
Acta Scientiae Veterinariae, 2020. 48: 1756.

	 RESEARCH ARTICLE
    Pub. 1756

ISSN 1679-9216

1

DOI: 10.22456/1679-9216.107665
Received: 24 May 2020                                                                    Accepted: 10 September 2020                                                  Published: 27 September 2020

1Animal Science Post-Graduate Program; 2Post-Graduate Program in Technologies Applied to Animals of Regional Interest; 4Health Science Post-
Graduate Program & 5Department of Veterinary Morphophysiology, Federal University of Piauí (UFPI), Teresina, PI, Brazil. 3Department of Medicine, 
Faculty of Medical Science, State University of Piauí, (UESPI), Teresina. CORRESPONDENCE:  F.R. Alves [flavioribeiro@ufpi.edu.br]. Department 
of Veterinary Morphophysiology - UFPI. CEP 64049-550 Teresina, PI, Brazil.

B-Mode and Doppler Ocular Ultrasound Evaluation  
in Healthy and Positive Dogs for Visceral Canine Leishmaniasis

Elzivânia Gomes da Silva1, Renan Paraguassu de Sá Rodrigues2, Gerson Tavares Pessoa1,  
Andrezza Braga Soares da Silva2, Laecio da Silva Moura1, Francisco das Chagas Araújo Sousa3,  

Kassio Vieira Macedo4 & Flávio Ribeiro Alves5

ABSTRACT

Background: The use of ultrasound examination in the evaluation of ophthalmopathies has been gaining more and more 
space within the ophthalmologic clinical routine. The hemodynamic study of ocular vascularization may anticipate future 
changes, aiding in the adequate establishment of therapeutic conduits. The objective of this study was to evaluate the 
structures of the ocular bulb and to perform the hemodynamic evaluation of the flow of the external ophthalmic artery of 
dogs with canine visceral leishmaniasis (CVL) correlating with healthy animals.
Materials, Methods & Results: For this purpose, 100 animals were used, of these 70 positive for CVL and 30 healthy 
animals, submitted to B-mode and Doppler ultrasound examination. Two-dimensional evaluation included identification 
of ocular changes and biometry of the following segments: axial length (M1), anterior chamber depth (M2), lens thickness 
(M3), lens length (M4), glass chamber depth (M5), optical disc length (M6) and optic nerve length (M7). The Doppler 
velocimetric evaluation included the identification and hemodynamic evaluation of the external ophthalmic artery, being 
measured: systolic peak velocity (SPV), final diastolic velocity (FDV), resistivity index (RI) and pulsatility index (PI). 
Ophthalmopathies were frequent in animals with leishmaniasis in both right (91.42%) and left (29.14%) eyes, with iden-
tification of capsular cataract, lens dislocation, retinal detachment and lens rupture. No significant statistical difference 
(P > 0.05) was observed when comparing the biometric values between the right and left eyes of the animals with CVL, 
as well as for the measurements between healthy and CVL animals. Hemodynamic indexes of the flow of the external 
ophthalmic artery presented narrow limits for the right and left eyes of the positive animals, not statistically different from 
each other. However, a significant difference was observed when compared to hemodynamic evaluations of the flow of 
the ophthalmic artery between the right eyes of the group of normal animals and that of the carriers of leishmaniasis, with 
the latter presenting values superior to the first one. The B-mode and Doppler ultrasonographic evaluation enabled the 
morphological characterization of the ocular bulb, the identification of ophthalmopathies and the hemodynamic evalua-
tion of the external ophthalmic artery of dogs with canine visceral leishmaniasis, establishing values that could be used 
in clinical ophthalmologic routine.
Discussion: The presence of ocular changes diagnosed by B-mode ultrasonography were common in dogs with canine 
visceral leishmaniasis. Ocular lesions were observed in 80.5% of dogs with leishmaniasis, presenting a high frequency, 
corroborating with the results in the present research. In 22% of the animals, B-mode ultrasonographic lesions were identi-
fied in both eyes, 64 of these presented changes only in the right eye and 16 in the left eye. Ophthalmopathies can be uni 
or bilateral and cause more than one alteration in the same eye, resulting from both the immune-mediated mechanisms 
caused by the agent and direct parasitism. Although the literature reports that the highest frequency of lesions is bilateral, 
only 16 animals had alterations in both eyes. The origin of ophthalmopathies may be related to the species and tropism 
of the parasite, type and duration of the immune response developed by the host. The greater frequency of bilateral oph-
thalmopathies can have correlation with the systemic disease, in which in the initial stages of the disease only one eye is 
affected and the occurrence of bilateral manifestations is related to the chronic cases. 
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INTRODUCTION

Canine visceral leishmaniasis (CVL) is a 
disease caused by protozoa of the genus Leishmania 
sp. [31] and transmitted by the dipterous Lutzomya 
longipalpis [23]. In Brazil it is also known as calazar, 
being caused by L. chagasi [11]. The Canis familiaris 
is considered to be an important source of infection 
because it is the main urban reservoir for the vector in 
the environment and because it is generally associated 
with the occurrence of cases in humans [1,27].

The most common clinical signs in dogs 
with CVL are dermatopathies. The animals may also 
develop apathy, splenomegaly, lymphadenomegaly, 
onychogrifose, emaciation, anemia [6,11], renal and 
hepatic disease [29].

Several ocular clinical signs are related to 
pathology. Karyatoconjunctivitis and blepharitis 
are among the most frequent, although there is also 
the prevalence of granulomatous or lymphocytic 
uveitis, associated with corneal edema and synechiae 
[14,29]. The ophthalmopathies may or may not be 
associated with systemic signs, most of which are 
bilateral [13].

B-mode ocular ultrasonography is an important 
diagnostic tool used in the evaluation of retrobulbar 
and periorbital diseases, assisting both localization 
and characterization of lesions [21,34]. 

Due to the association of canine visceral leish-
maniasis with the development of ophthalmopathies, 
the aim of this study was to perform the B-mode 
ultrasound evaluation of the ocular structures and the 
Doppler ultrasound study of the flow of the external 
ophthalmic artery of normal dogs and individuals with 
canine visceral leishmaniasis, correlating both groups. 

MATERIALS AND METHODS

Experimental design

We examined 100 dogs, totaling 200 ocular 
bulbs, ranging in age from one to fourteen years old. 
The animals were separated into two groups: 70 dogs 
(4 pinschers, 4 daschunds, 20 poodles and 42 hybrids) 
with positive serology and parasitological examination 
for CVL, presenting or not ocular lesions at clinical ex-
amination, were the group of animals with the disease; 
and 30 dogs (3 Daschunds, 4 Pinschers, 13 Poodles and 
10 hybrids), free of ocular and systemic alteration at 
the clinical examination, with serological and parasi-

tological examination negative for CVL, formed the 
control group. All the animals came from the medical 
clinic service of the Veterinary University Hospital of 
the Federal University of Piauí (HVU/UFPI)

B-mode ultrasound evaluation

Ultrasonographic evaluation of the optical 
components was performed using a portable ultrasound 
device (Z6-Vet)1, associated to the 8.5 MHz micro-
converter transducer, calibrated at a sound velocity of 
1,540 m s. In order to minimize the variables that could 
interfere in the results, all the scans were performed by 
the same observer and the ultrasound device always 
calibrated in the same way regarding the positioning 
of the main focus and the intensity of brightness and 
contrast, in order to avoid the interobserver and inter-
assay variations.

The animals were placed in sternum decubitus 
and contained manually. For the purposes of standard-
ization, the right eye was first evaluated, and later the 
left eye was evaluated. A drop of anesthetic collyrium 
based on proximetacaine hydrochloride was instilled 
in both eyes to promote corneal desensitization, and 
then a layer of carboxymethylcellulose gel was applied 
onto the transducer that was positioned directly over 
the center of the cornea.

Scans were performed on the sagittal, trans-
verse and dorsal planes, and the following measure-
ments were performed in triplicate to minimize the 
experimental error: M1 - distance between the cornea 
and the internal face of the retinal-choroid-sclera 
complex (axial length); M2 - distance between the 
central point of the cornea and the center point of the 
anterior lens capsule (anterior chamber depth); M3 - 
distance between the anterior and posterior capsule of 
the lens (lens thickness); M4 - distance between the 
lateral and medial poles of the lens (lens length); M5 
- distance between the posterior lens capsule and the 
posterior bulb wall (depth of the vitreous chamber); 
M6 - optical disc length; M7 - length of the optic 
nerve (Figure 1-A).

Doppler velocimetry

A sagittal cut of the ocular globe was per-
formed and after identification of the optic nerve 
the transducer was positioned about 2 mm from 
the posterior wall of the eye bulb and the external 
ophthalmic artery was identified by color Doppler. 
Shortly afterwards, the cursor was placed on this 
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artery, with insonation angle < 60°, and the vascular 
flow measurement was performed by the spectral 
Doppler in the equipment itself. Three fluxometric 
evaluations were performed in each artery of both 
eyes in each animal, to guarantee the accuracy of the 
values obtained, with the flow measured in both sys-
tole and diastole. Resistivity and pulsatility indexes 
were obtained automatically by the device software 
after manual delineation of systolic peak velocity and 
final diastolic velocity (Figure 1-B).

After the end of the examinations, both eyes 
were cleaned with 0.9% sodium chloride solution in 
order to avoid possible irritation caused by the gel.

Statistical analysis

The data were submitted to the error normal-
ity test (Shapiro-Wilk and Kolmogorov-Smirnov test) 
and the means were then analyzed using the paired 
Student’s t-test for the interpretation of the parameters, 
considering a confidence interval of 5%.

Figure 1. B-mode and Doppler images of ultrasound evaluation of healthy and with leishmaniasis dogs.  
A- Structures present in the normal ocular bulb and measurable follow-up in ophthalmic biometry. B- Flow pat-
tern of the external ophthalmic artery. Note the presence of the dichrotic tracing. C- Lens rupture, with presence of 
rounded and anechoic formation on the posterior face of the lens. D- Dislocation of the lens, evidencing its presence 
in the vitreous region. E- Retinal detachment, marked by the “swallow wing” aspect. It is observed that the retina 
remains attached to the optic nerve and the ora serrata (regmatogenic detachment). F- Incipient capsular cataract, 
with presence of increased echogenicity on the anterior and posterior face of the lens.
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RESULTS

Through B-mode ultrasound examination it 
was possible to perform the identification and evalua-
tion of all the structures that make up the ocular bulb, 
besides the characterization of the present ocular 
alterations. The ophthalmic pathologies found by the 
two-dimensional mode in CVL positive animals, in 
ascending order were: lens rupture, lens dislocation, 
retinal detachment and cataract. Lens rupture was 
observed only in the right eye of two animals (2.86%) 
and lens dislocation, only in the left eye of five animals 
(7.14%). Retinal detachment and cataract were simul-
taneously identified in both eyes of seven (10%) and 
nine (12%) animals, respectively (Table 1).

Ultrasonographic changes were more fre-
quently identified in the right eye (91.42% - 64 animals) 
when compared to the left one (29.14% - 21 animals), 
so that all animals that presented retinal displacement 
and cataract in the left eye presented in the contralateral 
eye, but the opposite was not observed. Of the 70 ani-
mals with CVL, 64 presented some ophthalmopathy in 
at least one eye, so that in 16 animals, eye lesions were 
identified in both eyes. In 49 animals, no alteration was 
observed in the left eye, and only 6 dogs showed no 
lesions identified by ultrasonographic examination in 
the right eye.

The lens rupture was characterized by the pres-
ence of irregularity in the posterior face, with visible 
rounded formation suggesting cicatricial tissue, and an 
increase in echogenicity (opacity) was also observed 
throughout its length. It was also observed presence 
of punctate echoes (cellularity) in the vitreous humor, 
suggesting signs of hemorrhage (Figure 1-B).

When the animals that presented dislocation of 
the lens were identified, in 100% of the dogs the dis-
location was of the posterior type. Complete displace-
ment of the lens to the side of the bulb was observed, 
with rupture of the zonular ligaments, being visible in 
topography of the vitreous chamber, being observed 
an increase of its echogenicity in all affected animals. 
In one of the animals it was possible to identify the 
presence of a fine echogenic filament, representing 
posterior vitreous displacement (Figure 1-C).

Regarding retinal detachment, in 10% of dogs, 
this alteration was identified in both eyes and in 15.71% 
in the right eye. Retinal membranes were visualized 
with total displacements and non-regmatogenic type, 
remaining adhered posteriorly to the optic nerve head 

and, previously to the ora serrata, with a wavy aspect 
(Figure 1-D).

Cataract was the most frequently identified 
ophthalmopathy in animals with canine visceral leish-
maniasis, characterized by an increase in echogenicity 
of the anterior and posterior faces of the lens along its 
entire length (Figure 1-E).

In relation to the CVL negative animals, all 
structures present in the ocular bulb presented normal-
ity patterns for the species. The anterior chamber was 
identified as an anechoic structure by the presence of 
the aqueous humor, located between the cornea and 
the anterior face of the lens. The iris and ciliary body 
were visualized together in the peripheral-equatorial 
region of the lens as a unique structure in the sagittal 
section, triangular and echogenic. Later, the lens, also 
known as crystalline, was internally occupied by an-
echoic content, characterized as a biconvex structure, 
formed by an anterior and posterior echogenic face. 
The vitreous space, a component completely filled with 
anechoic content (vitreous humor), was visible between 
the posterior face of the lens and the posterior wall of 
the ocular bulb. The optic disc, identified in the poste-
rior wall of the ocular bulb, was hyperechogenic to it. 
And the last structure observed, the optic nerve, was 
ultrasonographically funnel shaped, hypoechogenic 
in relation to the adjacent retrobulbar tissue, located 
caudal to the optic disc.

Biometric measurements of the optical com-
ponents of animals with canine visceral leishmaniasis 
were performed in anteroposterior horizontal cut and 
are present in Table 2. Although 91.42% of the animals 
presented ophthalmic alteration in at least one eye, 
no significant statistical difference was observed (P 
> 0.05) between right and left eyes for M1, M2, M3, 
M4, M5, M6 and M7 measurements. The thickness of 
the lens (M3) was the biometric variable that showed 
the greatest variation, from 0.66 to 0.74 cm in the right 
eye, and 0.82 to 0.92 cm in the left; while the length 
of the optical disc (M6) obtained a smaller variation in 
size, with a mean of 0.40 ± 0.05 cm for the right eye 
and 0.39 ± 0.06 cm for the left one.

When comparing the biometric values of ocular 
structures between normal and CVL animals, there was 
no statistically significant difference (P > 0.05) when 
compared within the same group (normal animals and 
animals with leishmaniasis). A tendency to increase 
the size of the ocular components in positive animals 
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was observed, with the exception of the lens thickness 
(M3) in the right eye and the length of the optic nerve 
(M7) on the left. However, this increase was considered 
discrete, not representing a difference between the 
groups studied (Table 3).

The Doppler tool allowed identification of the 
external ophthalmic artery in all the animals studied. 
In both normal and positive animals, the flow was 
characterized as a parabolic laminar of intermediate 
resistivity with high systolic peak and dichrotic trac-
ing (Figure 1-B).

According to the data presented in Table 4, 
no significant statistical difference (P > 0.05) was 
observed in relation to hemodynamic indices of the 
ophthalmic artery between the right and left eyes of 
the animals with leishmaniasis. The mean resistivity 
index (RI) ranged from 0.65 to 0.67, presenting a mean 
basal velocity of 19.45 cm/s at the systolic peak and 
6.40 cm/s at the end of the diastole for the right eye 
and at the velocity mean baseline of 18.94 cm/s at the 
systolic peak and 6.60 cm/s at the end of the diastole.

When Doppler velocimetric indices were 
compared between the two groups of animals (normal 
x positive), taking into account the same eye, it was 
verified that there was no significant statistical differ-
ence (P > 0.05) between left eyes of healthy animals 
and with leishmaniasis. However, when comparing 
the hemodynamic values for the right and left eye of 
normal and positive animals, it was possible to observe 
a statistically significant difference (P < 0.05) for all 
analyzed variables (RI, PI, SPV and FDV) an increase 

in all hemodynamic indices of animals with leishmani-
asis in relation to normal animals (Table 5).

There was a positive correlation between the 
age of the animals with leishmaniasis and the biomet-
ric values, as observed in Table 6. Strong and positive 
dependence was observed in the right eye for the M1 
and M7 values, reasonable for M2, M3, M5 and M6 
and insignificant for M4. On the other hand, for the 
left eye, strong dependence was observed for M1 and 
M3, reasonable for M2 and M7, weak for M5 and M6 
and insignificant for M4 (Table 6).

Likewise, the systolic peak velocity (SPV) 
and the resistivity index (RI) in the right and left ocu-
lar hemodynamic measurements of the animals with 
leishmaniasis showed a positive correlation with age, 
being considered strong between the RI and the age 
when taken in the right eye and, reasonable for the 
other associations (Table 7).

When the correlation between the SPV and the 
RI of the right and left eyes within the same group of 
animals was verified, there was a strong and positive 
correlation in all the associations, with r = 0.93 and 
0.91 for the right and left eyes of the normal animals, 
respectively, and r = 0.96 for the right eye and r = 0.98 
for the left, in animals with leishmaniasis.

There were no statistical differences between 
males and females (P > 0.05) and biometric and he-
modynamics variables within each group (normal dogs 
and dogs positive for CVL). Likewise, there was no 
positive correlation between weight and biometric and 
hemodynamic variables in both groups.

Table 1. Morphological alterations evidenced to B-mode ocular ultrasound examination of positive animals for Canine Visceral Leishmaniasis, 
Teresina, Piauí, Brazil, 2016.

Ultrasonographic findings
Right eye

(%)

Left eye

(%)

Both eyes

(%)

Cataract 62.85 12.00 12.00

Retinal detachment 25.71 10.00 10.00

Lens dislocation - 7.14 -
Lens rupture 2.86 - -

Table 2. Mean and standard deviation (cm) of the biometry of right and left ocular components of dogs with Canine Visceral 
Leishmaniasis, Teresina, Piauí, Brazil, 2016.

Measures Right eye Left eye

M1 1.86 ± 0.07a 1,80 ± 0.09a

M2 0.25 ± 0.07a 0.24 ± 0.09a

M3 0.70 ± 0.04a 0.87 ± 0.05a

M4 1.26 ± 0.10a 1.27 ± 0.09a

M5 0.87 ± 0.05 a 0.82 ± 0.04a

M6 0.52 ± 0,06a 0.50 ± 0.06a

M7 0.40 ± 0.05a 0.39 ± 0.06a 
aValues followed by equal letters on the same line did not differ statistically (P > 0.05). M1: axial length, M2: depth of the anterior 
chambre, M3: lens thickness, M4: lens length, M5: depth of the vitreous chambre, M6: optical disc length, M7: optic nerve length.
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Table 3. Biometric comparison between the means and standard deviation (cm) of the right and left ocular components of normal and 
Canine Visceral Leishmaniasis dogs, Teresina, Piauí, Brazil, 2016.

Measures
Right eye
(normal)

Right eye
(positive)

Left eye
(normal)

Left eye
(positive)

M1 1.75 ± 0.10a 1.86 ± 0.07a 1.73 ± 0.11a 1.80 ± 0.09 a

M2 0.20 ± 0.05a 0.25 ± 0.07a 0.19 ± 0.06a 0.24 ± 0.09a

M3 0.72 ± 0.05a 0.70 ± 0.04a 0.73 ± 0.04a 0.87 ± 0.05a

M4 1.22 ± 0.10a 1.26 ± 0.10a 1.22 ± 0.11a 1.27 ± 0.09a

M5 0.83 ± 0.04a 0.87 ± 0.05a 0.82 ± 0.04a 0.82 ± 0.04a

M6 0.42 ± 0.08a 0.52 ± 0.06a 0.40 ± 0.08a 0,50 ± 0.06a

M7 0.39 ± 0,02a 0.40 ± 0.05a 0.40 ± 0.08a 0.39 ± 0.06a

aValues followed by equal letters on the same line did not differ statistically (P > 0.05). M1: axial length, M2: depth of the anterior 
chambre, M3: lens thickness, M4: lens length, M5: depth of the vitreous chambre, M6: optical disc length, M7: optic nerve length.

Table 4. Mean values and standard deviations of the Doppler velocimetric indexes of 
the external ophthalmic artery of dogs with Canine Visceral Leishmaniasis, Teresina, 
Piauí, Brazil, 2016.

Hemodynamic indexes Right eye Left eye

RI 0.67 ± 0.01a 0.65 ± 0.02a

PI 1.20 ± 0.07a 1.08 ± 0.09a

SPV 19.45 ± 1.12a 18.94 ± 1.20a

FDV 6.40 ± 0.23a 6.60 ± 0.13a
aValues followed by equal letters on the same line did not differ statistically (P > 
0.05). RI: resistivity index, PI: pulsatility index, SPV: systolic peak velocity, FDV: 
final diastolic velocity.

Table 5. Comparison between Doppler velocimetric indexes of external ophthalmic artery flow between normal and Canine Visceral Leishmani-
asis dogs, Teresina, Piauí, Brazil, 2016.

Hemodynamic indexes
Right eye

(normal)

Right eye

(positive)

Left eye

(normal)

Left eye

(positive)

RI 0.63 ± 0.03a 0.67 ± 0.01b 0.63 ± 0.03a 0.65 ± 0.02a

PI 1.04 ± 0.05a 1.20 ± 0.07b 1.05 ± 0.07a 1.08 ± 0.09a

SPV 17.50 ± 1,07a 19.45 ± 1.12b 18.18 ± 1.22a 18.94 ± 1.20a

FDV 6.21 ± 0.87a 6.40 ± 0.23b 6.68 ± 0.27a 6.60 ± 0.13a

aValues followed by equal letters on the same line did not differ statistically (P > 0.05). RI: resistivity index, PI: pulsatility index, SPV: systolic 
peak velocity, FDV: final diastolic velocity.

Table 6. Correlation between age and biometric values measured by two-dimensional ultrasonography for the right and left eye of 
dogs positive for Canine Visceral Leishmaniasis, Teresina, Piauí, Brazil, 2016.

Measures

Right eye 

R value 

(age)

Left eye 

R value 

 (age)

M1 0.90 0.90

M2 0.87 0.86

M3 0.81 0.92

M4 0.67 0.69

M5 0.87 0.74

M6 0.85 0.76
M7 0,90 0,88

M1: axial length, M2: depth of the anterior chambre, M3: lens thickness, M4: lens length, M5: depth of the vitreous chambre, M6: 
optical disc length, M7: optic nerve length.
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Table 7. Correlation between age and Doppler velocimetry indexes of the 
external ophthalmic artery of dogs positive for Canine Visceral Leishmani-
asis, Teresina, Piauí, Brazil, 2016.

Hemodynamic indexes

Right eye

R value

(age)

Left eye

R value

 (age)

SPV (cm/s) 0.87 0.88

RI 0.96 0.87

SPV: systolic peak velocity, RI: resistivity index.

DISCUSSION

The presence of ocular changes diagnosed by 
B-mode ultrasonography were common in dogs with 
canine visceral leishmaniasis, with 91.42% (64/70) 
of the dogs showing at least one unilateral ocular 
alteration. This study corresponds to the first report 
of the ultrasound description of the ocular bulb of 
dogs positive for leishmaniasis, with identification 
and two-dimensional description of ocular alterations, 
besides being pioneer in the hemodynamic evaluation 
of the flow of the ophthalmic artery of dogs naturally 
infected with CVL.

Brito et al. [3] clinically evaluating 25 dogs 
naturally infected with Leishmania chagasi found 76% 
of ocular lesions during ophthalmic examination. They 
observed that 73.7% of the animals presented only one 
type of alteration, whereas 26.3% showed more than 
one alteration for the same eye. Molleda et al. [24] 
observed ocular lesions in 80.5% of dogs with leish-
maniasis, presenting a high frequency, corroborating 
with the results in the present research. Peña et al. [29] 
diagnosed by means of clinical evaluation ocular and 
periocular changes in 24.4% of the 430 cases of posi-
tive dogs, being below the values found by Molleda 
et al. [24], and may be related to the pathogenicity of 
Leishmania involved, stage of disease and immune 
response of the animal [3].

In 22% of the animals, B-mode ultrasono-
graphic lesions were identified in both eyes, 64 of 
these presented changes only in the right eye and 
16 in the left eye. Ophthalmopathies can be uni or 
bilateral and cause more than one alteration in the 
same eye, resulting from both the immune-mediated 
mechanisms caused by the agent and direct parasitismo 
[3,29]. Although the literature reports that the highest 
frequency of lesions is bilateral, only 16 animals had 
alterations in both eyes. This may be related to the 
different stages of the disease, where there is initially 
only one eye involvement and, with its course, bilateral 

change occurs [19,24,29]. The origin of ophthalmopa-
thies may be related to the species and tropism of the 
parasite, type and duration of the immune response 
developed by the host [14]. The greater frequency of 
bilateral ophthalmopathies can have correlation with 
the systemic disease, in which in the initial stages of the 
disease only one eye is affected and the occurrence of 
bilateral manifestations is related to the chronic cases 
[3]. In some animals, ocular and periocular manifesta-
tions correspond to the first apparent alteration of the 
disease, although they may occur in conjunction with 
other systemic signs [12,29] and may appear in a period 
ranging from 1 month to 7 years [35].

It was possible to identify and characterize by 
ultrasonography the following pathologies: lens rup-
ture, lens dislocation, retinal detachment and cataract. 
Calabrese et al. [4] evaluated ocular changes in mice 
experimentally infected with Leishmania amazonensis 
and found that ocular lesions may be associated with 
the deposition of immunoglobulins in response to type 
III hypersensitivity stimulated by the presence of para-
site antigens. This accumulation of immunocomplexes 
favors the appearance of ocular lesions. The presence 
of lymphoplasmacytic inflammatory infiltrate was 
described in some eye follow-ups [3,13,24,25]. Ac-
cording to studies performed by several authors, the 
highest prevalence of ophthalmopathies in leishmani-
asis occurs in the anterior portion of the eyes [3,24].

The lens rupture was identified in the right eye 
of 2 animals, being characterized by the discontinuity 
and irregularity of the posterior face of the capsule, 
with presence of echogenic points in suspension, in-
dicating presence of cellularity in the vitreous space. 
The vitreous under normal conditions is homogeneous 
and without echogenicity. The presence of echogenicity 
in the vitreous space may be related to hemorrhages, 
degenerative processes, inflammation or cellular or-
ganization. In the case of a finding secondary to lens 
rupture in the animals under study, it is believed that 
the presence of punctiform echoes in the vitreous may 
be related to hemorrhage [18].

The dislocation of the lens was the third lesion 
most frequently found, being observed in the left eye of 
5 animals. It was identified rupture of the zonular fibers 
originated in the ciliary body, causing the displacement 
of the lens to the vitreous region. In all animals the dis-
location was characterized as being of the posterior type. 
This ocular manifestation may be secondary to increased 
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intraocular pressure or the presence of inflammatory 
processes in the peripheral-equatorial region of the lens, 
where the iris and ciliary body are located.

Retinal displacement was identified in the right 
eye of 11 animals and in 7 animals in the left eye. This 
alteration may occur at a focal point or throughout 
its amplitude, and may be associated with echogenic 
masses, be of congenital origin, inflammatory, trau-
matic or secondary to cataract [18]. The retracted 
retinas remained adhered to the optic nerve and the ora 
serrata, being of this form of the regmatogenic type. 
The retinal detachment of the retina is caused by the 
presence of a continuity solution in the sensorineural 
retina, originating from the vitreous cavity, into the 
subretinal space, causing a separation of this layer 
from the pigment epithelium [10]. Color Doppler was 
used to confirm the detachment, where vascularization 
was observed on echogenic red-colored lines (in the 
direction of the transducer), as differential diagnosis for 
echogenic masses or internal clots to the vitreous [36].

Cataract was the most frequent ocular mani-
festation among positive animals (50.85%), affecting 
both eyes in 12% of dogs, characterized by the presence 
of opacification in the anterior and posterior capsule 
of the lens. The ophthalmic ultrasound examination 
is an effective diagnostic tool that allows the identi-
fication and graduation of canine cataract. According 
to the anatomical location, all the animals presented 
cataract of the capsular type, since the increase of the 
echogenicity was only identified in the region of the 
front and back face of the lens [7] and, in relation to 
the stage of development, the dogs presented incipi-
ent cataract, since the opacity did not exceed 15% of 
the lens, being slightly thickened, thus not occurring 
visual impairment [33].

According to Table 2, it was observed no sig-
nificant statistical differences between the means of 
the intraocular structures in the biometric assessment 
of the ocular bulb of dogs with CVL using the B-mode 
ultrasonographic examination. Although A-mode (one-
dimensional) ultrasonography is the most suitable tech-
nique for biometric evaluation of the eye because of its 
accuracy, B-mode biometry has proved to be efficient 
[5], and no statistical differences were identified when 
compared mode A to B. Another factor to be taken 
into account was the achievement of all measures by 
single examiner, since, although the B-mode presents 
good repeatability both inter and intra-observer, when 

dealing with small structures measurement, significant 
differences can occur [2].

Three measurements of each component were 
performed to determine the biometric values, and at 
the end the mean was calculated, as was done [20]. 
The axial length (M1) ranged from 1.71 to 1.93 cm. 
Gonçalves et al. [16] evaluating 60 ocular bulbs of 
normal animals found variation from 1.78 to 1.98 cm, 
being very close to the values found in the study for 
animals with leishmaniasis.

The thickness of the lens presented a mean of 
0.70 ± 0.04 cm for the right eye and, 0.87 ± 0.05 cm 
for the left one, being relatively larger in the left eye, 
although no difference was observed when compar-
ing both. Gonçalves et al. [16] found values of 0.61 ± 
0.12 cm, lower than the results of the present research, 
which can be explained by the homogeneity of the 
weight of the animals studied (5 to 12 kg), while dogs 
with leishmaniasis presented weight ranging from 2.5 
to 28.5 kg. Similarly, Paunksnis et al. [28] evaluating 
10 adult dogs weighing between 7 and 9.5 kg found 
values between 0.47 and 0.68 cm.

The depth of the anterior chamber (M2) was 
quite similar when comparing both eyes. This homo-
geneity may be related to the fact that there is little 
variation of corneal aplanation by the probe due to the 
use of anesthetic collyrium before the examination [9]. 
Ekesten [9] evaluating mildly sedated and non-sedated 
Samoied dogs, observed large differences in anterior 
chamber depth in both groups, and were relatively 
large in sedated dogs. Miller & Murphy [22] found 
that the depth of the anterior chamber was the variable 
most affected by the biometry errors due to the probe’s 
corneal aplanation, leading to a decrease in its depth.

The depth of the vitreous chamber ranged from 
0.78 to 0.92 cm between right and left eyes in dogs 
with CVL. Cottrill et al. [5] found that dogs weighing 
between 9 and 32 kg were equal to 0.81 to 0.95 cm, 
compatible with the dogs of this study. Measurements 
of the length of the disc and of the optic nerve were 
also quite homogeneous when comparing both eyes.

According to Table 3, when comparing bio-
metric values measured by B-mode in the evaluation 
of ocular structures between normal and positive dogs, 
there was no statistically significant difference (P > 0.05) 
between right and left eyes of although most of the ani-
mals with leishmaniasis presented different pathologies 
(Table 1), most did not cause significant changes in the 
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internal anatomy of the eye that could hinder or prevent 
the measurement of optical components. Only in the 
animals that presented lens dislocation, the evaluations 
of the anterior chamber and the vitreous space were 
compromised. However, as the number of animals with 
this alteration was small (7.14%) when compared to the 
total of dogs evaluated, and because this alteration was 
only identified in the left eye of 5 animals, no influence 
of the general evaluation of this group was evidenced 
of animals (positive for leishmaniasis).

Garcia-Alonso et al. [14] and Peña et al. [29] 
analyzed histologically the ocular structures of parasitized 
dogs and found the amastigote form of the parasite in the 
inflammatory infiltrate and macrophages in the ocular, 
sclera, cornea, limbus and ciliary bodies. The presence 
of the parasite in the intraocular tissue probably occurs 
due to the breakage of the blood barrier and the aqueous 
humor of the eye, allowing the passage of parasitized 
macrophages into the anterior chamber region [30].

Color Doppler allowed identification of the 
external ophthalmic artery of the retrobulbar region 
of all animals evaluated, as previously verified [15]. 
The blood flow from the external ophthalmic artery 
presented small variation between the right and left 
eyes in dogs with leishmaniasis (Table 4), with no 
statistically significant differences (P > 0.05). The 
small variations between the flows occurred due to the 
cardiac revolution, being influenced by the circulating 
blood volume, causing blood flow velocity to be higher 
during systole and lower in diastole [17].

The Doppler velocimetric parameters of the 
external ophthalmic artery flow of the normal and 
positive dog groups are shown in Table 5. Regarding 
the evaluation of the left eye, no significant statistical 
differences were evidenced, with blood flow main-
taining narrow limits between the animals of both 
groups, with the resistivity index ranging from 0.60 to 
0.66 for healthy animals and 0.63 to 0.67 for positive 
animals. In contrast, the arterial flow of the right eye 
of healthy animals was statistically different from that 
of animals with leishmaniasis, with all hemodynamic 
indexes (RI, PI, SPV and FDV) increased in relation 
to normal animals. This fact may be related to the 
percentage difference of alterations identified during 
the B-mode evaluation, since 91.42% of the animals 
had at least one lesion in the right eye, whereas only 
29.14% presented lesions in the left eye, reflecting not 
only the occurrence of detectable two-dimensional  

lesions, but also a change in the hemodynamic profile 
of the ophthalmic artery flow.

Although the RI and PI of the ophthalmic artery 
flow of animals with leishmaniasis were increased in 
relation to healthy animals, both groups still showed 
values within normal for the species according to 
[15,26]. The use of the Doppler tool in the evaluation 
of blood flow parameters in ocular and orbital diseases 
allows us to infer the presence of normovascular, hy-
pervascular, hypovascular and neovascular flow [32].

 In several ophthalmopathies such as glaucoma, 
hypertension and diabetic retinopathy there are signifi-
cant alterations in the ocular vascular pattern. It is ex-
tremely important to identify these changes, since they 
guide the establishment of therapeutic behaviors [17]. 
It is increasingly necessary to develop non-invasive, 
reproducible and accessible techniques in the study of 
ocular blood flow [8].

A positive correlation was found between age 
and biometric measurements of dogs with leishmani-
asis (Table 6), inferring that the structures of the ocular 
bulb follow the growth curve of the animals. It was also 
observed when the correlation between RI and SPV 
was correlated with the age of the animals (Table 7), 
demonstrating that the resistance of the red blood cells 
to the interior of the external ophthalmic artery increases 
according to the development of the ocular structures.

CONCLUSION

The B-mode and Doppler ultrasound examina-
tion can be considered important diagnostic tools in 
the anatomical and vascular study of the ocular bulb 
of dogs with canine visceral leishmaniasis, allowing 
the anatomical and biometric evaluation of the ocular 
components, identification of ophthalmopathies and 
analysis of the vascular behavior of the external oph-
thalmic artery. Nevertheless, these data can be used as 
reference values for dogs with this pathology, since it 
allowed the correlation with healthy animals.
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