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RESUMO

FERNANDEZ, S. Padronizacdo dos métodos ultrassonograficos
elastografia strain e contraste de microbolhas em 6rgaos abdominais do
tamandua bandeira (Myrmecophaga tridactyla, Linnaeus, 1758). 2022. 85f.
Tese (Doutorado) — Faculdade de Zootecnia e Engenharia de Alimentos,
Universidade de Séo Paulo, Pirassununga, 2022.

O tamandua bandeira (Myrmecophaga tridactyla, Linnaeus, 1758) € um animal
de grande porte, que faz parte da cadeia alimentar do ambiente em que vive,
ajudando no controle de insetos e servindo como alimento para outros animais.
Esta entre as espécies selvagens vitimas de traumas e queimadas, 0 que a
torna vulneravel a extingdo. Logo, estudos cientificos buscam a preservacéo e
a contribuicdo no diagnéstico e na terapéutica desses animais. Contribuir na
area de diagndstico é o principal objetivo deste trabalho, visando padronizar e
descrever as técnicas de sonoelastografia e contraste por microbolhas no
tamandud bandeira. O estudo foi realizado com trés grupos experimentais,
sendo o grupo 1 composto por 10 tamanduas bandeiras, adultos saudaveis,
provenientes do Zool6gico Municipal de Sdo José do Rio Preto-SP e 0s grupos
2 e 3 compostos por cinco cdes cada, saudaveis, adultos, entre machos e
fémeas, a partir de 25 Kg de peso vivo, obtidos da rotina do Setor de
Atendimento Clinico-cirurgico de Pequenos Animais do Hospital Veterinario “Dr.
Halim Atique” do Centro Universitario de Rio Preto — UNIRP. O grupo 2
recebeu o mesmo protocolo de contengéo quimica do grupo 1 e o grupo 3 nao
passou por contencdo quimica. Todos os animais foram submetidos a
avaliacdo hematologica, bioquimicas, urindlise e coproparasitologico para
caracterizagdo da saude. Somente animais higidos foram utilizados. Exame
ultrassonogréafico ao modo-B foi realizado com o aparelho ACUSON NX3
ELITE/SIEMENS, com transdutores multifrequenciais e matriciais convexo (2.0
a 5.0 MHz), microconvexo (3.1 a 8.8 MHz) e linear (4.0 a 12.0 MHz), para
varredura geral da cavidade abdominal. Em seguida o figado, baco e os rins
foram avaliados com o software de sonoelastografia, sendo formadas imagens
em mapa de cores (tons de vermelho, verde e azul) do tecido hepéatico,
esplénico e renal, para avaliacdo da dureza tecidual relativa (elastograma).
Apés este estudo, o figado foi avaliado com contraste por microbolhas,
hexafluoreto de enxofre (SonoVue®), através de software especifico,
verificando a presenca ou auséncia de microbolhas, os tempos defase arterial,
wash-in, wash-out e tempo de pico de contraste. Na sonoelastografia, foi
observado o figado com deformidade heterogénea, o bago predominantemente
nao deformavel e os rins com cortical e medular ndo deformaveis. Na avaliacao
com contraste por microbolhas, foi observada a fase arterial entre os cées
anestesiados e conscientes semelhantes, exceto quando comparados com 0s
tamanduds, que foi menor (P<0.05). O tempo de wash-in foi diferente para os
tamanduas quando comparado aos caes anestesiados, sendo maior (P<0.05)
No pico de contraste houve diferenca entre os cédes e tamanduds, que foi maior
(P<0.05) e o tempo de wash-out foi maior nos cées anestesiados quando
comparados aos ndo anestesiados. As técnicas de sonoelastografia e de
contraste por microbolhas descritas em cées foram aplicadas com éxito no
tamandud bandeira, auxiliando na determinacéo do padrao de normalidade dos



orgdos estudados, sendo ferramentas auxiliadoras na avaliacao
ultrassonografica nesta espécie.

Palavras-chave: tamandua bandeira, ultrassonografia, elastografia strain,
microbolhas, cées.



ABSTRACT

FERNANDEZ, S. Standardization of ultrasonographic methods strain
elastography and microbubble contrast in abdominal organs of the giant
anteater (Myrmecophaga tridactyla, Linnaeus, 1758). 2022. 85f. Doctoral
thesis — Faculdade de Zootecnia e Engenharia de Alimentos, Universidade de
Sao Paulo, Pirassununga, 2022.

The giant anteater (Myrmecophaga tridactyla, Linnaeus, 1758) is a large animal
and is part of the food chain of the environment in which it lives, helping to
control insects and serving as food for other animals. Is among the wild species
trauma and fires victims, which makes it vulnerable to extinction. Therefore,
scientific studies seek to preserve and contribute to the diagnosis and therapy
of these animals. Contributing to the diagnosis is the main objective of this
study, aiming to standardize and describe sonoelastography and microbubble
contrast techniques in the giant anteater. The study was performed with three
experimental groups, being group 1 consisted of 10 anteaters, healthy adults,
from the Municipal Zoo of Séo José do Rio Preto-SP and groups 2 and 3 were
formed by five dogs each, healthy, adults, between males and females, from 25
kg of live weight, obtained from the routine of the Clinical-Surgical Care Sector
of Small Animals of the Veterinary Hospital “Dr. Halim Atique” from the
University Center of Rio Preto — UNIRP. The group 2 received the same
chemical containment protocol as group 1 and the group 3 didn’t receive
chemical containment. All animals were submitted to hematological,
biochemical, wurinalysis and coproparasitological evaluation for health
assessment. Only healthy animals were used in this study. Ultrasound
examination was performed with the ACUSON NX3 ELITE/SIEMENS device, in
B-mode, with multifrequency transducers and convex (2.0 to 5.0 MHz),
microconvex (3.1 to 8.8 MHz) and linear (4.0 to 12.0 MHz) arrays, for general
scanning of the abdominal cavity. Then, the liver, spleen and kidneys were
evaluated with the sonoelastography software and images were formed in color
map (shades of red, green and blue) of the hepatic, splenic and renal tissue, to
evaluate the hardness relative tissue (elastogram). After this study, the liver was
evaluated with microbubble contrast, sulfur hexafluoride (SonoVue®), using
specific software, verifying the presence or absence of microbubbles, wash-in
and wash-out times and peak contrast time. In sonoelastography, was observed
the liver with heterogeneous deformity, spleen predominantly non-deformable
and the kidneys with cortical and medullary non-deformable. In the evaluation of
microbubble contrast, was observed the arterial phase between anesthetized
and conscious dogs was similar, except when compared with the anteaters was
smaller (P<0.05). The vascular filling of the hepatic parenchyma (wash-in) was
different for anteaters when compared to anesthetized dogs was higher
(P<0.05). The peak contrast there was a difference between dogs and
anteaters, that was higher (P<0.05) and the wash-out time was higher in the
anesthetized dog when compared with conscious dogs. The sonoelastography
and microbubble contrast technique described in dogs was successfully applied
to the giant anteater, assisting in the determination of the standard normality of
organs studied, being auxiliary tools in the ultrasound evaluation in this species.



Keywords: giant anteater, ultrasonography, strain elastography, microbubbles,
dogs.
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CAPITULO 1 - INTRODUCAO

Pertencente ao filo Chordata, classe Mammalia, ordem Pilosa e familia
Mymecophagidae, o tamandua bandeira (Myrmecophaga tridactyla, Linnaeus,
1758) apresenta grande porte e se alimenta de insetos, 0 que ajuda no controle
da populacdo desses insetos, além de fazer parte da cadeia alimentar do
ambiente com que vive, servindo de alimento para outros animais, contribuindo
para o equilibrio do ecossistema (BERTASSONI, 2017).

Apresenta uma ampla distribuicdo geogréafica pelo pais, presente nos
Estados do Acre, Amapa, Amazonas, Bahia, Ceara, Distrito Federal, Goias,
Maranhdo, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Para, Parana,
Piaui, Rondoénia, Roraima, Sado Paulo e Tocantins. Porém, nos ultimos anos
esta espécie é considerada vulneravel a extingdo (MIRANDA et al., 2012), pois
apresenta reducdo no numero de individuos devido ao atropelamento em
rodovias, queimadas, desmatamento para aumento das areas destinadas a
agricultura, pecuéria e implementacdo de rodovias, além de serem alvos de
praticas de caca e intoxicagcdo por inseticidas utilizados no controle de pragas
agricolas (MIRANDA et al., 2012; LUNA; HOSSOTANI; MOREIRA, 2014).

Vitimas de traumas, principalmente automobilisticos em rodovias, 0s
tamandudas representam cerca de 4,16% dos animais da fauna brasileira que
sdo atropelados anualmente (DNIT, 2012). Os tamanduas resgatados pelos
o6rgdos publicos sdo direcionados a unidades de apoio a atendimento de
emergéncia, como universidades, zooldgicos e centros de preservacao
ambiental. Portanto, uma avaliacdo clinica precisa se faz necessaria para
determinar o diagnostico e a terapéutica adequada para esses animais.

Em se tratando de exames complementares, os exames de imagens sao
essenciais para avaliacdo de pacientes com histérico de traumas, como por
exemplo o exame radiogréafico, o qual ja ha descricdo para esta espécie, e a
ultrassonografia.

As pesquisas e publicacbes quanto a utilizacdo da ultrassonografia
envolvem, em sua maioria, relatos de casos e a padronizacdo de técnicas
como, por exemplo, a avaliacdo ultrassonografica em modo-B
(ALBUQUERQUE, 2017). No entanto, até o presente momento, ndo ha dados
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na literatura referentes a padronizacdo e descricdo da aplicacdo das técnicas
ultrassonogréaficas avancadas como Doppler, contraste de microbolhas e
sonoelastografia em tamanduéas bandeira.

Por se tratar de técnicas ultrassonograficas aplicadas na medicina
veterinaria de animais de companhia e capazes de fornecer dados importantes
gue contribuem para o diagnostico de algumas afecc¢des, tal estudo torna-se
importante, uma vez que auxiliarA na padronizacdo dos aspectos de
normalidade para o tamandu& bandeira, além de fornecer dados para estudos
futuros nesta e em outras espécies de animais selvagens. O uso da
sonoelastografia e do contraste por microbolhas podem auxiliar no diagnéstico
e prognastico de situacdes emergenciais, como também em casos de medicina
interna nos resgates efetuados nesta espécie em risco de extingao.

O presente estudo teve por objetivo padronizar e descrever as técnicas
ultrassonogréficas de sonoelastografia e contraste por microbolhas em machos

e fémeas de tamandué bandeira saudaveis.
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CAPITULO 2 - REVISAO DE LITERATURA

2.1 ANATOMIA TOPOGRAFICA DA CAVIDADE ABDOMINAL DO
TAMANDUA BANDEIRA

No tamandua bandeira, o figado se encontra na porcao cranial e obliqua
a superficie abdominal do diafragma, caudal ao ventriculo gastrico,
apresentando relagdes anatbmicas com o ventriculo gastrico por intermédio do
ligamento coronario. Possui um aparato ligamentar composto pelos ligamentos
redondo, falciforme e triangulares. Em relacdo a lobulacdo hepética, esta
espécie ndo possui 0s processos caudado e papilar, sendo o lobo lateral direito
unico. Assim, os lobulos estéo divididos em lateral direito, medial direito, lateral
esquerdo, medial esquerdo e quadrado. Ressalta-se que o lobo lateral direito é
unico na vista diafragmética. A vesicula biliar foi relatada nesta espécie, assim
como a sistematizacdo dos ductos biliares intra-hepaticos (KELER et al., 2017).
O ducto choiedocus nao tem afluentes em todo o figado e surge da unido do
ducto cistico com o ducto hepatico. O ducto hepatico resulta da juncdo do
ramus principalis dexter e do ramus principalis sinistro (MIGLINO et al, 1992).

O ventriculo gastrico esta localizado entre o sexto e o décimo par de
costelas, em formato de letra “J”. Sua face cranial (parietal) relaciona-se com o
lobo hepatico esquerdo e com a parede abdominal esquerda, enquanto a face
caudal (visceral), com os intestinos (delgado e grosso), pancreas e bacgo. O
ventriculo gastrico se divide em regido fundica, corpo e pilérica (MENEZES,
2013). O baco esta situado da regido epigastrica esquerda até a regido meédia,
em direcdo ventral, aproximando-se a cicatriz umbilical, possuindo formato
alongado (ALBUQUERQUE, 2017).

Quanto ao trato intestinal, o intestino delgado ocupa a maior parte da
cavidade abdominal, sendo composto pelo duodeno, inserido pela prega
peritoneal, e pelo jejuno e ileo, inseridos pelo mesentério. O intestino grosso se
estende do final do ileo até o anus, sendo formado pelo ceco, colon
ascendente, transverso e descendente, reto e anus (MENEZES, 2013).

J& o pancreas, esta localizado medialmente ao duodeno em direcdo ao

rim esquerdo. Possui uma Unica lobulacdo, ou seja, somente o lobo esquerdo.
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E envolto por uma fina capsula de tecido conectivo e aderido ao ventriculo
gastrico. Apresenta a face gastrica, na qual dois tergcos do 6rgdo acompanham
a curvatura maior gastrica, com inicio craniodorsal e término caudoventral.
Uma pequena parte justapde-se ao segmento inicial do duodeno, em formato
de letra “L”, a qual representa o lobo esquerdo. Quanto a face dorsolateral, esta
se volta para a cavidade abdominal relacionando-se craniodorsalmente com o
ventriculo gastrico e caudoventralmente com a cépsula fibrosa renal e
intestinos (IGLESAS, 2014; IGLESAS et al., 2017).

As adrenais direita e esquerda estéo localizadas na extremidade cranial
dos rins, com o pancreas, figado e reto no antimero esquerdo e com o duodeno
e jejuno no antimero direito. A adrenal direita apresenta formato alongado,
enquanto a esquerda formato triangular. Quanto as mensuracdes médias,
foram descritas para a adrenal direita 2,60 = 0,13 cm de comprimento e 0,45 +
0,11 cm de espessura, enquanto para a adrenal esquerda 2,37 £ 0,12 cm de
comprimento e 0,68 + 0,14 cm de espessura. Porém, tanto a morfologia como
as dimensdes das glandulas adrenais podem ser diferentes de acordo com o
peso do animal (SANTOS et al., 2016).

Nas fémeas, os ovarios apresentam formato ovais, ligeiramente
achatados, com dimensfes aproximadas: comprimento 2,0 a 2,5 cm, largura de
0,7 a 1,0 cm e altura de 0,4 a 0,5 cm, e localizam-se caudais aos rins. O Utero
possui formato de péra e achatado dorsoventralmente. O corpo uterino
apresenta comprimento de 3 a5 cm, largura de 2,5a 3 cm e alturade 1,5a 2
cm. Nos machos, os testiculos estdo localizados na cavidade abdominal
caudal, mediocaudalmente aos rins, apresentando formato ovais, com
comprimento de aproximadamente de 6,0 a 7,0 cm e largura de 3,0 a 4,0 cm
(FROMME et al., 2021).

2.2 ULTRASSONOGRAFIA MODO-B DA CAVIDADE ABDOMINAL DO
TAMANDUA BANDEIRA

A ultrassonografia modo-B é a modalidade ultrassonografica mais
difundida na medicina veterinaria. No a&mbito dos animais selvagens, em

especial no que se refere a familia Mymecophagidae, alguns estudos foram
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publicados, como por exemplo a estimativa do crescimento fetal de Tamandua
tetradactyla (tamandud mirim) (THOMPSON et al., 2017); determinacdo de
prenhez e estimativa da data de parto em tamandué bandeira (NAPIER; NOFS;
BOEDEKER, 2009); deteccdo de gastrite parasitaria em tamandua bandeira
(COKE et al., 2002), dentre outros. No quadro abaixo (Quadro 01) segue a
descricdo ultrassonografica dos principais 6rgdos abdominais avaliados na

ultrassonografia modo-B do tamandua bandeira.

Quadro 01 -
abdominais do tamandua bandeira.

Descricdo ultrassonografica dos principais o6rgaos

Orgéo Caracteristicas ultrassonograficas

Figado Contornos ou margens regulares, ecotextura homogénea e

hipoecogénico em relagdo ao baco (LOPES et al., 2015).

Vesicula biliar | Formato arredondado ao corte transversal, preenchida por contetdo
anecogénico, homogéneo e as paredes finas hiperecogénicas

(LOPES et al., 2015; ALBUQUERQUE, 2017).

Baco Hiperecogénico em relacdo ao figado e a cortical renal, ecotextura
fina e homogénea, contornos regulares (LOPES et al., 2015;
ALBUQUERQUE, 2017).

Ventriculo Parede com aproximadamente 0,76 cm, pregas de mucosas
gastrico definidas e piloro com formato cilindrico (LOPES et al., 2015).
Trato Parede com padrdo em cinco camadas com ecogenicidades

gastrintestinal

alternadas: lumen hiperecogénico; mucosa hipoecogénica;

submucosa hiperecogénica; muscular
hiperecogénica (ALBUQUERQUE, 2017).

hipoecogénica e serosa

Rins

Contornos regulares, capsula hiperecogénica, cortical hipoecogénica
e homogénea, medular hipoecogénica em relacdo a cortical e a
pelve renal hiperecogénica, sendo o rim direito cranial em relagao ao
esquerdo e ndo se encontra na fossa renal do lobo hepatico direito
(ALBUQUERQUE, 2017).

Vesicula

urinaria

Formato piriforme (LOPES et al., 2015) a arredondado, preenchida
por contelldo anecogénico e homogéneo. Parede composta por trés
linhas: camada muscular hiperecogénica, submucosa
hiperecogénica e mucosa hipoecogénica, com espessura média de

0,23 cm (ALBUQUERQUE, 2017).

Testiculos

Localizam-se no interior na cavidade abdominal dorsal a vesicula




31

urinaria (LOPES et al.,, 2015) e sdo estruturas hiperecogénicas,
ovaladas, de ecotextura homogénea e com mediastino central
hiperecogénico (ALBUQUERQUE, 2017).

Epididimos Arredondados ao corte transversal e hiperecogénicos em relagéo
aos testiculos (LOPES et al., 2015).

Utero Estrutura tubular hiperecogénica e piriforme (ALBUQUERQUE,
2017).

2.3 CONTRASTE POR MICROBOLHAS

A ultrassonografia € uma modalidade de exame complementar ndo
invasiva utilizada para avaliar o tamanho, formato, contorno, parénquima e a
vascularizacdo de varios 6rgdos. No entanto, a imagem ultrassonogréafica
possui pouco contraste devido as propriedades acusticas semelhantes dos
tecidos moles. Quanto a vascularizagdo, o modo Doppler fornece informacgdes
sobre o fluxo sanguineo, porém ndo € capaz de promover a visibilizacdo de
pequenos vasos e capilares. Para tal, existe a possibilidade de aumentar a
efetividade da ultrassonografia por meio de agentes de contrastes intravenosos
constituidos de microbolhas de gas (WDOWIAK et al., 2010). Isso é possivel
devido a capacidade desses agentes em aumentar a refletividade do ultrassom
na circulagdo sanguinea, aumentando a acuracia diagnostica (PINTO, 2010).

A descoberta e subsequente desenvolvimento dos contrastes por
microbolhas veio de uma observacédo realizada por um cardiologista, Dr.
Charles Joiner, no final dos anos 1960. Ele, realizando o ecocardiograma
modo-M, injetou por meio de um cateter localizado no ventriculo esquerdo a
substancia indocianina verde para mensurar o débito cardiaco, onde foi
observado aumentos transitérios nos sinais ultrassonograficos do ventriculo
apos cada injecdo. Pesquisas subsequentes mostraram que o aumento dos
sinais ultrassonograficos foi causado por pequenas bolhas que se formaram na
ponta do cateter (GRAMIAK, 1968).

Os contrastes por microbolhas podem ser classificados em primeira
geracao, 0s quais compreendem o uso do proprio ar como meio gasoso, Como

exemplo a administracdo intravenosa de solugéo cristaloide de cloreto de sodio
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a 0,9% agitada. No entanto, esses contrastes possuem baixa longevidade e
rapida difusdo das bolhas gasosas (CALLIADA et al., 1998; MILLER; NANDA,
2004; WDOWIAK et al., 2010).

Posteriormente, descobriu-se que a albumina melhorava a qualidade e
estabilidade das microbolhas, resultando no desenvolvimento do primeiro
agente de contraste farmacéutico, o AlbunexTM® (WDOWIAK et al., 2010).
Outro exemplo de contraste de primeira geragéo é o Levovist® (CALLIADA et
al., 1998; PINTO, 2010). Além da albumina, outros compostos sédo capazes de
estabilizar as microbolhas, como fosfolipidios, mais especificamente
surfactantes, que reduzem sua difusdo, aumentando seu tempo de
permanéncia na circulacdo e sua capacidade de lidar com variacbes de
pressdo (MILLER; NANDA, 2004)

Os agentes de contraste por microbolhas de segunda geracdo séo
constituidos por gases fluorcabonados, hexafluoreto de perfluorocarbono ou
enxofre, sendo eles de alto peso molecular, por consequéncia possuem menor
solubilidade e maior capacidade de difusdo, conferindo maior estabilidade as
microbolhas e maior persisténcia na circulagdo (CALLIADA et al., 1998;
CORREAS et al.,, 2001). Como exemplos de contrastes por microbolhas de
segunda geracdo tem-se o SonoVue®, Optison®, Definity® e PESDA
(CALLIADA et al., 1998; PINTO, 2010). JA os agentes de contraste por
microbolhas de terceira geracdo sao compostos por microbolhas com
dimensGes menores que os de segunda geracdo e constituidos de gas
perfluorbutano, permanecendo mais tempo na circulacdo. Como exemplo cita-
se o0 BR14 da Bracco (FISHER et al., 2002).

A utilizacdo desta técnica na medicina veterinaria é recente e descrita
em pequenos animais, como por exemplo, na avaliagdo hepatica em céaes
(NYMAN et al., 2005; WDOWIAK et al., 2010); na distincdo de lesdes benignas
e malignas hepéticas baseada em padrdes de perfusdo em cédes (O’'BRIEN et
al., 2004) e em ratos (CARVALHO et al., 2013); na avalicdo esplénica de caes
saudaveis (OHLERTH et al., 2007; NAKAMURA et al., 2009), caes portadores
de lesbes nodulares esplénicas (OHLERTH et al., 2008; NAKAMURA et al.,
2010), e em caes submetidos a sedacdo (ROSSI et al., 2016); na

ecocardiografia para avaliacdo da perfusdo no diagnéstico de infarto cardiaco
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em caes (DAR et al., 2009); estudos da perfusdo renal de caes saudaveis e
anestesiados (CHOI et al., 2016); avaliacdo de carcinoma de células de
transicdo em vesicula urinaria em cdo (MACRI et al., 2018) e na avaliacdo dos
orgaos da cavidade abdominal em felinos (LEINONEN, 2011).

Lin et al. (2013) realizaram ultrassonografia contrataste por microbolhas
em caes com lesdes esplénicas traumaticas iatrogénicas a fim de determinar o
comportamento das lesGes. Notou-se que havia um defeito de perfusdo e
auséncia de realce da area lesionada do parénquima esplénico e nos casos de
hemorragia ativa traumatica, houve extravasamento do contraste na regido
lesionada. Observou-se alteracdo na perfusdo sanguinea e interrupcdo do
realce arterial em casos de sangramento ativo. Para os autores, esta técnica €
capaz de monitorar em tempo real o trauma esplénico e a deteccdo de
sangramento.

No geral, a ultrassonografia com contraste por microbolhas fornece
informacfes da perfusdo de um 6rgdo ou lesdo, que pode ser Util para a
categorizacao de lesdes e para determinacdo de locais para procedimentos de
biopsia. Aléem disso, podem ter aplicacdes terapéuticas (UNGER et al., 2002),
pois quando ligados a genes ou farmacos podem ser direcionados e
incorporados nas esferas de microbolhas para diagnostico especifico e funcdes
terapéuticas. Como os agentes sdo encapsulados em bolhas, os efeitos toxicos
sisttmicos sdo minimizados (FERRARA; POLLARD; BORDEN, 2007). A
deposicdo de energia localizada associada a destruicdo de bolhas também
pode ser usada para a dissolu¢cédo de coagulo (DAR et al., 2009).

As pesquisas veterinarias foram realizadas em pequenos animais, no
entanto, ndo ha dados publicados quanto a padronizacdo e a aplicacdo desta

técnica em animais selvagens.
2.4 ELASTOGRAFIA
As propriedades mecanicas dos tecidos dependem da sua constituicao,

como por exemplo a quantidade de agua, de fibras colagenas, elastina,

gordura, e de sua disposicéo para a organizacéao tecidual. Logo, a resposta de
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um tecido frente a uma forga no qual € submetido depende da sua mobilidade,
elasticidade e dureza (CARVALHO; CHAMAS, 2013).

Nas diferentes doencas, os tecidos sofrem alteracdes estruturais, que
geralmente tornam-no mais rigido e € esperado que ocorra uma alteracdo na
capacidade de interacdo acustica, quando submetidos a ultrassonografia em
modo B, permitindo realizar o diagndstico. No entanto, pode acontecer de nao
apresentarem alteracdes de ecogenicidade e ecotextura, ndo sendo possivel
correlacionar esses aspectos com a elasticidade ou rigidez tecidual
(CARVALHO; CHAMAS, 2013). A técnica de elastografia é relativamente nova
e propicia uma avaliacdo da elasticidade/rigidez dos tecidos, quando
comparada a outras técnicas (CARVALHO et al., 2013; TRINDADE, 2013).

A elasticidade pode ser definida como a habilidade de um tecido ou
material em readiquirir seu formato e tamanho original, ap6s a aplicacdo de
uma forca ou estresse mecéanico. A deformacgdo tecidual ou elasticidade é
inversamente proporcional a rigidez e entre os tipos teciduais, devido suas
diferentes composicdes (SLAPA, 2011; HOLDSWORTH et al., 2014). Existem
dois tipos de elastografia: (1) a qualitativa, dada pela sonoelastografia strain
(de tensdo), na qual o tecido € submetido a uma for¢ca mecénica (ondas de
compressao manual) e o sistema de imagem mede a resposta do tecido a essa
forca, e (2) a quantitativa, pela shear wave elastography, por meio de emissao
de ondas de cisalhamento (CARVALHO; CHAMAS, 2013).

Na sonoelastografia, os tecidos mais rigidos deformam-se menos
mediante uma compressdo, diferentemente daqueles com maior
susceptibilidade a compressdo, demonstrando maior deformagédo. Essa
deformidade é representada em uma escala de cinza, onde as areas mais
claras correspondem a tecidos mais elasticos ou macios, enquanto as mais
escuras, a tecidos menos elasticos ou duros. Também pode ser representada
em uma escala de cores, sendo o vermelho representa tecidos mais
elasticos/macios, o verde, tecidos com deformidade intermediaria e o azul, com
menor elasticidade ou maior dureza (CARVALHO; CHAMAS, 2013).

Ja na elastografia quantitativa, uma forca de radiacao acustica (acoustic
radiation force impulse — ARFI) ou onda de cisalhamento € aplicada na regiao

de interesse, sendo capaz de levar ao deslocamento tecidual, ndo precisando
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proceder a compressdo manual (FRIZZELL; CARSTENSEN, 1976; MADSEN,;
SATHOFF; ZAGZEBSKI, 1983; CARVALHO; CHAMAS, 2013). Ao registrar a
onda de cisalhamento em varios locais e correlacionar essas medicdes com o
tempo decorrido, a velocidade da onda de cisalhamento (metros/segundo)
pode ser quantificada. Logo, quanto mais denso o tecido, maior sera a
velocidade da onda de cisalhamento, a medida que esta atravessa o tecido
(MAULDIN et al., 2008; ZHAI et al., 2008; LUPSOR et al., 2009).

Na medicina veterinaria, ha relatos da aplicacdo da sonoelastografia em
prostata e testiculos de caes para padronizacdo da técnica (MANTZIARAS;
LUVONI, 2016), em algumas afec¢des prostaticas, como neoplasias prostaticas
em cdo (DOMOSLAWSKA et al., 2018), e em afecc¢des testiculares em ratos
(HEREK et al., 2016).

White et al. (2013) avaliaram o figado, bago e rins em dez felinos adultos
(1,4 anos) saudaveis pela elastografia por compressao. O parénquima hepatico
apresentou menor rigidez em comparacao com a parede abdominal adjacente.
Quanto ao baco, notou-se que o parénquima esplénico possuia menor rigidez
do que a parede abdominal e maior rigidez do que a gordura abdominal
adjacente. J& os rins, a cortical renal demonstrou menor rigidez em relagdo a
regido medular.

Num estudo realizado com cdes da raca Beagle saudaveis, foi
determinado o comportamento elastografico e o valor de tensdo para
codificacdo das cores do elastograma do figado, baco, rins e préstata. Notou-
se que os valores de tensao para o figado, baco, cortical renal e préstata eram
semelhantes, exceto a medular renal, que foi mais baixa (JEON et al., 2015).

Em outra pesquisa, sete cdes da raca Beagle, saudaveis, entre dois e
trés anos de idade, machos, foram submetidos a elastografia para avaliar a
glandula tiredide, por meio da pulsacdo da artéria carétida induzida pela
dobutamina, ou seja, um agente de compressao interna. Ao elastograma em
cores, a tiredide demonstrou-se homogeneamente verde e a gordura
subcutanea superficial ao lobo da tiredide apareceu azul. Os valores de tenséo
nao diferiram entre os caes ou entre o lobo esquerdo e direito da glandula

tiredide. Além disso, para os autores, a pulsacdo da artéria carétida induzida
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pela infusdo de dobutamina pode ser usada para a elastografia da tiredide
canina com excelente repetibilidade (LEE et al., 2015).

Quanto as afeccdes esplénicas, a repetibilidade e reprodutibilidade da
elastografia na avaliagdo de nodulos foi avaliada, e se este método poderia
diferenciar lesdes esplénicas benignas de malignas em vinte e quatro cées,
portadores de nédulo Unico hipoecogénico. As lesdes malignas tenderam a ter
uma compressao maior quando comparado as benignas, mostrando-se menos
elasticas, quando comparadas as benignas, comprovando a repetibilidade
desta técnica. Os pesquisadores confirmaram que a elastossonografia é capaz
de diferenciar lesdes esplénicas hipoecogénicas malignas das benignas
(BARELLA; LODI; FAVERZANI, 2017).

No entanto, em outro estudo, vinte e duas les6es nodulares esplénicas
caninas (oito noédulos benignos e seis malignos e oito bacos normais) foram
submetidas a elastografia qualitativa. Os autores notaram que esta técnica
pode ajudar a diferenciar lesGes esplénicas benignas de malignas menores que
guatro centimetros (ALDER et al., 2013).

O uso da elastografia na avaliagdo de tecidos neoplasicos ainda €
controverso na literatura. Como esses tecidos possuem maior quantidade de
células densas, é esperado o aumento da rigidez tecidual (HOLDSWORTH et
al., 2014). Vinte e uma cadelas, entre cinco a catorze anos, portadoras de
neoplasias mamarias, foram submetidas a sonoelastografia mamaria e o
estudo concluiu que as lesbes malignas podem ser classificadas como moles
se houver extensas areas de necrose (areas compressiveis) (BARELLA, 2015).
Sabe-se que processos patoldgicos, como por exemplo neoplasias malignas,
induzem mudancas nas propriedades mecanicas dos tecidos, uma vez que seu
crescimento desorganizado pode levar a uma elasticidade heterogénea da area
afetada (SAFTOIU et al., 2006; GARCIA et al., 2009).

Considerando-se as publicagcdbes em medicina translacional ou
veterinaria, até o momento ndo ha trabalhos de elastografia realizados em
animais selvagens, que descrevam a avaliacdo de orgaos higidos ou que

comparem com espécies domésticas.
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CAPITULO 3 - OBJETIVOS

3.1 GERAL

Determinar se as técnicas ultrassonograficas com contraste por
microbolhas e de elastografia strain descritas em cédo, podem ser aplicadas
com sucesso no tamandua bandeira, uma espécie selvagem, permitindo
contribuir com a aquisicdo dos parametros de normalidade para esta espécie

para possam ser utilizados em diagndsticos clinicos e em estudos cientificos.

3.2 ESPECIFICOS

1 — Verificar se a dose do contraste por microbolhas utilizada para
avaliacd@o hepética no céo pode ser utilizada com éxito no tamandué bandeira;

2 — Determinar os tempos de wash-in, wash-out e de pico de contraste
por microbolhas no parénquima hepatico, comparando com a espécie canina;

3 — Determinar se a anestesia exerce influéncia nos tempos de wash-in,
wash-out e de pico de contraste por microbolhas no parénquima hepatico na
espécie canina e no tamandua bandeira;

4 — Determinar no tamandud bandeira o padrdo do sonoelastograma do
parénquima hepatico, renal e esplénico para a espécie e comparar com a

espécie canina.



44

CAPITULO 4 - HIPOTESES

N&o ha diferenca no padrdo do elastograma entre as espécies em
estudo, tamandués bandeira e cées.

E possivel usar a mesma técnica ultrassonografica de contraste por
microbolhas hepatica descrita no cdo para o tamandudé bandeira.

A anestesia nao influencia nos tempos de wash-in, wash-out e de pico

de contraste.
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CAPITULO 5 - B-MODE ULTRASONOGRAPHY AND STRAIN
ELASTOGRAPHY IN LIVER, SPLEEN AND KIDNEYS OF THE DOG (Canis
lupus familiaris, Linnaeus, 1758) AND GIANT ANTEATER (Myrmecophaga
tridactyla, Linnaeus, 1758)

5.1 ABSTRACT

The giant anteater (Myrmecophaga tridactyla, Linnaeus, 1758) is among
the wild species victims of roadkill and fire, making it vulnerable to extinction.
The main objective of this work was to standardize and described the
sonoelastography technique in the giant anteater as a non-invasive diagnostic
tool. Three experimental groups were studied: Group 1 with 10 giant anteaters
and Groups 2 and 3 with five dogs each. Individuals in groups 1 and 2
underwent the same chemical restraint protocol and individuals in group 3 did
not receive chemical restraint. All subjects were evaluated clinically and by
laboratory tests to certify that they were healthy. For ultrasound evaluations of
the liver, spleen, and kidneys, the ACUSON NX3 ELITE/SIEMENS ultrasound
system, B-mode image, and convex and linear transducers were used.
Subsequently, these organs were evaluated with the sonoelastography software
in color mapping (tones of red, green and blue), to evaluate tissue hardness.
Liver with heterogeneous deformity, predominantly non-deformable spleen, and
kidneys with non-deformable cortical and medullary were observed. The
sonoelastography technique described in dogs was successfully applied to the
giant anteater, helping to determine the normal sonoelastographic pattern of the

liver, spleen, and kidneys.

Keywords: Elastography; Giant Anteater; Kidney; Liver; Spleen.

5.2 INTRODUCTION

The giant anteater (Myrmecophaga tridactyla, Linnaeus, 1758) belongs

to the phylum Chordata, class Mammalia, order Pilosa and family
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Myrmecophagidae, and has a wide geographic distribution throughout Brazil.
However, in recent years, the species is considered vulnerable to extinction
(MIRANDA et al., 2012), as it presents a reduction in the number of individuals
due to being run over on highways, fires, deforestation to increase areas
destined for agriculture, livestock and implementation of new roads, in addition
to being targets of hunting practices and poisoning by insecticides used to
control agricultural pests (MIRANDA et al., 2012; LUNA et al., 2014). Therefore,
scientific studies are necessary for the preservation of this species, as well as
for a better understanding of some methods of veterinary medical evaluation,
including imaging tests, such as ultrasonography.

Victims of mainly automobile trauma on highways, anteaters represent
about 4.16% of the animals of the Brazilian fauna that are run over annually
(DNIT, 2012). The animals rescued by public agencies are directed to support
units for veterinary emergency care, such as universities, zoos, and
environmental preservation centers. Therefore, an accurate clinical evaluation is
necessary to determine the appropriate diagnosis and therapy for these
animals. In terms of complementary exams, imaging exams are essential for the
evaluation of patients with a history of trauma, such as radiographic exams,
which are already described in the literature for this species (BOGOEVICH,
2011; RODRIGUES; LEOMIL; FRUHVALD, 2021), and ultrasonography.

Research on the use of ultrasonography mostly involve case reports and
the standardization of techniques, such as B-mode image assessment (LOPES,
2015; ALBUQUERQUE, 2017). However, to date, there are no data in the
literature regarding the standardization and description of the application of
advanced ultrasound techniques such as Doppler, microbubble contrast, and
elastography in giant anteaters.

Advanced ultrasound techniques are generally applied in veterinary
medicine for companion animals, providing important data that contribute to the
diagnosis of some conditions. Thus, this study becomes important, as it will help
to standardize aspects of normality for the giant anteater, in addition to
providing data for future studies in this and other species of wild animals. The

use of sonoelastography can help in the diagnosis and prognosis of emergency
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situations or in cases of internal medicine in the rescues carried out in this
endangered species.

Based on that, this study aimed to determine whether the sonographic
technique of sonoelastography described in the dog can be successfully applied
to the giant anteater, a wild species, contributing to the acquisition of normal
parameters for this species.

5.3 MATERIALS AND METHODS

This study was carried out after approval by the Ethics and Animal
Welfare Committee of Rio Preto University Center — UNIRP, Brazil (protocol n®
09/2019) and by the National System of Biodiversity Information
(SISBIO/IBAMA 70260- 1).

Group 1 consisted of ten healthy adult anteaters, four males and six
females, from 25 kg of live weight (mean weight = 31.5 kg + 5.09), and groups 2
and 3 (controls) were formed by five healthy, adult dogs each, with group 2
consisting of four males and one female, from 25 kg of live weight (mean weight
= 27.38 kg % 3.75), and group 3 by four males and one female, from 25 kg of
live weight (mean weight = 26.06 kg + 2.43). In group 2, the protocol of
chemical restraint (anesthesia) of group 1 was performed. Group 3 did not
receive chemical restraint.

The animals remained in food and water fasting for 12 hours. The
animals belonging to group 1 were sedated with ketamine hydrochloride (dose
of 10 mg/kg intramuscularly), together with midazolam (0.3 mg/kg
intramuscularly), being subjected to induction with propofol at a dose of 1 mg/kg
intravenously, anesthetic maintenance with intravenous propofol and 100%
oxygen (0O2) support via mask (WEST; HEARD; CAULKETT, 2007).

With the animals anesthetized, the physical examination was performed,
the collection of blood samples for health assessment and the ultrasound
examination of the abdominal region. Urine sample was collected by
cystocentesis. Group 2 animals were sedated with ketamine hydrochloride
(dose 5-10 mg/kg intravenously), together with midazolam (0.5 mg/kg

intravenously), induction with propofol at a dose of 1 to 6 mg/kg intravenously,
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anesthetic maintenance with intravenous propofol and oxygen (O2) support via
endotracheal tube (FANTONI; CORTOPASSI, 2009).

During the chemical restraint of the animals in this group, an ultrasound
examination of the abdominal region was performed, and a urine sample was
collected by cystocentesis.

Complete clinical examination and complementary laboratory tests
(creatinine, urea, alanine aminotransferase, alkaline phosphatase, aspartate
aminotransferase, total protein, albumin, triglycerides, cholesterol, glucose,
urinalysis and coproparasitological) to assess the health status were performed
in all animals, and only those that were healthy were used in this study.

After selecting the animals, the trichotomy of the abdominal region was
performed and gel was applied to the abdominal skin for the ultrasound
examination. This examination was performed by the same veterinarian
qualified and experienced in the technique in all animals using the ACUSON
NX3 ELITE/SIEMENS system, with multifrequency transducers, being convex
(CH5-2 from 2.0 to 5.0 MHz), microconvex (C8-5 from 3.1 to 8.8 MHz) and
linear (VF12-4 from 4.0 to 12.0 MHz) for B-mode image.

The organs were evaluated in at least two image planes, longitudinal and
transversal, to collect data on their anatomical-topographic relations, contour
(regular or irregular), shape (normal or abnormal), size, wall thickness,
echotexture (homogeneous or heterogeneous) and echogenicity (anechoic,
hypoechoic, hyperechoic or mixed). B-mode image assessments were
performed prior to the elastography technique.

After the B-mode evaluation, the liver, spleen, and kidneys of the animals
were examined with the linear transducer (VF12-4 from 4.0 to 12.0 MHz) and
the sonoelastography software, with a compression force being applied parallel
to the tissue, in a gentle way, but completing the compression quality bar,
forming images in the tissue color mapping (hepatic, splenic and renal), for the
evaluation of relative tissue stiffness (elastogram).

For the elastogram formed in color mapping, the red regions represented
the most elastic tissue (less rigid), the green regions represented the tissue with
intermediate elasticity and the blue regions represented the least elastic (more

rigid). These images were compared to those obtained by the corresponding
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conventional ultrasound to identify the respective regions subjected to

compression.
5.4 RESULTS

Abnormalities of echogenicity, echotexture, shape, size, and contours
were not observed in the livers, spleens and kidneys of all animals evaluated by
B-mode image.

In dogs and anteaters, the liver had characteristic echogenicity
(hypoechogenicity), homogeneous echotexture, fine, regular margins, and usual

topography (Figure 1).

Figure 1 — B-mode image of the liver and gallbladder of the giant anteater (A)
and the dog (B).

VES.BILIAR

FIGADO

Source: personal archive.

In the B-mode image examination, the spleens were hyperechoic in
relation to the liver and the left renal cortex, with homogeneous echotexture,
fine and regular contours, and preserved dimensions (Figure 2).
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Figure 2 — B-mode image of the spleen of the giant anteater (A) and the dog

(B). Noted small free fluid near the spleen of the giant anteater (A).

B

Source: personal archive.

In the B-mode image evaluation of the kidneys of all animals, the right
kidney was identified cranially in relation to the left. An anatomical relationship
was observed between the left kidney and the splenic silhouette and gastric
greater curvature, and between the right kidney and the hepatic silhouette. As
for echogenicity, the renal cortex was hypoechoic compared to the liver and
spleen, the medullary region was hypoechoic in relation to the renal cortex and
the renal pelvis was hyperechoic (Figure 3). The contours were regular, with an
oval shape in the sagittal section and the corticomedullary relationship was
preserved.

Figure 3 — B-mode image of the kidney of the giant anteater (A) and the dog

(B). Noted small free fluid near kidney of the giant anteater (A).

RIM ESQ.

B

Source: personal archive.
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Hepatic sonoelastography was performed in all animals, being the most
difficult technique to perform in anteaters due to the anatomy of the thoracic
region (narrow and deep chest). However, splenic, and renal sonoelastography
were performed in all animals without any difficulty. In the liver, parenchymal
heterogeneity was observed, with deformable areas (corresponding to the
hepatic vessels and bile ducts) and non-deformable areas of parenchyma
(Figure 4).

Figure 4 — Hepatic sonoelastography of the giant anteater (A) and the dog (B).

Source: personal archive.

On splenic sonoelastography, the parenchyma was not deformable,
represented by a homogeneous image and medium blue to dark blue on the
color mapping; on the other hand, the splenic capsule was deformable,
represented by a homogeneous image and red on the color mapping (Figure 5).

These characteristics were observed in all animals in all groups studied.
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Figure 5 — Splenic sonoelastography of the giant anteater (A) and the dog (B).

Source: personal archive.

In the kidney of anteaters and dogs, the cortical region is not deformed
by slight compression, being homogeneous and in medium blue color, slightly
less rigid when compared to the medullary region, which was not deformable,
being homogeneous and dark blue in color. The renal capsule was highly
deformable, homogeneous, and red in color, while in the renal pelvis
intermediate elasticity was observed, in a green shade on the color mapping

(Figure 6).

Figure 6 — Renal sonoelastography of the giant anteater (A) and the dog (B).

Source: personal archive.
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5.5 DISCUSSION

B-mode image is the most used ultrasonography in veterinary medicine,
both in domestic and wild animals, for non-invasive and real-time
complementary clinical diagnoses. In wild animals, species with different
anatomical and physiological characteristics, specific ultrasound studies of
these animals are extremely important for a better understanding of the imaging
findings and correlation with the patient's clinical alteration. It is noteworthy that,
for this understanding, it is necessary to know the expected ultrasound
normality patterns for each species.

In this study, in all giant anteaters, the hepatic silhouette was observed
from the xiphoid region, in the cranial abdominal portion, as well as the
presence of the gallbladder, as reported by Keler et al. (2017). It is important to
mention that in the giant anteaters, due to their narrow and deep thorax, the
hepatic silhouette was limited inside the rib cage.

In the evaluated dogs, the liver was located in the cranial abdominal
region, cranial to the spleen and the right kidney, with the gallbladder in a
rounded shape, as seen by Nyland et al. (2005) and D'Anjou (2011). As for the
hepatic ultrasound appearance of dogs, like that of giant anteaters, the margins
were thin and regular and the parenchyma had a homogeneous and
hypoechogenic echotexture in relation to the spleen, according to D Anjou
(2011), Mamprim and Sartor (2014) and Lopes et al. (2015). In a study carried
out by Ribeiro et al. (2013) with coatis, a slightly heterogeneous echotexture
was observed, being also observed in marmosets (Callithrix jacchus; Wagner
and Kirberger, 2005) and in maned wolves (Guimaraes et al. 2013).

In both dogs and anteaters, the gallbladder presented a rounded shape
when cross-sectioned, being filled with anechogenic and homogeneous content,
with a thin and hyperechogenic wall, in accordance with the studies of D"Anjou
(2011), Mamprim and Sartor (2014), Lopes et al. (2015) and Albuquerque
(2017). The same ultrasound description was also observed in coatis (Ribeiro et
al. 2013) and in capuchin monkeys (Alves et al. 2007). In all animals evaluated,
the spleen was observed in the left epigastric region up to the middle region, in

a ventral direction, with no difference in terms of anatomical location between
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the species. In the ultrasound evaluation, no difference was noted in relation to
the echogenicity and echotexture of the splenic parenchyma between the
species, as well as in relation to the echogenicity of the splenic capsule,
corroborating the studies by Hecht (2011) and Tannouz (2014) in studies with
dogs, and Lopes et al. (2015) and Albuquerque (2017) in research with
anteaters, as reported in coatis by Ribeiro et al. (2013).

In maned wolves, a hyperechoic splenic capsule was also observed,
however, the parenchymal echogenicity is like that of the left renal cortex, a
characteristic observed in most individuals of this species, as pointed out in the
studies by Guimarédes et al. (2013), differing from what was observed in this
study in dogs and anteaters, being hyperechogenic compared to the left renal
cortical bone.

In the renal evaluation, the right kidney was found cranially in relation to
the left one. Albuquerque (2017) found that the right kidney was not embedded
in the renal fossa of the right hepatic lobe, this was also found in the anteaters
in this study. An anatomical relationship of the left kidney with the splenic
silhouette and greater gastric curvature was observed, in addition to regular
contours, with an oval shape at the sagittal cut in anteaters and dogs.

Regarding echogenicity, hypoechoic renal cortical bone was observed
(compared to liver and spleen), anechoic medullary region in relation to cortical
bone, hyperechogenic renal pelvis and preserved corticomedullary relationship,
as described in capuchin monkeys (Alves et al. 2007), in dogs (D"Anjou, 2011,
Vac, 2014), in coatis (Ribeiro et al. 2013), in maned wolves (Guimaraes et al.
2013) and in anteaters (Albuquerque 2017). Wagner and Kirberger (2005)
evaluated the abdominal organs by ultrasound of marmosets (Callithrix jacchus)
and noted that the renal cortex is hyperechogenic in relation to the spleen,
which differs from what was observed in this study. As for renal topography,
anteaters were found to be slightly more caudal when compared to the kidneys
of dogs, as reported by Lopes et al. (2015).

A similar description was made by Ribeiro et al. (2013) in coatis. During
the abdominal ultrasound scan of the giant anteaters, discrete anechogenic and
homogeneous free content was identified in the abdominal cavity (in laminar

guantity), not identified in the dogs. This accumulation of fluid was seen by
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Lopes et al. (2015), being considered an expected imaging finding for the
species. It is worth remembering that all animals in this study were evaluated in
relation to total plasma protein and albumin, which presented values within the
normal range expected for the species.

Regarding elastography, according to Carvalho and Chamas (2013),
organs have tissue constitution and organization that determine their
mechanical properties, which can present structural changes through the
conditions. Therefore, knowing the elasticity of a given structure can be useful
in determining conditions that were not detected in B-mode image. For Carvalho
et al. (2013) and Trindade (2013), elastography is a technique that can be used
to assess tissue elasticity/rigidity.

In this study, it was proposed to evaluate the application of hepatic,
splenic and renal sonoelastography, already described in domestic animals,
such as the dog, in a wild species, the giant anteater.

To perform the hepatic sonoelastography, a linear transducer was used.
However, there was some difficulty in performing the technique in anteaters,
due to the coupling of the transducer in the xiphoid region, requiring the
application of a greater force when compared to dogs. This can be explained
due to the anatomy of the rib cage (narrow and deep) of anteaters. A similar
difficulty can be faced in dogs with a narrow and deep chest. It should be noted
that compression was facilitated in anesthetized dogs when compared to non-
anesthetized dogs. It is important to emphasize that anesthesia did not
influence the results observed regarding the elastogram of the organs evaluated
between anesthetized and non-anesthetized dogs.

The paracostal window in anteaters was not effective for performing the
technique, since the intercostal space did not allow adequate contact of the
transducer used with the area of interest to be compressed, in addition to the
muscle stiffness presented, even with the animals anesthetized.

Heterogeneous hepatic parenchyma, with deformable (corresponding to
hepatic vessels and bile ducts) to non-deformable areas, was observed. White
et al. (2013) evaluated ten healthy adult felines by strain elastography and

noted that the hepatic parenchyma had homogeneous stiffness.
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Splenic sonoelastography was performed without difficulties in all
animals in this study. A rigid and homogeneous parenchyma and a deformable
and homogeneous splenic capsule were observed, similar to what was reported
by Jeon et al. (2015) in healthy beagles, where the splenic parenchyma was
verified with a homogeneous and rigid pattern on the elastogram. In studies with
felines, White et al. (2013) noted that the splenic parenchyma had
homogeneous rigidity, corroborating the findings of this study.

As the splenic evaluation of healthy animals was performed in this study,
no ultrasound changes were identified. Alder et al. (2013), Barella (2015) and
Barella et al. (2017) applied sonoelastography to evaluate splenic nodular
lesions in dogs and found that malignant lesions tend to be more rigid, while
benign lesions tend to be more elastic. However, it is important to remember
that malignant lesions may present necrosis areas, which may make them soft.
Therefore, knowing the pattern of normality of this organ in the face of the
technique, it is possible to use it to predict whether there is a degree of
malignancy in a given lesion.

In the renal evaluation, in all the animals studied, the renal cortical bone
was less deformable in relation to the renal medulla, corroborating Jeon et al.
(2015) when evaluating beagles. Thanaboonnipat et al. (2020) evaluated dogs
and cats with chronic kidney disease and observed that in the control group
(healthy animals) the renal cortical was less deformable in relation to the renal
medulla. In sick animals, they observed an increase in renal cortical stiffness.
However, White et al. (2013), studying healthy cats, observed that the renal
cortical was more compressive compared to the medullary, which is different
from what was observed in this study.

It is believed that, after the standardization of elastography of healthy
giant anteater liver, spleen and kidneys, this technique can be applied in various

pathologies, aiding in diagnoses.

5.6 CONCLUSION

The elastography technique described in dogs can be successfully

applied to the giant anteater, being an ultrasound technique of complementary
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clinical examination that may provide important information for more accurate

diagnoses in this species.
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CAPITULO 6 - ULTRASOUND OF THE LIVER USING A
MICROBUBBLE CONTRAST  AGENT IN GIANT  ANTEATER
(Myrmecophaga tridactyla, Linnaeus, 1758)

6.1 ABSTRACT

Native to America, the giant anteater (Myrmecophaga tridactyla,
Linnaeus, 1758) is a target of illegal hunting and being run over. Rescued
animals are directed to emergency care, so an adequate clinical evaluation is
necessary to determine diagnosis and treatment. Imaging exams are essential
for evaluating patients with a history of trauma, such as radiography and
ultrasound. The objective of this work was to standardize and describe the
ultrasound technique using a microbubble contrast agent in the liver of giant
anteaters. Three experimental groups were studied. Group 1 consisted of 10
giant anteaters and groups 2 and 3 of five dogs each. The animals in groups 1
and 2 were anesthetized and the animals in group 3 did not receive any
anesthetic drug. The ultrasound examination was performed with the ACUSON
NX3 ELITE/SIEMENS system, in B-mode image, with convex and linear
multifrequency transducers, for abdominal scanning. The liver was evaluated
after injection of microbubbles contrast agent (sulfur hexafluoride; SonoVue®)
using specific software, verifying the presence or absence of microbubbles,
wash-in, wash-out and peak contrast times. The arterial phase between
anesthetized and conscious dogs was similar but differed when compared to
that of the anteaters. The wash-in time was different for anteaters when
compared to anesthetized dogs. In the peak contrast, a difference was also
observed between anteaters and dogs. It is concluded that ultrasound with
microbubble contrast agents can be used to assess the hepatic perfusion of

anteaters in a minimally invasive manner.

Keywords: Giant Anteater; Microbubble Contrast Agent in the Liver; Sulfur
Hexafluoride; Ultrasound.
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6.2 INTRODUCTION

Ultrasonography is a non-invasive complementary examination modality
used to assess the size, shape, contour, parenchyma and vascularization of
various organs. However, the ultrasonographic image has little contrast due to
similar acoustic properties in soft tissues. As for vascularization, the Doppler
mode provides information on blood flow, but it is not able to promote the
visualization of small vessels and capillaries. To this end, there is the possibility
of increasing the effectiveness of ultrasound by use of intravenous contrast
agents consisting of gas microbubbles (WDOWIAK et al., 2010). This is
possible due to the ability of these agents to increase the reflectivity of
ultrasound waves on blood components, increasing diagnostic accuracy
(PINTO, 2010).

The discovery and subsequent development of microbubble contrast
agents came from an observation by cardiologist Dr. Charles Joiner in the late
1960s. When performing the M-mode echocardiography, the substance
indocyanine green was injected into the circulation to measure cardiac output,
through a catheter located in the left ventricle. Transient increases in ultrasound
signals in the ventricle were observed after each injection. Subsequent research
showed that the increase in ultrasound signals was caused by small air bubbles
that formed at the tip of the catheter (GRAMIAK; SHAH, 1968).

Microbubble contrast agents can be classified into the first generation,
which comprise the use of air itself as a gaseous agent, for example, the
intravenous administration of stirred saline solution of 0.9% sodium chloride.
However, these contrast agents have low longevity and rapid diffusion of gas
bubbles (CALLIADA et al., 1998; MILLER; NANDA, 2004; WDOWIAK et al.,
2010).

Subsequently, alboumin was found to improve the quality and stability of
microbubbles, resulting in the development of the first pharmaceutical contrast
agent, AlbunexTM® (WDOWIAK et al.,, 2010). Another example of first-
generation contrast agent is Levovist® (CALLIADA et al., 1998; PINTO, 2010).
In addition to albumin, other compounds are capable of stabilizing

microbubbles, such as phospholipids, more specifically surfactants, which
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reduce their diffusion, increasing their residence time in the circulation and their
ability to deal with pressure variations (MILLER; NANDA, 2004).

Second-generation microbubble contrast agents are made up of
fluorocarbon gases, perfluorocarbon hexafluoride or sulfur, which are of high
molecular weight, therefore have lower solubility and greater diffusion capacity,
providing greater stability to the microbubbles and greater persistence in the
circulation (CALLIADA et al., 1998; CORREAS et al., 2001). Examples of
second-generation microbubble contrast agents are SonoVue®, Optison®,
Definity® and PESDA (CALLIADA et al., 1998; PINTO, 2010). Third-generation
microbubble contrast agents are composed of microbubbles with smaller
dimensions than the second-generation ones and made of perfluorobutane gas,
remaining longer in the circulation, such as Bracco's BR14 (FISHER et al.,
2002).

The use of this technique in veterinary medicine is recent and was
described in small animals in liver evaluation in dogs (NYMAN et al., 2005;
WDOWIAK et al., 2010), in distinguishing benign and malignant hepatic lesions
based on perfusion patterns (O'BRIEN et al., 2004; CARVALHO et al., 2013), in
the splenic evaluation of healthy dogs (OHLERTH et al., 2007; NAKAMURA et
al., 2009), in patients with nodular lesions (OHLERTH et al., 2008; NAKAMURA
et al., 2010), and in dogs submitted to sedation (ROSSI et al., 2016), in
echocardiography to assess perfusion in the diagnosis of myocardial infarction
(DAR et al., 2009), in renal perfusion studies of healthy and anesthetized dogs
(CHOI et al., 2016), in the evaluation of transitional cell carcinoma in the urinary
bladder in a dog (MACRI et al., 2018) and in the evaluation of the organs of the
abdominal cavity in felines (LEINONEN, 2011).

Lin et al. (2013) performed the ultrasonography with a microbubble
contrast agent in dogs with iatrogenic traumatic splenic injuries. A perfusion
defect and lack of contrast of the injured area of the splenic parenchyma was
observed and in cases of traumatic active hemorrhage there was extravasation
of contrast agent in the injured region. Changes in blood perfusion and
interruption of arterial contrast have been observed in cases of active bleeding.
For the authors, this technique is capable of monitoring splenic trauma and

detecting bleeding in real time.
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In general, ultrasound with a microbubble contrast agent provides
information on the organ perfusion or lesion, which can be useful for
categorizing lesions and for determining sites for biopsy procedures. In addition,
they may have therapeutic applications (UNGER et al., 2002), as when linked to
genes or drugs they can be targeted and incorporated into spherical
microbubbles for specific diagnosis and therapeutic functions. As the agents are
encapsulated in bubbles, systemic toxic effects are minimized (FERRARA;
POLLARD; BORDEN, 2007). Localized energy deposition associated with
bubble destruction can also be used for clot dissolution (DAR et al., 2009).

Veterinary research was carried out in small animals, however, there are
no published data regarding the standardization and application of this
technique in wild animals. This study aims to apply the technique of hepatic
ultrasound with a microbubble contrast agent described in dogs in the giant
anteater, describing the normal pattern expected for this species.

6.3 MATERIALS AND METHODS

This study was carried out in the Diagnostic Imaging sector of the
Veterinary Hospital “Dr. Halim Atique" of Rio Preto University Center — UNIRP,
with prior approval from the Ethics Commission on Animal Use (CEUA protocol
n°® 09/2019) of Rio Preto University Center — UNIRP and the National System of
Biodiversity Information (SISBIO/IBAMA 70206-1).

The experimental groups were: Group 1 (G1) with 10 healthy adult giant
anteaters (Myrmecophaga tridactyla, Linnaeus, 1758), six females and four
males, with body weight starting at 25 kg (mean weight = 31.5 kg £ 5,09). These
animals were obtained from routine and from the S&o José do Rio Preto
Municipal Zoo.

Groups 2 and 3 (G2 and G3; control groups) were formed by five healthy
adult dogs each. Group 2 consisted of one female and four males, with body
weight starting at 25 kg (mean weight = 27.38 kg + 3.75). Group 3 was also
formed by one female and four males, from 25 kg (mean weight = 26.06 kg +
2.43). These dogs were obtained from the routine of the Clinical-Surgical Care

Sector for Small Animals of the Veterinary Hospital “Dr. Halim Atique” from the
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Rio Preto University Center — UNIRP. In group 2, the same protocol of chemical
restraint (anesthesia) of group 1 was performed (see details below). In group 3,
no chemical restraint was performed.

Only animals considered healthy, without changes in physical
examination and laboratory tests were selected for this study. For this, the
animals underwent clinical evaluation comprising anamnesis, physical
examination, complete blood count, biochemical profile (creatinine, alanine
aminotransferase, alkaline phosphatase, aspartate aminotransferase, total
protein, albumin, triglycerides, cholesterol, glucose), urinalysis and
coproparasitological examination.

For chemical restraint, the animals were fasted for food and water for 12
hours. Group 1 animals were physically restrained with the help of nets, and
then sedated with ketamine hydrochloride (10 mg/kg intramuscularly) with
midazolam (0.3 mg/kg intramuscularly) and transported to the Veterinary
Hospital “Dr. Halim Atique” from Rio Preto University Center — UNIRP, being
submitted to anesthetic induction with propofol at a dose of 1 mg/kg
intravenously, anesthetic maintenance with intravenous propofol and 100%
oxygen (O2) support via mask (West; Heard; Caulkett, 2007). Blood samples
were collected for laboratory tests and ultrasound examination of the abdominal
region. The urine sample was collected by ultrasound-guided cystocentesis.
During all procedures, the animals were monitored for vital parameters
(cardiopulmonary auscultation, femoral pulse, and rectal temperature).

Group 2 animals were sedated with ketamine hydrochloride (dose of 5-10
mg/kg intravenously) and midazolam (0.5 mg/kg intravenously). Anesthetic
induction with propofol at a dose of 1 to 6 mg/kg intravenously, anesthetic
maintenance with intravenous propofol and oxygen (0O2) support via
endotracheal tube (FANTONI; CORTOPASSI, 2009). Blood collection was
performed before the anesthetic procedure. During the chemical restraint of the
animals, the ultrasound examination of the abdominal region and the collection
of the urine sample by cystocentesis were performed.

The mode-B abdominal ultrasound examination was performed with the
ACUSON NX3 ELITE/SIEMENS system and with multifrequency convex (CH5-
2 from 2.0 to 5.0 MHz), microconvex (C8-5 from 3.1 to 8.8 MHz) and linear
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(VF12-4 from 4.0 to 12.0 MHz) transducers. Liver evaluation was performed in
at least two imaging planes, longitudinal and transverse. The anatomical-
topographic relations, echogenicity, echotexture, contour, margin, shape, size
and wall thickness were evaluated. B-mode image assessments were
performed prior to the microbubble contrast technique.

The livers were evaluated by microbubble contrast ultrasonography with
the ACUSON NX3 ELITE/SIEMENS machine. The specific inverted harmonic
imaging software developed for use with contrast agents (Cadencia) was
activated and the contrast agent used was sulfur hexafluoride (SonoVue®), in a
single dose, rapidly infused into the cephalic vein through a 22G catheter,
followed by of 5 mL saline solution (0.9% sodium chloride). The images were
obtained for five minutes, with a convex transducer (CH5-2 from 2.0 to 5.0 MHz)
located in a window caudal to the xiphoid appendix, in a cross-sectional plane,
in the area to be evaluated, and recorded in the equipment's storage system;
these images were analyzed according to the presence or absence of
microbubbles, vascular filling times from the time of contrast agent
administration into the bloodstream until the start of organ perfusion (wash-in),
arterial phase, total time for contrast agent to leave the parenchyma (wash-out)
and peak contrast.

The data obtained were then subjected to analysis of variance and the
means compared by Tukey test at 5% probability, using the Sisvar software
(FERREIRA, 2011).

6.4 RESULTS

Homogeneous filling of the hepatic parenchyma was observed in all
animals evaluated by microbubble contrast. The parameters evaluated in the
liver by the ultrasound with a microbubble contrast agent were the time of
vascular filling of the hepatic parenchyma (wash-in), arterial phase, total time for
contrast agent to leave the parenchyma (wash-out) and peak contrast.

The mean time (seconds) for filling the hepatic parenchyma after the
administration of microbubble contrast agent was 26.7 + 7.36, 34.2 £ 6.61, 30

1.58, respectively for groups 1, 2 and 3. The mean wash-in time was shorter in
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group 1 when compared to the means of groups 2 and 3 (P<0.05) (Figure 7, 8
and 9).

Figure 7 - Giant anteater (Group 1) — Filling of the hepatic parenchyma by

contrast agent (wash-in).

Source: personal archive.

Figure 8 - Anesthetized dog (Group 2) — Filling of the hepatic parenchyma by

contrast agent (wash-in).

Source: personal archive.
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Figure 9 - Non-anesthetized dog (Group 3) — Filling of the hepatic parenchyma

by contrast agent (wash-in).

Source: personal archive.

The mean arterial phase in seconds was 14.3 £ 6.73, 19.4 = 3.84 and
20.4 + 3.57, respectively for groups 1, 2 and 3. The mean arterial phase time
was shorter in group 1 when compared to the means of groups 2 and 3
(P<0.05) (Figure 10, 11 and 12).

Figure 10 - Giant anteater (Group 1) — Arterial phase after contrast agent

administration.

Source: personal archive.
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Figure 11 - Anesthetized dog (Group 2) — Arterial phase after contrast agent

administration.

Source: personal archive.

Figure 12 - Non-anesthetized dog (Group 3) — Arterial phase after contrast

agent administration.

Source: personal archive.

The mean peak contrast time after the administration of the microbubble
contrast agent (seconds) was 68.6 + 8.73, 59 + 10.41 and 55 + 8.51,
respectively for groups 1, 2 and 3. The mean peak contrast time was shorter in
group 3 when compared to the means of groups 1 and 2 (P<0.05) (Figure 13,
14 and 15).
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Figure 13 - Giant anteater (Group 1) — Peak contrast of hepatic parenchyma

after contrast agent administration.

Source: personal archive.

Figure 14 - Anesthetized dog (Group 2) — Peak contrast of hepatic parenchyma

after contrast agent administration.

Source: personal archive.
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Figure 15 - Non-anesthetized dog (Group 3) — Peak contrast of hepatic

parenchyma after contrast agent administration.
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Source: personal archive.

The mean time (seconds) for contrast agent to leave (wash-out) after
administration was 247.5 + 30.30 277.6 £ 68.9 and 236.6 + 40.20, respectively
for groups 1, 2 and 3. The mean wash-out time was shorter in group 3 when
compared to the means of groups 1 and 2 (P<0.05) (Figure 16, 17 and 18)
(Table 1).

Figure 16 - Giant anteater (Group 1) — Exit of contrast agent from the hepatic

parenchyma (wash-out).

Source: personal archive.
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Figure 17 - Anesthetized dog (Group 2) — Exit of contrast agent from the hepatic

parenchyma (wash-out).
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Source: personal archive.

Figure 18 - Non-anesthetized dog (Group 3) — Exit of contrast agent
from the hepatic parenchyma (wash-out).
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Source: personal archive.
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Table 1- Time variables of arterial phase, wash-in, peak contrast and hepatic

wash-out of the evaluated groups.

Group AP (s) WI (s) PC (s) WO (s)
1 143+6,73P | 26,7+7,36° | 68,6+8732 | 2475+ 30,30
ab
2 194+3,842 | 34,2+6,612 59+10,41° 277,6 +68,92
3 20,4+3572 | 30+158s® 55+8,51° 236,6 + 40,20

Superscript letters indicate statistical differences between the experimental groups

(P<0.05). AP — Arterial phase; WI — wash-in; PC — Peak contrast; WO — washout.

6.5 DISCUSSION

Ultrasonography is the imaging technique of choice for screening
patients with suspected hepatic lesions. However, due to the lack of contrast
agents, ultrasound used to be less sensitive and specific compared to
computed tomography and magnetic resonance imaging. With the advent of
microbubble contrast agents, there has been an increase in diagnostic
sensitivity and specificity (HOHMANN et al., 2003).

Ultrasound contrast agents began to be widely used in human medicine
in several clinical situations, such as aiding in the detection of focal hepatic
lesions, as the contrast agent presents a different behavior in relation to the
normal parenchyma of the organ, due to the alteration of vascularization
promoted by the disease. It is mainly used in the detection and characterization
of focal hepatic lesions (BLOMLEY et al., 2001; QUAIA et al., 2004; NOLSJE;
LORENTZEN, 2016). In veterinary medicine, this technique has been studied in
several organs and in certain conditions, mainly in domestic animals (BURTI et
al., 2020). In wild animal medicine, to date, there is no description of the use of
microbubble contrast agents. After applying the contrast agent intravenously in
anteaters, it was possible to evaluate the distribution of the agent in the liver,
initially in the hepatic arteries, which crossed a capillary bed to reach the

hepatic artery.
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Nyman et al. (2005) evaluated the use of hepatic microbubble contrast
agents in anesthetized and non-anesthetized dogs with a mean age of five
years, mean weight of 6,9 Kg for the Dachshunds and 25,3 Kg for the Golden
Retriever. According to the results obtained, there was a significant difference
between anesthetized and non-anesthetized dogs in relation to the time to peak
contrast, differing from what was observed in this study in relation to the group
of dogs (groups 2 and 3), which showed no difference. However, data of dogs
were statistically different from data of the anteaters evaluated in our study.
According to the authors, the found difference can be explained by the use of
propofol, as there is an increase in hepatic arterial blood flow and a reduction in
systemic blood pressure, although it has no effect on cardiac output or portal
venous flow. This difference was seen in smaller dogs (Dachshunds); however,
the authors mention that the low number of animals studied did not allow a
comparison with the larger dogs studied (Golden Retriever). This fact suggests
that there may be an effect of breeds or body size of dogs on these evaluated
parameters. Therefore, in the present study this difference was not observed,
since the dogs presented similar size and body weight, a reason that may
explain the obtained results.

Although, the difference found in this study between the groups of dogs
and that of anteaters may have occurred due to factors inherent to the anteater,
such as particularities of the anatomy and metabolism of the liver of these
animals. Filling by contrast agent diminishes as it leaves the hepatic
parenchyma through the caudal vena cava. The entry as well as the exit of the
contrast agent from the parenchyma depends on homeostasis between the
hepatic artery and the portal venous flow. Therefore, it is important to
emphasize that the parameters evaluated in this study are dependent on the
hemodynamics of the animal. Thus, these values can be affected by several
variables such as gain setting, mechanical index, scan depth, animal body size
and composition, metabolism, and the behavior of the individual contrast agent.

For this study, the second-generation contrast agent, SonoVue®, was
chosen due to its properties such as lower solubility and greater diffusion
capacity, which confer greater stability to the microbubbles and greater

persistence in the circulation, being suitable for perfusion studies. Its elimination
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occurs by the destruction of the phospholipid membrane and the elimination of
sulfur hexafluoride gas via dissolution through pulmonary capillaries. Therefore,
these evaluated indices can be used to estimate hemodynamic changes
secondary to diseases. The contrast agent dose used was 0.05 ml/kg, both for
anteaters and dogs, showing good filling of the evaluated organ, in addition to
being safe for patients, corroborating with Nyman et al. (2005).

None of the animals in the three evaluated groups presented adverse
reactions during this study as nausea, injection site reaction, hypotension, chest
or lumbar pain, and respiratory distress (BRACCO, 2020), during or after
administration of the contrast agent, as seen by Nyman et al. (2005).

Ziegler et al. (2003) evaluated the liver of eight healthy adult dogs,
between 8 to 25 kg of body weight, with perfluoropropane contrast. Six dogs
were anesthetized with propofol and two did not receive chemical restraint. The
authors verified that both groups did not present differences regarding the
parameters evaluated. It is worth mentioning that the contrast agent used was
not the same as in this study, which may result in differences in the data
obtained, since the perfluoropropane contrast agent can be absorbed by the
reticuloendothelial system of the liver and may remain concentrated in the liver
for a longer time. Considering the difference in currently available contrast
agents, particularly regarding biodistribution, the results seen in the present

study may be specific to SonoVue® contrast.

6.6 CONCLUSIONS

The ultrasound with a microbubble contrast agent can be used to assess
hepatic perfusion in anteaters in a minimally invasive manner. Regarding the
parameters evaluated, the arterial phase between anesthetized and conscious
dogs were similar, except when compared with anteaters. This finding appears
to be species specific.

The filling of the hepatic parenchyma by contrast agent was different for
anteaters when compared to anesthetized dogs. As for the peak contrast, a

difference was also observed between anteaters and dogs. It is noteworthy that
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studies on the hepatic metabolism of the giant anteater would be necessary for
a better understanding of the particularities related to this species.

This study can be used as a reference for anteaters in the assessment of
hepatic perfusion using the SonoVue® contrast. SonoVue® contrast has been
shown to be safe in both anteaters and dogs and the recommended dose for
dogs can be used effectively in the giant anteater.
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CAPITULO 7 - CONCLUSAO

A técnica de elastografia descrita em cées pode ser aplicada com éxito
no tamandua bandeira, sendo uma ferramenta de grande auxilio na avaliacdo
ultrassonogréfica nesta espécie.

A ultrassonografia por contraste de microbolhas pode ser usada para
avaliar a perfusdo hepatica dos tamanduas de forma minimamente invasiva.
Quanto aos parametros avaliados, a fase arterial entre os cées anestesiados e
conscientes foram semelhantes, exceto quando comparados com 0s
tamanduds. Este achado parece ser espécie especifico.

O preenchimento do parénquima hepatico pelo contraste foi diferente
para os tamanduas quando comparado aos cdes anestesiados. Quanto ao pico
de realce, também se observou diferenca entre os tamanduds e os caes.
Ressalta-se que estudos a respeito do metabolismo hepéatico do tamandua
bandeira seriam necessarios para melhor compreensdo das particularidades
relacionadas a esta espécie.

Este estudo pode ser usado com referéncia para os tamanduas na
avaliacdo da perfusdo hepéatica na utilizacdo do contraste SonoVue®. O
contraste SonoVue® mostrou-se seguro tanto nos tamanduas como nos cées e
a dose recomendada para os caes pode ser utilizada de forma eficaz no

tamandua bandeira.
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APENDICE A - Local de execucéao

O estudo foi executado no Hospital Veterinario “Dr. Halim Atique” do
Centro Universitario de Rio Preto - UNIRP, no setor de Diagndstico por Imagem
(Figura 01).

Figura 1 — Setor de Diagnostico por Imagem do Hospital Veterinario “Dr.

Halim Atique”.

A — Aparelho de ultrassonografia utilizado Acuson NX3 Elite — SIEMENS. B -
Sala de ultrassonografia.
Fonte: Arquivo pessoal.
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APENDICE B - Contencado fisica, quimica e transporte dos

tamanduas.

Todos os animais permaneceram em jejum alimentar e hidrico de 12
horas. Os tamanduas pertencentes ao Zoolégico Municipal de Sao José do Rio
Preto-SP, foram contidos fisicamente com a ajuda de pucgds, em seguida,
sedados com cloridrato de cetamina (dose 10 mg/Kg por via intramuscular),
juntamente com midazolam (0,3 mg/Kg por via intramuscular), sendo
transportados de seus recintos ao Hospital Veterinario “Dr. Halim Atique” do
Centro Universitario de Rio Preto — UNIRP (Figura 02), sendo submetidos a
inducdo com propofol na dose de 1 mg/Kg por via intravenosa, manutencao
anestésica com propofol por via intravenosa e suporte de oxigénio (O2) a 100%
via mascara (WEST; HEARD; CAULKETT, 2007).

Com os animais anestesiados, realizou-se o exame fisico detalhado, a
coleta das amostras de sangue para avaliacdo da saude, o exame
ultrassonografico da regido abdominal, no qual procedeu-se a coleta da
amostra urinaria por cistocentese.

Para proceder ao exame ultrassonografico abdominal, em todos os
animais (tamanduas e caes) foi necessario realizar uma tricotomia ampla
utilizando maquina de tosa com lamina n® 40 desde o apéndice xifoide, até a
regido hipogastrica, estendendo-se lateralmente, préximos ao ultimo par de
costelas, do lado esquerdo, e sobre os dois Ultimos pares de costelas, do lado
direito, permitindo desta forma, uma boa avaliagdo dos 6rgdos abdominais.

Em seguida, procedeu-se ao exame ultrassonografico o qual foi feito por
um unico avaliador, utilizando protocolo de varredura estabelecido em literatura
(LOPES et al., 2015; ALBUQUERQUE, 2017). Para tal, colocou-se os animais
em uma calha e por meio de contencdo fisica (contidos pelos membros
toracicos e pélvicos), com a cabeca proxima ao monitor e o corpo paralelo ao
aparelho, permanecendo em decubito dorsal e/ou lateral direito e/ou esquerdo,
conforme a necessidade. A pele foi limpa com agua e sabonete neutro e, apos
secagem, um gel especifico foi aplicado para realizar o exame.

Durante todos os procedimentos, todos o0s animais passaram por

monitoramento quanto aos parametros vitais (auscultacdo cardiorrespiratoria,
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pulso femoral e temperatura retal) pela equipe do Zoologico Municipal de Sao
José do Rio Preto-SP (Figura 03) e do Setor de Atendimento Clinico-cirdrgico
de Pequenos Animais do Centro Universitario de Rio Preto — UNIRP (Figura
04).

Figura 2 — Transporte dos tamanduas sob efeito de seda¢do ao Hospital

Fonte: Arquivo pessoal.

Figura 3 — Monitoramento anestésico do tamandua bandeira.

Fonte: Arquivo pessoal.
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Figura 4 — Monitoramento anestésico de um céo durante o exame

ultrassonografico.
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Fonte: Arquivo pessoal.
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APENDICE C - Coleta de amostras biolégicas dos animais

Inicialmente, foi obtida uma amostra de sangue sem anticoagulante por
meio da venopunc¢éo da veia jugular, safena ou cefalica no volume de 10 mL,
sendo 2-3 mL armazenados em tubo apropriado contendo anticoagulante acido
etileno diaminotetracético a 10% (EDTA) para realizacdo de hemograma
completo e de 7-8 mL acondicionados em tubo sem anticoagulante
(Vacutainer®), para 0s exames bioquimicos séricos. Tais tubos foram
previamente identificados com dados de registro do paciente.

A amostra de sangue presente no tubo sem anticoagulante foi
centrifugada imediatamente apés a completa coagulacdo a 800G durante cinco
minutos para a obtencdo do soro. Ap6s a obtencdo do soro, foi feita a
transferéncia, em frages de 1-2 mL, para microtubos tipo Eppendorf®
identificados para proceder aos exames bioquimicos.

As amostras de urina foram obtidas por cistocentese guiada por
ultrassonografia (Figura 05), as quais foram centrifugadas a 800 G por cinco
minutos para confeccao da lamina com vista a sedimentoscopia. A obtencéo da
amostra fecal ocorreu por meio de sondagem retal, com auxilio de sonda
uretral e seringa, onde aspirou-se o conteudo fecal, condicionando em coletor

universal estéril para proceder aos exames coproparasitolégicos.

Figura 5 — Cistocentese em tamandua bandeira.

Fonte: Arquivo pessoal.
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APENDICE D - Anélises laboratoriais

As andlises laboratoriais hematologicas e bioquimicas ocorreram no
Laboratorio de Analises Clinicas e Microbiolégicas do Hospital Veterinario “Dr.
Halim Atique”. As contagens globais de hemacias, leucdcitos e plaquetas foram
feitas por meio da contagem manual via camara de Neubauer. Quanto ao
hematdcrito, procedeu-se por meio de centrifugacdo do sangue total em
centrifuga de micro hematoécrito. As amostras de soro foram processadas para
determinacdo das concentragcdes de Creatinina, Uréia, Alanina
aminotransferase, Fosfatase Alcalina, Aspartato aminotransferase, Proteina
Total, Albumina, Triglicérides, Colesterol, Glicose, utilizando-se de Kits
comerciais, sempre de acordo com as recomendacfes dos respectivos
fabricantes.

Os aspectos fisicos e quimicos da urina foram avaliados por meio da
macroscopia e com auxilio de fita comercial (seguindo as recomendacdes do
fabricante), respectivamente, assim como a densidade urinaria, mensurada em
refratbmetro digital. A sedimentoscopia foi realizada com amostra fresca
avaliada ao microscopio.

Para a avaliacdo da amostra fecal, realizou-se o método direto, no qual
as fezes foram examinadas ao microscopio, diluidas em solucdo salina,

objetivando a detencéo de cistos de protozoarios, ovos e larvas de helmintos.



