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ABSTRACT.- Braga-Sa M.B.P, Barros P.S.M,, Jorge ].S., Dongo P, Finkensieper P, Bolzan A.A,,
Watanabe S.S. & Safatle A.M.V. 2018. [Retina assessment by optical coherence tomography
of diabetic dogs.] Pesquisa Veterindria Brasileira 38(10):1966-1971. Laboratoério de Investigacdo
em Oftalmologia Comparada, Faculdade de Medicina Veterinaria e Zootecnia, Universidade de
Sao Paulo, Avenida Prof. Dr. Orlando Marques de Paiva 87, Sdo Paulo, SP 05508-270, Brazil.
E-mail: michellebarbosa@usp.br

Diabetes mellitus is one of the most common endocrine disorders characterized by relative
or absolute lack of insulin; this can lead to several ocular manifestations, among them diabetic
retinopathy and cataracts. Diabetic retinopathy (DR) is a microangiopathy that involves
retinal precapillary arterioles, postcapillary venules, and large vessels, causing them to be
functionally and anatomically incompetent. Hyperglycemia seems to be the most probable
cause of damage to the retina due to interference in cellular metabolism and transduction
processes. The aim of this study was to evaluate retinal thickness in eight diabetic dogs, four
females and four males of different breeds and ages ranging from 6 to 15 years, by optical
coherence tomography (OCT) and to compare them with non-diabetic dogs. Assessment
provided by OCT in diabetic dogs showed retinal layers thinning and loss of stratification
when compared to non-diabetic dogs (198um versus 219um respectively), with statistical
significance (p=0.008). OCT images may suggest that diabetes mellitus causes retinal
neuropathy in dogs, as also seen in diabetic humans.

INDEX TERMS: Optical coherence tomography, OCT, retina, dogs, retinal detachment, retinal atrophy,
clinics.

RESUMO.- [Avalia¢do da retina de caes diabéticos pela
tomografia de coeréncia 6ptica.] Diabete melito é umas das
principais endocrinopatias, caracterizada pela deficiéncia
relativa ou absoluta de insulina, que pode resultar em
diversas manifesta¢des oculares, sendo as mais frequentes
a retinopatia diabética e a catarata. Retinopatia diabética
(RD) é uma microangiopatia que afeta primeiramente as
arteriolas pré-capilares, capilares, vénulas pés-capilares e
vasos de maior calibre, causando incompeténcia funcional e
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anatomica dos vasos retinianos. A hiperglicemia parece ser
a causa mais provavel da lesdo retiniana, interferindo nas
vias de metabolismo celular e no processo de transducao.
Objetivou-se neste estudo avaliar e comparar a espessura
retiniana total em oito cies diabéticos, quatro fémeas e
quatro machos, de diversas ragas, com idade variando de
seisa 15 anos, com auxilio de tomografia de coeréncia 6ptica
(OCT) e comparar com a de cies nio diabéticos. A espessura e
arquitetura retiniana realizada pela OCT nos caes diabéticos,
demonstrou afinamento das camadas da retina e perda da
estratificacdo em comparacdo com os cdes nao diabéticos
(198pm versus 219um, respectivamente), sendo esta redugdo
estatisticamente significante (p=0,008). Baseado nas imagens
da OCT pode-se sugerir que a diabete melito, no cao, cause
neuropatia retiniana como descrito em humanos diabéticos.

TERMOS DE INDEXAGAO: Tomografia de coeréncia éptica, OCT,
retina, cdes, diabete melito, retinopatia diabética, clinica.
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INTRODUCTION

Diabetes mellitus (DM) is a complex, multifactorial disease
characterized by the absolute or relative lack of insulin
(Beam et al. 1999) most frequently in elderly and middle-aged
dogs (Fleeman & Rand 2001, Feldman & Nelson 2004). A cataract
is described as one of the first symptoms of diabetes in dogs
and usually results in visual impairment; diabetic retinopathy
(DR) is the most common cause of vision loss among people
(Landry et al. 2004).

DR mainly affects precapillary arterioles, postcapillary
venules and greater vessels of the retina (Bosco et al. 2005,
Crawford et al. 2009, Abrams et al. 2011). In humans, the
onset of the disease is characterized by microaneurysms
formation from small capillary beds sacculations that rupture
and progress to hemorrhagic spots with or without exudation
(Narfstrom & Petersen-Jones 2013). Diabetic retinopathy in
humans can be classified according to its evolution, according
to Early Treatment Diabetic Retinopathy Study (ETDRS) in mild
non-proliferative DR, moderate to severe non-proliferative
DR or preproliferative DR and proliferative DR (Corréa &
Eagle Junior 2005).

In dogs with spontaneous DM, DR takes three to five years
to develop, whereas in dogs with induced DM it develops
in approximately 2.3 years (Cullen & Webb 2013). This is
characterized by vascular basement membrane thickening,
pericytes loss, which leads to microaneurysms, capillary
obstruction and smooth muscle cells and retinal arterioles
damage (Mufiana 1995). The first microvascular lesions only
become visible, both in diabetic humans and dogs, after a few
years of the onset of the disease (Kern & Engerman 1995,
Cullen & Webb 2013).

Chronic hyperglycemia has a major role in the pathophysiology
of microvascular damage in retinal tissue, leading to circulating
changes such as decreased vascular tone, altered blood flow,
increased vascular permeability, extravasations, edema, vascular
obstruction, which leads to neovascularization with abnormal
fragile vessels that tear and lead to hemorrhages and retinal
detachment (Bosco et al. 2005). Some key points of retinal
physiology may be predisposed to damage caused by diabetes.
A lack of a myelin sheath on retinal axons, requiring more
energy to function. Second, the amount of blood vessels able
to absorb light is relatively low, and retinal internal vessels
are hypoxic. And third, the inner retina (Nerve fiber layer,
Ganglion cells layer, Inner plexiform layer and Inner nuclear
layer) has fewer mitochondria than the outer layers. These
characteristics of high metabolic demand and low vascular
supply may limit the adaptation of the retina to metabolic
stress (Serrarbassa et al. 2008).

Most cases of diabetic retinopathy in dogs are subclinical,
and there are no reports of blindness from these complications
(Mufiana 1995). Thus, in dogs with diabetes, non-proliferative
or background retinopathy occurs but not with the proliferative
symptoms that usually develop in people (Narfstrom &
Petersen-Jones 2013).

Anew invivo microscopy technique, the Optical Coherence
Tomography (OCT), has been developed and allows evaluation
of the retina’s constitution and its structural integrity
(Narfstrom & Petersen-Jones 2013), contributing to diagnosis
and monitoring of several retinal diseases (Guedes & Yamane
2003, Gouveia et al. 2006, Song et al. 2010).

OCT is arecentaddition in veterinary ophthalmology and
its use is not widespread in most veterinary facilities. However,
since it is a non-invasive, non-contact and high-resolution
exam, it has a useful tool in the diagnosis of retinal and optic
nerve diseases (Pugliese et al. 2006).

The main difference to obtain the images between
man and canine is the head alignment that is challenging
mainly in dolichocephalic dogs. Therefore the necessity to
anesthetize the patients included in studies is emphasized
(Hernandez-Merino et al. 2011).

OCT has allowed retinal assessment of type 1 and type
2 diabetic patients in people, displaying ganglion cells and
nerve fibers thinning, with neurodegenerative effect in
the early stages of the disease (Van Dijk et al. 2010, 2012).
To the authors’ knowledge, there are no reports of OCT use
in diabetic dogs.

Our purpose was to investigate fundoscopic changes
related to diabetic retinopathy in dogs by use of OCT, since
could be models to the human disease.

MATERIALS AND METHODS

The study group included eight diabetic dogs (Diabetic mellitus group
- DMQG) of different breeds, four females and four males, aging from
6 to 15 years, mean age 10.3 years (3.2 years), aphakic (n=7) and
pseudophakic (n=1). Control group (CG) consisted of nine healthy
dogs (five females and four males) that varied in age from four to
15 years, mean age 6.9 years (+ 3.8 years). Phacoemulsification was
performed in the diabetic dogs previously so that optical coherence
tomography (OCT) could be performed.

The patients were submitted to ophthalmologic evaluation,
which included: Schirmer tear test® (Ophthalmos, Sdo Paulo, Brazil);
Fluorescein test (Fluorescein strips®, Ophthalmos, Sdo Paulo,
Brazil); Tonometry (Tono-Pen XL®, Bio-Rad X, Jacksonville, USA),
and evaluation of the anterior segment (Kowa portable slit lamp,
Tokyo, Japan). Ophthalmoscopy (Binocular indirect ophthalmoscope
10-H®, Neitz Instruments, Tokyo, Japan) was performed after pupil
dilation with 1% tropicamide eye drops (Ciclomidrin, Latinofarma,
Sao Paulo, Brazil). Assessment of retinal function, as a preoperative
examination, was performed by 2000 Veris System Electroretinograph
(ElectroDiagnostic Imaging Inc., Milpitas, USA), animals with
extinguished ERG or that was compatible with progressive retinal
atrophy were excluded. All patients underwent retinography (Kowa
Genesis DF®, Tokyo, Japan) after cataract surgery for documentation
of the eye fundus survey findings.

Spectralis OCT (Heidelberg Engineering Spectralis OCT; Heidelberg
Engineering, Franklin, USA) was used to perform OCT exam. Pupils
ofboth eyes were dilated prior to examination with 1% tropicamide
eye drops (Ciclomidrin, Latinofarma, Sdo Paulo, Brazil). All patients
were submitted to general anesthesia to obtain proper quality images.

Animals were pre-medicated with an intramuscular injection
of acepromazine (0.05mg/kg) (Acepran®, Univet, Sdo Paulo, Brazil)
and meperidine (3mg/kg) (Petidina®, Cristalia, Sdo Paulo, Brazil).
Induction was performed with 5mg/kg of intravenous propofol
(Propovan®, Cristalia, Sdo Paulo, Brazil) and maintenance was
performed with isoflurane (Forane®, Abbott, Sdo Paulo, Brazil)
in 100% oxygen circular circuit (Aespire 7900, GE Healthcare,
Sdo Paulo, Brazil). Physiological variables, heart rate and rhythm,
peripheral oxyhemoglobin saturation, respiratory rate, end-expired
carbon dioxide concentration, inspiratory and expired isoflurane
concentration, non-invasive blood pressure and temperature were
monitored. All animals were positioned on a pantograph table in
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sternal recumbency in front of the OCT device and the head was
positioned on the head support. In some patients, atraumatic forceps
and blepharostat were used under local anesthesia (Anestalcon®,
Alcon Labs, Sdo Paulo, Brazil) to keep eye static and open avoiding
artifacts in the images. All corneas were constantly moistened with
artificial lubricants (Systane®, Alcon-Labs, Sdo Paulo, Brazil) and
0.9% saline solution to prevent dryness and maintain good image
quality. The presence of tapetum lucidum in this species required
adjustments in the apparatus, such as lighting and focus parameters.

To obtain images, the device was placed close to the eye, aided by
ajoystick. Retinal images were manually measured by Lines, Raster
Lines and Radial Lines protocols. As the equipment was developed
for human retinas, whole retinal thickness was manually measured
with the caliper, by the distance between the retinal surface (nerve
fiber layer) and the first visually reflective layer, the retinal pigment
layer (RPE).

Choice of protocol varied according to pupillary diameter
(for instance posterior synechiae that could prevent adequate pupillary
dilatation) and/or opacity of the posterior capsule, since diabetic
dogs of this study underwent previous phacoemulsification. Superior
retina was assessed due to the difficult positioning of the head and
precluded the acquisition of images of the other quadrants of the
retina. Gray scale was used for better understanding of the images.

The OCT measurements were compared between the DM and
Control groups by normality test (D’Agostino-Pearson test) and
unpaired ¢ test with significance level of 5%. This study was conducted
at the Laboratory of Investigation in Comparative Ophthalmology,
College of Veterinary Medicine, University of Sdo Paulo, and was
approved by the Institutional Animal Ethics Committee.

RESULTS

The purpose of optical coherence tomography (OCT) as a
tool for assessment of retina structure in diabetic dogs was
to suggest correlation with diabetic retinopathy. Total retinal
thickness in the CG ranged from 203um to 238um (Table 1)
and from 180um to 227pm in the DMG (Table 2). The Figure 1
shows an OCT retinal image of the one dog belonging to CG,
without alterations.

Until OCT was performed, average time after cataract
surgery was 11 months and the average diabetes duration
was 19 months (ranging from 12 to 29 months). None of the
diabetic dogs presented neither ophthalmic alterations nor
intraocular pressure changes. All patients from this study were
receiving only medication prescribed for glycemic control.

Half of the patients from DMG had retinal thickness
decreased (Fig.2 and 3). A diabetic dog presented a marked
reduction of a small distorted area of the retinal architecture and
hyperreflexia at the same site evaluated by OCT, reinforcing focal
retinal atrophy (Fig.4), which was confirmed by retinography,
indicated by a hyperreflective area (Fig.5).

Statistical analyses showed significant differences between
mean OCT values for DMG and CG, with values of 198+17um
and 219+11um (p=0.008) respectively.

DISCUSSION

The authors state that is the first study of optical coherence
tomography (OCT) in retina of diabetic dogs that had previous
phacoemulsification, until now. In addition, the absence of
studies on retinal disease in these patients using cutting-edge
technology, such as OCT, engaged us for this research.
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Table 1. Epidemiological data of healthy dogs

Dog Breed Gender (yﬁiis] Whole retinal thickness (um)
1  Cocker Spaniel F 10 220
2 Poodle F 9 203
3 Mixed breed F 15 209
4 Lhasa Apso M 4 219
5  Pinscher F 4 230
6  Shih Tzu F 6 238
7  Maltese M 5 212
8 Poodle M 4 219
9  Poodle M 5 217

Table 2. Epidemiological data of diabetic dogs

Dog Breed Gender Age Whole retinal thickness

(years) (pm)
1  Mixed Breed F 15 214
2 Maltese M 13 181
3 Poodle F 10 186
4 Poodle M 10 227
5 Maltese F 180
6  Retriever M 204

Labrador

7 Pug M 6 201
8 Dachshund F 13 191

203 pm

IE:J 0 pm

Fig.1. Retina of a 9-year-old healthy female Poodle from control
group, with whole retinal thickness of 203um, obtained by
Infrared and OCT assessments.

DM is an endocrine disorder frequent in dogs which mainly
affects the elderly and middle aged individuals (Beam etal. 1999,
Fleeman & Rand 2001, Guptill et al. 2003, Feldman & Nelson
2004, Catchpole et al. 2005, Davison et al. 2005), like those
of our study, which the mean age was 10.3 years.

Optical coherence tomography (OCT), is widely used
in human ophthalmology by vitreous and retinal expert
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Fig.2. Temporal superior retina of a 15-year-old female, mixed breed,
diabetic (case 1), obtained by infrared and OCT assessments.
Note stratification of the preserved inner layer, with whole
retinal thickness of 214um.

Fig.3. Peripheral radial retina of an 8-year-old female, Maltese,
diabetic (case 5), obtained by infrared and OCT assessments.
Note stratification of tapetal area and retinal layers with diffuse
reduction. Whole retinal thickness of 180um.

Fig.4. Radial scans of the superior retina of a 13-year-old female,
Dachshund, diabetic (case 8), obtained by Infrared and OCT
assessments. Note marked focal thinning and disorganization
without stratification of retinal architecture (arrow).

clinicians to evaluate macular edema, epiretinal membranes,
vitreous-macular traction, macular holes, subretinal fluid,
photoreceptor and/or RPE layer changes, and of neovascular

Fig.5. Retinography of a 13-year-old diabetic female Dachshund
(case 8). Note altered coloration with hyperreflexia of the tapetal
area (square). Such alteration can be assessed by OCT (Fig.4)
and indicates focal retinal atrophy.

membranes in the choroid. It also helps to detect changes in
the inner retinal layer and optic nerve head in patients with
glaucoma and other optic neuropathies (McLellan & Rasmussen
2012).And OCT is been a reality in some veterinary hospitals
around the world and even in Brazil to study several diseases in
retina, such as progressive retinal atrophy, retinal detachment
and also as our study diabetic retinopathy.

As previously described, DR is a common complication of
DM and leads to blindness (Gaucher et al. 2007). Numerous
studies have shown neural apoptosis, loss of ganglion cell
bodies, glial reactivation and decreased thickness of the
internal retinal layers in the early stages of DR in humans.
It is proposed that diabetes causes retinal neuropathy due
to microvascular mechanism (Van Dijk et al. 2010). Not only
in humans, but experimental studies in animals describe
apoptosis of neural and glial cells in the early stages of DR
(Biallosterski etal. 2007). Likewise, to investigate funduscopic
the changes regarding to diabetic dogs become valuable
whereas that dog could be models to the human disease.

Several studies have shown a decrease in whole retinal
thickness by OCT in patients with DR or compared to non-diabetic
patients, indicating that the initial neurodegenerative effect on
the retina in diabetes occurs even if the vascular component of
DR remains minimal (Van Dijk etal. 2010, 2012). Indeed, this
data corroborates with the OCT findings in our study, which
mean retinal thickness was 198pum for DMG and 219um for
CG, being statistically significant, suggesting that the concept
of neurodegeneration affects even the diabetic dogs.

One of the dogs presented marked thinning with
disorganization of the internal retinal architecture indicating
focal atrophy (Fig.4). This image was correlated with the
retinography that revealed a hyperreflective area (Fig.5).
According to Monti etal. (1976), emphasize that hyperreflexia
may indicate recent injury or characterize the transition from
progressive phase to a degenerative inactive phase and could
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be observed it in other pathological conditions. Regardless,
this finding is not pathognomonic of diabetes, indicating
only retinal lesion.

One limitation of this study was lack of pet owner’s
cooperation in attending the appointments and bringing the
patients for examination, because general anesthesia was
required, besides imprecise information given on anamneses.
Other important limitations were the opacity of the posterior
lens capsule and the presence of synechiae in the postoperative
period, which disturbed OCT’s cut pattern, and therefore the
retinal area evaluated was random in diabetic patients.

Diabetic patients after cataract surgery tend to have
more inflammation in the immediate postoperative period,
in addition to frequent inflammatory episodes after surgery
(Brasetal. 2006). In diabetic humans the inflammatory reaction
after cataract surgery was also more intense in relation to
nondiabetics (Zaczek & Zetterstrom 1998), contributing to
synechiae formation, as well as posterior capsule opacity.

The position of the head is the most important factor
influencing the execution of the SD-OCT exam in canine
patients, imposing a challenge for the acquisition of high
quality images, especially in dolichocephalic breeds. This adds
greatly to the reasons why general anesthesia is required for
most veterinary patients (Hernandez-Merino et al. 2011)
except for extremely calm and cooperative dogs (Grahn etal.
2008, Safatle et al. 2015). Therefore, all animals in this study
were submitted to general anesthesia in order to facilitate
the acquisition of images and thereby improve their quality.
Furthermore, our study focused on evaluating the superior
retina only due to the difficult positioning of the head and
hindered capture of high quality images of the other quadrants
of the retina, since the OCT device is configured for human use.

CONCLUSIONS

Our results, compared with the literature, suggest that
dogs in the early stages of diabetic retinopathy (DR), have a
neurodegenerative change, similar to diabetic humans.

Imaging techniques, such as optical coherence tomography
(OCT) should be used as part of the ophthalmologic examination
in diabetic dogs.

Acknowledgements.- This study was supported by FAPESP grant n?
2011/24039-8.
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