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ABSTRACT

Background: Contrast Enchantment Ultrasonography (CEUS) allows for detection of vascular flows that are difficult to
detect with traditional methods. There were no reports found in the literature of the use of CEUS to evaluate the vascular
pattern of the eye of brachycephalic dogs. The objective of this paper is to describe ultrasound findings observed in the
eyes of healthy brachycephalic dogs subjected to CEUS.

Materials, Methods & Results: Thirty adult brachycephalic dogs were subjected to physical, laboratorial, and ophthalmic
examination. The eye structures were evaluated using CEUS after intravenous administration of Sonovue®. Contrast enhance-
ment was seen in 52 eyes with a homogeneous and centrifugal filling pattern. Structures adequately enhanced consisted
of the optic nerve, the retina-choroid-sclera complex (RCSC), and the ciliary body. The optic nerve was hyperenhanced
and the other structures were isoenhanced. The wash-in time, peak enhancement time, and wash-out time were similar for
both right and left eyes. Mean values and standard deviation were calculated for contrast wash-in time, peak enhancement
time, and wash-out time in the optic nerve, RCSC, and ciliary body.

Discussion: Ultrasound is an important diagnostic resource for veterinary ophthalmology and provides relevant information
for the detection of pathological conditions of the eyes of animals. The contrast-enhanced ultrasound allows evaluation of
tissues at the capillary level (macro and microcirculation), complementing the vascular ultrasound scan. This study brings
original information on contrast-enhanced ultrasound findings for evaluation of eyes in dogs, creating novel diagnostic
possibilities for the use of this imaging technique in veterinary ophthalmology. The vascular pattern identified in this
study, with enhancement starting at the region of the optic nerve and retina, and then ciliary body (with the optic nerve
as the most hyperenhanced structure) is consistent with the expected pattern for dogs without ophthalmic disorders. The
posterior ciliary artery is primarily responsible for supplying the optic nerve, later irrigating the retina, lateral and medial
segments of the ciliary body. Some works on the evaluation of orbital vascular pattern in humans report a significant vari-
ability on anatomical course of the ophthalmic artery and its branches. However, in our study, no significant variation was
observed on vascular flow of dogs of different brachycephalic breeds. Retinal blood vessels consist of arteries and veins
that emerge from the optic nerve region and from the choroid. Contrast enhancement at the region of the RCSC is justified
by the presence of vessels from the choroid that are irrigated by posterior ciliary arteries and drained by vorticose veins,
since this structure is responsible for the nutrition of the external portion of the retina. Wash-in, peak enhancement, and
wash-out times were similar for right and left eyes owing to anatomical and physiological similarities in vascularization.
The homogeneous contrast-filling pattern is of paramount importance, since it will allow differentiation of abnormalities
in sick animals, such as partial or total loss of capillarization, which will cause heterogeneity or absence of capillary fill.
It will also be important for early diagnosis and evaluation of vascular alterations, especially ischemic changes, especially
glaucoma, intraocular neoplasm, progressive retina atrophy, and uveitis. CEUS gives relevant information about the vascular
pattern of the eyes of brachycephalic dogs, and is a quick, non-invasive, and safe exam.
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INTRODUCTION

Microbubbles are a type of contrast-enhanced
ultrasonography (CEUS). CEUS is a recent imaging
technique that uses highly reflective structures capable of
increasing the spectrum of Doppler signs. Microbubbles
have diameters of 1 to 6 mm, which enables passage
through capillary beds and remain strictly intravascular,
with no interstitial diffusion or urinary excretion, and
its use is safe and free from hemodynamic effects [16].

In veterinary medicine, ultrasound using micro-
bubbles contrast has been used for evaluation of spleen
in dogs [20,24], hepatic carcinoma [2], and evaluation
of renal [11], testicular and prostatic lesions [26].

Recently, this contrast technique has been used
in human ophthalmology yielding important results in
the evaluation of therapeutic response in patients with
uveal melanoma subjected to radiosurgery [25]. Oth-
erwise other studies reported the tissue vascularization
after insertion of hydroxyapatite orbital implants [27].
Another reported investigated the vascular pattern in
patients with choroidal melanoma, thus helping with
the early diagnosis of this disease [17,29] and in studies
of murine models of choroidal melanoma [28].

Considering the scarcity of studies that de-
scribe the image characteristics and applicability of this
contrast-enhanced ultrasound technique for evaluation
of the eye in dogs, the present study had the objective
of describing ultrasound findings observed in the eye
of healthy brachycephalic dogs subjected to CEUS.

MATERIALS AND METHODS

Animals

This study was approved by the Animal Ethic
and Welfare Committee (Univ Estadual Paulista) pro-
tocol N° 9516/15. This prospective study included
84 eyes of 42 brachycephalic dogs (16 Shih Tzus, 11
English bulldogs, 11 French bulldogs, and 4 Pugs),
all of which were adults with ages between 1 and 6
years (mean of 3 + 1.26 years), males (21.43 %) or
females (78.57 %) from private kennels. The owners,
who signed a consent form, authorized inclusion of
these dogs in this study. Degree of kinship was not
considered as inclusion or exclusion criteria.

Physical, laboratory and ophthalmic exams

Physical, laboratory [complete blood count,
serum alanine aminotransferase (ALT) and creati-
nine levels], and ophthalmic examination: direct and

consensual pupillary light reflex, menace response,
Schirmer tear test (Schirmer Tear Test)!, slit lamp
biomicroscopy (Slit Lamp Kowa — SL-15L)? applana-
tion tonometry (Tono-Pen VET®)?, binocular indirect
ophthalmoscopy (Topcon ID-10)*, fluorescein dye test
(Fluorescein Dye Test)' and tear breakup time test.
Dogs that were healthy as assessed in all exams were
subjected to ocular ultrasound.

Ophthalmic ultrasound

Desensitization of the corneas was achieved
with proxymetacaine hydrochloride (5 mg/ml; Anes-
talcon®)° anesthetic drops. Sterile gel (Supragel)® was
used as contact medium. The corneal technique was
employed using a 20 MHz transducer (Ultrascan)’.
Dogs were restrained manually in a gentle way.

The imaging device used was an ultrasound
scanner (ACUSON S2000)? equipped with a 9.0 MHz
transducer. The echogenicity (anechoic, hypoechoic,
hyperechoic, or mixed) and echotexture (homogeneous
or heterogeneous) of the anterior, posterior, and vit-
reous chambers, lens, RCSC, and eye fundus (optic
nerve) were evaluated.

Contrast-enhanced ocular ultrasonography

The CEUS exam was performed using contrast
specific software (Cadence - Acuson S2000)°, with sec-
ondary harmonic imaging and inverted pulse technique.
After delimitation of the area the probe hold steadily and
the adjustable parameters, such as depth, gain, mechanical
index and focal zones, were optimized and maintained.
Immediately the contrast agent (SonoVue®)° was in-
travenous administered in bolus (0.1 mL, followed by
5 mL saline flush) via a catheter placed in the cephalic
vein. Images were obtained for five minutes after bolus
injection of the contrast agent and recorded on the internal
storage system per each assessed tissue.

Videos and images were evaluated according
to presence or absence of microbubbles on the optic
nerve, RCSC, and ciliary body at wash-in and wash-
out times, as well as at the peak contrast enhancement
time. Structures were also classified as hyper, iso, or
hypoenhanced, with centripetal or centrifugal filling
pattern and according to internal homogeneity, as
homogeneous or heterogeneous.

Statistical analysis

Statistical analysis was performed using soft-
ware (R®)!!. Normal distribution of data (Shapiro Wilk
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test) and homogeneity of variance (Barlett’s test) were
checked for the time variables. The comparisons of
time variables between right and left eyes, and between
genders were performed using the Student’s ¢ test. The
correlation between time variables and age of animals
was also studied (Pearson’s correlation). The level of
significance was set at 5% (P < 0.05).

RESULTS

Conventional ultrasound examination did not
reveal any alteration in eye structures such as the optic
nerve area, RCSC and ciliary body exhibited homoge-
neous echotexture. Regarding the contrast-enhanced
ultrasound technique, no adverse reaction or side effect
symptoms related to the intravenous administration of
contrast agent were observed in the dogs of this study.
The exam was performed without difficulties and con-
trast filling or perfusion was adequately observed in
the structures evaluated.

The RCSC was seen as a single hyperechoic
structure that delimits the posterior part of the eye. The
optic nerve is seen as a hypoechoic structure located
caudally to the optic disk, and the ciliary body is seen as
a double, homogeneous, hypoechoic structure located
at the periphery of the lens.

Contrast enhancement was observed in 52 out
of the 60 eyes evaluated, with a homogeneous fill-
ing and centrifugal pattern of distribution. Structures
adequately perfused were the optic nerve, RCSC, and

ciliary body (Figure 1). The optic nerve region was
hyperenhanced (higher intensity of contrast filling) as
compared to the other structures, which were similar
to each other (isoenhanced).

Regarding evaluation of contrast enhancement
time variables, wash-in (P = 0.55), peak enhancement
(P=0.26), and wash-out (P = 0.54) times were similar
for right and left eyes, independent of the structure
evaluated. Mean values and standard deviation of the
time variables observed for the eye structures are de-
scribed in Table 1. When contrast enhancement param-
eters were evaluated for each eye structure separately, a
shorter wash-in time was seen at the optic nerve region
as compared to the other structures, and a longer wash-
in time was seen at the ciliary body; however, peak
enhancement time was observed at similar moments.
Additionally, the wash-out time was also longer at the
optic nerve region (Table 1).

When variables were compared according to
the animals’ characteristics, no correlation was found
between contrast enhancement time and age of animals
(P > 0.05). However, there were differences between
variables in males and females with a longer wash-in
time (P = 0.029) in males (5.6 + 3.3s) as compared to
females (3.9 = 1.9s); longer peak enhancement time
(P =0.01) in males (18.4 + 4.7 s) as compared to fe-
males (14.8 + 3.7 s); and longer wash-out time (P =
0.03) in males (28.8 + 3.7 s) as compared to females
(26.2+3.25%).

Table 1. Mean values and standard deviation of contrast enhancement time variables (CEUS), wash-in, peak enhancement,
and wash-out time at the optic nerve, RCSC, and ciliary body in dogs.

CEUS variables

Structures

Wash-in (s) Peak enhancement (s) Wash-out (s)

Optic nerve
LE 4.37+1.74 17.62 £2.92 29.20 £ 2.02
RE 4.13+£1.78 17.75 £3.48 28.82 +1.89

RCSC

LE 8.06 = 1.90 15.10£ 191 26.03 £ 1.49
RE 7.24 £ 1.66 14.82 + 136 25.68 + 1.07

Ciliary body
LE 8.37+£2.21 16.34 + 1.58 26.34 + 1.34
RE 8.37+2.41 16.17 £ 1.51 25.72 £ 1.70

CEUS: contrast-enhanced ultrasonography; s: seconds; LE: left eye; RE: right eye; RCSC: retina-choroid-sclera complex.

Level of significance: 5 % level of significance.
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Figure 1. Ultrasound images of the contrast enhancement of the French Bulldog dog’s ocular bulb. a- The presence of the contrast in the adjacencies of
the optic nerve. b- The filling proceeds to the region of retina-choroid-sclera complex. c- Ciliary body filled with contrast.

DISCUSSION

Ultrasound is an important diagnostic resource
for veterinary ophthalmology and provides relevant
information for the detection of pathological conditions
of the eyes of animals [4,19].

However, the study of the vascular structures of
the eye and abnormalities related to vasculature (vascu-
lar characterization and obtainment of vascular indices)
requires additional technologies such as Doppler ul-
trasound [5,7], and, more recently, contrast-enhanced
ultrasound. The latter technique allows evaluation of
tissues at the capillary level (macro and microcircula-
tion), complementing the vascular ultrasound scan [1].
In this context, this study brings original information on
contrast-enhanced ultrasound findings for evaluation
of eyes in dogs, creating novel diagnostic possibilities
for the use of this imaging technique in veterinary
ophthalmology.

Inclusion of imaging techniques that allow
adequate study of the vascular features of the eye of
dogs, such as Doppler ultrasound, is extremely advan-
tageous for veterinary routine, since it is not invasive
and do not exhibit any deleterious effect for the patient,
allowing diagnosis of hemodynamic dysfunction and
vascular abnormalities in several tissues [7]. Similarly,
the contrast-enhanced ultrasound technique used in
this study was demonstrated to be effective for the
evaluation of the vascularization of eyes of dogs, with
absence of side effects and no need for chemical re-
straint (sedation or anesthesia) of patients.

Microbubble contrast media enable evaluation
of the vascularization of the tissues analyzed in this
study in detail, especially because there is potentializa-
tion of ultrasound echoes [9]. The study of the macro-
circulation allows visualization of vascular flow as well
as morphology of the vessel’s lumen, and assessment
of perfusion allows characterization of pattern and
intensity of tissue uptake, which are especially useful
in cases of neoplastic lesions [3]. The importance of
the present study is based on the lack of reports on the
evaluation of the vascular pattern of eyes of dogs using
microbubble contrast.

The vascular pattern identified in this study,
with enhancement starting at the region of the optic
nerve and retina, and then ciliary body (with the
optic nerve as the most hyperenhanced structure) is
consistent with the expected pattern for dogs without
ophthalmic disorders. The posterior ciliary artery is
primarily responsible for supplying the optic nerve,
later irrigating the retina, lateral and medial segments
of the ciliary body [13].

Some works on the evaluation of orbital vas-
cular pattern in humans report a significant variability
on anatomical course of the ophthalmic artery and its
branches [13]. However, in our study, no significant
variation was observed on vascular flow of dogs of
different brachycephalic breeds.

Retinal blood vessels consist of arteries and
veins that emerge from the optic nerve region and from
the choroid. Contrast enhancement at the region of the
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RCSC is justified by the presence of vessels from the
choroid that are irrigated by posterior ciliary arteries
and drained by vorticose veins, since this structure is
responsible for the nutrition of the external portion of
the retina [6].

Branching of the main artery explains the
centrifugal vascular pattern observed. The central
branches of the retina irrigate the eye fundus, and
the short posterior ciliary arteries supply the choroid
and external portion of the retina. The long posterior
ciliary arteries reach the ciliary body and iris, while
anterior ciliary arteries irrigate sclera, episclera,
limbus, bulbar conjunctiva, and ciliary plexus. Drain-
age occurs through superior and inferior ophthalmic
veins [15].

Wash-in, peak enhancement, and wash-out
times were similar for right and left eyes owing to
anatomical and physiological similarities in vascular-
ization [15]. The homogeneous contrast-filling pat-
tern is of paramount importance, since it will allow
differentiation of abnormalities in sick animals, such
as partial or total loss of capillarization, which will
cause heterogeneity or absence of capillary fill. It will
also be important for early diagnosis and evaluation
of vascular alterations, especially ischemic changes,
especially glaucoma, intraocular neoplasm, progressive
retina atrophy, and uveitis.

The age did not interfere with vascular pattern
of the eye of dogs, which were similar in young adults
of different ages. These data demonstrate the strength
and integrity of capillaries in the eyes of dogs; however,
more studies are necessary to include a larger number
of dogs distributed into different age groups in order
to allow the evaluation of differences between breeds,
weights, gender, and age that could interfere in the
vascular pattern. Knowledge on the circulatory pattern
of the eye fundus of these patients may greatly improve
diagnosis and prognosis prediction in cases of diabetic
retinopathy and/or glaucoma, in diseases that affect the
retinal vasculature [10], and in cases that require evalu-
ation of neovascularization resulting from neoplastic
processes, especially in the eye fundus.

In medicine, ultrasound techniques have helped
evaluation of retinal vascular compromise in diabetic
patients [18]. In considering the efficacy of the micro-
bubble contrast method for the evaluation of the retina-
choroid-sclera complex observed in the present study,

it is possible that this technique will help monitoring
patients with diabetic retinopathy.

Doppler ultrasound has proven useful for the
evaluation of systemic diseases such as toxoplasmosis,
viral feline immunodeficiency, cancers, and fungal
diseases, all of which may interfere with arterial vas-
cularization of the eye in felines [21]. Since, in the
present study, the microbubble contrast method proved
effective to evaluate vascularization of eye structures
in dogs, itis presumable that ophthalmic repercussions
of systemic diseases in dogs may be better investigated
using this technique.

CONCLUSION

We conclude that ophthalmic ultrasound evalu-
ation using microbubble contrast provides relevant
information regarding the vascular pattern of brachy-
cephalic dogs. This exam was fast, non-invasive, and
free from any adverse effects related to intravenous
infusion of the contrast. The present work validates
the use of the microbubble contrast technique for the
sonographic study of the ophthalmic vascular pattern in
dogs, and, consequently, may be useful as a reference
for the evaluation of ophthalmic vascular alterations
secondary to ophthalmic or systemic diseases in this
species.
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