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RESUMO
O propofol é o anestésico geral intravenoso mais utilizado para inducdo anestésica na
espécie canina. Apresenta caracteristicas farmacocinéticas e farmacodinamicas
favoraveis, possibilitando uma inducdo rapida, suave e com boa qualidade de
recuperacdo. Apesar disso, alguns efeitos adversos importantes sdo frequentemente
relatados, como a depressdo cardiovascular e respiratoria, sendo dose-dependentes. Sua
administragdo é pela via intravenosa, podendo ser feita de forma manual ou por infuséo
continua, sendo a dose titulada ao efeito. Diante da relevancia dos possiveis efeitos
adversos, muitos autores buscam alternativas para reducéo da dose de propofol necessaria
para inducdo anestésica. Estudos mais recentes demonstraram que a velocidade de
administracdo do farmaco esté diretamente relacionada a dose requerida, sendo, portanto,
indicado que sua infuséo seja realizada de forma mais lenta. Entretanto, ainda existem
poucas diretrizes praticas para a relacdo dose e tempo ideal de administracdo. Além da
velocidade de infusdo, o tipo de pré-medicacdo utilizado pode influenciar nos efeitos
adversos obtidos ap6s a inducdo anestésica com o propofol. Os principais farmacos
sedativos utilizados para este fim séo a acepromazina e dexmedetomidina, muitas vezes
combinadas a algum opioide. Dentre os opidides, a metadona ganhou popularidade por
agregar efeito sedativo superior a outros farmacos da mesma classe, com pouca
probabilidade de émese e liberacdo de histamina, além de seu notdrio efeito analgésico.
Visto que o propofol é frequentemente administrado para inducéo anestésica em caes pré-
medicados com uma associagdo de acepromazina e metadona ou dexmedetomidina e
metadona, a presente tese visa fornecer um referencial tedrico que descreve as
caracteristicas farmacocinéticas e farmacodinamica desses farmacos, e, em sequéncia,
apresentar dois artigos cientificos que abordam pesquisas sobre a técnica de
administracdo e influéncia da pré-medicacdo com uma taxa fixa de administracdo do

propofol em cées.

Palavras-chave: anestesia; canino; técnica de administracédo; bolus; infuséo continua;

dose.



ABSTRACT

Propofol is the most commonly used intravenous general anesthetic for anesthetic
induction in dogs. It presents favorable pharmacokinetic and pharmacodynamic
characteristics, enabling rapid, smooth induction with good quality recovery. Despite this,
some important adverse effects are frequently reported, such as cardiovascular and
respiratory depression, which are dose-dependent. Its administration is intravenous and
can be performed manually or via continuous infusion, with the dose being titrated to
effect. Given the relevance of the potential adverse effects, many authors seek alternatives
to reduce the dose of propofol required for anesthetic induction. More recent studies have
shown that the rate of drug administration is directly related to the required dose;
therefore, it is recommended that its infusion be carried out more slowly. However, there
are still few practical guidelines regarding the ideal relationship between dose and
administration time. In addition to the infusion rate, the type of premedication used can
influence the adverse effects observed after anesthetic induction with propofol. The main
sedative drugs used for this purpose are acepromazine and dexmedetomidine, often
combined with an opioid. Among opioids, methadone has gained popularity for providing
a superior sedative effect compared to other drugs in the same class, along with a low
probability of emesis and histamine release, in addition to its well-known analgesic effect.
Since propofol is frequently administered for anesthetic induction in dogs premedicated
with a combination of acepromazine and methadone or dexmedetomidine and methadone,
the present thesis aims to provide a theoretical framework describing the pharmacokinetic
and pharmacodynamic characteristics of these drugs and, subsequently, to present two
scientific articles addressing research on the administration technique and the influence

of premedication using a fixed rate of propofol administration in dogs.

Keywords: anesthesia; canine; administration technique; bolus; continuous infusion;

dose.



INDICADORES DE IMPACTO

Este trabalho contribui de forma significativa para o avanco do conhecimento na area de
anestesiologia veterinaria, com especial impacto na préatica clinica em cées, ao avaliar a
influéncia da pré-medicacdo e da taxa de administracdo do propofol na inducdo
anestésica. Os resultados obtidos demonstraram potencial de otimizar protocolos
anestésicos, reduzindo doses e, consequentemente, o0s efeitos adversos
cardiorrespiratorios, o que pode refletir em maior seguranca anestésica e bem-estar
animal. Trata-se de uma pesquisa aplicada que apresenta impacto potencial direto sobre
clinicas veterinarias, hospitais universitarios e centros de pesquisa, abrangendo
profissionais da Medicina Veterinaria e animais atendidos, especialmente em contextos
onde héa recursos limitados ou populacfes animais mais vulneraveis, como abrigos e
campanhas de controle populacional. A abordagem técnico-cientifica adotada pode ser
classificada na area tematica “Tecnologia e Produ¢do” da Politica Nacional de Extensao,
com interseccdo nas areas de “Satde” e “Meio Ambiente”, ao considerar o bem-estar
animal como componente de satde Unica. Ainda que a pesquisa nao tenha sido estruturada
como agdo extensionista formal, houve envolvimento de médicos-veterinarios atuantes
na rotina clinica e de estudantes da graduacéo e pos-graduacédo, configurando um impacto
formativo e multiplicador de boas préticas anestésicas. O trabalho contribui com os
Obijetivos de Desenvolvimento Sustentavel da ONU, principalmente com o ODS 3 (Saude
e Bem-estar) e ODS 4 (Educacdo de Qualidade), ao promover praticas clinicas baseadas
em evidéncia, racionais e mais seguras. A aplicabilidade dos resultados reforca o
potencial de integracdo entre ciéncia, pratica profissional e responsabilidade social no

campo da anestesiologia veterinaria.



IMPACT INDICATORS

This work contributes significantly to the advancement of knowledge in veterinary
anesthesiology, with a special impact on clinical practice in dogs, by evaluating the
influence of premedication and propofol administration rate on anesthetic induction. The
results obtained demonstrated the potential to optimize anesthetic protocols, reducing
doses and, consequently, minimizing cardiorespiratory adverse effects, which may lead
to greater anesthetic safety and animal welfare. This is an applied research project with
potential direct impact on veterinary clinics, university hospitals, and research centers,
involving veterinary professionals and treated animals, especially in contexts with limited
resources or more vulnerable animal populations, such as shelters and population control
campaigns. The technical-scientific approach adopted can be classified under the
thematic area "Technology and Production” of the National Extension Policy, with
intersections in the areas of "Health" and "Environment”, by considering animal welfare
as a component of One Health. Although the research was not structured as a formal
extension activity, it involved practicing veterinarians and undergraduate and graduate
students, thus promoting formative and multiplier impacts for good anesthetic practices.
The work contributes to the United Nations Sustainable Development Goals, especially
SDG 3 (Good Health and Well-being) and SDG 4 (Quality Education), by promoting
evidence-based, rational, and safer clinical practices. The applicability of the results
reinforces the potential for integration between science, professional practice, and social

responsibility in the field of veterinary anesthesiology.
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PRIMEIRA PARTE

INTRODUCAO

A inducdo anestésica em cdes é geralmente feita pela via intravenosa com farmacos que
sdo capazes de induzir um estado de inconsciéncia adequado para intubagéo e transi¢do para
manutencdo anestésica com agentes inalatorios e/ou intravenosos (Hamilton, 2024).
Idealmente, um agente de inducdo deve produzir a perda de consciéncia de forma rapida e com
auséncia ou minimos efeitos adversos (Walters et al. 2022). Em cées, os farmacos utilizados
para induzir a anestesia geral incluem principalmente o propofol, cetamina ou etomidato, sendo
o propofol o mais frequente na espécie (Amengual et al. 2012).

O propofol se destaca por seu perfil farmacodinamico e farmacocinético favoravel,
tornando-se 0 anestésico intravenoso mais utilizado nas Ultimas décadas (Sahinovic et al.
2018). Em cdes, assim como em humanos, € comumente administrado em protocolos de
inducdo anestésica, mas também é (til para sedacdo, manutencédo da anestesia geral e tratamento
de status epilepticus (Posner, 2018; Hampton et al. 2023).

Apesar de amplamente utilizado, alguns efeitos adversos importantes associados ao uso
do propofol sdo de ocorréncia frequente, como depressado cardiovascular e respiratoria, com alta
possibilidade de apneia (Hamilton, 2024; Walters et al. 2022). Uma vez que esses efeitos sdo
dose-depedentes, diversos autores ja investigaram condicdes que influenciam na dose de
propofol em cées, buscando a otimizacdo do seu uso para alcancar a inducdo anestésica com
dose reduzida. Os principais fatores estudados incluem caracteristicas do animal, como escore
corporal (Boveri et al. 2013; Cattai et al. 2019; Devito et al. 2020), faixa etaria (Cattai et al.
2019) e porte (Hampton et al. 2023), efeito de outros farmacos como protocolos de pré-
medicacdo (Kojima et al. 2002; Sano et al. 2003; Raszplewicz et al. 2013; Canfran et al. 2016)
e uso de co-indutores (Covey-Crump e Murison, 2008; Martinez-Taboada e Leece, 2014,
Aguileraet al. 2020) e a velocidade de administracdo (Bigby et al. 2017b e Walters et al. 2022).

A velocidade de administracdo esta diretamente relacionada a dose e ocorréncia de
efeitos adversos (Bigby et al. 2017b e Walters et al. 2022). Este aspecto € de extrema relevancia
pois ainda ndo temos diretrizes de evidéncias cientificas robustas que indiguem um método
ideal de administracdo do propofol para a indugdo anestésica, uma vez que as recomendacées
se resumem a uma administracdo lenta, com titulacdo ao efeito clinico (Sahinovic et al. 2018;

Pascoe et al. 2018; Hamilton, 2024). Sendo assim, ainda ha uma ampla variabilidade na forma


https://pubmed-ncbi-nlm-nih-gov.ez26.periodicos.capes.gov.br/?term=Raszplewicz+J&cauthor_id=23889781
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de administracdo entre os profissionais e pesquisadores, o que pode gerar resultados
conflitantes, uma vez que para descobrir potenciais covariaveis para o desfecho “dose de
propofol” seria necessario um método de administracao padronizado.

Walters et al. (2022) indicam uma taxa de infusdo continua ideal para indugéo
anestésica, porém, Souza et al. (2025b) demonstraram recentemente que sob essa mesma taxa,
a qualidade da inducdo anestésica pode variar a depender da pré-medicacdo empregada. Além
disso, esses autores ainda demonstraram que a reducéo da dose de propofol nem sempre estara
atrelada a menores impactos cardiorrespiratdrios, uma vez que os efeitos dos farmacos da pre-
medicacdo devem ser considerados e podem provocar alteragdes que impactardo 0 momento
pos-indugdo. Por fim, os estudos que demonstraram a otimizacédo da utilizacéo do propofol para
inducdo anestésica focaram apenas na técnica de infusdo continua, sendo que a maioria dos
profissionais ainda fazem a indugéo anestésica por meio de bolus (Walters et al. 2022; Souza
et al. 2025a).

A anestesia total intravenosa com utilizagdo do propofol como agente principal de
manutencdo vem sendo desenvolvida e otimizada ao longo dos ultimos anos, entretanto, o
momento da inducdo anestésica continua sendo feito de forma empirica entre profissionais e
pesquisadores. Sendo assim, é importante que a administracdo do propofol para a inducéo
anestésica seja refinada, a fim de reduzir os impactos cardiorrespiratérios e melhorar a
qualidade da transicédo para a anestesia geral.

Dessa forma, o presente referencial tedrico tem como objetivo descrever as
caracteristicas farmacocinéticas e farmacodinamicas do propofol, explorando seu uso como
indutor anestésico em cdes, assim como revisar os dados da literatura sobre os efeitos da
acepromazina, dexmedetomidina e metadona utilizadas como pré-medicacéo nessa espécie. Em
seguida, sdo expostos dois artigos cientificos publicados pela autora e colaboradores que
abordam a influéncia da técnica de administracdo do propofol sobre a dose e seus efeitos
adversos e o impacto do tipo de pré-medicacdo sobre a dose e efeitos do propofol administrado

em uma taxa fixa para inducdo anestésica em caes.



14

REFERENCIAL TEORICO

1. Propofol

1.1 Mecanismo de acao

O propofol exerce seu efeito anestésico por meio da interagdo com o receptor acido y-
aminobutirico tipo A (GABAA), potencializando a agcdo do GABA enddgeno ao reduzir a sua
taxa de dissociagéo, o que resulta em hiperpolarizacdo das membranas celulares e inibigéo dos
neurdnios pds-sinapticos (Bigby et al. 2017b; Posner, 2018). Além disso, age diretamente
induzindo o influxo de cloro na auséncia do neurotransmissor (Fantoni et al. 2017). Sua acéao
pré-gabaérgica ocorre tanto pela inibi¢do de disparos de neurdnicos dopaminérgicos, quanto
ndo-dopaminérgicos (Fantoni et al. 2017). Além disso, o propofol pode inibir o receptor N-
metil-D-aspartato (NMDA) através da modulacdo da ativacdo do canal, o que também pode

estar envolvido em seus efeitos centrais (Orser et al. 1995).

1.2 Farmacocinética

A farmacocinética do propofol é descrita por um modelo aberto de dois compartimentos,
com uma rapida fase de distribuicdo seguido por uma fase de depuracdo mais lenta (Zoran et
al. 1993). Devido a sua natureza lipofilica, o propofol possui um grande volume de distribuicédo
e curta meia-vida de distribuicdo inicial (Posner, 2018), sendo que ap6s a inje¢do intravenosa 0
farmaco se move rapidamente para o sistema nervoso central, induzindo a anestesia em um
curto periodo de tempo (Hamilton, 2024). Em seguida, ocorre uma rapida redistribuicdo do
cérebro para outros tecidos, implicando em um efeito anestésico curto, com rapida recuperacéo
e efeitos residuais minimos (Whittem et al. 2017).

O metabolismo do propofol ¢ feito pela via hepatica de forma rapida e extensa, com
producdo de metabolitos inativos sollveis em &gua que sdo excretados pelos rins (Hay-Kraus
et al. 2000). Além disso, evidéncias sugerem também o metabolismo extra-hepatico, cujos
tecidos envolvidos podem variar entre espécies (Veroli et al. 1992; Matot et al. 1993; Chen et
al. 2000). O propofol ndo possui efeito cumulativo apds doses repetidas e/ou infusdes continuas

prolongadas em cées (Posner, 2018).
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1.3 Farmacodinamica

1.3.1 Efeitos no sistema nervoso central

O propofol provoca rapida depressdo do sistema nervoso central (SNC) apds injecao
intravenosa, resultando em inducdo da anestesia. Produz um estado neuroldgico favoravel ao
reduzir a pressao intracraniana e o consumo cerebral de oxigénio (O2), mantendo adequada
perfusdo cerebral (Posner, 2018; Hamilton, 2024). Além disso, possui efeitos
anticonvulsivantes e pode ser utilizado em tratamento de crises convulsivas (Steffen et al.
2000).

A resposta cerebral ao dioxido de carbono (CO-) é mantida durante a administracdo do
propofol (Artru et al. 1992), entretanto, a resposta pode ser modificada pela administracéo

simultanea de outros farmacos, como opioides (Hamilton, 2024).

1.3.2 Efeitos neuromusculares

O propofol € amplamente reconhecido por proporcionar excelente relaxamento
muscular durante a anestesia (Posner, 2018; Hamilton, 2024). No entanto, ha relatos frequentes
de fenbmenos motores anormais, como mioclonia, tremores musculares, opistétono,
movimentos de pedalagem, excitacdo e crises tipo convulsivas (do termo em inglés seizure-like
phenomena, SLP) associados a sua administracdo (Davies et al. 1991; Cattai et al. 2015). O
SLP se refere a mioclonia generalizada e foi definido como uma atividade “tipo convulsiva”
pois sabe-se que ndo ha registros de atividade epiléptica cortical no eletroencefalograma durante
a ocorréncia desse fendmeno associado a administracdo do propofol, sugerindo uma origem
subcortical (Hickey et al. 2005).

A prevaléncia da miclonia é maior durante a inducéo anestésica, porém também pode
ocorrer durante a fase de manutencgéo. Esse efeito foi relatado em pacientes com e sem historico
de epilepsia, podendo, portanto, ndo estar associada a uma condigdo neurologica pré-existente
(Walder et al. 2002).

Os mecanismos causadores ndo sdo bem definidos, mas interagdes com outros
receptores no sistema nervoso sdo discutidas (Cattai et al. 2015). Embora o propofol exerca seu
efeito anestésico principalmente atraves da modulacdo do receptor GABAA, ele também age

em outros sitios, incluindo acdo agonista-antagonista nos receptores de glicina,
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neurotransmissor inibitério do SNC concentrado na medula espinhal e tronco encefélico que
exerce um papel central na regulagdo de neurdnios motores (Hickey et al. 2005; Cattai et al.
2015). Estruturas do tronco encefalico e do cerebelo (como o nucleo rubro, o nucleo vestibular,
a formacdo reticular pontomedular e o nucleo denteado cerebelar) projetam-se para a medula
espinhal e a excitacdo dessas areas pode produzir movimentos anormais (Cattai et al. 2015). O
efeito antagonista parece predominar quando a concentracdo plasmatica do propofol é baixa,
enguanto que o efeito agonista domina em concentracfes mais altas e estaveis (Hickey et al.
2005). Isso explica o fato de que os fendmenos de mioclonia e/ou excitacdo sdo mais associados
ao momento de inducdo anestésica, uma vez que ha mudancgas progressivas na concentracdo de
propofol no SNC, aumentando a chance de excitagdo (Walder et al. 2002).

A ocorréncia de mioclonia é reduzida quando a inducao anestésica ocorre de forma mais
rapida e quando outros farmacos sdo administrados antes ou simultaneamente ao propofol,
como medicacdes pré-anestésicas e co-indutores (Cattai et al. 2015). Animais com menor nivel
de sedacdo antes da administracdo do propofol possuem maior chance de sofrerem episédios
de excitacdo (Davies, 1991). Isso foi visto no estudo de Souza et al. (2025b), onde cées pré-
medicados com acepromazina e metadona que apresentavam menor escore de sedacao sofreram
mais episddios de mioclonia do que cées pré-medicados com dexmedetomidina e metadona,

ambos os grupos induzidos com uma taxa continua lenta de propofol (1 mg/kg/min).

1.3.3 Efeitos cardiovasculares

O principal efeito cardiovascular apds administracdo do propofol é a queda da pressao
arterial (PA) (Hamilton, 2024). Isso ocorre devido a um efeito inotropico negativo e,
principalmente, pela reducéo da resisténcia vascular sistémica (RVS) associado & inibi¢do da
atividade do sistema nervoso simpatico e acdo direta sobre a musculatura lisa (Cattai et al.
2018). Recentemente, o estudo de Oliveira et al. (2024) demonstrou reducéo da fracdo de ejecao
(porcentagem do volume ejetado do ventriculo esquerdo durante a sistole) apds indugédo
anestésica com propofol em infuséo continua na taxa de 3 mg/kg/min em caes saudaveis sem
pré-medicacdo. Os autores associam esse efeito principalmente a reducdo da RVS, que
consequentemente reduz o retorno venoso, influenciando neste indice ecocardiografico.

Whitwam et al. (2000) demonstraram que a frequéncia cardiaca (FC) pode reduzir ou
inalterar ap0s a inducgéo anestésica com propofol, mesmo na presenca de hipotensao, o que pode
resultar em queda do debito cardiaco (Posner, 2018). Hamilton (2024) reforca que o aumento

compensatério da FC ndo é comum apds administracdo do propofol, entretanto, essa relacdo
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pode ser variavel e ainda ndo estd bem estabelecida. A resposta cronotropica positiva frente a
hipotensdo esté associada a funcéo do barorreflexo, sistema neural de controle a curto prazo da
estabilidade cardiovascular (Sato et al. 2005). Alguns autores explicam que a sensibilidade do
barorreflexo pode ser inibida ou mantida a depender da concentracdo plasmatica de propofol
(Sato et al. 2005; Cattai et al. 2018).

Cattai et al. (2018) fizeram um registro continuo da FC e da PA durante a indugéo
anestésica em cées saudaveis e identificaram que no momento de pico maximo de hipotenséo,
havia também um pico de aumento de frequéncia cardiaca, sugerindo a manutencéo do reflexo
barorreceptor. Souza et al. (2025a) demonstraram aumento da FC ap6s inducdo anestésica
realizada com infusdo continua de propofol e resposta inalterada quando o propofol foi
administrado por bolus. Além disso, Souza et al. (2025b) demonstraram influéncia do tipo de
pré-medicacdo sobre a magnitude do aumento da FC ap6s indugédo anestésica com propofol em
infusdo continua. Sendo assim, a manutencdo do barorreflexo associado a administracdo do
propofol depende ndo s6 da dose, mas pode variar de acordo com a técnica de administragéo e
do tipo de pré-medicacdo utilizada (Souza et al. 2025a; Souza et al. 2025b).

O impacto da depressdo miocardica e vasodilatacdo sdo dose-dependentes e podem ser
mais pronunciados em pacientes hipovolémicos, geriatricos ou com funcao ventricular esquerda

comprometidas (Hamilton, 2024).

1.3.4 Efeitos respiratorios

O propofol provoca depressdo da atividade respiratoria, sendo a apneia p6s-inducdo o
principal efeito adverso relatado (Musk et al. 2005). Além disso, a resposta ventilatdria a
hipoxia e a elevacdo do CO- é reduzida, resultando em hipercapnia e acidose, podendo ser
potencializado pela administracdo concomitante de outros farmacos como opidides (Posner,
2018; Hamilton, 2024). No estudo de Souza et al. (2025a) foi visto uma ocorréncia geral de
12,5% de cdes com hipercapnia apos a inducdo com propofol, mesmo com frequéncias
respiratorias adequadas.

A ocorréncia de apneia é variavel em funcdo da velocidade de administracdo do
farmaco, sendo maior quanto mais rapida é feita a infusdo intravenosa (Musk et al. 2005; Bighy
et al. 2017b). Taxas superiores a 60% de apneia p6s-indugdo com propofol em cées saudaveis
foram relatadas apos bolus (3,3 a 4 mg/kg) administrados com velocidade variada entre 30 a 60
segundos (Bufalari et al. 1997; Murison 2001), com reducdo para 30 a 45% de incidéncia
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quando a inducdo foi realizada de forma mais lenta, por infusdo alvo controlada (Musk et al.
2005).

Bigby et al. (2017a) ndo identificaram diferenca na ocorréncia de apneia em relagdo ao
tipo de pré-medicacdo utilizada (acepromazina x dexmedetomidina) quando cdes foram
induzidos com propofol a uma taxa de 4 mg/kg/min. Entretanto, outras evidéncias sugerem
influéncia do tipo de farmaco pré-administrado sobre o comprometimento respiratério quando
o propofol é administrado em taxas menores. Bigby et al. (2017b) relataram a ocorréncia de
25% de apneia e Walters et al. (2022) descreveram um tempo médio de 67 + 37 segundos de
auséncia de movimentos respiratérios apo6s inducdo anestésica com propofol na taxa de 1
mg/kg/min em cées pré-medicados com dexmedetomidina e metadona. No estudo de Souza et
al. (2025a), nenhum céo pré-medicado com acepromazina e metadona apresentou apneia apds
inducdo anestésica com propofol administrado em bolus (1 mg/kg a cada 60 segundos) ou
infusdo continua (1 mg/kg/min). No estudo de Souza et al. (2025b) foi demonstrado que cées
pré-medicados com dexmedetomidina apresentam menor frequéncia respiratoria e maior
incidéncia de hipercapnia pés-inducdo do que cdes que receberam acepromazina como pré-

medicacdo, ambos os grupos induzidos com 1 mg/kg/min de propofol.

1.4 Esquemas de dosagens e métodos de administracdo do propofol para inducéo

anestésica

A dose de propofol clinicamente utilizada varia de 3 a 10 mg/kg 1V, sendo mais
frequente um intervalo de 4 a 6 mg/kg IV em cées, administrado de forma titulada ao efeito
(Hamilton, 2024; Pereira e Lerche, 2024). O rapido inicio de acdo favorece o uso do propofol
de forma titulada, entretanto, o controle preciso da administragcdo requer uma boa compreenséo
da relacdo dose-efeito e a adequacédo de esquemas de dosagens (Cortinez, 2014).

Sabe-se que efeitos adversos, como apneia pds-inducdo, estdo relacionados a dose e
velocidade de administragdo do propofol. Dessa forma, recomenda-se que o farmaco seja
administrado lentamente (Hamilton, 2024). Ha um atraso entre a administracdo de um bolus
intravenoso de propofol e seu pico de efeito hipnotico em decorréncia do tempo de equilibrio
com a biofase (intervalo de tempo entre a administracdo venosa até a chegada no seu local de
efeito) (Kazama et al. 2000). Quando o propofol é administrado de maneira rapida esse tempo
ndo é respeitado, resultando em um excesso de farmaco desnecessario para atingir o efeito
esperado, aumentando assim a incidéncia de efeitos adversos (Walters et al. 2022). Entretanto,

a relacdo ideal dose-tempo para administragdo do propofol ainda ndo estd bem esclarecida,
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especialmente para o regime de administracdo em bolus, principal método utilizado na rotina
clinica veterinaria (Walters et al. 2022).

A escassa orientacao definitiva e auséncia de padronizacdo sobre a administracdo do
propofol em bolus resulta em ampla variabilidade entre profissionais (Walters et al. 2022). Por
exemplo, Hamilton (2024) recomenda a administragdo de 3 a 10 mg/kg em 60 a 90 segundos,
enquanto a recomendacao de autorizacdo do produto no mercado cita o tempo de injecéo de 30
a 60 segundos (NADA 141-098 FOI Summary). Pascoe et al. (2018) recomendam a
administracdo de ¥ da dose total calculada, repetidas vezes até a observacdo do efeito, porém
n&o cita um intervalo de tempo ideal. A velocidade de administracdo do propofol feita em forma
de bolus manual é varidvel entre os estudos, como 1 mg/kg a cada 30 segundos (Canfran et al.
2016; Comasseto et al. 2023), 0,5 mg/kg a cada 30 segundos (Canfran et al. 2016), 2 mg/kg em
15 segundos seguido por acréscimos de 1 mg/kg (Smith et al. 2017), 5 mg/kg a cada 30
segundos (Cattai et al. 2018), entre outros.

J& para 0 método de infusdo continua, alguns autores desenvolveram trabalhos para
determinar uma taxa adequada (Bigby et al. 2017b; Walters et al. 2022). Bigby et al. (2017b)
avaliaram o efeito da taxa de administracdo do propofol em infusdo continua para inducao
anestésica em cdes comparando uma taxa lenta de 1 mg/kg/min e uma taxa réapida de 4
mg/kg/min. Os resultados desse estudo demonstraram que 0 uso de uma taxa mais répida
dobrou a dose de propofol necessaria para inducao anestésica, aumentou a incidéncia e duracao
da apneia e a pressdo de CO: expirado (Pe’CO2) poOs-inducdo. Walters et al. (2022)
desenvolveram um estudo a fim de determinar uma taxa de infusdo continua ideal, que
implicava na reducdo do tempo de inducdo e de duracdo de apnéia pos-indugdo em cées
saudaveis. Os autores testaram taxas de 0,5, 1,0, 2,0, 3,0 e 4,0 mg/kg/min, e concluiram que a
taxa de 1 mg/kg/min resultou em menor tempo de inducdo e menor dose, com menor tempo de
duracdo da apneia. Ambos os estudos descritos utilizaram a mesma pré-medicacdo, que
consistiu em dexmedetomidina (5 ug/kg) e metadona (0,5 mg/kg) e ndo avaliaram outros efeitos
adversos alem das alteragdes respiratorias.

Sabe-se que o tipo de pré-medicacdo pode influenciar na dose de propofol para inducgéo
(Hamilton, 2024). Souza et al. (2025b) avaliaram entdo a influéncia da medicacdo pré-
anestésica sobre o propofol administrado na taxa de 1 mg/kg/min para inducdo anestesica em
cdes e descobriram que o grupo pré-medicado com acepromazina associada a metadona
demandaram maior dose de propofol, porém com menor impacto sobre frequéncia cardiaca
(FC) e parametros respiratorios (frequencia respiratéria e Pe’CO2) do que caes pré-medicados

com dexmedetomidina e metadona, demonstrando a influéncia da associa¢do farmacologica
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sobre os efeitos adversos apds a indugdo. Neste mesmo estudo, 50% dos cdes do grupo
acepromazina apresentaram mioclonia durante a inducdo, variando de leve a intensa, enquanto
que nenhum cédo apresentou esse efeito no grupo que recebeu dexmedetomidina, o que foi
associado a diferenca no grau de sedacgédo dos grupos. Visto que a mioclonia pode interferir na
qualidade da inducdo (Hickey et al. 2005), é possivel que a taxa ideal de inducdo anestésica
para cdes com menor escore de sedacédo seja diferente da taxa estipulada no estudo de Walters
et al. (2022).

Em uma metanalise desenvolvida por Choi et al. (2017) avaliando a administracao de
propofol em humanos, foi demonstrado que a dose total de propofol utilizada para o desfecho
de sedacdo foi maior quando o farmaco foi administrado em infusdo continua e infusdo alvo-
controlada, quando comparados a administracdo feita em bolus, sem diferenca entre efeitos
adversos. Souza et al. (2025a) demonstraram um resultado semelhante em cées, onde a
administracdo do propofol em bolus de 1 mg/kg a cada 60 segundos resultou em menor dose e
tempo de inducgdo do que quando o propofol foi administrado em infusdo continua na taxa de 1
mg/kg/min, sem diferenca entre efeitos adversos cardiorrespiratorios.

A escolha do método de administracdo do propofol deve considerar os prés e contras de
cada técnica. O método de infusdo continua é mais oneroso devido a necessidade de dispositivos
de infusdo, 0 que ndo € necessario para a administracdo por meio de bolus (Choi et al. 2017,
Whittem et al. 2024). Apesar disso, 0 uso de bolus pode gerar variagcbes nas concentragdes
plasmaticas com profundidade anestésica excessiva, o que € menos frequente quando a infusao
continua é utilizada (Musk et al. 2005; Choi et al. 2017). Entretanto, a administracdo de
menores doses respeitando um intervalo de tempo ideal é uma estratégia que pode reduzir essas
varia¢fes, mantendo o nivel plasmatico préximo da faixa terapéutica (Lamattina e Golan,
2009).

2 Sedacdo prévia a inducdo anestésica com propofol

Embora a anestesia geral possa ser iniciada sem uma pré-medicacgéo, a administracdo de
um sedativo ou tranquilizante geralmente associados a um opioide é recomendada antes da
inducdo anestésica (Pereira e Lerche, 2024). O termo “tranquilizante” ¢ utilizado, de modo
geral, para farmacos que provocam ansiolise, como a acepromazina, enquanto o termo
“sedativo” refere-se a farmacos que também provocam ansiolise, porém sdo capazes ainda de
reduzir em maior grau a resposta geral aos estimulos externos, como 0s agonistas dos receptores

a2-adrenérgicos. Apesar dessa distingdo tedrica, a diferenciacdo do efeito clinico € dificil pois
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ha grande variacdo entre espécie e doses. Por isso, o termo geral “sedativo” ¢ comumente
utilizado para se referir ao efeito desses farmacos, mesmo naqueles classificados como
tranquilizantes (Creighton e Lamont, 2024).

Os farmacos pré-anestésicos auxiliam na contencdo, fornecem analgesia, atenuam
respostas simpaticas e podem reduzir o requerimento de farmacos, promovendo indugdo e
recuperacdo anestésicas mais suaves (Creighton e Lamont, 2024). A acepromazina e
dexmedetomidina sdo os principais farmacos utilizados na medicacdo pré-anestésica em cées
(Bigby et al. 2017a). A associacdo de um opioide junto a um desses farmacos é denominada
neuroleptoanalgesia, sendo frequente na medicina veterinaria por apresentar um efeito
sinérgico, aumentando a sedacdo e analgesia alcangadas com cada droga isoladamente
(Monteiro et al. 2009). Dentre os opioides, a metadona ganhou destaque na pré-medicacdo em
funcdo de efeitos singulares como acdo em outras vias da dor, baixa incidéncia de vomitos,
reducdo da liberacdo de histamina e intensificagdo do efeito sedativo em relagdo a outros
opidides (Kerr e Swanton, 2023).

O protocolo sedativo administrado antes da inducdo anestésica permite a reducdo da
dose do propofol necessaria para inducdo da anestesia geral, variando conforme os farmacos
utilizados (Massone, 2002). A pré-medicacgao é geralmente administrada via intramuscular ou
subcutanea, cerca de 15 a 30 minutos antes da inducdo. A escolha do protocolo depende de
fatores como temperamento, estado fisico, doencas concomitantes, tipo de procedimento,

disponibilidade dos farmacos e preferéncia pessoal (Pereira e Lerche, 2024).

2.1 Acepromazina

2.1.1 Mecanismo de acéo

A acepromazina é um tranquilizante da classe das fenotiazinas, cujo efeito sedativo é
mediado principalmente pelo bloqueio dos receptores dopaminérgicos (principalmente D2).
Esses pertencem a familia de receptores acoplados a proteina G, atuando como primeiro
mensageiro ao interagir com as proteinas receptoras da membrana pds-sinaptica. Dessa forma,
ao antagonizar D2, a neurotransmissao é reduzida gerando alteragdes comportamentais (Posner,
2018; Creighton e Lamont, 2024). Ha também bloqueio de outros receptores, como al-
adrenérgicos, muscarinicos e histaminicos, que também contribuem para o efeito sedativo
(Creighton e Lamont, 2024).
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2.1.2 Farmacocinética

A acepromazina apresenta alta ligacdo as proteinas plasmaticas e grande volume de
distribuicdo. Seu efeito méaximo no sistema nervoso central é observado entre 10 a 20 minutos
apos administracdo intravenosa e pode variar entre 20 a 40 minutos apds administracao
intramuscular (Gross, 2001; Monteiro et al. 2008; Creighton e Lamont, 2024). Possui longa
duracédo de acdo, com meia-vida de eliminagdo em cées de 7 horas (Hashem et al. 1992). O
metabolismo é predominantemente hepético e a excre¢do é feita pelo sistema renal (Dewey et
al. 1981).

2.1.3 Farmacodinamica

2.1.3.1 Efeito sedativo

A acepromazina provoca sedacdo leve a moderada, independente do aumento da dose.
Rangel et al. (2020) avaliaram o grau de sedac&o em cdes que receberam doses progressivas de
acepromazina intravenosa (0,01, 0,015, 0,025, 0,05 e 0,1 mg/kg) e identificaram que sedagéo
clinicamente efetiva ocorreu com doses a partir de 0,025 mg/kg, sem diferenca no grau de
sedacdo com doses superiores. Segundo os resultados obtidos pelos autores, parece ndo ser
vantajoso a utilizacdo de doses superiores a 0,025 mg/kg.

Ao se desejar uma sedacdo de maior intensidade, a acepromazina deve ser administrada

em associacdo a outros farmacos com efeito sedativo, como opidides (Monteiro et al. 2009).

2.1.3.2 Efeitos cardiovasculares

O principal efeito cardiovascular associado a administracdo da acepromazina é a
reducdo de pressédo arterial (Creighton e Lamont, 2024). Em cdes saudaveis ndo anestesiados
foram relatadas redugdes maximas de 22% na pressao arterial sistolica (PAS), 17% na média
(PAM) e 12 % na diastolica (PAD) em relacdo aos valores basais (Rangel et al. 2020). Outros
autores ja demonstraram reducdes de 20% (Reid e Nolan, 1993) e 17% (Monteiro et al. 2009)
na PAS, sem relatos da ocorréncia de hipotensdo. Dessa forma, em doses clinicamente
aplicaveis, a acepromazina administrada isoladamente raramente causa um impacto

preocupante na pressdo arterial em cées conscientes. Apesar disso, o efeito pode ser maior em
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animais hemodinamicamente instaveis ou que estdo sob anestesia geral (Creighton e Lamont,
2024).

O efeito hipotensor da acepromazina é associado ao bloqueio periférico dos receptores
al-adrenérgicos e pela depressdo do centro vasomotor do hipotalamo, resultando em reducéo
da resisténcia vascular sisttmica (RVS) (Reid e Nolan, 1993; Monteiro et al. 2008). A
vasodilatacdo reduz entdo o volume sistélico e débito cardiaco (Creighton e Lamont, 2024).
Apesar de muitos autores descreverem essa relacdo, Rangel et al. (2020) observaram reducgéo
da pressdo arterial, sem alteracdes na RVS ap06s administracdo de doses progressivas de
acepromazina (0,01 a 0,1 mg/kg). Entretanto, os autores observaram reducéo do indice sistdlico
de 14 a 19%, atribuindo entdo a queda de pressao arterial a um possivel efeito negativo sobre a
contratilidade miocardica, decorrente também do antagonismo dos receptores a1-adrenérgicos.
O efeito sobre a frequéncia cardiaca € descrito como variavel, podendo permanecer inalterado,
reduzir ou provocar leve aumento em resposta a queda na presséo arterial (Monteiro et al. 2008;
Monteiro et al. 2009).

Ha reducdo no hematdcrito e concentragdo de hemoglobina apds administracdo de
acepromazina, decorrente do relaxamento da capsula esplénica que leva ao sequestro de
hemécias (Lang et al. 1979). No estudo de Rangel et al. (2020) foi observado reducdo de até
22% na concentracdo de hemoglobina, acompanhado por reducdo similar no contetdo arterial
de oxigénio (Ca02).

A acepromazina possui acdo antiarritimica (Dyson e Pettifer, 1997), determinada pelo
aumento da dose de epinefrina necessaria para induzir arritmias ventriculares, provavelmente

associado ao bloqueio a-adrenérgico (Creighton e Lamont, 2024).

2.1.3.3 Efeitos respiratorios

A acepromazina geralmente ndo provoca efeitos significativos sobre a atividade
respiratéria. A frequéncia respiratoria pode diminuir, porém, com manutencdo do volume
minuto decorrente do aumento do volume corrente (Monteiro et al. 2008; Posner, 2018).

Rangel et al. (2020) demonstraram reducgdo da frequéncia respiratéria em relacdo a
frequéncia basal com doses crescentes de acepromazina intravenosa (0,01 a 0,1 mg/kg), sem
diferenga entre as doses. Os autores ndo identificaram diferencas em outros parametros
respiratorios, como pH, presséo arterial de CO2 (PaCO.), presséo arterial de O2 (PaOy) e
concentracédo de bicarbonato, indicando estabilidade da funcéo respiratoria em cédes saudaveis

ndo anestesiados.
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2.1.3.4 Outros efeitos

A acepromazina possui efeito antiemético derivado do antagonismo do receptor D2 na
zona de gatilho quimiorreceptora (Posner, 2018), podendo reduzir o efeito emético de alguns
opioides quando associada (Monteiro et al. 2009).

A termorregulacdo pode ser afetada apos administracdo de acepromazina, culminando

com reducdo da temperatura corporal (Monteiro et al. 2009).

2.1.3.5 Efeito da pré-medicacdo com acepromazina sobre a inducéo anestésica com

propofol

Estudos que compararam a indugdo anestésica com propofol em cées pré-medicados ou
ndo com acepromazina de forma isolada séo raros. Geel (1991) observaram reducéo da dose de
inducdo do propofol de 6,9 + 0,9 mg/kg para 4,3 £ 1,4 mg/kg em cées que foram pré-medicados
com acepromazina. Watney e Pablo (1992) descobriram que a dosagem efetiva mediana (ED50)
de propofol para inducdo anestésica era também reduzida em cées que receberam 0,5 mg/kg IM
de acepromazina (2,8 + 0,5 mg/kg) comparado a um grupo que nao foi pré-medicado (4,7 + 1,3
mg/kg). Esses autores demonstraram também que a pré-medicagdo reduziu os sinais de
excitacdo durante a inducgdo anestésica.

Reid e Nolan (1993) avaliaram a farmacocinética do propofol em cées, administrado em
um bolus de 4 mg/kg ap6s 30 minutos da pré-medicacdo com acepromazina na dose de 0,05
mg/kg IM. Os autores ndo identificaram diferengas nos pardmetros farmacocinéticos avaliados
(meia-vida de eliminagdo, volume de distribui¢do no estado de equilibrio e depuracdo corporal
média) em comparacdo aos dados de cdes que receberam também uma dose Unica de propofol,
porém sem a pré-medicacdo, concluindo que o propofol possui ainda ampla distribuicédo e
rapida depuracdo mesmo em animais que receberam acepromazina.

A ocorréncia de hipotensdo ap0s o0 uso da acepromazina gera o questionamento sobre
uma possivel reducdo na taxa de distribuicdo do propofol para diferentes tecidos, em
decorréncia da alteragdo do fluxo sanguineo (Reid e Nolan, 1993). Entretanto, dados de estudos
mais atuais demonstram que nas doses clinicamente utilizadas, a acepromazina administrada
isoladamente provoca uma reducdo branda da presséo arterial em cédes saudaveis, sem atingir

um estado de hipotensdo (Creighton e Lamont, 2024).
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2.2 Dexmedetomidina

2.2.1 Mecanismo de acéo

A acdo da dexmedetomidina ocorre a partir de sua interagdo com receptores o2-
adrenérgicos localizados em regifes pré e pos-sindpticas no sistema nervoso central e em
tecidos periféricos, como 6rgdos, endotélio vascular e plaquetas (Posner, 2018; Creighton e
Lamont, 2024).

O locus coeruleus no nucleo dorsal medial da ponte é o local no tronco encefalico de
maior concentragdo de receptores o2-adrenérgicos. A ativacdo de receptores pré-sinapticos
nesta regido especifica provoca um efeito de feedback negativo para a liberacdo de
noradrenalina, reduzindo assim a atividade de vias noradrenérgicas ascendentes (Carollo et al.
2008; Giovannitti et al. 2015).

Todos os farmacos da classe dos agonistas dos receptores a2-adrenérgicos também
ativam em alguma proporcao receptores al-adrenérgicos. A dexmedetomidina é o farmaco
mais seletivo para receptores a2-adrenérgicos comparado aos outros farmacos da mesma classe,
apresentando uma propor¢ao o2:0l de 1620:1 (Creighton e Lamont, 2024). Além disso, a
dexmedetomidina também pode ativar subtipos de receptores de imidazolina (Gruen et al.
2022).

2.2.2 Farmacocinética

Os agonistas dos receptores o2-adrenérgicos sao altamente lipofilicos (Creighton e
Lamont, 2024). A administracdo intravenosa de dexmedetomidina resulta em efeito sedativo
em cerca de um minuto (Dent et al. 2019). A administracdo intramuscular de 10 ug/kg de
dexmedetomidina demonstrou rdpida absorcdo e meia-vida de 25,5 minutos, com maxima
concentracdo plasmatica identificada em uma média de 20,5 minutos, inicio do efeito sedativo
em 10 minutos e efeito maximo visto em 30 minutos (Aarnes et al. 2023). A dexmedetomidina

é utilizada em cdes em doses que variam de 1 a 10 ug/kg, via IV ou IM (Franco et al. 2023).
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2.2.3 Farmacodinamica

2.2.3.1 Efeito sedativo

A inibicdo da liberagdo de noradrenalina no sistema nervoso central reduz a
neurotransmissao e consequentemente a excitagdo cortical, resultado em efeito de hipnose e
sedacdo (Carollo et al. 2008; Giovannitti et al. 2015). O efeito sedativo ocorre rapidamente
apos administracao intravenosa (1 minuto) e dentro de 10 a 30 minutos ap6s administracao
intramuscular (Dent et al. 2019; Aarnes et al. 2023).

A atividade agonista de receptores ol adrenérgicos pode resultar em excitacdo, agitacao
e aumento da atividade locomotora (Sinclair, 2003). Sendo assim, farmacos mais seletivos para
receptores a2, como a dexmedetomidina, produzem sedacao mais confiavel (Posner, 2018). A
acdo em receptores de imidazolina, especificamente 12, pode também estar associada a
atividade noradrenérgica central. Entretanto, € dificil diferenciar os efeitos mediados por
receptores de imidazolina ou pelos receptores 02, uma vez que sdo sobrepostos (Creighton e
Lamont, 2024).

A sedacdo apds administracdo de dexmedetomidina é dose-dependente (Posner, 2018).
Doses baixas produzem sedacdo leve a moderada, enquanto doses maiores podem chegar a
causar inconsciéncia em cées (Kuusela et al. 2001).

2.2.3.2 Efeitos cardiovasculares

A ativagdo de receptores al no endotélio vascular e a2 pds-sinapticos provoca aumento
de resisténcia vascular sistémica (RVS), gerando elevacdo da pressdo arterial associada a
bradicardia reflexa que, embora possa atenuar a hipertensao, resulta em reducdo do débito
cardiaco (Posner, 2018; Creighton e Lamont, 2024). A queda na frequéncia cardiaca (FC) ¢
perpetuada por efeitos centrais mediados pela inibicdo da liberacdo de noradrenalina e
atenuacdo da resposta simpatica, podendo gerar um efeito secundario de hipotensédo (Creighton
e Lamont, 2024).

Estes efeitos sdo dependentes de dose e vias de administracdo (Creighton e Lamont,
2024). Doses menores e administracdo intramuscular podem estar associadas a efeitos
predominantemente centrais, sem estimulo significativo nos receptores adrenérgicos periféricos

(Sinclair, 2003). De acordo com Kramer et al. (2022), o efeito vasoconstritor da
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dexmedetomidina pode durar menos tempo (até 30 minutos) quando a dose utilizada & menor.
Kuusela et al. (2001) demonstraram um efeito dose-dependente da dexmedetomidina sobre a
pressdo arterial e FC, concluindo que uma dose de 2 ug/kg resulta em efeitos cardiovasculares
mais estaveis comparado a doses mais altas.

Os agonistas a2-adrenérgicos podem provocar bradiarritmias mediadas vagalmente,
sendo os bloqueios atrioventriculares (BAV) de primeiro e segundo graus mais comuns em cées
(Sinclair, 2003). Tais arritmias podem ocorrer mesmo ap0s o uso de doses baixas, como 2 ug/kg
(Kuusela et al. 2001; Alves et al. 2024). Além disso, a dexmedetomidina pode gerar

regurgitacdo valvar em caes (Wang et al. 2016).

2.2.3.3 Efeitos respiratorios

Agonistas o2-adrenérgicos provocam reducdo centralmente mediada na frequéncia
respiratoria e ventilacdo minuto, porém sem afetar significativamente valores de pressao arterial
de CO2 (PaCO>) e Oz (Pa0O) quando utilizados isoladamente (Creighton e Lamont, 2024). A
dexmedetomidina pode reduzir a resposta neuro-respiratoria ao aumento da PaCO- (Lerche e
Muir, 2004). O impacto respiratério € dependente de dose (Kuusela et al. 2001) e da associacdo
com outros farmacos depressores, como opioides e anestésicos gerais (Creighton e Lamont,
2024).

2.2.3.4 Outros efeitos

A agdo agonista em receptores a2-adrenérgicos em varios pontos das vias nociceptivas,
como corno dorsal da medula espinhal e tronco encefalico, agrega efeito analgésico para a
dexmedetomidina (Creighton e Lamont, 2024). Além disso, estruturas supraespinhais como
locus coeruleus e substéncia cinzenta periaquedutal podem estar envolvidas nesse efeito (Di
Franco et al. 2023).

A dexmedetomidina provoca nausea e vomito decorrente do estimulo da zona de gatilho
do quimiorreceptor (Creighton e Lamont, 2024). Este efeito € menos frequente em cées do que
em gatos (Sinclair, 2003). O relaxamento muscular associado a administracdo de
dexmedetomidina ¢ confidvel e mediado pela inibicdo dos receptores a2 nos interneurdnios da

medula espinhal (Creighton e Lamont, 2024).
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2.2.3.5 Efeito da pré-medicacdo com dexmedetomidina sobre a indugdo anestésica com
propofol

A dose de inducdo do propofol é reduzida apds administragdo da dexmedetomidina,
podendo variar de acordo com a dose do sedativo, o intervalo de tempo entre a pré-medicacao
e inducéo e pela velocidade de administracdo do propofol (Kuusela et al. 2001; Smith et al.
2017). Gémez-Villamandos et al. (2006) relataram o uso de uma média de 2,8 mg/kg de
propofol para indugéo anestésica, administrado em doses de 0,5 mg/kg a cada 30 segundos, em
caes pré-medicados com 2 ug/kg de dexmedetomidina I1V. Smith et al. (2017) utilizaram a
mesma dose de dexmedetomidina nos caes de seu estudo, porém o propofol para inducéo foi
feito em um esquema que consistiu na administracdo de 2 mg/kg em 15 segundos, seguido por
acréscimos de 1 mg/kg a cada 15 segundos até alcancar o plano anestésico para intubacéo,
resultando em uma dose média de 4,75 mg/kg de propofol.

A FC em cées que recebem dexmedetomidina se mantém reduzida apds a inducao
anestésica com propofol, o que pode resultar em diminuicao significativa do débito cardiaco
(DC) de forma dose-dependente (Grasso et al. 2015; Kramer et al. 2022). Em situages de baixo
DC, a concentracdo plasmética dos farmacos estard aumentada devido a alteragbes na
distribuicdo, reduzindo a saida do farmaco do compartimento central (Simén-Polo et al. 2022).
Esse mecanismo pode estar envolvido no efeito poupador de anestésicos da dexmedetomidina,
uma vez que outros autores ja identificaram uma relagdo inversamente proporcional entre a
concentracdo plasmatica de propofol e 0 DC, com preservacdo do fluxo sanguineo cerebral
(Upton et al. 1999).

A pressdo arterial pode ser aumentada discretamente em cées que receberam
dexmedetomidina e foram induzidos com propofol. Esse aumento geralmente ndo se caracteriza
como hipertensdo, e isso estd associado principalmente ao fato de que a vasodilatacdo
promovida pelo propofol pode atenuar o efeito vasoconstritor da dexmedetomidina (Grasso et
al. 2015; Comasseto et al. 2023).

A dexmedetomidina pode potencializar a acdo depressora do centro respiratorio gerada
pelo propofol, de forma dose-dependente (Li et al. 2016; Comasseto et al. 2023). Kuusela et al.
(2001) demonstraram que cdes que receberam pré-medicacdo com 2 ug/kg de dexmedetomidina
IV sofreram aumento de PaCO: e reducéo do pH arterial e concentragdo de bicarbonato apos a
inducdo anestésica com propofol. Esses autores reforcam que as alteracbes sdo dose-
dependentes, sendo que cdes que receberam o sedativo em dose mais alta (20 ug/kg)

apresentaram alteragdes mais acentuadas, além de leve acidose metabdlica durante a anestesia.
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Kumar et al. (2022) identificaram maior chance de apneia ap6s a indugdo quando a
dexmedetomidina (15 ug/kg) era usada na pré-medicacdo. No estudo de Comasseto et al.
(2023), o0 tempo de apneia foi maior em cées que receberam dexmedetomidina como co-indutor
na dose de 2,5 e 5 ug/kg IV em relacdo a um grupo que nao recebeu a dexmedetomidina.

O uso do propofol apds administracdo da dexmedetomidina resulta em relaxamento
muscular intenso, reducdo de espasmo laringeo e possibilidade de excitagdo (Comasseto et al.
2023).

2.3 Metadona

2.3.1 Mecanismo de acéo

A metadona é um composto sintético quiral com dois isdmeros (d e I-metadona), sendo
que o isdmero 1 apresenta 10 a 15 vezes maior afinidade para receptores opiodides p do que o d,
proporcionando rapido inicio de efeito analgésico. Além de sua acdo como agonista p, possui
ainda acdo antagonista de receptores NMDA, o que pode auxiliar na supressao da sensibilizacdo
central, prevencao da hiperalgesia e na tolerancia aos opioides (Kukanich e Papich, 2018). Um
terceiro mecanismo de analgesia também é discutido, que inclui uma acdo de inibicdo da
recaptacdo de serotonina e noradrenalina, moduladores da dor no sistema nervosos central
(Kukanich e Papich, 2018; Kerr e Swanton, 2023). O efeito analgésico tem duracdo entre 4 a 6

horas em cdes (Kerr e Swanton, 2023).

2.3.2 Farmacocinética

A metadona é altamente lipofilica, com grande volume de distribuicdo (Ingvast-Larsson
et al. 2010) e ligacéo a proteinas plasmaticas (60 a 70% em cées) (Derendorf e Garrett, 1983).
A meia-vida de eliminacdo € de aproximadamente 2 a 4 horas ap6s administra¢do intravenosa,
sendo o intervalo estendido para 2 a 12 horas apos administracdo subcutanea em cées (Kerr e
Swanton, 2023). A metabolizacdo é feita por via hepatica e excrecédo renal (Kukanich e Papich,
2018).



30

2.3.3 Farmacodinamica

2.3.3.1 Efeitos no sistema nervoso central

A metadona provoca efeito sedativo dose-dependente pela interagdo com receptores
opiodides pu. O mecanismo desse efeito ¢ complexo e ainda ndo foi bem estabelecido (Simon e
Lizarraga, 2024). Sedacéo leve ou imperceptivel é associada a dose baixa (0,3 mg/kg) e leve a
moderada em doses entre 0,5 e 1 mg/kg (Menengheti et al. 2014; Bitti, 2015).

Comportamentos euforicos e disforicos sdo associados ao uso de opidides, entretanto,
sdo mais relatados em gatos do que em caes (Simon e Lizarraga, 2024). Autores ja relataram
vocalizacdo e salivacdo, porém sem sinais de excitagdo, em cdes ap0s uso da metadona por via
IV, SC (Ingvast-Larsson et al. 2010) ou IM (Menengueti et al. 2014). Alteracdes
comportamentais sdo mais comuns quando a administracdo € feita por via intravenosa em cées
saudaveis e sem dor, como em casos prévios ao procedimento cirurgico, sendo mais frequentes
em doses maiores (Garofalo et al. 2012; Bitti, 2015; Kerr e Swanton, 2023).

2.3.3.2 Efeitos cardiovasculares

A administracdo da metadona estd associada a reducdo da FC e pode predispor a
ocorréncia de bradiarritmias (Menengheti et al. 2014). Isso esta relacionado ao aumento do
tdnus vagal de origem central (Monteiro et al. 2008) e periférica, decorrente de resposta reflexa
a vasoconstricdo e elevacdo da pressdo arterial mediadas pela liberacdo de vasopressina
(Maiante et al. 2008; Ingvast-Larsson et al. 2010).

Maiante et al. (2009) avaliaram as alteragbes hemodindmicas em cées apds
administracdo intravenosa de metadona em doses de 0,5 ou 1 mg/kg, demonstrando impactos
dose-dependentes. A FC reduziu entre 19% e 28% e 32% a 46% enquanto o indice cardiaco
apresentou reducdo maxima de 24% e 52% nas doses de 0,5 ou 1 mg/kg, respectivamente.
Houve aumento da RV'S em relacéo ao valor basal por até 90 minutos quando a dose de 1 mg/kg
foi usada e até 60 minutos quando a dose de 0,5 mg/kg foi usada, enquanto a PAS sofreu
aumento maximo de 23 e 35% acima dos valores basais por até 60 minutos. Neste trabalho, a
maioria dos pardmetros avaliados apresentaram alteracbes méximas apds 5 minutos da

administracdo do farmaco.
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Monteiro et al. (2008) demonstraram redugéo entre 20 a 30% da FC em relacdo aos
valores basais apds 30 a 60 minutos da administracdo intramuscular de uma dose de 0,5 mg/kg
de metadona. Entretanto, a PAS ndo foi diferente em nenhum momento de avalia¢do. 1sso
também foi descrito no estudo de Menengheti et al. (2014), que avaliaram trés doses de
metadona (0,3, 0,5 e 1 mg/kg) administradas por via intramuscular e apresentaram resultados
de reducdo de FC em relagdo aos valores basais, porém sem alteracdes significativas em PAS,
PAM e PAD. Monteiro et al. (2009) sugerem que 0 uso de doses menores e a administracao
pela via intramuscular pode nao resultar em liberacdo expressiva de vasopressina, amenizando

os efeitos hemodin&dmicos vistos quando a metadona é administrada pela via intravenosa.

2.3.3.3 Efeitos respiratorios

Opioides causam depressdo respiratoria de forma dose-dependente (Monteiro et al.
2008). Agonistas dos receptores p causam efeito mais pronunciado na reducdo da resposta
ventilatoria a hipercapnia do que agonistas k (Monteiro et al. 2009). Entretanto, as alteracdes
nas trocas gasosas tendem a ser minimas quando opioides sdo administrados isoladamente em
doses clinicas (Kerr e Swanton, 2023).

Em cées saudaveis e sem dor, a administracdo da metadona IV ou IM resulta em
alteracdes no padrao respiratorio com aumento acentuado da FR (Maiante et al. 2009; Garofalo
et al. 2012). Maiante et al. (2009) observaram a ocorréncia de ofegancia em 50% dos cdes que
receberam metadona, porém, sem alteracOes significativas na ventilagdo aoveloar (PaCO; e
PaO; dentro dos valores de referéncia). Menengheti et al. (2014) observaram ofegancia apos o
uso de doses mais altas de metadona (0,5 a 1 mg/kg IM). Kerr e Swanton (2023) explicam que
0 aumento da FR associado ao uso dos opidides pode ndo ser relacionado a uma resposta a

hipercapnia, mas sim, ao reajuste do centro termorregulador hipotalamico.

2.4 Associagdo da acepromazina e metadona ou dexmedetomidina e metadona

H& uma tendéncia de maior efeito sedativo quando a acepromazina é combinada com
opidides agonistas p, como a metadona (Monteiro et al. 2008; Monteiro et al. 2009). Monteiro
et al. (2009) demonstraram que o efeito sedativo em cédes foi mais intenso quando a

acepromazina foi associada a metadona, do que a morfina, butorfanol e tramadol.
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Monteiro et al. (2008) evidenciaram que o uso isolado de metadona (0,5 mg/kg) ou
acepromazina (0,1 mg/kg) produziu sedacédo leve a moderada em cdes, enquanto que 0 uso da
associacdo de uma dose menor de acepromazina (0,05 mg/kg) com metadona (0,5 mg/kg)
produziu sedacdo moderada a intensa. Quanto aos parametros fisioldgicos, os autores
demonstraram que a combinagdo dos farmacos resultou em reducdo da frequéncia cardiaca em
relacdo aos valores basais, entretanto, ndo houve reducdo expressiva da PAS, enquanto que
menores valores de PAS foram observados com uso isolado da acepromazina em dose maior
(0,1 mg/kg). Por fim, neste estudo ndo foi demonstrado diferenca na FR, entretanto, outros
parametros respiratérios ndo foram analisados.

Bitti (2015) também demonstrou que a associacdo de metadona intensifica a sedacao
promovida pela acepromazina isolada. A autora avaliou o uso de doses crescentes de metadona
(0,25, 0,50 e 0,75 mg/kg) associada a acepromazina (0,05 mg/kg) comparado a um grupo de
cdes que receberam acepromazina isolada na mesma dose e ndo encontrou diferencas em termos
de intensidade de sedagdo, mas sim em relacéo ao tempo de duragéo do efeito sedativo, que foi
mais longo quanto maior a dose do opioide utilizada. Os parametros cardiovasculares foram
semelhantes entre os grupos, porém, foi demonstrado que a depressao respiratoria foi maior ao
se utilizar as doses de 0,5 e 0,75 mg/kg de metadona, apresentando reducdo do pH e aumento
da PaCO:a.

Os resultados do estudo de Souza et al. (2025b) revelaram que, em relacdo aos valores
basais, cdes pré-medicados com doses baixas de acepromazina (0,02 mg/kg) e metadona (0,3
mg/kg) IM sofreram reducdo da FC e da PAS, sem ocorréncia de hipotensdo, além de reducéo
da FR. Porém, apds serem induzidos com propofol na taxa de 1 mg/kg/min, a FC aumentou,
retornando a valores semelhantes aos basais, a PAS se manteve nos mesmos niveis prévios a
inducdo e a FR reduziu ainda mais, porém sem ocorréncia de apneia e sem comprometimento
dos valores de saturacdo de oxigénio e pressdo de CO> expirada, demonstrando que, apesar dos
efeitos dos farmacos combinados, o uso de doses baixas de acepromazina e metadona associado
a uma inducdo em taxa reduzida de propofol ndo provocou um impacto cardiorrespiratorio
clinicamente significativo em cées saudaveis.

A associagdo de dexmedetomidina e metadona também resulta em maior escore de
sedacdo comparado ao uso da dexmedetomidina isolada (Cardoso et al. 2014; Cafran et al.
2016; Kerr e Swanton, 2023). Esse protocolo garante sedacdo profunda, dose-dependente e
mais intensa do que a associac¢ao de acepromazina e metadona (Dehuisser et al. 2019; Souza et
al. 2025b).
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Cardoso et al. (2014) néo identificaram diferencas entre a FC e PAS em cées que
receberam dexmedetomidina isolada (10 ug/kg) ou associada a 0,5 mg/kg de metadona. Ja no
estudo de Cafran et al. (2016), ao comparar uma dose menor de dexmedetomidina (5 ug/kg)
isolada ou associada a metadona (0,3 mg/kg) foi visto maior reducdo na FC nos cédes que
receberam o protocolo de associagdo, porém sem diferencas significativas na PAS.

O impacto respiratorio pode ser maior quando a dexmedetomidina é associada a
opioides (Cardoso et al. 2014). No estudo de Cafran et al. (2016), 57% dos caes pré-medicados
com dexmedetomidina associada a metadona apresentaram hipercapnia apos a inducdo da
anestesia com propofol, enquanto que ndo houve incidéncia deste efeito adverso nos cées que
receberam apenas dexmedetomidina. Souza et al. (2025b) demonstraram que cdes pré-
medicados com dexmedetomidina e metadona apresentaram maior incidéncia de hipercapnia
apos a inducdo anestésica quando comparado a cdes pré-medicados com acepromazina e

metadona.

CONSIDERACOES FINAIS

O propofol é o farmaco anestesico intravenoso mais utilizado para inducéo anestésica
em cées e a compreensdo de fatores relevantes que podem otimizar seu uso aumenta a qualidade
e a seguranca dessa fase da anestesia. A velocidade de administracdo influencia a dose e efeitos
adversos do propofol, entretanto, somente nos ultimos anos isso vem sendo discutido. Além
disso, poucos estudos buscaram uma taxa de infusdo ideal e ndo ha estudos que padronizem a
administracdo pela técnica de bolus manuais, ainda que essa seja a mais utilizada na rotina
veterinaria. Estudos que avaliam efeitos de outros farmacos associados a inducéo anestésica,
como pré-anestésicos ou co-indutores, ndo seguem um padréo de administracdo do propofol, o
que limita a comparacdo de resultados e o desenvolvimento de evidéncias cientificas robustas,
como metanalises. Por fim, os efeitos individuais e combinados dos farmacos utilizados na
medicagdo prévia a inducdo contribuem significativamente para o requerimento de dose e
efeitos adversos durante a inducéo anestésica. Portanto, a forma ideal de administracdo deve
ser ainda estudada correlacionada com diferentes protocolos de medicagdo pré-anestésica, que

variam em combinacdes, doses e vias de administracéo.
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ABSTRACT

The aim was to compare the administration of propofol via bolus or continuous infusion for
anesthetic induction in dogs. Twenty-four healthy adult dogs were randomized into one of two
groups: anesthetic induction with intravenous propofol as a 1 mg/kg bolus every 60 seconds
(Group B) or continuous infusion at 1 mg/kg/min using a syringe pump (Group CI) following
premedication with acepromazine (0.02 mg/kg) and methadone (0.3 mg/kg). The propofol dose,
induction time, physiological variables, and the occurrence of myoclonus, hypotension, apnea,
desaturation, and hypercapnia after anesthetic induction were evaluated. Independent numerical
variables were compared using the Student's t-test or Mann-Whitney test, while physiological
variables were analyzed using repeated measures ANOVA or Friedman test, followed by post
hoc comparisons. The significance level was set at p < 0.05. The propofol dose was lower in

Group B than in Group CI (3 mg/kg [3-3.3] vs. 4.5 mg/kg [3.5-5.6], respectively, p = 0.002),
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and the induction time was shorter in Group B than in Group CI (3 min [3-3.25] vs. 4.5 min
[3-6.25], respectively, p = 0.027) (median and interquartile range). There was no difference in
adverse effects between the groups. It is concluded that administering propofol in a 1 mg/kg
bolus every 60 seconds allows anesthetic induction with a lower dose and shorter time, with no

difference in adverse effects compared to continuous infusion at 1 mg/kg/min.

Keywords: Propofol dose. Induction time. Canine anesthesia. Bolus. Constant Rate Infusion.

INTRODUCTION

The rate of propofol administration influences the dose required for anesthetic induction in dogs
(RAILLARD et al., 2018). Some authors have demonstrated that the dose of propofol required
to achieve an adequate anesthetic plane for endotracheal intubation in dogs is reduced when its
administration is performed through continuous infusion at lower rates (BIGBY et al., 2017b;
RAILLARD et al., 2018; WALTERS et al., 2022). Although valuable, this evidence may not
be useful for clinical practice, since anesthetic induction with propofol is often performed
through bolus administration, a technique that still shows significant variation among

practitioners (WALTERS et al., 2022).

If the transport time between the cardiovascular system and the biophase is not considered
during administration, the incidence of complications may increase, as adverse effects
associated with propofol are dose-dependent. These primarily include hypotension due to
vasodilation, reduction in protective airway reflexes and depression of respiratory activity,
which may result in apnea (MARIK, 2004; KAZAMA et al., 2000). Therefore, the induction

method should ideally minimize the occurrence of these effects (WALTERS et al., 2022).

It is important for the professional to weigh the pros and cons of each technique when choosing

how to administer propofol. The need for infusion devices is a disadvantage of the continuous
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infusion method, while bolus administration does not require costly equipment (CHOI et al.,
2017; WHITTEM et al., 2024). On the other hand, the use of intermittent boluses in repeated
administrations can lead to peak plasma concentrations with excessive anesthetic depth, which
is less frequent when continuous infusion is used (MUSK et al., 2005; CHOI et al., 2017).
However, there is no consensus on the ideal dose and timing for the bolus method, nor are there
studies comparing the two techniques for anesthetic induction in dogs to the authors'

knowledge.

The objective of this study was to compare propofol administration techniques for anesthetic
induction in dogs regarding dose, induction time, changes in cardiorespiratory variables, and
the incidence of myoclonus, hypotension, apnea, desaturation, and hypercapnia after induction..
Our hypothesis was that the dose and induction time would be lower when propofol is
administered in boluses of 1 mg/kg every 60 seconds, with no difference in adverse effects

between the techniques.

MATERIALS AND METHODS

Animals

The study was approved by the Animal Use Ethics Committee, and informed consent from the
owner was obtained prior to including any animals. The study included dogs classified as adults
based on age related to size (CATTAI et al., 2019), with a body condition score between 4 and
6 (LAFLAMME, 1997), categorized as American Society of Anesthesiologists score | (ASA 1)
through the absence of changes in the physical examination and pre-anesthetic complementary
exams (blood count, total protein and fractions, urea, creatinine, alanine aminotransferase,
alkaline phosphatase and electrocardiogram), which were presented for elective surgical

procedures at the Veterinary Clinics Complex of the Centro Universitario de Lavras between
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November 2023 and March 2024. Exclusion criteria included the presence of conditions that
would prevent the use of the established pharmacological protocol or any reaction requiring
additional treatments after drug administration (e.g. anaphylactic reactions, bradycardia
associated with hypotension prior to induction), as well as situations where data could not be

collected during the study.

Study Protocol

The dogs were randomized into one of two groups using a random number generator (Excel
2021; Microsoft Corporation, WA, USA). The groups differed in the propofol (10 mg/mL,;
Propovan®; Cristalia, Brazil) administration technique for anesthetic induction: continuous
infusion at a rate of 1 mg/kg/min (Group CI) or boluses of 1 mg/kg administered rapidly (3

seconds) every 60 seconds (Group B).

In a preparation room, prior to premedication administration (baseline period), heart rate (HR)
was measured by cardiac auscultation with a stethoscope for 60 seconds, respiratory rate (fr)
was assessed by counting thoracoabdominal movements, and systolic arterial pressure (SAP)
was measured using a vascular Doppler (DV 610V; Medmega®, Brazil) and a
sphygmomanometer (SDA-ES1; SDAMed, Brazil). The cuff width was approximately 40% of
the circumference of each animal's left antebrachium. In dogs that presented with panting, the

fr was standardized as 160 breaths per minute for statistical purposes.

After recording the parameters, all dogs were premedicated with 0.02 mg/kg acepromazine
(Acepran® 0.2%; Vetnil®, Brazil) and 0.3 mg/kg methadone (MY Tedom®; Cristalia®, Brazil)
intramuscularly. After 20 minutes, the sedation score was classified using the GRINT et al.
(2009) scale, validated for assessing sedation in dogs by WAGNER et al. (2017). A peripheral

catheter (Descarpack®, Brazil) was inserted into the cephalic vein of the right thoracic limb
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and connected to an adapter plug (Foyomed®, Brazil). After venous access, the surgical area

was clipped and the dogs were taken to the surgical center.

Immediately before anesthetic induction (pre-induction period), HR, fr, and SAP were again
measured. The electrocardiogram electrodes associated with the multiparameter monitor
(SDAMONITOR 12; SDAMed, Brazil) were connected to the dog for HR measurement, and
the value was checked by cardiac auscultation with a stethoscope. The vascular Doppler was
positioned caudally to the pads of the left thoracic limb, and the cuff attached to the
sphygmomanometer was placed on the mid-radius. After recording the parameters, the

anesthetic induction procedure was performed.

Induction in the IC group was performed using a syringe infusion pump (UniFusion SP50 Pro
Vet, MedRena), with its infusion accuracy previously verified. The pump was programmed for
an infusion rate of 1 mg/kg/min. In the B group, propofol was administered manually, with
volumes corresponding to 1 mg/kg delivered rapidly (3 seconds) at 60-second intervals between
boluses. In both groups, propofol was administered through the previously fixed venous

catheter.

The administration of propofol and the assessment of anesthetic depth during induction were
always performed by the same anesthesiologist (a professional with five years of experience
using propofol for anesthetic induction in dogs). The endpoint for discontinuing propofol
administration included the identification of the following parameters: loss of head support,
ventromedial rotation of the eyeball, absence of the palpebral reflex, and reduction of jaw and

tongue tone.

The hour of induction start was recorded when the infusion began through the pump (CI group)

or when the administration of the first bolus began (B group). In both groups, after the start of
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administration, the assessment of anesthetic depth parameters was performed every 30 seconds,
marked by a stopwatch positioned on the wall of the surgical room. The anesthetist took about
5 seconds to assess all parameters. In the 1C group, the pump was not interrupted during the
parameter assessment. In the B group, two assessments were made between bolus
administrations (one at 30 seconds and another immediately before the next bolus). When the
anesthetist considered the anesthetic depth adequate, they stopped the infusion (CI group) or
suspended the administration of the next bolus (B group), recording the hour as the "end of
induction.” The total induction time (in minutes) was calculated by the time interval between
the recorded start and end times of induction. A drawing representing the administration

methods was shown in Figure 1.
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Figure 1 Propofol administration protocol in the CI group (A) and B group (B). CI group —
Propofol administered via continuous infusion at a rate of 1 mg/kg/min. B group — Propofol
administered as boluses of 1 mg/kg every 60 seconds. Anesthetic depth was assessed every 30
seconds (represented in the image by the letter E). When the signs of loss of head support,
ventromedial rotation of the eyeball, absence of the palpebral reflex, and reduced jaw and
tongue tone were identified, the "end of induction™ was determined, and the continuous infusion

was stopped (CI group) or the next bolus was suspended (B group).
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At the recorded "end of induction™ hour, the same anesthesiologist proceeded with endotracheal
intubation using an appropriately sized tube for the patient. Dogs that exhibited resistance to
intubation, manifested by pronounced laryngeal reflex and/or coughing that hindered
endotracheal tube passage, received additional propofol and were removed from the study.
During induction, the same evaluator in all cases recorded the occurrence of myoclonus based
on the presence of muscle contractions, which were classified on a scale from 0 (no

contractions) to 3 (intense contractions) (BELL et al., 2011).

After intubation (post-induction period), a pulse oximeter and sidestream capnograph
associated with the multiparametric monitor were connected to the dog to measure oxygen
saturation (SpO:) and end-tidal carbon dioxide (Pe'CO.), respectively. The oximeter was
positioned on the animal's tongue, and the capnograph was connected to the endotracheal tube,
with the highest value within the first minute of measurement recorded. Additionally, HR, fr,
and SAP were measured again. After the last recording of physiological variables, a valve
circular system anesthesia circuit was connected to the endotracheal tube, and oxygen and other

drugs were administered for anesthesia maintenance as needed by each patient.

The total dose of propofol required for anesthetic induction was calculated by subtracting the
residual volume in the syringe from the initial volume and converted it to mg/kg. The times of
premedication administration, start and end of induction administration were recorded and later
used to calculate the time interval between premedication and induction and the total induction

time.

Apnea was defined as the absence of respiratory movements for 30 seconds or more after
anesthetic induction (BIGBY et al., 2017a). SAP lower than 90 mmHg was considered
hypotension. Desaturation was classified when SpO: was below 90%, and hypercapnia was

defined as Pe'CO: greater than 45 mmHg.
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Statistical Analysis

Using the standard deviation obtained from previous data in a pilot study conducted by the
researchers, it was calculated that a sample of 12 animals would be sufficient to detect a
minimum difference of 1 mg/kg in the propofol dose and 1 minute in the induction time,
considering a test power of 80% and an alpha of 0.05. Based on the researchers' experience,
this difference was arbitrarily defined as clinically relevant, considering that both groups

received the same premedication.

Statistical analyses were performed using JAMOVI® software version 2.5.6. The significance
level was set at p < 0.05. Data distribution was assessed using the Shapiro-Wilk test for
numerical variables. Data are summarized as mean + standard deviation for parametric data or

median (interquartile range) for non-parametric data.

Numerical data between independent groups were compared using Student’s t-test or Mann-
Whitney test, while dependent physiological parameters were analyzed using repeated
measures ANOVA or Friedman test, followed by paired post hoc comparisons to evaluate
differences between assessment periods. Ordinal qualitative variables were assessed using the

Mann-Whitney test, and nominal qualitative variables were analyzed using the Chi-square test.

RESULTS AND DISCUSSION

Twenty-four dogs were included in the study, with 12 animals per group. There was no
difference between the groups regarding age, weight, sex, body condition score, sedation score,
and time between premedication and anesthetic induction (Table 1). Endotracheal intubation

was successful in all animals on the first attempt, and no animal needed to be excluded.

Table 1 Characteristics of the dogs included in the study (n = 12).
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Characteristics Group B Group CI p-value
Age (years) 5627 5129 0.7068
Weight (kg) 17.6 +10.2 12.6+8.8 0.2077
Sex (females/males) 9/3 7/5 0.665
Size (small/medium/Ilarge) 4/5/3 5/6/1 0.5483
Body Condition Score 5 (5-5.25) 5 (5-5.25) 0.6033
Sedation Score* 6 (5.5-7) 6 (4.75-7) 0.5637
Time between pre-medication and induction 51.2+9.6 492+7.4 0.5728

(minutes)

The significance level was set at p < 0.05

* The sedation scale has a score ranging from 0 to 21 points, with higher scores indicating

greater sedation intensity.

The dose of propofol required for anesthetic induction was lower in group B (3 mg/kg [3 —3.3])

than in group CI (4.5 mg/kg [3.5—5.6]) (p = 0.002) (Figure 2), as was the induction time, which

was shorter in group B (3 min [3 — 3.25]) compared to group CI (4.5 min [3 - 6.25]) (p = 0.027).

At no time was there a difference between the groups for the physiological variables measured

(Table 2). In group B, 3/12 animals exhibited mild myoclonus (score 1) during induction,

whereas in group Cl, a total of 6/12 dogs experienced myoclonus, with two classified as mild

(score 1), three as moderate (score 2), and one as severe (score 3). There was no difference

between the groups.
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Figure 2 Dose of propofol (mg/kg) required for anesthetic induction in dogs receiving propofol
via bolus (Group B) or continuous infusion (Group CI). The boxes represent the interquartile
range, the whiskers represent the total range (maximum and minimum values), and the lines
inside the boxes indicate the medians. Outliers are marked as points. Significance was set at p

< 0.05. Different letters indicate statistical differences between groups (n = 12).
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Table 2 Physiological variables presented as mean * standard deviation or median (interquartile
range) measured at baseline, pre-induction, and post-induction, according to the type of

anesthetic induction (B — bolus group; CI — continuous infusion group) (n = 12).

Evaluation time points

Variables Group Baseline Pre-induction Post-induction
HR (bpm) B 1124 +16.5°% 95.8+29.62 107.3+21°2
Cl 125.9+35.72 81.8+23.8° 100.6 + 26.6 *
p value 0.247 0.215 0.503
SAP (mmHg) B 143 +17° 122 +17.8° 110 + 145°
Cl 140 +24.2 2 125+23.9° 117 +21.8"°
p value 0.809 0.681 0.398

fr (breaths min'L) B 75 (45-160)° 51 (36-105)° 20.5 (7-44.3) ¢
Cl 111 (34.5-160)2 59 (51-160)2  25.5(18.8-41.5)"

p value 0.855 0.310 0.419
SpO2 (%) B 96.2+2.3
Cl 96.7+25

p value 0.559
Pe'CO2 (mmHQ) B 37.8+95
Cl 37.1+£6.8

p value 0.826

Identical letters between the values presented in the rows indicate no statistical difference in
the post-hoc tests. The p-values presented refer to the comparison between groups using the
Student's t-test or Mann-Whitney test at each evaluation time point.

The significance level was set at p < 0.05

To the authors' knowledge, this is the first study to compare these two methods of propofol
administration in dogs. However, this analysis has already been conducted in humans, with
similar findings to those reported here. A meta-analysis by CHOI et al. (2017) showed that
administering propofol for sedation in humans via intermittent boluses results in a lower dose
requirement without differences in cardiorespiratory complications when compared to
continuous infusion and target-controlled infusion techniques. More recently, another study

evaluated propofol administration via bolus and target-controlled infusion in 50 human patients
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undergoing sedation, also demonstrating an increase in dose and time to reach the desired
sedation level with infusion administration, with no differences in respiratory effects

(CUIABANO et al., 2023).

WALTERS et al. (2022) evaluated the propofol dose, induction time, and apnea duration in
dogs premedicated with dexmedetomidine and methadone who received propofol at infusion
rates ranging from 0.5 to 4 mg/kg/min. They concluded that a rate of 1 mg/kg/min resulted in a
lower induction dose, shorter induction time, and reduced apnea duration, considering it an
ideal rate for anesthetic induction via continuous infusion. In the present study, we used the
same rate in the CI group, and the mean propofol dose was higher than that reported by these
authors (4.5+1.3vs. 2.1+ 0.5 mg/kg), probably due to differences in pre-anesthetic medication.
It is known that dexmedetomidine induces deeper sedation than acepromazine (BIGBY et al.,
2017a; DEHUISSER et al., 2019; PAN et al., 2021) and has a more significant anesthetic-
sparing effect (HUNT et al., 2012; DEHUISSER et al., 2019). Although the propofol
requirement was higher, anesthetic induction proceeded without significant cardiorespiratory
impacts in our study; thus, the rate of 1 mg/kg/min also appears to be appropriate for dogs

premedicated with acepromazine and methadone.

Although studies support anesthetic induction by continuous infusion at a rate of 1 mg/kg/min
(BIGBY et al., 2017b; WALTERS et al., 2022), the need for infusion devices, along with the
associated costs of equipment and supplies, may limit its use (CHOI et al., 2017). Therefore,
induction with propofol via bolus is still common in clinical practice (WALTERS et al., 2022).
However, there is no consensus on this technique, and literature recommendations are vague
regarding the bolus administration time. Based on the authors' experience, we recommend the

rapid administration (3-second injection) of 1 mg/kg of propofol with 60-second intervals
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between boluses to standardize the technique. This resulted in satisfactory induction without

differences in adverse effects compared to continuous infusion at a rate of 1 mg/kg/min.

There is a time interval between the intravenous administration of a drug and its arrival at an
adequate concentration at the site of action to produce the desired effect (BIGBY et al., 2017D).
This equilibrium time is a limiting factor for propofol to reach a concentration in the central
nervous system, which explains why a slower administration rate can induce anesthesia with a
lower total dose compared to a faster induction rate (STOKES & HUTTON, 1991), as observed

in previous studies (BIGBY et al., 2017; WALTERS et al., 2022).

On the other hand, when propofol is administered as a bolus, there is a rapid and transient
increase in plasma concentration. According to some authors, this would lead to a faster
equilibrium between the plasma and the effect site, reducing the induction time compared to
continuous infusion administration (STOKES & HUTTON, 1991; STRUYS et al., 2007). When
comparing the two methods used in our study, our hypothesis is that when administering a dose
of 1 mg/kg over 3 seconds, we could expect a plasma concentration 20 times higher in the
arterial vessels supplying the central nervous system than when administering the same dose
over 60 seconds via continuous infusion. This creates a greater gradient for entry into the central
nervous system. This difference in the ability to reach bio-phase concentrations could be
assessed using physiologically based pharmacokinetic models to estimate the drug
concentration in the interstitial fluid of the central nervous system, as in a propofol model

proposed by GONZAGA et al. (2024).

Similarly, studies in humans have demonstrated that the "priming technique” is useful for
reducing the propofol dose required for anesthetic induction. KUMAR et al. (2006) and
GVALANI and BHODANE (2016) administered 20% and 30%, respectively, of the calculated

propofol dose (2 mg/kg) 30 seconds before anesthetic induction via bolus of the remaining
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calculated dose titrated to effect, which resulted in a reduction in the total dose required
compared to a group that did not receive this pre-dose. In this case, it was also demonstrated
that fractionating the dose with a waiting interval allowed for a reduction in the propofol

requirement for induction, as observed in our study.

A problem associated with bolus administration arises when excessively high plasma
concentrations are reached, which is directly linked to an increase in side effects (MUSK et al.,
2005; FRANZEN et al., 2016; CHOI et al., 2017). We adopted the technique of using low doses
(1 mg/kg) with an interval that allowed sufficient equilibration time to prevent excessive plasma
accumulation of propofol, which can occur when a total bolus dose is administered too quickly,
as recommended in drug labels. This administration method may reduce intense plasma
fluctuations associated with intermittent bolus use, maintaining levels closer to the therapeutic
range (ROSE & GOLAN, 2009). We believe that the time adopted in our study (60 seconds)
was appropriate, as it resulted in good anesthetic induction quality in a shorter time and without

significant adverse effects, similar to the group induced by continuous infusion.

Physiological variable data are presented in Table 2. In group B, no changes in HR were
identified, but SAP progressively decreased between time points (p < 0.001). In group CI, HR
decreased from baseline to pre-induction (p < 0.001), then increased between pre-induction and
post-induction (p < 0.001). In this group, SAP only decreased between baseline and pre-
induction (p < 0.001), with no changes between pre- and post-induction. No hypotension was

recorded in either group.

The reduction in arterial pressure observed in both groups between baseline and pre-induction
was expected due to the effect of the pre-anesthetic medication used, as acepromazine causes a
decrease in vascular resistance (CREIGHTON & LAMONT 2024). After anesthetic induction,

it was observed that in group B, SAP continued to decrease without a change in HR, while in
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group CI, SAP remained unchanged, and HR increased. Despite the lack of statistical difference
between the groups, this finding may suggest an attenuation of baroreflex function in group B,
possibly due to peaks in propofol plasma concentration in this group. The baroreflex is a short-
term neural control system for cardiovascular stability (SATO et al., 2005). Evidence shows
that, depending on plasma concentration, propofol may have no effect, depress, or cause slight
changes in baroreceptor sensitivity (MAYER et al., 1993; SATO et al., 2005; CATTAI et al.,
2018). The positive chronotropic response after propofol administration may be associated with
intact reflex control (MAYER et al., 1993), which seems to have occurred in group CI.
However, confirming this hypothesis would require a study with more animals and continuous
arterial pressure monitoring throughout the induction period. Furthermore, it is important to
consider that tracheal intubation triggers a sympathetic response, leading to an increase in heart
rate and blood pressure (PANTI et al., 2016), as the parameter recordings in the post-induction
period were performed after intubation. Therefore, we cannot rule out that the increase in HR
in the post-induction period of group Cl may also be associated with a sympathetic stimulus,

which may have been abolished in group B due to a higher peak in plasma concentration.

As for the respiratory rate (fr), there was a progressive reduction between the evaluation points
in group B (p < 0.05), while in group ClI, the fr decreased between the pre- and post-induction

times. No animal experienced apnea.

Effects such as respiratory depression, apnea, reduced ventilatory response to hypoxemia, and
hypercapnia can be common after the administration of propofol (HAMILTON, 2024). Apnea
can cause significant harm and compromise the transition from intravenous induction to
maintenance with inhaled drugs (BIGBY et al., 2017a). Post-induction apnea rates exceeding
60% have been reported in healthy dogs after bolus administration (3.3 to 4 mg/kg) at varied

speeds between 30 and 60 seconds (BUFALARI et al., 1997; MURISON, 2001), with a
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reduction to 30—45% incidence when induction was performed using target-controlled infusion
(MUSK et al., 2005). BIGBY et al. (2017b) showed that the higher the infusion rate, the longer

the apnea duration.

After anesthetic induction using the same continuous infusion rate as in our study (1 mg/kg/
min), BIGBY et al. (2017b) reported 25% occurrence of apnea, and WALTERS et al. (2022)
described a mean time of 67 £ 37 seconds of absence of respiratory movements. In both cited
studies, the dogs were premedicated with dexmedetomidine and methadone. It is known that
a2-agonists can reduce respiratory rate and depress compensatory responses to hypercapnia
(LERCHE & MUIR 2004), whereas acepromazine generally does not cause significant
respiratory depression (CREIGHTON & LAMONT 2024). Thus, we believe that the type of
premedication used in our study also contributed to the milder respiratory effects after

anesthetic induction.

No animal experienced desaturation in the present study. The animals in both groups were not
preoxygenated before anesthetic induction, as preoxygenation could delay the onset of
desaturation (MCNALLY et al.,, 2009), masking this adverse effect. The maintenance of
adequate saturation is likely associated with the absence of apnea, as desaturation is typically

induced by this complication (AMBROS et al., 2018).

Post-induction hypercapnia was recorded in two animals in group B (Pe'CO: of 47 and 54
mmHg) and one animal in group Cl (Pe'CO: of 47 mmHg). The three animals that exhibited
hypercapnia had adequate respiratory rates (between 14 and 23 breaths/min). We classified
hypercapnia when Pg'CO: values exceeded 45 mmHg, as normocapnia is defined as Pg'CO:
between 35 and 45 mmHg (REDONDO et al., 2007). Some authors consider Pg'CO: values >
60 mmHg as hypercapnia in anesthetized patients (GRUBB et al., 2020), while others classify

this as associated with severe hypoventilation (REDONDO et al., 2007). Even though the
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increase in Pg'CO2 was mild in the animals reported here, it is important to emphasize the
relevance of comprehensive respiratory monitoring regardless of the propofol administration
technique, as hypoventilation can occur independently of apnea or a decrease in respiratory

rate.

The present study has some limitations. The lack of blinding of the anesthetist responsible for
administering propofol could have influenced the assessment of anesthetic depth, which was
considered the endpoint for propofol administration. To minimize this bias, the researcher
responsible for the assessment was an anesthetist with five years of experience in canine
anesthesia, who routinely performed anesthetic induction with propofol and was familiar with
the parameters used to determine the end of induction. Additionally, an evaluation interval of

30 seconds was established to standardize the time between assessments.

The time interval between the start and end of anesthetic induction was recorded in minutes;
however, it would have been ideal to measure it in seconds, which would likely result in a larger
difference between the groups. This was done because there were few researchers assigned to
different roles, making it more practical to record the start and end times of induction and

calculate the induction time later from the notes in the charts.

Additionally, the administration of propofol in 1 mg/kg boluses limited the accuracy of dose
measurement in fractional values, as in the CI group. However, this was necessary to
standardize the technique. Finally, arterial pressure monitoring was not performed invasively,
nor were blood gas analyses conducted, as the instrumentation and costs associated with these

techniques were not justified for use in ASA | dogs undergoing routine surgical procedures.
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CONCLUSION

The administration of 1 mg/kg propofol in rapid boluses (3 seconds) every 60 seconds allows
for a lower dose and shorter induction time compared to continuous infusion at 1 mg/kg min in
healthy dogs pre-medicated with acepromazine and methadone. There were no differences in
adverse effects between the two techniques, and no severe physiological changes were
observed. Therefore, both methods can be considered effective, and the choice between them

should depend on the practitioner’s specific circumstances.
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Abstract

Introduction: Pre-sedation before general anesthesia helps reduce patient anxiety and
facilitates anesthetic induction. Acepromazine and dexmedetomidine are widely used in dogs;
however, these drugs cause cardiopulmonary alterations that may have a significant

physiological impact when combined with the effects of propofol.

Objective: This study aims to evaluate the effect of premedication with acepromazine or
dexmedetomidine associated with methadone on anesthetic induction with propofol

administered at a rate of 1 mg/kg/min in healthy dogs.

Methods: Twenty-four healthy adult dogs were randomly divided into two groups according

to the premedication protocol: ACP (0.02 mg/kg acepromazine associated with 0.3 mg/kg
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methadone) or DEX (2 pg/kg dexmedetomidine associated with 0.3 mg/kg methadone). In both
groups, premedication was administered intramuscularly, and the dogs were subsequently
induced with propofol at a rate of 1 mg/kg/min using a syringe infusion pump. The sedation
level, total propofol dose required for induction, induction time, and cardiopulmonary variables

at baseline, pre-induction, and post-induction periods were evaluated.

Results: The DEX group showed a higher sedation score (p < 0.001), lower propofol
requirement (p = 0.005), shorter induction time (p = 0.024), lower heart rate (p = 0.036), lower
respiratory rate (p = 0.04), and a higher incidence of post-induction hypercapnia (p < 0.001)
compared to the ACP group. The incidence of myoclonus during anesthetic induction was

higher in the ACP group (p = 0.005). No animals exhibited apnea, desaturation, or hypotension.

Conclusion: The use of 2 pg/kg dexmedetomidine associated with 0.3 mg/kg methadone as
premedication promotes a higher degree of sedation, reducing the propofol dose and the
incidence of myoclonus during anesthetic induction with propofol at a rate of 1 mg/kg/min.
However, it has a greater impact on heart rate and respiratory parameters after induction

compared to the combination of 0.02 mg/kg acepromazine and 0.3 mg/kg methadone.

Keywords: premedication; anesthesia; canine; continuous infusion.

Introduction

Pre-sedation before anesthetic induction is recommended to aid in restraint, promote anxiolysis,
facilitate induction, and reduce the amount of potentially more depressant drugs used in general
anesthesia (Pereira & Lerche, 2024). Acepromazine and dexmedetomidine are among the main
drugs used for pre-anesthetic sedation in dogs and, although used for the same purpose, they

produce distinct effects (Bigby et al., 2017a; Martin-Flores et al., 2019). The combination of an
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opioid in the protocol is frequently used to promote analgesia and enhance sedation, optimizing

the use of lower doses of sedatives and tranquilizers (Monteiro et al., 2008).

Ideal anesthetic induction includes a smooth and rapid loss of consciousness with a lower drug
dose requirement, thereby minimizing cardiorespiratory adverse effects (Walters et al., 2022;
Hamilton, 2024). Propofol is widely used as an anesthetic inducer in small animals because it
promotes rapid and high-quality induction (Bigby et al., 2017a; Hamilton, 2024). However,
significant adverse effects include hypotension, myocardial depression, respiratory depression,
and post-induction apnea, which are associated with dose and administration rate (Hamilton,
2024; Bigby et al., 2017b; Walters et al., 2022). Additionally, myoclonic movements may occur

during or after propofol administration, compromising induction quality (Hamilton, 2024).

Propofol administration is performed by titration to clinical effect, with various proposed
dosing schemes that present wide variability (Sahinovic et al., 2018). Some authors have
demonstrated that the dose and time required to achieve anesthetic induction are lower when
using a reduced continuous infusion rate (Bigby et al., 2017b; Raillard et al., 2018; Walters et
al., 2022). Considering the reduction in dose, induction time, and occurrence of post-induction
apnea, Walters et al. (2022) concluded that the ideal infusion rate is 1 mg/kg/min in healthy
dogs premedicated with dexmedetomidine and methadone. However, these authors did not

evaluate the application and effects of this rate with another premedication protocol.

Thus, the objective of the present study was to evaluate the effect of premedication with
acepromazine or dexmedetomidine associated with methadone on anesthetic induction with
propofol administered at a rate of 1 mg/kg/min in healthy dogs. Our hypothesis was that
dexmedetomidine would reduce the propofol dose and induction time but increase the incidence

of post-induction adverse effects.
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Materials and Methods

Animals

The study included adult dogs (classified by age according to body size, as per Cattai et al.,
2019), non-brachycephalic, with a body condition score between 4 and 6 (Laflamme, 1997),
and categorized as American Society of Anesthesiologists (ASA) score | based on the absence
of abnormalities in pre-anesthetic evaluations (complete blood count, total protein and
fractions, urea, creatinine, alanine aminotransferase, alkaline phosphatase, and
electrocardiogram). The dogs presented for surgical procedures at the Veterinary Clinics
Complex of the University Center of Lavras (UNILAVRAS) between December 2023 and

March 2024.

Exclusion criteria were based on conditions requiring alterations in the established protocols,
such as allergic reactions to propofol, highly aggressive dogs requiring deeper sedation scores
in premedication, continuous medication use (e.g., anxiolytics), complications necessitating
additional therapy (e.g., severe bradycardia with hypotension before anesthetic induction), or
cases where complete data collection was not possible. Informed owner consent was obtained,

and the study was approved by the Animal Ethics Committee (CEUA — UNILAVRAS).

Study Protocol

Dogs were randomized into one of two groups using a random number generator (Excel 2016;
Microsoft Corporation, WA, USA). The groups differed based on the type of premedication

administered:

e ACP Group: Acepromazine (0.02 mg/kg) combined with methadone (0.3 mg/kg).

e DEX Group: Dexmedetomidine (2 pug/kg) combined with methadone (0.3 mg/kg).
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Anesthetic Procedure

In a preparation room, all dogs received intramuscular premedication according to their
assigned group: acepromazine (Acepran® 0.2%, Vetnil®) or dexmedetomidine (Dexdomitor®
0.5 mg/mL, Zoetis) combined with methadone (MY Tedom® 10 mg/mL, Cristalia®). The dogs
were left undisturbed for 20 minutes. After this period, the sedation score was assessed using a
previously published scale (Grint et al., 2009), ranging from O (no sedation) to 21 (deep

sedation).

Following sedation assessment, a peripheral catheter (Descarpack®, Brazil) of an appropriate
gauge for the dog’s size was inserted and connected to an adapter plug (Foyomed®, Brazil) in
the cephalic vein of the left thoracic limb. After venous access, the surgical site was clipped,
and prophylactic antibiotic therapy with 30 mg/kg of sodium cefalotin (Cefariston®; Blau
Farmacéutica S.A.) was administered intravenously. The dogs were then transferred to the

surgical center for anesthetic induction.

Anesthetic induction was performed using a continuous infusion of propofol (Propovan® 10
mg/mL; Cristalia) at a rate of 1 mg/kg/min via a syringe infusion pump (UniFusion SP50 Pro
Vet, MedRena). An initial dose of 5 mg/kg of propofol was prepared in a 20-mL syringe
connected to an extension line (Neonatal extension line 120 cm and 5 Fr; Embramed, Brazil),
which was attached to a 30 x 0.8 mm hypodermic needle inserted directly into the adapter plug
connected to the venous catheter. Induction and intubation were performed by the same
experienced anesthetist in all cases. The start time of propofol administration was recorded to

calculate the interval between premedication and anesthetic induction.

The infusion of propofol was initiated, and the endpoint for stopping administration was

determined by the presence of the following characteristics: loss of head support, ventromedial



66

eye rotation, reduced or absent palpebral reflex, and low jaw and tongue tone. Once the
anesthetic plane was confirmed, the infusion was stopped, the time was recorded, and the
animals were intubated with an appropriately sized endotracheal tube. If intubation resistance
was encountered, demonstrated by a cough reflex, additional propofol would be administered,

and the animal would be excluded from the study.

Quantification of Propofol Dose and Induction Time

The total propofol dose required for anesthetic induction was calculated by subtracting the
residual volume in the syringe from the initial volume, converting the result to mg/kg. The
volume in the extension line was disregarded, as it was prefilled with propofol beyond the initial
volume considered in the syringe. The total induction time was calculated based on the recorded

start and end times of the continuous infusion.

Assessment of Physiological Variables and Myoclonus Occurrence

Physiological variables, including heart rate (HR), respiratory rate (RR), and systolic arterial
pressure (SAP), were measured and recorded at three time points: before premedication
(baseline), immediately before induction (pre-induction), and immediately after intubation
(post-induction). During the post-induction period, oxygen saturation (SpO.) and end-tidal

carbon dioxide (EtCO-) were also recorded.

Two blinded observers recorded physiological parameters, with one measuring HR and SAP

and the other measuring RR, SpO-, and EtCO..

HR was measured via electrocardiographic monitoring using a multiparameter monitor
(SDAMONITOR 12; SDAMed, Brazil). SAP was measured in the right thoracic limb using a

vascular Doppler (DV 610V; Medmega®, Brazil) fixed in the palmar metacarpal region near
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the pad, and a sphygmomanometer (SDA-ES1; SDAMed, Brazil) with a cuff size
corresponding to approximately 40% of the mid-limb diameter. Hypotension was defined as

SAP below 90 mmHg.

RR was determined by counting respiratory movements for 60 seconds. Some dogs exhibited
panting, making counting difficult. In such cases, a standard value of 160 breaths per minute
was recorded for statistical purposes, following previous methodologies for panting dogs
(Bigby et al., 2017b). Apnea was defined as the absence of respiratory movements for 30

seconds or more (Bighy et al., 2017a; Cattai et al., 2018).

SpO: was measured using a pulse oximeter placed on the tongue, while EtCO. was recorded
via sidestream capnography, with the highest value recorded within the first minute of the post-
induction period. Both the oximeter and capnograph were integrated into the multiparameter
monitor. Desaturation was defined as SpO: below 90%, and hypercapnia was classified as
EtCO: greater than 45 mmHg. If desaturation or EtCO. exceeded 60 mmHg within the

monitoring period, manual ventilation would be initiated and recorded.

The same anesthetist responsible for anesthetic induction assessed the occurrence of myoclonus
during propofol administration, characterized by involuntary muscle contractions. The
myoclonus score was recorded on a scale from 0 (no contractions) to 3 (intense contractions)

(Bell et al., 2011).

Oxygen flow and additional anesthetic medications were only initiated after completing the

collection of all post-induction parameters.

Statistical Analysis




68

Statistical analyses were performed using JAMOVI software version 2.5.6. The significance
level was set at p < 0.05. Data distribution was assessed using the Shapiro-Wilk test for
numerical variables within groups. Data are summarized as mean + standard deviation for

normally distributed variables or median (interquartile range) for non-parametric data.

Numerical data between independent groups were compared using the Student's t-test or Mann-
Whitney test. Dependent physiological parameters (HR, RR, and SAP) were analyzed using
repeated measures ANOVA or the Friedman test, followed by paired post hoc comparisons to
evaluate differences between assessment time points. Ordinal qualitative variables (body
condition score and sedation score) were assessed using the Mann-Whitney test, while nominal
qualitative variables (size, sex, incidence of hypercapnia, desaturation, hypotension, and

myoclonus) were analyzed using the Chi-square test.

Results

A total of 24 dogs were included in the study, with 12 animals per group. The surgical
procedures performed included orchiectomies (5), ovariohysterectomies (4), dental prophylaxis
(7), simple nodulectomies (7), and third eyelid gland repositioning (1). There was no significant
difference between groups regarding age, weight, sex, size, or the time between premedication

and anesthetic induction. However, the sedation score was higher in the DEX group (Table 1).
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Table 1. Characteristics of the dogs included in the study, sedation score, and time between
premedication and induction according to the group (ACP — premedication with 0.02 mg/kg
acepromazine and 0.3 mg/kg methadone; DEX — premedication with 2 pg/kg dexmedetomidine

and 0.3 mg/kg methadone) (n = 12).

Characteristics ACP DEX p-value
Age (years) 52%29 5+£29 0.944
Weight (kg) 11.8(5.2-16.9) 11.3(5.4-18.3) 0.773
Sex (Male/Female) 5/7 5/7 1.000
Size (Small/Medium/Large) 5/6/1 6/5/1 0.913
Sedation score 6(4.7-7) 12.5(10.8-14.3) <0.001
Time between pre-medication and 49.1 +7.8 46.5+9.1 0.472

induction (minutes)

* The level of significance was set at p < 0.05.

The dose of propofol (mg/kg) required for anesthetic induction was higher in the ACP group
(4.6 £ 1.3) compared to the DEX group (3.1 £ 1.0) (p = 0.005) (Figure 1). Additionally, the
induction time (minutes) was longer in the ACP group (4.5 [3 — 6.25]) compared to the DEX

group (3 [2.5—3.5]) (p = 0.024) (Figure 2).

'kqg)

pofol dose (mg

Pro

Group

Figure 1 — Total dose of propofol for anesthetic induction in dogs that received premedication

with 0.02 mg/kg acepromazine and 0.3 mg/kg methadone (ACP Group) or 2 pg/kg



70

dexmedetomidine and 0.3 mg/kg methadone (DEX Group) (n = 12). The boxes show the
interquartile range, the whiskers show the minimum and maximum values, and the lines within
the boxes represent the medians. Outliers are marked as points. Significance was set at p < 0.05.

Different letters indicate statistical differences between the groups.

on ime (minules

Induct

Group

Figure 2 — Time (minutes) for anesthetic induction in dogs that received premedication with
0.02 mg/kg acepromazine and 0.3 mg/kg methadone (ACP Group) or 2 ug/kg dexmedetomidine
and 0.3 mg/kg methadone (DEX Group) (n = 12). The boxes show the interquartile range, the
whiskers show the minimum and maximum values, and the lines within the boxes represent the
medians. Outliers are marked as points. Significance was set at p < 0.05. Different letters

indicate statistical differences between the groups.

During anesthetic induction, dogs in the ACP group had a higher incidence of myoclonus (6/12)
compared to those in the DEX group (0/12) (p = 0.005). The myoclonus score during anesthetic

induction is shown in Table 2.
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Table 2. Myoclonus score during anesthetic induction in dogs included in the study according
to the group (ACP — premedication with 0.02 mg/kg acepromazine and 0.3 mg/kg methadone;

DEX — premedication with 2 pg/kg dexmedetomidine and 0.3 mg/kg methadone) (n = 12).

Number of dogs per group

Myoclonus Score ACP DEX
0 6 12
1 2 0
2 3 0
3 1 0

The data on cardiovascular and respiratory physiological variables are presented in Table 3. In
the ACP group, HR decreased between the baseline and pre-induction periods (p = 0.008) and
increased between the pre- and post-induction periods (p = 0.011), with no differences in the
final period compared to the baseline. In the DEX group, there was also a decrease in HR
between the baseline and pre-induction periods (p < 0.001) and an increase between the pre-
and post-induction periods (p = 0.014). However, in the final period, HR remained lower than
in the baseline (p = 0.004). There was no difference between the groups in HR during the
baseline period, but in the pre- and post-induction periods, animals in the DEX group had lower

HR compared to the ACP group (p < 0.05).

In both groups, there was a reduction in SAP between the baseline and pre-induction periods (p
< 0.05), with no difference between the pre- and post-induction periods. No hypotension was

recorded at any evaluation time, nor were there differences between the groups.

The ACP group showed a reduction in RR only between the pre- and post-induction periods (p
= 0.006), while in the DEX group, there was a progressive decrease in RR between all three
time points (p < 0.01). In the post-induction period, the RR of the DEX group was lower than

that of the ACP group (p = 0.04). No animal experienced post-induction apnea. There was no
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difference between the groups regarding SpO., and no animal experienced desaturation.
However, the DEX group showed a higher EtCO: after anesthetic induction compared to the

ACP group (p = 0.001), with a higher incidence of hypercapnia (p < 0.001) in the DEX group.

Table 3. Cardiovascular and respiratory variables presented as mean + standard deviation or
median (interquartile range) measured at baseline, pre-induction, and post-induction, according
to the group (ACP — premedication with 0.02 mg/kg acepromazine and 0.3 mg/kg methadone;

DEX — premedication with 2 pg/kg dexmedetomidine and 0.3 mg/kg methadone) (n = 12).

Evaluation moments

Variable Group Baseline Pre-induction Post-induction
HR (bpm) ACP 126 + 35.72 81.8 +23.8° 101 +26.62
DEX 115 +23.1° 61.1 +28.0° 78.3+22.0°
Group comparision p =10.390 p =0.008 p =0.036
SAP (mmHg) ACP 140 + 24.22 125 +23.9° 117 +21.8°
DEX 130 (124 -150)* 115(110-134)> 120 (105 — 130)°
Group comparision p=0.758 p =0.952 p=0.772

RR (breaths/min) ACP 111 (34.5-160)° 59 (51— 160)* 25.5 (18.8 — 41.5)°
DEX  56(36-108)  26(17.5-125)" 17 (11-22.3)°

Group comparision p =0.835 p = 0.086 p=0.04
SpOz2 (%) ACP 96,7+25

DEX 959+5.2
Group comparision p= 0,62
EtCO2 (mmHg) ACP 37,1+6,8

DEX 47,2 £6,6
Group comparision p= 0,001

* The level of significance was set at p < 0.05. Different letters indicate statistical differences

between the groups.

Discussion

In healthy dogs, premedication with dexmedetomidine or acepromazine in conservative doses
combined with methadone did not cause a significant cardiopulmonary impact during propofol

induction at a rate of 1 mg/kg/min. Dexmedetomidine demonstrates a higher sedation potential,
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reduced propofol requirement, and provides a smoother induction; however, it also reduces
heart rate more and induces greater respiratory depression, which may be relevant in clinically

unstable animals.

The goal of pre-sedation before general anesthesia induction is to reduce stress, facilitate patient
preparation, and transition to general anesthesia (Kramer et al., 2022). Moreover, sedative drugs
reduce the requirement for propofol, which is beneficial in decreasing its dose-dependent
adverse effects (Hamilton, 2024). However, it is important to consider that the drugs used in
pre-anesthetic sedation also interfere with cardiopulmonary function (Kramer et al., 2022).
Therefore, the choice of drugs and their doses should be strategic to meet the goals of
premedication without increasing the physiological impact on the patient during anesthetic

induction.

In our study, we opted to use sedative drugs in doses commonly used in our routine, which are
at the lower limit of the dose range recommended in the literature (Creighton & Lamont, 2024).
The same doses of acepromazine, dexmedetomidine, and methadone have also been cited by
other authors as standard in their hospital practice (Petruccione et al., 2021). Despite the
relatively low doses, the protocols were sufficient to allow the manipulation and performance
of surgical preparation activities for all dogs without difficulty, proving to be applicable in
clinical practice. The combination of an opioid with sedatives helps intensify sedation, enabling
the effect of the sedatives even at low doses (Monteiro et al., 2008; Bigby et al., 2017a; Kramer
et al., 2022). Therefore, it is likely that the effectiveness of the treatments used is associated
with the concurrent use of methadone. It is important to note that no aggressive or difficult-to-
handle animals were included in the study, as this could have led to different results and

necessitated modifications to the sedation protocol.
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Our study showed that dogs in the DEX group had a higher degree of sedation and required a
lower dose of propofol for anesthetic induction. This is an expected result since the sedative
effects of dexmedetomidine are more pronounced than those of acepromazine (Bell et al.,
2011), and the propofol requirement can be influenced by the degree of sedation (Hammond &
England, 1994; Di Franco et al., 2023). However, some studies did not identify the same
influence of premedication drugs on the propofol dose (Bigby et al., 2017a; Kramer et al.,
2022), although they performed anesthetic induction at a higher administration rate. In Bighy
et al. (2017a), dogs were induced with propofol at a rate of 4 mg/kg/min, while Kramer et al.
(2022) administered a bolus of 1 mg/kg every 10 seconds. It has been shown that the rate of
propofol infusion influences the total induction dose (Bigby et al., 2017b; Walters et al., 2022),
so the infusion rate factor may override the sedative effect on the induction dose. This is an
important observation to consider in studies evaluating factors influencing anesthetic induction,
and standardizing propofol administration remains a challenge in veterinary medicine, limiting

the comparison of results.

Half of the dogs in the ACP group exhibited some degree of myoclonus during anesthetic
induction, with two classified as mild, three as moderate, and one as severe, while none of the
dogs in the DEX group showed any myoclonus. This is likely associated with the difference in
sedation levels between the groups, as episodes of excitement during propofol administration
may be exacerbated in less sedated animals (Davies, 1991). Petruccione et al. (2021) compared
anesthetic induction in dogs premedicated with acepromazine or dexmedetomidine combined
with methadone at the same doses used in our study but used a propofol infusion rate of 2—4
mg/kg/min for induction and did not observe differences in the occurrence of myoclonus.
Similarly, in the study by Bigby et al. (2017a), no difference in myoclonus was found in dogs
premedicated with acepromazine (0.05 mg/kg) or dexmedetomidine (5 pg/kg) combined with

methadone (0.5 mg/kg), with induction done with propofol at 4 mg/kg/min. Therefore, we
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believe that the slower rate of propofol administration used in our study may have contributed

to the occurrence of myoclonus in the group with less sedation.

The induction rate used was based on the study by Walters et al. (2022), who demonstrated less
apnea time and a lower propofol requirement when administering the drug at 1 mg/kg/min,
considering it an ideal rate for anesthetic induction in dogs. These authors used
dexmedetomidine and methadone as premedication, so they did not demonstrate the effect of
this rate in dogs with a lower degree of sedation, as was the case with the ACP group. Thus, it
is important to consider that when using this infusion rate in dogs with lower sedation levels,
myoclonus is likely to occur, which can range from mild to severe and may compromise the

quality of anesthetic induction.

We observed a reduction in HR in both groups at the pre-induction moment, resulting from the
effect of the pre-anesthetic medication used, with greater intensity in the DEX group. This result
is expected, as bradycardia is a common side effect of dexmedetomidine, which may occur due
to a reflex response to increased vascular resistance, combined with a central effect (Martin-
Flores et al., 2019; Petruccione et al., 2021). After acepromazine administration, HR may
remain unchanged or exhibit variable responses, with a mild increase in frequency often
occurring reflexively due to a reduction in blood pressure (Monteiro et al., 2008; Creighton &
Lamont, 2024). The result seen in the ACP group animals may be associated with the concurrent
use of methadone, which increases vagal tone in dogs, resulting in reduced HR (Monteiro et al.,

2008; Maiante et al., 2009).

Dexmedetomidine and acepromazine have opposing mechanisms on vascular resistance
(Petruccione et al., 2021), so it was expected that the DEX group would have higher blood
pressure than the ACP group. However, this difference was not observed. At the pre-induction

moment, where only the sedative effects of the drugs predominated, both groups showed a slight
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reduction in arterial pressure, but still remained within physiological limits. This is likely
associated with the use of conservative doses and the route of administration, as intramuscular

injection avoids a rapid increase in the plasma concentration of the drugs.

The effect of a2-agonists on arterial pressure is characterized by an initial elevation due to
increased vascular resistance, followed by a reduction due to persistent bradycardia (Creighton
& Lamont, 2024). According to Sinclair (2003), the intensity of the vasoconstrictor effect
depends on the dose and route of administration, with lower doses being associated with
predominantly central effects, without pronounced stimulation of peripheral adrenergic
receptors. Moreover, the hypertensive peak is more common when the drug is administered
intravenously. Similarly to our results, other authors also did not show a significant increase in
SAP in dogs premedicated with intramuscular dexmedetomidine at doses of 1 or 3 ug/kg

(Pinelas et al., 2014).

The reduction in arterial pressure resulting from acepromazine use is primarily mediated by al-
adrenergic receptor antagonism and is also dose-dependent (Creighton & Lamont, 2024).
Monteiro et al. (2008) demonstrated that the use of a high dose of acepromazine (0.1 mg/kg)
resulted in greater SAP reduction with incidences of hypotension compared to the combination
of acepromazine (0.05 mg/kg) and methadone (0.5 mg/kg). These authors also observed that
the combination of these drugs is more advantageous for sedation than using a higher dose of
acepromazine alone. Rangel et al. (2020) also reported that there is no advantage in using doses

greater than 0.025 mg/kg of acepromazine for sedation in dogs.

Hypotension resulting from reduced vascular resistance, associated with a variable HR
response, are the main hemodynamic effects reported after anesthetic induction with propofol
(Hamilton, 2024). HR can be increased to maintain cardiac output when the baroreflex response

is intact, or reduced when this response is abolished (Mayer et al., 1993; Sato et al., 2005; Cattai



77

et al., 2018). In both groups, we observed an increase in HR and maintenance of blood pressure
after anesthetic induction, which suggests that the cardiac baroreflex was preserved during
propofol administration at a rate of 1 mg/kg/min, compensating for any potential vasodilatory
effect. It is likely that the infusion rate was responsible for maintaining the cardiovascular
response. However, it is important to highlight that even at a dose of 2 pg/kg, dexmedetomidine
induced a significant reduction in HR, keeping this parameter below baseline. This result should
be considered, as it may persist throughout the anesthetic maintenance period, potentially

compromising cardiac output (Pinelas et al., 2014).

Dogs that received dexmedetomidine showed a decrease in RR between the baseline and pre-
induction periods, which decreased further after anesthetic induction, maintaining a lower RR
than the ACP group at this last moment. Additionally, it was also observed that the EtCO>
concentration after induction was higher in the dogs that received dexmedetomidine. Nine dogs
in the DEX group (75%) had a EtCO2 > 45 mmHg (ranging from 46 to 56 mmHg), and only
one dog in the ACP group (8%) had a EtCO2 = 47 mmHg. Increased arterial CO pressure can
occur after the administration of anesthetics like propofol, while a2-adrenergic agonists may
interfere with the neuro-respiratory response to this increase, in addition to reducing respiratory
rate (Lerche & Muir, 2004). On the other hand, acepromazine may reduce respiratory rate but
does not cause significant changes in blood gases, as tidal volume is increased, maintaining
stable respiratory function (Bigby et al., 2017a; Rangel et al., 2020; Creighton & Lamont,

2024).

Respiratory depression after anesthetic induction is a dose-dependent effect commonly
described after the use of propofol (Hamilton, 2024). In this study, we found that
dexmedetomidine was associated with post-induction hypoventilation, even though it reduced

the propofol requirement, contributing a negative effect on respiratory function. Opioids also
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have a depressive effect on the respiratory system by acting at different supraspinal sites, which
can lead to increased CO; pressure (Simon & Lizarraga, 2024). The combination of an a2-
agonist with an opioid may intensify this effect (Sinclair, 2003; Pinelas et al., 2014). Thus, we
emphasize the importance of strict monitoring of respiratory parameters in dogs receiving
dexmedetomidine combined with an opioid, even at low doses. Moreover, caution should be

exercised when using this protocol in animals with pre-existing ventilatory impairment.

This study has some limitations. More reliable cardiopulmonary measures, such as invasive
blood pressure and blood gas analysis, were not performed, which could have provided more
relevant information. However, since this was a clinical study conducted with healthy routine
dogs, instrumentation and the cost of obtaining these measurements were not justifiable.
Additionally, the dogs were not acclimatized, which resulted in the baseline data reflecting
stress-related changes, which is common in a real-world situation. Despite this, we believe that
the study's results are useful for guiding clinical practice, demonstrating the effects of drugs
commonly used in routine care and providing guidance on what to expect from the drug

combinations at the doses used.

Conclusion

The use of 2 png/kg dexmedetomidine combined with 0.3 mg/kg methadone as premedication
results in a higher degree of sedation, reducing the propofol dose and the incidence of
myoclonus during anesthetic induction with propofol at a rate of 1 mg/kg/min. However, it also
has a greater impact on heart rate and respiratory parameters after induction when compared to

the combination of 0.02 mg/kg acepromazine and 0.3 mg/kg methadone.
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