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RESUMO

Introducdo: As Unidades de Terapia Intensiva (UTIs) se caracterizam por ser um
ambiente tenso e traumatizante para os pacientes, devido a uma série de fatores,
como a separacado do ambiente familiar, baixa permisséo para visitas e agitacdo do
ambiente. Esses pacientes sdo acometidos pelos mais variados problemas, os quais
resultam em um quadro extremamente estressante e doloroso. Por constituirem um
grupo heterogéneo e de alta complexidade, torna-se importante priorizar formas de
tratamento que levem em consideragdo essas situacbes e amenizem O estresse
gerado pela experiéncia na UTI, a fim de melhorar inclusive os sintomas fisicos, como
a percepcéao da dor. Neste cenario, a Realidade Virtual Imersiva (RVI) constitui uma
das mais inovadoras tecnologias aplicadas a reabilitacdo ambulatorial e clinica, mas
que ainda necessita de evidéncias cientificas mais robustas no ambiente de UTI. A
RVI promove um feedback visual extrinseco que gera ativacdo de respostas
fisiologicas e de areas cerebrais especificas, otimizando a melhora desses pacientes.
Na RVI, o usuario esta totalmente imerso no ambiente virtual, 0 que resulta na
distracdo do paciente, modulando a sua percepc¢do de dor. Entretanto, ainda ndo ha
consenso na literatura se o uso da RVI é eficaz na reducdo da dor em pacientes
internados na UTI. Objetivo: Analisar os efeitos da RVI sobre a dor em pacientes de
UTI por meio de uma revisdo sistematica e meta-analise. Métodos: O artigo 1 é o
protocolo da revisdo sistematica. Para o artigo 2, realizamos uma busca nas seguintes
bases de dados: PubMed, Cochrane, Scopus e Web of Science. Os termos MeSH
utilizados na busca foram “realidade virtual’, “dor”, “hospitalizacdo”, “unidade de
terapia intensiva”. Um Forest Plot foi gerado para apresentar o efeito combinado e a
diferenca média (DM) para valores absolutos entre pré e pdés intervengdes, com erro
padrao (EP) e intervalo de confianga de 95% (IC). Valor de P < 0,05 foi considerado
estatisticamente significativo. Para meta-analise, utilizamos o software OpenMeta
Analyst, versao 10.10. Resultados: Foram encontrados 1347 estudos. Destes,
apenas 7 foram selecionadas para leitura na integra e somente 2 preencheram 0s
critérios de inclusdo. Foram avaliados 146 pacientes no pés-operatorio de cirurgia
cardiaca (49 homens e 22 mulheres) nos dois estudos incluidos. A média de idade
dos pacientes foi de 57,35 + 11,31. Nossos resultados demonstram que a intervengao
por meio da RVI gera uma reducéo efetivamente significativa na dor dos pacientes
internados na UTI (DM: 0,509 + 0,116 — EP, with 95% IC: -0,736 a -0,282; P < 0,001)



Conclusao: Nosso estudo aponta para a viabililidade de implantagéo da RVI em UTI,
sendo o primeiro a comprovar, através de uma meta-analise, a eficacia dessa
modalidade terapéutica na melhora da dor de pacientes internados em UTI. Novos
estudos clinicos em RVI, com maior nUmero amostral, ensaios clinicos randomizados
com grupo controle/comparador, utilizacdo de protocolos de intervencéo e avaliagao
mais delineados e homogéneos, devem ser incentivados na UTI, a fim de estabelecer
novas ferramentas nao farmacoldgicas, néo invasivas e com menor possibilidade de

efeitos colaterais para essa populacao.

Palavras-chave: Realidade virtual; Realidade virtual imersiva; Dor; Unidade de

terapia intensiva.



ABSTRACT

Background: Intensive Care Units (ICUs) are characterized by being a tense and
traumatic environment for patients, due to a number of factors, such as separation from
the family environment, low permission for visits and agitation of the environment.
These patients are affected by the most varied problems, which result in an extremely
stressful and painful condition. As they constitute a heterogeneous and highly complex
group, it is important to prioritize forms of treatment that take these situations into
account and alleviate the stress generated by the ICU experience, in order to even
improve physical symptoms, such as pain perception. In this scenario, Immersive
Virtual Reality (IVR) is one of the most innovative technologies applied to outpatient
and clinical rehabilitation, but it still needs more robust scientific evidence in the ICU
environment. RVI promotes extrinsic visual feedback that generates activation of
physiological responses and specific brain areas, optimizing the improvement of these
patients. In RVI, the user is fully immersed in the virtual environment, which results in
patient distraction, modulating their perception of pain. However, there is still no
consensus in the literature whether the use of IVR is effective in reducing pain in ICU
patients. Aim: To analyze the effects of IVR on pain in ICU patients through a
systematic review and meta-analysis. Methods: Article 1 is the protocol for the
systematic review. For article 2, we searched the following databases: PubMed,
Cochrane, Scopus and Web of Science. The MeSH terms used in the search were
“virtual reality”, “pain”, “hospitalization”, “intensive care unit’. A Forest Plot was
generated to present the combined effect and the mean difference (MD) for absolute
values between pre and post interventions, with standard error (SE) and 95%
confidence interval (Cl). P value < 0.05 was considered statistically significant. For
meta-analysis, we used OpenMeta Analyst software, version 10.10. Results: 1347
studies were found. Of these, only 7 were selected for full reading and only 2 met the
inclusion criteria. We evaluated 146 patients in the postoperative period of cardiac
surgery (49 men and 22 women) in the two included studies. The mean age of the
patients was 57.35 + 11.31. Our results demonstrate that intervention through IVR
generates an effectively significant reduction in pain in ICU patients (DM: 0.509 + 0.116
- EP, with 95% CI: -0.736 to -0.282; P < 0.001) Conclusion: Our study points to the
feasibility of implementing IVR in the ICU, being the first to prove, through a meta-
analysis, the effectiveness of this therapeutic modality in the improvement of pain in



ICU patients. New clinical studies on IVR, with a larger sample size, randomized
clinical trials with a control/comparator group, use of more delineated and
homogeneous intervention and evaluation protocols, should be encouraged in the ICU,
in order to establish new non-pharmacological, non-invasive and with less possibility

of side effects for this population

Keywords: Virtual reality; Immersive virtual reality; Pain; Intensive care unit.
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1 CONTEXTUALIZACAO

O sistema de Unidade de Terapia Intensiva (UTI) surgiu na década de 1950
buscando tratar pacientes em estado grave a partir de técnicas mais avancadas e
especificas. A modernizacao dos servi¢os de cuidados criticos vem gerando reducéo
na mortalidade em UTIs, atribuida aos avan¢os nas abordagens de tratamento e
otimizacao do trabalho multidisciplinar (HUTCHINGS et al., 2009; ZIMMERMAN et al.,
2013). Com isso, consequentemente ha um aumento do nimero de sobreviventes de
doencas criticas, e dessa forma, um aumento na incidéncia de individuos com
comorbidades quando recebem alta da UTI (MCWILLIAMS et al., 2015).

Vale ressaltar que apesar de ser considerado um setor de alto nivel de cuidados,
a UTI é um ambiente tenso e traumatizante para os pacientes. A separacdo do
ambiente familiar, baixa permissdo para visitas, alteracbes comportamentais,
instabilidade na qualidade do sono e polui¢cdo sonora, tornam a experiéncia ainda mais
estressante para o0s pacientes (STUMM et al., 2008.), que, muitas vezes,
experienciam o0s procedimentos de rotina como ameacadores, gerando um
afastamento do cotidiano, alto nivel de estresse, medo e ansiedade (MIRANDA et al.,
2021). Assim, torna-se importante priorizar formas de tratamento que levem em
consideracao essas situacfes e amenizem o estresse gerado pela experiéncia na UTI,
a fim de melhorar inclusive os sintomas fisicos desses individuos, como a percep¢ao
da dor.

Neste cenério, a Realidade Virtual (RV) ganha espaco, pois constitui-se de uma
das novas tecnologias visadas para a utilizacdo em UTI. A RV promove um feedback
visual extrinseco que gera ativacdo de respostas fisioldégicas e de areas cerebrais
especificas, otimizando a melhora desses pacientes (ZEIGELBOIM et al., 2013). Na
Realidade Virtual Imersiva (RVI), o usuario esta totalmente imerso no ambiente virtual
(AV), através de dispositivos multissensoriais (TORI and KIRNER, 2006). A RVI utiliza
um Head Mounted Display (HMD) associado a um hardware de rastreamento de
movimento, que disponibiliza e fornece dados de video e sons para tornar o ambiente
agradavel, imersivo e envolvente para o paciente, tirando-o da percepc¢éo do ambiente
de UTI (VLAKE et al., 2021). Essa simulagdo ambiental resulta na distragcdo do
paciente desse ambiente, gerando beneficios como: reducdo da ansiedade,

desconforto e na percepcao de dor (ZACARIN et al. 2019).
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A dor parece ser um dos grandes desfechos quando se trata de RVI em ambiente
de terapia intensiva. A literatura ja aponta os beneficios da RVI na reducao de 25-75%
no uso de analgésicos, o que alivia a depressao respiratoria induzida por opioides
(ESUMI et al., 2020), reduz a ansiedade, o desconforto e os niveis de dor (JAWED et
al., 2021; TROST et al., 2021). Isso evidencia que, além de uma acéo motivacional, o
uso da RVI pode induzir melhora na percepcao subjetiva de disfuncdo emocional e
dor desses individuos (JAWED et al., 2021).

O principal mecanismo pelo qual a RVI € capaz de reduzir a dor € a distracéo
projetada para diluir a atencao do paciente a dor. Hoffman et al. (2008) e Ahmadpour
et al. (2019) afirmam que a reducédo da dor apresenta efeitos positivos ao correlacionar
0s niveis de presenca provocada pela imersdo em RV. Além disso, os efeitos
analgésicos duradouros da RVI estdo associados a uma mudanca positiva na emogao
do usuario, que gera uma modulacdo na percepcdo da dor de maneira duradoura,

continuando mesmo apo6s o término da sessao de RV (AHMADPOUR et al., 2019).

1.1 Justificativa

Os pacientes internados em UTI sdo acometidos pelos mais variados problemas
decorrentes do periodo de internacao e pela condicdo que os levou a internacéo. Esta
situacdo resulta em um quadro extremamente estressante e, com frequéncia,
excepcionalmente doloroso. Considerando o interesse na implantacdo de métodos
capazes de dirimir estas condicbes de tratamento, a RVI constitui uma das mais
inovadoras tecnologias aplicadas a reabilitacdo, ja utilizada a nivel ambulatorial e

clinico, mas que ainda necessita evidéncias mais robustas no ambiente de UTI.
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Embora a literatura sobre o tema seja escassa, a RVI aparece como uma
ferramenta promissora para o tratamento e alivio da dor em pacientes de UTI,
principalmente por ndo causar efeitos colaterais e, com isso, nao prolongar o periodo
de internacdo na UTI, além de constituir um grande potencial de beneficiar o seu
processo de reabilitacdo durante o periodo de internacdo. Assim, pretende-se, com
este trabalho, contribuir para o conhecimento cientifico acerca dessa possibilidade de
intervencao terapéutica nos pacientes de UTI, a fim de ampliar a utilizacdo da
tecnologia, bem como promover ganhos no processo de reabilitacdo dos pacientes
internados.

Além disso, trata-se de um projeto de caréater cientifico voltado para a
elucidacao das principais evidéncias cientificas atuais sobre a eficacia do método de
RVI no alivio da dor dos pacientes de UTI, motivando a proposicdo de novas
abordagens terapéuticas ndo farmacolégicas e inovadoras no ambiente de terapia

intensiva.

2 REVISAO DE LITERATURA

2.1 Unidade de Terapia Intensiva

Por constituirem um grupo heterogéneo e de alta complexidade, pacientes de
UTIl necessitam de cuidados intensivos e uma equipe profissional ativa e
multidisciplinar, e a disponibilidade do que ha de melhor em tecnologia para estes
cuidados (ARABI et al., 2002; KELLY et al., 2014). A fung&o da equipe multidisciplinar
em uma UTI é diagnosticar, tratar e devolver aos pacientes que correm iminente risco
de morte, bem como portadores de doencgas potencialmente reversiveis, a capacidade
funcional para desfrutar de uma vida saudavel (DE FREITAS, 2010). Com isso,
consequentemente ha aumento do nimero de sobreviventes de doencas criticas, e
dessa forma, um aumento na incidéncia de individuos com comorbidades fisicas e
psicolégicas quando recebem alta da UTI (MCWILLIAMS et al., 2015). Dentre essas,
citam-se polineuropatia do doente critico, fraqueza muscular (DAVIDSON et al., 2013),
reducdo na qualidade de vida, estado funcional e nas func¢des diarias dos pacientes
(KONDO et al., 2017; LONE et al., 2016), ansiedade, depresséo, disturbio do sono,

delirium, danos neurocognitivos (KONDO et al., 2017).
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Vale ressaltar que apesar de ser considerado um setor de alto nivel de cuidados,
a UTI é um ambiente tenso e traumatizante para os pacientes. A soliddo, a separacao
do ambiente familiar, baixa permissdo para visitas, alteracbes comportamentais,
instabilidade na qualidade do sono, poluicdo sonora do ambiente, torna a experiéncia
ainda mais estressante para o paciente (STUMM et al., 2008). Miranda et al., (2021)
constataram que os procedimentos de UTI sdo experienciados como ameacadores
para os pacientes e provocam um afastamento do cotidiano, gerando alto nivel de
estresse, medo e ansiedade.

Além disso, o declinio funcional que ocorre durante a hospitalizacao é frequente
e pode impactar diretamente na qualidade de vida dos pacientes apds a alta hospitalar
(FARIAS and BUCHALLA, 2005). A imobilidade, que ocorre frequentemente para
todos os pacientes de UTI, proporciona prejuizos na funcdo muscular (FRANCA et al.,
2012). Estudo realizado na Inglaterra com pacientes criticamente doentes demonstrou
gue a perda da massa muscular ocorre rapidamente durante a primeira semana de
internacdo, sendo de 12,5% na primeira semana e 17,7% no décimo dia
(PUTHUCHEARY et al., 2013). Essa fragueza neuromuscular incapacitante pode ser
diagnosticada como miopatia do doente critico, polineuropatia ou neuromiopatia
(DAVIDSON et al, 2013; DOWDY et al., 2005) e prejudica a independéncia funcional
desses pacientes (KASOTAKIS et al.,, 2012; LIPSHUTZ and GROPPER, 2013),
podendo desencadear a necessidade de ventilacdo mecanica (VM), sepse,
administragdo sistémica de corticosteroides e bloqueadores neuromusculares
(DAVIDSON et al., 2013; OGILVIE and LARSSON, 2014).

O impacto desse problema acarreta reducdo na qualidade de vida, estado
funcional e nas atividades de vida diarias (KONDO et al., 2017; LONE et al., 2016),
apresentando significativos prejuizos aos pacientes, familiares e cuidadores, além de
acarretarem continua carga financeira aos servicos de saude privados e
governamentais (DE MIRANDA et al., 2011; DESAI et al., 2011). Dados do estudo de
Davidson et al. 2013 demonstram que cerca de 15% dos pacientes que foram
internados em UTI permaneceram com sinais de fraqueza muscular dois anos apés a
alta. Ainda, cerca de 50% dos pacientes internados em UTI e 75% dos que
necessitaram de VM invasiva na UTI ainda apresentavam dificuldade com as
atividades de vida diaria um ano apés a alta hospitalar.

O sono de mé& qualidade também é uma situacdo persistentemente descrita nas
UTls (BELTRAMI et al., 2015). Nicolas et al., 2008 descreveram gue 0 sono dessa
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populacao foi caracterizado por ser leve e com despertares frequentes, sendo que,
uma vez acordados, tinham dificuldades para retomar o sono. Em pesquisa conduzida
por Elliott et al., 2013, os pacientes classificaram como pobre sua qualidade de sono,
obtendo uma média de 57,50 pontos no Richard-Campbel Sleep Questionaire. Outro
estudo apontou que o0 sono era ruim ou regular por mais da metade da amostra
estudada (STORTI et al., 2015). Dessa forma, pacientes sobreviventes de internacbes
em UTI descrevem que a privacdo do sono e a incapacidade de dormir estdo entre as
principais fontes de ansiedade e estresse durante a internacdo (BELTRAMI et al.,
2015; NOVAES et al., 1999).

Os fatos descritos acima ressaltam a importancia de o tratamento dentro da
UTI visar o longo prazo de saude, qualidade de vida e funcionalidade dos pacientes
internados (KONDO et al., 2017). Nesse cenario, o processo de reabilitacdo tem
avancado em seus limites com conhecimento e técnicas, modificando o prognéstico e
as sequelas dos pacientes hospitalizados, além de acelerar o processo de alta
hospitalar (DE FREITAS, 2010).

2.2 Reabilitagdo em Unidade de Terapia Intensiva

Um foco multidisciplinar na reabilitacdo é necessario como parte das rotinas
clinicas diarias nos pacientes de UTI. A estrutura da equipe multidisciplinar pode servir
como um excelente modelo para avaliar os diferentes componentes de um programa
de reabilitacdo, incluindo tipo, frequéncia, intensidade e exercicios especificos, além
do tipo de programas e intervencdes psicossociais ou comportamentais utilizadas
(BORGES et al., 2009; MORRIS and HERRIDGE, 2007). O profissional intensivista,
atua, além dos fatores psicossociais, para minimizar alteracbes mecanicas sofridas
por esses pacientes, como a perda de mobilidade, melhorar a independéncia funcional
e facilitar o desmame da VM (PERME et al., 2006). Fatores como a imobilidade no
leito, VM prolongada, sepse, sindrome da resposta inflamatdria sistémica, déficit
nutricional e exposicao a agentes farmacoldgicos, podem afetar a condi¢éo funcional
e resultar em maior periodo de intubacgéo orotraqueal e internagéo hospitalar (CHIANG
et al., 2006; FRANCA et al., 2012).

Recentemente ha énfase para a mobilizagcdo precoce como uma intervencao

segura e viavel em pacientes estaveis na UTI, reduzindo o tempo para desmame da
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VM (GOSSELINK et al., 2011). Aléem disso, pacientes criticos ndo cooperativos podem
passar por mobilizacbes passivas visando manter a amplitude de movimento,
alongamento muscular, uso de talas, posicionamento terapéutico, cicloergbmetro
passivo, ou até mesmo eletroestimulacdo, sem a necessidade de cooperacdo do
paciente e impondo o minimo de estresse no sistema cardiorrespiratorio (GOSSELINK
et al., 2011).

O posicionamento no leito também se torna fundamental, pois otimiza o
transporte de oxigénio através do aumento da relacdo ventilacdo-perfusdo, aumento
dos volumes pulmonares, reducéo do trabalho respiratorio, minimizacdo do trabalho
cardiaco, aumento do clearance mucociliar, além de reduzir os efeitos da imobilidade
(GOSSELINK et al., 2008). Estudos na area da mobilizacdo precoce em pacientes
criticos tém demonstrado seu papel na reducdo do estresse oxidativo e inflamacéao,
por promover o aumento da producgéo de citocinas anti-inflamatérias e diminuicéo das
pré-inflamatérias (TRUONG et al., 2011), além de ser um procedimento seguro e
viavel, capaz de diminuir o tempo de internacdo na UTI e hospitalar (BAILEY et al.,
2007; BORGES, 2009; FELICIANO et al., 2012).

Inimeros estudos demonstram que a reabilitacdo passiva, ativa, ou ambas,
estdo associados a diminuicdo do tempo de permanéncia na UTI e no hospital (KLEIN
et al., 2015; MORRIS et al., 2008; NEEDHAM et al., 2010; TITSWORTH et al., 2012),
duracéo reduzida do delirium (NEEDHAM et al., 2010; SCHWEICKERT et al., 2009),
menor tempo de VM (SCHWEICKERT et al., 2009), maior distancia de locomocao
(BAILEY et al., 2007; BURTIN et al., 2009) e melhor estado funcional na alta hospitalar
(BURTIN et al., 2009; KLEIN et al., 2015; NEEDHAM et al., 2010; SCHWEICKERT et
al., 2009; TITSWORTH et al.,, 2012). Entretanto, observa-se a inexisténcia de
padronizacdo das intervencfes e parametros utilizados quanto aos protocolos de
mobilizacdo precoce, gerando heterogeneidade nos resultados das pesquisas (LEAL
et al., 2017).

Além da mobilizagéo precoce, a eletroestimulagdo surge como outro método
adjuvante na reabilitacdo de pacientes criticamente doentes, com o objetivo de
melhorar a capacidade ao exercicio pelo aumento da forca muscular periférica,
diminuir a perda de massa muscular durante a imobilidade, bem como as
complicagBes associadas ao repouso, como as Ulceras de decubito, pneumonia e
embolia pulmonar (CLINI and AMBROSINO, 2005; NEEDHAM et al.,, 2009). A

eletroestimulacdo requer minima cooperacdo, produz minimo estresse
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cardiorrespiratério e necessita de menos envolvimento pessoal do que a fisioterapia
convencional (CHOI et al., 2008).

Outro método de reabilitacdo que surgiu como importante auxiliar da fisioterapia
convencional na UTI, € o cicloergbmetro de leito, que possibilita aos pacientes graves
se movimentarem através de exercicios passivos, ativos ou ativo-assistidos
(GRIFFITHS et al., 1995; NEEDHAM et al., 2009). Estudo de Preiser et al., 2014
demonstraram que o uso do cicloergbmetro passivo foi bem tolerado por pacientes
comatosos, ndo havendo nenhum episddio de hipoxemia ou instabilidade
hemodinadmica durante a intervencao.

Cada vez mais se busca alternativas que promovam melhora das
comorbidades nos pacientes de UTI. O interesse pela implantacdo de novos métodos
de tratamento vem crescendo, e neste cenario queremos incentivar a utilizacdo de um
método ja utilizado na pratica clinica e ambulatorial, i.e., a RV, e com potencial
promissor no processo de reabilitagcdo e promocao de conforto aos pacientes durante

seu periodo de internacdo na UTI.

2.3 Realidade Virtual

Existem muitas definicbes para RV, envolvendo aspectos gerais e conceitos
tecnolégicos (OLIVEIRA and SCHUCH, 2021). Definicbes que englobam essas
caracteristicas sdo apresentadas por Rodrigues and Porto, 2013 e Tori and Kirner,
2006, que consideram RV como uma interface avancada para aplicacdes
computacionais, que permite criar um ambiente virtual (AV), criar outra realidade na
qual o usuario realiza navegacao e interacdo em tempo real, podendo fazer uso de
dispositivos multissensoriais, para atuacdo ou feedback, imergindo completamente
naquela cena. Paralelo a isso, Sherman and Craig, 2002 apresentaram quatro
elementos chave de um sistema de RV: ambiente virtual, imerséo, feedback sensorial
e interatividade.

O AV é um espaco tridimensional, onde usuarios interagem entre si (por meio
de avatares), com 0s ambientes virtuais ou com outros objetos virtuais (BIOCCA and
LEVY, 2013). Os objetos virtuais podem manifestar certas propriedades, tais como
geometria, cores, texturas, iluminacdo, caracteristicas dindmicas, restricoes fisicas e
atributos acusticos (TORI and KIRNER, 2006).
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Imersao refere-se a um estado adquirido pelo participante, quando ha a
percepcédo de estar envolvido por um espaco virtual durante a realizagdo de uma
determinada atividade (MUHANNA, 2015). Segundo Sherman and Craig, 2002
imerséao refere-se a sensacédo de estar em um ambiente; podendo ser puramente um
estado mental ou acompanhado por algum meio fisico. Normalmente, um sistema
imersivo € obtido com o0 uso de capacete de visualizacdo ou Oculos de RV, mas
existem também sistemas imersivos baseados em salas com projecfes nas paredes,
teto e piso, hologramas, entre outros (ESPINHEIRA NETO, 2004).

O feedback sensorial refere-se a capacidade de os participantes observarem
os resultados de suas atividades (SHERMAN and CRAIG, 2002). Utilizando 6culos de
RV, que o isola totalmente da realidade, o AV deve atualizar a imagem exibida de
acordo com a movimentacdo da cabeca. Em outras palavras, se o participante olhar
para a direita, o display deve mostrar o que existe no lado direito do AV, o que deve
ser feito em um periodo de tempo realista e sem atrasos (RODRIGUES and PORTO,
2013).

A interatividade da aos participantes a capacidade de interagir e modificar o
ambiente e é alcancada por meio de dispositivos multissensoriais que permitem aos
participantes interagirem dinamicamente com objetos virtuais através da navegacéo,
manipulacdo direta ou outros estilos de interacdo (MUHANNA, 2015). A interacdo e 0
feedback sé@o elementos que devem funcionar em plena harmonia, pois sao vitais para
sistemas de RV e ambos devem ser realizados em tempo real (PREDDY and NANCE,
2002).

O senso de realismo da RV é transmitido com o uso de alguns instrumentos
préprios da tecnologia. Os primeiros prototipos que isolavam totalmente o participante
do mundo externo eram capacetes com displays visuais e sonoros acoplados,
conhecidos como Head-Mounted Display (HMD). Atualmente, os HMDs sao
dispositivos usados como 6culos para imersdo em AV. Estes possuem a propriedade
de captar a orientagdo, posi¢cao e movimentos da cabeca do individuo, permitindo que
0 ambiente acompanhe os mesmos movimentos em tempo real (SANCHEZ-VIVES
and SLATER, 2005; TORI and KIRNER, 2006).

Alguns fabricantes disponibilizam comercialmente visores HMD de RV tais
como Oculus Rift, HTC Vive e PlayStation VR, entre muitos outros. Também, é
possivel usar smartphones como projetores de RV através de HMD como Google

Cardboard, VR Box e Samsung Gear VR além de outros de qualidade e valores bem

24



variaveis. Nestes HMDs moveis, as imagens para cada olho sdo separadas na tela do
smartphone e quando acoplado ao dispositivo, lentes biconvexas refazem as imagens
para o olho humano (Figura 1) (PARSONS et al., 2011).

\M/
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Figura 1. Dispositivo HMD utilizado como 6culos de RVI, com smartphone

p

acoplado. (Fonte: Google images).
2.3.1 Realidade Virtual Imersiva e Nao-Imersiva

Nakatsu and Tosa, 2000 introduziram os termos de imerséo passiva e imersao
ativa, nos quais a auséncia ou existéncia de interacdo, bem como o nivel de imersao
sao os elementos-chave que os distingue. Na interatividade, o AV deve ser capaz de
se moldar as acdes do sujeito em tempo habil, de forma a simular um ato real
(SLATER, 2009). Outros autores também classificam sistemas de RV, em funcéo do
senso de presenca, definindo que a RV é imersiva quando o usuario é transportado
predominantemente para o dominio da aplicacdo, através de dispositivos
multissensoriais, que capturam seus movimentos e comportamento, provocando uma
sensacao de presenca dentro do mundo virtual (TORI and KIRNER, 2006).

Em um sistema de realidade virtual ndo-imersivo (RVNI), o usuario pode ter
uma alta interatividade, porém ndo se encontra completamente imerso no AV. Este é
0 caso observado nos Exergames, por exemplo (Nintendo Wi, Kinect), que sdo jogos
interativos com consoles que captam os movimentos do participante e o transformam
em movimentos virtuais (Figura 2) (HUANG et al., 2017; TORI and KIRNER, 2006).
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Figura 2. RVNI como ferramenta de reabilitacdo. (Fonte: Google images).

Na RVI, o usuério estd totalmente imerso no AV podendo também
complementar sua experiéncia com sensacdes hapticas, que séo relacionadas ao
toque (SANCHEZ-VIVES and SLATER, 2005). O senso de presenca é a sensacao
subjetiva de estar presente em um AV, permanecendo desatento e inconsciente,
temporariamente, de sua localizagcao e de objetos ao seu redor no mundo real (Figura
3) (WIRTH et al., 2007). As sensacdes hapticas e as sensacdes auditivas, visuais e

olfativas devem ser compativeis com o que 0 usuario esta vivenciando no mundo

virtual para um realismo completo (SLATER, 2009).

Figura 3. RVI - Usuério totalmente imerso no ambiente virtual. (Fonte: Google images).

2.3.2 Realidade Virtual em Reabilitacdo

Cunningham and Krishack, 1999 demonstram um dos primeiros relatos de uso
da RV na reabilitacdo, o qual comparou a terapia administrada por meio de RV a uma
abordagem convencional em idosos. A RV promove um feedback visual extrinseco
quando, através das mudancas de movimentos gerado pelo AV, geram ativacdo de
respostas fisiologicas e de areas cerebrais especificas, estimulando, assim, o
individuo a criar estratégias neuromusculares que melhorem o equilibrio corporal,
além de sua qualidade de vida (JUNIOR and SILVA, 2012; ZEIGELBOIM et al., 2013).
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Os beneficios associados a esse tipo de reabilitagdo incluem correcdo postural e
equilibrio, melhoria da locomog¢do e funcionalidade dos membros superiores e
inferiores, além de promover significativa motivacdo do paciente e aderéncia ao
tratamento (CAETANO and MALAGUTTI, 2012; BARCALA et al., 2011; CHANG et al.,
2011). Além disso, esse método é de facil aplicacdo, ndo-invasivo e possui beneficios
relacionados a sua propria tecnologia, como 0s aspectos de imersdo em ambientes
seguros, assistidos e controlados.

Essa tecnologia tem sido usada como uma alternativa para 0s treinos
tradicionais de equilibrio e controle motor em idosos (YESILYAPRAK et al., 2016).
Estudos usando RVNI em idosos, com jogos no console Nintendo Wii Balance Board,
mostraram diminuicdo no risco de quedas, melhora no equilibrio e na realizagdo das
atividades de vida diaria (RENDON et al., 2012; YOUNG et al., 2011). Kim et al., 2013
evidenciaram também com idosos, um consideravel aumento na for¢a do quadril e na
manutencao do equilibrio.

Estudo recente mostrou que a combinacéo do exercicio de pedalada com a RV
gerou melhoria da marcha, do equilibrio e da recuperacédo dos membros inferiores dos
pacientes analisados (YIN et al., 2016). Ainda, outros estudos demonstraram a
influéncia da RV na reabilitagdo motora de membros superiores apos lesédo
(SUBRAMANIAN et al., 2013; SVEISTRUP et al., 2003).

Im et al., 2016 em seu estudo realizado com individuos apds acidente vascular
cerebral (AVC) e participantes saudaveis, demonstraram que a excitabilidade
corticomotora é mais elevada quando os participantes utilizavam a RV combinada a
imagética motora (imagina¢do do movimento), o que demonstra a potencializacdo da
regeneracao neural quando a RV esta associada a reabilitacdo. Grande parte dos
estudos nessa linha, foca na reabilitacdo de pessoas com lesdo medular, nos quais
0S sujeitos sdo orientados a se imaginarem realizando um movimento e ganham
feedback através de um avatar na RV:

Fontani et al., 2014 definem imagética motora como o ato de imaginar e sentir
a realizagdo de um movimento, ou apenas observar outra pessoa realizando o
movimento. E demonstrado que, durante estados de imaginac&o, surgem alteracées
fisiol6gicas, como aumento das taxas respiratoria e cardiaca (PAPADELIS et al.,
2007) e diferengas na atividade eletrocortical da onda gamma (BERK et al., 2015).
Visto que a imagética motora utiliza os mesmos mecanismos fisioldégicos e neurais do

movimento fisico, muitas pesquisas passaram a elaborar metodologias de tratamento
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que incluem a RV na reabilitacdo de diversos tipos de pacientes: Alzheimer (WONG
et al., 2014), AVC (SILVER, 2016; YASUDA et al., 2017), autismo (BOZGEYIKLI et
al., 2016; HALABI et al., 2017), paralisia cerebral (VAN GELDER et al., 2017), lesé&o
medular (NUNNERLEY et al., 2017) e doenca de Parkinson (MIRELMAN et al., 2011)

A RV é uma ferramenta promissora para fornecer estimulos visuais em
movimento, a fim de melhorar a velocidade de movimento em portadores de doenca
de Parkinson, repercutindo na mobilidade e na realizacdo das AVDs. Assim, pode
fornecer um treinamento de marcha especifico para tarefas em ambientes que imitam
0 mundo real, auxiliando na superacdo das limitagcdes de espaco e de recursos, as
quais sao vistas nas clinicas tradicionais (MIRELMAN et al., 2011; PARIJAT et al.,
2015; SHEMA et al., 2014). Outros estudos demonstram que portadores da doenca
de Parkinson apresentaram melhoras no equilibrio estatico, dindmico, na qualidade
de vida, além da diminuicdo nos niveis de estresse e fadiga para realizacdo das
atividades diarias, ap6s um protocolo de RV (LOUREIRO et al., 2012; POMPEU et al.,
2012; RAMOS et al., 2018).

Quanto aos treinamentos com RV para reabilitacdo cognitiva, autores
demonstram ganhos globais na cognicdo dos pacientes (ROSE et al., 2005).
Salientam-se beneficios em testes que avaliam atencdo, memoria verbal e de
trabalho, processos de aprendizagem verbal e visual em pacientes apos AVC (FARIA
et al., 2016; KIM et al., 2011) e com tumor cerebral (YANG et al., 2014). Estudo de
Kober et al., 2013 relata que a RV também € usada para treino de habilidades
espaciais na reabilitacdo neurologica.

Pompeu et al.,, 2012 afirmam que devido a complexidade das tarefas que
envolvem estimulacdo cognitiva, bem como as habilidades motoras, a RV pode
promover uma maior integracdo das habilidades motoras e cognitivas, contribuindo
para maior independéncia nas atividades de vida diaria, em comparagéo com o treino
de exercicios convencionais. Outros autores ainda ressaltam a RV como sendo um
meio de intervencédo cujas exigéncias do AV estdo cada vez mais proximas do real, o
que facilita a transferéncia do aprendizado do AV para o real (WANG et al., 2011;
POMPEU et al., 2012).

Portanto, torna-se evidente que a RV é uma ferramenta importante na
potencializagdo da aprendizagem motora, controle motor, equilibrio, funcionalidade e

na capacidade cognitiva dos individuos com variadas disfun¢des, além de promover
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maior ades&o ao processo de reabilitagdo, visto que através da imersao, o tratamento

torna-se mais dinamico e ladico.

2.3.3 Realidade Virtual em UTI

A UTI &€ um ambiente movimentado, barulhento e extremamente estressante
aos pacientes. Dessa forma, a fim de aliviar a sobrecarga emocional, psicologica e
otimizar as respostas clinicas dos individuos internados, as propostas de novas
abordagens terapéuticas associadas a UTI devem ser incentivadas (ONG et al., 2020).
Estudos referentes a RVNI, utilizando videogames, em pacientes de UTI,
sugerem que a reabilitacdo através da RVNI pode complementar o tratamento

convencional desses pacientes (Figura 4).

y

Figura 4. RVNI com Exergames na reabilitacdo de paciente em UTI. (Fonte:

Google images).

Um estudo piloto com oito criangas internadas em uma UTI pediatrica cirdrgica
demonstrou que a mobilizagcdo do membro superior utilizando a RVNI, por meio de
consoles de jogos interativos (Nintendo Wii Boxing), foi segura e viavel
(ABDULSATAR et al.,, 2013). Outro protocolo de mobilizagdo progressiva em 25
pacientes de UTI pediatrica, utilizando intervencdes de cicloergbmetro e/ou jogos
interativos de videogame, foi seguro e eficaz para essa populacdo (CHOONG et al.,

2014). Nenhum desses estudos descritos relatou quaisquer eventos adversos, apesar
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de 50-52% das criangas estarem em VM enquanto recebiam a intervencao
(ABDULSATAR et al., 2013; CHOONG et al., 2014). Outra pesquisa encontrada relata
que a utilizacdo de videogames como parte da rotina fisioterapéutica dos pacientes
adultos internados em UTI, foi viavel e segura, sendo potencialmente benéfica para o
treino de equilibrio e resisténcia nesses pacientes (KHO et al., 2012).

Ja no que se refere a imersdo, a RVI além de ser uma ferramenta portatil,
simples e de facil acesso, possui uma alta adesdo dos pacientes, por ser uma
experiéncia prazerosa (ONG et al., 2020). Estudo de Ong et al., 2020 teve como
principal objetivo avaliar a viabilidade da RVI em pacientes de UTI. Nele, a experiéncia
meditativa de RVI foi capaz de reduzir ansiedade e depressdo nesses pacientes. Os
participantes estavam entusiasmados com o0 uso da técnica, 0 que possivelmente
favoreceu efeitos favoraveis nos relatos subjetivos, mas ndo foram encontrados
efeitos estatisticamente significativos nos desfechos como dor, sinais vitais ou
qualidade do sono, provavelmente devido ao tempo limitado de uso da RVI.
Corroborando a essa sugestao, esta o estudo de Suvajdzic et al., 2018, que também
utilizou um protocolo de curta duracdo de RVI em pacientes de UTI, no qual, além da
avaliacao da viabilidade, aceitacdo e conforto do aparelho, avaliaram: dor, qualidade
do sono e parametros fisiologicos dos pacientes. A reducédo subjetiva da dor e a taxa
zero de delirium foram dados promissores do estudo, dada a curta duracdo da
exposicao a RVI.

A RVI apresenta grande potencial de auxiliar os pacientes a gerenciar melhor o
estresse e desconforto de estar na UTI. Um estudo de caso recente, que avaliou
desfecho psicolégico em paciente de UTI apds o tratamento de COVID-19, observou
gue o uso do RVI através do HMD resultou melhora no transtorno do estresse pos-
traumatico, ansiedade e depressao até 6 meses apoés a alta da UTI (VLAKE et al.,
2020).

A exposicado a AV naturais possui grande demanda no meio cientifico, com a
promessa de levar o paciente a um ambiente calmo e relaxado, possibilitando maior
contato a natureza e, assim, propiciando bem-estar. Ja é visto que essa modalidade
de uso da RVI produz efeito relaxante, mensurado pelos préprios sinais vitais dos
usuarios, além de os cenarios serem bem tolerados pelos individuos e permitir que
eles mergulhem totalmente no conteudo imersivo do video (Figura 5) (GERBER et al.,
2017).
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Figura 5. RVI sendo utilizada em pacientes de UTI. (Fonte: Google images).

Ademais, é importante levar em consideracdo a percepcao e receptividade dos
pacientes a utilizacdo da tecnologia. Desta forma, Jawed et al., 2021, além de
avaliarem o nivel de conforto e aceitacdo da RVI entre os profissionais de saude,
avaliaram 15 pacientes de uma UTI, os quais relataram-se confortaveis ao uso do
equipamento, bem como maior nivel de relaxamento ao final das sessdes. Além disso,
0s pacientes relataram reducéo na ansiedade, nos niveis de dor e desconforto.

Dessa forma, torna-se evidente que, além de uma acédo motivacional, o uso da
RVI pode induzir melhora na percepcéo subjetiva de disfuncdo emocional e dor

desses individuos.
2.3.4 Realidade Virtual Imersiva na dor de pacientes em UTI

A dor parece ser um dos grandes desfechos quando se trata de RVI em ambiente
de terapia intensiva. Estudos anteriores mostram que a presenca gerada pela alta
percepcdo de imersdo no AV é um fator importante na distracdo da dor
(WIEDERHOLD et al., 1998). Em um relato de caso conduzido por Esumi et al., 2020,
foi possivel observar o efeito positivo da RVI na reducédo da dor intensa de um paciente
com feridas abertas no membro inferior, provocando uma reducéo de 25-75% no uso
de analgésicos, o que aliviou a depressado respiratoria induzida por opioides. O
principal mecanismo, descrito pela literatura, pelo qual a RVI é capaz de reduzir a dor,
é a distracdo projetada para diluir a atengédo do paciente a dor. Hoffman et al., 2008
afirmaram que a reducao da dor apresenta efeitos positivos ao correlacionar os niveis
de presenca provocada pela imersdo. Ahmadpour et al., 2019 confirmam que a
distracdo, suplantada por um ambiente de RVI, modula a percepcéo da dor do

paciente.
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O relaxamento também consta como fundamental no principio analgésico da RVI
(ESUMI et al., 2020). Como a percepcao da dor pode ser influenciada pelo afeto de
um paciente (experiéncia de emocao positiva), mudar as circunstancias angustiantes
para as circunstancias muito mais agradaveis de um AV imersivo, da origem a um
efeito positivo, que alivia a dor. Ainda, sugere-se que os efeitos analgésicos
duradouros da RVI estejam associados a uma mudancga positiva na emocédo do
individuo, que gera uma modulacdo na percepcdo da dor de maneira duradoura,
continuando mesmo apos o término da sessdo de RV (AHMADPOUR et al., 2019).
Para otimizar os efeitos de distracdo e relaxamento, a sele¢cdo adequada do contetido
de RVI é extremamente importante, sendo o mar, “Dream Beach” (ESUMI et al., 2020)
o preferido dentre os participantes dos estudos relatados.

Além das aplicacdes ja mencionadas, também foi demonstrado na literatura a
atuacao da RVI em pacientes sob uso de VM na UTI. Jawed et al., 2021 foram um dos
primeiros a demonstrar a seguranca da utilizacdo da RVI, através do HMD, em
pacientes com VM. Outro estudo desenvolvido por Haley and Wacker, 2022, avaliou
a viabilidade do uso da RVI e nivel de ansiedade de pacientes em VM na UTI,

utilizando como desfecho primério a incidéncia de eventos de seguranca do paciente

predefinidos, incluindo auto extubacg&o e remocao acidental de tubos ou linhas. Neste

5-minutes. Os autores concluiram que a RVI se constitui de uma ferramenta potencial
no controle da ansiedade em pacientes submetidos a VM, visto que houve uma
modesta diminuicdo nos niveis de ansiedade subjetiva apds as sessdes; e ndo
houveram ocorréncias dos eventos de seguranca predefinidos, nem cybersickness.
E notavel o avanco da utiliza¢&o da RVI na reabilitacdo, promoc&o de qualidade
de vida e bem-estar de pacientes a nivel ambulatorial, hospitalar e UTI. Os estudos
demonstram um amplo potencial de beneficios acerca da RVI nos pacientes de UTI,
além de ser uma modalidade de facil acesso e implementacéao e baixo custo. Contudo,
a utilizacdo da RVI dentro da terapia intensiva apresenta algumas limitagbes de uso
que precisam ser consideradas. Fatores limitantes como: higienizacdo do material,
controle do risco de infeccéo, intercorréncias com os pacientes, alteracdo da rotina da
equipe multidisciplinar, interferéncia com outros aparelhos e monitores de UTI, todos
esses sao dificultadores quando se refere a questdes de padronizacéo e elaboracao

de protocolos de pesquisa experimental dentro de uma UTI. Essas dificuldades
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refletem na grande variabilidade dos estudos para as avaliagbes e protocolos de
intervencéo, o que dificulta a sistematiza¢do de evidéncias robustas sobre o tema.

2.4 Objetivo da tese

O objetivo desta tese foi analisar os efeitos da RVI na redugédo da dor de
pacientes internados em UTI, através de uma revisao sistematica da literatura com

meta-analise.
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Abstract

Background: Intensive Care Unit (ICU) hospitalization is characterized by period of
hospitalization accompanied by suffering as well as pain. In this sense, it is important
to encourage techniques that relieve the stress generated by the ICU experience and

from a non-pharmacological point of view, since the drugs used may cause adverse
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effects. Therefore, a method known as Virtual Reality (VR) may be a promising
technological tool to reduce suffering and pain in ICU patients.

Methods: In this review, randomized controlled trials, non-randomized controlled trials,
interventional studies with longitudinal design that assess the effect of VR on pain in
ICU patients will be considered. We propose to perform a literature search which will
be conducted on following databases: PubMed, Cochrane, Scopus e Web of Science.

” “* ” “*

The search terms used will be “virtual reality”, “pain”, “hospitalization” and “hospital”,

which contemplate the MeSH terms in the respective search databases. The outcome
will be the pain evaluated for any scale type. Two researchers will independently
conduct the screening, data extraction and assess the risk of bias of the included
studies. Based on the availability of data, a meta-analyses will also be performed. This
protocol of a systematic review follows the Preferred Reporting Items for Systematic
reviews and Meta-Analysis-Protocol (PRISMA-P) guideline.

Discussion: The review will seek to analyze whether VR can be a promising technique
to reduce pain in ICU patients. Thus, generating new evidence, it will provide quality
data for health professionals in the selection of a non-invasive and simple technique

to improve symptoms in ICU patients.

Systematic review registration: Not available.

Keywords: Immersive Virtual Reality, Pain Scale, Visual Analogue Scale.

Introduction

The experience of patients inside the Intensive Care Unit (ICU) is generally
traumatic and generates consequences in treatment during the hospitalization period.
Factors such as immobility, sensory impairment and agitation increase the pain
perception in these patients, who receive analgesics and sedatives to control pain and

anxiety throughout ICU hospitalization.! However, these drugs is associated with other
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conditions, as a delirium, that are harmful to patients and prolongs their ICU
hospitalization, generating even more comorbidities.?

Thus, it becomes important to prioritize techniqgues and methodologies that
alleviate the stress generated by the ICU experience. Non-pharmacological
interventions are believed to be safe, viable and generally easy to implement
approaches in the ICU environment.® In this scenario, Virtual Reality (VR) is a
promising technology that can meet this need and strengthen bedside care for ICU
patients.*

In Immersive Virtual Reality (IVR) a Head Mounted Display (HDM) is used, which
allows the user to be fully immersed in the virtual environment: pleasant, immersive
and engaging for the patient, taking him out of the ICU environment perception.® This
distraction, in addition to being a motivational action, improves the subjective
perception of pain and emotional dysfunction, reducing anxiety and discomfort caused
by the ICU environment.® Previous studies have already reported the benefits of high
perception of immersion in the virtual environment, being an important factor in the
pain distraction.” Therefore, this distraction supplanted by an IVR environment is what
modulates the patient's perception of pain.2°

Therefore, pain seems to be one of the major outcomes when it comes to IVR in
an ICU setting. In view of this, to encourage the implementation of greater comfort
methods, adherence, safety and easy access to patients, it is important to investigate
the effects of the use of IVR on the pain perception in ICU patients. This protocol aims
to describe the methodological aspects that will be carried out during the systematic
review and meta-analysis, which will focus on objective:

e To evaluate the impact of implementing an IVR protocol on pain in adults

admitted to ICU.
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Methods
Review registration and reporting - registered under PROSPERO
(CRD42022364858).

The systematic review aims to bring consolidated evidence with a high level of
methodological quality. For this, the present protocol followed all the requirements
established by the “Preferred Reporting Items for Systematic Review and Meta-
Analysis Protocols” (PRISMA-P).1° Supplemental material S1 provides all the steps
followed in the checklist. Standard methods will be used for both search, screening,
extraction of data, data synthesis and meta-analysis. The “Participants, Interventions,
Comparisons and Outcomes” (PICO) strategy was pre-established and can be

accessed by Table 1.

Eligibility criteria

This review will include studies which (a) have assessed pain, regardless of the
scale used; (b) patients admitted for any reason to the ICU with no delirium, psychosis
or any form of organic brain disorder; (c) compared the use of IVR to treat pain with a
control group that did not use IVR; (d) were published in English, Portuguese or
Spanish. The exclusion criteria will be (a) studies that used animal models; (b) case
reports, letter to the editor, reviews or meta-analyses; (c) studies that were unable to

complete the assessments.

Outcome measures
As primary outcome we will adopt the pain variable. Pain is usually assessed

using a Likert scale. It is a type of psychometric response scale commonly used in
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questionnaires, and the individuals asked specify their level of agreement with a
statement. However, there are also specific scales to assess pain, one of the best
known being the visual analogue scale (VAS). It is an analog scale with different levels
of psychometric response used in questionnaires, and for the present study, in
guestionnaires that assess pain. Despite the subjectivity of the assessment, since the
central aspect is pain, something extremely subjective that cannot be measured

directly, the VAS has a superior quality of measurement compared to the Likert scale.

Study design
The review will include randomized controlled trials (RCTs), non-RCTs,
interventional studies with longitudinal design (pre- and post-intervention comparison),

focusing on studies that investigate the use of IVR in ICU patients regarding pain.

Search strategy
The literature search will be performed with no limit on the publication year. The
databases used will be PubMed, Cochrane, Scopus e Web of Science. The MeSH

terms for PICO will be “virtual reality”, “pain”, “hospitalization” and “hospital”. The
search will be carried out using indexed descriptors and keywords, initially in PubMed
and later modified for other databases, since each one has a specific strategy for
entering terms, and the references of included studies will be analyzed to verify if there

is any study that meets the eligibility criteria. Table 2 shows the complete search

strategy planned to be used for PubMed.

Study selection
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The results of selection in the databases and manual searches will be managed
using Endnote Software (version 20.0). All titles and abstracts will be independently
selected by two researchers using the inclusion/exclusion criteria defined previously to
include or remove the articles, respectively. In case of discordance, a third reviewer
will be consulted to define whether the study will be included or excluded. For the
articles in doubt and those included, the full-text reading will be carried out by the same
two reviewers independently, any disagreement at this stage will also be discussed by
third reviewer and a final decision will be made. Observations relevant to the reasons
why the articles were not included in the second selection phase will be made, and will
be reported and represented in the PRISMA flowchart.'! The flow diagram of all study

selection procedure is shown in Figure 1.

Data extraction

All studies included in the full text reading phase will be sent for data extraction.
As in the previous phases, data extraction will be performed independently by two
researchers using an standardized form. Disagreements may be discussed with a third
reviewer who will make the final decision on extracted data. Main extract content will
include study characteristics, methodological details, and assessed outcomes.
Information on authors, year of publication, participants (age), study design,
intervention methods, duration of interventions, evaluation methods, results, as well as

observations regarding the studies, will also be extracted.

Dealing with missing data
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In case of missing data, the first author will be contacted to collect the
information. If there is a delay or no response from the author in question, the co-

authors or the corresponding author will be contacted for details and clarification.

Risk of bias assessment

Methodological quality assessments will be performed by the same two
independent reviewers who conducted the studies selection. Discrepancies, if any, will
be resolved by the same third reviewer. For randomized clinical trials we will use the

Cochrane Risk of Bias 2 (RoB 2).12

Reported software and steps for conducting a meta-analysis

The studies included for analysis will be entered in a Microsoft Excel ® (version
2013) spreadsheet with all the information about their characteristics, primary and
secondary outcomes, as well as observations pertinent to each study. The software
used to perform the meta-analysis will be OpenMeta Analyst software, version 10.1013,
In case of insufficient data to calculate the effect size or determine the methodological

quality of the study, the respective authors will be contacted for further clarification.

Data analysis

Results will be presented as a standardized mean difference for absolute values
between interventions with a 95% confidence interval (Cl). Statistical heterogeneity of
treatment effects between studies will be assessed by Cochran's Q test and I?
inconsistency test; values above 50% will indicate high heterogeneity. The random
effects model will be applied. The meta-analysis will be conducted between the

comparison of pain before and after a certain period of follow-up between the RVI
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group and the control group. Continuous descriptive variables will be presented as
mean and standard deviation, while categorical variables in relative frequency (%).
Values of a < 0.05 will be considered statistically significant. The effect size will be
calculated later. All analyzes will be performed in OpenMeta Analyst software, version

10.10%.

Narrative synthesis
In case of data unavailability for quantitative synthesis, results of the included
studies will be summarized narratively, especially if the heterogeneity of the included

studies is large.

Discussion

To the best of our knowledge, our review will be the first to systematically
investigate the effectiveness of VR use in ICU patients on pain symptom. Furthermore,
the present protocol is original, without alteration of another document previously sent
or published.

The search will be rigorous and judicious before the inclusion and exclusion
criteria. We will describe a systematic review with meta-analysis with different study
designs, since there is a lack of randomized clinical trials on this topic. It will probably
not be possible to perform sensitivity or subgroup analysis, as the literature is restricted
to this thematic. Results will be presented as a standardized mean difference for
absolute values between interventions with a 95% CI. We will not restrict studies to
English only, as the authors are able to read in Portuguese and Spanish. In addition,

we will not include case or qualitative studies.
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The review will seek to analyze whether VR can be a promising technique to
reduce pain in ICU patients. Thus, generating new evidence, it will provide quality data
for researchers in the selection of a non-invasive and simple technique to improve

symptoms in ICU patients.
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Tables

Table 1. Inclusion and exclusion criteria.
Criteria Inclusion criteria Exclusion criteria
Population Patients admitted for any Delirium, psychosis or any
reason on Intensive Care form of organic brain
Unit (ICU) disorder, studies that used
animal models
Intervention Immersive Virtual Reality Interventions that do not use
(IVR) interventions IVR
Outcome Pain, regardless scale type  Studies not reporting to pain
evaluate in ICU patients
Study design Randomized controlled Systematic reviews, meta-
Trials (RCTs), non RCTSs, analyses, clinical case
interventional studies with studies, observational
longitudinal design studies, editors’ letters and
editorials

Table 2. Search estrategy.

Search

Query

#1

Search ((“virtual reality"[MeSH Terms]) OR ("virtual"[All Fields] AND
"reality"[All Fields]) OR ("virtual reality"[All Fields]) OR (“virtual reality
therapy")) AND ((("pain"[MeSH Terms] OR "pain"[All Fields]) AND
("hospitals"[All  Fields] OR "hospitalization"[All  Fields] OR
"hospitalization"[MeSH Terms] OR "hospitalization"[All Fields] OR
"hospitalized"[All  Fields] OR "hospitalizing"[All Fields] OR
"hospitality"[All  Fields] OR "hospitalizations"[All Fields] OR
"hospitalizations"[All  Fields] OR "hospitalize"[All Fields] OR
"hospitalized"[All Fields] OR "hospitalizing"[All Fields] OR
"hospitals"[MeSH Terms] OR "hospitals"[All Fields] OR "hospital"[All
Fields])) OR "intensive care unit"[All Fields] OR "intensive care"[All
Fields] OR "critical care"[All Fields] OR "critical illness"[All Fields]”)
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Supplementary material

PRISMA-P 2015 Checklist.

This checklist has been adapted for use with systematic review protocol submissions
to BioMed Central journals from Table 3 in Moher D et al: Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.
Systematic Reviews 2015 4:1. An Editorial from the Editors-in-Chief of Systematic
Reviews details why this checklist was adapted - Moher D, Stewart L & Shekelle P:
Implementing PRISMA-P: recommendations for prospective authors. Systematic

Reviews 2016 5:15

Information
reported

| ves | No |

Section/topic Checklist item

|ADMINISTRATIVE INFORMATION

Title
Identification 1a Ideptlfy the report as a protocol of a systematic Yes ] [4-42-76
review
If the protocol is for an update of a previous ] No |N/A
Update 1b - o .
systematic review, identify as such
If registered, provide the name of the registry ] No |N/A
Registration 2 |(e.g., PROSPERO) and registration number in the
Abstract
|Authors
Provide name, institutional affiliation, and e-mail Yes [] |ok—title
Contact 3a |address of all protocol authors; provide physical page
mailing address of corresponding author
I Describe contributions of protocol authors and Yes L] |ok—title
Contributions - 3 identify the guarantor of the review page
If the protocol represents an amendment of a ] ] INA
previously completed or published protocol,
Amendments 4 lidentify as such and list changes; otherwise, state
plan for documenting important protocol
amendments
|Support
Sources 54 Indlcatg sources of financial or other support for U] ] INA
the review
Sponsor 5h Provide name for the review funder and/or ] L] INA
sponsor
Role of Describe roles of funder(s), sponsor(s), and/or ] 1 INA
5¢ | . - .
sponsor/funder institution(s), if any, in developing the protocol
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Information

Section/topic Checklist item reported |
'INTRODUCTION
Rationale 6 Describe the rationale for the review in the context | Yes [] [73-78
of what is already known
Provide an explicit statement of the question(s) the |  Yes [] [76-83
review will address with reference to participants,
Objectives 7 interventions, comparators, and outcomes (PICO)
METHODS
Specify the study characteristics (e.g., PICO, study | Yes (] |96 -102
design, setting, time frame) and report
Eligibility criteria |8  |characteristics (e.g., years considered, language,
publication status) to be used as criteria for
eligibility for the review
Describe all intended information sources (e.g., Yes ] |127-132
Information 9 electronic databases, contact with study authors,
sources trial registers, or other grey literature sources) with
planned dates of coverage
Present draft of search strategy to be used for at Yes [] [136-138
Search strategy |10 |least one electronic database, including planned 143 - 144
limits, such that it could be repeated
'STUDY RECORDS
Data Describe the mechanism(s) that will be used to Yes ] [127-132
11a .
management manage records and data throughout the review
State the process that will be used for selecting Yes ] 150, 153,
Selection 11b studies (e.g., two independent reviewers) through 161-162,
process each phase of the review (i.e., screening, 175-176
eligibility, and inclusion in meta-analysis)
Describe planned method of extracting data from Yes [] |160-167
Data reports (e.g., piloting forms, done independently,
. 1lic |. . S
collection process in duplicate), any processes for obtaining and
confirming data from investigators
List and define all variables for which data will be Yes (] [118-124
Data items 12 |sought (e.g., PICO items, funding sources), any 136 — 138
pre-planned data assumptions and simplifications
Outcomes and List and define all outcomes for which data will be |  Yes [l [120-121
rioritization 13  |sought, including prioritization of main and
P additional outcomes, with rationale
Describe anticipated methods for assessing risk of Yes [] [175-178
Risk of bias in bias of individual studies, including whether this
individual studies 14 |will be done at the outcome or study level, or
both; state how this information will be used in
data synthesis
DATA
Describe criteria under which study data will be Yes [] [185-186
15a Lo .
quantitatively synthesized
Synthesis If data are appropriate for quantitative synthesis, Yes (] |182-184
15b |describe planned summary measures, methods of
handling data, and methods of combining data
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Information
reported

| ves | No |

Section/topic Checklist item

from studies, including any planned exploration of
consistency (e.g., | 2, Kendall’s tau)

15¢ Describe any proposed additional analyses (e.g., ] No |N/A
sensitivity or subgroup analyses, meta-regression)
If quantitative synthesis is not appropriate, Yes ] 192 -194
15d .
describe the type of summary planned
Specify any planned assessment of meta-bias(es) ] No |N/A
Meta-bias(es) 16 |(e.g., publication bias across studies, selective
reporting within studies)
Confldepce in Describe how the strength of the body of evidence Yes O |176-178
cumulative 17

evidence will be assessed (e.g., GRADE)
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Highlights:
¢ Intensive Care Unit (ICU) is generally traumatic for patients.
e Analgesics in ICU is associated with comorbidities that are harmful to patients.
e Immersive Virtual Reality (IVR) allows modulating perception of pain.
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¢ |VR generates an effective reduction in the pain of these patients in the ICU.
e Literature lacks randomized clinical trials about non-pharmacological tolls in
ICU.

Abstract

Background: It is important to prioritize techniques that alleviate stress generated by
the Intensive Care Unit (ICU) experience. Non-pharmacological interventions, as
Immersive Virtual Reality (IVR) is a promising intervention that can meet this need and
strengthen bedside care for these patients, besides that modulates the patient's pain
perception.

Objective: To assess the effects of IVR on pain perception of ICU patients.
Methods: We conducted a systematic review and meta-analysis of interventional
trials. Electronic search was performed in October, 2022, in the following databases:
PubMed, Cochrane, Scopus and Web of Science. The MeSH terms used were “virtual
reality”, "virtual reality therapy”, “pain” and "intensive care unit”. The evaluation of
methodological quality followed the recommendations proposed by Cochrane
Collaboration.

Results: A total of 1347 citation were found, but only two studies were included in the
meta-analysis. This study showed a reduction in pain level favorable to IVR group
(Mean Difference: 0.509 + 0.116 — Standard Error, with 95% Confidence Interval: -
0.736 to -0.282; P < 0.001). The heterogeneity in this analysis was negligible (12= 0%;
P =0.932).

Conclusion: Our review was the first to systematically investigate the effectiveness of
IVR use in ICU patients on pain and demonstrated that this intervention generates an

effective reduction on pain. The scarcity of currently published studies in the ICU

environment limits the studies development with high methodological quality. Although
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itis a promising and effective intervention, the literature lacks more randomized clinical

trials.

Keywords: Virtual Reality; Immersive Virtual Reality; Pain, Intensive Care Unit.

Introduction

The experience of patients inside the Intensive Care Unit (ICU) is generally
traumatic and could generate consequences in treatment during the hospitalization
period. Factors such as immobility, sensory impairment and agitation, can increase the
pain perception, who frequently receive analgesics and sedatives to control pain and
anxiety throughout ICU hospitalization . However, these drugs are associated with
other conditions that are harmful to patients, such as delirium, which prolongs their ICU
hospitalization, generating even more comorbidities 2.

Thus, it becomes important to prioritize techniques and methodologies that
alleviate the stress generated by the ICU experience. Non-pharmacological
interventions are believed to be safe, viable and easy to implement approaches in the
ICU environment 3. In this scenario, Virtual Reality (VR) is a promising technology that
can meet this need and strengthen bedside care for ICU patients 4.

Hence, Immersive Virtual Reality (IVR) is a specific VR type that uses a head
mounted display (HDM), which allows the user to be fully immersed in the virtual
environment (VE): pleasant, immersive and engaging for the patient, taking him out of
the ICU environment perception °. This distraction, in addition to being a motivational
action, improves the subjective perception of pain and emotional dysfunction, reducing

anxiety, deliium and discomfort caused by the ICU environment 6. Then, this
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entertainment supplanted by an IVR environment is what modulates the patient's pain
perception 78,

Although previous studies have reported the benefits of high perception of
immersion in the VE, being an important factor in the pain distraction °, there is still no
consensus in the literature whether the use of IVR is significantly effective in reducing
this outcome.

Therefore, pain seems to be one of the major outcomes an ICU setting. In view
of this, to encourage the implementation of greater comfort methods, adherence,
safety and easy access to patients, it is important to investigate the effects of the use
of IVR on the pain perception in ICU patients. The present study aims to conduct a
systematic review and meta-analysis of clinical trials, evaluating the effects of IVR on

the pain perception in ICU patients.

Material and Methods

This systematic review followed the recommendations proposed by the
Cochrane Collaboration 1° and by the Preferred Reporting Items for Systematic Review
and Meta-analyses: The PRISMA Statement !!. Standard methods were used for
search, screening, data extraction, data synthesis and meta-analysis. The
“Participants, Interventions, Comparisons, Outcomes and Study types” (PICOS)
strategy was pre-established and can be accessed in the Table 1. The present study
was previously recorded on the International Prospective Register of Systematic

Reviews: PROSPERO (CRD42022364858).
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Table 1. Inclusion and exclusion criteria.

Criteria Inclusion criteria Exclusion criteria

Population  Patients admitted for any reason Delirium, psychosis or any form of
on Intensive Care Unit (ICU) organic brain disorder, studies
that used animal models
Intervention Immersive Virtual Reality (IVR) Interventions that do not use IVR
interventions
Outcome Pain, regardless scale type Studies not reporting to pain
evaluate in ICU patients
Study Randomized controlled Trials Systematic reviews, meta-
design (RCTs), non RCTs, analyses, clinical case studies,
interventional  studies  with observational studies, editors’

longitudinal design letters and editorials.

Eligibility criteria

This review included studies which: (a) have assessed pain as outcome,
regardless of the method used; (b) patients admitted for any reason to the ICU with no
delirium, psychosis or any form of organic brain disorder; (c) were published in English,
Portuguese or Spanish. The exclusion criteria were: (a) studies that used animal
models; (b) case reports, letter to the editor, reviews or meta-analyses; (c) studies not
presenting pre and post IVR data of pain, (d) duplicate publications or subtypes studies
of included trials, (e) studies that evaluated the pain outcome only during some

invasive ICU intervention.

Search strategy
Electronic search was performed in October 2022, in the following databases:
PubMed, Cochrane, Scopus e Web of Science. The MeSH terms and synonyms for

PICOS were ‘“virtual reality”, "virtual reality therapy”, “pain”, "hospitalization",
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"hospitals”, "hospitalized”, "hospitalizing”, "hospitality”, "hospitalizations", "hospitalize",

“hospitalized”, "hospitalizing", "hospital", "intensive care unit", "intensive care", "critical

care", "critical illness". Boolean operators “OR” and “AND” were used to compose the
search strategy. In addition, a manual search in the reference lists of the studies found
in the databases was conducted. Abstracts or extended abstracts published from

conferences, theses, dissertations, or studies not yet published in journals were not

included. The complete search strategy for PubMed is described in the Table 2.

Table 2. PubMed search strategy.

Search | Query

#1 Search ((“virtual reality"[MeSH Terms]) OR ("virtual"[All Fields] AND
"reality”[All Fields]) OR ("virtual reality"[All Fields]) OR (“virtual reality
therapy")) AND ((("pain"[MeSH Terms] OR "pain"[All Fields]) AND
("hospitals"[All  Fields] OR "hospitalization"[All  Fields] OR
"hospitalization"[MeSH Terms] OR "hospitalization"[All Fields] OR
"hospitalized"[All  Fields] OR "hospitalizing"[All Fields] OR
"hospitality"[All  Fields] OR "hospitalizations"[All  Fields] OR
"hospitalizations"[All  Fields] OR "hospitalize"[All Fields] OR
"hospitalized"[All  Fields] OR "hospitalizing"[All Fields] OR
"hospitals"[MeSH Terms] OR "hospitals"[All Fields] OR "hospital"[All
Fields])) OR "intensive care unit"[All Fields] OR "intensive care"[All

Fields] OR "critical care"[All Fields] OR "critical illness"[All Fields]”)
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Study selection

Two independent reviewers (A.B.F. and L.L.) evaluated the titles and abstracts
of all articles found through the search strategy. Subsequently, for the selected articles
and those in doubt, the full-text reading was performed by the same independent
reviewers following standard criteria that determined both the inclusion and exclusion
of studies. Disagreements between the researchers were resolved by consensus and,
if necessary, by a third researcher (A.A.O.) Reviewers were not blinded to authors,
institutions or manuscript journals. The corresponding author was contacted as needed

to obtain information not clear in the published full-text report.

Data extraction

All studies included in the full text reading phase were sent for data extraction.
As in the previous phases, data extraction was performed independently by the same
two researchers using a standardized form. Disagreements were discussed with the
same third reviewer who take the final decision. Main extract content included: study
characteristics, methodological details, and assessed outcomes. Information on
authors, year of publication, participants (age), intervention methods, duration of
interventions, evaluation methods, pain scores at pre and post interventions, as well
as observations regarding the studies, were also extracted.

In case of missing data, the first author was contacted to collect the information.
If there is a delay or no response from the author in question, the co-authors were

contacted for details and clarification.

Risk of bias assessment
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The evaluation of methodological quality followed the recommendations
proposed by Cochrane Collaboration *?, and was performed considering the following
variables: random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, and incomplete outcome
data. The same two independent reviewers performed the evaluation and for each
criterion the studies were classified as high risk (if they did not present the criteria), low

risk (if they present the criteria), or unclear risk of bias (if the criteria were not reported).

Data analysis

Continuous descriptive variables (such as participant’s age) were presented as
means and standard deviation. Using mean and sample size values of pain, a single-
arm meta-analysis was performed for this outcome, adopting the random effect. Forest
plots were generated to present the pooled effect and the mean difference (MD) for
absolute values between pre and post interventions, standard error (SE) and a 95%
confidence interval (Cl). Statistical heterogeneity of treatment effects between studies
were assessed by Cochran's Q test and 12 inconsistency test; values above 50%
indicated high heterogeneity 1°. Values of p < 0.05 were considered statistically

significant. All analyzes were performed in OpenMeta Analyst software, version 10.10

13

Results
Study selection

The PubMed, Cochrane, Scopus and Web of Science databases search
provided a total of 1347 citations. After adjusting for duplicates 1345 remained. From

these, 1338 studies were discarded after title and abstracts revision, indicated they did
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not meet the eligibility criteria. The full-text of remaining 7 citations were examined in

more detail. Finally, two studies **> met the eligibility criteria and were included in the

guantitative analysis (Figure. 1). No additional studies were identified by checking the

references of the included papers.

Records excluded (n = 1338)
- Studies with animals;
- Case reports, letters, abstracts or

avaliable or
in English,

Portuguese or Spanish;

- Studies not presenting pre and

post IVR data of pain.

Full-text articles excluded (n = 5)
- Study did not evaluated pain (n =

- Study Protocol (n = 1)
- Did not isolated intervention (n =

Records identified through Additional records identified
= .
o database searching through other sources
o (n =1347) (n=0)
L
=
(]
S A 4
— Records after duplicates removed
) (n = 1345)
(@)
=
c
o
o Records screened review;
n (n = 1345) - Articles not
published
2
E Full-text articles
= assessed for eligibility >
[ (n=7)
3)
1)
©
[}
E
5 Studies included in
= guantitative analysis
(n=2)

Figure 1. Flowchart of number of articles retrieved during the literature search and study

selection.
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Studies characteristics

The included studies characteristics with are shown in Table 3. A total of 146
patients post cardiac surgery (49 men and 22 women) were evaluated in the two
studies included. Patients’ mean age was 57.35 + 11.31.

Studies showed the characteristics of IRV interventions were similar. The
protocols consisted of to provide patients with a calm immersive scene on a beach,
with voice-guided meditation, which promoted breath control and relaxation, or to
watch a tridimensional landscape, consisting of a mountain cabin near a lake at
sunrise, followed by a relaxing moment in the clouds, with sounds of ambient nature,
but no voice. The sessions lasted between 5 and 20 minutes, for 2 days (pre- and post-
surgery)®® or up to 7 sessions, one per day*“.

Opioid administration was variable across studies. In Ong et al. (2020) 4 the
dosages of opioids were converted to oral morphine milligram equivalents prior to
analysis. The dosage and frequency of opioid medications decreased over time at a
rate of 12.9 (95% ClI, 21.7 to 4.03) oral morphine milligram equivalents per study day.
The observed decreases in opioid dosages may be clinically significant with an
average decrease from 54.8 morphine milligram equivalents after the first intervention
to 11.5 morphine milligram equivalents after the third intervention.

In the study by Rosseaux et al. (2022) *°, was recorded whether patients
received spinal morphine (0.5 mg). To examine the confounding effects of analgesic
medication after surgery, the ‘on-demand’ opioid intake was recorded 2-h before the
session and until 6 h after. Nurses and doctors usually administered “on-demand”
opioids during the day when pain intensity was greater than 3 on the 10-point visual

analogue scale (VAS). Whenever pain was extreme, patient-controlled intravenous
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analgesia was administered. On the postoperative day in ICU, all patients received

paracetamol (4 x 1 g per day) and 12 patients received additional opioids “on-demand”.

Risk of bias

Of two included studies, 50% showed adequate generation of randomization
sequence, 0% reported allocation concealment (unclear), 0% had blinded participants
and/or therapists (high risk), 0% had blinded the assessors to the outcomes (unclear)

and 100% described losses to follow-up and exclusions.

IVR effect on pain

In both studies the pain outcome was assessed by VAS before, after 1> or during
IRV sessions 4. The meta-analysis results showed a reduction on pain level (MD:
0.509 * 0.116 — SE, with 95% CI: -0.736 to -0.282; P < 0.001). The heterogeneity in
this analysis was negligible (12 = 0%; P = 0.932). These results are presented

graphically in Figure 2.
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Table 3. Included studies characteristics for systematic review.

. , . . . Pain
Study, Participant’s Intervention’s Comparator Intervention Analgesic Measurement a
o . . . . measurement
Year characteristics Characteristics interventions period use method period
IVR: landscape of a mountain
. . cabin near a lake, at sunrise,
50 cardiac patients
. . followed by a moment of . Before and
Rousseaux undergoing cardiac L . 20 minutes, once a
relaxation in the clouds, with Usual care Yes VAS after each
etal. 2022  surgery (mean age . day, for 2 days. .
66 + 11.5 years) nature sounds but no voice. session
T Performed before and after
cardiac surgery
IVR: guided medltatlgn Between 5-20min
. . through calm immersive .
59 surgical patients scene (waves rolling on a each session
Ong et al. admitted to ICU . . g . - according to the During
beach) with voice guided Didn’t have . Yes VAS .
2020 (mean age patient preference, sessions

50 £ 18 years)

meditation that promoted
breath control and relaxation

received up
to 7 sessions.

Data are mean + SD. VRI: virtual reality intervention; VAS: Visual Analogic Scale.
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Forest Plot

Studies Eatimate (95% C.I.)

Rousseauyx et al. 2022 -0.520 (-0.858, -0.182) n
Ong et al. 2020 -0.500 [-0.806, -0.194) [}
Overall {1*2=0 % , P=0.932) -0.509 (-0.736, -0.282) S ———

Figure 2. Pooled IVR effect as MD for absolute pain values between pre and post
interventions with a 95% CI. Filled square represents study-specific estimates
and filled diamond represents pooled estimates of random-effects meta-

analyses.

Discussion

The present study aimed to conduct a systematic review with meta-
analysis evaluating the IVR effects on pain perception of ICU patients. Our main
results demonstrate that the IVR intervention was beneficial for pain relief in these
patients. Due to the interference of a series of routine ICU factors in the
implementation of new therapeutic approaches in this environment, as well as the
variety of IVR intervention and pain evaluation protocols, most clinical studies
have been shown only suggestive with regard to the efficacy and safety of IVR in
the outcomes of patients in ICU.

The results of this meta-analysis showed a reduction on the pain level (MD:
0.509; 95% ClI: -0.736 to -0.282) favorable to IVR group, demonstrating that the

intervention through IVR generates an effective reduction in the pain of ICU
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patients (P < 0.001). Ong et al. (2020) * showed significant reductions in anxiety
and depression when 5 to 20 minutes of VR was combined with guided
meditation, but no effects were found for pain, sleep and physiological
parameters. Previous research has shown that 40 minutes of VR exposure
repeated across three months has been implemented with positive results 2°.
Mosso-Vazquez, in 2014 7, gave 30 min of VR contemplation in a beautiful
landscape to patients, 24 hours before cardiac surgery: 88% of patients reported
a decreased level of pain post-virtual reality; 37% had a lower heart rate; 52%
had reduced mean arterial pressure. This experiment has shown that navigating
through a VE causes patient relaxation and can reduce postsurgical pain,
improve overall well-being and prevent hematomas and other complications .
Despite the heterogeneity of the studies regarding the intervention time, our study
shows that 20 min of IVR seems to be sufficient to promote a significant reduction
in pain in these patients.

Although the protocol time was similar to that of the studies included in this
review, Suvajdzic et al. (2018) '8 did not observe a significant reduction in pain
through their short-term protocol of 10 to 20 minutes of IVR, over two days, in
ICU patients, while subjective pain reduction and zero delirium rate were
promising study data. Likewise, Jawed et al. 2021 3, corroborating with our
review, demonstrated in their study that patients reported a reduction in anxiety,
pain and discomfort levels, evidencing that, in addition to a motivational action,
the use of IVR can induce improvement in subjective perception of emotional
dysfunction and pain of these individuals. Given the variability of results in the

significant effect of pain reduction between different studies, our hypothesis for
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this, in agreement with what Jawed et al. (2021) 3 reported, suggests a
relationship between the level of pain presence and distraction.

Ahmadpour et al. (2019)2 indicates that the presence generated by the
high perception of immersion on the VE is the main pain distraction factor,
designed to dilute the patient's attention to pain. Pain reduction has positive
effects when correlating the levels of presence caused by immersion in VR %,
The authors confirm this finding by stating that distraction, supplanted by an IVR
environment, modulates the patient's pain perception 8. This may be a possible
explanatory mechanism for the significant reduction in pain that was evidenced
by our study.

Wiederhold et al. (1998)° presented comparisons of subjects that
experienced varying levels of VR immersion, noting significant differences in not
only subjective responses but also physiology, like heart rate, respiratory rate and
peripheral skin temperature. The strength of the presence is thought to reflect the
amount of attention that is drawn into the virtual world ?°. Because IVR is a highly
attention-grabbing experience, it can be an effective psychological pain control
technique. Less attention to pain can result in reductions in perceived pain
intensity, unpleasantness and the amount of time patients spend thinking about
their pain 2.

Brain scan studies, using a robust assessment method and agreeing with
the findings of the present review, provide converging objective evidence that VR
reduces pain. Neuroimaging studies with healthy volunteers have consistently
identified five regions of the brain known to be involved in the perception of pain:

the insula, thalamus, primary and secondary somatosensory cortices, and the
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anterior cingulate cortex 2223, Based on this framework, Hoffman et al. (2004)
24 measured the patterns of brain activity associated with VR analgesia. In
addition to reporting less pain during IVR, significant reductions in pain-related
brain activity were found in all five of the brain regions noted above, when
comparisons were made between a VR and no VR condition 4. They concluded
that VR reduces pain via modulation of both the physiologic and the subjective
aspects of pain processing 242°,

As in our review, another meta-analysis showed that active peri-operative
psychological interventions (behavioural therapy, relaxation, guided imagery)
moderately reduced persistent postsurgical pain and physical impairment 26, In
agreement with these findings, other authors suggest that relaxation another
mechanism closely related to distraction, is also found to be fundamental in the
analgesic principle of IVR 7.

As the perception of pain can be influenced by a patient's affect (experience
of positive emotion), changing distressing circumstances (being in a hospital) to
the much more pleasant circumstances of a VE gives rise to a positive effect,
which alleviates pain’. Thus, it is suggested that the long-lasting analgesic effects
of IRV are associated with a positive change in the individual's emotion of
affection, which generates a modulation in the perception of pain in a lasting way,
continuing even after the end of the VR session®. In a case report conducted by
Esumi et al (2010)7, the effect of IRV in reducing pain in a patient with open
wounds by fasciotomy led to a 25-75% reduction in analgesic use, which

alleviated the induced respiratory depression by opioids in that case.
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As observed in the studies included in this review, critically ill patients
commonly receive analgesics and sedatives for management of pain and anxiety
and these medicines themselves are associated with an increased risk of delirium
L27 Factors such as sensory impairment, pain and agitation are thought to
increase this risk of delirium 28, ICU delirium affects 45% to 87% of critically ill
patients and is independently associated with an increased risk of long-term
cognitive decline and increased health care costs 2931, Clinical guidelines for
delirium prevention emphasize strategies to orient patients, manage pain, control
noise and light and promote good sleep %2, 33, Preventing and treating ICU
delirium remains a major challenge and requires optimal treatment of pain and
anxiety, sometimes with high-risk medications like benzodiazepines, which have
shown to worsen delirium 3435,

Hospitals need non-pharmacological interventions that are safe, feasible
and easy to implement in the busy ICU environment. These therapies may also
enhance existing delirium care bundles 3*8. In this way, IVR can be an effective
tool in reducing risk factors for delirium, such as pain, anxiety and use of opioids,
in critically ill patients who commonly undergo invasive procedures 2.

While the results of the present review provide important findings, they
must be viewed with respect to the following potential limitations. First of all, the
small number of studies included is certainly a limiting factor for strong evidence.
However, this reflects both (1) the scarcity of studies in this important area of
knowledge and (2) the rigor in the choice of eligibility criteria, which aimed to allow
clear conclusions about the effect of IVR on pain in ICU patients. In addition, the

present review allows us to conclude only about the isolated effect of IVR,
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considering exclusively the data pre versus post interventions or the change in
pain between these moments, without comparing with a placebo control group or
even with other interventions for pain relief. This methodological choice is due to
the authors' previous knowledge of studies in the study area and the scarcity of
comparative data that would allow the performance of traditional comparative
meta-analysis.

Nevertheless, highlighting the strengths of this review, there was a low
heterogeneity found among the included studies, which allows us to affirm that
the present study strongly contributes to the literature regarding the viable and
effective use of IVR in the management of pain in ICU patients, successfully
demonstrating that IVR to be an effective non-pharmacologic technique for this
population. IVR in ICUs represent an optimistic social impact in patients that are
in critical condition by acting as additional support mechanism to avoid and
reduce postsurgical distress and our study brings an unprecedented result in the
literature to date, showing the effectiveness of IVR in reducing pain in ICU

patients.

Conclusions

In summary, to the best of our knowledge, the present review is the first to
systematically investigate the effectiveness of IVR use in ICU patients on pain
and demonstrated that this intervention generates an effective reduction on pain
of patients hospitalized in the ICU.

It is worth noting that IVR is a therapeutic modality recently implemented

in ICUs. IVR is easily used in the hospital setting and offers safe non-
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pharmacological adjuvant analgesic treatment for these patients. Although it is a
promising and effective intervention, the literature lacks more randomized clinical
trials. The scarcity of currently published studies in the ICU environment limits the
execution of studies in order to scientifically proves the effects of IVR in ICU
patients.

Our systematic review with meta-analysis is the first to proves the
effectiveness of this therapeutic tool in relieving the pain of patients hospitalized
in an intensive care environment. New clinical studies in IVR, with a larger sample
size, randomized trials with a control group, use of more delineated and
homogeneous protocols, should be encouraged in the intensive care
environment, in order to establish new non-pharmacological and non-invasive

tools for this population.
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5 CONCLUSAO GERAL

Com esta tese, buscou-se estudar os efeitos da RVI sobre a dor de
pacientes internados em UTI. Na construcdo deste trabalho, foi possivel notar
que a RVI se trata de uma alternativa potencialmente benéfica e viavel de ser
aplicada em pacientes de UTI, principalmente no que se refere a situagdes
emocionais, psicoldgicas e percepcao dolorosa do individuo, uma vez que
permite que o paciente tenha a sensacao cognitiva de sair do ambiente hospitalar
e ir para um ambiente virtual calmo e relaxado. Retirar o paciente do ambiente
da UTI, através da imersdo, possibilita efeitos positivos, tais como: reducao de
dor, ansiedade, melhora na ventilacdo mecanica, reducado/prevencdo de
delirium, melhora na reabilitacdo fisioterapéutica e independéncia funcional,
melhora na qualidade de vida e bem-estar dos pacientes, melhora nos
parametros fisiologicos e melhora na cognigéo.

Este trabalho evidenciou os beneficios acerca da RVI nos pacientes de
UTI, além de ser uma modalidade de facil acesso, implementacdo e adesao.
Contudo, a utilizacdo da RVI dentro da terapia intensiva apresenta algumas
limitacbes de uso que precisam ser consideradas. Fatores limitantes como:
higienizagdo do material, controle do risco de infecgdo, intercorréncias com 0s
pacientes, alteracao da rotina da equipe multidisciplinar, interferéncia com outros
aparelhos e monitores de UTI, todos esses séo dificultadores quando se refere
a questbes de padronizacdo e elaboracdo de protocolos de pesquisa
experimental dentro da UTI. Essas dificuldades refletem na grande variabilidade
dos estudos nas avaliacbes e protocolos de intervencdo, o que dificulta a
sistematizacdo de evidéncias robustas sobre o tema.

Nosso estudo aponta para a viabilidade de implantacdo da RVI em UTl e é
o primeiro a comprovar, através de uma meta-analise, a eficacia dessa
modalidade terapéutica na melhora da dor de pacientes internado em UTI,
evidenciando o potencial da RVI no tratamento analgésico ndao farmacoldgico
adjuvante e seguro para essa populacédo. Novos estudos clinicos em RVI, com
maior numero amostral, ensaios randomizados com grupo controle/comparador,

utilizacdo de protocolos de intervencdo e avaliacdo mais delineados e
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homogéneos, devem ser incentivados no ambiente de terapia intensiva, a fim de
estabelecer novas ferramentas ndo farmacoldgicas e néo invasivas para essa

populacao, de forma segura.
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6 IMPACTOS DO TRABALHO

Demonstramos, através deste trabalho, que a RVI pode ser usada como
uma nova abordagem terapéutica eficaz no tratamento e alivio de dor dos
pacientes de UTI, principalmente por ndo causar efeitos colaterais e, com isso,
ndo prolongar o periodo de internagdo na UTI. Além disso, trata-se de uma
revisdo sistematica de literatura voltada para a elucidagdo das principais
evidéncias cientificas atuais sobre a eficacia da RVI no alivio da dor dos
pacientes de UTI, contribuindo para o conhecimento cientifico e, assim,
justificando a implantacédo e utilizacdo da RVI para promover ganhos para os
pacientes internados.

Do ponto de vista socioeconémico, através dos resultados da nossa tese
€ possivel incentivar a proposi¢cdo da RVI como nova abordagem terapéutica
nado-invasiva e ndo-farmacol6gica no ambiente de terapia intensiva, o que resulta
em: reducdo de medicacao, reducéo de efeitos colaterais a medicacao, reducao
de comorbidades, reducdo de tempo de internacdo e reducdo de custos
decorrentes da internacéo desse individuo.

Outros impactos positivos que os resultados da nossa tese entregam para
a comunidade clinica e cientifica: 1) a RVI é uma interven¢édo ndo-invasiva de
carater ludico, que promove maior adeséo e conforto aos pacientes; 2) distrai o
paciente do ambiente perturbador da UTI, promovendo alivio mental e
psicolégico; 3) facil acesso, implementacao e baixo custo; 4) reduz sintomas de
ansiedade, agitacdo, depressdo e percepgcdo dolorosa; 5) ferramenta
motivacional; 6) eficaz na reducéo da dor de pacientes internados em UTI.
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