0 pg/mL and the lowest and highest standards 

provided are 31.25 pg/mL and 2000pg/mL, respectively.  The value of samples below the 

limits of detection was established to be 0pg/mL.    

 

Sample dilution 

In cases where less than 200μL of sample was available, available sample volume was 

diluted with assay diluent RD6U to a total volume of 100μL and the dilution factor was 
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noted and used to calculate total VEGF concentration.  Samples with greater than 

2000pg/mL of VEGF were reassayed after 1:20 or 1:100 dilution with assay diluent 

RD6U and the dilution factors was noted and used to calculate total VEGF concentration. 

 

Histopathology 

Enucleated and eviscerated ocular contents were formalin-fixed and paraffin-embedded. 

5μm sections were routinely processed and stained with H&E.  For the purposes of the 

study, a single veterinary pathologist who was unaware of the VEGF level, clinical 

diagnosis or original histopathologic diagnosis reviewed all slides to evaluate for 

histopathologic evidence of intraocular neovascularization.  PIFMs were classified as 

cellular, vascular or fibrovascular according to their histopathologic appearance.  The 

lesions were scored as follows:  0 = normal, 1= cellular, 2= fibrous or vascular, 3= 

fibrovascular. 

 

Aqueous Humor Assay Validation  

In order to validate the applicability of the VEGF ELISA assay and confirm its sensitivity 

and specificity for canine aqueous humor, canine VEGF each was added to pooled canine 

aqueous humor from dogs without intraocular disease, pooled canine plasma from dogs 

without systemic disease and assay calibrator diluent RD6U to make 500pg/mL solutions.   

Solutions were made in triplicate.  Assessment of VEGF concentrations in the samples 

was performed in duplicate using 100μL of sample.  The baseline VEGF level of the 

medium (aqueous humor, plasma or diluent) without added purified canine VEGF was 

subtracted and the difference was used for subsequent calculations.     
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Assay of stability in frost-free freezer  

The VEGF ELISA test kit manufacturer, R&D systems, recommends freezing samples at 

temperatures equal to or less than -20º C without repeated freeze-thaw cycles (package 

insert).  The stability of VEGF in standard commercial (frost-free) freezers was evaluated 

by storing aliquots of pooled aqueous humor samples and plasma samples with purified 

canine VEGF added to a concentration of 1000pg/mL, in a frost-free freezer for 0, 2, 4, 

and 6 weeks with subsequent storage at -70oC until assay.  Sample preparation and 

storage was performed in duplicate.  Assessment of VEGF concentrations in the samples 

was performed in duplicate using 100μL of sample.   

 

Assay of stability at room temperature 

The VEGF ELISA test kit manufacturer, R&D systems, recommends freezing samples at 

temperatures equal to or less than -20º C without repeated freeze-thaw cycles (package 

insert).   The stability of VEGF at room temperature for up to 4 days was evaluated by 

storing aliquots of pooled aqueous humor samples and pooled plasma samples with 

purified canine VEGF added to a concentration of 1700pg/mL and 500pg/mL at room 

temperature for 0, 1, 2, 3 or 4 days with subsequent storage at -70º C until assay.  Sample 

preparation and storage was performed in duplicate.  Assessment of VEGF 

concentrations in the samples was performed in duplicate by using 100μL of sample.   

 

Statistical Analysis 

Data analyses were performed by a statistician using SAS software (SAS version 9.2, 

Cary, NC, USA).  Aqueous humor VEGF concentrations were log transformed to achieve 
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normality.  Before hypothesis testing, absence of association between plasma VEGF and 

aqueous humor VEGF (and vice versa) was verified using a scatter plot.  Two null 

hypotheses were stated as: 1) disease condition does not have an effect on aqueous humor 

VEGF concentration and 2) aqueous humor VEGF concentration does not have an effect 

on PIFM.  To test hypothesis number 1, data were modeled by mixed model ANOVA.  

Possible confounders comprised categorical (patient sex, breed, systemic disease, 

glaucoma, concurrent medication, intraocular neovascularization) and continuous 

(duration and age) variables.  In a bivariable model, least squares means (for VEGF 

concentration) were compared for each of the categorical variables while a regression 

coefficient was generated for each of the continuous variables.  Subsequently each of the 

hypothesized confounders (one at a time) was added to a multivariable model that 

included disease and the resulting least squares means (as well as standard errors) for 

disease compared with those from a model that had only disease as a fixed effect.  Where 

required, the Tukey-Kramer adjustment for multiple comparisons was applied.  All 

models included patient (dog) and sample quality as blocking factors (i.e., random 

effects).  Hypothesis number 2 was tested as described for hypothesis number 1 with 

PIFM as the main independent variable instead of disease.  Significance was set at an α 

value of 0.05. 
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RESULTS 

 

Aqueous Humor Assay Validation for 500pg/mL  

The mean VEGF concentration of aqueous humor with added standardized canine VEGF 

was 460pg/mL (95% confidence interval, 433 to 487pg/mL).  The mean VEGF 

concentration of plasma with added standardized canine VEGF was 398pg/mL (95% 

confidence interval, 371 to 425pg/mL).  The mean VEGF concentration of assay diluent 

RD6U with added standardized canine VEGF were 437pg/mL (95% confidence interval, 

410 to 464pg/mL).  The concentration of VEGF was significantly greater in aqueous 

humor than in plasma (p=0.0176).  The concentration of VEGF did not differ 

significantly between aqueous humor and diluent (p=0.3756) or diluent and plasma 

(p=0.1017).   

 

Assay of stability in frost-free freezer for 1000pg/mL  

Aqueous humor samples with added canine VEGF that remained in the -70o freezer at all 

times between spiking and assay had a mean VEGF concentration of 1020pg/mL (95% 

confidence interval, 931 to 1110pg/mL); plasma samples with added canine VEGF that 

remained in the -70o freezer between spiking and assay had a mean VEGF concentration 

of 980pg/mL (95% confidence interval, 849 to 1110pg/mL).   Aqueous humor samples 

stored in a frost-free -20o freezer for two weeks, four weeks and six weeks after spiking 

had a mean VEGF concentration of 987pg/mL (95% confidence interval, 899 to 

1080pg/mL), 937pg/mL (95% confidence interval, 849 to 1030pg/mL) and 815pg/mL 

(95% confidence interval, 727 to 903pg/mL), respectively.  Plasma samples stored in a -
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20o frost-free freezer for two weeks, four weeks and six weeks after spiking had a mean 

VEGF concentration of 1040pg/mL (95% confidence interval, 909 to 1170pg/mL), 

845pg/mL (95% confidence interval, 714 to 975pg/mL) and 917pg/mL (95% confidence 

interval, 786 to 1050pg/mL), respectively.   

 

The concentration of aqueous humor VEGF for samples continuously stored in -70o 

freezer and those stored for two weeks in a -20o  frost-free freezer were significantly 

greater than the concentration at week 6 (p=0.0177 and p=0.0471, respectively).    The 

concentration of aqueous humor VEGF for samples continuously stored in -70o freezer 

did not differ significantly from samples stored in a -20o freezer for two weeks 

(p=0.9418), or four weeks (p=0.5084).  The concentration of plasma VEGF for samples 

stored in a -20o freezer for two weeks, four weeks and six weeks did not differ 

significantly from samples maintained at -70o (p=0.8939, p=0.4151 and p=0.8778, 

respectively).      

 

Assay of VEGF stability in aqueous humor and plasma at room temperature 

Samples spiked with canine VEGF to a concentration of 1700pg/mL 

Aqueous humor samples with 1700pg/mL canine VEGF that were continuously stored at 

-70o and those thawed to room temperature for 1 day, 2 days, 3 days and 4 days had a 

mean VEGF concentration of 1750pg/mL, 1690pg/mL, 1620pg/mL, 1700pg/mL and 

1590pg/mL, respectively.  Only aqueous humor samples thawed for 4 days showed a 

significant difference from aqueous humor samples that were continuously stored at -70o 

(p=0.0227).   
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Plasma samples with 1700pg/mL canine VEGF that were continuously stored at -70o and 

those thawed to room temperature for 1 day, 2 days, 3 days and 4 days had a mean VEGF 

concentration of 1720pg/mL, 1540pg/mL, 1710pg/mL, 1520pg/mL and 1720pg/mL, 

respectively.  Plasma samples with 1700 pg/mL canine VEGF thawed for 4 days did not 

show a significant difference from plasma samples that were continuously stored at -70o 

(p=0.9861).   

 

Samples spiked with canine VEGF to a concentration of 500pg/mL 

Aqueous humor samples with 500pg/mL of canine VEGF that were continuously stored 

at -70o and those thawed to room temperature for 1 day, 2 days, 3 days and 4 days had a 

mean VEGF concentration of 580.2pg/mL, 479.5ppg/mL, 460.3pg/mL, 448.8pg/mL and 

427.5pg/mL, respectively.  Only aqueous humor samples thawed for 4 days showed a 

significant decrease from aqueous humor samples that were continuously stored at -70o 

(p=0.0024). 

 

Plasma samples with 500pg/mL canine VEGF that were continuously stored at -70o and 

those thawed to room temperature for 1 day, 2 days, 3 days and 4 days had a mean VEGF 

concentration of 449.2pg/mL, 445.4pg/mL, 426.4pg/mL, 460.3pg/mL and 380.3pg/mL, 

respectively.  Only plasma samples thawed for 4 days showed a significant decrease from 

aqueous  humor and plasma samples that were continuously stored at  -70o (p=0.0445).   
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Descriptive data 

All samples 

In total, 252 aqueous humor samples and 101 plasma samples from 191 dogs were 

included in the study.  126 aqueous humor samples were obtained from the right eye, 126 

aqueous humor samples were obtained from the left eye; in 30 cases, aqueous humor 

samples was obtained from both eyes.  43 dogs were mixed breed dogs, 19 were Cocker 

Spaniels, 16 were Labrador Retrievers, 12 were Jack Russell Terriers, 8 were Beagles, 7 

were Bassett Hounds, 6 each were Bichon Frise or Boston Terriers, 5 were Pugs and 69 

were other breeds with less than 5 representatives for the breed.  Mean age was 6.9 years 

(range, 9 months to 18 years).  86 had glaucoma and 105 did not have glaucoma.   70 

were neutered males, 93 were spayed females, 22 were intact males and 6 were intact 

females.  140 had no systemic disease, 34 had diabetes mellitus, 4 had cardiac disease, 3 

had atopy and 10 had other systemic conditions or disease including pregnancy, 

urogenital disease, neoplasia, autoimmune disease and infectious disease.   

 

Control 

26 aqueous humor samples were obtained from both eyes of 13 dogs without apparent 

ocular disease and receiving no topical or systemic medications.  All control dogs were 

young adult, intact male, purpose-bred, mixed breed dogs.    

 

Primary cataract 

44 aqueous humor samples were obtained from 32 dogs with primary cataract.  21 

aqueous humor samples from the right eye, 23 aqueous humor samples from the left eye 
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and 20 plasma samples were obtained.    Breeds of dogs with primary cataract included 

mixed breed dog (n=4), Bichon Frise (n=3), Boston terrier (n=3), Cocker Spaniel (n=3), 

Jack Russell Terrier (n=2), others (n=14), Bassett Hound (n=1), Beagle (n=1) and Pug 

(n=1).  Mean age was 6.5 years (range, 1 year to 14 years).  15 dogs were spayed female, 

16 were castrated males and 1 was intact female.  Mean duration of disease was 4.8 

months (range, 1 week to 30 months).  11 dogs received only a topical steroid and 18 

dogs received a topical and systemic steroid within 2 weeks of sampling.    

 

Diabetic cataract 

51 aqueous humor samples were obtained from 30 dogs with cataract associated with 

diabetes mellitus.  27 aqueous samples from the right eye, 24 aqueous samples from the 

left eye and 17 plasma samples were obtained.  Breeds of dogs included Labrador 

Retrievers (n=7), mixed breed dogs (n=8), other (n=10), Bichon Frise (n=2), Pug (n=2) 

and Beagle (n=1).  Mean age was 7.5 years (range, 2 years to 16 years).  15 dogs were 

spayed female, 13 were castrated males and 2 were intact males.  Mean duration of 

disease was 3.7 months (range, 3 weeks to 18 months).  25 dogs received topical steroids 

within 2 weeks of sampling.   

 

Lens-induced uveitis 

17 aqueous humor samples were obtained from 13 dogs with cataract-related lens-

induced uveitis without glaucoma.  These dogs were not represented in previous cataract 

groups.  11 aqueous samples from the right eye, 7 aqueous samples from the left eye and 

6 plasma samples were obtained.  Breeds represented included other (n=9), Cocker 
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Spaniel (n=2), Beagle (n=1) and Labrador Retriever (n=1).  Mean age was 7.7 years 

(range, 3 to 13 years).  4 dogs were spayed female, 8 were castrated males, and 1 was an 

intact male.  Mean duration of disease was 1.6 months (range 3 days to 13 months).  12 

dogs received topical and 3 dogs received systemic steroids within 2 weeks of sampling.   

 

Aphakic/pseudophakic glaucoma 

7 aqueous humor samples were obtained from 7 dogs with aphakic or pseudophakic 

glaucoma.  4 aqueous samples from the right eye, 3 aqueous samples from the left eye 

and 6 plasma samples were obtained.    Breeds represented included other (n=4), Bichon 

Frise (n=1), Jack Russell Terrier (n=1) and Cocker Spaniel (n=1).  Mean age was 10.1 

years (range, 9 years to 12 years).  2 dogs were spayed female and 5 were castrated 

males.  Mean duration of disease was 1.8 months (range, 4 days to 11 months).  6 dogs 

received topical or systemic steroids within 2 weeks of sampling.   

 

Primary glaucoma 

41 aqueous humor samples were obtained from 35 dogs with primary glaucoma.  20 

aqueous samples from the right eye, 21 aqueous samples from the left eye and 14 plasma 

samples were obtained.  Breeds of dogs with primary glaucoma included Cocker Spaniels 

(n=9), mixed breed dogs (n=7), other (n=7), Bassett Hounds (n=6), Jack Russell Terriers 

(n=3), Labrador Retrievers (n=2) and Pug (n=1).  Mean age was 8.6 years (range, 1 year 

to 14 years).  26 dogs were spayed female, 4 were castrated males, 3 were intact male and 

2 were intact female.  Mean duration of disease was 2.9 months (range, 3 days to 24 
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months).  10 dogs received topical or systemic steroids within 2 weeks of sampling and 

22 dogs received topical prostaglandins within 2 weeks of sampling.   

 

Uveitic glaucoma 

24 aqueous humor samples were obtained from 23 dogs with uveitic glaucoma.  11 

aqueous humor samples from the right eye, 13 aqueous humor samples from the left eye 

and 15 plasma samples were obtained.  Breeds represented included other (n=13), mixed 

breed dogs (n=3), Jack Russell Terrier (n=2), Cocker Spaniels (n=2), Beagle (n=1), 

Labrador Retriever (n=1) and Pug (n=1).  Causes of uveitis included immune-mediated 

(n=12), trauma (n=3), lens-induced (n=3), corneal perforation (n=2), lymphoma (n=1), 

and fungal disease (n=1).  Mean age was 7.4 years (range, 2 years to 15 years).  11 dogs 

were spayed females, 11 were castrated male and 1 was an intact female.  Mean duration 

of disease was 0.9 months (range, 1 day to 18 months).  14 dogs received topical steroids, 

1 dog received systemic steroids, 1 dog received topical prostaglandin and 3 dogs 

received topical steroid and prostaglandin within 2 weeks of sampling. 

 

Retinal detachment 

13 aqueous humor samples were obtained from 11 dogs with retinal detachments causing 

glaucoma.  6 plasma samples were obtained.  Breeds of dogs with retinal detachments 

causing glaucoma included Boston Terriers (n=3), Cocker Spaniels (n=2), mixed breed 

dogs (n=2), others (n=2), Labrador Retriever (n=1), and Beagle (n=1).  Mean age was 5.0 

years (range, 9 months to 11 years).  4 dogs were spayed female, 5 dogs were castrated 

males and 2 dogs were intact males.  Mean duration of glaucoma was 1.3 months (range, 
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1 day to 24 months).  2 dogs received topical steroids alone, 3 dogs received topical 

steroids with topical prostaglandin analogs and 2 dogs received systemic steroids within 2 

weeks of sampling.   

 

Intraocular tumor 

19 aqueous humor samples were obtained from 19 dogs with intraocular tumors.  9 

aqueous samples from the right eye, 10 aqueous samples from the left eye and 12 plasma 

samples were obtained.  Breeds of dogs with intraocular tumors included mixed breed 

(n=5), Labrador Retrievers (n=4), Beagles (n=2), Jack Russell Terriers (n=1) and others 

(n=7).  Tumor types included benign melanomas (n=8), malignant melanomas (n=4), 

ciliary body adenomas (n=4), lymphoma (n=1), spindle cell tumor (n=1) and anaplastic 

tumor (n=1).  Mean age was 9.0 years (range, 2 years to 13 years).  13 were spayed 

females, 5 were castrated males and 1 was intact female.  Mean duration of disease was 

1.0 months (range, 1 day to 30 months).  10 dogs received topical or systemic steroids 

within 2 weeks of sampling and 5 dogs received topical prostaglandins within 2 weeks of 

sampling.   

 

Lens luxation 

7 aqueous humor and 3 plasma sample were obtained from 6 dogs with lens luxation 

causing glaucoma.  3 aqueous samples from the right eye, 4 aqueous samples from the 

left eye and 3 plasma samples were obtained.  Breeds represented included mixed breed 

(n=1), Jack Russell Terrier (n=1), Beagle (n=1) and other (n=3).  Mean age was 7.8 years 

(range, 3 to 18 years).  3 were spayed females, 1 was an intact female and 3 were 
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neutered males.  Mean duration of disease was 1 week (range, 1 day to 10 months).  3 

dogs received topical prostaglandins and 1 dog received topical steroid within 2 weeks of 

sampling.   

 

Other disease conditions 

1 aqueous humor and 1 plasma sample were obtained for 1 dog each with ocular 

melanosis or uveal cyst syndrome.  The dogs represented were a 12 year old male 

neutered Boxer dog and 11 year old male neutered Golden Retriever, respectively.  The 

duration of disease was 1 week, and 1.5 months, respectively.  The dog with uveal cyst 

syndrome received topical steroids and the dog with ocular melanosis received no 

medications.   

 

Sample distribution is listed in Table 1.  
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Aqueous humor VEGF concentration 

 

Control 

Vascular endothelial growth factor was detected in 18 of 26 aqueous humor samples from 

dogs without intraocular disease.  Mean concentration of VEGF in aqueous humor 

samples from control dogs was 10.6pg/mL (95% confidence interval, 2.9 to 39.0pg/mL).   

 

Primary cataract 

Vascular endothelial growth factor was detected in 37 of 44 aqueous humor samples from 

dogs with primary cataract.  Mean concentration of VEGF from aqueous humor from 

dogs with primary cataract was 28.2pg/mL (95% confidence interval, 9.2 to 86.3pg/mL).  

Mean concentration of VEGF from aqueous humor from 14 eyes of 10 dogs with 

incomplete cataract was 17.9pg/mL (95% confidence interval, 1.0 to 262pg/mL). Mean 

concentration of VEGF from aqueous humor from 13 eyes of 9 dogs with complete 

cataract was 46.1pg/mL (95% confidence interval, 3.3 to 642pg/mL).  Mean 

concentration of VEGF from aqueous humor from 17 eyes of 13 dogs with resorbing 

cataract was 14.9pg/mL (95% confidence interval, not detectable to 248pg/mL).  There 

was no statistically significant difference in aqueous humor VEGF concentration when 

comparing cataract stage (incomplete, complete, resorbing) (p=0.4574 to 0.9993).   

 

Diabetic cataract 

Vascular endothelial growth factor was detected in 43 of 51 aqueous humor samples from 

dogs with cataract secondary to diabetes mellitus.  Mean aqueous VEGF concentration 
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from dogs with diabetic cataract was 45.0pg/mL (95% confidence interval, 14.7 to 

138pg/mL).  Mean aqueous VEGF concentration of 9 eyes of 5 dogs with incomplete 

diabetic cataract was 24.3pg/mL (95% confidence interval, 3.2 to 190pg/mL).  Mean 

aqueous VEGF concentration of 32 eyes of 19 dogs with complete diabetic cataract was 

45.6pg/mL (95% confidence interval, 5.3 to 394pg/mL).   Mean aqueous VEGF 

concentration of 10 eyes of 6 dogs with resorbing diabetic cataract was 37.2pg/mL (95% 

confidence interval, 5.0 to 277pg/mL).  There was no statistically significant difference in 

aqueous humor VEGF concentration when comparing incomplete, complete and 

resorbing cataract stage (p=0.7125 to 0.9619).   

 

Lens-induced uveitis 

Vascular endothelial growth factor was detected in 18 of 18 aqueous humor samples from 

13 dogs with cataract-related lens-induced uveitis.  Mean aqueous VEGF concentration 

of dogs with lens-induced uveitis was 664pg/mL (95% confidence interval, 187 to 

2360pg/mL).   Mean aqueous VEGF concentration of 7 eyes of 4 dogs with complete 

cataract and lens-induced uveitis was 871pg/mL (95% confidence interval, 266 to 

2850pg/mL).  Mean aqueous VEGF concentration of 11 eyes of 9 dogs with resorbing 

cataract and lens-induced uveitis was 708pg/mL (95% confidence interval, 319 to 

1570pg/mL).   There was no statistically significant difference in aqueous humor VEGF 

concentration when comparing complete and resorbing cataract stage (p=0.7468).    
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Primary glaucoma 

Vascular endothelial growth factor was detected in 40 of 41 aqueous humor samples from 

35 dogs with primary glaucoma.  Mean aqueous VEGF concentration of dogs with 

primary glaucoma was 601pg/mL (95% confidence interval, 197 to 1830pg/mL).   

 

Uveitic glaucoma 

Vascular endothelial growth factor was detected in 24 of 24 aqueous humor samples from 

23 dogs with glaucoma secondary to uveitis.  Mean aqueous VEGF concentration of dogs 

with uveitic glaucoma was 2150pg/mL (95% confidence interval, 686 to 6710pg/mL).   

 

Aphakic/pseudophakic glaucoma 

Vascular endothelial growth factor was detected in 7 of 7 aqueous humor samples from 

dogs with glaucoma following cataract extraction.  Mean aqueous VEGF concentration of 

7 dogs with aphakic or pseudophakic glaucoma was 496pg/mL (95% confidence interval, 

100 to 2460pg/mL).  Mean aqueous VEGF concentration of 5 dogs with pseudophakic 

glaucoma was 1240pg/mL (95% confidence interval 226 to 6830pg/mL).  Concentration 

of VEGF from aqueous humor of 2 dogs with aphakic glaucoma was 7.8 and 762pg/mL.   

There was no statistically significant difference in aqueous humor VEGF concentration 

when comparing aphakia and pseudophakic eyes (p=0.0799).   
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Lens luxation 

Vascular endothelial growth factor was detected in 7 of 7 aqueous humor samples from 6 

dogs with glaucoma secondary to lens luxation.  Mean aqueous VEGF concentration of 

dogs with lens instability was 1030pg/mL (95% confidence interval, 187 to 5650pg/mL).   

 

Retinal detachment 

Vascular endothelial growth factor was detected in 13 of 13 aqueous humor samples from 

11 dogs with glaucoma secondary to retinal detachment.  Mean aqueous VEGF 

concentration of dogs with retinal detachment was 3120pg/mL (95% confidence interval, 

816 to 11900pg/mL).   

 

Intraocular tumor 

Vascular endothelial growth factor was detected in 17 of 19 aqueous humor samples from 

19 dogs with intraocular tumors.  Aqueous humor VEGF was not detected in 1 patient 

with benign melanoma and 1 patient with malignant melanoma.  Mean aqueous VEGF 

concentration of dogs with tumors was 1400pg/mL (95% confidence interval, 430 to 

4540pg/mL).  Mean aqueous VEGF concentration of 8 dogs with benign melanoma was 

250pg/mL (95% confidence interval, 12.7 to 4950pg/mL).  Mean aqueous VEGF 

concentration of 4 dogs with malignant melanoma was 1040pg/mL (95% confidence 

interval, 31.1 to 35000pg/mL).  Mean aqueous VEGF concentration of 4 dogs with ciliary 

body adenoma was 11900pg/mL (95% confidence interval 361 to 38800pg/mL).  

Concentrations of VEGF from 1 aqueous humor sample each of 1 dog with lymphoma, 

spindle cell tumor and anaplastic tumor were 2700pg/mL, 3670pg/mL and 63400pg/mL, 
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respectively.  There was not a statistically significant difference when comparing tumor 

types (p=0.3824 to 1.0). 

 

Other disease conditions 

Concentrations of VEGF from the aqueous humor of dogs with ocular melanosis and 

uveal cyst syndrome were 1250pg/mL, and 815pg/mL, respectively.   

 

Mean aqueous VEGF concentrations are summarized in Table 2 and depicted in Figure 2. 
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Disease comparison 

Aqueous humor VEGF concentration was significantly increased compared to normal 

dogs in eyes with primary glaucoma (p<0.001), aphakic/pseudophakic glaucoma (p = 

0.0018), lens instability (p=0.003), uveitic glaucoma (p<0.001), lens-induced uveitis 

(p<0.001), retinal detachment (p<0.001) and intraocular tumors (p<0.0003).  There was 

no statistically significant difference between dogs without intraocular disease and dogs 

with primary cataract (p=0.8237) or diabetic cataract (p=0.3419).   There was also no 

significant difference for aqueous humor VEGF concentration between primary and 

diabetic cataract (p=0.9916).   

 

There was a significant difference for aqueous humor VEGF concentration between 

primary cataract and all other diseases (p<0.001 to 0.0172).  There was also a significant 

difference for aqueous humor VEGF concentration between diabetic cataract and all 

other diseases (p<0.01 to 0.0133).  There was not a significant difference between 

aqueous humor VEGF concentration for any other disease comparison (primary 

glaucoma, uveitic glaucoma, aphakic/pseudophakic glaucoma, lens-induced uveitis, lens 

luxation, retinal detachment and intraocular tumor) (p=0.2652 to 1.0).   

 

When controlling for disease process, aqueous humor VEGF concentration was not 

significantly different in diseased eyes of dogs with glaucoma as compared to dogs 

without glaucoma.     
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There was no statistically significant difference for aqueous humor VEGF concentration 

for any breed (p=0.5982 to 1.0) and there was no statistically significant difference of 

aqueous humor VEGF concentration for any sex excepting intact males as compared to 

spayed females (p = 0.0332).   

 

There was no statistically significant difference for aqueous humor VEGF concentration 

in dogs without systemic disease and those with any evaluated systemic disease (e.g. 

diabetes mellitus, hyperadrenocorticism, cardiac disease, atopy, and hypertension), when 

analysis was controlled with respect to intraocular disease (p=0.533 to 1.0).   

 

There was no significant difference in aqueous humor VEGF concentration between dogs 

that received no medication and those that received only topical corticosteroids 

(p=0.9988).  Aqueous humor VEGF concentration in dogs that received topical steroids 

were significantly lower than dogs that received only topical prostaglandin analogs 

(p=0.023).   Aqueous humor VEGF concentration in dogs that received no medications 

were significantly higher than in dogs that received topical and systemic steroids 

(p=0.0002) Aqueous humor VEGF concentration in dogs that received no medications 

were significantly lower than dogs that received a prostaglandin analog (p=0.0153).  

There was not a statistically significant difference for aqueous humor VEGF 

concentration in dogs treated with topical corticosteroids alone as compared to dogs 

treated with topical and systemic corticosteroids (p=0.1215).  Dogs treated with only 

systemic corticosteroids had a significantly higher aqueous humor VEGF concentration 

as compared to dogs treated with a topical and systemic steroid (p=0.0263).    
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When controlling for disease process, aqueous humor VEGF concentration was not 

significantly correlated with disease duration (data not shown).    

 

There was a tendency for increased aqueous humor VEGF concentration with increasing 

age.  A scatter plot fitted with a regression line gave the following regression equation:   

Ln[VEGF]AH = 3.2954 + 0.2413 x (age), where  [VEGF]AH = concentration of VEGF in 

the aqueous humor in pg/mL and (age) = patient age in years.  
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Plasma VEGF concentration 

Vascular endothelial growth factor was detected in 9 of 21 plasma samples from dogs 

with primary cataract, with a mean plasma VEGF concentration of 3.2pg/mL (range, 0 to 

30.6pg/mL).  Vascular endothelial growth factor was detected in 12 of 17 plasma samples 

from dogs with cataract secondary to diabetes mellitus, with a mean plasma VEGF 

concentration of 12.0pg/mL (range, 0 to 989pg/mL).  Vascular endothelial growth factor 

was detected in 2 of 6 plasma samples from dogs with lens-induced uveitis with a mean 

plasma VEGF concentration of 3.7pg/mL (range, 0 to 55.9pg/mL).  Vascular endothelial 

growth factor was detected in 3 of 14 plasma samples from dogs with primary glaucoma, 

with a mean plasma VEGF concentration of 3.0pg/mL (range, 0 to 46.1pg/mL).  Vascular 

endothelial growth factor was not detected in any of 3 plasma samples from dogs with 

glaucoma secondary to lens instability or with aphakic glaucoma.  Vascular endothelial 

growth factor was detected in 5 of 15 plasma samples from dogs with uveitic glaucoma, 

with a mean plasma VEGF concentration of 3.2pg/mL (range, 0 to 44.2pg/mL).  Vascular 

endothelial growth factor was detected in 3 of 6 plasma samples from dogs with retinal 

detachment, with a mean plasma VEGF concentration of 5.2pg/mL (range, 0 to 

33.0pg/mL).  Vascular endothelial growth factor was detected in 9 of 12 plasma samples 

from dogs with intraocular tumor, with a mean plasma VEGF concentration 4.6pg/mL 

(range, 0 to 23.4pg/mL).  Plasma VEGF concentration from 1 dog each with ocular 

melanosis and uveal cyst syndrome were 27.5pg/mL and 17.9pg/mL, respectively.   

 

Plasma VEGF concentration did not correlate with aqueous humor VEGF concentration. 

Figure 1 shows an aqueous humor versus plasma VEGF concentration scatter plot with a 
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fitted regression line for 52 samples in which VEGF was within the limits of detection for 

both aqueous and plasma samples.  A similar scatter plot that included samples where the 

VEGF concentration was below detection limits and therefore assigned values of zero 

was evaluated and had a similar regression line, indicating lack of correlation between 

plasma and aqueous humor VEGF concentrations. Table 4 illustrates the proportions of 

aqueous and plasma samples that were within and below the detection limits of the assay 

and their mean values.     

 

Pre-iridal fibrovascular membrane 

73 globes were evaluated for pre-iridal fibrovascular membranes (PIFMs).  No 

histopathologic samples were obtained from control dogs or dogs with primary cataract, 

diabetic cataract or lens-induced uveitis without glaucoma.  PIFMs were detected in 56 of 

73 (76.7%) histopathologic samples.  Of 73 globes examined, 17 (23.3%) had no 

evidence of a PIFM, 26 (35.6%) had cellular PIFMs, 15 (20.5%) had vascular or fibrous 

PIFMs and 15 (20.5%) had fibrovascular PIFMs.  Of all PIFMs, 46.4% were cellular, 

26.8% were vascular or fibrous and 26.8% were fibrovascular.    

 

PIFMs were noted in 10 of 18 (55.6%) histopathologic samples of dogs with primary 

glaucoma.  PIFMs were predominantly cellular (n=7, 70%), with few vascular or fibrous 

(n=2, 20%) or fibrovascular (n=1, 10%).   
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PIFMs were noted in 14 of 19 (73.7%) histopathologic samples of dogs with uveitic 

glaucoma.  PIFMs were cellular (n=7, 50%), vascular or fibrous (n=2, 14.3%) and 

fibrovascular (n=5, 35.7%).   

 

PIFMs were noted in 4 of 4 (100%) histopathologic samples of dogs with glaucoma 

secondary to lens instability.  PIFMs were cellular (n=3, 75%) and vascular (n=1, 25%).   

PIFMs were noted in 7 of 8 (87.5%) histopathologic samples of dogs with glaucoma 

secondary to retinal detachment.  PIFMs were cellular (n=2, 28.6%), vascular or fibrous 

(n=2, 28.6%) and fibrovascular (n=3, 42.8%).   

 

PIFMs were noted in 16 of 18 (88.9%) histopathologic samples of dogs with intraocular 

tumors.  In dogs with benign melanomas, PIFMs were predominantly vascular or fibrous 

(n=4, 57.1%), in addition to cellular (n=1, 14.3%) and fibrovascular (n=2, 28.6%).  In 

dogs with malignant melanoma, PIFMs were vascular or fibrous (n=1, 50%) and 

fibrovascular (n=1, 50%).  In dogs with adenomas, PIFMs were cellular (n=1, 25%), 

vascular or fibrous (n=2, 50%) and fibrovascular (n=1, 25%).   

 

PIFMs were noted in 1 of 1 histopathologic sample each of dogs with uveal cyst disease 

and ocular melanosis, both in the cellular form.   

 

PIFM distribution according to disease is listed in Table 3.  Examples of cellular, 

vascular and fibrovascular PIFMs are depicted in figures 3, 4, 5, 6 and 7.   
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Dogs without evidence of PIFM had a mean aqueous humor VEGF concentration of 417 

pg/mL (95% confidence interval, 57.7 to 3020pg/mL).  Dogs with cellular PIFM had a 

mean aqueous humor VEGF concentration of 1061pg/mL (95% confidence interval, 144 

to 7840pg/mL).  Dogs with vascular or fibrous PIFM had a mean aqueous humor VEGF 

concentration of 1420pg/mL (95% confidence interval, 196 to 10300pg/mL).  Dogs with 

fibrovascular PIFM had a mean aqueous humor VEGF concentration of 5720pg/mL 

(95% confidence interval, 791 to 41400pg/mL).   

 

Aqueous humor concentration of VEGF differed significantly for dogs without evidence 

of PIFM and dogs with a fibrovascular PIFM (p=0.0012).  Aqueous humor VEGF 

concentration did not differ significantly for dogs without histopathologic evidence of 

PIFM as compared to dogs with cellular (p=0.1704) and dogs with vascular or fibrous 

(p=0.0667) PIFM.  Aqueous humor VEGF concentration did not differ significantly for 

dogs with cellular PIFM as compared to vascular or fibrous (p=0.8412) or fibrovascular 

(p=0.1096) PIFM, nor for dogs with vascular or fibrous as compared to fibrovascular 

PIFM (p=0.5255).   
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DISCUSSION 

 

Aqueous humor VEGF 

In the present study of dogs with intraocular disease, VEGF was detected in aqueous 

humor in dogs with all disease conditions examined.  VEGF expression was below the 

limits of detection or detected at low levels in plasma and aqueous humor of normal dogs.  

VEGF concentration in all diseased eyes, excepting primary and diabetic cataracts, was 

significantly elevated in comparison to non-diseased eyes.   

 

The highest mean aqueous humor VEGF concentrations were found, in descending order, 

in eyes with retinal detachment, uveitic glaucoma, intraocular tumors, ocular melanosis, 

lens luxation, uveal cyst syndrome, lens-induced uveitis, primary glaucoma, 

aphakic/pseudophakic glaucoma.  Disease processes as compared to each other were not 

significantly different, likely due to the broad range and 95% confidence interval of 

aqueous humor VEGF concentrations found for many disease conditions resulting in 

overlap between conditions.   

 

The cause of elevated VEGF expression in eyes with these disease conditions may be 

related, broadly, to the relative induction of ischemia, hypoxia or reactive oxygen 

intermediates with these diseases.  Examination of the exact mechanisms at play is 

beyond the scope of this study.  
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Normal dogs 

Low levels of VEGF were detected in the aqueous humor of normal dogs.  Due to the 

invasiveness of sampling, aqueous humor VEGF in humans without intraocular disease is 

not reported and aqueous humor VEGF concentration of other species is not described 

and so interspecies comparison is not possible.  For the purposes of this study, euthanized 

dogs served as the control population.  Despite my best efforts for a timely sampling, in 

some cases sampling was delayed for up to 1 hour.  Post-mortem hypoxia or cellular 

degradation may be the cause of detectable levels of VEGF in our control samples.  

While most samples had aqueous humor VEGF concentrations of <20pg/mL, a few 

samples had levels of 40 to 60pg/mL.  A time delay in sample collection may explain the 

disparity but timing of sample collection was not recorded for each sample.   Further 

study of the post-mortem effects on VEGF in bodily fluids would be required to better 

elucidate this effect.  Additionally, all eyes were evaluated as best possible for pre-

existing ocular disease before collection, but histopathology was not performed on any 

control globes.  Some control eyes may have harbored disease below clinical detection 

limits affecting aqueous humor VEGF concentration.   

 

Cataract 

Aqueous humor VEGF concentrations in dogs with primary cataract and diabetic cataract 

were not significantly elevated compared to normal dogs or compared to each other.  

Controlled studies in humans often utilize the aqueous humor of patients undergoing 

cataract extraction for comparison to other diseases, such as glaucoma and intraocular 

neoplasia.  In dogs, intraocular inflammation is noted with all stages of cataract.31-33  We 
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found no significant difference in aqueous humor VEGF concentrations in eyes with 

cataract and eyes without intraocular disease, suggesting either minimal inflammation in 

these eyes or lack of association of VEGF with subclinical lens-induced uveitis.  In 

humans evaluated with ELISA (R&D Systems, Minneapolis, MN), mean aqueous humor 

VEGF concentration of 102.4pg/mL was noted, as compared to 28.2pg/mL in dogs noted 

in the present study.98 

 

In relatively few eyes within the cataract groups, aqueous VEGF concentrations reached 

a very high level.  In one patient with primary cataract, aqueous VEGF concentration was 

198pg/mL and in one patient with diabetic cataract, aqueous VEGF concentration was 

897pg/mL while the majority of patients did not have levels exceeding 100pg/mL.  These 

outliers may represent animals that had subclinical uveitis resulting from the cataract or 

animals with high levels of oxidative stress at the tissue level.   

 

Subclinical uveitis is reported to be present even in early stages of cataract before 

clinically apparent uveitis is present.31-33  Both primary and diabetic cataract samples had 

lower mean aqueous VEGF concentration as compared to dogs with clinically apparent 

lens-induced uveitis.  The lens is reported to produce inhibitor(s) of angiogenesis.176  It is 

possible that this inhibitory effect counteracts the inflammation induced as soluble lens 

proteins escape the intact lens capsule to produce lens-induced (phacolytic) uveitis.  At a 

point that the regulatory mechanisms are overwhelmed, and vasculogenesis can no longer 

be staunched, high levels of VEGF may be detected and clinically apparent uveitis may 

result.   
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Lens-induced uveitis 

Dogs with clinical lens-induced uveitis harbored high aqueous VEGF levels as compared 

to dogs without disease or with only cataract.  Uveitis, or inflammation of the uveal tract, 

implies a role for inflammatory mediators in order to perpetuate disease.  From the results 

of the present study, VEGF appears to be present in response to intraocular inflammation 

in dogs.  This is similar to what has been described for humans with intraocular 

inflammation, although lens-induced uveitis is much less common in human patients than 

dogs and assessment of VEGF expression in this condition for people has not been 

previously performed, to my best knowledge.  Other cytokines are reported to be elevated 

in human eyes with lens-induced uveitis as compared to chronic uveitis, specifically IFN-

γ and IL-12.177     

 

Primary glaucoma 

Dogs with primary glaucoma had significantly elevated aqueous VEGF concentrations. 

One major mechanism of injury to the retina with elevated intraocular pressure is 

ischemia of the retinal ganglion cell layer and optic nerve tissue.12  This posterior 

segment hypoxia, as well as ischemic damage to the ocular tissues, provides an 

explanation for release of a vasogenic factor such as VEGF.  Additionally, reactive 

oxygen intermediates, known to signal VEGF production and release, are involved in the 

pathogenesis of glaucoma in human beings and likely play a role in dogs.81,178  Lastly, 

many dogs with primary glaucomas were treated with prostaglandin analogs.  

Prostaglandin analogs are reported to induce VEGF expression, although the effects of 

local administration on aqueous levels have not been reported.  There was a statistically 
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significant increase in aqueous humor VEGF concentration for animals treated with 

prostaglandin analogs in this study, when controlling data for the disease state.         

 

In a human study utilizing the same kit ELISA (R&D Systems, Minneapolis, MN) as the 

present study, mean aqueous humor VEGF levels in primary open angle glaucoma 

patients were 140pg/mL and in angle closure glaucoma were 143pg/mL.98  Primary 

glaucomas in dogs are most similar to angle closure glaucoma in humans and the levels 

we found were 601pg/mL.  The 4.3 fold elevation in aqueous humor VEGF in dogs as 

compared to humans is perhaps related to duration and severity of disease, as most of the 

canine cases were sampled at the time of salvage surgery, whereas samples from human 

patients were collected at the time of filtration surgery, presumably earlier in the disease 

process.  Biologic differences in degree of VEGF expression between species may also 

account for this difference. 

 

Uveitic glaucoma 

Uveitic glaucoma shares the ischemia described for primary glaucoma and the 

inflammation described for lens-induced uveitis.  However, dogs with uveitic glaucoma 

were sampled, in most cases, at the time of a salvage procedure.  This implies that these 

dogs experienced significant, intractable disease.  In addition, most dogs were on local 

and/or systemic medications at the time of sampling.  Although these medications were 

not significantly correlated with aqueous VEGF concentration in this study, they are 

reported to dampen the production of VEGF.83,87  It is possible that aqueous VEGF levels 
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in this study would be more elevated if topical and systemic steroids had not been 

utilized.    

 

Aqueous humor samples from two people with uveitic glaucoma were evaluated in a 

study utilizing the same VEGF kit as was utilized in the present study (R&D Systems, 

Minneapolis, MN).  In that report, mean aqueous humor VEGF levels in humans were 

322pg/mL, as compared to 2150pg/mL found in dogs with this condition.98   As was the 

case for primary glaucomas, the almost 6-fold elevation in aqueous humor VEGF in dogs 

as compared to humans is perhaps related to duration and severity of disease, as most of 

the canine cases were sampled at the time of salvage surgery, whereas samples from 

human patients were collected at the time of filtration surgery, presumably earlier in the 

disease process.  Biologic differences in degree of VEGF expression between species 

may also contribute to this difference.    

 

Lens instability 

The cause of elevated VEGF expression in eyes with lens luxation was most likely 

related to effects of glaucoma and the inflammation associated with  lens instability.  In 

addition, some dogs received topical prostaglandins, which may contribute to elevated 

aqueous humor VEGF levels, although the contribution of prostaglandins was not found 

to be statistically significant.  There are no human reports, to my best knowledge, which 

document VEGF or inflammatory cytokine activity in this specific condition in humans, 

probably due to the uncommon nature of this disease.   
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Retinal detachment 

Retinal detachment in dogs was associated with an elevated aqueous humor VEGF 

concentration.  This finding parallels human disease, where elevated VEGF levels are 

found in the vitreous and subretinal fluid in patients with retinal detachment.103,147,160  A 

specific form of glaucoma in humans with antecedent retinal ischemia is neovascular 

glaucoma.43  In a study using the same commercial ELISA utilized for the present study 

(R&D Systems, Minneapolis, MN), one eye with neovascular glaucoma had an aqueous 

humor VEGF concentration of 759pg/mL.98  We found mean aqueous VEGF 

concentration of 3120pg/mL in dogs with retinal detachment and glaucoma.   

 

Intraocular tumors 

In our study, the difference in mean aqueous VEGF concentration between tumor types 

was not statistically significant.  However, it could be expected that differences between 

tumor types would be related to relative amount of tumor vasculogenesis and host tissue 

destruction.  The cause of elevated VEGF expression in eyes with intraocular tumors may 

perhaps relate to tumor factors that up regulate VEGF expression in order to mitigate 

tumor growth or host tissue ischemia following tumor invasion.   

 

VEGF is expressed by human ocular tumors and found in elevated levels in the ocular 

fluids of eyes with tumor.99,100,150,155  One study evaluated aqueous humor VEGF 

concentrations in eyes with uveal melanomas using a similar ELISA kit used for the 

present study (R&D Systems, Abingdon, Oxford, UK).  In that study, aqueous humor 

VEGF concentrations had a median value of 800pg/mL as compared to dogs in the 
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present study with mean of 251pg/mL for benign melanoma and 1040pg/mL for 

malignant melanoma.156  In this disease process, the malignant melanomas of dogs are 

more likely to behave biologically like uveal melanomas of humans and VEGF 

concentrations were indeed similar.   

 

Uveal cyst and ocular melanosis 

Pigmentary disease was noted in two patients, one with ocular melanosis and one with 

uveal cyst syndrome.  Both patients had glaucoma.  In both conditions, pigment deposits 

in the eye in varying forms.  Since inflammation is not a hallmark for either disease, it is 

likely that VEGF expression in these conditions is independent of uveitis.20,21   

 

In one human patient with exfoliative glaucoma evaluated by the ELISA kit utilized in 

the present study (R&D Systems, Minneapolis, MN), aqueous humor VEGF 

concentration of 159pg/mL was detected.  In our two patients with pigmentary disease, 

aqueous humor VEGF concentrations of 1250pg/mL and 815pg/mL were detected.  The 

sample numbers are too low to make meaningful correlations.   

 

Plasma VEGF 

Plasma VEGF concentrations were measured to address the possibility that VEGF within 

the canine eye principally reflects spillover from the systemic circulation.  Plasma VEGF 

exceeded aqueous VEGF in 2 diabetic patients with cataract.  In these patients, systemic 

disease likely played a role in circulating VEGF levels, although systemic disease was 

not found to be associated with aqueous VEGF concentration when controlling for ocular 
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disease.  For one patient, plasma VEGF was 989pg/mL, significantly higher than the 127 

and 135 pg/mL found in the right and left eyes.  This is the only patient where circulating 

VEGF may have influenced aqueous VEGF levels and is unlikely to contribute 

significantly to the mean of aqueous or plasma VEGF for this group.  The other patient 

had a plasma VEGF concentration of 40pg/mL but aqueous VEGF levels were below the 

limits of detection.  For all other patients, aqueous humor VEGF exceeded plasma VEGF 

concentration.  Aqueous humor VEGF levels in these patients is therefore unlikely to be 

related to circulating VEGF levels and indicates local VEGF production within the eye.   

 

Our findings of mean plasma VEGF concentrations correlate well with what has been 

previously described.118,129,130,132,133  Most dogs had undetectable or low VEGF 

concentrations in plasma samples.  In previous reports, mean plasma utilizing the same 

ELISA kit (R&D Systems, Minneapolis, MN), plasma VEGF concentrations were largely 

below the limits of detection for normal dogs.130  No study has specifically evaluated 

plasma VEGF in dogs with diabetes mellitus, a condition known to affect circulating 

VEGF levels in humans.102  In our study, mean plasma VEGF concentration for dogs 

with diabetic cataract was 12.0pg/mL.     

 

Pre-iridal fibrovascular membranes 

PIFM diagnosis was considerably higher in this study than in previous reports with 

similar disease conditions.  The grading system employed to characterize PIFMs in the 

present study was based on the descriptions by Peiffer et al of PIFM in domestic 

animals.44   In our study, PIFMs were detected in 76.7% of ocular samples.  The high rate 
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of PIFM detection presently may be related to increased sensitivity due to high clinical 

suspicion or an increased severity of disease as compared to previous reports.  While case 

bias may also be implicated, the spectrum of conditions is similar to that examined by 

Peiffer et al.44 

 

More specifically, PIFMs were detected in 56% of cases of primary glaucoma in the 

present study, as compared to 14% of cases of chronic glaucoma by Peiffer et al; 88% of 

cases of retinal detachment in the present study as compared to 21% of globes by Peiffer 

et al; and 89% of cases of intraocular tumor as compared to 19% with ciliary body 

adenoma and 10% with intraocular melanoma by Peiffer et al.44  However, PIFMs were 

noted in 86% of globes enucleated for glaucoma following cataract extraction in a 

previous study, which is comparable to the present report of 75.3% in aphakic or 

pseudophakic glaucoma.54  PIFMs were detected in 74% of cases of uveitic glaucoma in 

this study, a disease condition that has not been evaluated on a large scale previously in 

the dog.   

 

The cellular, vascular and fibrous forms of PIFM are theorized to represent a spectrum of 

progression with chronicity of disease.44  Of all PIFMs detected in the present study, the 

cellular form predominated.   The fibrovascular form was significantly associated with 

elevated VEGF concentration as compared to eyes that did not have evidence of PIFM, 

which may indicate that aqueous humor VEGF is responsible for the vascular component 

of PIFM or that the PIFM is responsible for VEGF expression.  The cellular and vascular 

forms of PIFM did not vary significantly from the eyes without PIFM or the eyes with 
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fibrovascular PIFM.  It would be most advantageous to correlate PIFM with VEGF 

and/or VEGF receptor expression to better confirm a causative relationship of VEGF on 

PIFM development.  

 

Primary glaucoma 

Dogs with primary glaucoma tended to have no evidence of a PIFM (8/18) or have a 

cellular PIFM (7/18) on histopathology.  Only 1 dog of 18 had a fibrovascular PIFM, the 

only PIFM type which correlated with elevated aqueous humor VEGF levels.  Although 

cellular to fibrovascular forms of PIFMs are thought to represent a continuum, the finding 

that many dogs in this group, despite end-stage disease, did not develop a PIFM or show 

evidence of progression past a cellular form may indicate that ocular neovascularization 

is not an overwhelming response to primary glaucoma in dogs.    

 

Uveitic glaucoma 

In dogs with uveitic glaucoma studied here, 14/19 eyes had evidence of a PIFM in a 

cellular (7/19) to fibrovascular (5/19) form.  The high aqueous humor VEGF 

concentration in concert with the high degree of intraocular neovascularization supports a 

pathogenic role for VEGF and PIFM in canine uveitic glaucomas.   

Lens luxation 

In the present study, 4 of 4 dogs with lens luxation had PIFM, 3 in a cellular and 1 in a 

vascular form.  This demonstrates that few of these dogs have the more progressed 

fibrovascular form and parallels the findings for primary glaucoma. 
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Retinal detachment 

Dogs with retinal detachment had evidence of PIFM in 7 of 8 histopathology samples.  

Fibrovascular PIFM were found in 37.5% of retinal detachment cases, the highest relative 

frequency of any disease process we evaluated.  The high mean VEGF concentration and 

high frequency of fibrovascular PIFM gives strong indication for a causal association 

between these two variables in dogs with retinal detachment.  These findings explain the 

incidence of hyphema and secondary glaucoma in dogs with retinal detachment.41 

 

Intraocular tumors 

Overall, dogs with intraocular tumors had a fairly high rate of PIFM.  Of 18 dogs, 6/18 

dogs had fibrovascular PIFM, and 7/18 had vascular PIFM.  Only 2 dogs did not have 

evidence of PIFM.  Analyzing specific groups, for cases of benign melanomas, 2/8 had 

fibrovascular PIFM and 4/8 had vascular PIFM.  For malignant melanoma, 1/3 had 

fibrovascular and 1/3 had vascular PIFM.  For adenoma, 1/4 had fibrovascular and 2/4 

had vascular PIFM.  Overall, there was a high incidence of fibrovascular and vascular 

PIFM as compared to cellular PIFM, again supporting a pathogenic role for VEGF in the 

development of complications, particularly secondary glaucoma, from intraocular  

neoplasms.      

Uveal cyst and ocular melanosis 

Dogs with melanosis and uveal cyst syndrome each had cellular form of PIFM.   
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Caveats 

Limitations of this study include sampling and patient factors.  A limited number of 

samples were obtained from some dogs with specific disease conditions, notably uveal 

cyst syndrome and ocular melanosis, rendering it impossible to draw concrete 

conclusions from these disease groups.   

 

Within disease groups, subgroups of the disease conditions had limited case numbers, 

especially tumors and lens regrowth.  Increasing the number of dogs with specific 

conditions may have allowed elucidation of differences within groups.   

 

There was a wide range of VEGF levels for many disease conditions.  This allowed a 

large amount of overlap between disease groups and often prevented conclusions 

regarding significant differences between groups to be drawn.   

 

As a prospective clinical study, there is an aim for consistency.  However, as an 

uncontrolled, non-randomized study of clinical patients, control of some factors is not 

practical or possible.  In this study we reported, but did not control, medications utilized, 

patient signalment, duration of disease and systemic disease.   

   

There was a sincere goal to treat all patient samples identically from the time of 

collection until assay, but this aim was thwarted by failed refrigeration midway through 

the project, thawing all samples collected to that point to room temperature for up to 4 

days.  We attempted to replicate this room temperature storage for samples spiked with a 
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controlled amount of VEGF.  However, these experiments revealed a small, but 

statistically significant, decline in sample VEGF, significant for the fourth day.  A decline 

in aqueous humor VEGF concentration over time would not render this study invalid as it 

would not likely change our findings in a clinically significant manner.     
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CONCLUSIONS 

 

The purpose of this study was to evaluate expression of vascular endothelial growth 

factor in the aqueous humor of dogs with intraocular disease.   

 

An ELISA kit targeting human VEGF164 was used successfully to detect VEGF in the 

aqueous humor of normal dogs and the aqueous humor and plasma of dogs with a variety 

of intraocular diseases.   

 

Based on the results of this study, VEGF is expressed at low levels in dogs without 

intraocular disease and in dogs with cataract.  VEGF expression is significantly elevated 

in the aqueous humor of dogs with inflammatory and hypoxic intraocular diseases, 

specifically retinal detachment, uveitic glaucoma, intraocular tumors, ocular melanosis, 

lens luxation, uveal cyst syndrome, lens-induced uveitis, primary glaucoma, 

aphakic/pseudophakic glaucoma.  Whether VEGF levels are merely elevated in response 

to disease or play a pathogenic role in these conditions likely varies with disease and 

remains to be elucidated. 

 

Aqueous humor VEGF concentration is positively correlated with detection of the 

fibrovascular form of pre-iridal fibrovascular membrane and likely has a pathogenic role 

in that condition.   

 

 70



VEGF appears to be produced within the canine eye in response to disease.  The tissues 

responsible for such production remain to be elucidated.   

 

These results indicate a role for VEGF inhibitors early in the treatment of dogs with 

inflammatory and hypoxic ocular disease in order to prevent PIFM formation.  It is 

warranted to continue research regarding the safety and efficacy of such compounds for 

use in companion animals, specifically dogs, as these medications may limit the sequellae 

of diseases characterized by intraocular neovascularization, most specifically retinal 

detachment, uveal tumors and uveitic glaucoma.   
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APPENDIX 
 
Table 1: Case distribution 
 

Disease process Stage or type
Aqueous  
samples

Plasma  
samples # Dogs

Normal 26 0 13
Primary cataract 44 20 32

 Incomplete 14 3 10
 Complete 13 7 9
 Resorbing 17 10 13

Diabetic cataract 51 17 30
 Incomplete 9 4 5
 Complete 32 11 19
 Resorbing 10 2 6

Aphakic/pseudophakic 
glaucoma 7 6 7

Lens-induced uveitis 18 6 13
Primary glaucoma 41 14 35
Uveitic glaucoma 24 15 23

Retinal detachment 13 6 11
Tumor 19 12 19

 
Benign 

melanoma 8 3 8

 
Malignant 
melanoma 4 3 4

 Adenoma 4 3 4
Lens instability 7 3 6

Ocular melanosis 1 1 1
Uveal cyst syndrome 1 1 1

  
Total 252 101 191
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Table 2:  Mean Aqueous Humor Concentrations of VEGF 
 

Disease process 
Stage or 

type

Mean 
[VEGF]AH 95% confidence 

intervalNumber in pg/mL
Normal 26 10.6 2.9-39.0

Primary cataract 44 28.2 9.2-86.3
 Incomplete 14 17.9 1.0-262
 Complete 13 46.1 3.3-642
 Resorbing 17 14.9 0-248

Diabetic cataract 51 45 14.7-138
 Incomplete 9 24.3 3.2-190
 Complete 32 45.6 5.3-394
 Resorbing 10 37.2 5.0-277

Aphakic/pseudophakic 
glaucoma 7 496 100.0-2460

Lens-induced uveitis 18 665 187-2360
Primary glaucoma 41 601 198-1830
Uveitic glaucoma 24 2150 686-6710

Retinal detachment 13 3120 816-11900
Tumor 19 1400 429-4540

 
Benign 

melanoma 8 251 12.7-4950

 
Malignant 
melanoma 4 1040 31.1-35000

 Adenoma 4 11850 362-38800
Lens instability 7 1030 187-5653

Ocular melanosis 1 1253 Not applicable
Uveal cyst syndrome 1 814.6 Not applicable
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Table 3: Distribution of PIFMs in Histopathology Samples 

 

Disease Type Number
Absent 

(0)
Cellular 

(1)
Vascular or 

fibrous (2) 
Fibrovascular 

(3)
Aphakic/pseudophakic 

glaucoma  4 1 2 1 0
Primary glaucoma  18 8 7 2 1
Uveitic glaucoma  19 5 7 2 5

Retinal detachment  8 1 2 2 3
Tumor  18 2 3 7 6

 
Benign 

melanoma 8 1 1 4 2

 
Malignant 
melanoma 3 1 0 1 1

 Adenoma 4 0 1 2 1
Lens instability  4 0 3 1 0

Ocular melanosis  1 0 1 0 0
Uveal cyst syndrome  1 0 1 0 0

   
Total  73 17 26 15 15
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Table 4:  Aqueous Humor and Plasma VEGF Concentration for Samples Within the 
Limits of Detection and Below the Limits of Detection.  
 

                                                                  Plasma VEGF 

   
   

   
   

  A
qu

eo
us

 H
um

or
 V

EG
F 

 Below limits of detection Within limits of detection  

Below 
limits of 
detection 

(n = 8) 
OD: 3 OS: 5 
Mean[VEGF]AH =TLTM 
Mean[VEGF]PL  = TLTM 

(n = 2) 
OD: 1 OS: 1 
Mean[VEGF]AH = TLTM 
Mean[VEGF]PL  = 40pg/mL 10 

Within 
limits of 
detection 

(n = 46)  
OD: 27 OS: 19 
Mean[VEGF]AH = 500pg/mL 
Mean[VEGF]PL  = TLTM 

(n = 66) 
OD: 32 OS: 34 
Mean[VEGF]AH = 445pg/mL 
Mean[VEGF]PL  = 19.1pg/mL 112 

 54 68 Total: 122 
 
 
Key:  
OD = right eye, OS = left eye 
[VEGF]AH = Vascular endothelial growth factor concentration in aqueous humor 
[VEGF]PL =  Vascular endothelial growth factor concentration in plasma 
TLTM = too low to measure 
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Figure 1:  Scatter Plot of Plasma VEGF and Aqueous Humor VEGF Concentration 
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Figure 2:  Bar Graph of Mean Aqueous Humor VEGF Concentration by Disease.  
Significant difference of disease groups from dogs without intraocular disease is denoted 
with an asterisk (*).    
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Figure 3: Cellular PIFM at 40x magnification.  A cellular layer lacking blood vessels 
covers the anterior iris epithelium.  The arrow indicates the interface of the anterior iris 
and cellular membrane. 
 

 
 
 
 

 89



Figure 4: Vascular PIFM at 40x magnification.  A thin cellular layer with blood vessels 
covers the anterior iris epithelium.  A blood vessel is indicated by the arrow in this view. 
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Figure 5: Fibrovascular PIFM at 4x magnification.  A thick fibrovascular membrane is 
covering the anterior surface of the iris and causing entropion uvea, as indicated by the 
arrow.  
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Figure 6:  Fibrovascular membrane at 10x magnification.  The membrane is extending 
over the iridocorneal angle (indicated by arrow).   
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Figure 7: Fibrovascular PIFM at 40x magnification.  Evaluation of the structure at this 
magnification reveals blood vessels and connective tissue covering the anterior iris.  The 
arrow indicates the junction of the anterior iris with the fibrovascular membrane.   
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Sample summary:  “patient” refers to patient identification number; “OD”, “OS” and “Pl” refer to the VEGF concentration of the 
right eye, left eye and plasma, respectively; “ocular disease” refers to ocular disease (1, 2 and 3 refer to incomplete, complete and 
resorbing cataract, respectively); “age” refer to age in years; “sex” refers to gender (M = intact male, MC= castrated male, F= intact 
female, FS= spayed female); “duration” refers to ocular disease duration in months; “PIFM” refers to pre-iridal fibrovascular 
membrane (0=not present; 1= cellular, 2= vascular or fibrous, 3= fibrovascular).       
 

Patient OD OS Pl 
Ocular 
Disease Age Breed Sex 

Systemic 
Disease Duration Medications PIFM Glaucoma

DMCR 0 24.3  Control 2 Mixed M None  None  No 
IMCR 10.3 19.5  Control 2 Mixed M None  None  No 
LMEK 63 39.7  Control 2 Mixed M None  None  No 
MAJ 12.4 14.5  Control 2 Mixed M None  None  No 
MAP 13.7 7.9  Control 2 Mixed M None  None  No 
MAR 12.5 0  Control 2 Mixed M None  None  No 
MAY 10.1 12  Control 2 Mixed M None  None  No 
MB5 9.5 0  Control 2 Mixed M None  None  No 
MBI 64.5 49.7  Control 2 Mixed M None  None  No 
MBJ 7.4 11.2  Control 2 Mixed M None  None  No 
MBY 0 0  Control 2 Mixed M None  None  No 
MCX 14.4 16.5  Control 2 Mixed M None  None  No 
MFY 25.2 5  Control 2 Mixed M None  None  No 

95874  28.6  
Primary 
cataract- 1 6 

Basset 
Hound MC None 7 

Topical, 
systemic steroid  

No 

99213 48.6 191  
Primary 
cataract- 1 7 Beagle MC None 12 

Topical, 
systemic steroid  

No 

92685 147 37.3 0 
Primary 
cataract- 2 13 

Bichon 
Frise FS Atopy 0.25 Topical steroid 0 

No 

93064 0  0 
Primary 
cataract- 1 10 

Bichon 
Frise FS None 18 Topical steroid  

No 

AM3A  36.4 26.1 8.5 
Primary 
cataract- 2 8 

Bichon 
Frise MC None 3 

Topical steroid, 
prostaglandin  

No 

97313 131 163  
Primary 
cataract- 1 11 

Boston 
Terrier FS None 10 

Topical 
 

No 
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97816  155  
Primary 
cataract- 1 11 

Boston 
Terrier FS Atopy 8 

Topical 
 

No 

99268 63.5 198 16 
Primary 
cataract- 3 7 

Boston 
Terrier FS None 18 

Topical 
 

No 

99918 0 15.5  
Primary 
cataract- 3 2 

Cocker 
Spaniel F None 2 

Topical 
 

No 

AM2A  6.2  8.6 
Primary 
cataract- 2 2 

Cocker 
Spaniel FS None 3 

Topical steroid, 
prostaglandin  

No 

SA3A 0  0 
Primary 
cataract- 1 2 

Cocker 
Spaniel MC None 2 Topical steroid  

No 

91135  0  

Primary 
cataract- 3 

7 JRT MC None 30 
Topical, 
systemic steroid  

No 

97546  17.1 0 
Primary 
cataract- 3 1 JRT FS Atopy 3.5 

Topical, 
systemic steroid  

No 

97146 42.3 29.7  
Primary 
cataract- 3 6 Other FS None 0.75 

Topical, 
systemic steroid  

No 

98474 189.3 12.3  
Primary 
cataract- 1 13 Other FS HAC 12 

Topical, 
systemic steroid  

No 

91439  54.4  
Primary 
cataract- 2 6 Other FS Other 1.5 Topical steroid  

No 

68171  0 0 
Primary 
cataract- 3 11 Mixed FS None 2 

Topical, 
systemic steroid  

No 

AM1A  191 6.5 
Primary 
cataract- 2 14 Mixed MC None 3 Topical steroid  

No 

SA11A 31.6   
Primary 
cataract- 1 4 Mixed MC None  Topical steroid  

No 

SA5A 553  0 
Primary 
cataract- 2 3.5 Mixed MC None 2 Topical steroid  

No 

100058 179 5.3  
Primary 
cataract- 2 6 Other FS None 6 

Topical, 
systemic steroid  

No 

88313 42.2  27.6 
Primary 
cataract- 3 8 Other MC None 24 

Topical, 
systemic steroid  

No 

97029  38.6 7.7 
Primary 
cataract- 1 6 Other FS None 6 

Topical, 
systemic steroid  

No 

99975 5.1 51.4  
Primary 
cataract- 1 11 Other MC None 12 

Topical, 
systemic steroid  

No 
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96844  116 17.7 
Primary 
cataract- 2 6 Other MC None 2 

Topical, 
systemic steroid  

No 

99247  89 0 
Primary 
cataract- 3 10 Other 

MC 
None 18 

Topical, 
systemic steroid  

No 

92855 31.6 0 0 
Primary 
cataract- 2 11 Pug 

MC 
None 8.5 

Topical steroid 
 

No 

BM14A  24.3 0 
Primary 
cataract- 3 8 Other 

MC 
None  

Topical steroid 
 

No 

BM16A 26.9  0 
Primary 
cataract- 3 13 Other MC None 24 None  

No 

93519 0 0 0 
Primary 
cataract- 3 8 Other FS None 12 

Topical, 
systemic steroid  

No 

BM12A 721  0 
Primary 
cataract- 3 7.5 Other MC None 6 None  

No 

BM7A 381  23.2 
Primary 
cataract- 2 7 Other FS None 0.5 None  

No 

92451  94.7 0 
Diabetic 
cataract- 3 6 Beagle FS DM 3 Topical steroid  

No 

95939 77 94.2 11.6 
Diabetic 
cataract- 2 10 

Bichon 
Frise FS DM 3.5 Topical steroid  

No 

98081 24.3 31.8  
Diabetic 
cataract- 2 8 

Bichon 
Frise MC DM 1 Topical steroid  

No 

100022 48.5 23.5  
Diabetic 
cataract- 1 11 JRT MC DM 3.5 Topical steroid  

No 

99450 11.7 4.6 0 
Diabetic 
cataract- 2 6 JRT MC DM 1.5 Topical steroid  

No 

89550 127   
Diabetic 
cataract- 3 10 Lab Ret M DM, other 4 Topical steroid  

No 

94352 0 0 40 
Diabetic 
cataract- 1 7 Lab Ret FS DM  0.8 Topical steroid  

No 

96458 88.2 89.5 0 
Diabetic 
cataract- 3 10 Lab Ret FS DM 18 Topical steroid  

No 

96637 94.1 105  
Diabetic 
cataract- 2 11 Lab Ret FS DM 12 Topical steroid  

No 

99714 83.7 59.7 18.3 
Diabetic 
cataract- 2 10 Lab Ret MC DM 6 Topical steroid  

No 
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SA19A  45.1 0 
Diabetic 
cataract- 2 12 Lab Ret FS DM  None  

No 

SA2A 94.2  0 
Diabetic 
cataract- 2 13 Lab Ret FS DM  None  

No 

90840 0 0  
Diabetic 
cataract- 2 3 Mixed FS DM 7 Topical steroid  

No 

90869 0 0  
Diabetic 
cataract- 3 2 Mixed M DM 6 Topical steroid  

No 

90903 48 0  
Diabetic 
cataract- 3 3 Mixed FS DM 4 Topical steroid  

No 

97702  213  
Diabetic 
cataract- 2 8 Mixed FS DM 4 Topical steroid  

No 

98082 61.5  54 
Diabetic 
cataract- 1 13 Mixed FS DM 1.5 Topical steroid  

No 

98303 40.8 98.5 24.8 
Diabetic 
cataract- 1 8 Mixed MC DM 6 Topical steroid  

No 

BM10A 76.8  19.3 
Diabetic 
cataract-  6 Mixed MC DM 6 None  

No 

BM3A 266  16.9 
Diabetic 
cataract- 2 9 Mixed MC DM 3 None  

No 

89992 385 150  
Diabetic 
cataract- 2 11 Other FS 

DM 
10 Topical steroid  

No 

90931 85.6 0  
Diabetic 
cataract- 2 5 Other MC 

DM 
6 Topical steroid  

No 

92116 127 136 989 
Diabetic 
cataract- 2 10 Other FS 

DM 
8 Topical steroid  

No 

92571 21.7 30.3  
Diabetic 
cataract- 2 9 Other FS 

DM 
2 Topical steroid  

No 

96783 53.2 898 10.5 
Diabetic 
cataract- 1 7 Other FS 

DM 
3 Topical steroid  

No 

97601 124 139  
Diabetic 
cataract- 2 6 Other MC 

DM 
1 Topical steroid  

No 

97966 30.8 41.7 18.3 
Diabetic 
cataract- 2 16 Other 

MC DM 
5 Topical steroid  

No 

99281 106 66.7  
Diabetic 
cataract- 3 10 Other 

MC DM 
6 Topical steroid  

No 
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96434 184 61.2 39.3 
Diabetic 
cataract- 2 5 Pug 

MC DM 

1.5 Topical steroid  

No 

BM2A 29.8  14.3 
Diabetic 
cataract- 2 4 Pug 

MC 
DM 2 None  

No 

HD5A  737 0 

Pseudo-
phakic 
glaucoma 10 

Bichon 
Frise 

MC 

None 1 None  Yes 

81646  762 0 
Aphakic 
glaucoma 10 

Cocker 
Spaniel 

MC None 
0.17 Systemic steroid 1 Yes 

AM17A 1820  0 

Pseudo-
phakic 
glaucoma 12 JRT 

MC None 

2.5 
Topical steroid, 
prostaglandin 2 Yes 

73695 695  0 

Pseudo-
phakic 
glaucoma 9 Other MC 

None 

11 Topical steroid 1 Yes 

SV1A  1980 0 

Pseudo-
phakic 
glaucoma 12 Other FS DM 3 Topical steroid  Yes 

72690 7.8   
Aphakic 
glaucoma 9 Other FS Cardiac 1 

Systemic 
steroid, topical 
prostaglandin  Yes 

HD1A 1600  0 

Pseudo-
phakic 
glaucoma 9 Other MC None 4 Topical steroid  Yes 

92310 819 747  
Lens-induced 
uveitis- 2 5 Beagle FS DM 0.25 

Topical steroid 
 No 

HD2A  1120 43.3 
Lens-induced 
uveitis- 3 6 

Cocker 
Spaniel 

MC 
None 1 

Topical steroid 
 Yes 

HDA7 595  0 
Lens-induced 
uveitis- 3 10 

Cocker 
Spaniel 

MC 
None 7 None  

Yes 

BM21A 1290  0 
Lens-induced 
uveitis- 3 9 Lab Ret 

MC 
None 3 

Topical steroid 
 No 

91560 43.1   
Lens-induced 
uveitis- 3 12 Other FS Cardiac 13 

Topical steroid 
 Yes 

98137 1780 1760 0 
Lens-induced 
uveitis 6 Other 

MC 
None 6 

Topical steroid 
3 Yes 
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98575 1429 2185  
Lens-induced 
uveitis- 2 7 Other 

MC 
None 0.75 

Topical steroid 
 No 

AM12891  1660  
Lens-induced 
uveitis- 3 12 Other 

MC 
None 2 

Topical steroid 
 Yes 

24356 465 645  
Lens-induced 
uveitis- 2 7 Other M DM 3 

Topical steroid, 
prostaglandin 1 No 

91107 1560 193  
Lens-induced 
uveitis- 3 10 Other MC DM 4.5 

Topical steroid 
 No 

99668 2530  55.5 
Lens-induced 
uveitis- 3 13 Other FS None 0.75 

Topical steroid 
0 Yes 

86967 726  0 
Lens-induced 
uveitis- 2 3 Other MC None 0.1 

Topical, 
systemic steroid  Yes 

PSA4 237   
Lens-induced 
uveitis- 3 7 Other FS 

None 
1 

Topical steroid, 
prostaglandin  Yes 

92615 1500   
Primary 
glaucoma 6 

Basset 
Hound FS 

None 
0.5 None 1 Yes 

99534 1050  0 
Primary 
glaucoma 9 

Basset 
Hound FS 

None 
0.25 

Topical 
prostaglandin 1 Yes 

AM6A  2780 0 
Primary 
glaucoma 8 

Basset 
Hound 

FS None 
3 

Topical 
prostaglandin  

Yes 

BM17A  1590 0 
Primary 
glaucoma 10 

Basset 
Hound 

FS None 
5 None 2 

Yes 

BM18A  2850 0 
Primary 
glaucoma 7 

Basset 
Hound 

FS None 
 None 2 

Yes 

BM6A 210  0 
Primary 
glaucoma 14 

Basset 
Hound 

FS None 
18 

Topical 
prostaglandin  

Yes 

AM16494 2960   
Primary 
glaucoma 14 

Cocker 
Spaniel M None 3 

Topical steroid, 
prostaglandin  

Yes 

57907  26.1  
Primary 
glaucoma 9 

Cocker 
Spaniel FS Cardiac 4 

Topical 
prostaglandin  

Yes 

87670  178  
Primary 
glaucoma 1 

Cocker 
Spaniel M 

None 
7 Topical steroid 0 

Yes 

90374 11200   
Primary 
glaucoma 12 

Cocker 
Spaniel MC 

None 
12 None  

Yes 

90949 2420 799 0 
Primary 
glaucoma 11 

Cocker 
Spaniel 

FS None 
0.5 

Topical 
prostaglandin 0 

Yes 
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91249 553   
Primary 
glaucoma 9 

Cocker 
Spaniel 

FS None 
0.8 

Topical 
prostaglandin 0 

Yes 

95216 1630   
Primary 
glaucoma 11 

Cocker 
Spaniel FS None 0.1 

Topical 
prostaglandin 1 

Yes 

PSA1  2010  
Primary 
glaucoma 13 

Cocker 
Spaniel FS Atopy 3 

Topical steroid, 
prostaglandin 

Yes  

PSA2  398  
Primary 
glaucoma 14 

Cocker 
Spaniel FS 

None 
2 

Topical 
prostaglandin 

Yes  

AM19A  0 0 
Primary 
glaucoma 11 JRT FS 

None 
3 

Topical steroid, 
prostaglandin 0 

Yes 

HD3A 594  9.2 
Primary 
glaucoma 4 JRT M 

None 
6 Topical steroid  

Yes 

HD4A  146 0 
Primary 
glaucoma 10 JRT F 

None 
6 Topical steroid  

Yes 

92684 630 1570 14.4 
Primary 
glaucoma 8 Lab Ret MC 

None 
0.1 

Topical 
prostaglandin  

Yes 

AM18A  6830 46.1 
Primary 
glaucoma 10 Lab Ret FS 

None 
2.5 

Topical steroid, 
prostaglandin 0 

Yes 

69243  307  
Primary 
glaucoma 11 Mixed MC Other 1 None 3 

Yes 

93705 191   
Primary 
glaucoma 10 Mixed 

FS None 
12 

Topical 
prostaglandin 0 

Yes 

96753 5600 146  
Primary 
glaucoma 2 Mixed 

FS None 
12 None 0 

Yes 

97866 190 53.5 0 
Primary 
glaucoma 10 Mixed 

FS None 
7 

Topical 
prostaglandin 1 

Yes 

98792 76.1 785  
Primary 
glaucoma 13 Mixed 

FS 
Other 1 None 1 

Yes 

MDLBRT 14500   
Primary 
glaucoma 5 Mixed F Other 0.5 

Topical 
prostaglandin 0 

Yes 

SA9A  6550 0 
Primary 
glaucoma 9 Mixed 

FS None 
14 

Topical steroid, 
prostaglandin  

Yes 

96546 1760   
Primary 
glaucoma 12 Other 

FS None 
2 None 1 

Yes 

98370 125   
Primary 
glaucoma 12 Other 

FS None 
2 

Topical 
prostaglandin  

Yes 
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AM13A  32.1  
Primary 
glaucoma 8 Other MC 

None 
24 

Topical steroid, 
prostaglandin  

Yes 

BM8A 37.3  0 
Primary 
glaucoma 13.5 Other 

FS None 
6 Topical steroid  

Yes 

91435  41900  
Primary 
glaucoma 9 Pug 

FS None 
2 

Topical 
prostaglandin  

Yes 

AM27044 4930   
Primary 
glaucoma 8 Other 

FS None 
1 

Topical steroid, 
prostaglandin  

Yes 

99287  263  
Primary 
glaucoma 8 Other 

FS None 
5 None 0 

Yes 

98274 482 183  
Primary 
glaucoma 10 Other 

FS None 
12 None  

Yes 

97734 519   
Uveitic 
glaucoma 7 Beagle 

FS 
Other 0.5 

Topical steroid, 
prostaglandin 3 

Yes 

94914  1170 0 
Uveitic 
glaucoma 8 

Cocker 
Spaniel MC 

None 
0.002 Topical steroid 1 

Yes 

95150 792  0 
Uveitic 
glaucoma 10 

Cocker 
Spaniel MC 

None 
0.75 Topical steroid 2 

Yes 

96101  2760 24 
Uveitic 
glaucoma 15 JRT 

FS None 
0.5 Topical steroid 1 

Yes 

98944  724  
Uveitic 
glaucoma 7 JRT 

FS None 
1.5 Topical steroid 0 

Yes 

96519  5400  
Uveitic 
glaucoma 6 Lab Ret MC 

None 
0.5 Systemic steroid 3 

Yes 

BM1A  3070 0 
Uveitic 
glaucoma 3 Other MC 

None 
3 

Topical steroid 
 

Yes 

SA4A 33000  0 
Uveitic 
glaucoma 14 Other MC 

None 
1.5 

Topical steroid 
 

Yes 

BM13A 6040  11.9 
Uveitic 
glaucoma 12 Other FS 

None 
0.5 None 3 

Yes 

AM27865  786  
Uveitic 
glaucoma 8 Mixed 

FS None 
 

Topical steroid 
2 

Yes 

95353 224  0 
Uveitic 
glaucoma 8 Mixed 

FS 
None 0.75 

Topical steroid 
0 

Yes 

98516 4170 1704 27.2 
Uveitic 
glaucoma 11 Mixed 

FS 
Other 0.75 

Topical steroid 
0 

Yes 
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46253 58000  0 

Uveitic 
glaucoma 

9 Other MC None 0.75 

Topical steroid 

1 

Yes 

59386  10200  
Uveitic 
glaucoma 9 Other MC DM 0.25 

Topical 
prostaglandin 3 

Yes 

84804 79.6   
Uveitic 
glaucoma 6 Other FS None 12 None 0 

Yes 

97757 705  0 
Uveitic 
glaucoma 4 Other FS None 4 

Topical steroid, 
prostaglandin  

Yes 

BM4A  253 0 
Uveitic 
glaucoma 4 Other F Other 2 Topical steroid 1 

Yes 

EC2A  3390 35 
Uveitic 
glaucoma 8 Other FS None 9 

Topical steroid, 
prostaglandin 0 

Yes 

HD6A 47400  0 
Uveitic 
glaucoma 10 Pug MC None 2 Topical steroid  

Yes 

89181  869  
Uveitic 
glaucoma 8 Other FS None 18 None 1 

Yes 

96065  37400 44.2 
Uveitic 
glaucoma 10 Other MC DM 0.3 None 3 

Yes 

98783 1942   
Uveitic 
glaucoma 9 Other FS None 1 Topical steroid 1 No 

98273  304 0 
Uveitic 
glaucoma 2 Other MC Other 0.2 Topical steroid 2 Yes 

99547  12550  
Retinal 
detachment 4 Beagle FS None 2 Topical steroid 1 No 

AM28242  3880  
Retinal 
detachment 4 

Boston 
Terrier MC 

None 
0.5 

Topical steroid, 
prostaglandin 2 No 

86366  257  
Retinal 
detachment 6 

Boston 
Terrier 

MC None 
5 

Topical steroid, 
prostaglandin  No 

90493 71.8 102 0 
Retinal 
detachment 5 

Boston 
Terrier 

MC None 
0.5 None 1 

No 

SA20A 41800   
Retinal 
detachment 6 

Cocker 
Spaniel FS 

None 
6 Systemic steroid  

No 

SA6A  2370 18.2 
Retinal 
detachment 6 

Cocker 
Spaniel FS 

None 
1 Systemic steroid  

No 

97815 26500 6790  
Retinal 
detachment 0.75 Lab Ret M 

None 
9 None 2 

No 
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96086 1080  9 
Retinal 
detachment 6 Other MC 

None 
2.5 None 3 

No 

98258 1600  0 
Retinal 
detachment 6 Mixed FS 

None 
0.001 None 0 

No 

AM16A  20300 0 
Retinal 
detachment 11 Mixed MC 

None 
 

Topical steroid, 
prostaglandin 3 

No 

90350 12300  33 
Retinal 
detachment 10 Other M 

None 
24 Topical steroid 3 

No 

99051 0   
Benign 
melanoma 2 Beagle FS 

None 
0.001 None 1 

No 

SA1A  200000 23.4 
Malignant 
melanoma 12 Beagle FS 

None 
6 

Topical 
prostaglandin  Yes 

95822 1260  16.5 
Benign 
melanoma 10 Other FS 

None 
1 Topical steroid 3 No 

EC3A 5910  4.7 Adenoma 7 Other FS None  None 2 Yes 

94941  2020 9.4 
Benign 
melanoma 10 JRT FS 

None 
6 Topical steroid 2 No 

100556  16300 0 
Malignant 
melanoma 12 Lab Ret FS 

None 
1 None 3 No 

90375 270   
Benign 
melanoma 10 Lab Ret FS 

None 
2 Topical steroid 2 No 

92739  46100 11.5 Adenoma 9 Lab Ret MC 
None 

0.25 
Topical 
prostaglandin 2 No 

92779  343  
Malignant 
melanoma 8 Lab Ret F 

None 
0.24 None 2 No 

100175  0 0 
Malignant 
melanoma 7 Mixed MC 

None 
3.5 None 0 No 

93911  88.7 7.0 
Benign 
melanoma 8 Mixed FS 

None 
30 None 2 Yes 

94907 2700  3.4 
Spindle cell 
tumor 8 Mixed MC Other 0.5 

Topical steroid, 
prostaglandin 3 Yes 

99666  281  
Benign 
melanoma 13 Mixed FS 

None 
1 Topical steroid 0 Yes 

EC1A 63400  0 Anaplastic 13 Mixed FS 
None 

1.5 
Topical steroid, 
prostaglandin 3 Yes 

100276 33500   Adenoma 8 Other FS None 0.5 None 3 No 
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AM25917 1060   
Benign 
melanoma 12 Other MC 

None 

2 
Topical steroid, 
prostaglandin 3 No 

90742 788   
Benign 
melanoma 13 Other MC 

None 
2.5 Topical steroid 2 No 

98346  3670 11.5 Lymphoma 8 Other FS None 0.5 Topical steroid 1 Yes 
AM9A  2250 3.9 Adenoma 11 Other FS None 3 Topical steroid 1 No 

79800 475 80.7 0 Lens luxation 6 Beagle 
FS 

Hypertension 2.5 
Topical steroid, 
prostaglandin 1 Yes 

91853  116  Lens luxation 6 JRT FS None 0.001 None  Yes 
96105 2570  0 Lens luxation 16 Mixed FS None 0.5 None 1 Yes 

77820 2230  0 
Lens luxation 

7 Other MC 
None 

10 
Topical 
prostaglandin 1 Yes 

91584  2530  
Lens luxation 

3 Other F 
None 

0.5 
Topical 
prostaglandin 2 Yes 

28594  684  Lens luxation 18 Other MC None 0.5 Topical steroid  Yes 
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