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MARQUES, A.E.G.W. Avaliacdo ecocardiografica de coelhos submetidos a
infusdo continua de lidocaina sedados com midazolam. 2019. M357a. Dissertacao
(Mestrado) Faculdade de Medicina Veterinaria, Universidade Estadual Paulista,
Aragatuba, 2019.

RESUMO

A lidocaina é um farmaco versatil muito utilizado na rotina clinica. No entanto, ha
poucos estudos que avaliam o0s seus efeitos sobre o coracdo. Para esta finalidade, a
ecocardiografia transtoracica € uma ferramenta que possibilitava a avaliacdo das
funcdes sistélica e diastélica em tempo real. Como este estudo, objetivou-se avaliar
os efeitos da infusdo continua de lidocaina sobre as funcdes sistolica e diastdlica do
ventriculo esquerdo de coelhos higidos sedados com midazolam. Para tanto, foram
utilizados dez coelhos da raca Nova Zelandia, quatro machos e seis fémeas, com
idade de nove meses, pesando 3,2 + 0,3 kg, sendo todos os animais sedados com
midazolam na dose de 1 mg/kg pela via intramuscular e submetidos a dois tratamentos
experimentais (controle e lidocaina) com intervalo minimo de sete dias entre os
tratamentos. No tratamento controle (TC) administrou-se solucéo de cloreto de sodio
a 0,9% (0,05 mL/kg) em bolus seguida de infusdo continua na taxa de 5 mL/hora; no
tratamento lidocaina (TL) administrou-se primeiramente um bolus de lidocaina a 2%
sem vasoconstritor na dose de 1 mg/kg seguido de infusdo continua na taxa de 50
png/kg/minuto, sendo mantidos os mesmos volumes administrados para ambos 0s
tratamentos. As principais variaveis analisadas foram: frequéncia cardiaca (FC),
pressao arterial média (PAM), indice de resisténcia vascular periférica (IRVP), indice
cardiaco Doppler (ICD), fracdo de encurtamento (FEC), fracdo de ejecdo (FEJ),
velocidade da onda S’ e relagao E'/A'. Todos os parametros ecocardiogréficos e de
presséao arterial foram avaliados antes do inicio do bolus (Ms) e 20, 40 e 60 minutos
apos o inicio da infusdo continua (M20, Mao € Meo). As variaveis estudadas foram
submetidas ao teste de ANOVA com medidas repetidas e teste post hoc de Tuckey
por meio do softwere GraphPad Prism 6.01. N&o houve diferenca entre tratamentos
para os indices de funcao sistdlica FEC, FEJ e onda S', para o ICD e PAM. As
variaveis de funcao diastdlica relagao E'/A' e o TRIV demonstraram padrdo normal de

relaxamento. Os resultados apontam que o uso da lidocaina em infusdo continua na



taxa de 50 pg/kg/minuto ndo alterou as funcles sistolica e diastélica do ventriculo
esquerdo de coelhos higidos sedados com midazolam. Portanto, nas condi¢cdes

experimentais estabelecidas, a lidocaina mostra-se segura sob o ponto de vista
cardiovascular.

Palavas-chave: Coracao. Ecocardiografia. Funcéo diastélica. Funcao sistolica.
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Dissertacdo (Mestrado) Faculdade de Medicina Veterinaria, Universidade Estadual
Paulista, Aracatuba, 20109.

ABSTRACT

Lidocaine is a versatile drug widely used in clinical practice. However, there are few
studies that evaluate its effects on the heart. For this purpose, transthoracic
echocardiography is a tool that allows an evaluation of the systematic and diastolic
units in real time. The aim of the study was evaluate the effects of continuous rate
infusion of lidocaine on systolic and diastolic functions of the left ventricle of healthy
rabbits sedated with midazolam. Ten New Zealand rabbits, four males and six females,
aged nine months, weighing 3.2 £+ 0.3 kg were sedated with midazolam at the dose of
1 mg/kg intramuscularly and submitted to two experimental treatments (control and
lidocaine) with a minimum interval of seven days. In the control treatment (CT), 0.9%
sodium chloride solution (0.05 mL.kg') was administered in bolus followed by
continuous infusion at a rate of 5 mL.hour?!; a 2% lidocaine bolus without
vasoconstrictor at the dose of 1 mg.kg™ followed by continuous infusion at the rate of
50 ug.kgt.minute! was first given in lidocaine treatment (LT). The main variables
analyzed were: heart rate (HR), mean arterial pressure (MAP), peripheral vascular
resistance index (PVR), Doppler cardiac index (DCI), shortening fraction (FEC),
ejection fraction (EFJ), velocity of the wave S 'and relation E'/A". All parameters were
evaluated before the onset of the bolus (Ms) and 20, 40 and 60 minutes after the start
of continuous rate infusion (M2o, M40 and Meo). The studied variables were submitted
to the ANOVA test with repeated measurements and post hoc Tuckey test using the
software GraphPad Prism 6.01 There was no difference between treatments for the
systolic function indexes FEC, FEJ and wave S ' for DCI and MAP. The E'/A' ratio and
TRIV variables showed normal relaxation pattern. The results indicate that the use of
continuous rate infusion of lidocaine (50 pg.kgt.minute?) did not alter the systolic and
diastolic functions of the left ventricle of healthy rabbits. Therefore, under established
experimental conditions, lidocaine is shown to be safe from the cardiovascular point of

view.
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CAPITULO 1 - CONSIDERACOES GERAIS

Os anestésicos locais sdo amplamente utilizados na rotina clinica e dentre
eles, a lidocaina se destaca por ser a mais conhecida e utilizada devido a sua
versatilidade, sendo empregada em diferentes situacdes como arritmias ventriculares,
endotoxemia e anestesia multimodal. A lidocaina é um farmaco hidrossolivel de curta
duracdo que desempenha atividade anestésica local decorrente do bloqueio da
conducado nervosa. Seu mecanismo de acdo envolve o bloqueio dos canais de sodio
presentes na membrana dos neurdnios, impedindo a propagacao do potencial de acao
mantendo a célula em estado de repouso (LeBLANC, 1990).

A biotransformacdo da lidocaina se da pela via hepatica de primeira
passagem resultando na remocao de aproximadamente 70% do farmaco antes de
atingir a circulacao sistémica. Durante este processo, dois metabdlitos principais sao
formados, a monoetilglicinaxilidina e a glicinaxilidina, sendo o primeiro
farmacologicamente ativo (DIFAZIO; BROW, 1972; STENSON et al.,, 1971). Sua
excrecao ocorre por via renal e biliar (DIFAZIO; BROW, 1972).

Na cardiologia veterinaria, a lidocaina € comumente utilizada no tratamento
emergencial das arritmias ventriculares (ROSSI et al., 2007). Sua administracao
intravenosa em bolus (na dose de 2 mg/kg) e/ou infusédo continua (na taxa de 30-80
ug/kg/minuto) €, frequentemente, empregada em cées com fibrilacdo ventricular ou
taquicardia ventricular (SMITH JUNIOR et al., 2016).

Além disso, a literatura mostra que a lidocaina possui propriedades
analgésicas, pré-cinéticas, anti-inflamatérias, antioxidantes e antiendotoxémicas, bem
como promove a diminuicdo do requerimento de anestésicos injetaveis e inalatérios
(FEARY et al., 2005; MUDGE, 2007; MUIR et al., 2003; PEIRO et al., 2010;
ROBERTSON et al., 2005; VALVERDE et al., 2004). Diversos estudos relacionam a
administracdo da lidocaina, por via intravenosa, a reducdo da concentragcao alveolar
minima (CAM) do isofluorano em varias espécies como: cdes (MUIR et al., 2003;
VALVERDE et al., 2004), gatos (PYPENDOP; ILKIW, 2005), equinos (DZIKITI et al.,
2003; ENDERLE et al., 2008) e caprinos (DOHERTY et al., 2007).

Por mais que os estudos demonstrem os efeitos benéficos da utilizacao da
lidocaina em diferentes condigBes clinicas, suas interacdbes com o sistema

cardiovascular sdo pouco estudadas. Todavia, o conhecimento desses efeitos é
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indispensavel ja que muitas vezes a lidocaina € empregada em pacientes criticos que
apresentam comprometimento hemodinamico.

A literatura cientifica dispde de alguns estudos que avaliaram os efeitos
cardiovasculares da lidocaina em diferentes espécies, entretanto, os resultados
divergem em alguns pontos. Vitola et al. (1997) observaram reducéo da area de infarto
no miocardio de coelhos, sugerindo que este resultado se deva a reducéo da producao
de radicais livres por neutrofilos sobre o tecido reperfundido. J& Muller-Edenborn et al.
(2016) utilizaram ferramentas de analise segmentar do miocardio e observaram
melhora da funcao ventricular de ratos com isquemia, tratados com lidocaina.

Em caes, Muir et al. (2003) estudaram os efeitos da infusdo de lidocaina na
dose de 50 pg/kg/minuto e observam a reducéo da CAM do isofluorano em 29% sem
causar alteracdes significativas na pressao arterial média (PAM), frequéncia cardiaca
(FC), saturacéao parcial de oxigénio na hemoglobina (SpO2), pH e gases sanguineos.
Semelhantemente, Valverde et al. (2004) observaram reducéo da CAM do isofluorano
em 18,7 e 43,3%, respectivamente, sem alteracdes significativas na FC e PAM apds
a administracdo de 2 mg/kg de lidocaina seguida de infusdo de 50 pg/kg/minuto ou
200 pg/kg/minuto. No entanto, um estudo em humanos demonstrou que administracéo
intravenosa de lidocaina (bolus de 1,5 mg/kg seguido de 1,5 mg/kg/minuto) foi
responsavel pela reducdo no requerimento do anestésico volatil (sevofluorano), porém
com reducao significativa na presséao arterial e FC (WEINBERG et al., 2017). Além
disso, experimentos in vitro observaram efeito inotrépico negativo da lidocaina no
miocardio de ratos e porcos (DAVID et al., 2006; LINCH, 1986).

Ressalta-se que, apesar de os estudos apontados avaliarem os efeitos
hemodinamicos e cardiovasculares da lidocaina, os mesmos ndo contemplaram a
analise da funcdo sistélica e diastolica do ventriculo esquerdo, informacdes de suma
importancia na compreensao das interacdes do farmaco no trabalho do coracao.
Nesse contexto, a ecocardiografia transtoracica torna-se uma ferramenta atil na
avaliacdo da funcdo ventricular sob a influéncia farmacologica. Por meio de suas
propriedades ultrassonograficas, torna-se possivel avaliar a funcdo e estrutura
cardiaca de forma né&o invasiva e em tempo real (BOON, 2011). Esse método tem sido
amplamente empregado na pesquisa moderna, analisando a interagao de diferentes
farmacos com o coracgao (KIM et al., 2015; MARQUES et al., 2018).
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No tocante aos efeitos da lidocaina sobre as variaveis ecocardiograficas, a
literatura consultada dispde de um anico estudo com caes, no qual Kim et al. (2015)
ndo observaram alteracbes nas varidveis ecocardiogréficas de funcéo sistélica
ventricular esquerda e sobre a FC e pressdo arterial de Beagles tratados com
lidocaina em bolus de 2 mg/kg seguido de infusdo continua na taxa de 25
png/kg/minuto. No entanto esse trabalho ndo contemplou a andlise de variaveis
referentes a funcao diastdlica.

Este estudo utilizou a espécie leporina como modelo experimental. A
espécie leporina € amplamente utilizada para o estudo do sistema cardiovascular
devido a suas semelhancas com o homem (SILVA et al., 2011). Estudos com a
espécie demonstraram discreta reducao do débito cardiaco e da presséao arterial apés
a administracao intravenosa de 1 mg/kg de lidocaina (WIKTOROWSKA et al., 1999).
Apesar da semelhanca do ponto de vista anatomofisiolégico, a espécie leporina é
pouco domesticada e, na maioria dos estudos, requer contencdo quimica para a sua
utilizacdo. Dentre os farmacos disponiveis, o midazolam se destaca pela sua
seguranca e por produzir minimos efeitos cardiovasculares. Dentre eles, pode reduzir
a pressao arterial pela diminuicdo da resisténcia vascular periférica (MUIR, 2009;
CORTOPASSI; FANTONI, 2010). Ademais, devido a sua acéo agonista de receptores
do acido gama aminobutirico (GABA), proporciona adequada sedacdo com rapido
inicio de acdo e meia vida de 1,3 a 2,2 horas (LEMKE, 2007). Silva et al. (2011)
avaliaram os efeitos de diferentes farmacos sedativos em variaveis ecocardiogréficas
de coelhos e concluiram que a administracdo de midazolam isoladamente
proporcionou sedacdo mais eficaz e permitiu a realizacdo de exame de qualidade
devido a estabilizacdo da frequéncia cardiaca por menor estimulacdo simpética.

Isso posto, com o estudo objetivou-se avaliar os efeitos da infuséo continua
de lidocaina na funcéo sistélica e diastélica do ventriculo esquerdo de coelhos
sedados com midazolam. Para isso, parte-se da hipétese que o farmaco, na taxa de
50 pg/kg/minuto ndo produzira alteracbes clinicas relevantes nas variaveis

ecocardiograficas de funcao sistélica e diastolica ventricular esquerda.
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CAPITULO 2 — A INFUSAO CONTINUA DE LIDOCAINA NAO ALTERA AS
FUNCOES SISTOLICA E DIASTOLICA VENTRICULAR ESQUERDA DE

COELHOS SEDADOS COM MIDAZOLAM
RESUMO

Objetivo: Avaliar por meio da ecocardiografia transtoracica os efeitos da infusdo continua de
lidocaina sobre as funces sistdlica e diastdlica do ventriculo esquerdo de coelhos higidos

sedados com midazolam.

Animais: Dez coelhos da raga Nova Zelandia, sendo quatro machos e seis fémeas, com idade

de 9 meses, pesando 3,2 + 0,3 kg.

Procedimentos: Todos os animais foram sedados com midazolam na dose de 1 mg/kg pela
via intramuscular e submetidos a dois tratamentos experimentais (controle e lidocaina) com
intervalo minimo de sete dias. No tratamento controle (TC) administrou-se solucéo de cloreto
de sddio a 0,9% (0,05 mL/kg) em bolus seguida de infusdo continua na taxa de 5 mL/h; no
tratamento lidocaina (TL) administrou-se primeiramente um bolus de lidocaina a 2% sem
vasoconstritor na dose de 1 mg/kg seguido de infusdo continua na taxa de 50 pg/kg/minuto.
As principais variaveis analisadas foram: frequéncia cardiaca (FC), pressao arterial média
(PAM), indice de resisténcia vascular periférica (IRVP), indice cardiaco Doppler (ICD),
fragdao de encurtamento (FEC), fracdo de ejecao (FEJ), velocidade da onda S’ e relacao E'/A".
Todos os parametros foram avaliados antes do inicio do bolus (Mg) e 20, 40 e 60 minutos
apos o inicio da infusdo continua (M2, Mao € Meo). As variaveis estudadas foram submetidas
ao teste de ANOVA com medidas repetidas e teste post hoc de Tuckey por meio do softwere

GraphPad Prism 6.01.
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Resultados: N&o houve diferenga entre tratamentos para os indices de fungéo sistdlica FEC,
FEJ e onda S', para o ICD e PAM. As variaveis de fungdo diastolica onda E’, relagdo E'/A' e o

TRIV demonstraram padrdo normal de relaxamento.

Concluséo e relevancia clinica: Os resultados apontam que o uso da lidocaina em infuséo
continua na taxa de 50 pg/kg/minuto ndo alterou as fungdes sistdlica e diastolica do ventriculo
esquerdo de coelhos higidos sedados com midazolam. Portanto, nas condigdes experimentais

estabelecidas, a lidocaina mostra-se segura sob o ponto de vista cardiovascular.

Palavras-chave: diastole, ecocardiografia, miocéardio, sistole
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INTRODUCAO

A lidocaina é um farmaco versatil que ndo se restringe apenas as suas propriedades
anestésicas. Além de diminuir o requerimento de anestésicos injetaveis e inalatorios, tem sido
amplamente empregada como agente antiarritmico, pro-cinético, anti-inflamatorio, anti-
endotoxémico e redutor da producéo de radicais livres.® Diversos trabalhos apontam que a
administracdo da lidocaina em infusdo continua foi responsavel pela reducdo da concentracdo
alveolar minima de isofluorano em cées,>8 gatos,® equinos %! e caprinos.? Além disso,
Bakan et al. (2015)*2 correlacionaram seu uso a diminuicdo das necessidades analgésicas no

periodo pds-operatorio.

Devido as suas propriedades, pacientes criticos podem se beneficiar com a infusdo continua
de lidocaina, contudo, a estabilidade hemodinamica deve ser assegurada. No entanto, 0s
estudos divergem no tocante aos efeitos da lidocaina no sistema cardiovascular e a sua acéo
em infusdo continua sobre coracéo raramente é estudada. Binnion et al. (1969)* referiram
implicacdes inotrdpicas negativas apenas em doses elevadas em cdes. Em um estudo em
coelhos, Wiktorowska et al. (1999)*° observaram reducdo no débito cardiaco apos a
administracdo de 1 mg/kg de lidocaina pela via intravenosa (I\V). Em outro experimento in
vitro, David et al. (2007)® observaram efeito inotrépico e lusitropico negativos da lidocaina
no miocardio de ratos. Ja na espécie canina, Takada et al. (2007)'" demonstraram efeito
cronotrdpico negativo, porém sem reducéo do débito cardiaco.

Dentre os métodos empregados para avaliacdo hemodinamica, atualmente a ecocardiografia
transtoracica destaca-se por ser um método nao invasivo que possibilita o estudo do ciclo
cardiaco em tempo real, aperfeicoando a compreensao das interag@es de inimeros farmacos
na dindmica miocardica.®?* Até o momento, ha um nimero limitado de estudos investigando
as implicag6es da infusdo continua de lidocaina nas varidveis ecocardiograficas de funcao

sistolica e diastdlica do ventriculo esquerdo. A compreensdo das interagfes desse farmaco ao
American Journal Veterinary Research, normas em Anexo 1.
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longo do ciclo cardiaco é indispensével para a utilizagdo segura na rotina clinica da medicina

humana e veterinaria.

Isto posto, com o presente estudo objetivou-se avaliar por meio da ecocardiografia
transtoracica, os efeitos da infusdo continua de lidocaina sobre as funces sistélica e diastolica
do ventriculo esquerdo de coelhos saudaveis. Nossa hipotese é que, comparado com os efeitos
da infusdo continua de solugdo NaCl 0,9%, a infusdo continua de lidocaina (taxa de 50
Hg/g/minuto) ndo produzira alteracdes clinicamente relevantes nas varidveis ecocardiogréaficas
de funcdes sistolica e diastolica ventricular esquerda de coelhos saudaveis sedados com

midazolam.

MATERIAL E METODO

Animais

Foram utilizados dez coelhos da raga Nova Zelandia, sendo quatro machos e seis fémeas, néo
castrados, com 9 meses de idade e peso médio de 3,2 + 0,3 kg. Os coelhos foram considerados
saudaveis com base no exame fisico geral, exame ecocardiografico e eletrocardiografico. Os
animais permaneceram em baias individuais, alimentados com ragdo comercial seca duas
vezes ao dia, agua ad libitum e hortalica folhosa uma vez ao dia. O estudo foi aprovado pelo
Comité de Etica no Uso de Animais (CEUA) da instituicio, sob processo FOA n° 00437-
2017.

Protocolo experimental

Antes de cada procedimento, os animais foram privados de alimento e &gua por um periodo
de duas horas. A ordem e o protocolo experimental executados foram determinados de
maneira aleatdria por sorteio no softwere Microsoft® Office Excel?. A fim de propiciar

melhores condi¢des para realizacdo do ecocardiograma, todos os coelhos foram sedados com
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midazolam® na dose de 1 mg/kg pela via intramuscular. Apds 10 minutos, os animais foram
vendados com mascara e condicionados em uma caixa propria para contencdo. Em seguida,
realizaram-se dois blogueios locais com 0,05 mL de lidocaina 2%° na regido de cateterizacéo
dos vasos para permitir a obtencdo do acesso arterial e venoso. Subsequentemente, introduziu-
se um cateter 24G na artéria auricular central para monitoracdo da pressao arterial sistémica; e
outro na veia marginal da orelha para infusdo do farmaco ou da solucdo de cloreto de sédio.
Os cateteres foram ocluidos com adaptador e preenchidos com solugdo contendo heparina.

Os mesmos animais foram submetidos a dois tratamentos com intervalo minimo de 7 dias,
sendo: TC - solucdo de cloreto de sédio a 0,9% em bolus seguido de infusdo continua; TL —
lidocaina © em bolus de 1 mg/kg seguida de infusdo continua de 50 pg/kg/minuto. Para a
infusdo continua, a lidocaina foi diluida em solu¢do NaCl 0,9% sendo infundido em ambos os
tratamentos 5 mL/hora, mantendo-se 0s volumes iguais para ambos os tratamentos.

As variaveis de interesse foram obtidas antes da administracdo do farmaco ou solugédo
fisiol6gica (Mg) e 20, 40 e 60 minutos ap0s o inicio da infusdo continua (M2o, Mao € Meo,
respectivamente). Apds a colheita das variaveis no Mg, administrou-se o bolus e
subsequentemente, com o auxilio da bomba de seringa®, iniciou-se a infus&o continua
conforme estabelecido para cada tratamento.

Durante os protocolos experimentais, os avaliadores responsaveis pelas colheitas das variaveis
desejadas desconheciam o tratamento empregado. A frequéncia cardiaca (FC) foi avaliada
pelo tracado eletrocardiografico simultaneo gerado pelo ecocardidgrafo €. A pressao arterial
sistdlica (PAS), diastdlica (PAD) e média (PAM) foram determinadas pelo método invasivo
por leitura direta em monitor multiparamétrico’, cujo transdutor foi acoplado ao cateter
previamente alocado na artéria auricular central e posicionado no nivel do coracéo,
considerado referéncia “zero” para calibragdo do aparelho. O indice de resisténcia vascular

periférica (IRVP) foi calculado pela férmula: IRVP = (PAM/ICD) x 80, sendo o indice
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cardiaco Doppler (ICD) calculado pela férmula ICD = (VTI x Aao)/AC, em que VTI
corresponde & integral tempo-velocidade, Aao a area adrtica e AC a area corporal.??

Com a finalidade de minimizar os efeitos de estresse, os coelhos foram manipulados sempre
pelas mesmas pessoas, sendo as anélises realizadas em local apropriado e com os animais de
olhos vendados por méscara.

Exame ecocardiografico

Para melhorar a aquisicdo das imagens, realizou-se tricotomia das regides paraesternal
esquerda e direita de todos os animais. Os exames ecocardiograficos foram realizados e
analisados sempre pelo mesmo individuo, que desconhecia o protocolo experimental aplicado
aos animais. Utilizou-se ecocardiégrafo® com transdutor multifrequencial de 4 a 11 MHz, com
registro simultaneo do tracado eletrocardiogréfico, sendo os dados armazenados para posterior
realizacdo das medidas e célculos.

As variaveis ecocardiograficas do ventriculo esquerdo em modo-M foram adquiridas na janela
paraesternal direita com o animal posicionado em decubito lateral direito. A partir da
visualizacdo bidimensional do ventriculo esquerdo em eixo transversal, no plano cordal, com
0 auxilio do eletrocardidgrafo, mensurou-se o diametro interno do ventriculo esquerdo em
diastole (DIVEd) tendo como referéncia a onda R e, em sistole (DIVES), a onda T.% De posse
desses valores, calculou-se o volume ventricular esquerdo em sistole (VVES) e em diastole
(VVEd).?

Posteriormente, posicionou-se o animal em decubito lateral esquerdo para obtencdo da
imagem apical quatro camaras, a partir da janela paraesternal esquerda. Por meio do Doppler
pulsado mensurou-se o pico de velocidade do enchimento ventricular esquerdo precoce (onda
E) e de contragdo atrial (onda A); em seguida, a partir da imagem apical cinco camaras, com
a visualizacdo do espectro do fluxo aortico, mensurou-se a integral tempo-velocidade (VTI)

adrtica; o tempo de relaxamento isovolumétrico (TRIV) foi obtido posicionando-se o cursor
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do Doppler pulsado equidistante entre a via de saida do ventriculo esquerdo e o fluxo
transmitral, sendo determinado o tempo desde o término do fluxo transadrtico até o inicio da
onda E.2

O estudo da movimentacéo tecidual anular mitral foi realizado por meio da ferramenta
Doppler tecidual pulsado, a partir do corte apical quatro camaras, com amostra de volume
posicionada a margem lateral do anel mitral. Foram obtidos dois picos negativos de
velocidade tecidual: um referente a fase de enchimento precoce do ventriculo esquerdo (onda
E’) e 0 outro a fase de contragdo atrial (onda A’). Além disso, obteve-Se um pico positivo na
fase sistolica, denominado onda S’.

De posse de todas as medidas ecocardiograficas, foram calculadas: fracdo de ejecdo (FEJ) e
de encurtamento (FEC), indice cardiaco Doppler (ICD), indice de ejecdo Doppler (IED),
relagdes E/A e E'/A'. 2

Andlise estatistica

Todas as variaveis do estudo apresentaram distribui¢cdo normal conforme o teste de Shapiro-
Wilk e foram avaliadas por meio de analise de variancia (ANOVA) com medidas repetidas.
ComparacGes de médias foram realizadas pelo teste post hoc de Tukey. As analises foram
executadas com o auxilio do software GraphPad Prism 6.01 (GRAPHPAD, 2012). As

diferencas foram consideradas significativas quando o valor de P < 0,05.

RESULTADOS

Os resultados das varidveis analisadas estdo descritos nas Tabelas 1 e 2 de acordo com 0s
momentos e tratamentos utilizados. Em ambos os tratamentos, as varidveis FC, PAS, PAD,
PAM, IRVP, ICD, FEC, FEJ, onda S’ e TRIV ndo apresentaram diferenca entre momentos e
tratamentos. Quanto ao IED, ndo houve diferenca entre tratamentos, porém no TL houve

aumento no Moo, M4o € Mo comparado ao Mg, sendo este de 16%, 22% e 20%,



28

respectivamente. Apenas no TL os DIVEd e DIVEs apresentaram aumento de 15% no Meo
comparado ao Mg. Todavia, ndo houve diferenga entre os tratamentos.

Observou-se a sobreposicao das ondas E e A em 30% (12/40) das avaliagdes do fluxo
transmitral do TC e 32,5% (13/40) do TL. Em ambos os tratamentos ndo houve relacéo
E/A<1. Na avaliacdo com Doppler tecidual houve sobreposicdo das ondas E' e A’ em 2,5%
(1/40) no TC e 12,5% (4/40) no TL. Todos os animais de ambos os tratamentos apresentaram
relagdo E'/A’ >1.

DISCUSSAO

Mediante a literatura consultada, existem poucas informagdes acerca dos aos efeitos da
infusdo continua de lidocaina nas funcdes sistolica e diastolica do ventriculo esquerdo. Com
os resultados obtidos, foi possivel observar que a lidocaina administrada em coelhos na taxa
de 50 pg/kg/minuto ndo alterou as funges sistélica e diastélica ventricular esquerda de
animais saudaveis. Esses achados contribuem para a maior seguranca e aplicabilidade do
farmaco, tendo em vista que a taxa de lidocaina empregada no estudo em tela é amplamente
utilizada em diversas situacdes na rotina clinica.

A escolha da espécie leporina da-se pelo fato de que o coelho é um dos modelos
experimentais utilizados para a avaliacdo do sistema cardiovascular frente as suas
semelhancas com o homem.?® Porém, devido as suas caracteristicas comportamentais, muitos
ndo permitiram a contencao fisica prolongada necessaria para avaliacao ecocardiogréafica
seriada, dificultando a realizacdo do estudo. Com os animais acordados, necessitou-se de um
tempo maior para a estabilizacdo da FC devido a resposta simpética exacerbada,
inviabilizando, em primeiro momento, a realizacdo deste estudo. Dessa forma, fez-se
necessaria a utilizacdo do midazolam para possibilitar a avaliacdo ao longo dos 60 minutos. A
dose empregada de 1 mg/kg baseou-se no trabalho prévio de Silva et al. (2011),%° os quais

observaram sedacdo adequada e menor influéncia sobre a FC e as varidveis ecocardiogréficas
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de coelhos. Sendo assim, a sedagdo com midazolam foi fundamental para a execucédo deste
experimento, tendo permitido a correta excussédo das técnicas de ecocardiografia para a
obtenc¢éo de imagens de melhor qualidade e confiabilidade.

O método de ecocardiografia transtoracica empregado neste estudo, além de nédo invasivo,
propicia informacdes em tempo real, permitindo a analise fidedigna dos eventos decorrentes
de cada fase do ciclo cardiaco. Diferentemente de outro estudo realizado por Wiktowska et al.
(1999), os quais utilizaram métodos invasivos para a monitoragéo dos efeitos
hemodindmicos da lidocaina, o presente estudo analisou as influéncias do farmaco nas
funcdes sistodlica e diastdlica de coelhos saudaveis a partir das variaveis ecocardiograficas.
Semelhantemente ao observado no estudo ecocardiografico em cies de Kim et al. (2015),%
com os resultados obtidos € possivel inferir que a administracao de lidocaina na taxa de 50
pg/kg/minuto ndo alterou as variaveis de fungdes sistdlica e diastdlica ao longo dos 60
minutos avaliados.

As caracteristicas farmacodinamicas da lidocaina administrada por via intravenosa em
coelhos foram pouco avaliadas, assim, a escolha da dose utilizada baseou-se em trabalhos
anteriores com cées,?’ a qual mostrou-se segura. A taxa empregada nao induziu alteragdes
significativas na FC durante os 60 minutos de avaliacdo. Esse resultado corrobora o de outros
autores,?® 27 os quais ndo encontraram alteracdes clinicamente relevantes da FC em seus
estudos com coelhos e cées.

A variaveis FEJ, FEC e DIVEs foram utilizadas para avaliar a funcdo sist6lica ventricular
esquerda. Esses métodos apresentam boa aplicabilidade em coelhos, conforme observado por
Silva et al. (2011).%5 As FEJ e FEC n#o apresentaram diferencas entre tratamentos e
momentos. J& os DIVEs e DIVEd ndo apresentaram diferenca entre tratamentos, no entanto,
nos animais tratados com lidocaina, os diametros apresentaram discreto aumento ao longo do

tempo, sendo significativo apenas em Meo (15%). Todavia, esses resultados ndo possuem
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relevancia hemodindmica, ja que os aumentos foram minimos e os valores permaneceram
dentro dos limites de referéncia para a espécie.?® Isso posto, esses resultados mostram que a
lidocaina ndo influenciou negativamente a funcéo sistdlica ventricular esquerda, de acordo
com 0s métodos experimentais empregados.

No tocante ao IED, ndo houve diferenca entre os tratamentos, porém, durante a administracéo
de lidocaina, ocorreu discreto aumento do mesmo nos momentos 20, 40 e 60 minutos. Os
resultados divergem de outros estudos em diferentes espéciest®>?*% os quais observaram
discreta reducdo do IED. Sabe-se que essa variavel pode ser diretamente influenciada pelos
valores de pos-carga, pré-carga e pela contratilidade miocardica.®® Por meio do IRVP pode-se
observar que a pds-carga ndo sofreu alterages ao longo do tempo em ambos os tratamentos.
Semelhantemente, a pré-carga, avaliada indiretamente pelo DIVEd, permaneceu estavel ao
longo de praticamente todos 0s momentos, mostrando pequeno aumento apenas em Meo. Da
mesma maneira, a contratilidade miocardica ndo sofreu alteragGes significativas conforme os
resultados das varaveis FEC, FEJ e DIVEs.

Devido a manutencdo dos indices de funcdo sistdlica, da FC e do IED, os valores de ICD nao
apresentaram alteracdes em ambos 0s tratamentos. Esses resultados divergem do estudo de
Wiktorowska et al. (1999),*® no qual foi observada reducéo do débito cardiaco de coelhos
apos a administracdo IV de 1 mg/kg de lidocaina. No entanto, esses autores consideraram
minima essa reducdo. As PAS, PAD e PAM ndo apresentaram diferencas ao longo do tempo
em ambos 0s tratamentos e entre momentos. Esses resultados se devem a manutencao dos
valores de ICD e IRVP, ja que a pressao arterial é diretamente influenciada pelo débito
cardiaco e resisténcia vascular periférica.®

A velocidade méxima de encurtamento miocéardico (onda S) do anulo mitral foi empregada
para avaliar a funcgdo das fibras longitudinais do ventriculo esquerdo. Na maioria das

condicBes que levam a disfuncéo sistdlica, as fibras miocardicas longitudinais sdo afetadas
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precocemente, antes das fibras radiais e circunferenciais, sendo sua avaliagdo fundamental
para a deteccdo precoce de comprometimento sistdlico.3 Neste estudo, a onda S’ ndo
apresentou diferengas entre os tratamentos e momentos avaliados, evidenciando que a
lidocaina na dose empregada nédo influenciou o inotropismo cardiaco.

O fluxo transmitral, assim como as varidveis de movimentacéo tecidual e o tempo de
relaxamento isovolumétrico (TRIV), foram utilizadas para investigar os efeitos da lidocaina
sobre a funcdo diastolica do ventriculo esquerdo. A disfuncéo diastolica pode preceder a
disfuncio sistdlica,®® sendo sua avaliagdo indispensavel para a compreenséo do estudo da
funcdo ventricular esquerda como um todo. No presente estudo, a FC elevada dos animais, em
relacdo a FC humana, ocasionou a sobreposicdo das ondas, sendo a onda A indistinguivel em
30 e 32,5% das avaliagfes no TC e TL, respectivamente. Como a avaliacdo pelo método de
Doppler tecidual sofre menor influéncia da FC,3**® houve a fusdo das ondas em 2,5% e 12,5%
no TC e TL, respectivamente, sendo a maior ocorréncia em Mg prejudicando a interpretacao
das variaveis de funcao diastdlica deste estudo. Contudo, na avaliacdo por Doppler tecidual
pulsado, nenhum animal apresentou relagdo E'/A'<1, demonstrando padrdo normal de
relaxamento.? Ha estudos que demonstram redugdo da onda E’ com o agravamento da
disfuncéo diastélica.®® Observando os resultados do estudo em tela, nota-se discreta reducio
da onda E' no TL quando comparado com o TC apenas no M4o, Sendo esse achado sem
relevancia clinica devido a analise em conjunto das variaveis. Além disso, o TRIV ndo
apresentou diferengas entre tratamentos e momentos. Portanto, esses resultados apontam que
ndo houve prejuizo na fungdo diastolica ventricular esquerda com a infusdo continua de
lidocaina na dose estipulada. Destaca-se que a ferramenta Doppler tecidual pulsado foi de
extrema importancia para avaliacdo da fungéo diastolica, pois esta sofreu menor influéncia da

FC.
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O estudo apresenta algumas limitacdes que devem ser levadas em consideragdo para melhor
aplicacdo e intepretagdo dos resultados. O uso de animais saudaveis limita a aplicagdo destes
resultados para pacientes com comprometimento cardiovascular, principalmente aqueles
portadores de disfuncao sistélica e/ou diastdlica do ventriculo esquerdo, nos quais as
pequenas variacoes observadas podem levar a alteracGes clinicamente relevantes. Devido ao
comportamento da espécie, foi necesséria a utilizagdo do midazolam, o qual pode ter
influenciado nos resultados apresentados. Além disso, o tamanho amostral reduzido e o tempo
de avaliacdo podem ter sido insuficientes para a detecgé@o de alteracdes relevantes nas
variaveis estudas, mormente aquelas relacionadas ao efeito cumulativo do farmaco
empregado. Ainda, taxas mais elevadas do fArmaco devem ser estudadas, pois se sabe que
altas doses podem causar efeito supressor sobre o coracdo. Finalmente, 0 uso de técnicas
ecocardiograficas mais avancgadas e de alta sensibilidade, como o speckle tracking, permitiria
a avaliagdo mais precisa da deformacéo miocérdica, enriquecendo o entendimento das
interacdes da lidocaina com o coracao.

Portanto, os resultados encontrados permitem concluir que a infusdo continua de lidocaina, na
taxa de 50 pg/kg/minuto, ndo alterou os indices ecocardiograficos de funcdo sistdlica e

diastdlica do ventriculo esquerdo de coelhos saudaveis sedados com midazolam.

NOTAS DE RODAPE

2 Microsoft® Office Excel

bDormire® 15mg/3mL Critalia LTDA

¢ Xylestesin® 2% sem vasocontritor Cristalia LTDA

d Syringe pump BSS 200-Biosensor, S&o Paulo, Brazil
¢ MyLabTM 70 X Vision

" Digicare LW9X, Boynton Beach, Florida, USA
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Tabela 1 - Varidveis ecocardiogréficas e hemodindmicas (média £ desvio padréo) de coelhos
sedados com midazolam submetidos a infuséo continua de solugdo de NaCl 0,9% (TC, n=10)

ou lidocaina (TL, n=10) em diferentes momentos.

Momentos (minutos)

Variaveis
Tratamentos Basal 20 40 60
TC 218 * 25 203 + 24 199 + 20 204 + 22
FC (bpm)
TL 230 + 22 213 + 25 200 + 12 200 + 15
TC 80+ 7 85 + 10 85+ 7 89 + 10
PAM (mmHg)
TL 82+6 85+7 80 +6 86 +9
TC 130+16  137+12  140+09  136+17
DIVEd (mm)
TL 127+07  136+10  138+11  146+08*
TC 97+09 96+08  100+11 98+14
DIVEs (mm)
TL 90+0.6 97+0.6 97+09  103+07*
TC 30+5 30+4 29+5 28+5
FEC (%)
TL 29 + 3 28+3 29+ 2 29+3
TC 6L+7 61+6 60 +7 59 + 7
FEJ (%)
TL 60 +5 59 + 4 61+3 60 + 4
TC 010+001L 007+001 008+002 008001
Onda S' (m/s)
TL 009+003 008+001 008+001 008+0,01
IED TC 1514+229 1424+174 1492+276 1519+ 250
(mL/batm?) TL 1412 +303 1643 +3.46% 17,19 +1,83* 1693 + 2.41*
ICD TC 331+063 287+029 300+077 308045
(L/minutoxm?) TL 322+061 350+093 345+047 340+064
IRVP TC 2005+ 394 2378+334 2423+692 2370 + 454
H 5
(dinaxseg/cm’ TL 2041+368 2000+579 1883 +286 2020 + 368

m2)

*P < 0,05 em relacdo ao momento basal pelo teste de Tukey. DIVEd — didmetro interno do
ventriculo esquerdo em diastole; DIVES — diametro interno do ventriculo esquerdo em sistole;
FEJ - fracdo de ejecdo; FEC - fracdo de encurtamento; FC - frequéncia cardiaca; ICD - indice

cardiaco Doppler; IED - indice de ejecdo Doppler; IRVP - indice de resisténcia vascular



periférica; Onda S’ - pico sistolico da velocidade de movimentacdo miocardica; PAM -

pressao arterial média.
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Tabela 2 - Variaveis ecocardiograficas (média £ desvio padrdo) utilizadas para avaliar a funcédo

diastdlica do ventriculo esquerdo de coelhos sedados com midazolam submetidos & infuséo continua

de solugdo de NaCl 0,9% (TC, n=10) ou lidocaina (TL, n=10) em diferentes momentos.

Momentos (minutos)

Variaveis
Tratamentos Basal 20 40 60
onda E TC 064+012 059+0,16 065+013 067013
(m/s) TL 067+010 058+0,12 067+0,08 067+0,11
onda E* TC 010+001 009+001 009+001 009001
(m/s) TL 009+002 009+002 008+001" 0,09 +0,02
/ TC 218+070 196+046 192+041 174+039
E'/A"
TL 164+045 172+069 1,79+043 1,92 +0,56
TC 46 + 2 45 + 4 45 + 3 46+4
TRIV (ms)
TL 48 + 3 45 + 4 46 + 2 45+ 4

TValor significativamente (P < 0,05) diferente em relagdo ao TC pelo teste de Tukey. Onda

E - pico de velocidade do enchimento ventricular esquerdo rapido; Onda E’ - pico de

velocidade precoce do enchimento ventricular; E’/A’ — relagdo entre onda E’ e onda A’;

TRIV - tempo de relaxamento isovolumétrico.

A relacdo E'/A' ndo foi realizada em 2,5% (1/40) de TC e 12,5% (5/40) de TL devido a

sobreposicao das ondas.
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unless there are compelling reasons to do so.

* The scientific editors reserve the right vo seek
special external review of these manuscripts from
individuals with technical and biosecurity expertise
to assist their decision.

* Authors and reviewers are expected to alert the
AVMA  scientific editors when submitting or
reviewing manuscripts with dual-use potential.

# The final decision for publication as well as the means
of communicating manuscripts with  dual-use
potential will be made by the editor-in-chief. An
accompanying editorial may be published.

Scientific misconduoct

The AJ¥R strongly supports and upholds the code
of conduct espoused by the international Committes on
Publication Ethics (COPE) to promote integrity in the
conduct and reporting of research. The Journal wiews
gravely instances of scientific misconduct, which COPE
defines as “the intention to cause others to regard as
true that which is not.” Such misconduct includes but is
not limited to data fabrication or falsification, deceptive
image manipulation, and plagiarism. In signing the
Copyright  Assignment  Agreement and Authorship
Farm, authors atvest that their works are original and
free of scientific misconduct

The AWR is ethically obliged to investigate all
suspicions or allegations of scientific misconduct,
including plagiarism. Therefore, authors are expected to
kniow and understand the definition of plagiarism as well
as the consequences. The AVR considers plagiarism
the ntentional or unintentional use of another's ideas
or words as one’s own, without attribution to the
original source. Such use can range from copying of brief
passages from previous publications {with or without
changing a few words) vo copying of entire portions of
text, data, or both.

Detection of plagiarisrm and other instances of
scientific misconduct will result in noufication of the
primary author, the coauthors, and possibly the author’s
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institution, depending on the extent of misconduct and
nature of the deception (e intentional. reckless, or
negligent). Further sanctions for misconduct detected
pricr to publicaton will depend on the author's
response to the allegations and may range from
adronition by the editor to rejection of the manuscript,
barring of the author(s) and their institution from future
considerations, referral to the author's institution for
further disciplinary action, and informing of other
editors and the indexing authorities. For misconduct
detected after publication, these sanctions can extend
to retraction of the report, with full explanation of the
reason, and reporting to other authorities.

MANUSCRIPT CATEGORIES

Reports of original research, review articles, and
letters to the editor will be considered for publication
in the AIVR: clinical reports that describe features of |
or more cinical cases  will generally not be
considered. For reports of original research, preference
iz accorded to those that provide nowvel findings that
could be expected to have dinical or practical valus
within the next seweral years. Review articles should
forus on subject areas in which important advances have
been made during the past 5 years.

Readers who submit letters to the editor must limit
themn to 500 words (longer letters will be condensed as
needed) and & references. Letters must be original and
cannot have been published or submitted for publication
elsewhere. Mot all letters are published; all leters
accepted for publication are subject to editng. Those
pertaining to anything published in the AJVR should be
received within | month after the date of publication of
the material to which they refer. Submission via email
(Journalletters{@avma.org) & encouraged; authors
should give their full contact information including
address. daytime telephone number, fax number, and
ermail address. Letters containing defamatory, libelous,
or malicious staterments will not be published, nor will
letters representing attacks on or attempts to demean
weterinary societies or their committees or agencies.

MANUSCRIFT PREPARATION

Authors should pay close attention to the following
guidelines for manuscript preparation and format
Manuscripts that are not prepared in accordance with
these guidelines will be returned to the authors for
amendment and resubmission

Format

Manuscripts (including footnotes, references. figure
legends. appendices, and tables) should be prepared
with the following attributes:

« B5 ¥ |l-inch (or A4) page size

* Double-space typed

# | Z-point Times Mew Roman font
# |-inch (2.5-cm) margins

* Left justification

* Seguential line numbering

Organization and contents
Manuscripts should be organized as follows:

* Title page

* Structured abstract (when applicable; letters to the
editor and review articles do not have a structured
abstrace)

* Abbreviations list (when applicable)

* Text

*  Acknowledgments

* Footnotes

* References

* Figure legends

* Appendices

* Tables

Title page

The title page must include the manuscripe title and
the first name, middle initial, and last name of each
author, along with sach author's professional degree
and highest sarned academic degree (eg. M5 or PhD,
HMPVM). Academic degrees lower than the bachelor's
degree  (eg. associate degrees), specalty board
certifications, fellowship designations, and honorary
degrees should not be listed: a bachelor's degree should
be listed only it is the author’s only degres.
Professional affiliatons (full mailing addresses) of the
authors at the time of the study should be indicated. i
an author’s affiliation has changed since the study was
performed, the auwthor's new affiliation should be
identifiad as well. Finally, the name and email address of
the corresponding author must also be included on the
title page.

Smructured abstract

With the exception of review articles, all manu-
scripts must include a structured abstrace of 250 or
fewer words, organized under the following headings:

*  Dbjective

* Anirmals (or Sample)

* Procedures

* Results

# Conclusions and Clinical Relevance

Abbreviations list
All abbreviations except for standard abbreviations
(see www.avma.orgMewsJournals/Documents/AVMA-
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Journals-Style-Smndard-Abbreviatons.pdf for full list)
and units of measure should be listed in alphabetical
order at the beginning of the manuscript text (after the
Svructured Abstract and before the mtroductory
section), along with their definitions. These
abbreviations should then be used without expansion in
the text, figures, appendices, and tables, except at the
start of a sentence, in which case the expanded term
should be used.

Text

The text should begin with an introductory section
(which does not have a heading) and then be organized
under the following headings:

* Materials and Methods
* Results
» Discussion

The intreductory section should supply sufficient
pertinent background information to allow readers to
understand and interpret the results. [t must include the
rationale for the study, a clear statement of the purpose
of the study, and the inwestigators’ hypothesis or
hypotheses. It generally should be brief (2 to 3
paragraphs is often sufficient) and is not intended to be
a thorough review of all information on a subject.

The Materials and Methods section should describe
the experimental design in sufficient detail vo allow
others to reproduce the study. A subsection detailing
statistical methods wsed to summarize data, evaluate
data distributions, and test hypotheses, along with a
statement regarding the level of significance used for
hypothesis testing. should be provided. Appendices and
methods-related figures should be cited parenthetically.
Products (including software), equipment, and drugs
should be identified in the text by chemical or generic
names or descriptions. A trade name may be included in
a lettered footnote i that specific product, equipment,
or drug was essential for the outcome. For all statistical
tests, authors are reguired to indicate whether
applicable test assumptions were met. VWhen citing
software products, a foowmote should be used to cite the
software (eg. PROC GLM, 5AS, version 3.2, 5AS
Institute Inc, Cary, MC) and a reference should be used
to cite a user's guide (eg. SAS/STAT 9.2 user's guide. Cary,
MEC: 5A5 Institute Inc, 2008 page number).

The Results section should provide data that are
clearly and simply smated withowt discussion or
conclusions. Tables and figures should be cited
parenthetically. Authors should refrain from repeating
within the text data that are also presentad in tables.
Authors of manuscripts reporting gene sequences
should submit those sequences to an appropriate data
bank.

The Discussion section should foous on findings in
the manuscript and should be brief (generally no more
than 2,000 words), containing only discussion that is
necessary for the interpretation of findings. The
Dizcussion should concentrate mainly on what is known
in nonhuman animals, with less emphasis on what s
kniown in humans. It should not contain any subheadings.

In general, the main text should be brief and focus
on the main issues. Although theres are no word limits
for reports in the AJVR, the main text (ie, all text other
than the acknowledgments, footnotes, references, figure
legends, appendices. and tables) for most manuscript
should consist of no more than 3,000 to 4,000 words.
Manuscripts that are excessively long may be returned
for removal of nonessential information.

Acknowledgments

The Acknowledgments section is where informa-
tion on sources of funding and support and conflicts of
interest must be listed, along with any disclaimers, any
acknowledgments of individuals who made mportant
contributions to the study but did not meet the criteria
for authorship, and any previous presentations of the
findings at scientfic meetings. In addition, for stdies
involving multiple institutions, a statement indicating
where the work was done may be included, if applicable.
For information on listng sources of funding and
support and conflicts of interest, see the editorial
policies on Funding and support and Conflicts of interest
and financial disclosures.

The Acknowledgments section should be wsed to
identify specific individuals who had an important role in
or made important contributions to the swdy but who
do not meet the criteria for authorship. In general, this
includes individuals who contributed intellectually to the
study or report but whose contributions do not justify
authorship, individuals who provided technical assis-
tance (eg, individuals who performed special tests or
research). and individuals who assisted with the
statistical analyses.

The Acknowledgments section should not be used
simiply as a method of expressing gratitude o individuals
who had a minor role in the study. The
acknowledgments should not include individuals whose
only contribution to the study or report involved the
routing performance of their normal job duties and who
did not provide any unusual or extraordinary intellecoal
contribution or technical expertise to the swdy.
Acknowledgments of nonspecific groups (eg. the
intensive care unit technicians) and unidentifiable groups
(eg. the ancnymous contributors or study participants)
are not allowed.

Individuals named in the acknowledgments must
hawe given their permission to the authors to be listed,
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because readers may infer their endorsement of the
data and conclusions.

Foomotes
Footnotes are to be used when referencing each of
the following types of information:

Abstracts

Conference presentations

Cnline databases

Personal communications

Products, drugs, equipment. and other materials
Statistical and computer software

Theses and disseratons

Cther unpublished materials (e preliminary

reports)

Specific products, equipment, or drugs should be
included in the footnotes only if they were essential to
the ouwtcome of the report or study. Products,
equipment, and drugs that are commaonly used materials
in veterinary medicing need not be foomoted.

Footnotes should be cited in the text as
superscript levters and listed alphabetically after the
Adknowledgments section and before the references. i
more than 26 footnotes are required, continue the
sequence with double letters (eg aa. bb. and cc). For
products and equipment, provide complete information
in the foomote, including manufacturer’s name and
location (ie, city, state, and country [if other than the
United States]).

References

Authors bear primary responsibility for accuracy of
all references. References must be limited to those that
are necessary and must be cited in the text by
superscript numbers in order of citation. Journal titles
in the Reference section should be abbreviated in
accordance with the Mational Library of Medicine
{wwwenchinlmonih_govinimcatalogfjournals)  and Index
Medicus  (www2l.bg.am_poznan.pl'czasopisma’medious.
phpflang=eng). For references with more than 3 authors,
only the first 3 authors should be listed, followed by et
al. The following is the style used for common types of
references:

#» Article in a journal

I.Lamont LA, Bulmer B). Sisson DD, et al. Doppler
echocardiographic effects of medetomidineg on dynamic
left ventricular outflow tract obstruction in cats. | Am
Vet Med Assoc 2002:221:1276-1281.

# EBook chapter
2. Muir P, Johnson KA, Manley PA. Fractures of the
pelvis. In: Birchard 5), Sherding RG. eds. Saunders manual

of small onimal proctice. 2nd ed. Philadelphiaz WE
Saunders Co, 2000;1 126-1132.

* Proceedings

1. Moocre MP, Bagley RS, Harrington ML, et al
Intracranial turvors, in Proceedings. 14th Annu Meet Vet
Med Forum 1996:331-334.

# Electronic material

4. Animal and Plant Health Inspection Service. Bovine
spongiform encephalopathy (B3E). Awvailable at wwow.
aphis.usda. gow/lpa/issues’bse/bse himl. Accessed Feb 18,
2003,

Figures

Figures should be limited to those that reduce or
clarify the text. Images of clinically normal animals are
not usually required. nor are images of equipment unless
the eguipment has been set up in a special way and the
setup is integral to the study. Text and symbols should
be large encugh that they will stll be legible when the
figure is reduced to | column in width during publication
(in general, this means that all text and symbols must be
at least 1.5 mm tall when the figure is reduced vo & cm
in width). Text labels should start with a capital letter
(eg. Cranial vena cava).

Tao ensure high-quality reproduction. symbols used
to represent data in graphs should be limited to white
and black circles. triangles, and squares; axes should be
labeled in Helvetica or Arial font Keys to data symbaols
may be placed in a small box inserted into the unused
portion of graphs. Symbaols used in figures and tables
should be assigned in the following crder:

Asterisk (¥)

Dagger (1)

Double dagger (1)
Section indicator (§)
Double vertical bar (1)
Paragraph indicator ()
Pound sign ()

Two asterisks ()

Two daggers (1)

* Twao double daggers (3f)

Photomicrographs and electron micrographs must
include an internal scale marker. For figures that include
multiple panels, each panel should be seguentially
labeled with a capital letter in the same corner of each
panel. If a figure contains 2 or more rows of panels, the
letter labels should be applied sequentially from left to
right in the first row, then from left to right in the
second row, and so on.
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For preparation of digital versions of figures, please
see the section on preparation of electronic files for
manuscript submission.

Figure legends must be provided at the end of the
manuscript, after the references and before any
appendices and tables. Sufficient information should be
included to allow the figure to be understood without
reference to the text Abbreviations defined in the
abbreviations list at the beginning of the text do not
need to be expanded: however, newly introduced
abbreviations in figures should be defined in the figure
legend. in alphabetical order. When applicable. stmins
used for microscopic examination of specimens must be
indicated in the legend as well as the scale of the marker
bar (eg, H&E stain: bar = 100 pm). Figure legends for
ECG traces must include the paper speed and scale (eg,
Paper spead = 50 mm/s; | cm = | mV). Authors wishing
to use any previouslty published figures must submit
written permission from the copyright holder.

Appendices

Appendices may be provided when information
pertaining to the Materials and Methods could be more
succinctly and cearly summarized in tabular rather than
narrative format Examples of information that might
lend itself to an appendix include scoring and
classification rubrics; lists of nucleotide seguences;
tabular summaries of complex treatment protocols; and
compositions of diets or feedstuffs. Copies of
questionnaires and surveys also qualify as appendix
materials but should instead be submitted in pdf format
for publication as online supplementary material.

Tables

Tables are reserved for reporting of findings and
not for describing the materials and methods.
Submission of excessive tabular data is discouraged, and
tables should be limited to those contining data
imporant to understanding and interpreting results of
the study. All tables should be placed at the end of the
manuscript, after the figure legends. Authors will be
asked to delete tables containing data that could be
reported more succinctly in the text. Tables that focus
solely on findings in individual animals rather than
summary data from groups of animals are to be avoided.
Authors wishing to use any previously published tables
must submit written permission from the copyright
haolder.

For the order of symbol use in tables, please refer
to the instructions for preparation of figures. To
indicate significant differences between or among values
in a row or column, symbols or superscript lowercasa
letters assigned in alphabetical order (a—z) may be used.
if additional differentiation is needed (eg. i differences
need to be reported in both rows and columns) and

lowercase letters have already been used. superscript
uppercase letters in alphabetical order (A-Z) may be
used.

Supplementary materials

Additional materials that are not in themselves
essential to the understanding of the article but provide
an important expansion of the article contents may be
submitted for publication as supplementary materials.
Examples include extended descriptions of experimental
methods or statistical analyses. extended bibliographies,
additional supportng data or results (eg tables and
figures), reporung checklists, copies of survey
instruments or questionnaires, handouts, forms, and
multimedia representations (eg. video clips) of relevant
content. All published supplementary materials are
subject to copyright

Supplermentary materials must be useful vo readers
and relevant to the article; redundant and extraneous
content will not be accepted. Whether supplementary
materials will be accepted for publication is solely at the
discretion of the editors. Supplementary materials
accepted for publication will not appear in the printed
wersion of the journal but will be posted on the journal’s
website. ldeally, supplementary materials will be sent
with the manuscript to external reviewers for peer
review. WWhether supplementary materials have or have
not undergone peer review will be indicated on the
landing page where the supplemental materials are
posted.

Supplernentary materials should be prepared in
compliance with the general guidelines for manuscript
style. Although supplementary materials may undergo
minor copy editing or forrmatting, they generally will not
underge the same substantive editing provided for
manuscripts. Therefore, the authors are responsible for
ensuring carity and accuracy of the content as well as
consistency with the printed wersion.

MANUSCRIFT STYLE

For questions of style, refer to the latest edition of
the American  Medical  Association  Manual  of
Style (www.amamanualofstylecom’;  online  access
requires a subscription; individual subscriptions are
available on a monthly basis if desired). Manuscripts
should be written in American English. For spelling of lay
terms, refer to the latest American edition of
the Merriam-VWebster Dictionary. For anatomic terms,
use angliczed versions of official terms listed in the
latest edition of the Momina Anatomica Veterinaria
Refer to the latest editions of the American Drug Index
and USSP Dictionary of USAMN and International Dirug
Mames for proper spelling of chemical and drug names
and to the latest edition of Dorfand’s lustrated Medical
Dictionary for proper spelling and use of medical terms.
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Refer to Bergey's Manual of Determinative Microbiology
for spelling and correct taxonomic classifications of
microcrganisms. For pharmacologic and pharmaco-
kinetic terms, refer to the AVMA Journals style sheet on
the subject (www.avmacrgMews/Journals/Drocuments/
AVMA-Journals-Style-Pharmacologic-Pharmacokinetics-
Terminology pdf).

Authors of manuscripts that are not written in their
first language or that required substantial language
translation in the writing process are encouraged to
seek professional language correction or copyediting
services prior te submission. Swch services can aid with
language, grammar, and style in scientific writing and can
help ensure the manuscript content can be understood
by editors and potential reviewers.

Abbreviations

Crweruse of abbreviations can be confusing and
frustrating for readers. In general, use of abbreviations
other than standard abbreviations (see www.avma.
org/MewsJournals/Diocuments/ AVMA -|ournals-5tyle-
Standard-Abbreviations.pdf for full list) and wnits of
measure should be kept to a minimunm.

In the Structured Abstract. a term should be
abbreviated only if it is wsed at least 3 times in the
Structured Abstract. The term must be expanded at first
mention. with the abbreviation given in parentheses
after the expanded term. Similarly, in the manuscript
text figures, appendices. and tables, a term should be
abbreviated only i it is used at least 3 times.
Abbreviations used in the Structured Abstract must be
defined again in the abbreviations list. All abbreviations
should be derived directly from the word or words that
make up the expanded term.

Abbreviations that appear only in the figures or
tables should be defined in the figure or table legend.
Except for the abbreviations ELISA, ACTH, EDTA,
DA, and RMA, abbreviations should not be used in
titles.

Products, equipment, drugs, and other materials

All materials used in the study or referred to in the
manuscript should generally be identified by chemical or
generic names or descriptions. A trade name may be
included in a lettered footnote if that specific product,
equipment, or drug was essential for the ocutcome.
Trademark and similar proprietary symbols are not
needed.

MANUSCRIPT SUBMISSION
Manuscripts  must be submitted online at
hittp:{'mcmanuscriptcentral.com/avma.

Electromnic file specifications

Manuscripts must be in Microsoft Word format
(.doc or docx) or rich text format (.rif). Tables should
be included at the end of the manuscript in the same
electronic file; however, if necessary, they can be saved
as separate files.

Figures

All figures should be saved as separate electronic
files with the name of the figure used as the file name
(eg. Figure 1); figures should not be embedded in the
manuscript Gray scale or black and white should be
used; color should be wsed only when important
information would otherwise be lost (eg, when certain
tissue-staining patterns are poorly visible in gray scale or
when a color-flow Doppler ultrasonogram is provided).
For figures that mclude multiple panels. each panel
shiould be sequentially labeled with a capital letter in the
same corner of each panel. if a fipure contains 2 or more
rows of panels, the letter labels should be applied
seqquentially from left to right in the first row, then from
left to right in the second row. and so on. Simple figures
such as line drawings, bar graphs, and line graphs
prepared in Excel should be saved and submitted as
Excel files (xls or .xlsx). Line drawings and graphs that
were not prepared in Excel should be submitted as TIF
files; however, PG, .GIF, [EPS, and BMP files are also
acceptable. Figures created with software programs that
use proprietary graphic formats (eg. SigmaPlot or
Statistix) cannot be used; most such software programs
hawe the capability to save figures in one of the
aforementioned formats. Mimimum resolution for line
drawings and charts is 300 dots per inch.

Drigital images (eg. photographs, photomicrographs,
and radiographs) should be provided at a mimimum
resolution of 300 dots per inch. Images that are not
available in a digital format should be scanned on a
flathed scanner, also at a resolution of at least 300 dots
per inch. Files should be saved as .TIF files; however,
JPG, .GIF. EPS, and BMP files are also acceptable. Color
figures should be submitted in CHMYE. rather than RGE,
format to prevent color shift during production.

Additional required materials

At the time of manuscript submission, the cor-
responding author is responsible for ensuring that each
author submits a Copyright Assignment Agreement and
Authorship Form [www.avma.ong/News/loumnals/Pages/
journals-caa-instructions.aspx). The corresponding au-
thor s also responsible for submitting copies of any
references listed as in press or submitted, copies of any
abstracts containing information from the manuscript
that have been published or that have been submitted
or are expected to be submitted for publication, copies
of any closely related manuscripts or manuscripts with
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substantially similar content that have been published by
the authors or submitted for publication, and copies of
signed permission forms from the copyright holders if
the manuscript contains any tables, illustrations, or
appendices that have been published previously. This
material should be submitted electronically (eg. by
scanning and uploading with the manuscript or by
uploading the electronic file).

Manuscripts will NOT be considered for publi-
cation until a completed authorship form has been
received from each author.

Keywords

Dwring manuscript submission, authors will be
requested to supply keywords to describe the topic of
the manuscript to facilitate indexing and aid in the
selection of reviewers. In choosing their keywords,
authors must use the list of manuscript keywords
available on the AVMA website (www.avma.org
Mews/ournalsPages/jounals-keywordsaspx) and in
Manuscript Central.

Online submission

Cince electronic files of the manuscript and all of its
parts have been prepared. log on wo the AVMA
Manuscript Central website at hitpsiimc.
manuscriptcentral.comfavma. i you already have an
account with the system, log in with your user ID and
password, click on Author Center. and select Click here to
submit @ new manuscript. Follow the instructions for
submitting your manuscript. After submitting your
manuscript, please check that your user information
(including mailing address, telephone and fax numbers,
and email address) is current  you do not hawve an
account with the system, click on Create An Account. Fill
i all fields carefully; all fields in bold are required.

A cover letter is not required; however, authors
are given the option of including a cover leter when
submitting their manuscripts. The cover letter can be
used to explain the importance of the manuscript as well
as any points that the editor should consider when
reviewing the manuscript. Authors who have discussed
their manuscript with an editor prior to submission
should indicate this in the cover letter.

Dwring manuscript submission, awthors are also
given an opportunity to  indicate preferred and
nonpreferred  edivors  and  reviewers for  their
manuscript. Authors’ choices of nonpreferred editors
and reviewers are typically honored. Those of preferred
editors and reviewers may or may not be honored,
depending on circumstances and availability. In research
fields in which few experts are available for review or in
which experts may not be known by AWVR staff,
suggestions of preferred reviewers are appreciaved.

PEER REVIEW PROCESS

The AJ¥R reserves  the right to  reject  any
manuscript. Manuscripts are reviewed initially by an
AVWMA scientific editor. Because of the large volume of
manuscripts submitted to the journal, manuscripts are
classified by the editors on the basis of priority for
publication, and those not judged to be of sufficient
priority are rejected promptly. Manuscripts considered
for publication are sent to a minium of 2 experts for
external peer review. Instructions provided to the ex-
ternal reviewers (www.avma.org™ews/journals/Pages/
apwr-ifraspx) are available on the AVMA website for
authors’ perusal. ldentity of peer reviewers is kept
confidential; identity of authors is not.

Authors are expected to respond o reviewer
comments and make appropriate revisions within 14
days (minor revisions) or 21 days (major revisions).
Revised manuscripts may be reviewed again by the
original peer reviewers or by others when those
individuals are unavailable. Manuscripts that pass peer
review are accepted for publication provided that
authors respond meaningfully to questions and concerns
raised by an AVMA scientfic editor.

SEQUENCE OF PUELICATION

Cmce a manuscript has  satisfied all reviewer
concerns and passed peer review, a provisional letter of
acceptance will be issued. Final acceptance is contingent
on the authors responding meaningfully to suggestions
and guestions raised by the scientfic edivor at the tme
of editing. Manuscripts are typically processed for
publication in the order that they pass pesr review,
except for manuscripts dealing with emerging or
zoonotic diseases or biodefense, which are prepared for
publication as scon as they pass peer review. Adherance
to these author instructions and expedient revision and
return  of manuscripts will minimize tme from
submission to publication. The interval to the editing
stage will vary depending on the number of manuscripes
already in line for editing at the time of provisional
acceptance.

All manuscripts are subject to editing by a scientific
editor prior vo publication. Editing changes are made to
maintain  consistency, improve  clarity, smooth
transitions, or make the report more understandable
for the journals general readership. Other changes are
made to comply with the journal’s editorial style. such
as placement of superscript numbers and letters. use of
abbreviations, and formatting of foowmotes and
references. During editing, questons may emerge about
the intended meaning of terms or phrases, information
that appears to be missing. and other elements that may
hawe been missed during the peer review process.

The edited manuscript will be returned to the
corresponding author to ensure that the editorial
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changes are accurate and acceptable and to address any
editor gueries. Concerns regarding editorial changes
must be addressed at this stage. not at the galley stage.
Authors should carefully and thoroughly review the
edited manuscript. make any additional changes that are
necessary, and upload the final version to the journal’s
online manuscript-tracking system. The rewrned
rmanuscript will be reviewed by the editor, who will
ensure all gueries have been addressed and then
forward the manuscript to the journal’s production staff
to be placed in 2 queue for assignment to an issue,
copyediting. and layout

Omce a manuscript has been assigned to an issue
and copyedited, a letter of final acceptance will be sent

to the corresponding author. The galley proof will be
sent via email to the corresponding author (or designes,
if alternate arrangements have been made) for approval
approximately 4 to & weeks after the final acceptance
letter is ssued. Galley changes must be returned within
48 hours. Changes should be limited to those that affect
the accuracy of the information presented and should
not include changes in wording that do not affect overall
accuracy of the report.

The 51,000 manuscript publication fee will be
charged at the time of publication, and copies of the
invoice and receipt will be emailed to the corresponding
author and credit card holder.
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