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BASELLY-CUEVA, L.O. Esterilizacao videoassistida pela técnica de oclusdo vascular
ovariana com excisdo parcial dos ovarios e foliculos com analise de tomografia
computadorizada e ressoniancia magnética em Trachemys scripta elegans. 2022. 93 p.
Tese (Doutorado em Animais Selvagens — Cirurgia e Reproducao) — Faculdade de

Medicina Veterinaria e Zootecnia, Campus de Botucatu, Universidade Estadual Paulista.

RESUMO

A Trachemys scripta elegans é considerada uma espécies exoticas invasoras devido a sua
eficiéncia reprodutiva e adaptacdo ao ambiente visando evitar a eutandsia ou soltura em
habitats indesejados, afetando negativamente as populagdes nativas, o objetivo deste estudo foi
realizar a esterilizacdo pela técnica de oclusdo com excisdo parcial bilateral dos ovérios e
foliculos, utilizando o né de Miller “s modificado como ligadura transfixante extracorpdrea por
meio de video- cirurgia assistida como método de controle reprodutivo. Vinte e duas fémeas,
da espécie Trachemys scripta elegans, divididas em dois grupos (n = 11). No grupo 1 foi
realizado exame laboratorial bioquimico e posterior exame de tomografia computadorizada
com contraste (TCC); para o grupo 2, foram realizados hemograma e exames bioquimicos,
seguidos de ressondncia magnética (RM). As imagens de TCC e RM foram usadas para
planejamento pré e pdés operatério. Os 22 animais foram anestesiados com anestesia
balanceada multimodal reversivel. O tempo da aplicagdo da técnica cirtirgica foi medida e
dividida em dos grupos segundo o grau de complexidade das afeccdes celomdticas internas.
Ap6s 90, 120 e 150 dias do pds-operatério, uma nova cirurgia foi realizada aleatoriamente,
para extracdo dos ovérios remanescentes que foram deixados anteriormente para andlise
histologica. A histologia mostrou necrose, foliculos atrésicos e células inflamatdrias aos 90
dias; aos 120 dias houve perda de estrutura tecidual, inflamac¢ao e remodela¢do com presenca
de tecido conjuntivo; e aos 150 dias algumas estruturas foliculares mineralizadas e tecido
cicatricial estavam presentes, comprovando assim que a técnica de esterilizagdo por oclusdo
videoassistida foi eficiente nesta espécie.

Palavras-chave: Anestesia; cdgado; cirurgia minimamente invasiva; complexo arteriovenoso

ovariano; Histologia; imagens; oclusdo; ovarios; videocirurgia assistida.
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BASELLY-CUEVA, L.O. Video-assisted sterilization by the technique of ovarian vascular
occlusion with partial excision of the ovaries and follicles with computed tomography and
magnetic resonance analysis in Trachemys scripta elegans. 2022. 93 p. Thesis (Doctorate in
Wild Animals — Surgery and Reproduction) — Faculty of Medicine Veterinary and Animal

Science, Botucatu Campus, Sao Paulo State University.

ABSTRACT

Trachemys scripta elegans is considered an invasive exotic species due to its reproductive
efficiency and adaptation to the environment in order to avoid euthanasia or release in
unwanted habitats negatively affecting native populations the aim of this study was perform
sterilization using the occlusion technique with bilateral partial excision of the ovaries and
follicles using a modified Miller “s knot as an extracorporeal transfixing ligature by means of
video-assisted surgery as a method of reproductive control. Twenty-two females of the species
Trachemys scripta elegans, divided into two groups (n = 11). In group 1 it was biochemical
laboratory examination was performed and subsequent computed tomography examination
with contrast (CECT); for group 2, blood count and biochemical tests were performed,
followed by magnetic resonance imaging (MRI). CECT and MRI images were used to pre and
postoperative planning.  The 22 animals were anesthetized with anesthesia balanced
multimodal reversible. The time of application of the surgical technique was measured and
divided into two groups according to the degree of complexity of the internal coelomic
affections. After 90, 120 and 150 days after surgery a new surgery was randomly performed,
for extracting the remaining ovaries that were previously left for analysis histological.
Histology showed necrosis atretic follicles and inflammatory cells at 90 days; at 120 days there
was loss of tissue structure inflammation and remodeling with the presence of connective
tissue; and at 150 days some mineralized follicular structures and tissue scarring were present,
thus proving that the sterilization technique by occlusion video-assisted was efficient in this

species.

Keywords: Anesthesia; assisted laparoscopic surgery; Histology; images; minimally invasive

surgery; occlusion; ovaries; ovarian arteriovenous complex; tortoise.
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INTRODUCAO



1 INTRODUCAO

Atualmente, a biodiversidade vem sofrendo perdas irrepardveis de flora e fauna
silvestre pela destrui¢cdo dos habitats naturais, contamina¢ao, mudancgas climaticas, exploracao
e acelerada naturalizagdo de espécies exoéticas invasoras (EEI), tornando-se a segunda causa
global de perda da biodiversidade, podendo trazer impactos ambientais no mundo inteiro
(CAPDEVILA-ARGUELLES; ZILLETTI; SUAREZ-ALVAREZ, 2013).

Segundo o “Invasive Species Specialist Group” (ISSG) e a “International Union for
Conservation of Nature” (IUCN), uma EEI vem a ser uma espécie que se estabelece em um
ecossistema diferente de sua origem e se torna um agente de mudanga e ameaca para a
diversidade bioldgica nativa (NATURE; GROUP, 2000).

Trachemys scripta elegans (WIED, 1838) é um cédgado de dgua doce de hdabitos
semiaqudticos, nativo do sudeste dos Estados Unidos e nordeste do México (IVERSON, 1992;
TTWG, 2017). Esta espécie foi criada para o comércio nos EUA, a nivel nacional e
internacional, no inicio da década de 1950 e final dos anos 1970, chegando a ser o animal de
estimacdao mais exportado no mundo (TELECKY, 2001; CADI et al., 2004; ERNST;
LOVICH, 2009). Na maioria dos paises onde estes animais foram introduzidos, os
proprietérios foram soltando-os de forma intencional e nao intencional em lagos, dreas urbanas
e ecossistemas naturais, o que fez com que se estabelecessem no continente africano
(NEWBERY, 1984), asiatico (MOLL, 1995; CHEN; LUE, 1998; HARAMURA; YAMANE;
MORI, 2008; XU et al., 2012), europeo (WARWICK, 1991; CADI et al., 2004; PUPINS,
2007), na oceania (BURGIN, 2006; FELDMAN, 2007), e no continente americano sendo que
na América do Sul pode ser encontrado na Argentina (ALCALDE et al., 2012), no Brasil
(FERRONATO et al., 2009) e no Chile (IRIARTE; ANDRADE, 2005). Sua capacidade de
adaptacdo e realizacdo de seu ciclo bioldgico completo, associada as condi¢des climdticas
favordveis para alimentacdo e caracteristicas bioldgicas como maturidade sexual precoce, altas
taxas de fecundidade, postura e incubagdo de seus ovos nestes paises, contribuiram para que se
tornasse uma espécie exodtica invasora nesses continentes (CADI et al., 2004). A Trachemys
scripta elegans foi incluida na lista dos 100 animais piores invasores do mundo (LOWE et al.,
2000; UETZ, 2021). No continente europeu, o controle da populagdo exoética invasora e,
principalmente, desta espécie em estudo, € efetuado a partir de legislacdes especificas e

projetos governamentais que englobam métodos letais e ndo letais (CADI et al., 2004;



LITTIN; MELLOR et al., 2005a), sendo um exemplo de método ndo letal o controle da
fertilidade e reprodug¢do (LITTIN; MELLOR et al, 2005a). As cirurgias eletivas sdo
consideradas uma alternativa mais razodvel para o controle das populacdes e promovem
beneficios clinicos (INNIS; BOYER, 2002; PROENCA; DIVERS, 2015). ). Para os quelonios,
os procedimentos eletivos de castracdo e esterilizacdo em uma abordagem pela cavidade
celomdtica foi alcancado por meio da realizagdo de osteotomias pelo plastrdo central
(BENNETT, 1989; MADER; DIVERS, 2005). Uma abordagem técnica alternativa consiste na
realizacdo de uma incisdo pelos tecidos moles na fossa pré-femoral, com auxilio de
laparoscopia ou de endoscopia (BRANNIAN, 1984; GOULD; YAEGAR; GLENNON, 1992),
a qual vem sendo utilizada em diversos estudos (NUTTER et al., 2000; MADER; DIVERS,
2005; INNIS; HERNANDEZ-DIVERS; MARTINEZ-JIMENEZ, 2007). por serem métodos
menos invasivos e resultarem em uma recuperacdo mais riapida (DENARDO, 2006;
DIGIROLAMO; MANS, 2016). Atualmente, no grupo dos quelonios, a fossa pré-femoral vem
sendo usada para celiotomia diagndstica e exploratdria e como videocirurgia assistida eletiva
no controle da natalidade (NUTTER er al., 2000; MADER; DIVERS, 2005; INNIS;
HERNANDEZ-DIVERS; MARTINEZ-JIMENEZ, 2007). O uso de ferramentas diagndsticas
avancadas € recomendado para avaliacio do trato reprodutivo em queldnios, sendo a
tomografia axial computadorizada (TAC) o método diagndstico e de planejamento cirdrgico
mais sensivel, comparado a radiografia e a ultrassonografia (MACKEY et al., 2008).). A
ressonancia magnética (RM) mostra detalhes melhores em relacdao a defini¢do das estruturas
internas celomadticas, sobretudo na defini¢do da estrutura e do tamanho dos foliculos e ovos
que, dependendo do estdgio e da maturidade, sdo visualizados como estruturas homogéneas
arredondadas de definicdo hipointensa e sem sinal em varreduras ponderadas em T2, maior
intensidade em varredura Ti e melhor vistos em imagens ponderadas em Tz (STRAUB;
JURINA, 2001).

Assim, o foco principal nesta pesquisa € a realizacdo da esterilizacdo pela técnica de
oclusdo do aporte vascular, provocando isquemia e necrose tecidual progressiva dos ovarios,
com excisdo parcial bilateral destes, com o uso de ligaduras extracorpdreas de ndilon por
videocirurgia assistida, tomando como base um estudo experimental que teve sucesso usando
esta técnica em ratos (MURAKAMI et al., 2014). Acreditamos que a técnica cirdrgica com
auxilio da videocirurgia assistida possa ser usada na Trachemys scripta elegans como método

eletivo alternativo para o controle de natalidade e reproducdo em espécies exdticas invasoras.
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2 OBJETIVOS

2.1 Geral

Realizar a esterilizacao pela técnica de oclusao com excisdo parcial bilateral dos ovérios,
mediante o uso de ligaduras extracorporeos transfixantes de ndilon por video cirurgia assistida

na espécie Trachemys scripta elegans.

2.2 Especificos

e Avaliar um protocolo de analgesia e anestesia multimodal reversivel.

e Comparar exames de tomografia computadorizada com contraste (TACC) e ressonancia
magnética (RM) como ferramentas diagnosticas para o planejamento pré-cirurgico e pos

cirdrgico em fémeas de Trachemys scripta elegans.

e Verificar o tempo cirtrgico empregado para realizacdo da técnica de oclusdo parcial
bilateral dos ovdrios mediante o uso de né de Miller’s modificado por video cirurgia

assistida.

e Analisar os ovdrios remanescentes extraidos pela anélise de histologia.
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3 REVISAO DA LITERATURA

3.1 Quelonios

Os Testudines atualmente estio classificados em 13 familias com aproximadamente 300
espécies e subdividida em duas subordens: Cryptodira (cripto: escondido; dire: pescogos) e
Pleurodira (pleuro: lado; dire: pescocos) (POUGH; HEISER; MCFARLAND, 2003; BOYER;
BOYER, 2006).

A subordem Cryptodira estd dividida em trés superfamilias (7estudinoidea,
Trionychodea e Chelonoidea), as quais incluem tartarugas, cdgados e jabutis, a maior parte
localizada no Hemisfério sul. (POUGH; HEISER; MCFARLAND, 2003). Por sua vez, a
subordem Pleurodira se divide em duas familias (Chelidae e Pelomedusidae), que ocorrem
apenas no Hemisfério sul (POUGH; HEISER; MCFARLAND, 2003).

A familia Emydidae contém 40 espécies atualmente reconhecidas em dez géneros
(ERNST; BARBOUR; ALTENBURG, 1989; ERNST; LOVICH; BARBOUR, 1994).Esta
familia inclui muitas tartarugas norte-americanas, como as tartarugas de caixa (Terrapene),
tartarugas pintada (Chrysemys picta), as tartarugas conhecidas como “cooters” (Pseudemys) e
as deslizantes (Trachemys) (ERNST; LOVICH; BARBOUR, 1994).

O Geénero Trachemys compreende 15 espécies (SEIDEL, 2002; JACKSON et al., 2008)
e trés subespécies: Trachemys scripta scripta, Trachemys scripta troostii € Trachemys scripta

elegans (ERNST; BARBOUR; ALTENBURG, 1989).

3.2 Trachemys scripta elegans (WIED, 1838)

E um cdgado de dgua doce de hdbitos semiaqudticos, nativa da América do Norte,
ocorre naturalmente no vale do Mississipi, de Illinois ao Golfo de México (ERNST;
BARBOUR; ALTENBURG, 1989; ERNST; LOVICH, 2009; TTWG, 2017), e tem uma
distribuicdo natural na América do Norte e Central (IVERSON, 1992; PAINTER;
CHRISTMAN., 2000), pertence a classe Reptilia, a ordem Testudines e a familia Emydidae é

considerado um queldnio de tamanho mediano, chegando a ter um comprimento de 125 a 289



mm (SOMMA; FOSTER; FULLER, 2009), o comprimento da carapaga nos machos é de 23
cm e nas fémeas podem alcancar até 30 cm, sendo os machos menores que as fémeas

(MARTINEZ-SILVESTRE et al., 2011).

Reino: Animaélia
Filo: Chordata
Classe: Reptilia
Subclasse: Anapsida
Ordem: Testudines
Familia: Emydidae
Género: Trachemys
Espécie: Scripta

Sub Espécie: Elegans (DIJK; HARDING; HAMMERSON, 2011)

No Brasil € conhecida como tigre-d‘dgua-de-orelha-vermelha por ter uma mancha
horizontal de cor vermelha em cada lado da cabeca. Nos Estados Unidos, é conhecida como
“Red-eared Slider” que, em traducdo livre seria orelha vermelha deslizante, devido ao hédbito
de deslizar sobre pedras em direcdo a 4gua quando se sentem ameacadas (CONANT;
COLLINS, 1998), caracteriza-se também por possuir a carapaca € a pele com tonalidades
variadas, de verde-oliva a marrom com listras ou manchas amarelas (ERNST; BARBOUR;
ALTENBURG, 1989; SCALERA, 2006; MARTINEZ-SILVESTRE et al., 2011).

Atualmente, sua distribuicdo € mundial, devido a comercializagdo como animal de
estimacdo, sendo que entre as décadas de 50 e 70 chegou a ser o animal mais exportado pelos
Estados Unidos para outros paises do globo (TELECKY, 2001; CADI et al., 2004; ERNST;
LOVICH, 2009), segundo CITES e UICN Trachemys scripta elegans, esta listada como de
menor preocupacao; mas incluido na lista dos 100 animais piores invasores do mundo (LOWE
et al., 2000; UETZ, 2021).

O habitat natural da Trachemys scripta elegans sao ambientes de dgua doce (rios,
reservatorios, pantanos e lagoas), de preferéncia com dguas calmas, variando de 1 a 2 metros
de profundidade, com vegetacio abundante e disponibilidade de lugares com grande incidencia
de raios solares para termorregulacio (MORREALE; GIBBONS, 1986; ERNST; LOVICH,
2009). A alimentacdo das Trachemys scripta elegans é principalmente carnivora quando

jovens (insetos, peixes, ras, caracdis, etc.), € a medida que vao crescendo passam a incorporar



vegetais a sua dieta passando a ser onivoras, tanto em vida livre, como em cativeiro (ERNST;
LOVICH; BARBOUR, 1994).

O meio aquatico nesta espécie € utilizado para obtencdo de alimento e reprodugdo € o
meio terrestre para realizar ovoposicdo, forragear e para termorregulacido corporal (CUBAS;
BAPTISTOTTE, 2007). Suas caracteristicas anatdmicas externas refletem a adapta¢do ao meio
aquatico, tais como a presenca de membranas interdigitais nas extremidades dos membros
tordcicos e pélvicos, que auxiliam na natacdo e unhas para locomover-se em aguas rasas
(CUBAS; BAPTISTOTTE, 2007), nas caracteristicas anatOmicas internas possuem um
coragdo tricavitario e um sistema respiratério eficaz composto por pulmdes multicamerais, que
realizam a troca constante gasosa no epitélio pulmonar e respondem com major eficicia a
demanda energética (LENFANT et al., 1970; DUNCKER, 2004; LANDBERG; MAILHOT,;
BRAINERD, 2009), assim a artéria pulmonar que possui um esfincter muscular, e responsavel
de contrair e desviar o fluxo sanguineo através do septo ventricular incompleto para o
ventriculo esquerdo e para fora da aorta causando um desvio D-E de “direita para esquerda”
denominado shunt cardiopulmonar, o qual garante o suprimento de oxigénio, durante os
periodos de apneia o mergulho prolongado (sem ventilagio pulmonar) (LENFANT et al.,
1970; POUGH; HEISER; MCFARLAND, 2003; LANDBERG; MAILHOT; BRAINERD,
2009; ARCOVERDE, 2018; GRIMM, 2017), além disso, também apresentam sacos aéreos
(STAHL, 2006) e epitélios vascularizados especializados, como o bucofaringeo e o epitélio
cloacal (GAGE; GAGE, 1886; WANG; SMITS; BURGGREN, 1998; STONE; DOBIE;
HENRY, 1992; KING; HEATWOLE, 1994; GORDOS; FRANKLIN, 2002; JACKSON et al.,
2004); os répteis ventilam os pulmdes através de uma bomba de aspiracdo (BRAINERD,
1999) e nos queldnios os musculos responsaveis pelo processo de inspiragdo sdo os obliquus
abdominais e serrétil, que se estendem a partir dos membros, enquanto que os musculos
responsdveis pela expiragdo sdo o Transversus thoracis e o transversus abdominis (LYSON et
al., 2014).

A espécie apresenta dimorfismo sexual, sendo que os machos sdo menores que as
fémeas, possuem casco mais estreito, menor altura e cauda mais longa, trés unhas curvas e
afiadas, centrais nos membros tordcicos anteriores, que sao utilizadas durante o acasalamento
(MARTINEZ-SILVESTRE et al., 2011). A maturidade sexual da Trachemys scripta spp. é
determinada pelo tamanho dos individuos. Nas fémeas € atingida aos 15-20 cm de

comprimento de carapaca ou entre os 5 e 0s 8 anos de idade. Os machos atingem maturidade



aos 9-11 cm de comprimento de carapaca ou entre os 2 e os 5 anos de idade.
(MARTINEZ-SILVESTRE et al., 2011). A expectativa de vida em habitat livre é de 30 anos e
em cativeiro de aproximadamente 50 anos (TEILLAC-DESCHAMPS et al., 2008). A
prolificidade de uma populagdo estd estreitamente ligada ao tamanho dos individuos: quanto
maior a fémea, maior serd o nimero de ovos ovopositados (TUCKER; JANZEN; PAUKSTIS,
1997; TUCKER et al., 1998; ARESCO, 2004; MCARTHUR; WILKINSON; MEYER, 2008;
DENARDO, 2006), chegando a 10 ovos em fémeas maiores e até 7 para fémeas menores
(GIBBONS, 1990; ARESCO, 2004), o periodo de incubacdo ¢é varidvel, que vai de 60 a 91
dias, com 0 a 3 posturas por ano; a época de postura ocorre entre o meio de abril e inicio de
agosto, o tempo util de postura em uma fémea adulta fertil estd entre 12 e 15 anos (TUCKER
et al., 1998; TUCKER, 2001b; ARESCO, 2004). Considera-se que uma fémea adulta tera
2000 filhotes em toda sua vida reprodutiva util (ATAIDE, 2012), lembrando que nos répteis as
oogoOnias tem capacidade mitética até a fase adulta, o que possibilita o reabastecimento de seu
estoque ovariano durante toda a vida (ROTHCHILD, 2003), atributos que contribuem para que

a Trachemys scripta elegans seja considerada uma espécie exética invasora

3.3 Espécie exética invasora (EEI) e métodos de controle

No século XX, a globalizacdo gerou grandes avangos tecnoldgicos, entre eles 0s meios
de transporte aéreos e maritimos, que agilizaram o comércio a nivel mundial, minimizando a
distancia entre as fronteiras (VILA et al., 2008). Desta forma, o ser humano conseguiu romper
as barreiras naturais de distribuicdo de milhdes de anos de espécies de flora e fauna de origem
legal que foram e sdo comercializadas atualmente (VILA et al., 2008).

A introducdo de espécies trasladadas de forma acidental, ou voluntdria, incrementa a
possibilidade de que algumas espécies colonizem novos habitats, se naturalizem, dispersem e
se tornem (EEI). Para que uma espécie seja considerada (EEI), é necessario romper a barreira
biogeogréfica através dos meios de transporte, passar por introdugdes voluntarias e manifestar
suas caracteristicas bioldgicas de sobrevivéncia, além de ter um ecossistema propicio a sua
adaptacido (OCCHIPINTI-AMBROGI, 2007).

A introducdo de (EEI) era considerada anteriormente como a segunda causa da perda

na biodiversidade de flora e fauna silvestre, porém atualmente é considerada a primeira causa
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(GENOVESI; SHINE er al, 2004, CAPDEVILA-ARGUELLES; ZILLETTI;
SUAREZ-ALVAREZ, 2013; BENINDE ef al., 2015), pelos grandes impactos que estas

causam nos lugares onde invadem, provocando assim:

e Impactos ecoldgicos: Com mudancas no meio fisico e perturbacdes, afetando
diretamente aos individuos nativos na competicdo, reducdo da reproducgdo, alteracido do
comportamento, depredagdo e parasitismo; sobre os genes com hibridagdes, introgressao
genética e novos genodtipos invasores; sobre as populacdes alterando sua estrutura,
mudando a  abundancia e  distribuicilo e  inclusive a  extingcdo

(CAPDEVILA-ARGUELLES et al., 2006).

e Impactos Sanitdrios: Quando a espécie exdtica invasora atua como reservatorio de

patégenos (CAPDEVILA-ARGUELLES et al., 2006).

e Impactando na humanidade:

Direita (Destruicao de alimentos e plantagdes), sobre os animais de consumo (com a

diminuicao na supervivéncia, €xito reprodutivo e producgdo).

Indireita a inversdo monetdria para combater os efeitos das invasdes biolégicas incluindo
medidas de quarentena, deteccao precoce, controle e erradicacdo das EEI, e reparacio dos

danos produzidos por estas (CAPDEVILA-ARGUELLES et al., 2006).

A problematica da Trachemys scripta elegans como espécie exética invasora no mundo
data da década de 50, nos EUA, quando foi criada para o comércio em granjas, com mais de
150 fazendas dedicadas a criacdo da espécie (MOLL, 1995), para vendas a nivel nacional e
internacional. Segundo estudo de (HOOVER, 1998), entre os anos de 1989 até 1997 foram
exportados oito milhdes de individuos por ano, chegando a ser o animal de estimac¢do mais
exportado no mundo, com 52 milhdes de espécimes distribuidos (TELECKY, 2001; CADI et
al., 2004; ERNST; LOVICH, 2009). As caracteristicas bioldgicas que fazem da Trachemys
scripta elegans uma (EEI) des susesso frente as nativas sdo a maturidade sexual precoce, com
altas taxas de fecundidade, e o grande tamanho corporal quando chegam a idade adulta (CADI
et al., 2004), tornando-se assim um problema iminente para os ecossistemas naturais e para os
queldnios aquaticos nativos por conta da competicdo por alimentos e hibrida¢des, ademais,
podem ser considerados como vetores patdgenos para outros animais € 0 homem (HOOPER et

al., 2005), pela transmissdo de doencas, preda¢do e transmissdo de zoonoses como a
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Salmonellose (CHIODINI; SUNDBERG et al., 1981; WARWICK et al., 2001; NAGANO et
al., 2006), a Trachemys scripta elegans foi incluida na lista dos 100 animais considerados
“piores invasores do mundo” (LOWE et al., 2000; UETZ, 2021), isto ocorreu porque, a
medida que os queldnios foram crescendo e chegando a idade adulta, os proprietdrios os
soltaram voluntdria ou acidentalmente em lagos, dreas urbanas e ecossistemas naturais. Assim,
a espécie tornou-se invasora e atualmente é encontrada em todos os continentes e reportada
como espécie exotica invasora e naturalizada em 73 paises e territdrios ultramarinos, como
Europa, Africa, Asia, Austrdlia, América e Oceania (WARWICK, 1991; MOLL, 1995;
LEVER, 2003; SCALERA, 2006; PUPINS, 2007; KRAUS, 2009; KIKILLUS; HARE;
HARTLEY, 2010; FICETOLA; RODDER; PADOA-SCHIOPPA, 2012), com excecdo da
Antartica (LEVER, 2003; KRAUS, 2009).

Na Espanha, reportou-se como habitats preferidos da Trachemys scripta elegans corpos
de dgua doce permanente com pouca ou nenhuma corrente (rios, reservatorios, lagoas, piscinas
urbanas) préximo a centros urbanos (DIAZ-PANIAGUA et al., 2005; EGANA-CALLEJO;
GOSA, 2007; VALDEON et al., 2010) e com pouca salinidade (GIMENO et al., 2008),
Nota-se, portanto, que ha uma preferéncia por ambientes aqudticos permanentes, com
abundante vegetacdo de plantas hel6fitas nas margens (ROA; ROIG, 1998; DIAZ-PANIAGUA
et al., 2005), ja que em ambientes temporarios sdo forcados a migrar para outros lugares de
estiagem (MORREALE; GIBBONS, 1986). Para a postura dos ovos férteis, adaptaram-se a
varios solos, confeccionado os ninhos em terrenos com solos compactos € duros em dreas
abertas e com cobertura herbicea (SANTIGOSA, 2007) sendo Valéncia — Espanha, um
exemplo de cidade onde alcangaram sucesso reprodutivo, visto que os ninhos estdo localizados
em solos argilosos e imidos em campos de produgao de citrus (BATALLER et al., 2010).

Em 1973 fo1 assinado em Washington o tratado CITES "Convencao sobre o Comércio
Internacional de Espécies Ameagadas de Flora e Fauna Selvagens", atualmente implementado
em quase 170 paises. Estes regulamentos incorporam todas as disposi¢cdes das espécies CITES
em perigo de extincdo, meio ambiente, espécies ndo classificadas e restricoes para a
importacdo daquelas com potencial invasor, os quais estdo sendo cumpridas pela unido
europeia (SCALERA, 2007). Baseados em diversas normativas sd@o consideradas nos paises
afetados pelas EEI a eutandsia para o controle e prote¢do do ambiente, possiveis hibridag¢des
com espécies nativas € prevencdo e minimizacdo de doencas como as zoonoses

(WARBURTON; EASON, 1999). Em 1970 nos EUA, a Food and Drug Association (FDA)
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proibiu a venda de Trachemys scripta elegans abaixo de 102 mm de comprimento de carapaca,
devido a um surto de Salmonella transmitido por cdgados pets a quase 300.000 criangas
(MERMIN et al., 2004, MARTINEZ-SILVESTRE et al., 2011). Estas acdes estao
relacionadas ao uso de pressupostos econdmicos em grande escala e com a participacdo de
autoridades e organizacdes a nivel mundial e local. Na Austrdlia,por exemplo, os custos
empregados para controle da praga dos coelhos europeus Oryctolagus Cuniculus foi estimado
em 600 milhdes e 1 bilhdo de ddlares australianos (NRA, 2002). Nos EUA em um relatério de
1999 o custo anual para o controle de ratos foi de US$ 19 bilhdes, sem serem mencionados os
gastos em dreas urbanas onde sdo vetores de zoonoses (PIMENTEL et al., 1999). Estas
medidas para o controle de pragas esta sujeita a controlar outras espécies como anfibios, aves,
mamiferos, peixes e répteis, tendo como métodos letais tiro com armas de fogo, caca com
arcos, caca com caes, explosivos, eletrocussao, armadilhas, redes e lagos, iscas venenosas,
injecdes de gases, encorajamento da disseminacdo de doengas, introducdo de predadores,
pescaria, colapso da toca, afogamento, métodos de prevencdo da lactagdo para que a progénie
ndo sobreviva (LITTIN; MELLOR et al., 2005b), e métodos ndo letais, como armadilhas de
captura ao vivo para posterior soltura em outros ambientes, repelentes e dissuasores, barreiras
fisicas, como cercas de exclusdo, controle de fertilidade e reproducdo (LITTIN; MELLOR et
al., 2005b).

Na Espanha, estas medidas incluem vigilancia e extracdo de individuos do ambiente
natural onde estdo invadindo (SANTIGOSA; DfAZ—PANIAGUA; HIDALGO-VILA, 2006),
utilizando armadilhas de flutuacdo com plataformas (para que os cdgados tomem sol),
armadilhas flutuantes com buracos e redes submergidas no centro (RODRIGUEZ-PEREIRA,
2008), o uso de tiros de rifle combinado com o uso de plataformas de frade (SANTIGOSA;
DIAZ-PANIAGUA; HIDALGO-VILA, 2006; DiAZ-PANIAGUA et al., 2010), deteccio de
fémeas quando saem para desovar, bem como a extragdo de ninhos, durante os periodos de
postura (DIAZ-PANIAGUA et al., 2005; DiAZ-PANIAGUA et al., 2010; SANTIGOSA;
PANIAGUA; VILA, 2008), captura por mergulho (GIBBONS, 1990), e campanhas de
conscientizacdo que ajudam a reduzir a liberacido de individuos no ambiente natural e podem
evitar que o problema se amplie em um futuro préximo (MARTINEZ-SILVESTRE;
MASSANA, 2009). A eliminac¢do de espécimes vivos abandonados por donos em centros de
resgate e jardins zooldgicos, conforme relatados para na Itdlia e Franca (ADRADOS;

BRIGGS, 2002; PASCAL; LORVELEC; VIGNE, 2006).
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No Brasil foi estabelecida a Normativa 141 do IBAMA de 2006 para o controle da
populacdo de Trachemys scripta, seus hibridos e seus ovos para prevenir sua hibridac¢des e
propagacdo em ambientes naturais onde habitam as Trachemys dorbignyi (OLIVEIRA;
PEREIRA, 2010),

Posteriormente na Portaria IMA n°® 19/2020, estabeleceu-se que os empreendimentos
comerciais e cientificos no Brasil que criam individuos de Trachemys scripta eleganse
Trachemys dorbignyi, devem apresentar planos para prevenir o escape, € a aplicacdo de
microchips (OLIVEIRA; PEREIRA, 2010; N°1, IN IBAMA, 2006).

Assim, de acordo com a normativa, a Trachemys scripta elegans esta classificada como
categoria 1, sendo completamente proibida no Brasil. No caso dos individuos remanescentes em
cativeiros comerciais e legalizados mantidos como pets, eles também devem receber microchips
e os proprietdrios devem tomar medidas para evitar o escape e a reproducdo (IBAMA, 1998;
N°1, IN IBAMA, 2006; OLIVEIRA; PEREIRA, 2010).

Ainda faltam estudos sobre a biologia reprodutiva, como a andlise das gonadas,
ovidutos e adaptagdo, além da investigacdo de métodos ndo letais baseados em esteriliza¢des
massivas como estratégias para manejo, conservacdo e erradicacdo desta espécie exotica
invasora (NEWMAN; BROWN; PATNAIK, 2003; PESSOA et al., 2008;
PEREZ-BERMUDEZ et al., 2012; GRADELA et al., 2020).

3.4 Sedacao, analgesia e anestesia multimodal reversivel em quelonios aquaticos

Para a realizacdo dos procedimentos cirtrgicos e clinicos nesta espécie em estudo, é
muito importante o conhecimento anatdomico e fisioldgico para uma boa contencao fisica ou
quimica (FURTADO; SOBRAL, 2020). Nos repteis, dependendo da espécie existem diversos
protocolos de contencao fisica e quimica j4 estabelecidos os quais sdo baseados nos mecanismos
de defesa do animal e ddo seguranca ao animal e a pessoa que esta fazendo o manejo (FOWLER,
2011). Nos queldnios, em especial os cdgados, deve-se ter cuidado com a cabeca e a boca do
animal; o animal deve ser contido pela porcao caudal da carapaca e base da cauda, visto que no
caso dos pequenos cagados as mordidas podem provocar lesdes leves (JEPSON, 2010).

A colheita de amostras sanguineas também podem ser dificultadas pela poderosa

musculatura nos membros tordcicos e do pescoco quando eles escondem a cabeca (CUBAS;
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BAPTISTOTTE, 2007; SCHUMACHER et al., 2007), sendo necesséria a contencao quimica,
baseada em protocolos anestésicos que produzam imobilizacdo, analgesia e relaxamento
muscular, além de serem seguros e contarem com reversores (MIRANDA et al., 2014), é
preciso saber também quando os animal entra em plano de sedacdo o aprofundamento da
anestesia geral onde os animais iram ter um relaxamento muscular progressivo de cranial para
caudal e na recuperacgdo, a funcdo motora retornard de forma caudal para cranial (SANTOS et
al., 2016), os fatores externos ambientais e fisioldgicos proprios do animal devem ser
considerados, j4 que a temperatura baixa, somada a sua metabolizagdo diminuida,
influenciardo no plano anestésico, assim como para sair do plano, podendo apresentar
recuperacoes muito demoradas (MIRANDA et al., 2014).

Por anos, vém sendo usados varios farmacos para sedacdo e anestesia, sendo utilizadas
doses bastante elevadas nos répteis. (TURNER ef al., 2021) relata que as combinacdes de
doses para ter uma anestesia multimodal em queldnios (Figure 1) podem diminuir as doses
recomendadas, sendo os mais usados combinacdes com «2 — agonista adrenérgico,
Benzodiacepinicos, receptor p — Opioides e Disociativos. Os a2 — agonista adrenérgico mas
usados foram Medetomidina, seguidamente da dexmedetomidina e a Detomidina, para
receptor p — Opioides foram Morfina, hidromorfona e Metadona todos eles combinados ou
nao com benzodiacepinicos e Disociativos, onde independentemente das combinagdes o tempo

médio foi de 62 minutos com uma minima de 47 e maxima de 90 minutos.
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Figura 1 — Medicacao pré-anestésica (MPA) e anestesia geral multimodal em Trachemys scripta elegans
baseado no uso de AINES, a2 — agonista adrenérgico, receptor u — Opioides, anestesia local e
dissociativo.

Fonte: Do Autor.

3.5 Colheita de amostras, analise sanguineas e patologia clinica em quelonios

Os principais acessos venosos para venopuncao dos queldonios sdo a veia jugular
(Figure 2), a punc¢do cardiaca e a veia coccigea, os quais estdo livres de contaminagdo por linfa
(SAMOUR et al., 1984; JACOBSON, 1993; DYER; CERVASIO, 2008). Segundo (RIVERA,
2008), Os queldnios podem apresentar doengas agudas ou cronicas, sendo estas relacionadas
com doencgas metabdlicas e do sistema reprodutivo nas fémeas (estase pré-folicular e pds-
folicular com ou sem retencdo de ovos). Para se chegar a um diagndstico definitivo destas
afeccdes, é importante, além da avaliacdo clinica, a realiza¢do de exames de imagem e exames
complementares sanguineos. Os achados no hemograma de pacientes com suspeita destas
doencas incluem leucopenia, leucocitose e anemia, observadas em casos mais cronicos. Na
bioquimica sanguinea, o colesterol pode estar elevado, levando a lipidose hepdtica em casos

cronicos. Também € possivel notar um aumento de ureia e dcido urico, possivelmente
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secunddria a desidratacdo, ao passo que uma elevacdo de albumina, proteina total e cdlcio

também podem ser verificadas em animais reprodutivamente ativos € normais.

Figura 2 — Colheita de amostra sanguinea da veia jugular em Trachemys scripta elegans sob efeito de
sedacdo.
Fonte: Do Autor.

3.6 Estudo de tomografia computadorizada com contraste (TCC) em quelonios

A tomografia axial computadorizada (TAC) € uma ferramenta avancada em medicina
veterindria baseada em técnicas de imagem de corte transversal, baseada em multiplex
radiografias que fornece imagens de resolucdo sem qualquer sobreposi¢do e € indicada para
diagndstico, terapéutica e planejamento para as abordagens cirdrgicas em répteis € quelonios
(WORTMAN, 1986; KUONI; AUGUSTINY; RUBEL, 1993; GUMPENBERGER, 2021),

Radiografia (RX) e ultrassonografia (US) sdo usados rotineiramente na clinica de
répteis (MACKEY et al., 2008), porém tém limitagdes devido a conformagdo anatdmica unica
dos quelodnios entre os vertebrados. para (JACOBSON, 1988), a radiografia (RX) permite uma
visualizag@o limitada da maioria dos 6rgdos internos, devido a presenca do casco e do plastrdo.
Segundo (VALENTE et al., 2006), a ultrassonografia (US) € uma aliada valiosa no diagndstico
de tecidos moles em outros répteis, mas pode ser dificultosa em queldnios pequenos, ja que as
sondas podem ndo penetrar pelos acessos da fossa pré-femoral, axilar, inguinal e cervical, além

de apresentar pouca sensibilidade no trato reprodutivo (MACKEY et al., 2008), na avaliacdo
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da aparéncia dos foliculos e 6vulos na (TC), geralmente é semelhante aos raios-X, pois ambos
usam raios-x para obter imagens, mais (TC) oferece uma escala de cinza muito maior e nao é
limitada por sobreposi¢cdo, cada foliculo e ovo € claramente detectado e avaliado
(GUMPENBERGER, 2011), além disso na tomografia computadorizada (TC), pode ser usada
a ferramenta de 3D para ter uma ideia geral e, dependendo do tamanho do corpo do animal, da
anatomia geral e patoldgica (RUBEL; KUONI; AUGUSTINY, 1994; GUMPENBERGER;
HENNINGER, 2001). A (TC) vem sendo usada como imagem diagnostica (Figure 3) em
doencas dos quelonios (GUMPENBERGER; HENNINGER, 2001; GUMPENBERGER,
2002; GUMPENBERGER; FILIP, 2007; MARCHIORI et al., 2015; SPADOLA et al., 2016;
SOCHORCOVA et al., 2017) A técnica usada por (GUMPENBERGER, 2021), para
tomografia de quelonios foi (TC helicoidal de 16 cortes) e para a maioria de outros répteis,
foram realizados com os seguintes parametros técnicos: 100 a 130 kV; ef. 80 a 200 mAs;

tempo de rotacdo 0,6 s; passo 0,8; espessura de corte 0,75 mm; e incremento de reconstru¢io

0,5 mm.

Figura 3 — Procedimento de tomografia computadorizada com contraste (TCC) em Trachemys scripta
elegans sob efeito da anestesia geral e monitorizagdo anestésica com doppler vascular a nivel da
cardtida

Fonte: Do Autor.

A (TC), quando usada com contraste (TCC), torna-se uma ferramenta mais poderosa

para avaliar a morfologia e perfusdo dos 6rgdos dos quelonios. As vantagens diagndsticas da
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(TCC) sao pouco relatadas (GUMPENBERGER; FILIP, 2007; GUMPENBERGER, 2011;
NARDINI et al., 2014; SOCHORCOVA et al., 2017), mas ha relatos no trato respiratorio
(SILVERMAN S, 2006) e tecidos 6sseos (STETTER, 2000), com limitagdes para outros
orgaos. O uso da tomografia computadorizada em 3D (TC-3D) de reconstru¢dao multiplanar
(MPR) pode ajudar no avanco do estudo da anatomia em 3 dimensdes, dando um melhor
entendimento do sentido espacial e mais facil ilustragdo de doencas, facilitando a comparagao

entre estruturas normais e patoldgicas quando vistas em pelo menos 2 planos ortogonais

(MATHES et al., 2009; WYNEKEN, 2014; GUMPENBERGER, 2021).

3.7 Estudo de ressonincia magnética (RM) em quelonios

A Ressonancia magnética (RM), é uma técnica de imagem ndo invasiva baseada no
principio do magnetismo, os dispositivos clinicos de ressonincia magnética normalmente
usam forgas de campo estdticas na faixa de 1,5 a 3T e tém resolucdes da ordem de 1 mm. Os
scanners de pequenos animais aplicam os mesmos principios, porem as forcas de campo
magnetico que usam sdo mais fortes (normalmente no intervalo de 7 a 11T) (WALTER et al.,
2010), a (RM) pode detectar fldor, carbono, hélio ou fésforo, embora o hidrogénio seja o mais
elemento-alvo, pois € encontrado em abundancia em amostras bioldgicas, mesmo em fésseis
(MIETCHEN et al., 2005). Em medicina veterindria Zoologica ¢ uma excelente ferramenta
(Figure 4) para avaliacdo das dimensdes e posicdes dos Orgdos parenquimatosos dentro da
cavidade celdomica nos queldnios, além de estas espécies apresentaram a carapaga e o plastrao,
a (RM) usa técnicas de imagem transversal (GUMPENBERGER, 2021). E capaz de
diferenciar vérios tecidos moles muito melhor do que a (TC). No entanto, qualquer movimento
do paciente influencia cada imagem tnica de uma sequéncia. Portanto, geralmente a anestesia
geral é obrigatéria (HERNANDEZ-DIVERS; HERNANDEZ-DIVERS, 2001; STETTER,
2000; SILVERMAN, 2006; GUMPENBERGER, 2021). Para obter informacdes suficientes
sobre o tecido ou o 6rgdo a analisar (tecidos moles, gordura, liquido/licor, sangue), varias
sequéncias devem ser realizadas, o que significa que a (RM) dura muito mais do que a (TC)
em relacdo ao tempo, além do uso de diferentes bobinas, que sdo necessdrias para suportar
imagens de diferentes tamanhos e formas de animais, o que torna a (RM) ainda mais cara e

menos acessivel, no caso de um planejamento cirdrgico, deve ser usado um marcador lateral
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para evitar erros durante a cirurgia (GUMPENBERGER, 2021).

Figura 4 — Procedimento de ressoniancia magnética (RM) em Trachemys scripta elegans sob efeito da
anestesia geral, observa-se a bobina sobre o animal que estd na posi¢do dorsoventral.
Fonte: Do Autor.

Todos os outros 6rgdos celdomicos sdo avaliados quanto a posi¢do, tamanho/diametro,
forma, densidade (em comparac¢do com os musculos), margens, conteido, estrutura da parede
e espessura da parede de 6rgdos ocos, arquitetura interna de 6rgdos parenquimatosos ou 0cos
(coragdo, figado e vesicula biliar, baco, trato gastrointestinal, rim, bexiga urindria, gbnadas,
foliculos e ovos). Além disso, devem ser contados, quando possivel (GUMPENBERGER,
2021). Em quelonios a (RM) vai mostrar mais detalhes em termos de defini¢do das estruturas
celdmicas internas, sobretudo na definicdo da estrutura e tamanho do foliculos e ovos, que
dependendo do estigio e maturidade, s3o visualizados como estruturas homogéneos
arredondadas de definicdo hipointensa e sem sinal em varreduras ponderadas em T2, maior
intensidade em Ti-scan tem melhor vista em imagens ponderadas em Tz. (STRAUB; JURINA,
2001). Em lagartos, os foliculos pré-ovulatérios aparecem hiperintensos em sequéncias T2, no
caso dos ovos, 0 albimen apresenta-se hiperintenso, a gema hipointensa e a casca calcificada
muito hipointensa nas sequéncias ponderadas em T2, enquanto nas imagens ponderadas em T1
a gema aparece com intensidade semelhante ao musculo (KRAUTWALD-JUNGHANNS;
PEES; REESE, 2010; KUMMROW et al., 2010). O exame de 6rgdos via (RM) tem sido
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relatado para vdrias espécies de quelonios como a Tartaruga leopardo (Geochelone pardalis
pardalis) (RAITT; HARAMATI, 1997), tartaruga de Hermann (7estudo hermanni), Kinixys
spp. (Testudo graeca). (STRAUB; JURINA, 2001; WILKINSON et al., 2004), tartaruga
gigante de Aldabra ((Dipsochelys elefantina) (WILKINSON et al., 2004) tartaruga verde
(Chelonia mydas) (CROFT et al., 2004), tartaruga marinha cabecuda (Caretta caretta)
(VALENTE et al., 2006) Tartaruga asidtica (7estudo horsfieldii) (SILVERMAN, 2006), e
(Pseudemys spp.) (MATHES et al., 2017). e para a espécie em estudo deslizadora de orelhas
vermelhas (Trachemys scripta elegans) (STRAUB; JURINA, 2001; SUMMA et al., 2012;
MATHES; SCHNACK; FEHR, 2010; MATHES et al., 2017), Sendo estes ultimos autores
referéncia para o estudo comparativo da anatomia da cavidade celomatica em (7Trachemys

scripta elegans) mediante o uso de (RM).

3.8 Técnicas cirurgicas eletivas, videocirurgia assistida e métodos de hemostasia para o

controle da populacido em quelonios semiaquaticos invasores

As cirurgias eletivas de esterilizagdo sdo propostas como método ndo letal para o
controle das populagdes de (Trachemys scripta elegans), além de prover beneficios clinicos
aos transtornos reprodutivos nas fémeas, tais como neoplasias, distocia, estase folicular,
ruptura dos ovidutos e presenca de foliculos ectdpicos; nos machos a castragdo previne
também a agressividade (INNIS; BOYER, 2002; RIVERA et al., 2011; KNAFO et al., 2011;
MANS; SLADKY, 2012; DIGIROLAMO; MANS, 2016). Para a realizacdo dos
procedimentos eletivos de castragdo e esterilizacdo, até recentemente, o abordagem cirurgica
na cavidade celdomica dos queldnios foi alcancado por meio da realizacdo de osteotomias
(Figure 5), pelo plastrdao central (BENNETT, 1989; MADER; DIVERS, 2005). Este
procedimento requer a remocao tempordria total de uma sec¢do de osso do plastrdo, o que esta
associado a um tempo prolongado de recuperacio pds-cirurgica devido a lenta cicatrizagcdo e
possiveis complicacdes devido a osteomielite (GOULD; YAEGAR; GLENNON, 1992;
BRANNIAN, 1984; MADER; DIVERS, 2005). Entretanto, esta técnica continua sendo
utilizada por permitir maior visibilidade e espaco para abordagem da cavidade celomatica e
também para resolu¢do de problemas gastrointestinais (tor¢do, obstru¢do); urindrios (calculos

cisticos) e problemas reprodutivos (distocia, ruptura de ovos) (MADER; DIVERS, 2005;
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CUBAS; BAPTISTOTTE, 2007; KIRCHGESSNER; MITCHELL, 2009).

Figura 5 — Tecnica cirtrgica de plastrotomia ou Osteotomia do plastrdo para celiotomia. (A) Linha em
vermelho para a sec¢do 6ssea com formato retangular para celiotomia. (B) Osteotomia realizada
com serra oscilante e humedecida com soro durante o procedimento. (C) Remog¢ao tempordria
total de uma secc¢do de osso do plastrdo e incisdo da membrana celomadtica. (D) Exposi¢do do
salpinge com presenga de ovos retidos para salpingotomia em distocia de jabuti piranga
(Chelonoides carbonaria). (E) Retalho de osso reposicionado com a ferida cirdrgica isolada com
metacrilato e resina autopolimerizavel.

Fonte: Texto e imagens B, D e E adaptados de Dutra (2014). Figura (A) adaptada de es.wikihow.com/.

Foto (C): Alessandro Bijjeni.

Posteriormente, a osteotomia do plastrdo total foi modificada para uma remocao parcial
de forma retangular, com corte cirdrgico em 45°, deixando um lado do corte cirtrgico pela cerra
oscilante unido ao plastrdo em forma de alavanca, (Figure ??), o que permitiu uma recuperagao
pos-cirtrgica menos demorada (MADER; DIVERS, 2005). Uma abordagem alternativa foi
implantada para a osteotomia de Plastrdo central a qual consiste na realizagdo de uma incisao
pelos tecidos moles na fossa pré-femoral por laparoscopia e endoscopia (Figure 7) para acesso
da cavidade celomatica (GOULD; YAEGAR; GLENNON, 1992; BRANNIAN, 1984), dando
inicio do uso da fossa pré-moral como alternativa a plastrotomia nos queldnios (NUTTER et al.,
2000; MADER; DIVERS, 2005; INNIS; HERNANDEZ-DIVERS; MARTINEZ-JIMENEZ,
2007).

Com o aumento da disponibilidade de equipamento laparoscépico e endoscpico, a
celiotomia pré-femoral ganhou popularidade devido ao fato de ser menos invasiva, resultando
em uma recuperacdo mais rapida com até 10 dias (PESSOA et al., 2008) comparado a
plastrotomia, a qual apresenta tempo de recuperacdo variando de 1 e 2 anos (BENNETT;

LOCK, 2000; DIGIROLAMO; MANS, 2016). A cirurgia video assistida vem se
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desenvolvendo bastante na medicina veterindria de animais exéticos e selvagens, no grupo dos
queldnios vem sendo usado a fossa pré- femoral para celiotomia (HERNANDEZ-DIVERS et
al., 2005; MADER; DIVERS, 2005; INNIS; HERNANDEZ-DIVERS;
MARTINEZ-JIMENEZ, 2007; PESSOA et al., 2008; MINTER; LANDRY; LEWBART, 2008;
INNIS, 2010; KNAFO et al., 2011; MANS; SLADKY, 2012; ATAIDE, 2012; RAITI, 2013;
BEL et al., 2014; PROENCA; DIVERS, 2015; TAKAMI, 2017; BARDI et al., 2020; BARDI,
2021; DIGIROLAMO et al., 2022),

¢

Figura 6 — Tecnica cirurgica de Celiotomia pela fossa pré-femoral com auxilio de 6tica rigida e
equipamento de videocirurgia. (A) Imagem representativo do posicionamento ideal do animal,
do anestesista e do cirurgido, vista do centro cirdrgico. (B) Ingresso da 6tica rigida para
celiotomia exploratéria. (C) Introducéo da dtica na cavidade celomatica.

Fonte:Fonte: Art by Kip Carter [UGA], © University of Georgia Research Foundation, Inc.

E provdvel que esta técnica possa ser usada com éxito em queldnios com transtornos
reprodutivos, como estase folicular, incluindo distocia obstrutiva e ndo obstrutivas (INNIS;
HERNANDEZ-DIVERS; MARTINEZ-JIMENEZ, 2007; KNAFO et al., 2011; MANS;
SLADKY, 2012; TAKAMI, 2017), esta técnica cirurgica pode ser influenciada pelo
posicionamento do animal segundo (GIROLAMO, 2019) que propde uma técnica pré-femoral
modificada, que consiste em posicionar os quelonios em decuibito dorsolateral obliqua em um
angulo de 45°, onde os ovérios das fémeas maduras e ovidutos com ovos tendem a ser mais
pesados que as outras visceras celdmicas, como o trato intestinal e a bexiga urindria que, pela
acdo da gravidade, permitird uma facil exteriorizacdo do trato reprodutivo para sua excisdo.
(BARDI et al., 2020), por sua vez, compararam o posicionamento dos quelonios em dois
decubitos diferentes, dectbito lateral direito com fossa esquerda para a abordagem e decubito
dorsal com fossa direita para a abordagem. en este estudo os autores nio notaram diferenca

significativa entre as duas posi¢des. A regido pré-femoral poder ser usada em outras espécies
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de queldnios semiaqudticos para a realizacao da ovariossalpingectomia com emprego de outras
ferramentas de menor custo como o uso do otoscépio digital (ANTUNES et al., 2020).

Todos os autores retromencionados fizeram a hemostasia com excisao total dos ovarios
e seus foliculos nos queldnios de forma mecénica (fios, clipes de titanio) (DIGIROLAMO;
MANS, 2016; DIGIROLAMO et al., 2022), elétrica (tesouras e Pincas monopolares)
(ATAIDE, 2012; DIVERS, 2010) ) e com radio cirurgia bipolar (INNIS;
HERNANDEZ-DIVERS; MARTINEZ-JIMENEZ, 2007; ATAIDE, 2012; DIGIROLAMO et
al., 2022). A Ovariectomia e ovario-histerectomia em queldnios com excisdo total do ovario
sdo relatadas e usadas rotineiramente para tratamentos de estase folicular pré- e pés-ovulatoria,
assim como seu emprego na cirurgia eletiva para esterilizagdo (BENNETT, 1989; LOCK,
2000; MADER; DIVERS, 2005; INNIS; HERNANDEZ-DIVERS; MARTINEZ-JIMENEZ,
2007; PESSOA et al., 2008; KNAFO et al., 2011; ATAIDE, 2012; GIROLAMO, 2018;
BARDI et al., 2020; BARDI, 2021; DIGIROLAMO et al., 2022). A técnica de oclusiao do
suprimento vascular ovariano com ligadura bilateral foi descrita em primatas por
(WEHRENBERG et al., 1979), posteriormente em caes por (O’LEARY, 1980; MOGHEISEH
et al., 2017), em ratos por (RAZI et al., 2009; MURAKAMI et al., 2014), em coelhos por
(KALLINI et al., 2013) e em humanos por (VILASAGAR; CARRILLO, 2016), porém, a
esterilizacdo pela técnica de oclusio do aporte vascular ovariano sem excisdo do ovario nao foi
relatada em repteis especificamente em quelonios aquéticos, tampouco hd descricdo da
avaliacdo histolégica do tecido ovariano apds oclusdo dos vasos sanguineos. Sendo assim
nosso estudo foi baseado no trabalho descrito por (MURAKAMI et al, 2014), que
descreveram o sucesso da esterilizacdo sem excisdo do ovdrio utilizando clipe de titdnio ou
uma ligadura de ndilon em ratos.

O emprego de ligaduras simples com o uso de fios de ndilon aplicados sobre o
complexo arteriovenoso ovariano (CAVO) em queldnios pode resultar em um desafio ao
momento de fazer a oclusio, ja que o ligamento do ovario (mesovarium) e ovdrio sdo fridveis
nesta espécie, recomendando-se assim o uso de nds nos corredicos transfixantes. Sendo assim
no presente estudo, foi usado o n6é de Miller’s modificado, o qual ja é usado rotineiramente em
espécies domésticas para esterilizacao e castracdo. Este né pode ser usado para ligar em bloco
todo o pediculo ovariano (BIERBRIER; CAUSANSCHI, 2018); o n6é de Miller’s modificado ja
foi utilizado e descrito com sucesso em outras espécies exoticas, para ovario-histerectomia em

furdes (ESHAR; WYRE, 2010), neste mesmo estudo, os autores descrevem como afec¢do
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pos-cirdrgica a presenca de ovdrio remanescente, a qual tem sido amplamente descrita para
animais de estimacao (MILLER, 1995; BALL et al., 2010) nos quais o aparecimento de sinais
clinicos do estro pode variar de duas semanas a dez anos apo6s a realizagdo da cirurgia. No caso
dos queldnios, foi descrito por (INNIS; HERNANDEZ-DIVERS; MARTINEZ-JIMENEZ,
2007), um caso de ovdrio remanescente direito em uma tartaruga-de-caixa apds ovariectomia
incompleta a qual foi realizada através de osteotomia de plastrdo, o animal também apresentou
lipidose hepdtica grave diagnosticada 3 anos apods a cirurgia, na bidpsia endoscopica o figado
apresentou-se edemaciado e pdlido. No caso de sdurios, (CRUZ-CARDONA et al., 2011),
descreveram um caso de um iguana com diagnéstico de tumor de células da granulosa com
metéstase para o corpo gorduroso, neste caso, o procedimento da ooferectomia for incompleto,
onde pequenos resquicios crescerdo novamente e a foliculogénese se desenvolverd. Portanto,
os autores recomendam a excisdo total do ovario. (GIROLAMO, 2018) descreveu também em
outros répteis uma série de casos com problemas patolégicos relacionados a ovdrio
remanescente. Com base nesses estudos, propde-se a esterilizacdo pela técnica de oclusdo do
complexo ateriovenoso ovariano em queldnio semi aqudticos, com descricdo da avaliacdo

histolégica do tecido ovariano apds oclusdo dos vasos sanguineos nos 90, 120 e 150 dias.

3.9 Anatomia cirdrgica, fisiologia da reproducao e patologias do aparelho reprodutor

em quelonios

3.9.1 Anatomia cirirgica

O aparelho reprodutor dos quelonios € formado por: dois ovarios, suspensos pelo
mesovarium (ligamento ovariano), que estdo proximos aos ovidutos; dois ovidutos suspensos
pela mesossalpinge e pelo mesotubarium (ligamentos do oviduto em toda sua trajetéria); e em
algumas espécies ha a presenca de clitoris (WYNEKEN; WITHERINGTON, 2001). Os
ovdrios, nos queldonios imaturos, apresentam uma pequena superficie granulosa, de textura fina
e alongada, com presenga de foliculos primordiais e nos queldnios adultos, os ovérios ocupam
um espaco significativo na cavidade celomatica que € caracterizada por foliculos de tamanhos
varidveis, com corpos liteos conectados por um estroma muito fino (KUCHLING, 1999;

EMMEL et al., 2021). O oviduto apresenta 05 divisdes anatomicas desde sua juncdo com o
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ovdario até sua saida na cloaca: infundibulo, tuba uterina ou magno, istmo, uUtero e vagina,
sendo que estd possui uma camada muscular mais grosseira comparada aos outros estratos
(GIRLING, 2002; O'MALLEY, 2005).

O trato reprodutivo tem sua localizacdo anatomica dentro da cavidade celomatica
anterior aos rins (WYNEKEN; WITHERINGTON, 2001; O’MALLEY, 2005), Segundo
(SILVA et al., 2017) o aparelho reprodutivo das fémeas, nos quelonios, limita-se cranialmente
com o figado quando este se encontra em estase folicular; dorsalmente, tem contato com a
superficie ventral dos rins; caudalmente, tem contato com a superficie dorsal da bexiga
urindria e bexigas acessorias, o infundibulo tem contato direto com os pulmdes lateralmente, o
oviduto tem contato com o jejuno e colon descendente dos intestinos, os ovdrios t€ém contato
sintopico cranialmente com os pulmdes em estigio pré- o pds-folicular e com o figado. As
estruturas macroscéopicas do aparelho reprodutor da (Trachemys scripta elegans) sao
semelhantes as de outras espécies de répteis oviparos e podem ser usadas para comparagdes
morfoldgicas e filogenéticas (GRADELA et al., 2020).

Quando a bexiga urindria e bexigas acessdrias, encontram-se cheias, podem dificultar a
visibilidade do ovério contralateral da incisdo cirurgica dificultando a exteriorizagdao do ovario
e oviduto; o formato e a cor do infundibulo € semelhante as al¢as intestinais, mas sua textura
durante a manipulacdo em comparacao € mais fridvel, e em alguns casos os foliculos podem
ocupar o espaco da ponte entre o plastrdo e a carapaca (Estas observagdes sdo pessoais as quais
foram observadas durante as cirurgias realizadas no experimento).

O aporte vascular arterial para os ovdrios nos quelonios em geral foi verificado por
(NOBLE; NOBLE, 1940), as artérias gonadais, denominadas ovdricas nas fémeas, sio
formadas a partir das artérias iliacas internas. Diferentemente de (FARIA; MARIANA, 2001),
na espécie (Geochelone carbonaria) e para (HIRANO et al., 2009) em (Podocnemis unifilis),
que descreveram que as artérias ovdricas originam-se a partir das artérias renais, proximo ao
hilo renal, as quais penetram na gonada pela face dorsal, sendo uma para cada ovdrio.

Para (O’MALLEY, 2005), o ovdrio direito possui pequenas vénulas que recebem o
aporte vascular venoso dos vasos coletores da veia cava caudal e o aporte arterial € feito pela
artéria aorta dorsal, a qual se une a partir da juncdo dos arcos adrticos esquerdo e direito,
descrito para a espécie (Trachemys scripta elegnas) (RODRIGUES; MIGLINO; MELO, 2003)
e para (Kinosternon sorpioides scorpioides) (OLIVEIRA et al., 2009), Os autores descreveram

que o ovdrio esquerdo tem seu proprio aporte sanguineo, que estd intimamente relacionado
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com a glandula adrenal esquerda, a qual, por sua vez, estd intimamente unida a um ligamento
muito curto, formando assim o complexo arteriovenoso ovariano (Figura 8) (CAVO)
(O’MALLEY, 2005). Estas consideragdes anatOmicas sdo importantes porque podem
influenciar durante as cirurgias eletivas, j4 que a remoc¢do do ovdrio se torna mais dificil
quando estd inativo. Entretanto, quando o ovdrio apresenta atividade reprodutiva e estase

folicular pré-ovulatéria, contém muitos vasos sanguineos grandes ou CAVO que permitem a

tracdo, exteriorizacao e excisdo do ovario (LOCK, 2000)

-~
I

Ovanan artenes

Figura 7 — Aporte vascular e conformacio do complexo arteriovenoso ovariano (CAVO) de cdgados, as
linhas vermelhas representam a arteiras genitais ou ovarinas e as linhas azuis representam as
veias ovarinas com suas respetivas ramas de irrigacéo sanguinea.

Fonte: adaptado de Mader et al (2005) e O "Malley (2005)

Ovidutos sdo duas estruturas alongadas tubulares e ligadas ao ovdrio e a vagina. A
funcdo dos ovidutos € a formagdo do ovo, produgdo de albliimen e casca e receber os ovos
apos a ovulacdo e fecundacdo (CUBAS; BAPTISTOTTE, 2007; KNOTEK; CERMAKOVA;
OLIVERI, 2017).

Muitas espécies reptilianas podem armazenar esperma no oviduto por varios meses ou

anos, sem que haja fertilizacdo. Nos queldnios, esta caracteristica também foi identificada na
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tartaruga-chinesa-de-casco (CHEN er al., 2015). Apds a fertilizacdo interna, ocorrem
pequenas transferéncias de nutrientes entre a mae e os évulos, os quais tornam-se ovos quando
¢ adicionada a albumina e a casca no oviduto. O grau de calcificacdo dos ovos varia entre as
espécies (DENARDO, 2006; KNOTEK; CERMAKOVA; OLIVERI, 2017), Os ovos ficam
armazenados na por¢ao final do oviduto até que seja feita a ovipostura, que sé ocorre quando a
fémea encontra o local ideal para a nidificagdo (GIRLING, 2002). O espago ocupado pelos
ovos limita a funcdo gastrointestinal e, deste modo, as fémeas normalmente limitam ou cessam
a sua alimentacdo durante os estdgios finais de gravidez (KNOTEK; CERMAKOVA;
OLIVERI, 2017).

Ovdrios sdo orgaos difusos que estdo ligados ao mesovario e conectados com a
membrana celomdtica dorsocaudalmente. Sdo compostos por células epiteliais, tecido
conjuntivo, nervos, vasos sanguineos, camadas de células germinativas e envoltos por uma
tdnica eldstica (DENARDO, 2006; FOX, 1977), Possuem aparéncia lobular de forma sacular,
sdo repletos de foliculos vitelogénicos esféricos, os quais mudam de acordo com a fase da
oogénese em que se encontra o animal (O’MALLEY, 2005; DENARDO, 2006; KNOTEK;
CERMAKOVA; OLIVERLI, 2017).

Os ovdrios reptilianos mostram diferentes padrdoes de maturacdo folicular e ovulacao.
Alguns répteis produzem vérios ovos simultaneamente em cada ovério (a maioria dos répteis).
Ap6s a ovulacido, o odcito pode ser fertilizado e este acontecimento ocorre sempre no oviduto,
considerando-se entdo a fertilizacdo nos répteis interna (FERREIRA, 2013), Os ovérios sao
responsaveis pela oogénese e pela producdo de estrogénios (O’MALLEY, 2005; DENARDO,
2006; KNOTEK; CERMAKOVA; OLIVERI, 2017). De forma geral, o ovdrio reptiliano tem
duas funcdes primdrias: a producdo de gametas e secre¢cdo de hormoOnios com efeitos

reguladores sobre o aparelho reprodutor nas fémeas (KUCHLING, 1999; TUCKER, 2001a).

3.9.2 Fisiologia da reproducao

Sabe-se que o eixo hipotdlamo-hipéfise-gonadal (HPG) nos répteis atua sobre o controle
enddcrino do ovdrio e tem uma relagdo direta com o tempo e a intensidade de luz, visto que a
melatonina produzida na glandula pineal controla os ritmos circadianos e € secretada somente a

noite ou na auséncia de luz, diminuindo sua producio a medida que os dias ficam mais longos
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(O’MALLEY, 2005), Esta melatonina visa estimular o lobo da hipdfise anterior a produzir
hormonio luteinizante (LH) e hormodnio foliculo-estimulante (FSH) (O’MALLEY, 2005). No
entanto, o funcionamento do eixo HPG em répteis ainda € pouco compreendido em comparagdo
ao funcionamento de mamiferos (JONES, 2011).

O hormonio liberador de gonadotrofina (GnRH) nos répteis € reconhecido como um
neurohormonio hipotalamico. Diversos estudos relataram sua expressdo em varios tecidos,
incluindo o ovério, onde foram detectados dois subtipos sendo (GnRH-I e GnRH-II) e trés
tipos de receptores (GnRHR1, GnRHR2 e GnRHR3), os quais foram achados no ovario do
gecko leopardo, lagartixa-leopardo , e E. macularius IKEMOTO; PARK, 2007), em jacarés e
tartarugas foram achados, dois gonadotrofina (GTHs) distintos, os quais parecem ser
homologos aos hormonios nos mamiferos LH e FSH (LICHT; FARMER; PAPKOFF, 1976;
PAPKOFF; FARMER; LICHT, 1976), sugerindo que estas espécies possuam apenas um Unico
GTH, que combina atividades semelhantes a FSH e LH.

Os principais hormonios ovarianos na atividade reprodutiva em répteis fémeas esta
associada a aumento nas concentracdes circulantes de esteroides sexuais primdrios
17b-estradiol (E2), testosterona (T) e progesterona (P4) (EDWARDS; JONES, 2001;
DENARDO; AUTUMN, 2001), também Alguns hormonios ndo esteroides sdao produzidos
pelo ovério reptiliano, embora a P4 possa ser sintetizado por outros tecidos, como a glandula
adrenal (HIGHFILL; MEAD, 1975). em ttero e placenta em répteis (PAINTER; JENNINGS;
MOORE, 2002; GIRLING; JONES, 2003). Além disso os foliculos ovarianos quanto os
corpos luteos t€m a capacidade de sintetizar prostaglandinas (JR; HERMAN; DICKEY, 1988;
JR; DUBOIS; CREE, 1991; GOBBETTI et al., 1993a), os quais podem desempenhar papéis
na promogao da vitelogénese e na ovulacao, assim como bem como influenciar a expressao de
comportamentos reprodutivos (WHITTIER; CREWS, 1986; WHITTIER; TOKARZ, 1992).
Além disso, hormoénio liberador de gonadotrofinas (GnRH-1) e bradicinina, mais seus
respectivos receptores, foram identificados em ovdrios de vdrios animais ndao mamiferos
vertebrados, incluindo o lagarto C. versicolor (SINGH; KRISHNA; SRIDARAN, 2007), e
pode ter efeitos autdcrinos ou agdes pardcrinas dentro do ovério.

A bradicinina estimula a liberacdo de GnRH do hipotdlamo, a qual também € produzida
no ovario como horménio liberador de gonadotrofina ovédrica GnRHa, as quais atuaram
localmente no desenvolvimento folicular e sobre a ovulagdo, em vdarios ndo mamiferos

vertebrados incluindo o Lizard Calotes versicolor (KIHARA ef al., 2000). a maior intensidade
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de imunorreactividade de GnRH e Bardicinia registrada em células da granulosa de foliculos
vitelogenicos precoces ou previtelogenicos sugerindo alguma ligacdo com o desenvolvimento
folicular (SINGH; KRISHNA; SRIDARAN, 2007; SINGH et al., 2008). Nos mamiferos se
tem a hipétese de que a GnRH tem um papel autdcrino/pardcrinas no desenvolvimento e
fungdes do ovério (LEUNG; CHENG; ZHU, 2003).

Foram achados também receptores de progesterona (PRs) e identificados em tecidos de
uma variedade de taxa dos reptilianos, com diversas concentragdes de receptores de
progesterona no oviduto e figado de P. sicula, que variam diferencialmente ao longo do ciclo
reprodutivo. Em particular, PR € detectavel por ensaios de ligacdo e Western blotting no figado
durante periodos em que a vitelogenina (Vtg) ndo estd sendo sintetizada, e no oviduto, exceto
durante a passagem dos ovos (PAOLUCCI; CRISTO, 2002). Tais observacdes sugerem acdes
especificas de P4 em tartarugas. Além disso, a expressdao de PRB no ovério da tartaruga sugere
um papel para P4 na regulacdo da maturacdo oocitdria em répteis (CUSTODIA-LORA;
CALLARD, 2002).

Os corpos luteos sdo geralmente considerados as principais fontes de P4 circulante
secretada pelo ovério reptiliano. Isso foi confirmado por incubagdes de tecidos in vitro e por
estudos histoquimicos. Estudos in vitro demonstram que os corpos ldateos de tartarugas
oviparas (KLICKA; MAHMOUD, 1972) submetidas a ovariectomia (FERGUSSON;
BRADSHAW, 1991) estdo associados a uma queda acentuada nas concentracdes plasméticas
de P4 a medida que os corpos luteos das células perdem sua capacidade de secretar P4 ou a
fonte desse P4 é removido. Em algumas espécies, pelo menos, o corpo liteo pode produzir
andrégenos e estrogénios, bem como P4 (XAVIER, 1987). Sendo assim, os andrégenos sdao
uma terceira classe de esteroides, que € sintetizada pelo ovdrio reptiliano, sendo a testosterona
um hormonio que tem um papel fisiologico ao longo do ciclo reprodutivo nas fémeas, onde as
concentracdes plasmdticas de T variam significativamente (CALLARD et al., 1978;

GOBBETTI et al., 1993b; EDWARDS; JONES, 2001; EDWARDS; JONES; DAVIES, 2003)

3.9.3 Patologias do aparelho reprodutor em quelonios

Com o aumento de queldnios como “pets” ou mantidos em CETAS, zooldgicos ou

criatérios comerciais, foram observadas doencas que acometem o trato reprodutivo destes
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animais. Todas estas alteracdes estdo relacionadas com estresse, desidratacio, desnutrigdo,
hipovitaminoses A, desequilibrios hormonais, falta de hibernacdo, falta de acesso a machos,
recinto com locais inapropriados para a postura e infeccdes bacterianas ou virais (FUNK,
2002; INNIS; BOYER, 2002; DENARDO, 2006; RIVERA, 2008; PERRY; MITCHELL,
2017; NAGUIB, 2018). Estas causas anteriormente mencionadas vao gerar transtornos sobre o
trato reprodutivo dos queldnios influenciando o ciclo normal ao longo de todo o ano, sendo
comumente observadas na fase pré-ovulatéria (estase folicular) e estase pds-ovulatdria
(distocia). O diagndstico definitivo para estes transtornos € baseado na sintomatologia clinica,
exames complementares e os diferentes exames de diagndstico por imagem (MADER;

DIVERS, 2005; CHITTY; RAFTERY, 2013; NAGUIB, 2018)

3.9.4 Retencao e estases de foliculos ovarianos

A etiologia da estase pré-ovulatéria ainda nao foi totalmente determinada (TAYLOR;
DENARDO, 2005), mas fatores como dieta pobre que podem gerar hiperparatireoidismo
secundario (SNHP), estresse, desequilibrios hormonais, falta de hibernagdo, falta de acesso a
machos e infec¢@o bacteriana estao envolvidas no processo. A estase pré-ovulatdria ocorre em
lagartos e em testudinos (INNIS; BOYER, 2002; INNIS, 2010; PERRY; MITCHELL, 2017;
GUMPENBERGER, 2017), quando os foliculos aumentam de tamanho, mas ndo ovulam e
deixam o ovério sem a reabsor¢do ou regressdo destes, por periodo indefinido. Infec¢do
secunddria e ruptura de foliculos resultando em uma celomite da gema € uma causa de
morbidade e mortalidade em répteis em cativeiro (NAGUIB, 2018).

Os sinais clinicos observados sdo anorexia persistente, letargia e alteragdes relacionadas
com a compressao de estruturas internas por esses foliculos nos ovérios (STAHL, 2001), sendo
necessario o diagnostico diferencial da anorexia tempordria observada em algumas espécies
antes da ovulagcdo ou postura. Os cuidados pds-operatorios incluem terapia de suporte com
fluidoterapia e analgésicos (TAYLOR; DENARDO, 2005).

Caso ocorra ruptura folicular, muitas vezes devido a palpacdo inadequada, o processo
pode evoluir para inflamacdo grave na cavidade celomadtica, denominada celomite, havendo
debilidade da fémea e progndstico desfavoravel (SYKES, 2010; STAHL, 2001).A celomite

causada pela ruptura de foliculos ou ovos e extravasamento do vitelo para a cavidade celomatica
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apresenta sinais clinicos inespecificos, que podem variar de descoloracao de pele e distencdo da
cavidade celomadtica até letargia. Essa doenca € relatada como a principal causa de mortalidade
de fémeas adultas da iguana de Fiji (Brachylophus fasciatus) (STACY et al., 2008) e do dragédo
de Komodo (MURPHY et al., 2015) em cativeiro. O tratamento desta alteragdo € cirudrgico,

com a ovariohisterectomia (FUNK, 2002; INNIS; BOYER, 2002)

3.9.5 Distocia

A estase pos-ovulatdria ocorre apds a ovulagdo, quando o foliculo entra no oviduto
para posteriormente desenvolver uma casca. Assim, durante esse processo, 0os ovos podem
sofrer anormalidades, podendo gerar obstru¢do dentro do oviduto com 0s ovos anormais ou
superdimensionados. Quando se torna cronica, a doenga pode afetar o oviduto ou gerar massas
celomicas; no entanto, € mais comum ocorrer distocia nao obstrutiva, secundaria a fatores
nutricionais, ambientais e de criagdo (NAGUIB, 2018), Pela dificuldade de auscultacio neste
grupo de repteis, € complicado diferenciar a presenga de ovos retidos, mas quando
diagnosticados a tempo e, dependendo do grau, eles podem ser revertidos somente com
melhorias no manejo, ambiente e tratamento medicamentoso. Caso contrdrio, sugere-se a
realizac@o de salpingectomia cirtrgica (MADER; DIVERS, 2005; LOCK, 2000; RAITI et al.,
2019; LOCK, 2000; SYKES, 2010).

Segundo (SYKES, 2010) o surgimento da distocia em quelonios poder ser decorrente da
incapacidade das fémeas em escavar ninhos em solo inadequado e que tenham a profundidade
igual ou superior ao comprimento da carapaga. Para os quelonios a distocia ndo € uma situagao
de emergéncia, pois as fémeas podem reter os ovos por um periodo prolongado, diferentemente
do observado emoutras espécies de répteis (SYKES, 2010).

No entatno, nem sempre € assim, visto que os animais podem ter uma aparéngia externa
saudavel, mas apresentarem uma patologia ovariana grave. Asmanifestacoes clinicas de doenca
indicam letargia ou inquietacdo, escavacao repetida de varios ninhos, hiporexia ou anorexia,
secrecdo cloacal, dispneia, edema dos membros pélvicos (mais comuns em testudinos), sendo
importante uma ascultacdo clinica sistemadtica para diagnostico definitivo, além da realizacdo de
exames radiogréificos ou ultrassonogréficos para auxiliarem no diagndstico, para identificarem

o nimero e tamanho dos ovos retidos, os quais geralmente apresentam-se com a casca bastante
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espessada, irregular ou rompidos (DENARDO, 2006; FUNK, 2002; SYKES, 2010)

O tratamento cirdrgico da distocia deve ser realizada quando as alternativas citadas ndo
tiverem éxito. O procedimento consiste na incisdo e retirada dos ovos/embrides retidos do
oviduto/dtero ou, em alguns casos, a realizacdo de ovariohisterectomia. O acesso cirirgico
em testudinos pode ser feito na regido da fossa inguinal ou mesmo no plastrio (FUNK, 2002;
INNIS; BOYER, 2002; INNIS, 2010; TAYLOR; DENARDO, 2005). A ovocentese, isto €,
aspiracdo do contetido do ovo, pode ser realizada previamente ao procedimento cirirgico ou

mesmo antes da remoc¢@o de um ovo que se encontra retido na cloaca, para facilitar sua retirada

(INNIS; BOYER, 2002).

3.10 Estudos de |histologia e do aparato reprodutor em fémeas de

Tigre-d’agua-de-orelha-vermelha Trachemys scripta elegans

Em quelonios, existem apenas estudos descrevendo a morfologia dos ovdrios e tubas
uterinas (O’MALLEY, 2005; CHAVES et al., 2012). Na histologia, foram observadas nos
ovdrios a auséncia da regido cortical e medular, ja que o estroma ovariano € reduzido e ndo ha
diferenciacdo entre as regides cortical e medular, como relatado por (CHAVES et al., 2012) na
espécie Kinosternon scorpioides raised e com similiaridade para a Trachemys scripta elegans,
conforme descrito por (GRADELA et al., 2020). caracteristicas que constituem uma diferenca
entre os ovdrios de mamiferos e aves.

Assim, nosso trabalho € o primeiro estudo que descreve o aspecto histolégico dos
ovdarios sem excisao no periodo pés-operatério em queldnios semiaquéticos, tendo como base

o estudo descrito por MURAKAMI et al., 2014), em espécimes de ratos.
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Simple Summary: The present work was based on the problem of a turtle considered an invasive
exotic species, currently its presence is causing negative repercussions on the environment and the
populations of native turtles. Various regulations are established and regulated in the countries
where they are present, including lethal and non-lethal methods. Thus, elective sterilization was
proposed as a non-lethal control method in two populations of chelonians belonging to a zoo and
a rescue center in the country of Brazil. The surgical technique was based on the occlusion of the
ovarian arteriovenous complex, this technique postulates to be the first of its kind, which consists of
the use of video-assisted surgery, through the left prefemoral fossa, thus allowing the identification,
exteriorization and sequential exposure of both ovaries and follicles, for the application of the
technique it was decided to apply the modified Miller’s knot, on the ovarian arteriovenous complex,
later the histological follow-up was carried out as a method of verification of the remaining ovaries
that were left intentionally and were extracted in its entirety in a second surgical intervention, through
v ideosurgery, the result of the surgical technique was efficient with return to the aquatic environment
in a short time.

Abstract: The present study was based on sterilization, by means of video-assisted surgery with the
technique of occlusion of the ovarian blood vessels using the modified Miller’s knot, with bilateral
partial excision of the ovaries and follicles, through the prefemoral fossa. 22 presumably healthy
females of the species Trachemys scripta elegans, divided into two groups of 11 animals, group 1 were
animals from a rescue center, in which blood tests and computed tomography were performed,
group 2 were animals from a zoo, Blood tests and magnetic resonance were also performed, the
images obtained were used for surgical planning and postoperative control. The 22 animals were
anesthetized with reversible multimodal anesthesia, surgical times were measured. Subsequently, a
second random surgical intervention was performed at 90, 120, and 150 days, where the remaining
ovaries were extracted for histology, which showed necrosis, atretic follicles, and inflammatory cells
at 90 days; at 120 days there was loss of tissue structure, inflammation, repair and remodeling with
the presence of connective tissue and at 150 days some mineralized follicular structures, repair areas
and scar tissue, demonstrating that the video-assisted occlusion sterilization technique was efficient.
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1. Introduction

Invasive alien species (IAS) is currently considered the first cause of loss in biodiversity
of wild flora and fauna [1,2]. According to the Invasive Species Specialist Group (ISSG)
and the International Union for Conservation of Nature (IUCN), an IAS is a biological
organism that invades an ecosystem (natural or semi-natural habitat) and, as a consequence,
generates changes and threats to native biological diversity [3].

Trachemys scripta elegans (WIED, 1838) is a freshwater terrapin, with semi-aquatic
habits, native to the southeastern United States (USA) and a small region in Northeastern
Mexico [4,5].

This species was created for trade in the USA, and between the 1950s and 1970s became
nationally and internationally the most exported pet in the world [6-8].

Over time, in the countries where it was commercialized, it became an IAS due to its
ability to adapt, having a greater compatibility in Mediterranean countries, where they
found favorable climatic conditions to complete their biological cycle, with permanent
food sources, and places for hatching eggs [9]. Several lethal and non-lethal methods have
been proposed for its control [10], which have been adopted worldwide through regional
government laws in European countries [7].

Elective surgeries propose a reasonable alternative to non-lethal methods for fertility
control in populations of Trachemys scripta elegans, in addition to promoting clinical benefits
in the species [11,12]. The anatomical uniqueness in chelonians generated a surgical
approach to the coelomic cavity by performing osteotomies through the central plastron
[13,14].

This approach has been used for a long time to resolve reproductive disorders in
females, such as neoplasms, dystocia, follicular stasis, oviduct rupture and the presence of
ectopic follicles; and in males, castration also prevents aggressiveness [11,15-18]. However
this procedure is associated with a prolonged recovery time due to slow healing and
possible complications due to osteomyelitis [14,19,20].

An alternative approach to central plastron osteotomy in the coelomic cavity consists
of making an incision through the soft tissues in the prefemoral fossa with the aid of
laparoscopy or endoscopy [19,20]. The use of the prefemoral fossa has been used more
frequently in the clinical routine as an alternative to plastrotomy in chelonians [14,21,22].

The aforementioned technique can be successfully used in chelonians with reproduc-
tive disorders, such as follicular stasis, including obstructive and non-obstructive dystocia
[16,17,22,23]. Currently, laparoscopy and endoscopy equipment for prefemoral celiotomy
has been gaining popularity due to the fact that it is less invasive and results in a faster
recovery [18,24].

In the veterinary medicine of exotic and wild animals, in the chelonian group, the
prefemoral fossa has been used for diagnostic and exploratory celiotomy and as elective
surgery for birth control [12,14,17,18,22,25-34]. It can be influenced by the positioning of
the patient, where according to [35], at an angle of 45° the viscera such as the bladder,
gastrointestinal tract will allow, by the action of gravity, the easy exteriorization of the
ovaries and infundibulum. It was later described by [32] who observed the positioning of
the animals placed in right lateral decubitus and at a 90° angle, describing that there was
no statistical difference.

The videosurgery technique assisted by the prefemoral region can be used to perform
elective oophorectomy /ovariosalpingohysterectomy in other species of water chelonians
with the use of other lower cost tools, such as the digital otoscope [36]. However, the use
advanced diagnostic tools based on contrast-enhanced computed tomography (CECT) and
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magnetic resonance imaging (MRI) are recommended in chelonians because they overcome
the plastron and carapace barrier in healthy animals and animals with chronic diseases
in order to remedy reproductive problems. They can also be performed in procedures as
tools for diagnosis and surgical planning, as they are more sensitive when compared to
radiography and ultrasound in the evaluation of the reproductive tract [37].

Ovariectomy and ovariohysterectomy in chelonians with total excision of the ovary
is reported and routinely used for pre- and post-ovulatory follicular stasis treatments, as
well as its use as elective surgery for sterilization [13,14,16,22,26,29,32-34,38,39]. Work has
been carried out to achieve hemostasis and total excision of the ovaries and their follicles
mechanically (threads, titanium clips) [18,34], electrically (scissors and monopolar forceps
[29,40] and with radio bipolar surgery [22,29,34]. The ovarian vascular supply occlusion
technique with bilateral ligation was described in primates [41], later in dogs [42,43], in rats
[44,45], in rabbits [46] and in humans [47], our study was based on the surgical technique
performed by occluding the vascular supply of the ovary without removing the ovary. in
rats, using a titanium clip and nylon ligatures to promote sterilization [45]. Thus, due to the
need for control methods for invasive exotic chelonian populations, which are increasing
worldwide, the present work aimed to evaluate the video-assisted sterilization method
using the modified Miller’s knot with bilateral partial excision of the ovaries in female
Red-eared sliders, Trachemys scripta elegans.

2. Materials and methods

The methodology adopted in the present work was approved by the Ethics Committee
on the use of Animals at the Faculty of Veterinary Medicine and Zootechnics of the Univer-
sidade Estadual Paulista Jtlio de Mesquita Filho (UNESP) — Botucatu (No 162/2021 - CEUA
- annex I). Twenty-two females of the species Trachemys scripta elegans, presumed-healthy;,
aged 3 to 6 years, were divided into two groups: group 1 (n = 11) CEMPAS resident animals
and group 2 (n = 11) animals living at the Zoolégico de Sorocaba. The initial weights of the
experimental animals for both groups ranged from 790 g to 3.100 kg and with an average
of 1.60 + 0.487 kg. Both groups were kept free, in a closed space with shade (3 m high x 9 m
wide x 6 m long), and a swimming pool (1.60 m wide x 1 m long x 35 cm high and deep)
with ventilation, at the Center for Medicine and Research in Wild Animals (CEMPAS) of
the Faculty of Veterinary Medicine and Zootechnics, Unesp Botucatu. Water, minced meat,
and Alcon Club Reptomix commercial feed for reptiles were offered at libitum.

Physical assessment of the animals:

Biometrics including total carapace length (TCL) were performed, with an average
of 22.686 + 21.668; for the length of the pleural region (PRL) it was 21.668 + 2.610 and for
the prefemoral space (PS) it was 2.973 + 0.523 followed by clinical examination, based on
the external anatomical conformation, hydration of the eyes, skin, chlorination of the oral
mucosa, auscultation, as well as carapace and plastron ecdysis for both groups.

Sedation and anesthesia for taking blood samples and performing diagnostic images:

Chelonians in groups 1 and 2 were submitted to an anesthetic protocol 30 minutes
before the beginning of the imaging exams with 0.3 mg/kg IM of detomidine hydrochloride
(Cepesedan®, 10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, IN); Butorphanol
0.4 mg/kg IM (Butorgesic®, 10 mg/mlL, CP-Pharma Handelsgesellschaft MbH, NI, DE);
0.5 mg/kg IM of midazolam hydrochloride (DORmire®, 5mg/mL, Cristélia Prod. Quim.
Farm. Ltda., SP, BR), for group 2, 5 mg/kg IM of ketamine hydrochloride ( Cetamin 100
mg/mL, Syntec, SP, BR), all mixed in the same syringe, was administered intramuscularly
(IM) in the forelimb. In both protocols, once the sedation and relaxation plan was obtained,
a catheter (22 G x 1”) was inserted and fixed in the jugular vein, where blood samples were
collected. Once the samples were obtained, a PRN adapter plug with heparin was placed
for anesthetic maintenance during CECT and MRI, then Ringer lactate was infused at a
rate of 20 mL/kg, a first bolus of 0.3 - 5 mg/kg IV of propofol (PROpovan®, 10 mg/mL,
Cristalia Prod. Quim. Farm. Ltda., SP, BR) for group 1 who underwent CECT and for group
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2 who underwent MRI, a second bolus was applied with the same dose until finishing the 130
usually more time-consuming MRI procedures. 131
Blood collection for analysis blood count and biochemistry: After sedation, once the 1a2
jugular vein was catheterized, for group 1, 2 mL of blood was collected in tubes without 1ss
anticoagulants for biochemical analysis and for group 2, 2 mL were collected in tubes 134
without anticoagulants and 2 mL in tubes with heparin lithium for hematological and 13
biochemical analysis. The samples were processed at the Laboratory of the Veterinary se
Hospital of the School of Veterinary Medicine at UNESP - Botucatu. 137
Contrast-enhanced computed tomography (CECT) technique: 138

Once the general anesthetic plane was obtained, the animals were evaluated usinga 130
single-detector helical tomograph, Brand “Shimadzu” (Kyoto, Japan), Model “SCT7800TC”, 140
making helical cross sections of Imm thickness and Imm increment and pitch. : 2.5, with  1a
120kV and 160mA technique. 600 mg/Kg IV or 2 mL of Iohexol (Omnipaque® 300 mg  1a2
I/mL, GE Healthcare, PR, BR) was used as non-ionic iodinated contrast medium. After 1as
performing the exams, the images were processed in the Voxar 3D software (version 6.3- 14s
Toshiba), where volumetric and sequential 3D reconstructions were performed for better 1as
surgical planning. This procedure was performed one week before the surgical procedures 146
and later to check the occlusion technique performed one week before the second surgery 1
after 3, 4, and 5 months post-surgery. 148
Magnetic Resonance Imaging (MRI) Technique: 140

In the same way as for the CECT, once the general anesthetic plane of the animals 1so
was obtained, they were evaluated using an Esaote model MR VET Large 0.25 T open s
field magnetic resonance equipment. The animals were placed in ventral decubitus, and s
depending on the size of the animal, two coils or antennas were used that remained in the s
animal’s carapace throughout the procedure, the fast spin-echo (FSE) T2 sequence was also  1ss
used on the dorsal and planes. 4 mm sagittal and 5 mm transverse. This procedure was 1ss
performed one week before the surgical procedures and was repeated again 90 days after 1se
surgery. 157

For the 22 animals that underwent the CECT and MRI exams, some pathologies 1ss
were found in the reproductive system and some normal physiological processes of the s
pre-ovulatory phase (follicular stasis) and post-ovulatory stasis (dystocia). 160
Anesthetic Procedure for Surgery: 161

The animals were pre-warmed for 30 minutes using a heated air insufflator. Next, 12
preanesthetic medication was performed with 0.3 mg/kg IM of detomidine hydrochloride 16
(Cepesedan®, 10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DE), 0.2 mg/kg IM of = 1es
Morphine Sulfate (DIMorf® 10 mg/mL, Cristalia Prod. Quim. Farm. Ltda., SP, BR) and  1es
5 mg/kg IM of Ketamine Hydrochloride (Cetamin 100 mg/mL, Syntec, SP, BR). After 45 166
minutes, pre-oxygenation was performed for 5 minutes with 100% oxygen at a rate of 3 167
L/min. Next, the right superficial jugular vein was catheterized, through which Ringer’s  1es
lactate was infused at a rate of 3 mL/kg/h using an infusion pump, in addition to a dose  1es
of 0.2 mg/kg of meloxicam (Eloxicam -xicam®, 2mg/mL, Chemitec Agro-veterindria., SP, 17
BR). The animals were induced with propofol in a dose/effect manner and intubated with 17
a 2.5 gauge uncuffed endotracheal tube. 172

Anesthetic maintenance was performed with isoflurane and 40% oxygen with a flow 17
of 0.7 L/min, aiming to maintain an adequate minimum alveolar concentration to obtaina 17s
stage 3 plan 2 anesthesia. Ventilation was manually assisted with a neonatal Baraka circuit 7s
at a rate of 1-2 breaths/min maintaining CO2 levels between 30-35 mmHg. Heart rate (lead 176
II), exhaled CO2 and esophageal temperature were evaluated trans anesthetically witha 177
multiparameter monitor. Pulse rate was evaluated using doppler technology [48,49]. 178

When the pulse rate was above 20% of the baseline value, an IV dose of fentanyl citrate 7o
(FENtanest® 0.0785 mg/mL, Cristdlia Prod. Quim. Farm. Ltda., SP, BR) was administered. 1so
During the surgical procedure, when the ovaries were exposed and excised, 0.08 mg/kg or = 1a
0.2 ml of lidocaine hydrochloride monohydrate (Xilonest® sp 20 mg/mL, MEDIFARMA S A. s
LM, PE) was applied locally to the ovary. When an adequate anesthetic stage was obtained, 1ss
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the procedure was stopped and a dose of propofol and ketamine was administered. After isa
completing the procedure, a dose of 0.04 mg/kg of naloxone hydrochloride (NARcan®, 1ss
0.4 mg/mL, Cristdlia Prod. Quim. Farm. Ltda., SP, BR) and 0.2 mg/ kg IV of Atipamezole 1ss
hydrochloride (Revertor®, 5 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DE), was  1s7
administered for reversal of pre-anesthetic medications [49]. The same protocol was used  iss
for the surgical procedures of the animals that were chosen randomly at 3, 4, and 5 months  1ss
after surgery. 190
Surgical Procedure: 101

The animals were positioned in right lateral decubitus using a wooden easel in (V) 1.2
thus giving an angle of 45° exposing the animal for celioscopy through the left prefemoral 103
fossa, where an incision of approximately 3 cm was made in the skin with scalpel, then the 104
transversus and oblique abdominis muscles were divulged with Metzenbaum scissors and  1es
an incision was made in the coelomic membrane, giving an opening for visualization with 1e6
a 10 mm rigid optic for the location of the left ovary. For the exteriorization of the ovary, o7
special care was taken in animals with follicular ecstasy and other chronic reproductive 1ss
pathologies of adherence, because at the time of this exposure, the tunic surrounding the 10
ovary could rupture and the follicles could also fall inside the coelom. Once the ovary ze0
was exteriorized, it was pulled to better locate the ovarian arteriovenous complex (OAVC) 201
Figure 1c and these vessels were connected with a modified transfixing Miller’s knot to  zc2
remove the vascular supply Figures 2a,b,c,d,e,f. When the ligature was applied to the zo:
OAVC of the right ovary, special care was taken due to the presence of the right vena cava, zes
placing the knot as close to the ovary as possible. For the left ovary, attention was given due  zos
to the presence of the left adrenal gland which is located between the ovary and the left vena 206
cava in the suspensory ligament and the ligature was also performed as close as possible  zo7
to the ovary [38,50]. Thus, according to the follicular development of the left ovary, it was 208
possible to locate and exteriorize the contralateral right ovary. In both cases, once located, 200
they were isolated and exteriorized with the aid of an endosurgical loop (AutoSuture* Endo 210
Mini-Retract*) Figures 1a,b The blood vessels close to the proximal oviduct were ligated 211
separately and in some cases eggs and lesions were found in the oviducts. These were 212
removed as close as possible to the base of the cloaca and a Cushing suture was applied. =21
After the excision of the follicles, a portion of the ovarian tissue of approximately 1 cm 21
remained on purpose to be removed and evaluated later in the next 3, 4, and 5 months 215
after surgery. Finally, the skin was sutured with 2-0 absorbable polyglycolic acid suture 216
(VICRYL), in the coelomic peritoneum together with the rectus, oblique abdominal, and =17
subcutaneous muscles (all together) and for the skin a U or suture was performed de Wolf  21s
with 3-0 nylon thread. 210

After drug reversal in the immediate postoperative period, morphine hydrochloride 220
was applied at a dose of 0.2 mg/kg IM of Morphine Sulfate (DIMorf® 10 mg/mL, Cristlia 221
Prod. Quim. Farm. Ltda., SP, BR) every 24 hours for three days, 0.2 mg/kg IM of meloxicam 222
(Elo-xicam®, 2mg/mL, Chemitec Agro-veterindria., SP, BR), every 24 hours for five days, =zes
and enrofloxacin at a dose of 5 mg/kg, IM (FLOXICLIN ® 100 mg/mL Biofarm Tecnologia 224
en Veterinaria., SP, BR) in the muscle of the arms every 24 hours, for five days. After the 22
procedures, the animals remained under observation for 24 hours, in an environment with 22
a temperature between 25-30°C, where observers dressed the surgical wound and force 2z7
fed every 3 days for 10 days. The same anesthetic and surgical procedures were used to  zzs
remove the remaining ovaries for histology studies. 220

The 22 females underwent the same surgical procedure, where the surgical times 230
were measured from the beginning of the incision in the skin of the prefemoral fossa, 2a:
identification of the left ovary with a rigid 10 mm optic, traction of the ovary with the 232
endosurgical forceps, exteriorization of the ovary, application of a modified Miller’s knot  2s»
over the OAVC and vessels of the proximal infundibulum, excision of ovaries and follicles, =23
later locating the contralateral right ovary where the same procedures were performed for =ss
the left ovary until closing the skin. During the surgeries, the pathologies found previously =23
in the diagnosis by images in the reproductive system of the turtles were confirmed, making 23
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the surgical time difficult, which divided the animals into 02 groups of (N=14) for animals
with pathologies and (N=8) for healthy animals.
Histological Assessment:

The remaining ovaries, removed 90, 120, and 150 days after surgery, were processed
and fixed in buffered formalin for 24 hours, at a ratio of 1:10. They were placed in 70%
alcohol for 24 hours, subsequently underwent the dehydration process in alcohol and
xylene baths according to the protocol used in the laboratory of pathology and investigative
and compared carcinogenesis of the FMVZ, being 70% alcohol, 90% alcohol, absolute
alcohol, xylene and paraffin; subsequently, the samples were placed in paraffin-embedded
blocks of each ovary with their respective identification; then the samples were cut into 3
micron thick sections, and stained with hematoxylin-eosin for histological analysis.
Statistic Analysis:

The statistical analysis in this study was based on the measurement of surgical times,
using the R[51] software, the comparison of means of the t test was used, and for those
who did not follow a normal distribution (non-parametric) , the comparison of medians
was used in the non-parametric Wilcoxon-mann-Whitney test. In both tests the significance
level was 0.05. Which consisted of measuring the time of the application of the ovarian
blood vessel occlusion technique, which included from the beginning of the surgical
incision, identification of the ovaries and follicles through video-assisted surgery, extraction,
exposure of the first ovaries and their respective foicules, application of the modified
Miller’s knot, partial excision, placement of the remaining ovary in the coelomatic cavity
and then the same procedure with the other ovary contralateral to the surgical incision
until the closing the surgical wound.

3. Results
3.1. Anesthetic protocol for surgical procedures:

It was based on 0.3 mg/kg IM of detomidine hydrochloride (Cepesedan®, 10 mg/mL,
CP-Pharma Handelsgesellschaft MbH, NI, DE), 0.2 mg/kg IM of Morphine Sulfate (DI-
Morf® 10 mg /mL, Cristalia Prod. Quim. Farm. Ltda., SP, BR) and 5 mg/kg IM of ketamine
hydrochloride (Cetamin 100 mg/mL, Syntec, SP, BR), and 0.2 mg/kg of meloxicam (Elo-
xicam®, 2mg/mL, Chemitec Agro-veterindria., SP, BR) as pre-anesthetic medication, which
were induced with propofol (PROpovan®, 10 mg/mL, Cristdlia Prod. Quim. Farm. Ltda.
, SP, BR), with anesthetic maintenance of isoflurane, fentanyl 5 mcg/kg IV fentanyl cit-
rate (FENtanest® 0.0785 mg/mlL, Cristdlia Prod. Quim. Farm. Ltda., SP, BR), propofol
and ketamine, in the sectioned ovaries, 0.08 mg/kg or 0.2 ml of lidocaine hydrochloride
monohydrate (Xilonest® sp 20 mg/mL, MEDIFARMA S.A. LM, PE) was directly applied.

Thus, the effects were later reversed with the a2 — adrenergicagonist antagonist y —
opioid receptor, with the use of 0.2 mg/kg IV of Atipamezole hydrochloride (Revertor®,
5 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DE) and 0.04 mg/kg IV naloxone
hydrochloride (NARcan®, 0.4 mg/mL, Cristalia Prod. Quim. Farm. Ltda., SP, BR). The pro-
tocol showed a good safety margin and was considered a reversible multimodal anesthesia
protocol for prolonged procedures.

3.2. Imaging exams using Contrast-enhanced Computed Tomography (CECT) and Magnetic
Resonance Imaging (MRI):

The results of CECT exams with Voxar software volumetric 3D reconstructions 3D
(version 6.3- Toshiba and T2 MRI scan results for Surgical Planning and post-surgical
confirmation in Trachemys scripta elegans, are shown in Figure 3

3.3. Surgical times:

The results of the surgical times are shown in Figures 4. The results of the times used
for the surgical procedures were divided into two groups due to with internal coelomatic
affection and normal physiological processes found in the 22 animals that participated
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in the experiment, being (H=8) for healthy animals and (A=14) for animals with internal
coelomatic affection that appeared on CECT and MRI images in the reproductive system of
females and proven during the surgery performed in the experiment, which gave a level of
difficulty in relation to the times used in applying the Occlusion method. For the group
(P=14) animals with normal internal coelomatic affection and physiological processes, the
mean was 73.9 minutes with a low of 42 and a high of 95 minutes. For the group (h=8) of
healthy animals, the average was 41.4 with a minimum time of 30 and maximum time of
57. Surgical times showed statistically significant differences.

3.4. Internal coelomatic affection found:

The internal coelomatic affection found during the video-surgery of the turtle are
shown in Figure 5

3.5. Histological Results:

The results of the histology of the ovaries at 90, 120, and 150 days are presented in
Figure 6

3.6. Figures, Tables and Schemes

Figure 1. Surgical procedure in tortoises. (a) Endosurgical exteriorization with the aid of a loop
(AutoSuture* Endo Mini-Retract*); (b) Exteriorization of the ovary with the aid of a loop (AutoSuture*
Endo Mini-Retract*); (c) Exposure of the ovary with follicles exposing the CAVO ovarian arteriove-
nous complex; (d) Modified Miller’s knot over the CAVO after removal of the ovary and follicles; (e)
both remaining ovaries connected by the prefemoral fossa; (f) ovaries and follicles extracted.
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e [f]
Figure 2. Procedure Sequence Miller’s knot modified in turtles (a) The tip of the knot passed under
the CAVO; (b) The same end passed for another turn; (c) Introduction of the tweezers inside the
center of the knot; (d) Another end of the thread making two turns over the tweezers; (e) Once the
turns have been made on the tweezers, this tweezers must again seize the free end; (f) finally pulled
the ends to transfix the CAVO under the remaining ovary.

- -

Figure 3. Results Contrast-enhanced computed tomography (CECT) with 3D volumetric reconstruc-
tions Voxar 3D software (version 6.3-Toshiba), compared to T2-weighted magnetic resonance imaging
(MRI) for surgical planning and post-surgical verification in turtles. (a) Dorsal section post-contrast
CECT image, with non-pathological bilateral follicular stasis (b) Dorsal section post-contrast CECT
image, 4 months post-surgery without the presence of ovaries (c) MRI image, sagittal section, with
non-pathological bilateral follicular stasis; (b) MRI image, sagittal section, 60 days after surgery
without the presence of ovaries.
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Figure 4. Boxplot Surgical times divided into animals (H=8) Healthy representing 31.82% and (A=14)
Internal coelomatic affection representing 68.18% of the 22 females of Trachemys scripta elegans.
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Figure 5. Main pathologies located in the coelomic cavity of turtles (a) Follicular stasis of the ovary
with adherence in the coelom; (b) Ovary with follicles and Caseos adhered to the coelom; (c) Coelomic

adherence of the ovary; (d) Eggshell adhered to the liver; (e) Extraction of the shell of the egg adhered
to the liver; (f) Extracted eggshell
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Figure 6. Histology of the remaining ovaries on the 90th, 120th, and 150th postoperative day of
turtles. (a) Inflammatory cell infiltrate (IC) where yolk was previously produced. Tissue necrosis (N)
at 90 days 40x objective; (b) Atretic follicles (AF), Inflammatory cells (IC) Objective 4x At 90 days;
(c) Remodeled tissue, follicular structures are not observed, some vascularized areas mainly in the
lower part of the section with presence of blood vessels (SV) Objective 5x with 120 days; (d) Zones

of connective tissue and blood vessel (SV) remodeling. Objective 5x with 120 days; (e) Pyknosis,
karyorrhexis suggesting tissue coagulation necrosis. Blood vessels (VS). objective 40x with 150 days;
(f) Mineralized structures in what were once follicles. Changes suggestive of tissue remodeling. 5x
objective with 150 days

4. Discussion

For years, several drugs have been used with very high doses for chemical containment
and anesthesia in reptiles. An option for reducing these drugs is the use of analgesia and
multimodal anesthesia, which is defined as the use of more than one pharmacological class
of analgesic medication targeting different receptors along the pain pathway in order to
improve analgesia and reduce side effects [52].

In our study, the use of several drugs for pain management and as MPA was proposed,
which, once mixed, potentiate and synergize, reducing the amount of doses recommended
by the authors [53-55], which can be reversed at the end of the procedures in this way to
remove the effects of the MPA. It is reported by [56] in a literature review with the main
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combinations and doses to have a multimodal anesthesia, in chelonians being the most
used combinations with adrenergic a2 — agonist, Benzodiacepins, receptory — Opioids
and Dissociatives. For a2 — adrenergicagonist, the most used drugs were medetomidine,
followed by dexmedetomidine and Detomidine, for 4 — Opioids receptors were morphine,
hydromorphone and Methadone, all of them combined or not with benzodiazepines and
dissociatives.

In the present research, the use of dissociatives in two drops or not, were different from
the findings by [57] who worked with higher doses with up to 120mg/kg of ketamine. Thus
proposing the use of lower doses of ketamine and the use of Detomidine in combination
with other drugs that were reversed at the end of the surgical procedures, which were
unprecedented, without mentioning the use in the doses of these drugs in the literature.

CT scans are known to be more expensive in South America than radiography or
ultrasound and require special equipment and facilities, so they are not yet available to all
veterinarians.[58].

In the case of MRI, in order to obtain sufficient information about the tissue or organ to
be analyzed (soft tissue—fat—liquid /liquor—blood), several sequences must be performed,
which means more time with the animal under general anesthesia. In addition, the use
of different coils are necessary to support images of different sizes and shapes of animals,
which makes MRI even more expensive and less accessible than CT. [59].

Computed tomography (CT) is a cross-sectional radiographic imaging method that
overcomes the overlapping artifacts of plain radiographs. Reading is easier to learn than
reading MRI images because different tissues have similar densities to radiographs. Some
advantages are the opportunity to perform multiplanar and three-dimensional reconstruc-
tions, volumetry, densitometry or endoscopy [58].

MRI is of good quality and further evaluates coelomic organs with great emphasis on
T2-weighted images for reading fluid and therefore are often treated as “pathology scans”,
while T1-weighted images offer more detail about the anatomy in which fluid appears
hypointense and fat hyperintense. Variations of these sequences help differentiate between
CSF, hemorrhage, and simple cysts. Solid bone and air appear in all dark sequences [58].
In our experience in this experiment, it was noticed that the best method for surgical
planning was computed tomography with and without contrast using the volumetric 3D
constructions tool Voxar 3D software (version 6.3- Toshiba), which were more versatile
when compared with the images of magnetic resonance due to the longer time to perform
the procedures, where the animals need general anesthesia and with intercurrences when
the animals have identification chips in the extremities or sand in the stomach these results
present artifact.

In the present work, disorders in the reproductive tract, celomitis, adhesions of follicles,
ectopic and floating follicles, liver enlargement, as described by [60], were found in some
animals during diagnosis and surgical planning through CECT and MRI.

The ovarian vascular supply occlusion technique with bilateral ligation was already
described in primates [41], later in bitches [42,43], in rats [44,45], in rabbits [46] and in
humans [47], thus the present study would be an unprecedented report of the video-assisted
surgical technique for bilateral partial ovarian occlusion in invasive aquatic chelonians
Trachemys scripta elegans using the left prefemoral fossa, as a control method in sexually
active populations, which was based on the study of occlusion of the vascular supply of
the ovary without removing the ovary. in rats, using a titanium clip and nylon ligatures to
promote [45] sterilization.

The surgical times in the present study for the group of animals with pathology (P =
14), presented an average of 73.9 minutes, which are within the times described by [61] in
a study of animals with pathologies. The maximum time is between the times described
by [16] in surgery on a female Galapagos tortoise with extensive reproductive disease and
even with margins of [26] times in two adult female tortoises in perfect conditions of health
and for the minimum time of 42 minutes between [29,32,36] times. During the surgical
procedures of the present study, we found bilateral ovarian follicular stasis firmly adhered
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in the area of the bridge between the carapace and plastron, oviduct and ovary adhesions to  ses
the kidneys, intestines and coelom, adhesion of eggshells in the process of reabsorption to  ses
the liver, coelomite acute due to rupture of the follicles, chronic celomite of the yolk, where 37
the vesses presented with caseos, ectopic and floating follicles, the liver was greasy, witha 37
marbled appearance in three animals. These photological findings were also described by 37
[61], in a study on eight presumably healthy Mojave Desert tortoises (Gopherus agassizii), s
where in-control in six of eight animals had ectopic and floating follicles, celomitis of the 374
bud, liver disease and adherences of the oviduct and ovary, where the surgical times were 37
of 112 minutes with a mean of 100 minutes and a median of 87 and 116 minutes. 376

For the group of healthy animals in the present study (S = 8) the average time was 41.4 77
minutes similar to the [32] times with a minimum time of 30 minutes similar to the [22,36] s7s
and with a maximum time of 57 minutes, these times are among the times described for sz
the maximum time of [29] 380

For Histology in the present study, Histological differences were also observed in  se
the ovaries, the absence of the cortical and medullary region since the ovarian stroma is  se2
reduced and there was no difference between the cortical and medullary regions as reported  zes
by [62], in the species Kinosternon scorpioides raised and with similarity to trachemys s
described by [63], which make a difference to the ovaries of mammals and birds. 385

Occluded ovarian blood vessels caused ischemia, from three months post-surgery or sss
90 days with notorious progressive tissue necrosis and bilateral occlusion using a nylon s
ligature based on a modified Miller’s knot, results similar to group IV ovarian tissues in  sss
rats in the study of [45]. 389

5. Conclusions 300

The sterilization technique by the occlusion technique with partial and bilateral ex- se:
cision of the ovaries, through the use of transfixing extracorporeal ligatures of nylon e
video-assisted surgery in Trachemys scripta elegans was efficient and is a viable method s
which can be used in the species. 304

Funding: The coordination of improvement of Personnel in Higher Education (Capes) - Code of 395
financing 001. 306

Institutional Review Board Statement: To CEMPAS, To Sorocaba Zoo, To UNIPEX, At the service of 307
diagnostic imaging and Veterinary Clinical pathology 308

Acknowledgments: To the Graduate Program in Wild Animals, the Faculty of Veterinary Medicine  ses

and Animal Science (FMVZ) for all institutional support. 400
Conflicts of Interest: The authors declare no conflict of interest. 401
References 402

1.  Capdevila-Argiielles, L.; Zilletti, B.; Suérez-Alvarez, V.A. Causas de la pérdida de biodiversidad: 403
Especies Exéticas Invasoras. Memorias Real Sociedad Espafiola de Historia Natural. 2a. época 2013,  aoa

10 405
2. Beninde, J.; Fischer, M.L.; Hochkirch, A.; Zink, A. Ambitious advances of the European Union  4oe
in the legislation of invasive alien species. Conservation Letters 2015, 8, 199-205. 407
3. for Conservation of Nature, I.U.; Group, N.R.IS.S. IUCN guidelines for the prevention of biodiversity  aos
loss caused by alien invasive species; Species Survival Commission, 2000. 400
4, Iverson, J. A Revised Checklist with Distribution Maps ofthe Turtles ofthe World, 1992. a10
5. TTWG. Turtle Taxonomy Working Group — Turtles of the World:Predation of a live duckling by 411
Trachemys scripta 47. Rhodin,A.G.].(Editors) 2017, 8, 1-292. 212
6.  Telecky, T. United States import and export of live turtles and tortoises. Turtle and Tortoise 413
Newsletter 2001, 4, 8-13. 414

7. Cadi, A.; Delmas, V.; Prévot-Julliard, A.C.; Joly, P; Pieau, C.; Girondot, M. Successful reproduc- a1s
tion of the introduced slider turtle (Trachemys scripta elegans) in the South of France. Aquatic ~ a16
conservation: Marine and Freshwater ecosystems 2004, 14, 237-246. a17

8.  Ernst, C.H.; Lovich, J.E. Turtles of the united states and Canada; JHU Press, 2009. 418



Version March 12, 2023 submitted to Journal Not Specified 13 0f 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hooper, D.U.; Chapin III, ES.; Ewel, ].J.; Hector, A.; Inchausti, P.; Lavorel, S.; Lawton, ] H.;
Lodge, D.; Loreau, M.; Naeem, S.; et al. Effects of biodiversity on ecosystem functioning: a
consensus of current knowledge. Ecological monographs 2005, 75, 3-35.

Littin, K.; Mellor, D.; et al. Strategic animal welfare issues: ethical and animal welfare issues
arising from the killing of wildlife for disease control and environmental reasons. Revue
Scientifique et Technique-Office International des Epizooties 2005, 24, 767-782.

Innis, C.J.; Boyer, TH. Chelonian reproductive disorders. Veterinary Clinics: Exotic Animal
Practice 2002, 5, 555-578.

Proenca, L.M.; Divers, S.J. Coelioscopic and endoscope-assisted sterilization of chelonians.
Veterinary Clinics: Exotic Animal Practice 2015, 18, 555-570.

BENNETT, R.A. Reptilian Surgery Part II. Management of Surgical Diseases. The Compendium
1989, 11, 122-133.

Mader, D.; Divers, S. Reptile Medicine and Surgery - E-Book; Elsevier Health Sciences, 2005.
Rivera, S.; Divers, S.; Knafo, S.; Martinez, P.; Cayot, L.; Tapia-Aguilera, W.; Flanagan, ]. Sterilisa-
tion of hybrid Galapagos tortoises (Geochelone nigra) for island restoration. Part 2: phallectomy
of males under intrathecal anaesthesia with lidocaine. Veterinary Record 2011, 168, 78-78.
Knafo, S.; Divers, S; Rivera, S.; Cayot, L.; Tapia-Aguilera, W.; Flanagan, J. Sterilisation of hybrid
Galapagos tortoises (Geochelone nigra) for island restoration. Part 1: endoscopic oophorectomy
of females under ketamine-medetomidine anaesthesia. Veterinary record 2011, 168, 47-47.
Mans, C.; Sladky, K. Diagnosis and management of oviductal disease in three red-eared slider
turtles (Trachemys scripta elegans). Journal of Small Animal Practice 2012, 53, 234-239.
DiGirolamo, N.; Mans, C. Reptile soft tissue surgery. Veterinary Clinics: Exotic Animal Practice
2016, 19, 97-131.

Gould, W.; Yaegar, A.; Glennon, J. Surgical correction of an intestinal obstruction in a turtle.
Journal of the American Veterinary Medical Association 1992, 200, 705-706.

Brannian, R. A soft tissue laparotomy technique in turtles. Journal of the American Veterinary
Medical Association 1984, 185, 1416-1417.

Nutter, EB.; Lee, D.D.; Stamper, M.A.; Lewbart, G.A.; Stoskopf, M.K. Hemiovanosalp-
ingecomy in a loggerhead sea turtle (Caretta caretta).  Veterinary Record 2000, 146, 78—
80, [https://bvajournals.onlinelibrary.wiley.com/doi/pdf/10.1136/vr.146.3.78]. https:
//doi.org/https:/ /doi.org/10.1136/vr.146.3.78.

Innis, C.J.; Hernandez-Divers, S.; Martinez-Jimenez, D. Coelioscopic-assisted prefemoral
oophorectomy in chelonians. Journal of the American Veterinary Medical Association 2007, 230, 1049—
1052.

Takami, Y. Single incision, prefemoral bilateral oophorosalpingectomy without coelioscopy in
an Indian star tortoise (Geochelone elegans) with follicular stasis. Journal of Veterinary Medical
Science 2017, pp. 17-0182.

DeNardo, D.F. In: Dystocias. Mader, D.R. Reptile medicene and surgery, Eublepharus macularius;
Vol. 1, philadelphia saunders, 2006; pp. 787-792.

Hernandez-Divers, S.J.; Hernandez-Divers, S.M.; Wilson, H.G.; Stahl, S.J. A review of reptile
diagnostic coelioscopy. Journal of Herpetological Medicine and Surgery 2005, 15, 16-31.

Pessoa, C.A.; Rodrigues, M.A.; Kozu, F.O.; Prazeres, R.F,; Fecchio, R.S. Ooforectomia videoas-
sistida por acesso pré-femural em targaruga-de-ouvido-vermelho (Trachemys scripta elegans).
Pesquisa Veterindria Brasileira 2008, 28, 345-349.

Minter, L.; Landry, M.; Lewbart, G. using a prefemoral approach in eastern box turtles (Terrapene
carolina carolina). The Veterinary Record 2008, 163, 487-488.

Innis, C.J. Endoscopy and endosurgery of the chelonian reproductive tract. Veterinary Clinics:
Exotic Animal Practice 2010, 13, 243-254.

Ataide, M.W.d. ovariossalpingectomia videoassistida via acesso pré-femoral em Tigre-d’agua-
de-orelha-vermelha (Trachemys scripta elegans) 2012.

Raiti, P. Prefemoral salpingotomy and salpingoscopy in a red-eared slider (Trachemys scripta
elegans) with pathologic egg retention. Journal of Herpetological Medicine and Surgery 2013,
23, 60-63.

Bel, L.; Kiss, A.; Pestean, C.; Ober, C.; Codea, R.; Oana, L.; et al. Prefemoral oophorectomy in
red eared terrapins (Trachemys scripta elegans). Lucrari Stiintifice-Universitatea de Stiinte Agricole
a Banatului Timisoara, Medicina Veterinara 2014, 47, 5-9.

Bardi, E.; Antolini, G.; Lubian, E.; Bronzo, V.; Romussi, S. Comparison of Lateral and Dorsal
Recumbency during Endoscope-Assisted Oophorectomy in Mature Pond Sliders (Trachemys
scripta). Animals 2020, 10, 1451.

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462



Version March 12, 2023 submitted to Journal Not Specified 14 0f 15

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

Bardi, E. STANDARDIZATION OF MINIMALLY INVASIVE SURGICAL AND PERI-
SURGICAL PROCEDURES IN POND SLIDERS (TRACHEMYS SCRIPTA) 2021.

DiGirolamo, N.; Studer, K.; Maranville, R.; Caron, M.; Murciano, G.; Sellers, M.; Cococcetta,
C. Feasibility, Gross Postmortem Results and Participant Perception of Oblique Prefemoral
Ovariectomy in Red Eared Sliders (Trachemys scripta elegans) During a Teaching Workshop.
Journal of Herpetological Medicine and Surgery 2022, 32, 130-135.

Di Girolamo, N. Indications, outcomes and complications of prefemoral reproductive surgery
in client-owned chelonians: 22 cases, 2017-2018. Proc ExoticsCon 2019, p. 560.

Antunes, B.N.; da Costa, D.; de Ataide, M.W.; Moreira, A.V.; Pedrotti, L.E; JUnior, F.S.; Nhoato,
C.S,; Stadler, R.A; Silva, M.A.M.; Brun, M.V. Coelioscopic-assisted prefemoral ovariosalpingec-
tomy in adOrbigny slider (Trachemys dorbigni) using a digital otoscope. Journal of Veterinary
Medical Science 2020, 82, 1802-1807.

Mackey, E.B.; Hernandez-Divers, S.J.; Holland, M.; Frank, P. Clinical technique: application of
computed tomography in zoological medicine. Journal of exotic pet medicine 2008, 17, 198-209.
Lock, B.A. Reproductive surgery in reptiles. Veterinary Clinics of North America: Exotic Animal
Practice 2000, 3, 733-752.

Di Girolamo, N. Surgical revision of previous ovariectomy in client-owned turtles. Proc
ExoticsCon 2018, p. 825.

Divers, S.J. Reptile diagnostic endoscopy and endosurgery. Veterinary Clinics: Exotic Animal
Practice 2010, 13, 217-242.

Wehrenberg, W.; Dierschke, D.; Wolf, R.; Meyer, R. The effect of ligating the ovarian and uterine
arteries on ovarian function in cyclic rhesus monkeys. Biology of Reproduction 1979, 20, 596-600.
O’Leary, ].A. Effects of bilateral ligation of the uterine and ovarian vessels in dogs. International
Journal of Gynecology & Obstetrics 1980, 17, 460—461.

Mogheiseh, A.; Nikahval, B.; Ahmadi, N.; Yazdanpanah, R.; Sadat, Z.; Nazifi, S. Bilateral
ovarian pedicle ligation as an alternative to ovariectomy and ovarian response to eCG treatment.
Comparative Clinical Pathology 2017, 26, 197-202.

Razi, M.; Najafpour, A.; NAJAFI, G.R.; ABD ALALIZADEH, G.R.; KHALILOU, E. The effect of
ligation of the ovarian artery on ovarian follicular function in rats 2009.

Murakami, E.; Camargo, L.S.d.; Cardoso, K.C.d.E,; Miguel, M.P; Tavares, D.C.; Honsho, C.d.S,;
Souza, EF.d. Ovarian blood vessel occlusion as a surgical sterilization method in rats. Acta
Ciriirgica Brasileira 2014, 29, 218-223. https://doi.org/10.1590/50102-86502014000400001.
Kallini, D.F,; Abdelmalik, S.W.; Desouky, A.M.; El-Beshbishy, R.A. A comparative study between
bilateral ligation of the ovarian and the uterine arteries on the structure and function of the
ovary of adult white rabbit: histological and immunohistochemical study. Egyptian Journal of
Histology 2013, 36, 300-311.

Vilasagar, S.; Carrillo, J. Laparoscopic ovarian vein ligation for treatment of pelvic congestion
syndrome. Journal of Minimally Invasive Gynecology 2016, 23, S16.

Sladky, K.K.; Mans, C. Clinical anesthesia in reptiles. Journal of Exotic Pet Medicine 2012,
21,17-31.

Klaphake, E.; Gibbons, P; Sladky, K.; Carpenter, J. Chapter 4-Reptiles. Exotic Animal Formulary,
5th ed.; Carpenter, JW, Marion, C], Eds 2018, pp. 127-246.

Naguib, M. Surgical management of pre-and post-ovulatory stasis in reptiles. Companion Animal
2018, 23, 527-537.

R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for
Statistical Computing, Vienna, Austria, 2022.

Schwenk, E.S.; Mariano, E.R. Designing the ideal perioperative pain management plan starts
with multimodal analgesia. Korean Journal of Anesthesiology 2018, 71, 345-352.

Vigani, A. Chelonia (tortoises, turtles, and terrapins). Zoo animal and wildlife immobilization and
anesthesia 2014, pp. 365-387.

Carpenter, ].W.; Marion, C. Exotic Animal Formulary-E-Book; Elsevier Health Sciences, 2017.
Carpenter, ].W.; Klaphake, E.; Gibbons, P.M.; Sladky, K.K. Reptile Formulary. In Mader’s Reptile
and Amphibian Medicine and Surgery; Elsevier, 2019; pp. 1191-1211.

Turner, R.C.; Gatson, B.J.; Hernandez, J.A.; Alexander, A.B.; Aitken-Palmer, C.; Vigani, A.;
Heard, D.J. Sedation and Anesthesia of Galapagos (Chelonoidis nigra), Aldabra (Aldabrachelys
gigantea), and African Spurred Tortoises (Centrochelys sulcata): A Retrospective Review (2009-
2019). Animals 2021, 11, 2920.

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521



Version March 12, 2023 submitted to Journal Not Specified 150f15

57.

58.

59.

60.

61.

62.

63.

Adel, M.; Sadegh, A.B.; Arizza, V.; Abbasi, H.; Inguglia, L.; Saravi, H.N. Anesthetic efficacy of
ketamine-diazepam, ketamine-xylazine, and ketamine-acepromazine in Caspian Pond turtles
(Mauremys caspica). Indian Journal of Pharmacology 2017, 49, 93.

Gumpenberger, M. Diagnostic imaging of reproductive tract disorders in reptiles. Veterinary
Clinics: Exotic Animal Practice 2017, 20, 327-343.

Gumpenberger, M. Diagnostic Imaging of the Respiratory Tract of the Reptile Patient. Veterinary
Clinics: Exotic Animal Practice 2021, 24, 293-320.

Gumpenberger, M.; Filip, T. Computed tomography and use of intravenous contrast media in
imaging chelonian kidneys. In Proceedings of the Proceedings of the 14th Annual Conference
of Association of Reptilian and Amphibian Veterinarians, 2007, Vol. 5.

Proenga, L.M.; Fowler, S.; Kleine, S.; Quandt, J.; Mullen, C.O.; Divers, S.J. Coelioscopic-Assisted
Sterilization of Female Mojave Desert Tortoises (Gopherus agassizii). Journal of Herpetological
Medicine and Surgery 2014, 24, 95-100.

Chaves, E.P; Oliveira, S.C.; Aratjo, L.P.; Oliveira, A.S.; Miglino, M.A.; Abreu-Silva, A.L.; Melo,
F.A.; Sousa, A.L. Morphological aspects of the ovaries of turtle Kinosternon scorpioides raised
in captivity. Pesquisa Veterindria Brasileira 2012, 32, 667-671.

Gradela, A.; Pires, 1.C.; Matos, M.H.T.; Corréa, EM.; Faria, M.D.; Silva, J.S.; Torres, L.R.C.;
Milanelo, L. Reproductive biology, morphology, and morphometry of ovaries and oviducts of
Trachemys scripta elegans in Brazilian Cerrado. Pesquisa Veterindria Brasileira 2020, 40, 141-154.



TRABALHO CIENTIFICO 2



70

5 Trabalho submetido a revista The Journal of Herpetological Medicine and Surgery

As normas de publicagdo exixidas pelo periodico estdao disponiveis no site

<https://meridian.allenpress.com/jhms>


https://meridian.allenpress.com/jhms

Comparative study between computed tomography and magnetic
resonance imaging used as tools for pre-surgical and post-surgical
planning in elective sterilization procedures in females of the
species trachemys scripta elegans

Luis Baselly-Cueva'!, Alessandra Dhom Pimentel de Moraes?, Estevam Rodrigues de Souza 2,
Hector Garcia 2, Bruna Nobre de rade 3, Diego Ospina-Argiielles, Alberto Lazaro-Aguirre®,
Vania Machado?, Ana liz Alvez?, Eunice Oba'

!Department of Veterinary Surgery and Animal Reproduction, Graduate Program in Wild Animals,
School of Veterinary Medicine and Animal Science, Sao Paulo State University
(UNESP), Botucatu, SP, Rubiao Junior s/n, 18618-681, Brazil

2Department of Veterinary Surgery and Animal Reproduction, School of Veterinary Medicine and
Animal Science, Sao Paulo State University (UNESP), Botucatu, SP,
Rubido Junior s/n, 18618-681, Brazil

3Department of Veterinary Clinics, Sdo Paulo State University (UNESP), School of Veterinary
Medicine and Animal Science, Botucatu, SP, Rubido Junior s/n, 18618-681, Brazil

“Department of Anesthesiology, Faculty of Medicine, Paulista State University (UNESP)
Botucatu, SP, Rubido Junior s/n, 18618-687, Brazil

5Department of Biodiversity and Statistics, Institute of Biosciences, Sdo Paulo State
University (UNESP) Botucatu, SP, Rubido Junior, R. Prof. doctor Anténio Celso
Wagner Zanin N° 250,18618-689, Brazil

Abstract. The objective of this study was to compare the results of computed
tomography and magnetic resonance imaging for pre-surgical and post-surgical
planning in 22 females of the species Trachemys scripta elegans. They were divided
into two equal groups according to the place of origin. In the first group, multimodal
general anesthesia was performed without the use of dissociatives and with a bolus
of propofol, which allowed contrast-enhanced computed tomography to be performed
using the 3D volumetric reconstruction tool, Voxar 3D Software (version 6.3-Toshiba),
and in group 2, Multimodal general anesthesia was performed using a low dose
of dissociatives and two boluses of propofol, which allowed Magnetic Resonance
imaging using SE (Spin-echo)T1, fast spin-echo (FSE)T2, STIR DOR, Turbo 3D T
; Additionally, blood samples were taken for clinical diagnosis. The results of the
images of the two teams serve to aid in the diagnosis in the ovarian and follicle
examinations, although the magnetic resonance presented the best image with details
of organs and soft tissues according to the sequences used. Moreover, computed
tomography showed the presence of circumscribed structures and with the use of
contrast and volumetric reconstructions 3D Software Voxar 3D (version 6.3-Toshiba).
Both tests are useful for pre and post surgical planning of the animal if there is no
interference from any artifact.
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Introduction

Trachemys scripta elegans (WIED, 1838) is a semi-aquatic freshwater turtle, native to North
America, naturally occurring in the Mississippi Valley, from Illinois to the Gulf of Mexico
Ernst et al. (1989), mention that they bred for the US trade as domestic and international
pets; in early 1970 Cadi et al. (2004). At present, this species has become an ISS due to
its ability to adapt to countries with favorable climatic conditions to complete its biological
cycle (Hooper et al., 2005). These chelonians still occupy an important place as an exotic pet
despite their ban in the world and in the countries where they invaded, as they are easy to
obtain and breed, these breeding practices without technical knowledge in the species lead in
most cases to management errors being the most common environments and suitcase Nutrition
Mader and Divers (2005). In most chelonians kept as pets and in captivity, reproductive
disorders are observed mainly in the pre-ovulation phase with follicular stasis, post ovulation
with the presence of retained and ectopic eggs, in addition to that in some cases neoplasms
can be observed. For the resolution of these pathologies, in most cases, emergency or elective
surgeries in the initial phase are the most indicated Mans and Sladky (2012). In order to perform
surgical and clinical procedures in this species, anatomical and physiological knowledge is very
important for good physical or chemical containment Furtado and da Silva Sobral (2020). In the
case of chelonians, the anatomical conformation composed of a carapace and a plastron is very
difficult to assess in detail, making it essential to use advanced diagnostic tools to evaluate the
reproductive tract, with computerized axial tomography (CAT) being the diagnostic method and
more sensitive surgical planning compared to radiography and ultrasound Mackey et al. (2008).
A non-invasive CT Computed Tomography and imaging technique that is based on multiplex
radiographs with thin cross-sectional scans without disturbing the superimposed structures,
where the radiographic source, detectors and associated electronics, which are contained in
the gantry, rotate around the patient, which is positioned on a movable table. Wortman (1986).
In assessing the appearance of follicles and ova on CT, it is generally similar to X-rays, as
both use x-rays to obtain images, and CT offers a much larger gray scale and is not limited by
overlap, each follicle and egg is clearly detected and evaluated Gumpenberger (2011). Magnetic
resonance imaging (MRI), a non-invasive imaging technique based on the principle of nuclear
magnetism, constitutes one of the main pillars of preclinical and clinical imaging Walter et al.
(2010), MRI can detect fluorine, carbon, helium or phosphorus, although hydrogen is the most
targeted element, as it is found in abundance in biological samples even in fossils.Mietchen
et al. (2005). Magnetic resonance imaging (MRI) shows better details in terms of the definition
of the internal coelomic structures, above all in the definition of the structure and size of the
follicles and eggs which, depending on the stage and maturity, are visualized as homogeneous
rounded structures of hypointense definition and without signal in weighted scans on T2,
highest intensity on Ti-scan and best seen on Tz-weighted images Straub and Jurina (2001).
On magnetic resonance, preovulatory follicles of lizards appear hyperintense on T2-weighted
sequences. In the case of eggs, the albumen appears hyperintense, the yolk hypointense and
the calcified shell very hypointense on T2-weighted sequences, while on T1-weighted images
the yolk appears with intensity similar to the muscle Krautwald-Junghanns et al. (2010);
Kummrow et al. (2010). However, these CT and MRI exams are admittedly more expensive
than radiography or ultrasound and require special equipment and facilities, so they are not
yet available to all veterinarians.Gumpenberger (2017). In the present work, the objective
was to compare the results of computed tomography and magnetic resonance imaging (MRI)
for surgical and post-surgical planning in the sterilization of females of the species trachemys
scripta elegans.
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Materials and methods

The present work was approved by the Ethics Committee on the use of Animals at the Faculty of
Veterinary Medicine and Zootechnics of the Universidade Estadual Paulista Jilio de Mesquita
Filho (UNESP) — Botucatu (No 162/2021 - CEUA - annex I). The first group of 11 animals
belong to the Center for Medicine and Research in Wild Animals (CEMPAS) of the Faculty
of Veterinary Medicine and Zootechnics, Unesp Botucatu apparently healthy, from confiscation
and donations with an average age of 3 years, with a mass body weight varying between 790
g and 2,130 kg and average = 1.50 £ 0.34 The second group of 11 animals are from the zoo
of Sorocaba apparently healthy, with an average age of 3 to 6 years with a body mass ranging
from 1,090 g and 3,100 kg and average = 1.70 + 0.60. The animals were kept free, in a closed
space with shade (3 m high x 9 m wide x 6 m long) and a swimming pool (1.60 m wide x 1 m
long x 35 cm high and deep) with ventilation, and offered water, minced meat and commercial
feed (Alcon Club Reptomix for reptiles) ad libitum. Each animal was individually examined
and tagged with an alphanumeric number.

Multimodal general anesthesia without reversal:

Chelonians in the first group, made up of 11 animals, were premedicated 30 minutes
before the beginning of the procedures with 0.3 mg/kg IM of detomidine hydrochloride
(Cepesedan®, 10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, IN); Butorphanol 0.4
mg/kg IM (Butorgesic®, 10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DE); 0.5 mg/kg
IM of midazolam hydrochloride (DORmire®, Smg/mL, Cristdlia Prod. Quim. Farm. Ltda., SP,
BR), all mixed in the same syringe and applied intramuscularly (IM) to the forelimb. , for blood
collection and contrast-enhanced computed tomography (CCT) studies and a 0.3 - 5 mg/kg IV
bolus of propofol (PROpovan®, 10 mg/mL, Cristalia Prod. Quim. Farm. Ltda., SP, BR).

The 11 animals in group two were also premedicated 30 minutes before the beginning
of the procedures with 0.3 mg/kg IM of detomidine hydrochloride (Cepesedan®, 10 mg/ml,
CP-Pharma Handelsgesellschaft MbH, NI, DE); Butorphanol 0.4 mg/kg IM (Butorgesic®,
10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DE); 0.5 mg/kg IM of Midazolam
hydrochloride (DORmire®, Smg/mL., Cristilia Prod. Quim. Farm. Ltda., SP, BR), 5 mg/kg
IM of ketamine hydrochloride (Cetamin 100 mg/mL, Syntec, SP, BR), all mixed in the same
syringe, and applied to the forelimb forelimb, for blood collection and magnetic resonance
(MR) studies and two boluses of 0.3 - 5 mg/kg IV propofol (PROpovan®, 10 mg/mL., Cristélia
Prod. Quim. Farm. Ltda., SP, BR) until the completion of the magnetic resonance imaging
procedures. In both protocols, once the sedation and relaxation plan was obtained, a catheter
(22 G x 1) was inserted and fixed in the jugular vein, where blood samples were collected.
Once the samples were obtained, a PRN adapter plug with heparin was placed to maintain
general anesthesia during CBT and MRI, then Ringer lactate was infused at a rate of 20 mL/kg.

Blood collection for analysis blood count and biochemistry:

After sedation, once the jugular vein was catheterized, for group 1, 2 mL of blood
was collected in tubes without anticoagulants for biochemical analysis and for group 2, 2 mL.
were collected in tubes without anticoagulants and 2 mL in tubes with heparin lithium for
hematological and biochemical analysis. The samples were processed at the Laboratory of
the Veterinary Hospital of the School of Veterinary Medicine at UNESP - Botucatu.

For the processing of the hematology analysis, the samples were processed manually and
diluted, the Cobas Mira Plus device from Roche was used, for the total count of erythrocytes
(CTEr) and leukocytes (CTLeu) was performed in a Neubauer chamber; hemoglobin (HGB)
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dosage using the cyanmethemoglobin method (Campbell and Ellis, 2004) and hematocrit
(HCT) using the microhematocrit technique. From the (CTEr) the hematimetric indices of
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular
hemoglobin concentration (MCHC) were mathematically established and for the evaluation of
leukocytes or leukogram it includes the total calculation of leukocytes, determination of the
differential leukocyte count and evaluation of cell morphology in Thrall (2007) stained blood
smears. For the processing of the analysis of blood biochemistry, the dosage of biochemicals of
Urea, Creatinine, Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), Uric
Acid, Alkaline Phosphatase (AP), Albumin (Alb), Total Protein (PT ), a Mindray BS 200E
device and Roche Cobas Mira Plus equipment were used, using a Bioclin commercial kit,
following the manufacturer’s instructions. Thrall (2007)

Technique used for contrast-enhanced computed tomography (CECT): Once the anesthetic
plane was obtained in the patients, the animals were analyzed using the helical tomograph with
only 1 detector, Brand “Shimadzu” (Kyoto, Japan), Model “SCT7800TC”, being performed
transverse helical cuts with 1mm of thickness and 1mm of increment and Pitch:2.5, with 120kV
and 160mA technique. The area varied from 190 mm to 260 mm, depending on the animal’s
diameter. The non-ionic iodinated contrast medium “loexol” Omnipaque® (GE) was used at
a dose of 2ml/Kg (600 mg/kg) a phase (pre-delay) of the contrast stay time test, where the
contrast was injected and a cut was repeated every 5s in the area of interest for 3 min, where the
ideal time of 27s was observed. After performing the exams, the images were processed in the
Voxar 3D software (version 6.3-Toshiba), where volumetric and sequential 3D reconstructions
were performed for better surgical planning. This procedure was performed one week before
the surgical procedures, and again to prove the technique one week before the surgeries after
03, 04 and 05 months after surgery.

Technique used for Magnetic Resonance Imaging (MRI): In the same way as for ( TCC )
once the anesthetic plane was obtained in the patients, the animals were analyzed using an open
field magnetic resonance equipment model MR VET Large 0.25 T from Esaote, the animals
were positioned in ventral decubitus, where according to the size of the animal, two coils
or antennas were used that remained on the animal’s carapace during the entire procedure,
the sequences used were those of SE (Spin-echo)T1, in the dorsal and sagittal planes with a
thickness of 4 mm, was used also the fast spin-echo (FSE)T2 sequence in the dorsal and sagittal
planes with 4 mm, and transverse with 5 mm, the STIR DOR sequence was also used in the
dorsal and sagittal planes of 4 mm according to Turbo 3D T1 volumetric in the dorsal plane
with 1 mm cuts that allow the post-processing of the image in MRP (Multiplanar reformatting)
for sagittal and dorsal planes the area used was the FOU (Field of View) in the dorsal and sagittal
planes with a variation of 24 -26 cm depending on the size of the animal and the transverse plane
of 22 - 24 cm with 3D turbo with an area of 26 cm. This procedure was performed one week
before the surgical procedures, and repeated again to prove the technique 90 days after surgery.

Results

Multimodal general anesthesia without reversal:

Anesthetic protocol for CECT : It was based on the use of 0.3 mg/kg IM of detomidine
hydrochloride (Cepesedan®, 10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DEU); 0.4
mg/kg IM of Butorphanol (Butorgesic®, 10 mg/mL, CP-Pharma Handelsgesellschaft MbH,
NI, DE) and 0.5 mg/kg IM of midazolam Hydrochloride (DORmire®, Smg/mL, Cristédlia Prod
. Quim. Farm. Ltda., SP, BR) with 01 bolus of 0.3 - 5 mg/kg IV propofol (PROpovan®, 10
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mg/mL, Cristdlia Prod. Quim. Farm. Ltda., SP, BR) This protocol showed a good safety margin
for procedures of approximately 45 minutes which is ideal for CECT studies.

Anesthetic protocol for MRI:

It was based on the use of 0.3 mg/kg IM of detomidine hydrochloride (Cepesedan®,
10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DEU); Butorphanol 0.4 mg/kg IM
(Butorgesic®, 10 mg/mL, CP-Pharma Handelsgesellschaft MbH, NI, DE); 0.5 mg/kg IM of
midazolam hydrochloride (DORmire®, Smg/mL, Cristdlia Prod. Quim. Farm. Ltda., SP, BR)
and 5 mg/kg IM of ketamine hydrochloride (Cetamin 100 mg/mL, Syntec, SP, BR) with 02
boluses of 0.3 - 5 mg/kg IV propofol (PROpovan®, 10 mg/mL, Cristdlia Prod. Quim. Farm.
Ltda., SP, BR), This protocol shows a good safety margin for long procedures of approximately
2.5 hours including MRI studies.

Comparison of blood biochemistry tests for healthy animals with animals that presented
pathological conditions:

Blood biochemistry tests: The results of the biochemical tests of the animals that
underwent scans CECT for the first group (N=11) and magnetic resonance imaging MRI for
the second group (N=11) are shown in Table 1.

Comparison of blood biochemistry tests in healthy animals with those animals that
presented pathological conditions after the CECT examination in group 1 and MRI in group
2 and with confirmation during surgeries for the 22 Trachemys scripta elegans that participated
in the experiment are shown in Table 2.

Comparison of the blood count exams of the animals in group 2 where (N=4) healthy
animals and animals that presented pathological conditions (N=6):

Exams Blood count: The results of the blood count exams for the second group (N=10)
of animals that underwent magnetic resonance imaging are shown in Table 3.

Comparison of blood count tests of animals in group 2 where healthy animals were
found (N=4) and animals that presented pathological conditions (N=6) after MRI and confirmed
during surgeries of the 22 females of Trachemys scripta elegans who participated in the
experiment are shown in Table 4.



Table 1. Trachemys scripta elegans blood chemistry tests for group 1 and group 2

Group 1 Animals with CECT

Parameters N Average SD Min. Max.
Urea mg/dL 11 9545 4274 50 162
creatinine mg/dL 11 0.02 0.03 0 0.09
ALT(TGP) UI/L 11 17.55 10.2 7 34
AST (TGO) UI/L 11 17282 59.86 104 315
Uric Acid mg/dL 11 1.28 0.35 0.7 1.8
Group 2 Animals with MRI

Parameters N Average SD Min. Max.
Urea mg/dL 11 30,54 20.62 8 78
creatinine mg/dL 11 0.02 004 O 0.1
ALT(TGP) UI/L 11 27.81 3782 3 140
AST (TGO) UI/L 11 23572 102.89 90 448
Uric Acid mg/dL 11 1.22 0.75 0.6 2.8
Alkaline phosphatase mg/dL. 11 198.27 241.44 28 910
Albumin mg/dL 11 1.29 022 1 1.7
Protein mg/dL 11 4.19 1.65 1 6.7

Note: SD-Standard Deviation, Min.- Minimum, Max. -Maximum
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Comparison of blood biochemistry tests in healthy animals with animals that presented
pathological conditions after (TCC) examination in group 1 and MRI in group 2 and with
confirmation during surgeries for the 22 Trachemys scripta elegans that participated in the

experiment.

Table 2. Comparisons of the blood biochemistry of the 22 animals that presented pathological conditions
(N=14) compared with healthy animals (N=8) after (TCC) exams in group 1, (MRI) in group 2 and
comparisons for animals with pathologies (N=6 ) and healthy (N=4) only for group 2 with 10 Trachemys

scripta elegans females after MRI scans.

2*Parameters Groups 2*Value P
N Pathological N Healthy

Urea mg/dL 14 60.6 +42.4 8 53.8 £44.7 0.725
creatinine mg/dL 14 0.015+0.0316 (a) 8 0.0462 £ 0.0475 (b) 0.047
ALT(TGP) UI/L 14 19 +9.49 8 29.1 +45.1 0.732
AST (TGO) UI/L 14 207 £75.3 8 199 £ 114 0.839
Uric Acid mg/dL 14 1444+£0.628(a) &  0.938 +0.250 (b) 0,043
Alkaline phosphatase mg/dL. 6 150 £47.1 4 93.5 +48.8 0.107
Albumin mg/dL 6 1.25 £0.152 4 1.42 £0.275 0.227
Protein mg/dL 6 4.75 £ 0.339 4 4.15+£221 0.627

There was no significant difference (P > 0.05) in the groups between the mean values
obtained with the exception of the Creatinine and Uric Ac. variables. It is concluded that the
means for both groups do not differ statistically in the vast majority of the variables, i.e. they

are equal.



Table 3. Trachemys scripta elegans blood count

Parameters N Average SD Min. Max.

Erythrocytes 10°/uL 10 265 240 039 631

Hemoglobin g/dL. 10 9.84 1.85 740 14.20
Hematocrit % 10 26.30 290 22.00 30.00
VCM fL 10 311.17 270.72 47.50 682.90
CHCM % 10 3793 10.26  28.50 64.50
Plasma % 10 574 0.78 460  6.60

Thrombotic 0/uL. 10 0.30 095 0.00 3.02

Metarubicites 0/100 leukocytes 10 11.20 1571  0.00 52.00
Leukocytes % 10 746 275 399  12.10
Heterophiles % 10 5410 21.59 22.00 88.00
Lymphocytes % 10 17.00 12.00 4.00 38.00
Eosinophils % 10 10.58 897 2.00 26,00
Azurophiles % 10 457 11.23  0.00 30.00
Basophils % 10 1271 11.65 0.00 31.00
Monocytes % 10 840 7.22  0.00 20.00

Note: SD-Standard Deviation, Min.- Minimum, Max. -Maximum
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Comparison of blood count tests of animals in group 2 where healthy animals were
found (N=4) and animals that presented pathological conditions (N=6) after MRI and confirmed
during surgeries of the 22 females of Trachemys scripta elegans who participated in the

experiment.

Table 4. Comparisons of the blood count of animals that presented pathological conditions (N=6) and
(N=4) for healthy animals after MRI examination in group 2 with (N=10) for Trachemys scripta elegans

2*Parametros Groups 2*Value P
N Pathological N Healthy
Erythrocytes 10°/uL 6 3.374 + 2.386 4 1.572 £2.278 0.335
Hemoglobin g/dL. 6 9.966 + 0.628 4 9.650 + 3.0870 0.851
Hematocrit % 6 27.500 + 2.345 4 24.500 = 3.0 0.112
VCM fL 6 239.533£285.135 4 418.625+242.321 0.352
CHCM % 6 36.450 + 4.025 4 5.250+£0.914 0.690
Plasma % 6 6.066 + 0.546 4 5.250 +£0.914 0.176
Thrombotic 0/uL. 6 05048 +£1.236(a) 4  0.000 +0.00 (b) 0.040
Metarubicites 0/100 leukocytes 6 5.333+6.186 4 20.000 £ 22.464 0.284
Leukocytes % 6 7.248 + 3.440 4 7.785 £ 1.6611 0.781
Heterophiles % 6  47.833£22.648 4 63.500 + 18.645 0.286
Lymphocytes % 6 14.666 + 4.966 4 20.500 £ 19.070 0.999
Eosinophils % 6 11.000 £ 9.757 4 2.000 = 4.000 0.066
Azurophiles % 6 5333+12.110(a) 4 0.000 = 0.000 (b) 0.029
Basophils % 6 14.833+11.196(a) 4 2.5000 +5.000 (b) 0.040
Monocytes % 6 6.333 +5.428 4 11.500 £ 9.291 0.294

There was no significant difference (P > 0.05) in the groups between the mean values
obtained with the exception of the variables Thrombocytes, Eosinophils and Azurophils. It
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is concluded that the means for both groups do not differ statistically in the vast majority of
variables, i.e. they are equal.

Contrast-enhanced computed tomography (CCT) for surgical planning:

In the results of the first group, a total of eight animals were found with ovarian
pathologies, where the small and light ones were not perceived, however these alterations were
observed during the sterilization surgery. 2. and Figure 3. Pre and post surgery.

(b)

Figure 1. Results Contrast-enhanced computed tomography (CCT) with 3D volumetric reconstructions
Voxar 3D software (version 6.3- Toshiba (A) Adherence of the follicles of the most affected left ovary and
adherence of the follicles of the direct ovary Both ovaries were ligated and the follicles that showed less
difficulty. (B) CCT image post-contrast dorsal section, 05 months after surgery without the presence
of ovaries and follicles attached to the bridge between the carapace and plastron, which were almost
removed when the remaining ovaries were removed from the experiment at 05 months.
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() (b)

Figure 2. Results Contrast-enhanced computed tomography (CCT) with 3D reconstructions Voxar 3D
software (version 6.3- Toshiba (A) Adherence of left ovary follicles more affected and adherence of the
follicles of the right ovary, where both ovaries were connected and were follicles that presented less
difficulty to extract were extracted. (B) Post-operative TCC image Contrast dorsal section, 04 months
after surgery without the presence of ovaries and follicles adhered to the bridge between the carapace
and plastron, which were removed together with the remaining ovaries

() (b)

Figure 3. Results Contrast-enhanced computed tomography (CCT) with volumetric 3D reconstructions
Voxar 3D software (version 6.3- Toshiba (A) Follicles of the left and right ovary unchanged, the ovaries
were ligated and extracted (B) Post-contrast CCT image cut dorsal, 03 months after surgery without the
presence of ovaries and follicles.
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Magnetic resonance imaging (MRI) for surgical planning:

The results of the second group were found a total of six animals with ovarian
pathologies and normal physiological states, were observed in the images and during the
sterilization surgeries as shown in the Figures. 4, 5 and 6.

Page: 19 of 27

(a) (b)

Figure 4. T2 Magnetic Resonance Imaging (MRI) for Surgical Planning and Post-Surgical Verification in
turtles. (A) Image of (RM), with bilateral follicular stasis and presence of eggs (B) Image of MRI, sagittal
section, 60 days after surgery without the presence of ovaries.
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(b)
Figure 5. T2 Magnetic Resonance Imaging (MRI) for Surgical Planning and Post-Surgical Verification in

tortoises (A) MRI image, sagittal section, with non-pathological bilateral follicular stasis; (B) Image MRI,
sagittal section, 60 days after surgery without the presence of ovaries

FMWVZ-UNE

Figure 6. T2 Magnetic Resonance Imaging (MRI) for Surgical Planning and Post-Surgical Verification in
turtles. (A) MR image, sagittal section, with non-pathological bilateral follicular stasis; (b) Image MRI,
sagittal section, 60 days after surgery without the presence of ovaries

Graph 1. Animals that presented disease during surgery: Of the 22 animals that
participated in the experiment, healthy animals (N = 8) and animals with pathologies in the
reproductive system (N = 14) were found, being represented in Graph 1.
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Figure 7. Healthy animals (N = 8) animals with internal coelomatic conditions (N = 14).

Main attributions of the technique used for contrast-enhanced computed tomography
(CCT):

In CT computed tomography, the morphometric length measurements as well as the HU
analysis (Hounsfield scale) were performed in two windows (bone and soft tissue), of structures
such as eggs, follicles, adjacent tissues, remnants of ovarian tissue, tissues of organs such as
liver and bone tissue, in addition to verifying the relative position of the ovary and adjacent
tissues within the coelom. (Fig. 1) The sagittal, transverse and dorsal planes were used by
computed tomography.
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(a) b)

Figure 8. CT dorsal section, in a window suitable for bone (A) and for soft tissues (B), of Trachemys
scripta elegans in a 90-day postoperative period after removal of ovarian tissue using the Ovariectomy
technique by excision and occlusion of the port vascular. HU measurement was performed in
circumscribed medium attenuation tissue compatible with connective tissue in a location located in the
region where the surgery was performed

One of the advantages of using computed tomography is the condition of morphometric
analysis with mathematical data of structures with infrastructural contrast and anatomical
identification.  In the CT reconstruction of the images, two- and three-dimensional
representations of the animals’ coelom, as well as the ovaries and adjacent tissues, were
generated by volumetric 3D reconstructions when compared to two-dimensional MRI
reconstructions. In assessing the distribution of ovaries and their relationship with adjacent
tissues, dorsal sections have the advantage of wider spatial observation when compared to
other sections. CT made it possible to distinguish the regions of eggs and follicles, as well
as scarring reactions after surgical removal of the ovaries, as well as to evaluate the distribution
and morphology of medium and large blood vessels using the angioTomo reconstruction tool.

Main attributions of the Technique used for Magnetic Resonance Imaging (MRI):

The images obtained for magnetic resonance were of the same planes and regions
previously mentioned for CT, providing anatomical and structural data; the images were
compared between magnetic resonance imaging and computed tomography regarding the
feasibility of techniques for evaluating the internal structures of eggs and follicles, as well
as for surgical planning and evaluation of post-surgical results based on the observation of
tissue remodeling or healing after removal of the ovaries. In MRI techniques, the T1 phase
provides hypersignal linked to fat, while in T2 the hypersignal is linked to fluid, characterizing
the follicles filled with tissue compatible with fat and the presence of fluids in the shell of
unfertilized eggs, in “Stir” it can tissue connected to fat inside the follicle can be observed,
whereas in Turbo 3D the hypersignal is linked to the same characteristics of related tissues in
T1. Fig. 8.
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Figure 9. MRI dorsal section showing the different attenuation in T1, T2, Stir and Turbo 3D phases in
tortoises

Comparison of computed tomography (CT) and magnetic resonance imaging (MRI)
technique:

Evaluating by MRI in the T2 phase, the presence of fluid was observed in the shell
of the eggs, demonstrating properties of non-fertilized eggs. Follicular atresia in mammalian
and non-mammalian vertebrates has been studied and compared for a long time, and there are
reports that vitellogenic follicles become atretic due to inadequate gonadotropic stimulation or
due to an irregular balance of several hormones. In lizards and snakes, atretic eggs or follicles
are described as a vitellogenic egg that was not fertilized, eliminated at or close to parturition in
viviparous animals. Histological analyzes showed the appearance of degenerating eggs at the
beginning of the ontogenetic stage (under shape change characteristics) with spots, clusters of
apparently dead cells (Corréa, 2019). Fig. 9.
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(b)

Figure 10. Contrast-enhanced MRI (A) and CT and 3D reconstruction (B) in Trachemys scripta elegans
showing preovulatory follicular stasis and postovulatory phase with egg retention

The MRI evaluation in the T1 phase demonstrated the presence of Isosignal and slight
Hyposinal inside the eggs, as well as in liver tissues linked to the presence of fat in both tissues.
By the MR and CT techniques evaluated, it was possible to detail the presence of post-surgical
remodeling, with formation of connective tissue in the places where the ovarian structures were
performed and surgical ligatures were made of the blood vessels that irrigate the ovaries of the
animals under study, the images were compatible with the histology findings with connective
tissue and small area of tissue necrosis due to lack of blood supply at the site. Fig. 10.
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(b)

Figure 11. MRI (A) and CT with the use of contrast and 3D reconstruction (B) in Trachemys scripta
elegans in a 90-day postoperative period after removal of ovarian tissue using the ovariectomy technique
by excision and occlusion of the vascular supply. Two circumscribed structures of moderate hypersignal
compatible with location of connective tissue (*) are observed.

Discussion

For years, several drugs have been used with very high doses for chemical containment and
anesthesia in reptiles. An option for reducing these drugs is the use of analgesia and multimodal
anesthesia, which is defined as the use of more than one pharmacological class of analgesic
medication targeting different receptors along the pain pathway in order to improve analgesia
and reduce side effects Schwenk and Mariano (2018).

In the present research, the use of dissociatives in two drops or not, were different
from the findings by Adel et al. (2017) who worked with higher doses with up to 120mg/kg
of ketamine. Thus proposing the use of lower doses of ketamine and the use of Detomidine in
combination with other drugs that were reversed at the end of the surgical procedures, which
were unprecedented, without mentioning the use in the doses of these drugs in the literature.

The blood biochemistry values in the present study for the Urea parameters were higher
in group 1 and similar in group 2 to those obtained by gradela2020 serum. For Creatinine, the
values were lower for both groups than those obtained by Gradela et al. (2020).

For uric acid, the values were higher for both groups than those obtained by Gradela
et al. (2020), and Kennedy et al. (2012) in young Kemp’s ridleys in healthy animals

For ALT (TGP) the parameters were lower for group 1 and higher in group 2.

For AST (TGO) the values were lower in group 1 and higher in group 2 than those
obtained by Gradela et al. (2020).

For group 2 (N = 11) the Protein values were lower than the values obtained by Gradela
et al. (2020).
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For the Alkaline Phosphatase (A.F) values, the values were higher than the values
obtained for Podocnemis expansa by Santos et al. (2005). For albumin values, the results were
lower than those obtained by gradela2020serum.

When AST values are high, it can suggest signs of lipidosis or liver damage, and in a
group of animals with pathology, internal coelomic changes with marked presence of fatty liver
were confirmed at the time of surgery Rivera (2008). ALT has low activity in reptile plasma and
is therefore less reliable than AST for assessing liver damage Almosny and Monteiro (2007);
Campbell and Ellis (2004).

Comparing the groups of animals with conditions and healthy animals in Table 2,
statistical differences were observed for Uric Acid and Creatinine and for both groups higher
levels of urea were presented, which which may suggest kidney damage, or also be a normal
physiological phase, where increased urea and uric acid may be present in reproductively active
animals, and may also be a change secondary to dehydration Rivera (2008).

The hematology results for group 2 (N = 10), for the red series were lower for
Erythrocytes compared to the results obtained by Medeiros et al. (2012) and Gradela et al.
(2017), for hemoglobin and hematocrit they were higher than for Medeiros et al. (2012), and
Gradela et al. (2017), for VCM results were higher and for CHCM they were lower than those
of Gradela et al. (2017) for plasma and thrombotic values were not found in the literature for
the species.

The results of the white series for leukocytes were lower than the results for Medeiros
et al. (2012) and Gradela et al. (2017), for Heterophiles it was higher than the results for
Medeiros et al. (2012), for Azurophiles it was higher than for Bergamini (2016) in the species
Chelonoidis carbonaria, eosinophils was lower than Medeiros et al. (2012), basophils and
lymphocytes were higher than Medeiros et al. (2012) and monocytes were lower than Medeiros
et al. (2012).

The decrease in Erythrocytes suggests conditions of dehydration, inadequate nutrition,
erythrolysis (autoimmune, by hemoparasites, by hemorrhage), chronic disease, non-
regenerative anemia and renal disease Wilkinson (2004); Selleri and Hernandez-Divers (2006),
in the same way an increase in Hematocrit may be related dehydration is linked to non-
regenerative anemia, giving a false sense of normal hematocrit in Selleri and Hernandez-Divers
(2006) kidney disease.

There is an inverse relationship between the size of erythrocytes and the total number
of circulating cells; thus, as MCV increases, the number of circulating erythrocytes decreases.
Mature erythrocytes from reptiles have a higher MCV compared to birds, fish and mammals,
published data for turtles, respectively (500 to 540 fl). Campbell (1998); Raskin (2000).

Thrombocytes play an active role in thrombus formation, blood clotting and wound
healing. In addition, they have a pluri-potential character in anemic conditions, they can
transport oxygen, supplying the demand caused by the loss of erythrocytes Frye (1991).
Likewise, they also appear to have phagocytic capacity under certain conditions and before
certain chemotactic agents. Abnormal thrombocytes may appear, with polymorphic nuclei; its
presence is believed to be associated with severe inflammatory diseases Frye (1991).

Heterophils are mainly phagocytic cells so significant increases are associated with
inflammatory diseases, especially infectious diseases or those involving tissue damage,
described also in liver or kidney infection or inflammation, in acute liver inflammation or in
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acute kidney disease Selleri and Hernandez-Divers (2006) . Increased azurophils have been
described in association with inflammation and infection, and as parasitism Salakij et al. (2002).

Increased basophils have been linked to the presence of parasitic infections (intestinal
parasites and occasionally hemoparasites) and viral Innis et al. (2007) infections.

The increase in lymphocytes is described in association with inflammation, parasitic and
viral infections and neoplasms such as leukemia, as well as wound healing conditions STRIK
et al. (2007); Silverstone et al. (2007).

Increased monocytes are associated with inflammatory diseases such as stomatitis and
chronic nephritis, as well as granulomatous hepatitis. Peripheral blood monocytes often
exhibit phagocytic activity. Erythrophagocytosis and leukophagocytosis by these cells may be
associated with anemia and the presence of infectious diseases STRIK et al. (2007); Simpson
(2006).

In the comparison of the Blood Hemogram exams of the animals that presented
pathological conditions (N=6) and healthy (N=4) in the Table 2, statistical differences were
observed for Thrombocytes, Azurophils, and Basophils in both groups

In the morphometric evaluation, abnormal thrombocytes may appear, with nuclei
polymorphic; its presence is believed to be associated with severe inflammatory diseases
Frye (1991). Increased azurophils have been described in association with inflammation and
infection, and as parasitism Salakij et al. (2002). Increased basophils have been linked to the
presence of parasitic infections (intestinal parasites and occasionally hemoparasites) and viral
infections Innis et al. (2007).

It can be considered that hematological alterations in chelonians whose clinical and
physical evaluation is difficult due to their anatomy complement the diagnoses by advanced
magnetic resonance imaging and computed tomography that go beyond the plastron and shell,
providing valuable clinical information to be considered during pre-surgical planning and post-
surgical

The results of the study reported here have the objective of serving as an aid in the choice
of imaging techniques to be chosen for future studies with identification and measurement of
eggs and follicles in tartarugas, as well as serving as pre-surgical planning parameters and
monitoring of post-surgical results in the species in question

For the present study, MR provided an excellent contrast to two tissue moles and
produced an enrichment in the evaluations proposed here in the quality of images of the majority
of the structures of tissue moles, as well as being described by other authors Hage and Iwasaki
(2009).

As images selected were slices in the dorsal plane with T2 weighting, protocols to obtain
good quality magnetic resonance images for each phase of the cycle of American water turtles
twelve as well as previous articles described.

The remaining ovaries as well as the eggs and follicles were located ventrocaudally in
the coelomatic cavity. The interior of two follicles has signal intensity similar to that of the liver
Lima (2002), due to the presence of fat tissue both in the liver and in the egg gem Fernandes
(2014) on T2-weighted images, which can be identified due to the slightly hypointense signal
(Fig.5) .



89

(a) b)

Figure 12. MRI (A) and CT with the use of contrast and 3D reconstruction (B) in Trachemys scripta
elegans presenting pre-ovulatory follicular stasis

Regarding the computed tomography exam, the density of the post-surgical scar tissue
(HU) was on average 80 HU, showing the difference in the density of two follicles measured by
da Silva et al. (2017), where the images will show the presence of circumscribed structures, with
dimensions varying from 1.10 to 2.70 cm, with a density of 104.57 Housing Units (HU), located
in two ovarian topography. A Hounsfield scale is used to measure the attenuation coefficient
of a feixe of X-rays passing through the body, in this scale, the radiodensity of distilled water
under standard conditions of temperature and pressure is defined as zero Hounsfield units (HU),
as for Radiodensity of ar under the same conditions is defined as -1000 HU and at dense bone,
3000 HU Buzug (2008).

Tomography was evaluated in the presence of scar tissue with the presence of fibrosis
in the mid-caudal region of the coelomatic cavity, ventral to the carapace corresponding to the
area of realization of the two-vessel ligation and surgical removal of the ovary.

One of the limitations of both computed tomography and magnetic resonance imaging
is the artifacts caused in some circumstances such as movement of the animal’s intestinal tract,
presence of radiopaque content in GI treatment, due to ingestion of metallic elements during
animal feeding (air).

As in other imaging diagnostic methods, magnetic resonance (MR) and computed
tomography are subject to different types of artifacts that can confuse the moment of
interpretation or even reduce the quality of the images, being important to recognize the artifacts
in order to differentiate between them. the anatomical characteristics or even pathological
processes, being the result of the acquisition and manipulation of images and/or characteristics
of the patient Palacio et al. (2002)

The trachemys are generally omnivorous animals in nature, eating leaves, flowers and
fruits, in addition to plants, small invertebrates among other foods that they can find not only,
due to their availability or habit of ingesting soil or air (normally found in terrariums prepared
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for breeding animais (geophagy) is a habit common to many species of chelonians (Matushima
2001).Mas (2001)

The metals present in the sediment can be remobilized by water through changes in
the physical-chemical characteristics of our rivers, also raising the seas, exercising a biological
function they function in aquatic ecosystems, therefore, depending on the characteristics of the
two metais and their concentration, can present toxicity for plant and animal organisms (de Sa,
2016). Artifacts will also occur in our tests due to the presence of a foreign body such as metal.
tags or microchips or rings, typically used to identify two animals of a conservation species
ambient Marco et al. (2012). Fig.6

(a) (b) ()

Figure 13. MR artifact (A) caused by movement demonstrating double image in eggs, (B) artifact caused
by metallic structure in pelvic limb (Chip) and (C) CT artifact caused by presence of metal in digestive
tract

Conclusion

Therefore, we can conclude that the image diagnosis, in the modalities of magnetic resonance
and tomography, allowed to identify the presence of eggs and follicles in the pre and post
ovulatory phase in the different evaluated animals and different phases of the estrous cycle, to
differentiate periovarian tissues and of eggs and follicles with their different physicochemical
characteristics well identified mainly on magnetic resonance imaging, working with imaging
methods that are well suited for surgical planning of ovariectomy and post-surgical follow-up
of these animals.
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