UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO”
FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA

AVALIACAO DA INFLUENCIA DA HORA DO DIA, ANESTESIA E
ANALGESIA NOS COMPORTAMENTOS ESPONTANEOS DE
DOR APOS ORQUIECTOMIA EM CAVALOS

PEDRO HENRIQUE ESTEVES TRINDADE

Botucatu, Sdo Paulo
Agosto de 2021



UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO”
FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA

AVALIACAO DA INFLUENCIA DA HORA DO DIA, ANESTESIA E
ANALGESIA NOS COMPORTAMENTOS ESPONTANEOS DE
DOR APOS ORQUIECTOMIA EM CAVALOS

PEDRO HENRIQUE ESTEVES TRINDADE

Tese de doutorado apresentada ao
programa de pols-graduacdo em
Biotecnologia Animal para obtencéo
do titulo de Doutor em Biotecnologia
Animal, subarea de anestesiologia

veterinaria.

Orientador: Prof. Dr. Stelio Pacca

Loureiro Luna

Botucatu, Sao Paulo
Agosto de 2021



FICHA CATALOGRAFICA ELABORADA PELA SECAO TEC. AQUIS. TRATAMENTO DA INFORM.
DIVISAO TECNICA DE BIBLIOTECA E DOCUMENTAGCAOQ - CAMPUS DE BOTUCATU - UNESP
BIBLIOTECARIA RESPONSAVEL: ROSEMEIRE APARECIDA VICENTE-CRB 8/5651

Trindade, Pedro Henrique Esteves.

Avaliacdo da influéncia da hora do dia, anestesia e
analgesia nos comportamentos esponténeos de dor apods
orquiectomia em cavalos / Pedro Henrique Esteves Trindade.
- Botucatu, 2021

Tese (doutorado) - Universidade Estadual Paulista
"Julio de Mesquita Filho", Faculdade de Medicina
Veterinaria e Zootecnia

Orientador: Stelio Pacca Loureiro Luna

Capes: 50501011

1. Cavalo - Doencas. 2. Orquiectomia. 3. Analgesia.
4. Anestesia animal. 5. Medicdo da dor. 6. Bem-estar
animal.

Palavras-chave: Avaliacdo de dor; Bem-estar animal;
Cavalos.




Comissao Examinadora

Nome do autor: Pedro Henrique Esteves Trindade. Botucatu, 23 de junho de
2021.

Prof. Titular Dr. Stelio Pacca Loureiro Luna

Presidente e Orientador

Departamento de Cirurgia Veterinaria e Reprodugédo Animal / Faculdade de
Medicina Veterinaria e Zootecnia da Universidade Estadual Paulista, Botucatu,

Estado de Sao Paulo.

Profa. Dra. Maria José Hotzel
Membro
Departamento de Zootecnia e Desenvolvimento Rural / Universidade Federal

de Santa Catarina, Florianopolis, Estado de Santa Catarina.

Profa. Dra. Aline Cristina Sant’/Anna

Membro

Departamento de Zoologia do Instituto de Ciéncias Bioldgicas / Universidade
Federal de Juiz de Fora, Juiz de Fora, Estado de Minas Gerais

Prof. Dr. Alonso Guedes

Membro

Veterinary Clinical Sciences Departament / College of Veterinary Medicine from
University of Minnesota, Minnesota, USA.

Prof. Dr. Antonio Jose de Araujo Aguiar

Membro

Departamento de Cirurgia Veterinaria e Reprodugéo Animal / Faculdade de
Medicina Veterinaria e Zootecnia da Universidade Estadual Paulista, Botucatu,

Estado de S&o Paulo.



Dedico esta tese
Aos familiares e ancestrais que possibilitaram minha existéncia

Aos animais, minha motivacao



Vi

A ciéncia, minha vocag&o



vii

AGRADECIMENTOS

Aos progenitores, Jaime Silva Trindade e Léia Cristina Esteves Trindade,
bem como ao irméo Luiz Felipe Esteves Trindade e cunhado Alejandro German
pelo apoio.

Ao orientador, Stelio Pacca Loureiro Luna pela oportunidade, amizade e
empenho.

Aos colegas e amigos carreados pelos Bons Aires da Cuesta, que muito

me alegraram e ampararam nesta etapa.



viii

SUMARIO

(07N =] 1 1611 2 PR 14
1. INtroduGo € JUSHIfICALIVA........cceviiiii i e 15
P S oAV (=¥ Tl o L= 1T = L | - P 17
2.1 Definicdes, conceitos e contexXtualiZagao .........cceeeeeeeeeriieceenieieecece e 17
2.2 Comportamentos relacionados & Or .........ccceviieeciieeiereceee e 19
2.3 Efeitos de confusdo no comportamento de dor.........cccceeeverenencneneieeeeee e 23
2.3.1 Presencga e interaGao CoOmM NUMANOS..........coveeeiriririinenienieeeeeeeeeieeie e see s 23
2.3.2 Drogas anestésicas € analg@SiCas .........coevrerirerirerinienieieniee e 25
2.3.3 INteNSIAAAE A AOF......ccevieeeeeeee e 26
R I o (o= T To N e (o 1o L= VOSSR 27
2.4 Resumo dos fatores de confusdo no comportamento de dor...........cccceceeeererenene. 29
BT (=] =7 T = T 12
(07N =] 1 1 U1 1 USRS 24

Spontaneous Behaviors of Post-Orchiectomy Pain in Horses Regardless of the Effects
of Time of Day, Anesthesia, and ANAlgeSIa ..........ccovvvviiiiiiie e 26
SIMPIE SUMMAIY ..ot e e e e e e e e e ettt e e e e e e e e earrba e aaeaes 26
ADSITACT. .. 27
R 11 o o 13 o 1) o R 27
P2 Y= =T = L= g o YT 1 T o RS 29
2.1, ANIMAIS QN GIOUPS...ccueeieitieieieeterieeeerte e et e stesee e s e eseesteeseesesseessessesssessesseessesseenses 29
2.2. Management and PrOCEAUIES ........ccoceeverieeiereceee ettt ae e sae e enees 29
2.3. Behavioral ASSESSIMENT .......cceiiiieieieieeeere ettt ae s 32
2.4, StAtiStICAl ANGIYSIS......iceeiecieeece ettt et e st e s te e e be s reenaesreennas 37
e RESUILS ... nnnes 38
I 1= o] 1 1= (o o PRSP 47
ST @0 ] o3 01 (o o 53
] (=] €= o = ST 54
CAPITULO 3 ..ottt ettt ettt ettt bttt ettt s bt se et ressers 62
1. CoNnSIderagies fINAIS ........ceviiiiiiiiiiiiiieeeeee e 63
B2 = = =T [0 - T 66
MATERIAL SUPLEMENTAR . ..o e e e e e e et e e e e 69

Table S1. Median and interquartile range (Q1; Qs) of the frequency () or duration (%) of
the behaviors in horses submitted to anesthesia (GA), preoperative analgesia and
anesthesia (GAA), anesthesia, orchiectomy and postoperative analgesia (GC) and,



anesthesia, preoperative analgesia and orchiectomy (GCA). BR = before the end of
anesthesia recovery; AR = after the anesthesia reCoVery............ccccouvviiiiiiiiiiiiiiiiiinnnns 70

Table S2. Median and interquartile range (Q1; Q3) of the frequency (') or duration (%) of
the six pain-related behaviors unaffected by the time of day, anesthesia, analgesia and
surgery. Horses were submitted to anesthesia (GA), previous analgesia and
anesthesia (GAA), preoperative analgesia, anesthesia and orchiectomy (GCA) and
anesthesia, orchiectomy and postoperative analgesia (GC). Different lowercase letters
and values in bold indicate a significant difference over time in each group (a>b>c),
and different uppercase letters and values in bold indicate a significant difference
between groups at each time-point (ASB>C). ....ooovvviviiiiiiiiiiiii 73



Resumo

TRINDADE, Pedro Henrique Esteves. Avaliacdo da influéncia da hora do dia,
anestesia e analgesia nos comportamentos espontaneos de dor apdés
orquiectomia em cavalos, Orientador: Stelio Pacca Loureiro Luna, 2021. Tese
(Doutorado em Biotecnologia Animal). Faculdade de Medicina Veterinaria e
Zootecnia, Universidade Estadual Paulista “Julio de Mesquita Filho”, Botucatu,
2021

Nas ultimas duas décadas houve um crescente niumero de estudos empenhando
esforcos para diagnosticar a dor no Equus caballus ferus pela linguagem
corporal. Entretanto, fatores de confusdo ainda pouco esclarecidos ou néo
estudados podem estar dificultando a avaliacdo da dor em cavalos. Portanto,
objetivou com a tese identificar comportamentos espontaneos de dor pos-
orquiectomia em cavalos, independentemente dos efeitos da anestesia,
analgesia e horéario de registro do dia. No primeiro capitulo estd4 apresentada
uma introducdo acerca da tematica e uma breve revisdo de literatura sobre a
dindmica da resposta comportamental diante do efeito residual de farmacos,
interagdo com humano, horario do dia e intensidade da dor. Na segunda
decomposicao capitular estd apresentado o estudo prospectivo e longitudinal.
Vinte e quatro cavalos divididos em quatro grupos foram submetidos a: anestesia
inalatoria apenas (GA), ou combinada com analgesia prévia (GAA), orquiectomia
sob analgesia pré (ACG) ou p6s-operatéria (GC). Os dados obtidos da subtracao
da frequéncia e / ou duracdo de 34 comportamentos registrados durante sete
momentos de 60 minutos nas 24 horas apés a anestesia daqueles registrados
nos momentos espelhados nas 24 horas antes da anestesia (delta) foram
comparados ao longo do tempo e entre os grupos pelos testes de Friedman e
Kruskal-Wallis, respectivamente (p <0,05). A hora do dia influenciou os
comportamentos de caminhar, olhar pela janela, descansar o membro pélvico e
ficar parado. Os Unicos comportamentos relacionados a dor encontrados foram
beber, comer, olhar para a ferida, retrair o membro pélvico, expor o pénis e olhar
para o fundo da baia considerando o delta. Em concluséo, os fatores de confusao

podem influenciar varios comportamentos relacionados a dor documentados na
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literatura. No terceiro capitulo estd apresentado as consideragdes finais das
informacdes dos capitulos anteriores, evidenciando os beneficios praticos dos
achados desta tese.

Palavras-chave: avaliagao de dor; bem-estar animal; cavalos.
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Abstract

TRINDADE, Pedro Henrigue Esteves. Assessment of the influence of time of
day, anesthesia, and analgesia on spontaneous pain behaviors after
orchiectomy in horses, Supervisor: Stelio Pacca Loureiro Luna, 2021. Tese
(Doctor in Biotecnologia Animal). Faculdade de Medicina Veterinaria e
Zootecnia, Universidade Estadual Paulista “Julio de Mesquita Filho”, Botucatu,
2021

Over the past two decades there has been a growing number of studies making
efforts to diagnose pain through body language in Equus caballus ferus.
However, confounding factors that are still poorly understood or not studied may
be making it difficult to assess pain in horses. Therefore, the current thesis aimed
to identify spontaneous post-orchiectomy pain behaviors in horses, regardless of
the effects of anesthesia, analgesia, and recording time of day. The first chapter
presents an introduction to the subject and a brief literature review on the
dynamics of the behavioral response to the residual effect of drugs, interactions
with humans, time of day, and pain intensity. The second chapter presents the
prospective and longitudinal study. Twenty-four horses divided into four groups
were submitted to: inhalation anesthesia only (GA), or combined with previous
analgesia (GAA), orchiectomy under pre (ACG) or postoperative (GC) analgesia.
Data obtained by subtracting the frequency and/or duration of 34 behaviors
recorded during seven 60-minute moments in the 24 hours after anesthesia from
those recorded in the mirrored moments in the 24 hours before anesthesia (delta)
were compared over time and between the groups by the Friedman and Kruskal-
Wallis tests, respectively (p < 0.05). The time of day influenced the behaviors of
walking, looking out the window, resting the pelvic limb, and standing still.
Considering the delta, the only pain-related behaviors found were drinking,
eating, looking at the wound, retracting the pelvic limb, exposing the penis, and
looking at the back of the stall. In conclusion, confounding factors can influence

several pain-related behaviors documented in the literature. The third chapter
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presents the final considerations on the information from the previous chapters,
highlighting the practical benefits of the findings of this thesis.

Keywords: animal welfare; horses; pain measurement.
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1. Introdugéo e Justificativa

A conscientizacao acerca da senciéncia nos animais tem despertado uma
crescente preocupacao das sociedades em relacdo ao bem-estar de animais néo
humanos (MELLOR et al., 2020). Definiu-se bem-estar como “o estado fisico e
mental de um animal em relagéo as condi¢cdes em que vive e morre” (OIE, 2010),
a qual engloba a dor como um dos fatores para seu empobrecimento. A dor por
sua vez é entendida como uma “uma experiéncia sensorial e emocional
desagradavel associada a, ou semelhante aquela associada a, dano real ou
potencial ao tecido” (RAJA et a., 2020). Portanto, além da dor ocasionar
desconforto pela percepcdo somatossensorial, também afeta estados
emocionais por provocar sofrimento e angustia quando ndo tratada
apropriadamente, por isso, € imprescindivel diagnostica-la para trata-la de forma
adequada (MOLONY, 1997; HELLEBREKERS, 2000) e evitar o sofrimento
desnecessario nos animais (GREEN; MELLOR, 2011).

Na ultima década, revisdes apontam que houve um crescente numero de
estudos empenhando esforgos para diagnosticar e reduzir os impactos negativos
da dor no status de bem-estar do Equus ferus caballus (DE GRAUW; VAN
LOON, 2016; GLEERUP; LINDEGAARD, 2016; VAN LOON; VAN
DIERENDONCK, 2018). Nesse sentido, foram elaboradas escalas compostas
contemplando o dominio fisiolégico, comportamental e emocional dos cavalos.
Tais instrumentos objetivaram quantificar a dor aguda em situacdes especificas,
como a sindrome do abdébmen agudo (DE GRAUW; VAN LOON, 2016;
GRAUBNER et al., 2011; LAWSON et al., 2020; PRITCHETT et al., 2003;
SELLON et al., 2004; SUTTON et al., 2013a, 2013b, 2016, 2019; VAN LOON et
al., 2010), dor dentaria (LAWSON et al., 2020; PEHKONEN; KARMA;
RAEKALLIO, 2019), apds orquiectomia (DALLA COSTA et al., 2014; LAWSON
et al.,, 2020; TAFFAREL et al., 2015; VAN LOON et al.,, 2010) e apoés
procedimentos ortopédicos (BUSSIERES et al., 2008; DUTTON; LASHNITS;
WEGNER, 2009; LAWSON et al., 2020; LINDEGAARD et al., 2010; PRICE et
al., 2003; RAEKALLIO; TAYLOR; BLOOMFIELD, 1997; VAN LOON; VAN
DIERENDONCK, 2015, 2019). Apesar da motilidade gastrointestinal, taxa
respiratdria e cardiaca estarem contempladas em algumas dessas

metodologias, sua capacidade diagndéstica foi considerada questionavel devido
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a baixa especificidade (ANDERSEN et al., 2018; GLEERUP; LINDEGAARD,
2016; GRAUBNER et al., 2011; LINDEGAARD et al., 2010; PRICE et al., 2003;
RAEKALLIO; TAYLOR; BLOOMFIELD, 1997; SELLON et al., 2004). Revisédo
aponta que a exclusao de parametros pouco sensiveis e/ou especificos como
supracitados possa melhorar a validagéo e o tempo de aplicagédo das escalas
compostas (DE GRAUW; VAN LOON, 2016). Aléem de ser considerada
especifica e sensivel para diagnosticar a dor nos equinos, a avaliacédo
comportamentos que exibidos espontaneamente sem a presenca ou
interferéncia humana representa o refinamento metodolégico por ndo ser
invasiva e intrusiva com base no principio dos 4 R’s (reduce, refine, replacement
and respect) adotados na experimentacdo animal (HUBRECHT; CARTER,
2019).

Apesar da vasta literatura no que tange avaliacdes de dor em equinos,
estudos sugerem que ainda ndo existe um método considerado como padrao-
ouro para tal proposito (ANDERSEN et al., 2018; DODDS et al., 2017; GIGLIUTO
et al., 2014; GUEDES, 2017). Isso pode ser parcialmente explicado pela
caracteristica multidimensional da dor, sendo ela constituida pela combinacédo
dos componentes somatossensitivos, cognitivos e emocionais, tornando sua
interpretacdo bastante complexa e individual (PRICE, 2000). Entretanto, em
nosso entendimento, existem fatores de confusdo pouco esclarecidos que
poderiam interferir no reconhecimento da dor com base na linguagem corporal
como, o efeito residual das drogas para anestesia e analgesia, e a intensidade
da dor; ou mesmo fatores de confusédo ainda ndo estudados como o efeito do
horéario de registro do comportamento. Tais fatores poderiam ocasionar sub ou
superestimacdo do diagnostico da dor, portanto requerem investigacao
detalhada para obter uma estimativa mais precisa e eficiente da dor nos equinos.

Portanto, diante do exposto, objetivou-se com esta tese identificar
comportamentos espontaneos de dor pés-orquiectomia em cavalos,
independentemente dos efeitos da anestesia, analgesia e horario de registro do
dia.
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2. Revisao de literatura

2.1 Definigbes, conceitos e contextualizagao

A primeira sessdao desta revisdo destina-se ao esclarecimento de
definicbes e conceitos que serdo largamente usados no decorrer do texto, bem
como contextualizar a importancia de tais entendimentos para o foco principal
desta obra.

Nos ultimos trés anos o entendimento da dor para 0os animais humanos
definida como “uma experiéncia sensorial e emocional desagradavel associada
a um dano real ou potencial ao tecido, ou descrita em termos de tal dano” pela
Associacdo Internacional para o Estudo da Dor (IASP) em 1979 tem sido
contestada. Tal questionamento estd embasado na individualidade interpretativa
do descritor “desagradavel”’, na omissao de dores desmembradas de qualquer
dano tecidual e, por fim, nos pacientes dependentes de um observador para
estimar a dor (COHEN; QUINTNER; VAN RYSEWYK, 2018).

Antecipando esta indagacgéao, para os animais ndo humanos a dor tem sido
melhor entendida desde o pretérito como “uma experiéncia sensorial e
emocional aversiva que representa uma consciéncia por parte do animal de dano
ou ameaca a integridade de seus tecidos” (MOLONY, 1997). A definicdo
atualizada da de dor pela IASP em 2020 como sendo “uma experiéncia sensorial
e emocional desagradavel associada a, ou semelhante aquela associada a, dano
real ou potencial ao tecido” esta em harmonia com a definicdo estabelecida no
final da década de 90 para os animais supracitada. Essas definicdes destacam
a relevancia da resposta comportamental relacionada a dor e elucida o conceito
de multidimensionalidade da dor delineado pelo componente somatossensitivo,
cognitivo e emocional, demonstrando a complexidade na estimativa da dor que
pode ser potencializada pela singularidade de cada animal (PRICE, 2000).

A dor poder ser ordenada por diversas classificacdes, uma delas fraciona-
a em trés tipos de acordo com sua a¢ao no organismo (nociceptiva, inflamatoria
e neuropatica) (GUEDES, 2017). Em uma visao macroscopica, a dor classificada
como nociceptiva representa na maioria dos casos um estimulo temporario com
a funcéo de alertar o organismo e protegé-lo de uma possivel lesdo; enquanto
que a dor inflamatoria representa um estimulo mais duradouro que objetiva

diminuir a movimentacdo para restaurar o dano tecidual ocasionado, sendo
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evocada com a ativacdo dos nociceptores pelas células inflamatérias atraidas
guimicamente para o local do dano tecidual; e por fim, a dor neuropatica sem
uma funcao discernivel de protecéo ou reparacéo ocasionada por uma disfuncéo
ou dano ao sistema nervoso (GUEDES, 2017).

A dor pode ser considerada como uma de muitas das fontes de sofrimento
animal, entendido por “um conjunto de emoc¢des negativas, como medo, dor e
tédio, e reconhecidas operacionalmente como estados causados por reforcos
negativos” (DAWKINS, 2008), que contribui para o empobrecimento do status de
bem-estar animal. Uma das definicbes mais aceitas de bem-estar para a
comunidade cientifica refere-se ao o “estado fisico e mental de um animal em
relacdo as condicbes em que vive e morre” (OIE, 2010). Ja é claro que a
nocicepcao e a dor tiveram uma substancial importancia adaptativa no processo
evolutivo das espécies com a funcéo basica de alerta para um potencial dano,
estabelecendo motivacBes para prépria protecdo e aprendizado para evitar
danos futuros (SNEDDON et al., 2014), sendo desta forma considerada como
dor adaptativa ou fisiolégica (GUEDES, 2017). No entanto, também existem
dores consideradas mal adaptativas provenientes de sequelas de doencas,
traumas cirdrgicos ou outras situacdes com maior intensidade e duracéo
comparado com as dores adaptativas, que desencadeiam um status
motivacional aversivo, como angustia e sofrimento (GUEDES, 2017; SNEDDON
et al., 2014).

Nas ultimas décadas a conscientizacdo acerca da capacidade de sentir
(senciéncia) dos animais tem despertado uma crescente preocupacdo das
sociedades ao redor do mundo em relacdo ao bem-estar de animais néo
humanos (MELLOR et al., 2020). Um status de bem-estar “bom é quando o
animal esta saudavel e tem o que deseja”, evidenciando a necessidade de
preservar as fungdes biologicas e atividades de manutencdo dos organismos
(DAWKINS, 2003 e 2004). Tal cuidado também é essencial no cenario da dor
pos-operatoria cuja privacdo de sono, por exemplo, mostrou-se capaz de
prejudicar o tempo de cura de ratos (LI et al., 2019). Tal ensejo engloba o
eminente requerimento de dimensionar e tratar adequadamente a dor mal
adaptativa (MOLONY, 1997; HELLEBREKERS, 2000) para evitar o sofrimento
desnecessario nos animais (GREEN; MELLOR, 2011).
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E importante saber que a maioria dos estudos com foco em diagnosticar
a dor em equinos foram conduzidos apds cirurgias ortopédicas ou celiotomia
(HALL etal., 2018) o que pode representar apenas uma parcela (dor inflamatoria
de moderada a severa) da vasta abrangéncia dos tipos de dor levando em conta
que a sensac¢do dolorosa é uma experiéncia singular e multidimensional (PRICE,
2000) como apresentado no decorrer desta sessao. Além do amplo horizonte de
estudos a serem conduzidos ao entorno dessa tematica, o diagnéstico da dor
em equinos ainda conta com diversos desafios para serem alcancados que seréo

apresentados nas sessdes subsequentes.

2.2 Comportamentos relacionados a dor

O privilégio do autorrelato da dor para a maioria dos animais humanos,
desde o principio foi um grande desafio na avaliacdo da dor nos outros animais
incorporando complexidade no diagnéstico da dor. Portanto, cientistas ao redor
do mundo tém buscado por sinais que possam servir de base interpretativa para
a estimativa da dor como, a resposta fisiolégica, enddcrina e comportamental
passiveis de mensuracdo nos equinos (SNEDDON et al., 2014). A partir dos
esclarecimentos supracitados sera apresentado nessa sessao a aplicacdo do
comportamento como instrumento diagnéstico da dor, assim como uma breve
justificativa da sua escolha dele dentre outros indicadores.

Em cavalos que experimentem dor, observa-se comportamentos novos
ou incomuns e diminuicdo de comportamentos normais, espontaneos ou
evocados, acompanhados ou ndo de mudancas fisiolégicas, como presséo
arterial, motilidade gastrointestinal, frequéncias cardiaca e respiratéria
(GUEDES, 2017). Embora os indicadores fisioldgicos sejam Uteis para estimar a
dor em animais, eles podem ser alterados por outros fendmenos diferentes da
dor, como ocorre com a taxa cardiaca na presenca de humanos nao familiares,
ambiente desconhecido, momentos de ansiedade, isolamento social e estresse
térmico, demonstrando um grau baixo de especificidade para diagndstico de dor
(ALM, 2004; DAS et al., 2016; GRIPPO et al., 2007; LANSADE; BOUISSOU,
2008). Dessa forma, as informacgdes provenientes da linguagem corporal podem
fornecer subsidios mais especificos para melhor conhecer a dor, além de serem

considerados métodos néo invasivos, ndo intrusivos e praticos que podem ser
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avaliados em tempo real por video aplicando escalas comportamentais ja
validadas sem a necessidade de equipamentos sofisticados como requerido
para dosagens bioquimicas (DAWKINS, 2004; DESCOVICH, 2017).

Apesar de os cavalos evitarem a exibigdo de suas vulnerabilidades como
0s sinais de dor, eles exibem uma gama de posturas e movimentos corporais
gue podem ser utilizados para avaliar a dor (ASHLEY; WATERMAN-PEARSON;
WHAY, 2005). Inicialmente os comportamentos relacionados com a dor foram
divididos em duas classes: ndo especificos e especificos. Dentre a primeira
classe destacam-se agitacdo ou ansiedade, relutancia a locomover-se, posi¢cao
corporal rigida, cabeca baixa, agressao contra humanos, objetos, outros animais
ou contra si proprio (ASHLEY; WATERMAN-PEARSON; WHAY, 2005).

Os indicadores comportamentais especificos em cavalos relacionam-se
com a localizagdo da inflamacdo ou lesdo. Dores nos membros podem ser
detectadas por claudicacéo, troca de apoio do peso corporal entre 0s membros,
evitar que se togue determinado membro, apoiar apenas a pin¢ca dos cascos,
suspender o membro toracico e rotaciona-lo e distribuicdo anormal do peso. De
igual modo, a dor de origem visceral faz com que o0s cavalos exteriorizem
comportamentos, como grunhir, rolar, chutar o abdome, olhar para o flanco e
alongar-se. Ja dores relacionadas a cabeca ou aos dentes estdo associadas ao
meneio da cabeca e comportamentos mastigatorios anormais (ASHLEY;
WATERMAN-PEARSON; WHAY, 2005).

A partir do conhecimento sobre a linguagem corporal relacionada a dor
foram desenvolvidos instrumentos para avaliar a dor como, a escala analdgica
visual representada por uma linha horizontal de 100 milimetros sem gradacoes,
a escala de contagem numeérica variando de 0 a 10 cuja o incremento na
pontuacdo de ambas escalas sinaliza maior severidade da dor, e a escala
descritiva simples classificando a dor em ausente, leve, moderada e severa;
sendo que o julgamento da pontuacao de todas elas baseia-se na interpretagao
da linguagem corporal de acordo com a expertise do avaliador (DE GRAUW;
VAN LOON, 2016). Mais adiante, dois estudos avaliaram (PRICE et al., 2003;
PRITCHETT et al.,, 2003) a resposta comportamental da dor por variaveis
entendidas como mais objetivas do que as escalas unidimensionais

mencionadas acima, como, por exemplo, um etograma composto por registro da
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frequéncia e duracao dispensada em cada comportamento analisados por um
longo periodo de tempo (dois momentos de 24-48 h), revelando a contribuicdo
de cada comportamento relacionado a dores originarias por artroscopia e
celiotomia. Estes dois etogramas mostraram que além da exibicdo dos
comportamentos especificos de dor relacionados a &rea afetada, os equinos
exibiram alteracbes em comportamentos de manutencao relativos a diminuicéo
da locomocao, interesse pelo ambiente ao redor, ingestdo hidrica e alimentar
que poderiam ser utilizados para o diagnéstico da dor (PRICE et al., 2003;
PRITCHETT et al., 2003).

Véarios desses comportamentos foram usados para criar escalas
compostas contemplando aspectos fisiol6gicos, comportamentais e emocionais
para avaliar a dor nos cavalos. Para essas escalas compostas o comportamento
foi avaliado por um periodo de tempo mais curto (de dois a seis momentos de 5-
15 min) aplicando escores referentes a linguagem corporal atinente a atividade,
interacdo, locomocao, postura, apetite, desconforto e atencéo a area afetada e
ao ambiente, com descrigOes preestabelecidas para quantificar a dor aguda em
situacbes especificas. Um exemplo sdo dores originarias de sindrome do
abdémen agudo (DE GRAUW; VAN LOON, 2016; GRAUBNER et al., 2011;
LAWSON et al., 2020; PRITCHETT et al., 2003; SELLON et al., 2004; SUTTON
et al., 2013a, 2013b, 2016, 2019; VAN LOON et al., 2010), dor dentaria
(LAWSON et al.,, 2020; PEHKONEN; KARMA; RAEKALLIO, 2019), apds
orquiectomia (DALLA COSTA et al., 2014; LAWSON et al., 2020; TAFFAREL et
al.,, 2015; VAN LOON et al.,, 2010) e apdés procedimentos ortopédicos
(BUSSIERES et al., 2008; DUTTON; LASHNITS; WEGNER, 2009; LAWSON et
al., 2020; LINDEGAARD et al., 2010; PRICE et al., 2003; RAEKALLIO; TAYLOR,;
BLOOMFIELD, 1997; VAN LOON; VAN DIERENDONCK, 2015, 2019).

Segundo revisao recente, dentre os indicadores comportamentais, as
contracdes e tensdes faciais tém sido consideradas como sinais mais fidedignos
do estado interno dos animais, em comparagédo com toda a linguagem corporal
(DESCOVICH, 2017). Recentemente, foram identificadas expressoes faciais de
dor em varios mamiferos, tais como ratos (LANGFORD et al., 2010), coelhos
(KEATING et al., 2012), gatos (EVANGELISTA et al., 2020), bois (GLEERUP et
al., 2015a), porcos (DI GIMINIANI et al., 2016; GORANSSON, 2016) e ovelhas
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(GUESGEN et al., 2016; MCLENNAN et al., 2016). Em equinos a orientacao das
orelhas, abertura dos olhos, contracdo da musculatura dos labios e ao redor dos
olhos, tensdo do focinho e dos musculos miméticos ou mastigatorios,
apresentaram associagdo com processos dolorosos como pos-orquiectomia
(DALLA COSTA et al., 2014), inducéo de dor por capsaicina tdépica no antebraco
(GLEERUP et al., 2015b), sindrome do abdémen agudo (VAN LOON; VAN
DIERENDONCK, 2015) e durante atividade fisica (MULLARD et al., 2017,
TRINDADE et al., 2020).

Em um estudo que investigou as caracteristicas da face relacionadas
apenas aos olhos dos cavalos, foram descritas seis medidas distintas com base
nas contracdes, formacao de rugas e angulos apresentados ao redor dos olhos
(HINTZE et al., 2016), demonstrando a elevada expressividade da configuracao
facial nesta espécie. A compreensao das contracdes e tensdes da face parece
ser de complexa interpretacéo, pois uma mesma caracteristica da face pode ser
observada em diferentes situacbes (TRINDADE; COSTA; PARANHOS DA
COSTA, 2018). Por exemplo, os olhos parcialmente fechados foram
relacionados com dor (DALLA COSTA et al., 2014; MULLARD et al., 2017; VAN
LOON; VAN DIERENDONCK, 2015), mas também séo caracteristicas exibidas
guando o cavalo esta sonolento ou em descanso (MCDONNELL, 2003) ou
cansado fisicamente (TRINDADE et al., 2020). Deste modo, é provavel que uma
andlise conjunta das expressdes da face seja mais eficiente que sua avaliacédo
isolada de cada caracteristica (DESCOVICH, 2017; TRINDADE; COSTA;
PARANHOS DA COSTA, 2018). Apesar das expressdes faciais serem
recomendadas como boa ferramenta para diagndstico da dor, as caracteristicas
faciais podem nao ser indicadores praticos para aplicacdo na rotina clinica, visto
gue os animais precisam ser filmados para posterior extragdo de imagens ou
videoclipes das gravacdes originais para so depois realizar as avaliagoes, além
de necessitar de treinamento especifico e avaliador experiente muito mais do
que as posturas e movimentos corporais devido a sutileza de detalhes
(ANDERSEN et al., 2018; ASK et al., 2020).

Apesar dos cientistas da area concordarem quanto a inexisténcia de um
método padrao-ouro para diagnostico da dor em equinos, 0 comportamento tem

sido reconhecido como uma opc¢ao util e mais utilizada para tal finalidade (DE
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GRAUW:; VAN LOON, 2016; GLEERUP; LINDEGAARD, 2016; VAN LOON; VAN
DIERENDONCK, 2018). Muito embora, fatores de confusdo pouco ou nunca
examinados no registro comportamental podem ter forte influéncia na avaliacédo

da dor e, portanto, serdo apresentados nas sessdes seguintes dessa revisao.

2.3 Efeitos de confusao no comportamento de dor

A dor aguda em equinos tem sido estimada com base na linguagem
corporal da espécie (BUSSIERES et al., 2008; DALLA COSTA et al., 2014;
GLEERUP et al., 2015b; PRICE et al., 2003; PRITCHETT et al.,, 2003;
TAFFAREL et al., 2015; VAN LOON; VAN DIERENDONCK, 2015). Entretanto,
o0 comportamento néo esté livre de efeitos de confusdo (MARTIN; BATESON,
1993). c

2.3.1 Presenca e interagdo com humanos

Estudo tem questionado o paradigma que animais considerados como
presas sdo evitam demonstrar a dor porque caes e gatos também poderiam
evitar tal demonstrativa (CARBONE et al., 2020). Desta maneira € possivel
interpretar que outros fatores atrelados a presenca humana poderiam estar
dificultando a estimativa da dor (CARBONE et al., 2020). Apesar disso, alguns
dos instrumentos para diagnostico da dor em cavalos foram desenvolvidos com
base em observacbes comportamentais in locu (VAN LOON; VAN
DIERENDONCK, 2015, 2019). A avaliacdo da linguagem corporal pode ser
considerada nao intrusiva (DESCOVICH, 2017), muito embora quando o
observador nédo for familiar ao cavalo, a sua presenc¢a pode ocasionar mudancas
comportamentais devido ao medo ou curiosidade (WAGNER, 2010), por isso é
importante considerar um periodo de adaptacdo antes de iniciar avaliagbes
comportamentais in cito (MARTIN; BATESON, 1993). Por exemplo, em ratos
expostos a um objeto e recinto desconhecidos, denominados testes de novo
objeto e de nova arena respectivamente, reduziram a linguagem corporal de dor
nos cinco primeiros minutos apds administracao de formalina intraplantar (FORD
et al., 2008). De maneira analoga ao objeto no estudo anterior, os humanos
poderiam representar fonte de ‘novidade’ ao animal fazendo com que ele mude

seu comportamento relativo a dor.
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Uma possivel explicagdo para a reducéo dos comportamentos relativos a
dor durante os 5 primeiros minutos de exposi¢cdo a um novo objeto é o estresse
ou medo que estimulam a liberacdo de opioides enddégenos e reduzem
momentaneamente a percepcdo da sensagdo dolorosa para uma reacao
defensiva do animal (BUTLER; FINN, 2009; FANSELOW, 1986). Outros estudos
demonstraram que estimulos visuais e auditivos que configuram distragdes,
reduzem a expressdo de comportamentos relacionados a dor em animais de
laboratério (MORIARTY; MCGUIRE; FINN, 2011), que para o caso dos equinos
hospitalizados os humanos desconhecidos poderiam representar distragdes
analogas aos estimulos visuais e auditivos do estudo anterior. Um estudo com
equinos reportou alteracfes na resposta comportamental relacionada a dor
mediante apenas a presenca do humano, sugerindo que a avaliacdo sem a
presenca do observador poderia ser mais fidedigna (TORCIVIA; MCDONNELL,
2020). Em coelhos, a presenca do observador ocasionou subestimacdo dos
comportamentos de dor apds a cirurgia e inibiu comportamentos normais antes
da cirurgia (PINHO et al., 2020). Em contrapartida, em estudo com equinos néao
se observou diferenca comportamental em cavalos com dor induzida na
presenca ou auséncia de avaliador durante quantificacdo da dor (GLEERUP et
al.,, 2015b). Entretanto, o avaliador ndo estava ausente do recinto, ele
permaneceu escondido atras de uma parede a 1 m de distancia do cavalo,
podendo representar estimulo auditivo e ou olfativo. Além disso, trata-se de
estudo experimental no qual os animais foram previamente habituados ao
ambiente de coleta e aos avaliadores.

Ademais, a resposta comportamental de equinos mediante a humanos
pode ser diferente quando comparamos equinos cujas relagcdes humano-animal
prévias tenham sido amigaveis com aqueles com historico de relagbes prévias
aversivas (SCOPA et al., 2019). Apesar disso, a interagdo humano animal é
realizada nas rotinas hospitalares e proporciona importante subsidios para
estimar a dor por meio da palpacao, resposta ao experimentador e locomocao
conduzida (comportamento induzido). Entretanto, tal manipulacdo para
investigar claudicacdo ou sensibilidade na ferida poderia ocasionar aumento do
estimulo doloroso (GLEERUP et al., 2015b). Para evitar esse potencial fator de

confusdo, a avaliagdo das posturas e movimentos corporais poderia valer-se
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apenas de comportamentos espontaneos, como ja empregado em algumas das
avaliacoes de expressodes faciais em equinos (DALLA COSTA et al., 2014;
GLEERUP et al., 2015b).

2.3.2 Drogas anestésicas e analgésicas

E sabido que a expressdo comportamental da dor pés-operatéria em
equinos pode sofrer interferéncia das drogas para sedacao e anestesia geral
(ASHLEY; WATERMAN-PEARSON; WHAY, 2005; GLEERUP; LINDEGAARD,
2016). Em gatos submetidos a um protocolo de anestesia dissociativa, 0s
comportamentos de dor relacionados a locomocao foram alterados indicando
diagnéstico falso-positivo para dor (BUISMAN et al.,, 2016). Sabendo desse
efeito de confuséo, para cdes (WAGNER; HECKER; PANG, 2017) e equinos
(OLIVEIRA et al.,, 2021) foi desenvolvida escala comportamental para
reconhecimento de sedacdo. A diminuicdo da resposta comportamental
mediante a estimulos visuais e auditivos € um parametro estimado na escala
para reconhecimento de sedacdo em equinos (OLIVEIRA et al., 2021), muito
embora a diminuicdo da atencdo aos estimulos ambientais também se relaciona
com a presenca da dor (GRAUBNER et al., 2011; LINDEGAARD et al., 2010;
PRITCHETT et al., 2003; TAFFAREL et al.,, 2015). A convergéncia entre 0s
comportamentos de interesse no ambiente originarios pelo fendémeno da dor ou
da sedacdo pode representar um fator de confusdo na avaliacdo da dor em
equinos que requer investigacao futura.

Apesar disso, para cavalos, estudos prévios assumiram empiricamente
que 4 (VAN LOON; VAN DIERENDONCK, 2015; VANDIERENDONCK; VAN
LOON, 2016; ZUTT etal., 2014) ou 6h (VAN LOON; VAN DIERENDONCK, 2019)
ap0s a recuperacdo anestésica seria tempo suficiente para evitar o fator de
confusdo desses farmacos na estimativa da dor, sendo que a falta de um controle
negativo foi uma limitacdo reconhecida pelos autores (VAN LOON; VAN
DIERENDONCK, 2019). A investigagdo com foco em equinos apenas
anestesiados ndo mostrou qualquer diferenca na somatoria total da escala
comportamental relacionado a dor 4h poOs-recuperagdo em comparagcdo com
animais nao anestesiados (PRITCHETT et al.,, 2003) ou 8h pdés-recuperacéo
para aqueles anestesiados e operados (DALLA COSTA et al., 2014;
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GRAUBNER et al., 2011). Apesar disso, em dois desses estudos (GRAUBNER
et al.,, 2011; PRITCHETT et al., 2003) os equinos foram anestesiados para
exames de imagem e o tempo de anestesia geral foi diferente entre os grupos
gue eles foram comparados (anestesiados para celiotomia versus anestesiados
para exame de imagem), além disso, no outro estudo foi usado um numero
inferior de equinos apenas anestesiados (6 versus 19 versus 21) em relacao aos
grupos comparados (DALLA COSTA et al., 2014). Portanto existe a necessidade
de mais estudos investigando os efeitos desses farmacos na exibicdo

comportamental relacionada a dor.

2.3.3 Intensidade da dor

A intensidade do processo doloroso é um aspecto relevante para a
avaliacdo da dor com base na linguagem corporal. Um estudo n&o conseguiu
reconhecer a dor com base no comportamento de equinos submetidos a
implante subcutaneo de microchip e marcacéo a fogo, apesar de confirmarem o
processo inflamatoério local por aspectos clinicos, fisioldgicos e enddcrinos
(LINDEGAARD et al.,, 2009). Cavalos castrados com diferentes protocolos
analgésicos também nédo mostraram diferenca na escala comportamental facial
e corporal 8h pos-castracdo (DALLA COSTA et al., 2014).

Por outro lado, experimentos demonstraram que indicadores
comportamentais foram capazes de diferenciar ovelhas (PAULL et al., 2009,
2012; SMALL et al., 2020) e porcos (SUTHERLAND; DAVIS; MCGLONE, 2011;
WHALIN et al., 2016) com dor devido a claudicacdo, apés caudectomia ou
orquiectomia que receberam protocolos analgésicos com diferentes qualidades.
Isso pode ser explicado parcialmente por que as ovelhas e 0s porcos estavam
alojados em grupo. Grupos menores de ovelhas apresentaram maiores
concentracdes de cortisol salivar e maior tempo de vigilia em comparacdo a
grupos mais numerosos, evidenciando que o tamanho do grupo pode influenciar
o nivel de estresse (MICHELENA et al., 2012). Ja é sabido que animais gregarios
coordenam e sincronizam o estado de vigilancia dentro do grupo para que
individuos possam ter momentos de repouso, alimentacdo, cuidado parietal,
comportamento sexual, enquanto outros vigiam, como sendo um valor

adaptativo de estratégia anti-predatoria sustentavel a longo prazo (SIROT;
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TOUZALIN, 2009), o que também ocorre com equinos (DURANTON; GAUNET,
2016). Talvez o isolamento social dos equinos em baia reduza a exibicédo de suas
vulnerabilidades, como a dor. Ademais, vale destacar que estudos com suinos e
ovinos sao desenvolvidos sob uma homogeneidade amostral (mesma idade e
raca), e ja € sabido que a idade (TORREY et al., 2009) e a raca (SILVA et al.,
2020) podem interferir na exibicdo comportamental relacionada a dor para
suinos e ovinos.

Apenas dois estudos clinicos aplicaram escalas comportamentais em
equinos hospitalizados por variadas causas e possivelmente diferentes
intensidades da dor (LAWSON et al., 2020; VAN LOON et al., 2010). Como a
causa da internacdo era dependente dos atendimentos, o nUmero de animais
para cada tipo de intervencado era desbalanceado. Por tanto, aparentemente o
diagnéstico da dor em diferentes intensidades ainda ndo esta totalmente
esclarecido quanto nos resultados reportados previamente em suinos e ovinos,

demonstrando requerimento de mais estudos com a espécie equina.

2.3.4 Horario do dia

Muito pouco se sabe sobre a influéncia do horario do dia no
comportamento relacionado a dor para a espécie equina. Um unico estudo
avaliou equinos durante 24h antes da intervencéao cirurgia (sem dor) sendo que
todos os registros de um mesmo comportamento neste periodo foram somados,
impossibilitando a interpretacdo considerando a hora do registro e o horario
espelhado no periodo pés-operatério (PRICE et al., 2003). Apesar disso, em
coelhos, ja foi demonstrado que tremer, arquear as costas, pressionar e arrastar
o abdémen no piso foram mais exibidos pela manha do que a tarde no momento
pré-operatorio (sem dor), enquanto interagir com enriquecimento, comer, beber,
pular, cavar, explorar e alerta foram mais evidentes pela tarde em relacdo a
manha (LEACH et al., 2009).

Para equinos ndo existe estudo com a abordagem supracitada, muito
embora, pode-se extrapolar que essa interferéncia também ocorra nesta
espécie, uma vez que ja é esperado que a distribuicdo comportamental ao longo
do dia seja heterogénea como, por exemplo, alerta e ativo predominantemente
durante o dia e dormir deitado ou em pé de noite (MCDONNELL, 2003). E
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possivel que exista um padrdo comportamental ciclico nos cavalos, um estudo
observando cavalos Przewalski de vida livre evidenciaram que atividade de
locomocédo e pastejo foram mais duradouras no verdo em relacdo ao inverno,
sendo que em ambas as estacdes tais comportamentos ocorreram predominante
durante as horas de luz solar (BERGER et al., 1999). As diferencas no tempo de
luz solar nas estacbes do ano também representam uma forte influéncia para
sintetizacdo de hormdnios reprodutivos, aumento de libido, crescimento de pelos
e por consequéncia influenciando no comportamento dos equinos (MURPHY,
2019). Tais achados demonstram que as condi¢bes ambientais exercem uma
influéncia na resposta comportamental ciclica com duracdo de aproximadamente
um ano (ritmo circanual) (MURPHY, 2019).

Além das pressdes ambientais, substancias enddgenas sintetizadas com
uma variacado constante também influenciam na exibicdo comportamental de
uma espécie. Por exemplo, o ritmo circadiano do cortisol nos equinos
proporciona picos regulares de concentracdo de cortisol endégeno em
momentos especificos do dia (BOHAK et al., 2013). Nesse sentido, revis&o
apontou que o pico da taxa de cortisol no inicio da manha em animais humanos,
como decorréncia do ciclo circadiano, pode ser uma das ondas hormonais
causadoras do despertar apds o0 sono e, consequentemente estar relacionada
com o aumento de atividades (CLOW et al., 2010). Tais estudos evidenciam a
importancia de sintetizacdes enddgenas ciclicas na exibicdo de um certo padréo
comportamental ao longo do dia (ritmo circadiano).

Contudo, € possivel assumir que condi¢cbes externas e internas ciclicas
diariamente ou anualmente tiveram substancial papel na modulacdo de um ritmo
circadiano ou circanual da expressdo comportamental nos Equus caballos ao
longo de sua evolucdo (BERGER et al., 1999; SCHEIBE et al., 1999; MURPHY,
2019). Sendo assim, é esperado que o aumento ou diminuicdo na exibicdo de
comportamentos regidos por tais fenbmenos, pode estar associado a um padréo
da expressao comportamental, como € o caso da maior atividade de pastejo e
locomocédo durante o dia em relacéo a noite (BERGER et al., 1999; SCHEIBE et
al., 1999; MURPHY, 2019). Sabendo que atividade, locomocéo, apetite, atencéo
ao ambiente e descanso sdo comportamentos usados no diagndstico da dor, o

horario de registro poderia representar um fator de confusdo na avaliacao
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comportamental para avaliacdo da dor que precisa ser investigado futuramente,

pois nunca foi objeto de estudo.

2.4 Resumo dos fatores de confusdo no comportamento de dor
Em resumo, a avaliacéo de dor aplicando a linguagem corporal esta

sujeita a fatores de confusédo que precisam ser melhor investigados, sendo
eles: o efeito residual de farmacos usados para anestesia e analgesia; a
intensidade da dor; e o horario de registro do comportamento. Portanto, no
capitulo seguinte sera apresentado o artigo produto desta tese com foco em

preencher as lacunas apresentadas na revisao acima.
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Simple Summary

Confounding factors may hinder the estimation of pain in horses. The current
study aimed to identify spontaneous post-castration pain behaviors in horses
regardless of the effects of anesthesia, analgesia, and recording time of day.
Twenty-four horses divided into four groups were submitted to inhalation
anesthesia only or combined with pre-operative analgesia, or castration under
pre or postoperative analgesia. Thirty-four behaviors were evaluated in seven 60-
min time-point recordings in the 24 h after anesthesia and at mirrored time-points
in the 24 h before the anesthesia. Results showed changes in the behaviors of
walk, look out the window, rest the pelvic limb, and rest standing still when
assessed in the morning, afternoon, and night. The only pain-related behaviors
observed regardless of the effects of time of the day, anesthesia, and analgesia,
were a decrease in the mirrored proportional differences in time spent drinking
and eating, and an increase in the mirrored proportional differences in the
frequencies of look at the wound, retract the pelvic limb, expose the penis, and
look at the back of the stall. In conclusion, confounding factors rather than pain
may influence several suggestive pain behaviors documented in equine

literature.
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Abstract

This prospective and longitudinal study aimed to identify spontaneous post-
orchiectomy pain behaviors in horses regardless of the effects of anesthesia,
analgesia, and recording time of day. Twenty-four horses divided into four groups
were submitted to: inhalation anesthesia only (GA), or combined with previous
analgesia (GAA), or orchiectomy under pre (GCA), or postoperative (GC)
analgesia. The data obtained from the subtraction of frequency and/or duration
of 34 behaviors recorded during seven 60-min time-points in the 24 h after the
anesthesia from those recorded in the mirrored time-points in the 24 h before the
anesthesia (delta) were compared over time and among groups by Friedman and
Kruskal-Wallis tests, respectively (p < .05). Time of day influenced the behaviors
of walk, look out the window, rest the pelvic limb, and rest standing still. The only
pain-related behaviors were decreased mirrored proportional differences in time
spent drinking, and eating, and increased mirrored proportional differences in the
frequency or duration of look at the wound, retract the pelvic limb, expose the
penis, and look at the back of the stall. In conclusion, confounding factors rather
than pain may influence several suggestive pain-related behaviors documented

in the literature.

Keywords: animal welfare; pain measurement; horses

1. Introduction

Several instruments have been proposed to assess acute pain in Equus
caballus [1-4]. Behaviors related to activity, locomotion, appetite, attention to the
environment, rest, and discomfort have been included in instruments to diagnose
the pain of acute abdomen syndrome [5-16], dental procedures [16,17],
orchiectomy [13,16,18,19], and orthopedic procedures [13,16,20-25]. The
physiological parameters included in some of these instruments present
guestionable results due to their low specificity and sensitivity
[1,10,14,20,23,25,26], added to which, they usually require the presence of the
evaluator and a certain degree of intrusion [27]. Facial expression is a promising

alternative for recognizing pain in horses [12,19,28], however, it requires
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experienced appraisers, specific training, and high-quality footage [1] or the
observer’s presence [12]. The remote evaluation of body language using
cameras, as in the case of pigs [29] and sheep [30], could also be reliable to
assess pain in horses, as it is not invasive or intrusive [27,31,32].

Although efforts to develop a reliable and validated instrument to identify pain
in horses are recognized, there is still no gold standard tool for this purpose [1-
4,33,34]. Most studies evaluated acute pain after orthopedic surgery or celiotomy
[5-25,35]. Only two studies assessed pain in hospitalized horses undergoing
different painful conditions and intensities [13,16]. Some instruments were
created in clinical situations where there was no possibility of controlling variables
that can generate biases or confounders. One of these is the residual post-
anesthetic effect of sedatives, anesthetics, and analgesics on behavior
[7,12,15,21,26,36]. Moreover, on-site human evaluation is a common bias that
may induce discomfort behaviors [27] or even inhibit both normal behavior
expression before surgery and postoperative pain behaviors, as described in
horses [27] and rabbits [37], suggesting that remote evaluation with a camera
may be more appropriate to assess pain.

A confounding effect not yet studied in horses, and which could also interfere
with pain assessment, is the period of the day in which the horse is evaluated.
Throughout the day, the behavioral distribution is expected to be heterogeneous,
for example, alert and active during the day and sleeping at night [38].

These biases could both maximize or minimize pain estimation and require
investigation. To our knowledge, there are no studies in the literature on the
effects of time of day on normal behavior and the implications of anesthesia,
analgesia, and pain intensity on spontaneous behaviors of horses with acute
postoperative pain, remotely assessed using a camera, without any human
presence inside or in front of the stall. Therefore, the objective of this study was
to identify the post-orchiectomy spontaneous pain behaviors in horses and the
effects of anesthesia, analgesia, pain intensity, and time of day. The study
hypothesis was that some spontaneous behaviors are related to acute
postoperative pain, while others are confounded by the effects of anesthesia,

analgesia, and recording time.
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2. Material and Methods

The study is opportunistic of previous publications [18,39] approved by the
institution’s Ethics Committee on the Use of Animals (ID186/2009) on 8
December 2009, and carried out with the consent of all owners. The experimental
procedures presented in this study were developed in the previous publications
[18,39]. In all groups the same periodical clinical examination and pain
assessment were performed, and the data were published in the previous study
[18]. The present study includes analysis of unpublished data from remote video
recordings without visual contact or human presence inside or in front of the

stalls.

2.1. Animals and Groups

Twenty-four crossbred horses, considered healthy after clinical and
laboratory evaluations, were submitted to the same inhalation anesthesia
protocol. Twelve experimental horses from the host institution not submitted to
orchiectomy were randomly assigned to inhalation anesthesia only (GA n = 6;
three geldings and three mares aged 9 + 3 years and weighing 332 * 48 kg) or
inhalation anesthesia and analgesia (GAA n = 6; four geldings and two mares;
10 + 5 years and 369 £ 68 kg). These institution-owned horses were familiar with
the stalls, facilities and, personnel and the gelding horses from these groups had
been submitted to previous intravenous anesthesia when they were castrated.
Twelve client-owned horses who underwent elective orchiectomy were randomly
treated with pre (GCA n = 6; 4 + 2 years and 319 + 48 kg) or postoperative
analgesia (GC; n=6; 4 = 2 years and 302 £ 27 kg), to simulate two pain intensities
(GC possibly representing severe pain and GCA possibly representing mild pain).
These horses were having their first contact with the hospital stalls, facilities,

personnel, and anesthesia procedures.

2.2. Management and Procedures

Twenty-four hours before the end of the anesthetic recovery, the horses were
placed in individual stalls (4 x 4 m). Water and the same type of hay were
available ad libitum for all horses before and after anesthesia when the horses
were in the stall. The front stall door was divided into two parts. The superior half
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of the door (window) remained open to allow the horse to put its head out. None
of the horses were subjected to preoperative fasting. The horses left the stall in
the morning (07:43 + 00:19 h) to be sedated with 0.5 mg/kg of xylazine
(Sedomin®, Konig, Buenos Aires, Argentina) intramuscularly (IM). The
preoperative analgesia for the GAA and GCA horses was 0.2 mg/kg of morphine
(Dimorf®, Cristalia, Lindoia, Brazil) IM, 10 mg/kg of dipyrone (metamizole;
Finador®, Ourofino, Brazil), and 1.1 mg/kg of flunixin meglumine (Desflan®,
Ourofino, Cravinhos, Brazil) intravenously (1) administered immediately before
sedation. Anesthesia was induced in all horses with 100 mg/kg of guaifenesin
10% (EGG PPU Eter gliceril guaiacol®, LPS Agrofarma, Mogi Mirim, Brazil) and
5 mg/kg of thiopental IV (Thiopentax®, Cristalia, Linddia, Brazil). After orotracheal
intubation, the horses were hoisted onto a surgical table, positioned in dorsal
recumbency, and general anesthesia was maintained with isoflurane (Isoforine®,
Cristalia, Linddia, Brazil) vaporized by oxygen (O2z), under controlled ventilation
(Mallard Medical Skypark Drive Redding®, United States) to maintain the
anesthetic-surgical plane. Tidal volume was set at 15 mL/kg with a peak
inspiratory pressure of 20 to 30 cm H20 to maintain normocapnia [end-tidal
carbon dioxide (EtCO2) values between 4.66 and 6.00 kPa (35-45 mm Hg)].
Local anesthesia with 10 mL of 2% lidocaine with adrenaline (Lidocaina®,
Cristalia, Linddia, Brazil), injected into each spermatic cord before surgery, was
performed only in GCA horses. The isoflurane vaporizer setting was adjusted by
one anesthetist unaware of whether the animal had been treated (GCA) or not
(GC) with pre-operative analgesia, to maintain an adequate anesthetic depth,
confirmed by diminished, but not abolished, palpebral reflex, corneal reflex
present, and stable heart rate and arterial blood pressure in response to surgical
stimuli.

Since none of the horses required anesthetic supplementation, it was
assumed that they received equivalent amounts of anesthetic. Monitoring
included heart rate, peripheral arterial hemoglobin saturation by pulse oximetry,
inspired and end-tidal partial pressures of COz2, Oz, and inspired and end-tidal
isoflurane concentrations (Monitor Cardiocap 5® DatexOhmeda, Helsinki,
Finland). The facial artery was catheterized (20G, Introcan Safety®, Melsungen,

Germany) to measure systolic, diastolic, and mean arterial blood pressure (MAP).



31

The pressure transducer (TruWaveTM®, Edwards Lifesciences, San Cristobal,
Dominican Republic), which was previously calibrated against a mercury column,
was zeroed to atmospheric pressure and positioned at the right atrium level.
When MAP was below 70 mm Hg, dobutamine (Dobutamina®, Biosintética
Farmacéutica Ltd., Sdo Paulo, Brazil) was administered intravenously as
required, with a maximal dose of 5ug/kg/min. Fluid therapy was provided with 5
mL kg/h of lactate ringer. The half-closed surgical castration technique was used
[40]. The duration of anesthesia was approximately the same for all groups (48
4 min), 45 = 2 min, 51 + 4 min, 50 £ 2 min, and 47 + 3 min for GA, GAA, GC, and
GCA, respectively. All horses recovered in a padded box with the lights on,
without Oz supplementation, and were assisted with head and tail ropes when
they attempted to stand up. After recovery from anesthesia and regaining the
ability to stand, the horses were extubated. When the horses were able to move,
they were guided to the same stall occupied before anesthesia where they
remained for 24 h with free access to water and hay. Postoperative analgesia for
GC horses was administered four hours and 20 min after anesthetic recovery,
composed of morphine, dipyrone, and flunixin meglumine with the same dosage
and route as described previously for GCA (Figure 1). Operated horses were
treated with three administrations every 48 h of 30,000 IU/Kg of procaine penicillin
G, benzathine penicillin G, and dihydrostreptomycin (Penfort®, Ourofino,
Cravinhos, Brazil) IM.
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- Video recording in the stall
GA = inhalation anesthesia (11 = 6)

GAA = preoperative analgesia and inhalation anesthesia (11 = 6)
GC = inhalation anesthesia, orchiectomy, and postoperative
analgesia (1= 6)

GCA = preoperative analgesia, inhalation anesthesia, and
orchiectomy (1= 6)

Inhalation anesthesia, analgesia
and/or orchiectomy procedure

Analgesic intervention (morphine,
dipyrone, and flunixin meglumine)

60 min of behavioral assessment
for preparing the ethogram

A Two time—point subtraction (delta)

24 h before the end of anesthesia recovery (BR)

24 -23 22

24 h after anesthesia recovery (AR)
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A of the mirrored time-points

Figure 1. Timeline containing the 60-min behavior recording time-points, anesthetic,
analgesic, surgical interventions, and identification of the mirrored time-points for
extraction of the deltas. The delta (A) is the subtraction of the frequency and duration
of the behaviors recorded after the anesthesia from those recorded in the mirrored
hours before the anesthesia.

2.3. Behavioral Assessment

The horses were filmed uninterruptedly for the 48 h in the stall, except during
anesthesia and orchiectomy, using two video cameras, one fixed in the upper
right corner in front of the stall and the other in the upper left corner at the back
of the stall. Seven continuous time-points of 60 min without any human presence
inside or in front of the stall were selected (0-1 h, 1-2 h, 3-4 h, 5-6 h, 7-8 h, 11—
12 h, and 23-24 h) after recovery from anesthesia. The same six 60-min time-
points recorded on the previous day (before anesthesia) were selected,
corresponding to the same times as the after-anesthesia time-points (Figure 1).
The time-points from 1 h to 24 h after the anesthesia were mirrored in the 24 h
before the anesthesia. An extra time-point was also recorded between 2 and 3 h
before anesthesia (3 h BR; 06:43 £ 00:32) without a mirrored record, which was
considered a baseline in a previous study [18].

An ethogram was developed by including the relevant behaviors to assess
acute postoperative pain based on previous studies [1,7,11,12,20-22,36,41] and
our recordings. One of the authors of the study (MOT) continuously recorded the

frequency of 18 events (behaviors with shorter duration) and duration in minutes
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of 16 states (longer-lasting behaviors) of 34 behaviors divided into 9 categories
according to pain diagnostic criteria reported in previous studies
[7,11,12,18,20,22,23,36,41] (Table 1). The focal animal sampling method was
used by observing and recording the frequency and duration of each horse’s
behaviors for a continuous period of time [42]. The evaluator was the same for all
observations and was blinded to the GA vs. GAA and GC vs. GCA.
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Table 1. Description and category of the recording of 34 spontaneous behaviors classified in 9 categories to compose the ethogram of 24 horses
after anesthesia, analgesia, and orchiectomy (¢ duration; ' frequency). The behavioral categories were based on previous studies
[7,11,12,18,20,22,23,36,41].

Category Spontaneous behaviors Description
Drinke Immerse part of the mouth in the water in the drinking trough, suck, and
Feeding swallow water.
Eatd Hold the hay with the lips, chew, and swallow.
Swing tail Move the tail left or right, or at least 45 © upwards, and then back to the
9 starting position.
Kick! Retract the pelvic limb quickly, flexing the tarsal joint to strike the abdomen,

Attention to the
affected area

and the hoof may touch the abdomen.

Retract pelvic limb'

Retract the pelvic limb, flex the tarsal joint without touching the hoof on the
abdomen, and keep the retracted limb in suspension for a few seconds before
returning to the initial position.

Retract and extend pelvic limb

Retract the pelvic limb, flexing the tarsal joint, stretch the limb back, and return
the limb to the starting position.

Look at the wound'

Direct the head and muzzle towards the inguinal region (groin).

Attention to the
environment

Smellf

Touch the muzzle to a structure in the stall, inhaling, and exhaling air
(smelling).

Flehmenf

Raise the head forward, contracting the upper lip upwards towards the
nostrils.

Look at the back of the stall®

Stand in the middle of the stall with the head facing away from the stall door.

Look out the window?®

Stand in front of the stall door with the head positioned outside the stall
through the window.
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Stare at the side of the stall?

Stand at the back or middle of the stall with the head facing one side of the
stall.

Stay at the back of the stall

Stand on the opposite side from the stall door (back of the stall), however, with
the head directed towards the stall door.

Turn the neck to one side towards the body, lean the muzzle against the body,

Self-care Scratch' and scratch the body surface with movements of the upper lip (muzzle) or
quick bites.
Lower head' Move the upper edge of the head (occipital) down the withers.
Head below withers? Keep the upper edge of the head (occipital) below the withers.
Rest Rest standing still Stationary with the four members on the floor supporting the body weight
(standing).
Standing supporting the bodyweight with three limbs resting on the floor, while
Rest pelvic limb? one of the pelvic limbs remains relaxed, with no load and may have only the
hoof tip resting on the floor.
Trv to lie down' Lower the head, smell the floor, and may or may not flex the thoracic limbs
y and touch the floor (kneeling), and return to the quadrupedal position.
vawn' Open the mouth with the head extended forward and rotate the jaw before
closing the mouth.
. — 5 —
Discomfort Raise the tail Raise the tail's base upwards more than 45° and keep it raised for a few

minutes and return to the starting position.

Paw’

Raise one of the thoracic limbs forward, lean the hoof on the floor in front of
the body, and drag the hoof across the floor until it returns to the initial position
close to the body.

Sternal decubitus?

Lie with the sternum resting on the floor.




36

Lateral decubitus®

Lie with ribs resting on the floor.

Movements with the tonguef

Put tongue out of the mouth and lick lips without eating or drinking water.

Vertical movement of the head’

Move head up and down at least once.

Masticatory movements®

Distance the mandible from the maxilla (chewing), open the mouth without
eating or drinking water.

When lying on the floor in lateral decubitus move the limbs, neck, and head

f
Roll from side to side.
Defecate Raise the tail and defecate.
Excretion
Urinate' Eliminate a stream of urine.
Locomotion Walke Move the four limbs at least once forward, backward, or sideways, changing
position.
Expose the penis® Completely expose the penis out of the prepuce.
Relax Stretch the body' Stand supporting the bodyweight on the four limbs, stretch the neck down or

forward, arching the spine upward, stretching.

Shake'

Rotate the head, neck, and upper body quickly and rhythmically.




37

2.4. Statistical Analysis

All statistical analyses were performed by PHET in software R using the
integrated development environment RStudio (Version 4.0.2 (2020-06-22),
RStudio, Inc. Boston, MA, United States). The functions and packages were
presented in the format “function {package}’ and a was considered 5% in all
analyses. The data distribution was investigated using histograms (hist
{graphics}), quantile-quantile graphics (qgnorm {stats}), and boxes (ggboxplot
{ggpubr}). According to the graphs, no variables were normally distributed. The
behavior, expose the penis, was considered missing data for females.

Intergroup comparisons were performed to infer the effects of anesthesia only
(GA), pre-operative analgesia and anesthesia (GAA), preoperative analgesia,
anesthesia, and orchiectomy (GCA) possibly representing mild pain, and
anesthesia, orchiectomy, and postoperative analgesia (GC), possibly
representing severe pain. The analysis was based on the delta (A) extraction of
the frequency and duration of each behavior by subtracting the values at each
time-point after the anesthesia from its mirrored time-point at equivalent times
before the anesthesia for each horse (Figure 1). Intergroup comparisons were
investigated at each time-point using the Kruskal-Wallis test (kruskal {agricolae})
with multiple post-test comparisons with the false discovery rate. Delta results
show the proportional increase or decrease in frequency or duration of each
behavior recorded at each time-point in relation to the same time recorded the
day before the anesthesia. The criterion for determining the effect of anesthesia,
analgesia, and pain on behavior was based on differences between GC and the
other groups for each time-point.

To investigate the effect of the recording time, alterations in behavior on the
day before the anesthesia were analyzed using the Friedman test (friedman.test
{stats}) with multiple post-test comparisons based on the false discovery rate
(posthoc.friedman.nemenyi.test {PMCMRY}). For this stage, behavior frequency,
and duration, and not the delta, were used for all groups combined, because all
horses were under the same conditions and had not yet undergone any
procedure.

An extra analysis was conducted only with the raw data of frequency or

duration of the six pain-related behaviors unaffected by the time of day and by
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the effects of anesthesia and analgesia. The Friedman test was used for within-
group comparisons over time and the Kruskal-Wallis test with multiple post-test
comparisons based on the false discovery rate was used for inter-group
comparisons at each time point. The baseline time-point adopted was that used
in the previous publication [18] (3 h BR) and following the time-points
subsequences after anesthesia (1, 2, 4, 6, 8, 12, and 24 h AR).

3. Results

There were no differences in A between groups for any time-point for the
following behaviors: flehmen, head below withers, kick, lateral decubitus, lower
head, masticatory movements, movements with the tongue, paw, raise the tail,
retract and extend pelvic limb, roll, scratch, shake, smell, stare at the side of the
stall, sternal decubitus, stretch the body, swing tail, try to lie down, urinate, vertical
movement of the head, and yawn. This means that the expression of these
behaviors did not vary from the same time of the day before anesthesia in any
groups, and these behaviors were not affected by analgesia, anesthesia, or
surgery, and possibly are not associated with pain.

Horses from the GC exhibited proportionally increased frequency of
behaviors of look at the wound (A2 h) and retract the pelvic limb (A24 h)
compared to the other groups, while duration or frequency of drink (A4 h), eat (A4
h), walk (A6 h), look at the back of the stall (A1 h), and expose the penis (Al h)
were proportionally decreased in comparison with the other groups (Table 2 and
Figures 2-5). The raw data of frequency or duration of the behaviors that showed
A differences between groups (Table 2) are presented in Table S1. The intra and
inter-group differences in frequency or duration of behaviors not affected by time
of day, anesthesia, and analgesia are expressed in Table S2. Only the behaviors
look at the wound and retract the pelvic limb showed similar differences
compared to the analysis based on A (Table 2).
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Table 2. Median and interquartile range (Q1; Qs) of the delta (A) of the frequency or duration of the behaviors that showed differences
between groups of horses submitted to anesthesia (GA), previous analgesia and anesthesia (GAA), anesthesia, orchiectomy, and
postoperative analgesia (GC) and preoperative analgesia, anesthesia, and orchiectomy (GCA). The delta (A) is the subtraction of the
frequency and duration of the behaviors recorded after the anesthesia from those recorded in the mirrored hours before the anesthesia.
Different uppercase letters and values in bold indicate a significant difference between groups at each time-point (A > B > C). The vertical
dashed black line indicates when postoperative analgesia was performed for the GC; ¢ indicates behaviors assessed as duration and " as

frequency.
Time-Points
Behaviors Groups
A h A2 h A4 h A6 h A8 h AM2h A24 h
GA 0 AB (-0.2; 0) 0(-0.2;0.2) 0.5A(0; 1) 0 AB (-0.2; 0.2) 0(0;0.2) 0(-0.2; 0.2) 0(-1;1)
i~ GAA 04 (0; 0.2) -1(-1;-0.7) 04 (=0.2; 0) 14(0; 1) 0 (0; 1) 0(-0.2;0.2) 0(0; 1.2)
GC -0.5 B (-1.2; 0) -0.5 (-2.5; 0) -18(=1;0.2) -18(=1;0) 0(-1.2;05) -0.5(-1.2;0.2) 1(0; 1.2)
GCA 0 AB (0; 0) -0.5(-1;0) 04 (0;0.2) 08 (-0.2; 0) 0(0; 1) 0(-0.2;0.2) 0(0; 0.2)
GA -35(-11.7;22) 105(-11.7;32) 17.5A(-6.2;30.5) -7 (-11.2;282) -2(-185;11.2) 4(-9;9.5) 8.5 (-27.7; 26)
ot GAA -1.5 (-17; 14) -9 (-18; 8.7) 1A (-5.5; 23.5) 13.5(-5.5;20.2)  7.5(-2.7;26.7) -5(-19.2;12.5) -4.5(-26;6.5)
GC -11.5(-28;-6) -14.5(-34.5;0.5) -30.58 (-38; -11.7) 15 (-7.5; 22.7) 16.5(5;26.7)  1(-12.5;23.5) 5(-10.5;21.7)
GCA -6.5(-19;19.7) 25.5(-23.7;31.2) 13~ (-15.2; 35) 1(-15.7;10.2)  -22.5(-36.2; 26.5) -9 (-20.2; 18.7) -8 (-13;7.7)
GA 0(-1;1.2) 0.5A(0; 1) 0.5 (0; 1) 0.5 (0; 1) 0(-1; 0) 0(-0.2; 1) 0(-0.2;1.2)
GAA -1(-1.2; 0) 0 A8 (-1; 0.5) -1(-1.2; 0) 0(-0.2; 0.5) 0(-3;1.5) 0.5 (0; 1.2) 0(-1;1.2)
Defecatef
GC 0.5(-1; 1) -1 4B (=1; 0.2) -1(-1.2;0.2) 0(-1;0) -1(-1.5; 0) 0 (-1; 0.5) 0(0; 1)
GCA -1(-1;0.2) -18(-1.2; -0.5) 0(-1;0.5) 0(-0.2; 0.2) 0(-1;0.2) 0(-1;0.2) -0.5(-1; 1)
GA 0(-2.7; 1) 0(-0.5;2.2) 1.5 (-1.5; 4) 25A(0; 6.2) -15(-4.7;15) 0(-2.50.5) 1(-0.2; 4.5)
Wale GAA 0(-1;0) 0.5 (-0.2; 5) 3(0.2;6.7) 1.54(0.7; 4.2) 1(-1;2.2) 1(0; 1.2) 2.5(0.7; 9.2)
GC 0(-0.2; 1) 0.5 (-0.5; 2.5) 0(-1.2; 0.5) -1 B (=2; -1) 0 (-2.5; 1) 0.5 (-0.2; 1.5) 0 (0; 0.5)
GCA -1(-2.5,0.2) 0(-2;7) 0.5 (-1.7; 2.5) 1A (0; 3.2) 0.5 (-1.5; 2) 0(-0.2;1.2) 0.5 (-2.5;2.2)
Rest standing still? GA 0 (-0.5; 0) 0(-3.7;0.2) 2 AB (=7.2; 6.5) 0(-7;5.2) 15(-4.7;55) -95(-20;3.7) 0(-0.5;0.2)
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GAA 0(-12.7; 0) 0(-9.5;2.7) -858(-19.7;0.7) . -7 (-14.5;0.2) 0(-0.7;1.5) -9.5(-24.5;14.7) 0.5 (-6.2; 3)

GC -14(-25.5;2.7)  7.5(-25;16.2) 235A(8.5;325) -125(-19;8.7)  -8(-13.2;1.2) 2(-335;135) =-2(-13.7;7.5)

GCA -8 (-22.2; 0) -45(-16;0.2) =5.58(=12.7;0.2) 2.5 (-13.7; 12.5) 0(-3.7; 4) 4(-32;17.2) 1.5(-7.7;17)

GA 0 (0; 0) 0 (0; 0) 0 (-0.5; 0) 0A(0; 1.7) 0 (-0.2; 1.5) 0(0; 0.2) 0 (0; 0)

GAA 0 (0; 0) 0 (-0.2; 0.5) 0 (0; 0) 0 4B (0; 0) 0 (-0.5; 0) 0 (0; 0) 0 (0; 0.2)

Stay at the back of the stalld

GC 0 (-20.5; 0) 0(-1;0) 0(-2.2;1.7) -2 C(-7.5; 0) 0(0; 1) 0 (-0.7; 4) 0 (-14.2; 13)

GCA 0(-9.2; 0) 0(-1.7: 0) 0 (-3.5: 0) 0 BC (-9.2; 0) 0 (0; 0.2) 1 (0; 5.5) 0(-4;3.7)

GA  -2185C(-47.2;-3.5)-17.58 (-28.7; -0.7) —10 (-21; 11) -1(-23.7; 10.7) 4 (=2; 11) 15(-5.2;6.7) —7.5(-29.2; 27.7)

GAA =20C(-37.5;-12.2) -878(-17.2;1.2)  3(-15.7; 18) -45(-13.5;55) -2 (-24.7;4.5) 6(0.7;12)  0.5(-16.2;21)

Look out the window?

GC 0.5A (=3; 3.7) 24 (-4.2; 9) 1.5 (-3.7; 8.2) -1.5(-10; 1.2) -05(-11;2.7)  05(-25;5)  2.5(0.5; 6.2)

GCA -4"8 (-11.7;0) -198(-26;-0.7)  -5.5(-22; 1.5) 6.5 (-7.2; 12.5) 1.5 (-9; 16) 2.5(0; 11.7) 6 (1; 13)

GA 04 (0; 0) 0B (0; 0) 0 (0; 0) 0 (0; 0.2) 0(-1.7; 0) 0(-10.7; 0.2) 04 (0; 0)

GAA 04 (0; 0) 0 AB (0; 2.7) 0 (0; 0) 0 (-0.5; 2.2) 0(-0.2; 0) 0 (0; 0) 0.5~ (0; 2.2)

Look at the back of the stalld

GC  -8°C(-31.5; -1.5) 1.5 (0; 11) 0 (-2.5; 19) -0.5 (-15.7; 0.2) 0(-11.2; 0) 2.5(0;9.7) -48(-30; -0.7)

GCA -0.5 B (-5.5; 0) 08 (0; 0) 0(-1.2;0) 0(-1.2: 0.2) 0 (0; 1) 0 (0; 0.7) 04 (-5.5; 0)

GA 0 (0; 0) 08 (0; 0) 0 (-0.5; 0) 0 (-0.5; 0) 0 (0; 0) 0(0; 1.2) 0 (0; 0)

GAA 0 (0; 0) 08 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0)
Look at the woundf

GC 0 (-0.2; 3.5) 1A(0; 7.7) 0 (0; 3.5) 0(0; 2.7) 0(0; 1.2) 0 (0; 0.5) 0 (-0.5; 0)

GCA 0 (0; 0) 0B (0; 0) 0(0;2.7) 0 (0; 0.5) 0 (0; 0) 0 (0; 0) 0 (0; 0)

GA -11(-19.5; 0.7) -45(-19;3) 8578 (-13.7;14.2)  2(-20.2;9.2) 55(05;10.2) 4.5(-11.5,135) -7.5(-19.7;4.2)

GAA -18 (-35; 0) -55(-19.5;1.2) =158 (=17.5;3.7) -15(-20.2;-10.7)  0(-4.2;5.2) -3 (-20.5; 13.2) -11(-20.2;0.2)

Rest pelvic limb?

GC 6 (-18;9.2) 14 (-3; 25) 29.5 A (1.5; 46.2) 0.5 (-11.7; 8) -35(-11.2;0) -2(-35.2;3.2) -13(-22.7;2)

GCA -0.5 (-15; 0) -0.5(-2.7;02) -2B(-22.7;0.7) 2.5 (-13; 6.5) -2(-6;55)  1.5(-5.2;15.2) -0.5(-3.7;8)

GA 0 (0; 0) 0(0; 0) 0(-0.2; 0) 0(0; 0) 0(0; 0.2) 0(-0.5;0.2) 08 (0; 0)
Retract pelvic limbf

GAA 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0B (0; 0)
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GC 0 (0; 0) 0(0;3.7) 3(-0.5; 12) 1.5 (0; 10.5) 0 (0; 13.2) 0 (0; 0) 14(0; 2)
GCA 0 (0; 0) 0(0; 0) 0(0; 1.2) 0(0;0.7) 0 (0; 0) 0(0; 0.2) 08(0;0.2)
GA 04 (0; 0) 0(0; 0) 0(-0.2;0) 0(0;0.2) 0(-0.7;0.5) 0 (0; 0.5) 0(0; 0)
Exp0se the penis' GAA 04 (0; 0.2) 0 (-2;0) 0(-1;0) 0 (-0.5; 0) 0 (0; 0) 0 (-2.2; 0) 0(0;0.7)
GC -3 8 (-3; -1.5) -2.5(-4; 0) 0 (0; 0.5) -1 (-3.5; 0.5) 0(-0.7; 4.5) 0(-1.2; 0) 0(-3;2)
GCA 0 (~0.5; 0.5) -1(-2;2.2) -0.5 (-3; 3.7) 0 (0; 6) -1(-95;12) -2(-22;0.2) 0(-1;3)
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Figure 2. Boxplot of A1 h (10:03 + 00:43) showing the differences in the frequency () or
duration () of the behaviors expose the penis, drinkd, look out the window¢, and look at
the back of the stall® among the groups of horses submitted to anesthesia (GA), previous
analgesia and anesthesia (GAA), anesthesia, orchiectomy, and postoperative analgesia
(GC) and preoperative analgesia, anesthesia, and orchiectomy (GCA). The delta (A) is
the subtraction of the frequency or duration of the behaviors recorded after the
anesthesia from those recorded in the mirrored hours before the anesthesia. Different
uppercase letters indicate a significant difference over time (A > B > C). The gray dots
represent each horse; “d” indicates behaviors assessed as duration and “f” as frequency.
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Figure 3. Boxplot A2 h (11:18 + 00:22) showing the differences in the frequency (f) or
duration (d) of the behaviors look out the window?, at the back of the stall¥, and at the
wound', and defecate’ among the groups of horses submitted to anesthesia (GA),
preoperative analgesia and anesthesia and analgesia (GAA), anesthesia, orchiectomy,
postoperative analgesia (GC) and preoperative analgesia, anesthesia, orchiectomy
(GCA). The delta (A) is the subtraction of the behaviors frequency or duration recorded
after the anesthesia from those recorded in the mirrored hours before the anesthesia.
Different uppercase letters indicate a significant difference over time (A > B). The gray

dots represent each horse.
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Figure 4. Boxplot A4 h (13:15 + 00:30) showing the difference in the duration (d) of the
behaviors rest standing still, eat, rest pelvic limb, and drink among the groups of horses

submitted to anesthesia (GA),

preoperative analgesia and anesthesia (GAA),

anesthesia, orchiectomy, and postoperative analgesia (GC) and preoperative analgesia,
anesthesia, and orchiectomy (GCA). The delta (A) is the subtraction of the behaviors
frequency or duration recorded after the anesthesia from those recorded in the mirrored
hours before the anesthesia. Different uppercase letters indicate a significant difference
over time (A > B). The gray dots represent each horse.
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Figure 5. Boxplot A24 h (09:18 + 00:28) showing the difference in the frequency (f) or
duration (d) of the behaviors retract pelvic limb" and look at the back of the stall® among
the groups of horses submitted to anesthesia (GA), anesthesia and analgesia (GAA),
preoperative analgesia and anesthesia, orchiectomy, and postoperative analgesia (GC)
and preoperative analgesia, anesthesia, and orchiectomy (GCA). The delta (A) is the
subtraction of the behaviors frequency or duration recorded after the anesthesia from
those recorded in the mirrored hours before the anesthesia. Different uppercase letters
indicate a significant difference over time (A > B). The gray dots represent each horse.

When evaluating the effect of the recording time before the anesthesia,
the horses walked and kept their heads out the window for less time and rested
standing still and rested the pelvic limb for longer during the night, in relation to
the daytime (Table 3). Table 4 combines the behaviors associated only with pain
(and not affected by anesthesia and analgesia) and those affected by the time of
the day (before anesthesia) in the current study and in studies available in the

literature.
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Table 3. Median and interquartile range (Q1; Q3) of the behavior duration of 24 horses
recorded 24 h before anesthesia for all groups together. Different lowercase letters
indicate significant difference over time (a > b > ¢). AR = after the end of the anesthetic
recovery (to investigate the effect of the recording time, the frequency, and duration of
behaviors were analyzed on the day before anesthesia combining all groups, because
all horses were under the same conditions and had not undergone any procedure yet).

Behavioral Recording Time-Points before Anesthesia

24h (=1 hAR) 22h(=2hAR) -20h(=4hAR) -18h(=6hAR) -16 h (=8 hAR) -12 h (=12 h AR)

Behaviors
09:54 £ 00:46  11:13+00:24  13:07 £00:30  15:06 £00:26  17:06 £00:29  20:57 + 00:42
Walk 1 (0.25-2) 18 (0-1) 1% (0.25-3) 18 (1-2) 24 (1-4) 0.5° (0-1.75)
Rest standing still 0 2 (0-25.5) 0 (0-13) 3b(0-16.5) 11 (0-16.75) 2.5 (0-11) 24 2 (7-42.25)
Losv'i‘n%‘gv\t,he 9.52(3.25-22) 10.52(2-21) 13.52(5-38.5) 15.52(1.5-26) 82 (1-23.25) 0 (0-3.75)
Restine PEMC jpm (025-21) 30 (0-11.75) 75 (2-22.75) 12%(3-2275)  6°(1-11) 102 (2-39)

Table 4. Summary of the changes in equine behaviors influenced by time of day*, not
affected by analgesia or anesthesia and related only with pain in this study** and
described in the literature in different equine pain conditions [1-25,36,41]. The delta (A)
of behaviors that proportionally increased (1), decreased (|), or both (1]) exclusively in
the GC compared to the other groups in at least one time-point and the behaviors for
which the duration or frequency were affected by the time of the day (before anesthesia).
The delta (A) is the subtraction of the frequency or duration of the behaviors recorded
after the anesthesia from those recorded in the mirrored hours before the anesthesia.
GC = horses submitted to anesthesia and orchiectomy with postoperative analgesia; ¢
indicates behaviors assessed as duration and ' as frequency.

Pain
Behavior Influenced by Behavior
Behaviors Time of Day (before s Pain Behavior Neither Described by
. Specifically Related . .
Anesthesia-all Groups)* M . according to Literature nor Present
to Pain in this Literature in this Stud
Study (GC)** y
Drinkd ! X
Eatd ! X
Swing tail X
Kick X
Retract pelvic limbf 1 X
Retract and extend pelvic limb X
Look at the wound' 1 X
Smell X
Flehmen X
Look at the back of the stall® ! X
Look out the window? 11 X
Stare at the side of the stall X
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Stay at the back of the stall

Scratch

Lower head

Head below withers

Rest standing still? 1

Rest pelvic limbd 1

Try to lie down

X X[ X| X| X| X| X| X

Yawn

Raise the tail X

Paw

Sternal decubitus

Lateral decubitus

Movements with the tongue

x| X| X| X| X

Vertical movement of the head

Masticatory movements X

Roll

Defecate

Urinate

X X[ X| X

Walkd " !

Expose the penis' !

Stretch the body

x

Shake X

4. Discussion

The novelty of the present study was the calculation of the A between
mirrored post- and pre-anesthesia time-points to verify the most relevant behavior
changes between horses submitted only to anesthesia or anesthesia and
orchiectomy with or without analgesia in both cases. To our knowledge, this study
IS pioneering in identifying frequency and/or duration of spontaneous behaviors
without any human presence inside or in front of the stall to assess acute post-
orchiectomy pain in horses, considering the interference of anesthesia,
analgesia, pain intensity, and recording time. Our findings suggest that the
behaviors drink, eat, look at the back of the stall, look at the wound, retract the
pelvic limb, and expose the penis are probably pain-related behaviors,
independent of the time of day and the effects of anesthesia and analgesia. Walk,

rest standing still, look out the window, and rest pelvic limb were relevant to the
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diagnosis of pain in previous studies [5-11,15,16,18-20,22,36], however,
because they were influenced by the time of day in the present study, the
observation time may be a confounding factor when these behaviors are used to
assess postoperative pain in horses. On the other hand, other behaviors
suggestive of pain in the literature (flehmen, head below withers, kick, lateral
decubitus, lower head, paw, retract and extend pelvic limb, roll, scratch, shake,
stare at the side of the stall, sternal decubitus, stretch the body, swing talil, try to
lie down, urinate, vertical movement of the head, and yawn) [10-12,18,21-23,36]
were not modified, suggesting that they are not associated with pain after
orchiectomy. It was impossible to differentiate mild pain in castrated horses
treated with preoperative analgesia (GCA) from severe pain in horses not treated
with preventive analgesia (GC).

The time spent looking out the stall window in the immediate postoperative
period in surgical horses not treated with preoperative analgesia was
proportionally less affected compared to the other groups and may represent a
confounder to assess pain in this period. Lack of interest in the environment is a
possible indicator of pain [10,11,18,23], however, according to our results,
caution should be taken when interpreting this behavior immediately after
anesthetic recovery. Surprisingly, contrary to expectations for instruments
assessing pain [11,12,17-18,20-22,28], at the first hour after recovery, the A
duration of look out the window was not altered in the castrated horses, otherwise
it was proportionally decreased in the other groups. This discrepancy could be
related to the fact that in previous studies evaluations were not carried out
immediately after anesthetic recovery. A possible explanation for the
proportionally greater attention to the environment in surgical horses, compared
to those only anesthetized, is anxiety as a non-specific response due to pain [36]
or dislocated behavior, as reported in neonatal dogs after caudectomy without
analgesia, who suckled more than those who received pain relief [43]. Another
possible explanation is that the horses only submitted to anesthesia were from
the host institution and were less curious, probably because they were more
familiar with the environment. This result requires further investigation.

Although at the anticipated time-point of maximum pain (A4 h) [18], changes
in various behaviors were expected, only the time spent eating and drinking

proportionally decreased in horses submitted to surgery without previous



49

analgesia compared to the other groups. As expected, horses receiving
preventive pain relief from the analgesics and those only anesthetized ate
proportionally more than horses without pain relief. Once pain relief was provided
to the post-analgesia surgical group, eating behavior was like the other groups.
In addition to pain relief, morphine increases food intake due to a direct effect of
the opioid on neural mechanisms controlling feeding [44]. The importance of
eating for pain assessment may be disputable because two of six horses ate even
before analgesia, while two horses ate at 1 h and the other two ate only 4 h after
analgesia. In this study, horses had continuous access to hay and were not fasted
before anesthesia. Preoperative fasting is a possible confounding factor for
interpreting the importance of appetite in pain assessment, since, after starvation,
even horses experiencing pain tend to eat after surgery. Other confounders
include variations in the routine of food offer, types, and quality, and individual
preferences. Although pre-anesthetic starvation is a common practice in horses,
the benefits of this procedure are disputable [45]. We decided not to deprive
horses of food to avoid a possible effect of starvation increasing appetite after
anesthesia.

Based on the A differences in the pain-related behaviors at different time-
points (proportionally greater mirrored frequency of the behaviors look at the
wound and retract the pelvic limb and proportionally smaller duration and/or
frequency of drink, eat, look at the back of the stall, and expose the penis), only
the last was not included in previously published pain scales [7,9,11,18,22].
These differences using the A approach for statistical analysis were not observed
when the raw data of frequency and duration were used, suggesting that this
method enhanced the possibility of detecting changes in behavior in response to
pain, despite the trade-off of requiring more effort to understand the findings. In
the present study, there were no expected significant alterations in possible pain
behavior indicators reported in other studies [10-12,16,18,21-23,41] (flehmen,
head below withers, kick, lateral decubitus, lower head, paw, retract and extend
pelvic limb, scratch, shake, stare at the side of the stall, sternal decubitus, stretch
the body, swing tail, urinate, vertical movement of the head, movements with the
tongue, and yawn). The absence of changes in these behaviors, except roll and
try to lie down, which are specific to abdominal pain [5-16], may be explained

because (i) the pain model used in the present study is not expected to produce
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intense pain, and/or (ii) the behaviors are specific to a particular type of pain but
do not occur in other conditions, and/or (iii) they are possibly irrelevant for
diagnosing pain, and/or (iv) the sample number was small. Some other behaviors
(masticatory movements, smell, and raise the tail) that we suspected would be
associated with pain did not show changes in this or previous studies [1—
25,36,41] and may not be important to diagnose pain.

This study mimicked a real scenario by comprising the usual transit of people
during the clinical routine of a veterinary hospital. In all horses the same periodical
clinical examination and pain assessment, including interaction with the observer,
locomotion when led by the evaluator, and palpation to the affected area were
performed and the data published in the previous study [18]. However,
considering that human presence disturbs discomfort behavior in confined horses
[27], in this study the recorded data were obtained remotely by video cameras,
only when there was no presence of any human at the front of the door or inside
the stall where the horse was housed. Our findings suggest that it is possible to
diagnose post-orchiectomy pain based only on spontaneous behaviors,
questioning the need for direct human pain assessment interventions
[7,10,12,15,18,21,22].

Our results suggest that some adjustments could be performed in previously
published pain assessment instruments to define the more specific pain
behavioral indicators, as previously reported for pigs [29], sheep [30], cats [46],
and oxen [47]. Except for the visceral pain scale for orchiectomy [18] and the
orthopedic scale [22], other scales [6,8,9,12,21] did not consider the isolated
analysis of the importance of each behavior according to internal consistency,
item-total correlation, principal components analysis, sensitivity, and specificity,
possibly leading to the inclusion of unnecessary behaviors in these instruments
[48].

The quantification of pain is relevant to identify various degrees of suffering
and aid decision-making for qualitative selection and dosage of analgesic
intervention. Although it was expected that horses castrated with prior analgesia
would express an intermediate degree of pain between those castrated without
previous analgesia and those only anesthetized, this was not observed even 8 h
after the anesthesia, when the analgesic effect of the morphine (2 h) [49],
dipyrone (5 h) [50], and flunixin meglumine (8 h) would be fading [51]. It can be
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inferred that the analgesic protocol produced preventive analgesia. Horses
treated with different quality analgesic protocols also did not show differences in
the orthopedic composite behavioral scale after castration [19]. It is important to
assess mild or moderate pain in practice to evaluate whether the horse requires
analgesia or whether analgesia was adequate. The challenge of recognizing pain
of mild or moderate intensity requires further investigation. In other species, this
challenge has been unraveled by the definition of a cut-off point for rescue
analgesia [29,30,46,47].

The second innovation of this study was the use of mirrored time-points, to
control and assess the effect of the time of day on behavioral records 24 h before
and after the interventions. This strategy identified the time-dependent behaviors
before the anesthesia, as reported in rabbits [52]. The behaviors walk, rest
standing still, look out the window, and rest pelvic limb have previously been
applied to assess pain in horses [5,10-12,18,20,22,23], yet, according to our
results, they are influenced by the time of day. Naturally, behaviors change
throughout the day; horses are alert and active during the day and resting or
sleeping at night [38]. These behavioral variations may also be related to greater
movement by hospital staff in the daytime compared to at night. The practical
implication of these findings is that it is advisable to relativize the importance of
or disregard these behaviors to avoid false-positive results in interpreting pain
intensity at night. Despite this, most behaviors pointed out in this and previous
studies [9-12,18,21-23] did not suffer interference from the time of day.

Study limitations include the differences in numbers of each sex, between
only male horses undergoing orchiectomy from animals that were only
anesthetized, composed of castrated females and males. The normal daily
behavior of stallions and free-living mares is different [53]. The estrous cycle
influences the aggressive behavior (kicking, bucking, biting) in mares when
handled [54], while stallions are more curious to an enriched environment in
comparison to castrated and female horses [55]. In our study, except for the
attention to the environment, the pain-related behaviors were related to feeding,
relaxing, and attention to the affected area, which we believe suffer less sex
influence. Although exposing the penis is unavailable in females, it is relevant for
assessing pain, because time of the day, anesthesia, and analgesia did not

influence exposing the penis and after surgery males castrated with
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postoperative analgesia exposed the penis proportionally less than those
castrated with preoperative analgesia. Another limitation was that the non-
operated horses, but not the operated ones, were familiar with the hospital
environment because they belonged to the institution; therefore, the horses
submitted to orchiectomy had no prior acclimatization to the hospital. Lack of
adaptation to the environment reflects the real-life circumstances of an active
equine hospital but may deflagrate curiosity and increase restlessness. New
arena tests (open field) investigating fear or curiosity in a new environment are
usually conducted during the first 20 min of horse exposure to a new environment
[56], therefore it seems that the most important reactions occur for a short time.
To partially overcome this limitation, the current study showed that behaviors
related to environment familiarity, like look out the window, walk, and rest
standing still, were different even between the groups of castrated horses with or
without previous analgesia, that were equally acquainted with the surroundings,
showing that they may be considered pain-related behaviors and are not only
associated with environment adaptation.

The practical implications of this study are that the pain-related spontaneous
behaviors identified may be used as a basis for future studies to build a shorter
and simpler composite behavioral pain scale compared to those available to date
[7,12,13,15-19,21,22], in order to reduce assessment time in a busy hospital
routine. Our findings contribute to the avoidance of confounding factors and to
guaranteeing a more accurate diagnosis of pain in this species.

The authors recognize that behavioral-based pain assessment is one of the
best approaches to diagnose equine pain in the clinical and experimental setting
[7,12,13,15-19,21,22]; nevertheless, future studies should consider that time of
the day, anesthesia, and analgesia affect the frequency and/or duration of the
pain-related spontaneous behaviors. Our results were based on 60 min periods
of observation; prolonged observation periods may be necessary to identify the
relevant, exclusive, and subtle equine pain behavioral changes [41]. Perhaps the
current paradigm that it is possible to perform in-person equine pain assessment
for up to 10-15 min demands further investigation. Artificial intelligence-based
tools might help us to collect and analyze data automatically to build and
implement a robust, reliable, and valid instrument in the clinical and experimental

setting, to include detection of mild and severe pain.
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5. Conclusion

Because the spontaneous behaviors drink, eat, look at the back of the stall,
look at the wound, retract the pelvic limb, and expose the penis were not affected
by anesthesia, analgesia, or time of the day, they may be considered pain-related
behaviors and have the potential to be used as post-orchiectomy pain indicators
in horses under remote video evaluation without human intervention. Because
the time of day may be a confounding factor for the behaviors walk, rest standing
still, look out the window, and rest pelvic limb, their importance should be
relativized according to the time they are evaluated. Other behaviors considered
suggestive of pain (flehmen, head below withers, kick, lateral decubitus, lower
head, paw, retract and extend pelvic limb, scratch, shake, stare at the side of the
stall, sternal decubitus, stretch the body, swing tail, urinate, vertical movement of
the head, movements with the tongue, and yawn) were not significantly modified
in horses submitted to orchiectomy and require further scrutiny in horses suffering

pain under other conditions. No behaviors defined the effect of pain intensity.

Supplementary Materials: The following are available online at
www.mdpi.com/xxx/sl. Table S1: Raw data median and interquartile range (Qz;
Qs) of the frequency (") or duration (%) of the behaviors that showed differences in
delta (Table 2) between groups of horses submitted to anesthesia (GA),
preoperative analgesia and anesthesia (GAA), anesthesia, orchiectomy and
postoperative analgesia (GC) and, anesthesia, preoperative analgesia and
orchiectomy (GCA). BR = before the end of anesthesia recovery; AR = after the
anesthesia recovery, and Table S2: Raw data median and interquartile range
(Q1; Q3) of the frequency () or duration (%) of the six pain-related behaviors
unaffected by the time of day, anesthesia, analgesia and surgery. Horses were
submitted to anesthesia (GA), previous analgesia and anesthesia (GAA),
preoperative analgesia, anesthesia and orchiectomy (GCA) and anesthesia,
orchiectomy and postoperative analgesia (GC). Different lowercase letters and
values in bold indicate a significant difference over time in each group (a > b > ¢),
and different uppercase letters and values in bold indicate a significant difference
between groups at each time-point (A > B > C).
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1. Consideracdes finais

A obra aqui apresentada teve enfoque em examinar lacunas na avaliagéo
comportamental da dor em equinos. Tais lacunas sédo devido ao contexto de
avaliacdo de dor perioperatério hospitalar que usualmente impdem condi¢des
que representam fatores de confusdo na estimativa da dor. Nesse sentido, nés
fomos pioneiros em estudar o efeito residual dos farmacos destinados a
anestesia e analgesia, do horério de registro e da intensidade da dor em
comportamentos espontaneos (sem a presenca ou intervencdo de humanos
durante a avaliacdo) relacionados a dor pds-orquiectomia.

Os poucos estudos que investigaram o efeito residual farmacolégico da
anestesia e analgesia na resposta comportamental com a presenca humana néo
observaram qualquer linguagem corporal relacionada ao efeito dessas drogas
(PRITCHETT etal., 2003; GRAUBNER et al., 2011; DALLA COSTA et al., 2014).
Mesmo assim, de maneira empirica os cavalos normalmente ndo sédo avaliados
por outros estudos imediatamente ap0s a recuperacdo anestésica para se
esquivar do possivel efeito residual farmacoldgico da anestesia e analgesia no
comportamento (ZUTT et al., 2014; VAN LOON; VAN DIERENDONCK, 2015;
VANDIERENDONCK; VAN LOON, 2016; VAN LOON; VAN DIERENDONCK,
2019). Nossos resultados demonstraram que a linguagem corporal atinente ao
interesse no ambiente foi alterada apenas 1h apds recuperacdo anestésica,
indicando que esses farmacos podem representar um efeito de confusdo quando
a dor for avaliada imediatamente apos a recuperacdo. Com esse achado é
possivel confirmar parcialmente o conhecimento empirico do efeito de tais
drogas no comportamento relacionado a dor. Na pratica, quando for estimar a
dor imediatamente ap0s a recuperacao anestésica deve avaliar a atencdo ao
ambiente com cautela ou talvez a desconsiderar.

Apesar de parecer 6bvio, o horario do dia em que o comportamento é
registrado nunca havia sido considerado ou estudado anteriormente para o0s
comportamentos relativos & dor. E esperado que o horéario tenha efeito no
comportamento uma vez que a distribuicho comportamental equina é
naturalmente heterogénea ao longo do dia (MCDONNELL, 2003; MURPHY,
2019). Portanto, ndo surpreendentemente, comportamentos relacionados a

locomocgéo, interesse no ambiente e descanso foram diferentes quando
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comparados de manha ou tarde com de noite em nosso estudo. Esse achado
reforca nossa suspeita inicial de que o horario do dia pode ser um fator de
confusdo na avaliagdo comportamental da dor em equinos. Curiosamente, esses
comportamentos estdo contemplados na maioria dos estudos com objetivo de
estimar a dor poés-operatéria de cavalos pela linguagem corporal,
desconsiderando qualquer efeito do horario em que o comportamento foi
registrado (PRICE et al., 2003; PRITICHETT et al., 2003; BUSSIERES et al.,
2008; LINDEGAARD et al., 2010; GRAUBNER et al., 2011; SUTTON et a., 2013
aeb;van LOON etal., 2015; TAFFAREL et al., 2015;). O 6bvio pode ser invisivel.
A principal implicacdo pratica desse resultado é a cautela necesséaria para
guando avaliar a dor de um cavalo ao longo do dia e, talvez desconsiderar os
resultados de comportamentos relacionados a locomocgao, interesse no
ambiente e descanso quando as avaliagbes forem feitas em periodos do dia
diferentes.

A intensidade da dor ndo tem sido o foco principal dos estudos que
avaliam a dor em equinos. Em linhas gerais, é esperado que procedimentos mais
invasivos produzam uma dor de maior intensidade, sendo que nestes casos
supde-se que ocorra maior exibicdo de comportamentos relativos a dor. Apesar
disso, 0os poucos estudos que fizeram tais investigacdes ndo conseguiram
apontar diferencas entre as intensidades das dores (LINDEGAARD et al., 2009;
VAN LOON et al., 2010; DALLA COSTA et al., 2014; LAWSON et al., 2020).
Nesta tese duas intensidades de dor foram estabelecidas dadas as diferencas
entre dois protocolos analgésicos. Em concordancia com outros estudos, néo
encontramos evidéncias para distinguir as intensidades de dor estabelecidas
usando o comportamento como ferramenta. Era esperado encontrar uma
diferenca entre a magnitude de frequéncia ou duracdo da expressao
comportamental relativa a dor entre as duas intensidades de dor. Em um cenario
real, € imprescindivel diagnosticar a dor, trata-la e reavalia-la para saber se o
tratamento admitido foi suficiente e, caso necessario tratar novamente. Todavia,
aparentemente a capacidade discriminatoria do comportamento sob a dor sofre
interferéncia da intensidade, ou seja, quanto menor a dor menor a capacidade
diagnodstica do comportamento. Tal achado evidencia o requerimento de mais

estudos para diferenciar as intensidades de dor.
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A inovacdo em registrar 0os comportamentos ao longo das 48h
perioperatorias e analisa-las com o delta permitiu melhor entender o efeito do
horario do dia na avaliagdo da dor nos equinos. O trade-off desta abordagem é
a diminuicdo da variabilidade dos dados que incorre na menor chance de
encontrar diferencas estatisticas, e a dificuldade de interpretacéo devido a perda
da unidade de medida original, em nosso caso minutos ou contagem que S&o
transformados em delta. Nés analisamos sete deltas para cada equino que foram
obtidos mediante registro comportamental em 13 intervalos de 60 min,
totalizando 780 min de observacdo por cavalo. Com estes dados ndés
conseguimos identificar comportamentos relacionados a dor independentes dos
efeitos da anestesia, analgesia e horério do dia. Entretanto, tal quantidade de
observagbes comportamentais € impraticAvel em uma rotina de atendimento e
aparentemente seria impossivel obter resultados analogos usando menos
momentos ou menor tempo de avaliacdo. Uma solucdo para o futuro da
avaliacao de dor em equinos poderia ser o desenvolvimento de uma inteligéncia
artificial para coletar a partir de filmagens na auséncia de humanos e analisar
automaticamente os dados comportamentais, permitindo registros mais
prolongados.

Nessa perspectiva, em um futuro ndo tdo distante € possivel que seja
indispensavel baias enfermarias em hospitais equipadas com cameras que
estejam conectadas a algoritmos para andlise em tempo real da linguagem
corporal dos cavalos. Tal tecnologia ja existe para diagndéstico de dor em animais
humanos (YOUSSIF; ASKER, 2011; ABDULLAH; ABDULAZEEZ, 2021) e
estudos tém empenhado esforcos neste sentido com a espécie equina
(ANDERSEN et al., 2021). Por fim, entendemos que no futuro a inteligéncia
artificial ira executar a atividade repetitiva de coleta e analise de dados
comportamentais, enquanto o médico veterinario ira direcionar sua atengéo para
interpretar os resultados produzidos pelo algoritmo e tomar a deciséo final da
conduta médica cabivel a cada paciente.
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Table S1. Median and interquartile range (Q1; Q3) of the frequency (") or duration (%) of the behaviors in horses submitted to anesthesia (GA), preoperative
analgesia and anesthesia (GAA), anesthesia, orchiectomy and postoperative analgesia (GC) and, anesthesia, preoperative analgesia and orchiectomy (GCA).
BR = before the end of anesthesia recovery; AR = after the anesthesia recovery.

Time-points
Behaviors Groups 1hARand 24hBR  2hAR and 22hBR  4hAR and 20hBR 6hAR and 18hBR 8hAR and 16hBR  12hAR and 12hBR 24hAR and 24hBR
A BR 0(0; 1) 0(0; 1) 0 (0; 0.25) 0(0; 1) 0 (0; 0.25) 0 (0; 1) 0(0; 1)
AR 0 (0; 0.25) 0(0; 1) 0.5 (0; 1.25) 0(0; 1) 0(0; 1) 0 (0; 0.5) 0(0; 1)
GAA BR 0(0; 0) 1(0.75; 1) 0.5(0; 1) 0 (0; 0) 0 (0; 0.25) 0 (0; 0.25) 0 (0; 0)
Drinke AR 0 (0; 0.25) 0(0; 0) 0(0; 1) 1(0:;1) 0.5 (0; 1) 0 (0; 0.25) 0 (0; 1.25)
- BR 0.5 (0; 1.25) 0.5 (0; 2.5) 1(0;1) 1(0:;1) 0 (0; 1.25) 1(0; 1.5) 0.5 (0; 1.25)
AR 0 (0; 0) 0(0; 0) 0 (0; 0.25) 0 (0; 0) 0 (0; 0.5) 0.5 (0; 1) 1(0.75; 1.75)
GCA BR 0 (0; 0) 0.5(0; 1) 0 (0; 0.25) 0.5 (0; 1) 0 (0; 0) 0 (0; 0.25) 0 (0; 0)
AR 0 (0; 0) 0(0; 0) 0(0; 1) 0(0; 1) 0(0; 1) 0 (0; 0.25) 0 (0; 0.25)
GA BR 33.5(8.25; 45.5) 30 (15.75; 39.75) 16 (8.25; 29.75) 30 (17.25; 41.75) 22 (16; 35.75) 22.5 (15.75; 43.25) 33.5(8.25; 45.5)
AR 30 (28.75; 36.75) 34.5(25.75; 48.5) 35 (24.75; 38.75) 32 (18.5; 45.5) 23 (9; 33) 34.5 (11.75; 46.25) 28 (17.75; 53.75)
GAA BR 25.5 (13.5; 38.75) 39 (15; 45.75) 19.5 (9.5; 30) 22.5(11.5; 45.25)  19.5(9.75; 46.75) 18.5 (3; 39) 25.5 (13.5; 38.75)
Eat AR 25 (17.25; 30.5) 30.5 (17.25; 38) 24.5 (13.75; 47.25) 30.5 (19; 48.75) 33.5 (25.75; 47) 15.5 (9.75; 22.5) 15 (5.25; 34.5)
. BR 25 (12.5; 38) 28.5 (10.5; 46) 45 (31.75;51.25) 34 (24.25;45.75)  33.5(20.5; 41.75) 41.5 (9; 51.5) 25 (12.5; 38)
AR 4.5 (0.75; 21.25) 2 (0; 21.5) 10 (2.25;24.75)  51.5 (29.25; 57.25) 47 (44.5; 54) 42.5 (25.75; 48.25) 31.5 (18.75; 39.25)
GCA BR  32.5(21.5;43.75) 13.5 (7.5; 33.75) 28 (19.75; 62) 39.5 (24.75; 46) 38.5 (27.5; 46.75) 24 (7; 43) 32.5 (21.5; 43.75)
AR 29 (22.75; 34.25) 34 (23.25; 45) 46.5(29.5; 60.25)  34.5 (23.75; 52.5) 24 (3.75; 48.75) 26.5 (9.75; 38.5) 28.5 (18; 33.5)
A BR 1(0; 1) 1(0; 1) 1 (0.75; 1.25) 1(0; 2) 1 (0; 2.75) 1 (0; 1.25) 1(0; 1)
AR 0.5 (0; 1.5) 1 (0.75; 2) 1(1; 2.25) 1(1; 2.25) 0.5 (0; 2.5) 1(0; 2) 1(0; 1.5)
GAA BR 1(0; 1.25) 0.5(0; 1) 15(1;2) 1(0; 1) 2 (0;4) 0 (0; 0) 1(0; 1.25)
Defecate’ AR 0(0; 0) 0 (0; 0.75) 0.5 (0; 1.25) 0.5 (0; 1.5) 1 (0.75; 2.25) 0.5 (0; 1.25) 1 (0.75; 1.25)
. BR 0.5(0; 1) 1(0;1) 1(0; 1.25) 0.5(0; 1) 1(0.75; 1.5) 1(0; 1.25) 0.5(0; 1)
AR 0.5 (0; 1.25) 0 (0; 0.25) 0 (0; 0.25) 0 (0; 0.25) 0 (0; 0.25) 1(0; 1.25) 1(0.75; 1)
A BR 1 (0.75; 1.25) 1 (0.75; 1.25) 1(0.75; 1) 1(0; 1) 1 (1; 1.25) 1(0.75; 1) 1 (0.75; 1.25)
AR 0 (0; 0.75) 0 (0; 0.25) 1(0; 1.25) 0.5 (0; 1.25) 1(0;2) 1(0; 1) 1 (0; 1.25)
A BR 2(0.75; 3.5) 1(0.75; 3) 2 (0.75; 6) 1(1; 2.75) 4.5 (1.75; 6.25) 0.5 (0; 2.75) 2 (0.75; 3.5)
AR 1(0; 2.5) 1.5(0.75; 5) 4(1;8) 5(2.5; 7.25) 2 (0.75; 5) 0.5 (0; 1.25) 3.5(1; 6.75)
Walk? GAA BR 0.5 (0; 3) 0.5 (0; 1.5) 0.5 (0; 3) 1.5(0; 3) 2.5(0; 4.25) 0 (0; 1.25) 0.5 (0; 3)
AR 0 (0; 2.25) 0.5 (0; 6.5) 35(1;9) 3.5 (1; 6.25) 3(0.75; 6) 1 (0.75; 2.25) 4 (0.75; 10.75)
BR 1(1; 1.25) 1 (0.75; 1.25) 1 (0.75; 1.5) 1(1;2) 1(1; 2.5) 0.5 (0; 1.25) 1 (1; 1.25)
ec AR 1 (0.75; 2.25) 1.5 (0.75; 3.25) 1 (0.75; 1.25) 0(0; 0) 1(0; 2) 1(1;1.5) 1(1; 1.75)
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cca  BR 1(0; 3.5) 1(0; 2) 1(0.75; 2.5) 1(0; 1.25) 0.5 (0; 3.5) 1(0; 2.5) 1(0; 3.5)
AR 0 (0; 1.75) 1(0;7) 1 (0; 3.75) 1.5 (0.75; 5) 1.5 (0; 4.25) 2 (0.75; 2.25) 1.5 (0.75; 2.5)
cn BR 0 (0; 0.5) 0 (0; 3.75) 0 (0; 8.75) 0 (0; 13) 3(0; 10.75) 24.5 (11.5; 40.75) 0 (0; 0.5)
AR 0 (0; 0) 0 (0; 0.25) 3.5 (0; 6.75) 5 (0; 6.75) 2.5 (0; 12) 11.5 (0.75; 42.5) 0 (0; 0.25)
can PR 0 (0; 12.75) 0 (0; 9.5) 10 (0; 23.5) 11 (0; 19.75) 0 (0; 5) 35.5 (19.25; 57) 0 (0; 12.75)
AR 0 (0; 0) 0 (0; 2.75) 1.5 (0; 4) 1.5 (0; 4.75) 0 (0; 6.25) 31 (21.5; 41.5) 3.5 (0.75; 8.25)
Rest standing still
cc BR 285(1575375)  115(0751825) 8 (0; 13.25) 17 (10.5; 22) 12 (3; 15.5) 15 (3.75; 46.5) 28.5 (15.75; 37.5)
AR 10 (3.75; 21.5) 17.5 (3.25; 28.75)  29.5 (20.5; 40.75) 1.5 (0; 15.75) 0 (0; 5) 11 (8.75; 26) 24.5 (4.5; 35.25)
cen  BR 8 (0; 22.25) 4.5 (0; 16) 5.5 (0; 12.75) 5.5 (0; 14) 0(0; 7.5) 14 (4.5; 38.25) 8 (0; 22.25)
AR 0 (0; 0) 0 (0; 0.25) 0 (0; 0.25) 3 (0; 20.25) 2 (0; 4.25) 31.5 (7; 41) 13.5 (0; 27.5)
ca BR 0 (0; 0) 0 (0; 0) 0 (0; 0.5) 0 (0; 0) 0 (0; 2.75) 0(0; 0) 0 (0; 0)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 1.75) 0 (0; 3.5) 0 (0; 0.25) 0 (0; 0)
can PR 0 (0; 0) 0 (0; 0.25) 0 (0; 0) 0 (0; 0) 0 (0; 0.5) 0(0; 0) 0 (0; 0)
Stay at the back of the AR 0(0;0) 0(0; 0.5) 0(0; 0 0(0;0) 0(0;0) 0(0; 0) 0(0; 0.25)
stall® cc PR 0 (0; 20.5) 0 (0; 5.5) 0 (0; 10) 2 (0;7.5) 0 (0; 3.5) 0(0; 8) 0 (0; 20.5)
AR 0 (0; 0) 0 (0; 4.5) 0 (0; 5) 0 (0; 0) 0 (0; 4.5) 0 (0; 9.75) 3.5 (0: 25)
cca  BR 0 (0; 9.25) 0 (0; 1.75) 0 (0; 3.5) 0 (0; 9.25) 0 (0; 0) 0 (0; 1.75) 0 (0; 9.25)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 1(0; 7.25) 0 (0; 5.5)
cn R 23 (10.25; 49) 18.5 (9; 33.25) 32.5 (12; 40.5) 25 (13.25; 34) 16 (8.5; 25.5) 4.5 (0.75; 9) 23 (10.25; 49)
AR 3.5 (0.75; 5) 4(1;12.75) 21 (15.5; 37.25) 16 (9; 31.75) 20.5 (8.5; 32.75) 5 (2.25; 10.5) 26.5 (3.75; 38)
can BR 21 (16; 37.5) 8 (3; 19.5) 24 (7; 51) 22 (12; 30) 15 (5.5; 34.25) 0 (0; 3.5) 21 (16; 37.5)
, AR 0 (0; 2.75) 0 (0; 4.5) 24 (5.75; 41) 20 (2.75; 27) 10.5 (6.25; 18.5) 10.5 (2.25; 12.75) 31 (9; 40)
Look out the window?
BR 3.5 (2.25; 4.25) 0.5 (0; 5) 5 (0; 11.25) 2 (0; 12.25) 1(0.75; 11) 0 (0; 2.5) 3.5 (2.25; 4.25)
GC AR 45(0: 7) 3 (1.5: 9) 6 (0.75: 13.25) 0.5 (0; 3) 0.5 (0; 3) 0.5 (0: 5) 5 (1.75; 10.25)
ccn  BR 7.5 (0; 11.75) 19 (2.75; 26) 19 (1.5; 34.75) 4(0.75; 19.75) 3.5 (0; 24) 0(0; 3) 7.5 (0; 11.75)
AR 0(0; 1.75) 0 (0; 1.5) 7(0; 21) 8.5 (1.5; 24.25) 11.5 (5.25; 22) 2.5 (1.5; 14.75) 12.5 (3.75; 18)
on PR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 1.75) 0 (0; 10.75) 0 (0; 0)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 0 (0; 0) 0 (0; 0.25) 0 (0; 0)
oan PR 0 (0; 0) 0 (0; 0.25) 0 (0; 0) 0 (0; 0.5) 0 (0; 0.25) 0(0; 0) 0 (0; 0)
Look at the back of the AR 0(0; 0) 0(0; 3) 0(0; 0) 0 (0; 2.25) 0(0; 0) 0(0; 0) 0.5 (0; 2.25)
stall® BR 13 (1.5; 31.5) 0 (0; 5.5) 0(0; 3) 0.5 (0; 16.5) 0 (0; 12.5) 0 (0; 12.5) 13 (1.5; 31.5)
¢ AR 0 (0; 2.5) 1.5 (0; 18.5) 1(0; 19) 0(0; 1) 0 (0; 0.75) 2.5 (0; 22.25) 2 (0; 3.5)
con PR 0.5 (0: 5.5) 0 (0; 0) 0 (0; 1.25) 0 (0; 1.25) 0 (0; 0) 0 (0; 0.75) 0.5 (0; 5.5)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 0(0; 1) 0 (0; 1.5) 0 (0; 0.25)
ook at the wound! on  BR 0 (0; 0) 0 (0; 0) 0 (0; 0.5) 0 (0; 0.5) 0 (0; 0) 0(0; 0) 0 (0; 0)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 1.25) 0 (0; 0)
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can PR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0)
AR 0(0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0)
e BR 0 (0; 0.5) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.5)
AR 0 (0; 4.25) 1 (0; 7.75) 0 (0; 3.5) 0 (0; 2.75) 0 (0; 1.25) 0 (0; 0.5) 0 (0; 0)
con PR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0)
AR 0(0; 0) 0 (0; 0) 0 (0; 2.75) 0 (0; 0.5) 0 (0; 0) 0 (0; 0) 0 (0; 0)
cn BR 12 (4.75; 20.5) 7 (3; 19.25) 11 (3.5; 22) 4.5 (3.75; 24) 3.5 (1; 14) 22.5 (7.75; 36) 12 (4.75; 20.5)
AR 1(0; 4.5) 2.5 (0.75; 6) 16 (8.25; 19.5) 8.5 (2.75; 13.5) 12 (7.25; 15.5) 23 (4.75; 47.5) 3(0; 9.5)
can  BR 18.5 (0; 35) 8 (0; 19.5) 22.5 (14.5; 32) 21 (15.5; 28.75) 6.5 (0; 14.25) 36 (1.5; 53.25) 18.5 (0; 35)
Rest pelvic fimb? AR 0 (0; 0.25) 0(0; 2.5) 10.5 (0; 30.25) 1 (0; 14.25) 9 (0; 14.5) 33.5 (20.25; 43) 7.5 (0.75;: 14.25)
e BR 155(152275) 1(0; 9) 3.5 (1.75; 10.25) 11 (2.5; 23.5) 8 (0.75; 11.25) 9.5 (3.75; 46.25) 15.5 (1.5; 22.75)
AR 10.5 (1.5; 22.5) 15 (0; 27) 39.5 (6.5; 48) 2.5 (0; 24.75) 0 (0; 2.5) 9.5 (0.75; 15.75) 0 (0; 8.75)
con PR 0.5 (0: 15) 0.5 (0; 7.25) 3 (0; 26) 1.5 (0; 13) 7.5(0: 12) 1.5 (0.75; 16) 0.5 (0: 15)
AR 0(0; 0) 0 (0; 5.25) 0.5 (0; 4.25) 2.5 (0; 8.25) 4.5 (0.75; 9.75) 10.5 (0; 23) 7 (0; 12.75)
ca BR 0(0; 0) 0(0; 0) 0 (0; 0.25) 0 (0: 0) 0 (0: 0) 0(0; 0.5) 0 (0; 0)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 0 (0; 0.25) 0 (0; 0)
oan PR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0)
Retract pelvic limb' AR 0.9 0(6:9 0(0:0) 0(0; 0 0(0;0) 0(0; 0) 0 (0; 0)
w BR 0(0; 0) 0 (0; 0.25) 0(0; 0.5) 0(0; 0.5) 0 (0: 0) 0 (0; 0) 0 (0; 0)
AR 0 (0; 0) 0 (0; 4) 3(0; 12) 1.5 (0; 12) 0 (0; 13.25) 0(0; 0) 1(0:2)
con PR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0)
AR 0(0; 0) 0(0; 0) 0 (0; 1.25) 0 (0; 0.75) 0 (0: 0) 0 (0; 0.25) 0 (0; 0.25)
en PR 0(0; 0) 0(0; 0) 0 (0; 0.25) 0 (0: 0) 0 (0; 0.75) 0 (0; 0.25) 0 (0; 0)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 0 (0; 0.5) 0 (0; 0.75) 0 (0; 0)
can PR 0 (0; 0) 0 (0; 2.75) 0 (0; 3.25) 0 (0; 0.5) 0 (0; 0) 0 (0; 2.25) 0 (0; 0)
_ AR 0 (0; 0.25) 0 (0; 0.25) 0 (0; 2.25) 0(0: 0) 0 (0: 0) 0 (0; 0) 0 (0; 0.75)
Expose the penis'
«c PR 3(L5;3) 2.5 (0; 4) 0 (0; 0) 2.5 (0; 3.5) 0 (0; 0.75) 0 (0; 2.75) 3(L5;3)
AR 0 (0; 0) 0 (0; 0) 0 (0; 0.5) 0 (0; 1.25) 0 (0; 4.5) 0 (0; 1.5) 1.5 (0; 4.25)
cen  BR 0 (0; 2.5) 1(0:2) 2.5 (0; 3.75) 0 (0; 3.75) 3(0;9.75) 2 (0; 2.25) 0 (0; 2.5)
AR 0(0; 1.5) 0 (0; 2.25) 0(0; 8) 2.5 (0; 10.5) 1.5 (0; 2.75) 0 (0; 0.25) 0.5 (0; 3.75)
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Table S2. Median and interquartile range (Q1; Q3) of the frequency () or duration () of the six pain-related behaviors unaffected by the time of day,
anesthesia, analgesia and surgery. Horses were submitted to anesthesia (GA), previous analgesia and anesthesia (GAA), preoperative analgesia,
anesthesia and orchiectomy (GCA) and anesthesia, orchiectomy and postoperative analgesia (GC). Different lowercase letters and values in bold
indicate a significant difference over time in each group (a>b>c), and different uppercase letters and values in bold indicate a significant difference

between groups at each time-point (A>B>C).

Time-points
Behaviors Groups 7hBR 1h AR 2h AR 4h AR 6 h AR 8h AR 12h AR 24h AR
GA 0 (0; 0) 0 (0; 0.25) 0(0; 1) 0.5 (0; 1.25) 0(0; 1) 0(0; 1) 0(0; 0.5) 0(0; 1)
Drink? GAA 0(0; 0) 0(0; 0.25) 0(0; 0) 0(0; 1) 1(0;1) 0.5(0; 1) 0 (0; 0.25) 0 (0; 1.25)
GC 0(0; 1) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 0(0; 0) 0 (0; 0.5) 0.5 (0; 1) 1(0.75; 1.75)
GCA 0 (0; 0) 0 (0; 0) 0 (0; 0) 0(0; 1) 0(0; 1) 0(0; 1) 0 (0; 0.25) 0 (0; 0.25)
GA 14 (3; 17.75) 304 (28.75;36.75)  34.5(25.75;485) 35 (24.75; 38.75) 32 (18.5; 45.5) 238 (9; 33) 34.5 %8 (11.75; 46.25) 28 (17.75; 53.75)
Eard GAA 5 (0; 22.75) 2548 (17.25; 30.5) 30.5(17.25;38)  24.5(13.75; 47.25) 30.5 (19; 48.75) 33.5 48 (25.75; 47) 15.5 8 (9.75; 22.5) 15 (5.25; 34.5)
GC  32%(0.75;49.5) 4.5 (0.75; 21.25) 2°(0; 21.5) 10 ® (2.25; 24.75)  51.52(29.25; 57.25) 47 *A (44.5; 54) 42.5 %A (25.75; 48.25)  31.5 * (18.75; 39.25)
GCA  185(1.75;29.5) 294 (22.75; 34.25) 34 (23.25; 45) 46.5 (29.5; 60.25) 34.5 (23.75; 52.5) 24 ® (3.75; 48.75) 26.5 *® (9.75; 38.5) 28.5 (18; 33.5)
GA 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 1.75) 0 (0; 3.5) 0 (0; 0.25) 0 (0; 0)
Stay at the back ~ GAA 0 (0; 0.25) 0 (0; 0) 0 (0; 0.5) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25)
of the stall® GC 0 (0; 9.5) 0 (0; 0) 0 (0; 4.5) 0 (0; 5) 0(0; 0) 0 (0; 4.5) 0 (0; 9.75) 3.5 (0; 25)
GCA 0 (0; 0.25) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 1(0; 7.25) 0(0; 5.5)
GA 0 (0; 0) 0 (0; 0) 0°8(0; 0) 0 (0; 0) 0 (0; 0.25) 0 (0; 0) 0 (0; 0.25) 08 (0; 0)
Look at the back ~ GAA 0 (0; 0.5) 0 (0; 0) 048 (0; 3) 0 (0; 0) 0 (0; 2.25) 0 (0; 0) 0 (0; 0) 0.5 8 (0; 2.25)
of the stall® GC 2(0; 29.75) 0(0; 2.5) 154 (0; 18.5) 1(0; 19) 0(0; 1) 0 (0; 0.75) 2.5 (0; 22.25) 24(0; 3.5)
GCA 0 (0; 5) 0 (0; 0) 08 (0; 0) 0 (0; 0) 0 (0; 0.25) 0(0; 1) 0(0; 1.5) 048 (0; 0.25)
GA 0 (0; 0) 0 (0; 0) 0°8(0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 1.25) 0 (0; 0)
Look at the GAA 0 (0; 0) 0 (0; 0) 08 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0)
wound' GC 0(0; 0) 0 (0; 4.25) 14(0; 7.75) 0(0; 3.5) 0 (0; 2.75) 0 (0; 1.25) 0(0; 0.5) 0 (0; 0)
GCA 0 (0; 0) 0 (0; 0) 08 (0; 0) 0 (0; 2.75) 0(0; 0.5) 0 (0; 0) 0 (0; 0) 0 (0; 0)
GA 0 (0; 0) 0 (0; 0) 0 (0; 0) 08(0; 0) 08(0; 0) 0 (0; 0.25) 0 (0; 0.25) 08 (0; 0)
Retract pelvic GAA 0(0;0) 0(0;0 0(0;0 0°®(0; 0) 0% (0; 0 0(0; 0) 0(0; 0 08 (0; 0)
limb GC 0 (0; 0) 0 (0; 0) 0(0; 4) 34(0; 12) 1.5 (0; 12) 0 (0; 13.25) 0 (0; 0) 14(0; 2)
GCA 0 (0; 0) 0 (0; 0) 0 (0; 0) 048 (0; 1.25) 08 (0; 0.75) 0 (0; 0) 0 (0; 0.25) 08 (0; 0.25)
GA 08 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0.25) 0 (0; 0.5) 0 (0; 0.75) 0 (0; 0)



Expose the
penis'

GAA
GC
GCA

08 (0; 0.25)
148 (0; 3)
24 (1.75; 3)

0 (0; 0.25)
0 (0; 0)
0 (0; 1.5)

0 (0; 0.25)
0 (0; 0)
0 (0; 2.25)

0 (0; 2.25)
0 (0; 0.5)
0(0; 8)

0(0; 0)
0 (0; 1.25)
2.5 (0; 10.5)

0(0; 0)
0 (0; 4.5)
1.5 (0; 2.75)

0 (0; 0)
0 (0; 1.5)
0 (0; 0.25)

0 (0; 0.75)
1.5 (0; 4.25)
0.5 (0; 3.75)
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