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Resumo

Introduc&o: As mudancgas no habito de vida, a alimentacgdo rica em carboidratos e a
diminuicdo da atividade fisica sédo partes do contexto que levaram a uma pandemia
de obesidade. Individuos obesos apresentam reducdo da forca muscular
esquelética, sobrecarga articular, menor capacidade cardiopulmonar, alto gasto
energético e reducdo da tolerAncia ao esforco. Tais alteragBes resultam em
ineficiéncia do ato de andar, que é a modalidade mais acessivel para o controle de
peso. Trata-la é uma tarefa que requer atendimento multidisciplinar, porém em
muitos casos a terapéutica convencional ndo surte efeito, sendo necessaria a
intervencgdo cirdrgica. Esta, por sua vez, ndo é isenta de riscos e causa importantes
alteracdes na funcdo pulmonar e na capacidade funcional. Objetivo: Avaliar a
capacidade funcional desta populacdo no pré-operatério e associar a medida da
funcdo pulmonar e dados epidemiolégicos na equacdo da distancia percorrida
prevista, além de verificar o efeito da eletroanalgesia através da eletroestimulacéo
nervosa transcutanea (TENS) convencional sobre a funcdo pulmonar no pés-
operatério de cirurgia bariatrica. Metodologia: Este trabalho foi desenvolvido em
dois momentos distintos. No primeiro momento 367 obesos foram incluidos nesta
pesquisa. 104 homens e 263 mulheres foram avaliados em uma clinica escola na
cidade de Cascavel/Parana e realizado a avaliacdo da capacidade funcional através
do teste de caminhada de 6 minutos (TC6’), espirometria e forca muscular
respiratoria. No segundo momento, foi realizado um ensaio clinico controlado e cego
em 66 sujeitos submetidos a cirurgia bariatrica. Os participantes foram
randomizados em dois grupos, conforme segue: grupo intervencdo tratado com
TENS (n = 33) e grupo placebo (n = 33). Os participantes foram submetidos a 4
sessOes de TENS e foi verificado o efeito na dor usando a escala analdgica visual
para dor, funcdo pulmonar medida pela espirometria e dados hemodinamicos.
Resultados: A distancia percorrida no TC6’ (DTC6’) para homens se correlacionou
com idade (r = -0,388, P = 0,0005), peso (r =-0,365, P = 0,0007), altura (r = 0,285, P
= 0,022), indice de massa corporal-IMC (r = -0,543, P <0,0001), capacidade vital
forcada-CVF) (r = 0,472, P <0,0001), pico de fluxo expiratério-PFE (r = 0,253, P =
0,031) e presséo inspiratoria maxima-PImax (r = 0,313, P = 0,017). Na analise de
regressdo mdultipla, IMC, CVF e idade foram as Unicas variaveis que previram de
forma independente a DTC6’ e explicaram 40% de sua variabilidade. A equacéo de
referéncia proposta para homens brasileiros obesos foi DTC6 (m) = 570,5 - (3,984 x
IMCygim2) + (1,093 X CVFyprevisto) - (0,836 x Idadeanss). A DTC6’ para mulheres
apresentou correlagbes com estatura (r = 0,319), idade (r = -0,281), peso (r = -
0,370), IMC (r = -0,561), CVF (r = 0,443), PFE (r = 0,278), PImax (r = 0,326) e
pressdo expiratéria maxima (r = 0,259), todas com P<0,0001. Na andlise de
regressdo multipla, IMC, CVF, idade e PImax foram as variaveis preditivas
independentes para DTC6, explicando 65% de sua variabilidade. A equacao de
referéncia proposta para mulheres brasileiras obesas foi: DTC6 (m) = 513,6 - (4,439
X IMCygimz) + (1,136 x CVFoyprevisto) - (1,048 x Idadeanos) + (0,544 x PIMaXoyprevisto)- A
avaliacao da dor e funcdo pulmonar nos pacientes submetidos a eletroanalgesia no
pos-operatorio apresentou 0s seguintes resultados: a média de idade dos grupos
intervencdo e placebo foram de 36,2 + 8,5 e 41,3 + 11,2 anos, respectivamente,
enquanto o IMC dos grupos intervencéo e placebo foram de 43,5+4,9e 43,3 +6,4
kg/m?, respectivamente. Apés a aplicacéo da TENS, houve reducéo no nivel de dor
no grupo intervengcdo quando comparado ao grupo placebo (P = 0,001). Houve
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manutencdo da PImax no grupo intervencdo e reducdo no grupo placebo quando
comparados os periodos pré e pos-operatérios [delta absoluto de 0 (-29-5) vs. -5,5
(-46-0), P = 0,03)]. O grupo placebo apresentou aumento da frequéncia respiratéria
durante a aplicacdo da eletroanalgesia quando comparado ao grupo intervencao
[delta absoluto de 2 (-1-2) vs. 0 (-2-2), P = 0,003)]. Concluséo: A incluséo da
funcdo pulmonar e dados demograficos em uma equacao de referéncia para DTC6
resulta em uma melhor previsdo da distancia percorrida nesta populacdo. Quanto a
avaliacdo do efeito da eletroanalgesia, encontramos que ela reduz a dor nos
pacientes submetidos a cirurgia bariatrica. Além do mais, h& importante manutencéo
da PImax nesses pacientes entre os periodos pré- e pés-operatério. Entretanto, a
eletroanalgesia néo reflete na melhora dos parametros espirométricos.

Palavras-chave: Obesidade, Capacidade funcional, Cirurgia Bariatrica,
Eletroanalgesia, Espirometria.
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Abstract

Introduction: Changes in lifestyle habits, a diet rich in carbohydrates, and a
decrease in physical activity are part of the context that led to an obesity pandemic.
Obese individuals have reduced skeletal muscle strength, joint overload, lower
cardiopulmonary capacity, high energy expenditure, and reduced effort tolerance.
Such alterations result in inefficiency of the act of walking, which is the most
accessible modality for weight control. Treating it is a task that requires
multidisciplinary care, but in many cases conventional therapy is ineffective,
requiring surgical intervention. This, in turn, is not without risks and causes important
changes in lung function and functional capacity. Objective: To evaluate the
functional capacity of this population in the preoperative period and to associate the
pulmonary function measurement and epidemiological data in the predicted distance
covered equation, in addition to verifying the effect of electroanalgesia through
conventional transcutaneous electrical nerve stimulation (TENS) on pulmonary
function in the postoperative period of bariatric surgery. Methodology: This work
was developed in two different moments. At the first moment, 367 obese were
included in this research. 104 men and 263 women were evaluated at a school clinic
in the city of Cascavel/Parana and the functional capacity was evaluated through the
6-minute walk test (6MWT), spirometry, and respiratory muscle strength. In the
second moment, a controlled and blinded clinical trial was carried out in 66 subjects
undergoing bariatric surgery. Participants were randomized into two groups as
follows: intervention group treated with TENS (n = 33) and placebo group (n = 33).
Participants underwent 4 sessions of TENS and the effect on pain was verified using
the visual analogue scale for pain, pulmonary function measured by spirometry, and
hemodynamic data. Results: The distance covered in the 6MWT (6MWD) for men
was correlated with age (r = -0.388, P = 0.0005), weight (r = -0.365, P = 0.0007),
height (r = 0.285 , P=0.022), body mass index-BMI (r=-0.543, P<0.0001), forced vital
capacity-FVC) (r=0.472, P<0.0001), peak expiratory flow-PEF ( r = 0.253, P =
0.031), and maximal inspiratory pressure-MIP (r = 0.313, P = 0.017). In the multiple
regression analysis, BMI, FVC, and age were the only variables that independently
predicted the 6MWD and explained 40% of its variability. The proposed reference
equation for obese Brazilian men was 6MWD (m) = 570.5 - (3.984 x BMlygm2) +
(1.093 x FVCoypredicted) - (0.836 % Ageéyears). The 6MWD for women was correlated
with height (r = 0.319), age (r = -0.281), weight (r = -0.370), BMI (r = -0.561), FVC (r
= 0.443), PEF (r = 0.278), MIP (r = 0.326) and maximum expiratory pressure (r =
0.259), all with P<0.0001. In the multiple regression analysis, BMI, FVC, age, and
MIP were the independent predictive variables for the 6MWD, explaining 65% of its
variability. The reference equation proposed for obese Brazilian women was: 6MWD
(m) = 513.6 - (4.439 x BMlkgmz) + (1.136 x predicted FVCoypredicted) - (1.048 x
AQ€years) + (0.544 x MIPypredicted). The assessment of pain and pulmonary function in
patients undergoing electroanalgesia in the postoperative period showed the
following results: the mean age of the intervention and placebo groups were 36.2 +
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8.5 and 41.3 £ 11.2 years, respectively, while the BMI of the intervention and
placebo groups were 43.5 + 4.9 and 43.3 + 6.4 kg/m? respectively. After the
application of TENS, there was a reduction in the level of pain in the intervention
group when compared to the placebo group (P = 0.001). There was maintenance of
MIP in the intervention group and reduction in the placebo group when comparing
the preoperative and postoperative periods [absolute delta of O (-29-5) vs. -5.5 (-46—
0), P = 0.03)]. The placebo group showed an increase in respiratory rate during the
application of electroanalgesia when compared to the intervention group [absolute
delta of 2 (-1-2) vs. 0 (-2-2), P = 0.003)]. Conclusion: The inclusion of lung function
and demographic data in a reference equation for the 6MWD results in a better
prediction of the distance covered in this population. Regarding the evaluation of the
effect of electroanalgesia, we found that it reduces pain in patients undergoing
bariatric surgery. Furthermore, there is important maintenance of MIP in these
patients between the preoperative and postoperative periods. However,
electroanalgesia does not reflect the improvement in spirometric parameters.

Keywords: Obesity, Functional capacity, Bariatric Surgery, Electroanalgesia,
Spirometry.
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Capitulo 1 Reviséao de Literatura

1.1 Introducéo

De acordo com a Sociedade Brasileira de Cirurgia Bariatrica e Metabdlica
(SBCBM), a obesidade é um importante problema de satde com complicagfes ja
bem estabelecidas, incluindo aumento do risco de hipertensao arterial, dislipidemia
e diabetes mellitus (sindrome metabdlica), doenca arterial coronariana, doenca da
vesicula biliar, lesdes degenerativas das articulacdes, apneia obstrutiva do sono,
além de deficiéncia socioeconémica e psicossocial (OGUNNAIKE et al., 2002).

Além das alteracdes acima descritas, a obesidade impacta diretamente na
capacidade do obeso de se locomover e na forca muscular esquelética, sendo um
importante componente de limitacdo funcional. Individuos obesos tém menor
capacidade de exercicio ndo apenas porque a caminhada é uma atividade de
sustentacdo de peso, mas também porque esses individuos tém comorbidades
significativas associadas com aumento do consumo energético para esta atividade
(DONINI et al., 2013).

Portanto, programas para controle e perda de peso sdo esséncias para esta
populacdo. Esses programas devem ser realizados por uma equipe multiprofissional
a fim de potencializar seus efeitos e resultados. Porém, é importante ter ferramentas
gue facilitem a avaliacdo da capacidade funcional dos obesos, através de férmulas
preditivas, testes funcionais, escalas, dentre outros.

Nem sempre esses programas de controle e perda de peso vao alcancar
éxito, sendo necessarias medidas mais drasticas através de procedimentos
cirdrgicos. Ao serem submetidos a cirurgia abdominal alta, é de se esperar que 0s
obesos sejam mais suscetiveis as consequéncias deletérias pulmonares
ocasionadas pela anestesia e pelo proprio procedimento cirirgico. No obeso, a
anestesia acentua a reducao da capacidade residual funcional (CRF), promovendo
o fechamento precoce das pequenas vias aéreas. Isto acarreta maior grau de
hipoxemia do que no doente ndo obeso, além de maior incidéncia de atelectasias
(OGUNNAIKE et al., 2002).

No estudo realizado por Paisani et al. (2005), concluiu-se que no pos-

operatério de gastroplastia tipo Fobi Capella ocorre diminuicdo dos volumes e
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capacidades pulmonares, além de forca muscular respiratéria, semelhante ao
descrito na literatura para ndo obesos submetidos a cirurgia no andar superior do
abdome. Nesse estudo, a incidéncia de complicacbes pds-operatdrias de origem
respiratéria foi de 4,7%.

A dor é um fator de forte impacto negativo na evolugdo pos-operatoria do
paciente submetido ao procedimento cirdrgico abdominal. Isto ocorre sobretudo
nagueles pacientes com cirurgia que envolve a parte superior do abdome, mesmo
utilizando medicacdo analgésica (TONELLA et al., 2006). Nesse sentido, a TENS é
um recurso fisioterapico amplamente utilizado no alivio sintomatico da dor. A
corrente é constituida por geradores de correntes pulsateis, bifasicas (simétricas ou
assimétricas) e com forma retangular (MORGAN & SANTOS, 2011). E utilizada para
estimular as fibras nervosas que transmitem sinais ao encéfalo, e que sao
interpretados pelo tAlamo como dor. A base do efeito da TENS se da inicialmente
conforme a "Teoria das Comportas”, postulada por Melzack & Wall, em 1965
(ANDREW et al., 2002), atualmente a compreensdo do efeito da TENS evoluiu
muito, hoje sabe-se que ela tem acgéao local, medular e supra espinha no controle da
dor. Os efeitos fisiolégicos da eletroterapia sobre o sistema neurolégico e
musculoesquelético incluem analgesia, estimulacdo muscular, vasodilatacéo,
reducdo de edema, diminuicdo da inibicdo reflexa, facilitacgdo do processo de
cicatrizacdo de lesdes em tecidos moles e facilitacdo da consolidacédo de fraturas
(MORGAN & SANTOS, 2011).

Gregorini et al. (2010) avaliaram a relacdo da dor com os volumes e as
capacidades pulmonares no pés-operatério de cirurgia cardiaca. Neste estudo, 0s
autores observaram que, apés quatro horas de uso da TENS, os pacientes
apresentaram melhora da dor e aumento do volume corrente (VC) em 23% dos
casos quando comparados ao grupo placebo, enquanto a frequéncia respiratéria
tendeu a diminuir apés o uso da TENS, fazendo com que o0 volume-minuto
apresentasse discreta melhora. Erdogan et al. (2005) realizaram um estudo
controlado, prospectivo randomizado e duplo cego avaliando a eficacia da TENS em
cirurgias toracicas, e constataram o beneficio trazido pela eletroestimulacdo em
seus pacientes, de modo que o0 uso da TENS reduziu a necessidade de opioides e
aumentou a eficacia da tosse durante a fisioterapia. Estes achados também foram
constatados no estudo de Benedetti et al. (1997), que observaram que a

eletroestimulacdo reduziu o nivel de dor pos-operatéria e diminui a quantidade de
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analgésicos quando comparada com o grupo placebo ou controle. Cipriano et al.
(2008) relataram uma diminuicao sistematica da dor apos o tratamento com TENS,

especialmente a dor relacionada a tosse.

1.2 Epidemiologia, Conceitos e Complicagdes

Relacionadas a Obesidade

De etiologia multifatorial resultante da mudanca dos habitos alimentares,
fatores sociais, alteragdes psicologicas e modificagfes epigenéticas, a obesidade se
encontra como um dos principais problemas de saude publica em todo o mundo. A
Organizacdo Mundial de Saude (OMS) prevé que, em 2025, aproximadamente 2,3
bilhdes de pessoas estejam com sobrepeso e 700 milhGes sofrerdo com a
obesidade. As estimativas sobre a obesidade e o sobrepeso nos Estados Unidos da
América (EUA) sdo alarmantes. Estima-se que 69% da populacdo estadunidense
esteja acima do peso e que 35% seja obesa (FLEGAL et al., 2012).

A populacéo brasileira parece seguir 0os passos da populacédo estadunidense.
Segundo a Pesquisa Nacional de Saude (2013), 56,9% dos brasileiros apresentam
sobrepeso, ou seja, cerca de 82 milhdes de pessoas tem o indice de massa corporal
(IMC) igual ou maior do que 25 kg/m? com uma leve predominancia no sexo
feminino (58,2%) em comparacdo ao sexo masculino (55,6%). O sobrepeso alcanca
seu apice em ambos 0s géneros na faixa etaria de 55 a 64 anos e, apés essa idade,
comeca a declinar. J& nos obesos com IMC igual ou maior que 30 kg/m?, encontra-
se a seguinte distribuicdo: 16,8% dos homens e 24,4% das mulheres, chegando a
32,2% nas mulheres com idade entre 55 e 64 anos, contra 23% nos homens
segundo o estudo de Flegal et al. (2012).

O diagndéstico da obesidade se faz a partir do reconhecimento do peso do
paciente. E realizado através de medidas antropométricas e calculo do IMC. Sua
classificacdo, segundo a OMS (2000) é baseada no IMC e apresentada na Tabela
1. De facil aplicagcdo, o IMC é pratico, rapido e sem custo para sua realizacéo;
porém, ele ndo leva em consideracdo aspectos como sexo, idade, etnia e edema,

dentre outras variaveis, segundo as Diretrizes Brasileiras de Obesidade (2016).
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Tabela 1 — Classificacdo de peso adaptada pela Organizagao Mundial de

Saude.
IMC (kg/m?) Classificacéao Obesidade Risco de doenca
(grau/classe)
<18,5 Magro ou baixo peso 0 Normal ou elevado
18,5-24,9 Normal ou eutréfico 0 Normal
25-29,9 Sobrepeso ou pré- 0 Pouco elevado
obeso

30-34,9 Obesidade I Elevado
30-39,9 Obesidade Il Muito elevado
>40,0 Obesidade grave 1] Muitissimo elevado

Fonte: World Health Organization (2000).

Além do IMC, a adiposidade central (circunferéncia abdominal) é um fator a
ser levado em consideragédo porgue o IMC, apesar de facil aplicabilidade, ndo leva
em conta o idoso que perde massa magra ou o atleta hipertrofiado. Portanto, a
medida da distribuicdo de gordura é diretamente relacionada com a obesidade e
suas comorbidades, conforme aponta Olinto et al. (2007). Pesquisas recentes
mostram que a obesidade tem papel fundamental no desenvolvimento de doencas
cardiovasculares, estando entre os nove fatores de risco mais importante para o
infarto, com risco atribuivel de 20,1% (OLINTO et al., 2007). Além da obesidade,
aparecem o fumo, a hipertensdo, o diabetes, os fatores psicossociais, 0 pouco
consumo de frutas e vegetais e a baixa pratica de exercicios fisicos que, juntos,
atribuem 90% de chances de se ter um infarto cardiaco.

A obesidade normalmente se relaciona com diversas doencas dentre essas a
sindrome metabdlica se destaca, ela foi definida na década de 1980, incialmente
identificada pela relacdo da hipertenséo, alteracdes no colesterol e hiperglicemia
com a obesidade. Esta triade ocasiona aumento da resisténcia a insulina em até 3
vezes mais e risco de mortalidade por doencas cardiacas. O diagnoéstico é feito
guando o paciente possui 3 dos 5 critérios abaixo:

1. Obesidade central — circunferéncia da cintura superior a 88 cm na mulher e

102 cm no homem:;

2. Hipertensao arterial — presséo arterial maior que 130/85 mmHg;

3. Glicemia maior que 110 mg/dL ou diagndstico de diabetes;
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4. Triglicerideos maior que 150 mg/dL;
High-density lipoprotein (HDL — coleterol) menor que 40 mg/dL nos homens e
50 mg/dL nas mulheres.
Portanto, a relacdo das doencas cardiovasculares com a obesidade
apresenta uma linha ténue com a morbimortalidade, e merece toda a observacao e

estudo para controlar sua incidéncia.

1.2.1 Implicacdes da obesidade na capacidade funcional

O estilo de vida moderno tem interferido de maneira significativa na qualidade
nutricional dos alimentos ingeridos e na reducdo do gasto calérico das atividades
diarias. Assim, a obesidade estd associada a diversas comorbidades como
hipertenséo, doencas do sistema cardiovascular e respiratério, diminuicdo do bem-
estar psiquico, dificuldade de integracao social, baixa auto-estima e estigmatizacao
(Diretrizes Brasileiras de Obesidade, 2016).

Todos esses fatores, quando associados ao acumulo de gordura corporal,
sobrecarregam o sistema osteomuscular, reduzindo a capacidade aerdbia e a forca
muscular esquelética. Compreender todo esse universo e sua relacdo se torna
necessario aos profissionais de saude, principalmente aos que atuam diretamente
com a populacao de obesos.

Saber avaliar as dificuldades e transtornos vividos pelos obesos é uma
ferramenta valiosa para definir as metas e objetivos no tratamento. A capacidade
funcional reflete a independéncia e autonomia do individuo e, portanto, € de se
esperar que o obeso apresente dificuldades em tarefas simples do dia a dia. Neste
sentido, a capacidade funcional € uma ferramenta util. Ela é avaliada sob dois
aspectos principais: um relacionado as atividades bésicas (ligadas ao autocuidado)
e outro relacionado as atividades instrumentais da vida diaria (participacdo e
integracao social) (AVILA-FUNES et al., 2006).

Por fim, os obesos apresentam reduzida forca muscular, déficit de equilibrio,
baixa capacidade aerobica e, ainda, redugcdo e até mesmo auséncia de atividade
fisica. Esses fatores impactam de maneira significativa na qualidade de vida e na
funcionalidade desta populagédo (CASANOVA et al., 2011).
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1.2.2 Valores de referencia para o teste de caminhada de 6 minutos

A funcionalidade é um termo abrangente. Refere-se a independéncia do
individuo, refletindo as condi¢cdes funcionais do corpo e a autonomia frente as
necessidades da vida diéria. Assim, determinar a capacidade funcional do individuo
torna-se uma necessidade tanto para pesquisas cientificas quanto para a aplicacdo
na pratica rotineira. Neste sentido, o teste de caminhada de seis minutos (TC6’) se
mostra como uma importante ferramenta no diagnostico e andlise da capacidade
funcional de individuos sadios e doentes. Pela facilidade na reprodutibilidade e
aplicacdo, o TC6” € um dos testes mais utilizados mundialmente e, através dele, é
possivel avaliar as respostas e as inter-relacbes dos sistemas pulmonar e
cardiovascular, o metabolismo muscular e a capacidade funcional (AVILA-FUNES et
al., 2006).

Segundo as recomendac¢des da American Thoracic Society (ATS, 2002), os
TC6’ devem ser realizados em um corredor reto, longo, plano, com comprimentos
de aproximadamente 30 m e com delimitacbes do circuito indicada por cones de
sinalizacdo. O teste prevé medidas dos sinais vitais, que ocorrem no inicio, meio e
fim do teste, incluindo: saturacdo periférica de oxigénio (SpO.); frequéncia cardiaca
(FC); e escala de dispneia de Borg (BORG, 1998).

Pode ser utilizado para diferentes objetivos entre eles destacamos: avaliacédo
de pacientes com doencas cardiovascular, respiratoria, obesidade, avaliacdo de
intervencbes de programas de reabilitacdo, programacédo cirlrgica e avaliacdo de
capacidade funcional (DOURADO, 2010).

Foram desenvolvidas, ao longo dos anos, diversas equacfes para tentar
determinar a distancia que deve ser percorrida através do TC6". Até o momento,
pode-se concluir que sua eficiéncia aumenta quando utilizados valores de referéncia
atraves de equacodes que consideram variaveis antropométricas, demograficas e/ou
fisiologicas (BRITTO et al., 2013). Formatar uma Unica equacédo preditora para todas
as populacbes €& impossivel, e a averiguagdo das férmulas nas diferentes
populacdes se faz necessario; assim, o exame se torna mais fidedigno e as
respostas fisiologicas serdo mais adequadas.

Para que os resultados do TC6’ sejam interpretados de forma correta, foram

utilizados modelos de regressao que formulam equacdes para o célculo de valores
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de referéncia com base em caracteristicas demogréaficas e antropométrica,
principalmente: sexo, idade, peso, altura, IMC e variacdo da FC (DOURADO, 2010;
CASANOVA, 2011). Diversos autores adaptaram as equacbOes baseadas nas
caracteristicas das medidas antropométricas das diferentes populagbes
(DOURADO, 2011). Salbach, em 2015, realizou uma meta-analise sobre equacdes
preditivas de TC6'. As quatro variaveis principais incluidas nas 43 equacdes de
referéncia apresentadas foram: idade (98%); sexo (91%); altura (70%); e peso
(49%).

Em 2009, Iwana et al. apresentam os primeiros postulados sobre equacdes
de referéncia na populacdo brasileira, tendo incluido como variaveis preditivas
apenas a idade e o género. Depois desses autores, Dourado et al. (2011) publicam
seus achados e reformularam a equacgdo para individuos saudaveis brasileiros,
tendo como variaveis preditivas idade, peso, altura e género. Dourado et al. (2011) e
Soares & Pereira (2011) elaboram outras equacdes que preveem a DTC6’ levando
em consideracdo o IMC. Em 2013, Britto et al. publicam o primeiro estudo
multicéntrico brasileiro para elaborar uma equacdo de referéncia, somando as
variaveis IMC e variabilidade da FC em sua analise de regressdo. Mais
recentemente, Almeida et al. (2019) publicaram equacfes de referéncia nacionais
para o TC6’ considerando o percurso de caminhada (10, 20 e 30 metros) e o nivel
de atividade fisica do individuo.

1.2.3 Implicacdes da obesidade na funcao pulmonar

Além das complicagbes acima descritas, o efeito da obesidade sobre a
fungédo pulmonar ja € bem documentado na literatura. E sabido que a distribuicdo do
tecido adiposo no térax e abdome interfere de maneira significativa na mecanica
ventilatoria e altera a forca e resisténcia muscular respiratéria, levando a uma
ineficiéncia da musculatura em gerar volume pulmonar adequado (MAFORT et al.,
2016). O aumento do diametro abdominal gera compresséao diafragmatica, pulmonar
e da caixa toracica, acarretando um disturbio restritivo ventilatorio. Portanto, é
comum encontrar em obesos morbidos reducdes da CRF, do volume de reserva
expiratoria (VRE), redugcdo da complacéncia toracica e aumento da resisténcia
pulmonar, segundo aponta Mafort et al. (2016).
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Ladosky (2001), em seu trabalho, comparou quatro grupos no pré-operatorio
de cirurgia bariatrica, estratificando sua amostra em um grupo controle e trés grupos
divididos de acordo com o IMC. Neste estudo, foram avaliados 0s seguintes
parametros espirométricos: ventilagdo voluntaria méaxima (VVM), capacidade vital
forcada (CVF) e volume expiratorio forcado no primeiro segundo (VEF;). O autor
encontrou correlacdo negativa entre o IMC e os dados espirométricos, ou seja,
guanto maior for o IMC maior € o efeito negativo sobre a funcdo pulmonar. Outro
achado em sua pesquisa foi que a relacao dos valores de CVF e VEF;, apesar de
terem valores abaixo do esperado para o grupo, apresentou resultados compativeis
com pacientes normais. Este autor sugere que a reducdo do VEF; € decorrente da
reducdo da CVF, e ndo por distarbio obstrutivo associado.

Ribeiro (2007) reflete ainda que o efeito da obesidade sobre os volumes e
capacidades pulmonares sdo maiores em homens do que em mulheres, e sugerem
gue este fato ocorre pela caracteristica da distribuicdo da gordura corporal, sendo
no homem seu acumulo maior na regido abdominal. Os padrfes assim descritos séo
dois, conforme segue:

1) Biotipo ginoide — também conhecido como “formato em pera”. Comum

entre as mulheres;

2) Biotipo androide — conhecido pelo “formato em maca’. E mais comum nos

homens.

Soma-se a esses fatores o efeito inflamatorio sistémico caracteristico deste
grupo de pacientes, visto que a obesidade aumenta o risco do desenvolvimento de
hiper-reatividade bronquica e, além do mais, aumenta o processo metabdlico e o
trabalho respiratério. Em consequéncia destes fatores, pode-se encontrar nos
obesos morbidos um acumulo de gas carbbnico (hipercapnia induzida pela
hipoventilacdo) e apneia obstrutiva do sono.

Por todos os fatores acima expostos, € de se esperar que 0S obesos
apresentem menor resisténcia muscular e reducdo da capacidade funcional quando
comparados aos nao obesos e, além do mais, aumento do risco cirlrgico com maior
predisposicdo ao desenvolvimento de infecgBes respiratorias e atelectasias
(PAISANI et al., 2005).
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1.3 Tratamento Cirargico da Obesidade

Tratar o paciente obeso ndo é uma tarefa facil. E preciso comprometimento
do paciente e uma equipe multiprofissional especializada para compreender as
causas da obesidade e, entdo, tracar um plano de intervencdo adaptado a
necessidade de cada paciente.

Tratamentos convencionais geralmente sdo poucos eficientes, custosos e
com alto indice de desisténcia do paciente, principalmente naqueles cujo grau de
obesidade alcanca valores de IMC maiores do que 30 kg/m? O insucesso dos
tratamentos alternativos e a necessidade de uma melhora na saude se fazem
necessario, e neste contexto a cirurgia bariatrica aparece como uma alternativa
eficaz (Diretrizes Brasileiras de Obesidade, 2016).

A cirurgia bariatrica tem sua indicacdo precisa quando nenhuma das demais
alternativas de tratamento obteve sucesso. Segundo as Diretrizes Brasileiras de
Obesidade (2016), as indicacdes sdo as seguintes:

e Idade entre 18 e 65 anos;

e IMC maior que 40 kg/m?;

¢ Uma ou mais comorbidades graves relacionadas a obesidade;

e Documentagdo comprovando de que o paciente ndo conseguiu perder peso
ou manter a perda de peso com cuidados médicos em pelo menos dois anos.
Basicamente, as cirurgias podem ser classificadas como restritivas,

desabsortivas e mistas (Tabela 2). A decisdo do procedimento leva em conta varios
fatores como as comorbidades relacionadas a obesidade, além do IMC.

Tabela 2 — Técnicas cirargicas e suas classificagdes.

Classificacéo Técnica

Bandagem géstrica

Restritiva Gastrectomia vertical
Gastrectomia vertical com bandagem
Baldo intragastrico

Predominantemente restritiva Derivagéo gastrica em Y de Roux com ou sem anel
de contencédo
Predominantemente mal absortiva Derivagdo biliopancreatica com gastrectomia

horizontal com ou sem preservacao gastrica distal
Derivagdo biliopancreatica com gastrectomia
vertical e preservacao pildrica

Fonte: Zeve (2012).
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A procura por um tratamento cirargico eficaz em obesos teve inicio na década
de 1950. Consistia em criar um grande efeito desabsortivo através da reducao
intestinal. Porém, em 1986, Fobi desenvolveu o by-pass gastrico que consistiu em
colocar um anel de silicone para reduzir o volume gastrico. Posteriormente Capella,
na década de 1990, propds uma técnica cirdrgica nova juntando a gastroplastia
associada a um by-pass gastrointestinal. Desta forma, se reduziu a dimensdo do
reservatério gastrico associado a uma reducdo intestinal; essa técnica é hoje
considerada como padrdo-ouro para o tratamento da obesidade.

No fim da década de 1980, Rafael Capella & Mathias Fobi propuseram
operacfes bariatricas parecidas, utilizando uma gastroplastia vertical e derivacao

gastrojejunal em Y de Roux (ZEVE et al., 2012 - Figura 1).

Pequeno Eséfago
reservatorio.

Figura 1 — Gastroplastia com derivacdo gastrojejunal em Y de Roux.
Fonte: https://www.sbcbm.org.br/tecnicas-cirurgicas/#1508949384744-91002b92-8292

A gastroplastia com derivacdo gastrojejunal em Y de Roux consiste na
reducdo da capacidade volumétrica do estomago para aproximadamente 20 mL.
Nela, o restante do estdbmago, assim como o duodeno e 50 cm do jejuno ficam
separados do transito intestinal. O coto gastrico, por sua vez, é anastomosado a
uma alca do jejuno “em forma de Y” e seu esvaziamento € limitado por um anel de
silicone. Dessa forma, as secrecdes do estbmago e do duodeno sédo desembocadas

por uma anastomose abaixo do reservatorio (ZEVE et al., 2012).
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1.4 Impacto da Cirurgia Bariatrica na Funcao Pulmonar e

na Dor

A dor pés-operatéria € um efeito fisiologico comum. E caracterizada por ser
nociceptiva, de inicio agudo, com tempo delimitado, decorrente do trauma cirurgico.
Afeta aproximadamente 80% dos pacientes. Apesar de ser uma resposta de
protecdo organica, o efeito da dor poOs-operatéria pode gerar repercussdes
deletérias, principalmente sobre a funcéo pulmonar (RUBBO, 2010).

Os cuidados com os pacientes que serdo submetidos a cirurgia se iniciam
no pré-operatdério por meio de uma avaliagdo sobre o risco cirdrgico, principalmente
no tocante ao cuidado cardiorrespiratorio. Durante o periodo intraoperatorio, existe
preocupacdo com o posicionamento do paciente a fim de evitar lesdes por
compressdo neural, que sdo comuns neste grupo de pacientes, principalmente em
diabéticos. Lesbes de plexo braquial podem aparecer pela posicdo adotada na
mesa cirdrgica, mesmo através do uso de coxins e um bom posicionamento do
paciente (OGUNNAIKE et al., 2002). Outro risco comum de se encontrar é o de
formacdo de trombose em membros inferiores; assim, deve se adotar o uso de
calcas pneumaticas no intuito de facilitar o retorno venoso e reduzir o risco cirlrgico.

Apos a intubacao do paciente, ocorre a necessidade da definicdo do volume
de ar a ser utilizado na ventilacho mecéanica (VM). Parece que o0s volumes
pulmonares mais adequados ficam entre 10 e 12 mL/kg peso (lembrar que deve
sempre considerar 0 peso ideal do paciente, e ndo seu peso atual). Alguns estudos
sugerem que o uso de volumes maiores pode ser utilizado a fim de manter um valor
normal de CRF. Porém, é consenso que volumes maiores podem causar lesédo por
‘estiramento alveolar” (volutrauma), e sua manutencao deve ser feita pelo uso da
pressao expiratoéria final positiva (PEEP) (OGUNNAIKE et al., 2002).

A anestesia é outro fator importante a ser levado em conta no
intraoperatorio. Deve-se considerar o mecanismo de acdo da droga e o efeito em
pacientes com aumento do tecido adiposo. Substancias lipofilicas tém aumento na
distribuicdo em obesos quando estes sdo comparados aos individuos com peso
normal (PAISANI et al., 2005; OGUNNAIKE et al., 2002). No obeso, a anestesia

amplifica o efeito hipoxémico através da reducdo da CRF e causa colabamento das
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vias aéreas de menor calibre, propiciando risco de desenvolvimento de atelectasia
(PAISANI et al., 2005).

A dor como fator de limitacdo no poOs-operatério de cirurgias abdominais
abertas ainda é subjugada nos pacientes em unidade de terapia intensiva (UTI). O
tratamento analgésico € comumente realizado através de prescricdes médicas com
horarios determinados. Acredita-se que aproximadamente 10,9% dos pacientes
sentem dor de forma moderada a intensa (OLIVEIRA et al., 2013). A necessidade
da avaliacédo da dor deve ser rotineira neste grupo de pacientes, pois sua expressao
clinica ira refletir na piora da qualidade de vida durante o internamento hospitalar,
prejuizos funcionais, reducdo dos volumes pulmonares pela limitacdo acentuada da
mobilidade téraco-abdominal e reducdo das incursdes diafragméaticas (TONELLA et
al., 2006).

Quantificar o limiar de dor deve ser rotina nos servi¢cos de saude. Portanto, a
adequacao do instrumento de medida em obesos é de extrema importancia.
Diversas escalas sao listadas na literatura, incluindo as escalas unidirecionais
(escala numérica, escala visual analogica e escala verbal). A escala visual analdgica
€ largamente utilizada na pratica clinica e em trabalhos académicos. Ela é de facil
aplicacdo e quantifica a dor de 0 a 10, sendo 0 sem dor e 10 com dor maxima
(RUBBO, 2010) (Figura 2).
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Figura 2 — Escala analégica visual numérica de dor.

Portanto, identificar a dor e trata-la de maneira eficaz ira resultar em
melhores resultados no pdés-operatério de cirurgia bariatrica, principalmente
naquelas feitas “a céu aberto” a fim de evitar os efeitos nocivos da cirurgia sobre o

sistema respiratorio.
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1.5 Eletroanalgesia Através da Estimulacao Elétrica

Nervosa Transcutanea (TENS)

A eletricidade é um efeito fisiologico utilizado pelo corpo humano é através
dela que o organismo humano efetua diversas acdes como, por exemplo, a
contracdo dos musculos esqueléticos, a contracdo muscular cardiaca e a
transmissao de estimulos. Sua utilizacdo como agente analgésico data de muitos
séculos, com descricbes dos egipcios adeptos ao uso de enguias elétricas no
tratamento de cefaleias e dores reumaéticas.

Em 1965, Melzack & Wall apresentaram a “Teoria da Comporta”, que foi um

marco na utilizacédo da eletricidade como agente analgésico.

Kitchen S & Bazin S, (1998, p. 277) afirmam

“Esta se trata de uma corrente de baixa frequéncia com amplitude de onda
de 0 a 50 miliampéres (mA), quadrada, assimétrica, bifasica. Ndo produz
efeitos finais polares, o que ndo causa a longo prazo concentragdes ibnicas

embaixo de cada eletrodo ou no interior dos tecidos”.

Segundo Kitchen & Bazin (1998), a analgesia através da TENS ocorre pela
teoria do controle da ponte através da inibicdo pré-sindptica e pela inibicdo direta

num nervo excitado.

1.5.1 Teoria da Comporta no Controle da Dor e Mecanismos
Fisiolégicos do Uso da TENS

A “teoria das comportas”, conforme dito anteriormente, tornou-se base no
tratamento do alivio da dor através da eletroterapia. Entende-se que a percepcao da
dor é ajustada por uma comporta que pode ser aberta ou fechada através de
impulsos oriundos de nervos periféricos ou do sistema nervoso central (SNC),
regulando, desse modo, o transito da sensibilidade dolorosa. Assim, a transmissao
dos estimulos dolorosos aferentes no sistema nervoso periférico ocorre por fibras do
tipo A e do tipo C presentes em nervos que penetram na medula espinhal pelo

corno posterior e que envolve as laminas |, Il e lll da substéncia gelatinosa e se
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dirigem as células de transmissao na lamina V. Melzak & Wall (1965) sugerem que
a substancia gelatinosa funciona como um sistema que controla e modula o0s
estimulos aferentes antes que eles atinjam as células T, ou seja, ocorre apenas a
transmissdo de um estimulo das fibras A ou C.

O numero de fibras nervosas ativas, a frequéncia dos impulsos e a
alternancia da atividade entre fibras grossas e finas determinam os efeitos da
comporta para os estimulos evocados. Melzak & Wall (1965) sugerem existir uma
somatoria espacial e temporal, ou uma integracdo da comporta que aconteceria nas
células T. A dor e sua resposta ocorrem quando um determinado sinal inicia o
sistema de acdo pela saida das células T ao atingirem seu nivel critico, que €&
determinada pela comporta aferente apds sofrer modulacdo pela substancia
gelatinosa. As atividades cerebrais, geradas por meio de controle central, sao
impulsionadas através de vias nervosas descendentes por meio das fibras eferentes
gue, atuando de forma sincronizada com os sistemas somestésicos (niveis pré-
sinapticos), controlariam o input sensorial. Logo, o SNC estaria apto a manifestar

emocdo e atencdo, além de memorias passadas.

Segundo Low & Reed (2001, p. 103)

“O efeito da comporta da dor sobre as fibras A delta (dor rapida) e C (dor
lenta) no corno posterior deve-se a estimulacdo de fibras
mecanorreceptoras (A beta) por meio de pulsos elétricos de alta frequéncia
e baixa intensidade, as vezes denominados hi-TENS ou TENS
convencional.

Ocorre um efeito do tipo morfina sobre o sistema de fibras C. Esse deve-se
a encefalina produzida por interneurénios no corno posterior, que sao
estimulados por fibras receptoras de dor A delta. Essas fibras A delta sédo
estimuladas por pulsos elétricos de baixa frequéncia e alta intensidade,
chamados lo-TENS ou TENS acupuntura.

Ocorre o efeito tipo morfina (encefalina) no sistema de fibras C, como no
segundo ponto; porém, por meio de centros no mesencéfalo e envolvendo
a serotonina como neurotransmissor, também é ativado pela estimulagéo
de fibras A delta com estimulos de baixa frequéncia e alta intensidade”.

Aceita-se que os estimulos dos mecanorreceptores reduzem a excitabilidade

das células nociceptoras aos estimulos geradores de dor denominado inibicdo pré-

sinaptica.

Andrade Filho (2001, p. 279) afirma:

“Quando um estimulo é aplicado na pele, este produz um aumento no
numero de unidades ativas de fibras receptoras. A resultante dos inputs
positivos e negativos entre fibras grossas e finas tenderiam a anular um ao
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outro. De acordo com a teoria, os interneurdnios ativados pelos aferentes
de grosso calibre gerariam potenciais negativos nas raizes sensitivas
(mecanismo de feedback negativo) e a ativacdo de fibras finas produziria
um mecanismo de feedback positivo, 0s quais aumentariam os efeitos de
chegada dos impulsos. Entretanto, foi demonstrado que as aferéncias A
delta e C (fibras finas) também geram potenciais negativos na raiz dorsal’.

A teoria da comporta é definida como sendo um modelo anatomofisiologico.
Ela atua através de fendmenos inibitérios e excitatérios que sdo manifestados
igualmente nos niveis espinhais e supra-espinhais, conforme defendido por Andrade
Filho (2001).

J& a teoria definida por Melzak & Wall (1965) é considerada simples demais
por varios autores. A auséncia de correspondéncia anatdmica, eletrofisiolégica e
neuroquimica e de achados clinicos que sustentassem a teoria das comportas como
originalmente idealizada, foram razfes para que ela ndo fosse aceita como
apresentada. Atualmente se acredita que a resposta a eletroestimulacdo ocorra por
interacdo sensorial, onde as diferentes respostas sensoriais modificam o efeito da
eletroanalgesia, conforme defende Teixeira apud Andrade Filho (2001).

Os eletrodos séo colocados na superficie da pele e os impulsos transmitidos
de forma transcutanea estimulam as fibras A beta, mielinizadas, as quais conduzem
informacdes ascendentes proprioceptivas. Essas fibras sdo sensiveis as ondas
bifasicas e monofasicas interrompidas, como a TENS e outros recursos
eletroterapicos de caracteristicas semelhantes. Se a transmissdo de estimulos
através das fibras A for predominante, o sinal de dor conduzido pelas fibras C é
inibido nas células T e ndo ascende dos tratos espinotalamicos laterais para o
talamo. Por outro lado, se os impulsos das fibras C superarem os estimulos
veiculados pelas fibras A, a dor vai se manifestar.

Desse modo, a base do efeito da TENS, conforme a teoria de controle da
comporta € a hiper-estimulacdo das fibras A, com a finalidade de bloquear a
transmissao das fibras tipo C nas comportas do corno posterior da medula. Esse
modelo tedrico explicaria o alivio da dor enquanto a TENS estiver sendo aplicada e
0 seu pos-efeito parece estar relacionado com a liberacdo de opioides endégenos
(LOW & REED, 2001).

A “teoria da comporta”, postulada por Melzack & Wall, em 1965, foi um das
primeiras tentativas de explicar o efeito da TENS. Atualmente, muito conhecimento

sobre 0os mecanismos periféricos, segmentares e centrais quanto ao uso da TENS
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foi desenvolvido e publicado.

Sabe-se hoje que a eficacia da TENS varia de acordo com o tempo de
duracéo de pulso, frequéncia e forma de onda. Assim, compreender o tipo de dor
torna-se primordial no planejamento do tratamento da dor através da
eletroanalgesia. Dependendo da modalidade e parametros ajustados, ha respostas
diferentes no controle da dor, seja por mecanismos centrais, periféricos ou
segmentares.

As respostas do uso da TENS na ativacdo da medula espinal resultaria em
inibicdo indireta da producdo de substancia P. Assim, ocorre a liberacdo da
serotonina, noradrenalina e GABA nos neurbnios do corno dorsal da medula. A
ativacdo de receptores GABA-B poderia estar relacionada com a diminuicdo da
producao de glutamato e outros aminoécidos excitatérios, resultando em diminui¢éo
da dor. Isso demonstra que a aplicacdo de TENS na pele do paciente resulta ndo
somente em acdo local, medular, mas também supraespinal (Bl et al., 2021,
CHIMENTI et al., 2018).

A TENS inclui ainda a transmissdo de corrente elétrica através da pele
atuando sobre os mecanoceptores periféricos conduzidos pela fibra A-Beta até um
conjunto de interneurénios, que por sua vez atuam na inibicdo da retransmissao, a
nivel medular, dos estimulos dolorosos conduzidos pelas fibras A-Delta e tipo C (BI
et al., 2021; CHIMENTI et al., 2018).

1.6 Uso da Eletroanalgesia no Alivio da Dor e Funcéao

Pulmonar no Pds Operatério de Cirurgia Bariatrica

Além das alteragbes funcionais pulmonares relacionadas a obesidade, a
cirurgia bariatrica amplifica o disturbio ventilatério restritivo, seja pela leséo tecidual
causada pela incisdo cirargica, seja pelo efeito da anestesia, tempo operatério,
tempo de VM ou pela dor. Tokuda et al. (2014) cita uma incidéncia de 12 a 53% dos
pacientes que irdo apresentar complicacdes respiratorias pés-operatoérias; portanto,
guantificar esse efeito € importante para se conhecer a evolucdo e compreender a

condicao pos-operatoria dos pacientes.
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Paisani et al. (2005), em seu estudo, encontraram reducdo nos volumes e
capacidades pulmonares e na forca muscular respiratéria em todos os pacientes
que foram submetidos a cirurgia bariatrica do tipo Capella.

Com o intuito de reduzir os efeitos adversos ocasionados pelo trauma
cirdrgico, a fisioterapia se utiliza de diversas técnicas terapéuticas, entre elas a
TENS. Esta ultima aparece como um recurso para auxiliar o tratamento analgésico
medicamentoso. A TENS apresenta grande aceite clinico pela facilidade da
aplicacao e baixo risco da realizagao, tendo como efeito principal estimular as fibras
gue levam o sinal ao cérebro. Sua base € a “teoria das comportas” postulada por
Melzak e Wall (1965), ja detalhada anteriormente.

Tokuda et al. (2014) avaliaram 48 pacientes no pds-operatorio de cirurgia
abdominal, comparando dois grupos: TENS placebo e TENS intervencdo. Estes
autores levaram em consideracdo a dor poés-operatéria e a avaliacdo pulmonar
através da espirometria. O estudo encontrou resultados significativos no grupo
submetido a intervencdo em relacdo ao controle da dor e ao aumento da CV e do
VC.

1.7 Justificativas

Diversos estudos tém demonstrado que o Brasil, assim como outros paises
em desenvolvimento, convive em uma transicdo nutricional. Sartorelli & Franco
(2003) discorrem que esta mudanca gera como consequéncias o sobrepeso e a
obesidade, que estdo associados as doencas cronicas ndo transmissiveis, incluindo
a sindrome metabolica que esta diretamente relacionada ao diabetes, a hipertensao
arterial e as doencas cardiovasculares. E comum encontrar neste grupo de
pacientes distlrbios degenerativos osteoarticulares e canceres. Por todos esses
motivos, tem sido observada uma mudanca na distribuicio da morbidade e
mortalidade da populacéo.

Portanto, encontrar formas de prevenir e/ou modificar a evolugdo da doenca
se torna uma necessidade de saude publica. A¢des nutricionais, procedimentos
cirdrgicos e, ainda, medidas farmacolégicas e nao farmacoldégicas se tornam
importantes ferramentas no controle e melhora do estado geral do paciente. Neste
sentido, a compreensao da capacidade funcional e sua relacdo com a condi¢cdo do

31



obeso facilita a tomada de decisdo no processo de reabilitacdo. Existem diversos
testes que buscam tracar uma medida confiavel na avaliacdo da capacidade
aerdbica de pessoas sedentarias e, pela facilidade de aplicacdo, o TC6' é a medida
mais utilizada; porém, essa medida ndo foi desenvolvida, no nivel nacional, para
levar em consideracao as diferencas fisiologicas entre sedentarios e obesos. Assim,
desenvolver férmulas e testes especificos para essa populacdo reduz essas
distor¢cbes e torna o teste mais fidedigno para a realidade do obeso. Com dados
mais precisos, pode-se reduzir os riscos cirdrgicos e auxiliar a formulacdo de planos
de tratamento.

Segundo a SBCBM, o numero de cirurgias bariatricas no Brasil aumentou
7,5% em 2016 em comparagao com o ano de 2015. Considerada o tratamento mais
efetivo para obesidade grau lll, este tipo de cirurgia tem como finalidade a melhora
na qualidade de vida e o aumento no tempo de vida do obeso, impactando sobre os
problemas de ordem fisica e psicossocial que o excesso de peso acarreta.

Porém, a cirurgia bariatrica ndo € isenta de risco, podendo causar lesdo
tecidual, seja pela manipulacdo cirdrgica direta visceral, ou através da propria
incisdo e pelo uso de afastadores cirdrgicos que auxiliam a exposicdo do campo
operatorio. A presenca de dor apds a intervencdo € comum e causa desconforto ao
paciente, impedindo seu relaxamento. Isto leva a uma alteracdo do padrao
ventilatério, com ventilacdo superficial e prejuizo da movimentacdo no leito
(TONELLA et al., 2006).

Com o objetivo de reduzir o quadro doloroso no pés-operatoério, a fisioterapia
se utiliza de um amplo arsenal de técnicas. Destaca-se, entre elas, a TENS por ser
um procedimento ndo invasivo com poucas contraindicacfes e de facil aplicacao.
Bjordal et al. (2003) compararam o uso da eletroanalgesia a corrente placebo (ha
corrente placebo néo foi fornecido intensidade de corrente e, portanto, ndo houve o
efeito da corrente). Estes autores encontraram reducdo no consumo de analgésico
nos trés primeiros dias de pos-operatorio, além da reducéo dos escores de dor no
grupo estudo quando comparado com grupo placebo.

Portanto, justifica-se a realizacdo desta pesquisa no ambito académico e
profissional para a verificacdo do efeito da TENS na dor e funcdo pulmonar em

pacientes no pos-operatorio de cirurgia bariatrica.
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1.7.1 Relevancia para as Ciéncias da Reabilitacdo

Essa tese tem relevancia para as ciéncias da reabilitacdo no tocante a
compreensdao da funcdo pulmonar na distancia percorrida no TC6 em obesos
morbidos e, assim, poder desenvolver uma formula para calcular a distancia
percorrida em obesos brasileiros.

Outro fator importante serd a compreensao da dor sobre a funcao pulmonar
no pos operatdrio de cirurgia bariatrica e a verificacdo do efeito da eletroanalgesia
no alivio a dor desses doentes.

Portanto, este estudo ira agregar informacdes e facilitar a pratica diaria da
comunidade académica e profissional no cuidado e atencdo no pré- e pds operatorio

da populacéo estudada.

1.7.2 Relevancia para a Agenda de Prioridades do Ministério da

Saude

Este estudo pode ser uma importante ferramenta na avaliacdo funcional de
obesos brasileiros e, assim, reduzir os riscos a reabilitacdo e/ou tratamento
cirargico. Também esperamos determinar se o uso de tecnologias nédo invasivas e
com pouca contraindicagdo auxiliam no alivio da dor e manutengdo da funcgéo

pulmonar no pés operatorio de cirurgia bariatrica.

1.7.3 Relevancia para o Desenvolvimento Sustentavel

O presente projeto contempla com relevancia o0s objetivos do
Desenvolvimento Sustentavel da Organizacdo das Na¢Ges Unidas (ONU) através do
item 3.4 (“Até 2030, reduzir em um tergo a mortalidade prematura por doencas néao
transmissiveis via prevencdo e tratamento, e promover a saude mental e o bem-
estar’) da “Saude e Bem Estar’, garantindo o acesso a saude de qualidade e

promovendo o bem-estar para todos.
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1.8

Objetivos

1.8.1 Geral

Determinar o efeito dos dados demogréficos e funcdo pulmonar no TC6 em

obesos brasileiros e, também, avaliar o efeito da eletroanalgesia sobre o quadro de

dor e a funcéo pulmonar dos pacientes pés-operados de cirurgia bariatrica aberta.

1.8.2 Especifico

1.9

Determinar o efeito dos dados epidemiolégicos na predicdo da distancia
percorrida de homens obesos brasileiros;

Determinar o efeito dos dados epidemiolégicos na predicdo da distancia
percorrida de mulheres obesas brasileiras;

Avaliar os efeitos da eletroanalgesia na reducdo do quadro &lgico de
pacientes que realizaram cirurgia bariatrica;

Avaliar os efeitos da eletroanalgesia na forca muscular respiratoria em
pacientes que realizaram cirurgia bariatrica;

Avaliar a funcdo pulmonar nos periodos pré- e pos-aplicacdo da
eletroanalgesia nesta populacdo de pacientes.

Hipoteses

HO — Os dados demograficos e a funcdo pulmonar ndo irdo modificar a

formula no TC6 em obesos brasileiros e a estimulacdo elétrica nervosa

transcutanea nao ird modificar o quadro algico de pacientes no pos-operatorio de

cirurgia bariatrica, e consequentemente nao trara modificacbes da funcéo pulmonar.

H1 — Os dados demogréficos e a funcdo pulmonar irdo modificar a formula no

TC6 em obesos brasileiros e a estimulacdo elétrica nervosa transcutanea ira

diminuir o quadro algico de pacientes no pos-operatorio de cirurgia bariatrica, e

consequentemente ira melhorar a fungéo pulmonar.
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Capitulo 2 Participantes e Métodos

2.1 Aspectos éticos

Respeitando todos os protocolos éticos determinados nos estudos com seres
humanos, este estudo foi submetido ao Comité de Etica em Pesquisa do Centro
Universitario Assis Gurgacz (FAG), antes da execucdo do estudo, em consonancia
com a Resolucdo 466/2012, obtendo a aprovacdo expressa pela numeracao
CAAE:11613219.0.0000.5219 (Anexo 2). Todos os participantes assinaram um
termo de consentimento livre e esclarecido (TCLE, Apéndice 1) ap0s serem

informados sobre a natureza do estudo e do protocolo a ser realizado.
2.2 Delineamento do estudo

O estudo pode ser dividido em dois tipos de delineamento, conforme segue:

e A pesquisa sobre a contribuicdo da funcdo pulmonar na distancia predita no
teste de caminhada de 6 minutos em homens e mulheres obesas brasileiras
se caracteriza por ser um estudo transversal.

e J& a pesquisa sobre o papel da estimulacdo elétrica nervosa transcutanea no
poés-operatério de pacientes submetidos a cirurgia bariatrica se caracteriza
por ser um ensaio clinico experimental controlado e randomizado,

prospectivo, tendo uma abordagem quantitativa.

2.3 Pré-registro do protocolo

Uma vez que envolve ensaio clinico, o protocolo do estudo acerca do papel
da estimulacdo elétrica nervosa transcutanea no poés-operatorio de pacientes
submetidos a cirurgia bariatrica foi registrado no www.clinicaltrials.gov sob o nimero
NCT04800640.
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2.4 Local derealizacao do estudo

A pesquisa foi realizada no periodo de junho de 2019 a dezembro de 2020,
no Centro de Reabilitacbes e na Fundacdo Hospitalar S&o Lucas — FAG do Centro

Universitario Assis Gurgacz, na cidade de Cascavel — Parana (PR).
2.5 Amostra

A amostra foi composta por 386 obesos (123 homens e 263 mulheres), sendo
pacientes que realizaram avaliacdo pré-operatoria de cirurgia bariatrica no Centro
de Reabilitacdes do Centro Universitario FAG.

Dos 386 participantes da pesquisa 78 pacientes foram elegiveis e para a
cirurgia sendo incluidos no estudo. 11 foram excluidos por terem recebido alta antes
da finalizacdo da aplicacdo do protocolo e um paciente por complicacdo pos-
operatoria. Assim sendo, foram incluidos 66 pacientes, sendo 50 mulheres e 16
homens randomizados em dois grupos: 1) grupo intervencdo composto por 33
pacientes; e 2) grupo placebo composto por 33 pacientes. A amostra foi
randomizada em dois grupos por blocos de 4 conforme segue: 1) grupo intervencao,
composto por pacientes que efetivamente receberam o tratamento através da
eletroanalgesia por meio de TENS; e 2) grupo placebo, composto por individuos que
realizaram a TENS placebo (porém, estes ndo foram submetidos a eletroanalgesia).
Durante toda a aplicacao do protocolo, foi mantida a rotina de medicacéo analgésica
administrada que incluia dipirona e tramadol (Tramal®) de horario e sulfato de

morfina (Dimorf®) & critério do médico plantonista do periodo.
2.5.1 Célculo ou justificativa do tamanho amostral

Como foi realizado busca ativa de todos os prontuarios dos pacientes que
realizaram avaliagdo fisioterapica no periodo pré-operatoério de cirurgia bariatrica, foi
utilizada uma amostra de conveniéncia.

Ja o célculo do tamanho da amostra do estudo que verificou os efeitos da
eletroanalgesia no pos-operatério foi feito no software MedCalc 8.2 (MedCalc
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Software Mariakerke, Bélgica). Uma vez que o objetivo principal do estudo era o uso
da eletroanalgesia e seu efeito sobre a dor e a funcédo pulmonar em individuos no
pos-operatorio de cirurgia bariatrica, tomou-se como base a variavel “tamanho
populacional”’, sendo o valor médio utilizado para o calculo baseado em estudos
anteriores (TOKUDA et al., 2014; WANG et al., 1997). Entdo, considerando a = 5%,
B = 20% e intervalo de confianca de 95%, o tamanho da amostra minimo obtido foi
de 62 participantes em cada grupo. Ajustando-se para possiveis perdas da ordem
de 10%, calculou-se a amostra em 66 participantes em cada grupo.

Para interpretar os resultados nulos, uma andlise de poténcia post hoc foi
realizada usando o software GPower 3.1.1. Considerando um erro tipo | de 5% e
erro tipo Il de 10% (poder do estudo de 90%), seria necessaria uma amostra minima
de 46 participantes (23 por grupo) para observar uma diferenca média de pelo
menos 2 (DP de 2) na intensidade da dor entre os grupos apos a intervencao de 4

sessOes de eletroanalgesia.

2.5.2 Local de recrutamento dos participantes

Os individuos foram recrutados no Centro de Reabilitacbes da FAG e na UTI

da Fundacéo Hospitalar S&do Lucas — FAG.

2.5.3 Critérios de inclusao

1. Pacientes que participaram da avaliacdo fisioterapica pré-operatdria no
Centro de Reabilitacbes do Centro Universitario FAG, com idade igual ou
maior que 18 anos, de ambos 0s sexos, candidatos a cirurgia bariatrica.

2. Pacientes submetidos a gastroplastia com derivacdo gastrojejunal em Y de
Roux (pela mesma equipe cirdrgica), com idade igual ou maior que 18 anos,
de ambos 0s sexos, no periodo entre junho de 2019 e fevereiro de 2020 (a

coleta foi interrompida pela pandemia de COVID-19).

2.5.4 Critérios de exclusao

1. Pacientes com idade acima de 50 anos;
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2. Individuos com instabilidade hemodinamica no pos-operatorio;

3. Uso de ventilagcdo mecanica por mais de 24 horas;

4. Contraindicagcdes quanto ao uso do TENS (presenca de marcapasso
cardiaco, hipersensibilidade quanto ao uso da TENS);

5. Histéria prévia de epilepsia,

6. Pacientes com pontuacéo, na escala de coma de Glasgow (Anexo I), menor
que 15;

7. Pacientes que optarem pela retirada durante o estudo.

2.6 Procedimentos/Metodologia proposta

2.6.1 Avaliacao clinica

No periodo pré-operatério, os participantes foram avaliados através de uma
ficha de dados composta pelos dados de identificacdo, coleta de dados vitais e
dados antropométricos, incluindo sexo, idade, altura, peso e IMC. Em seguida, foi
realizada a avaliacdo da funcdo pulmonar através de espirometria e
manovacuometria e, por fim, o TC6’.

No periodo pés-operatério, os participantes do estudo foram submetidos a
uma avaliacao fisioterapéutica (Apéndice 2) composta por dados de identificacédo
do participante, dados intra-operatdrios, monitorizagdo dos sinais vitais e coleta das
variaveis do estudo. Apés 6 horas do internamento na UTI, os participantes foram
sentados em poltrona seguindo protocolo interno, e respeitados 10 minutos para o
retorno dos dados aos valores basais. ApOs este periodo, foi realizada medida
protetiva do participante através da avaliacdo dos sinais vitais (pressado arterial,
saturacdo parcial de oxigénio e frequéncia cardiaca) e verificacdo do nivel de
consciéncia através da Escala de Glasgow. Foram avaliados, também, o nivel de
dor através da Escala Visual Analégica da Dor (EVA), antes e ap0s cada aplicacao
da eletroanalgesia, forca muscular respiratéria pela manovacuometria e espirometria
no pré-operatoério e no segundo dia de pds-operatdrio.

A EVA consiste em uma linha reta, numerada, de 10 cm, apresentada em

uma folha em branco. Nela, a extremidade esquerda numerada com O significa sem
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dor, enquanto a extremidade direita numerada com 10 significa a pior dor imaginavel
(ANDRELLA et al., 2007).

A forca muscular respiratoria foi avaliada através de valores obtidos pela
manovacuometria, através de manovacudmetro digital (Globalmed® modelo MVD
300, Porto Alegre, Brasil), com o paciente sentado, utilizando clipe nasal. A
mensuracdo da pressdo inspiratéria maxima (PImax) e da pressdo expiratoria
méaxima (PEmax) foi realizada conforme descrito nas Diretrizes para Testes de
Funcdo Pulmonar da Sociedade Brasileira de Pneumologia e Tisiologia (SBPT,
2002).

A técnica utilizada para a realizacdo da espirometria foi a preconizada nas
Diretrizes para Testes de Funcdo Pulmonar da SBPT (2002) e o aparelho usado
serd um espirdbmetro portatil (Micromedical®, modelo Microloop, Brasilia, Brasil),
devidamente testado e aprovado.

ApoOs a avaliacao fisioterapéutica, foi realizado o sorteio do grupo através do
delineamento em blocos de 4 pelo Fisioterapeuta e foram aplicadas 4 sessbes de
TENS (KLD Endophasys® modelo NMS.0501, Jardim Camanducaia, Sao Paulo,
Brasil). A aplicacdo da TENS foi realizada 30 minutos apés a administracdo de
medicamentos. Para sua aplicacdo, utilizou-se 4 eletrodos autoadesivos
posicionados a 3 cm da incisdo cirurgica, conforme recomendacfes de Ferreira &
Beleza (2007). O paciente foi colocado sentado pelo periodo de 10 minutos para
estabilizacdo dos sinais vitais. A TENS foi aplicada através de corrente convencional
com frequéncia igual a 80 hertz (Hz) e largura de pulso igual a 200 us, sendo
utilizada como alivio para dor aguda (MARIMOTO et al., 2009). O pulso bipolar
assimétrico com 30 minutos de aplicacdo, com intensidade modulada em um nivel
sensorial forte, o qual foi modificado ap6s 10 minutos do inicio da aplicacdo para
manutencdo de uma sensacdo de formigamento na regido abdominal (FERRAZ et
al., 2009).

ApoOs o término do tratamento, o participante foi reavaliado através da escala
EVA, manovacuometria e espirometria, objetivando determinar a influéncia da TENS

no quadro de dor, PImax, PEmax e parametros espirométricos.
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2.7 Desfechos

2.7.1 Variaveis de desfecho primario

Determinacédo da relacdo da funcéo pulmonar e varidveis demograficas com o
TC6’ em obesos brasileiros e, assim, construcdo de equacdes de referéncia no teste
de caminhada para obesos brasileiros.

Determinacdo do efeito da TENS sobre a dor através da EVA e a fungéo

pulmonar no pos-operatoério de cirurgia bariatrica.

2.7.2 Variaveis de desfecho secundario

Associacédo entre a funcéo pulmonar e variaveis demogréficas com o TC6'.
Associacdo entre a eletroanalgesia, dor, parametros espirométricos (CVF,

VEF; e PEF) e parametros de forca muscular respiratoria (Plmax e PEmax).

2.8 Anélise estatistica

Todos os dados coletados foram inclusos em um banco de dados mediante a
utilizacéo de planilha eletronica (Microsoft® Office Excel XP Professional). Apés a

conferéncia de todos os dados da planilha.

Andlise estatistica artigo |

Foram utilizados métodos estatisticos paramétricos porque as variaveis
apresentaram uma distribuicdo Gaussiana de acordo com o teste de Shapiro-Wilk, e
realizado uma andlise gréfica de histogramas. Para a confiabilidade da analise foi
realizado teste-reteste, com avaliagdo do coeficiente de correlagéo intraclasse. As
correlacdes da DTC6’ com dados antropométricos e demograficos e parametros de
funcdo pulmonar foram analisadas pelo coeficiente de Pearson. A analise de
regressdo linear stepwise forward foi aplicada para identificar variaveis
independentes que explicassem a DTC6’ e para gerar a equacéao de referéncia para
DTC6’. A significancia estatistica foi considerada com P < 0,05. A calibracdo foi

verificada usando um limite de concordancia (LoA) com o método Bland-Altman e
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gréfico de calibracdo (valor observado vs. previsto para a DTC6’ juntamente com as
linhas de regressdo mostrando a inclinacdo e a interceptacdo). A analise foi
realizada usando o software SAS 6.11 (SAS Institute, Inc., Cary, NC, EUA).
Também foi feita uma analise post hoc usando o software GPower 3.1.1 baseado
em um erro a priori tipo | a 0,05 (bicaudal), sendo que esta analise mostrou que 0s

efeitos foram detectados com uma poténcia na faixa de 73% a 99%.

Analise estatistica artigo |l

Os dados foram analisados no SAS 6.11 (SAS Institute, Inc., Cary, NC, EUA).
Os resultados foram expressos em média + desvio padrdo ou frequéncia
(porcentagem). A normalidade da distribuicdo dos dados foi avaliada pelo teste de
Kolmogorov-Smirnov e analise grafica dos histogramas. A associacdo da DTC6’
com dados clinicos e de funcdo pulmonar foi determinada pelo coeficiente de
correlacdo de Pearson (r). A regressao linear multipla foi aplicada para identificar as
variaveis independentes clinicas e funcionais que explicam a DTC6’. A calibracao foi
verificada usando o grafico de calibracdo (DTC6’ observada vs prevista, juntamente
com linhas de regressdo mostrando a inclinacdo e a interceptacdo) e o grafico de
limites de concordancia (LoA) pelo método de Bland-Altman. Além disso, foi
utilizada a andlise de variancia unidirecional juntamente com o teste de comparacao
multipla de Tukey para encontrar diferencas significativas nas variaveis clinicas ou
de funcdo pulmonar entre as 3 classes de obesidade. P < 0,05 foi considerado

estatisticamente significativo.

Analise estatistica artigo Ill

A normalidade dos dados foi avaliada através do teste Shapiro-Wilk e os
resultados expressos em média + desvio padrdo (DP) ou mediana (intervalos
interquartilicos) de acordo com a distribuicdo gaussiana ou ndo gaussiana de cada
variavel. A comparacao entre grupos de acordo com idade, altura, peso e IMC foi
analisada pelo teste t de Student para amostras independentes ou pelo teste de
Mann-Whitney para dados numéricos e pelo teste exato de Fisher para dados
categoricos. As medidas de funcéo pulmonar, dor e dados hemodinamicos foram
avaliados pelo teste dos postos sinalizados de Wilcoxon, e a comparacédo dos deltas
absolutos entre os grupos foi avaliada pelo teste de Mann-Whitney. O critério de

determinacdo de significancia adotado foi o nivel de 5%. A analise estatistica foi
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processada pelo software estatistico SAS® System, verséo 6.11 (SAS Institute, Inc.,
Cary, Carolina do Norte, EUA).

2.9 Apoio financeiro

Segue as especificacdes abaixo:

CNPJ Nome | Tipo de Coordenacgéo E-mail Telefone
de Aperfeicoamento
de Pessoal de Nivel
Superior - Brasil

(CAPES) - Cbdigo de

Financiamento 001.
33.654.83 | CNPq Auxilio a pesquisa central.atendimento | (21) 2333-
1/0001-36 @faperj.br 2000
30.495.39 | FAPERJ | Auxilio a pesquisa atendimento@cnpg. | (61) 3211
4/0001-67 br 4000
00.889.83 | CAPES | Bolsa sic@cnpg.br 0800
4/0001-08 616161
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Abstract

Background: Obesity has several effects on the mechanics of the rib cage that may impair the
exercise performance of obese individuals and therefore impact the assessment of surgical
risk. This study aimed to establish a reference value for the 6-minute walk distance (6MWD)
in obese Brazilian men in the preoperative period of bariatric surgery that considers the effect
of lung function. Methods: This was a cross-sectional study in which 104 obese men
underwent the six-minute walk test (6MWT) before bariatric surgery. They also underwent
the spirometry test and respiratory muscle strength measurement before the 6MWT. Results:
The 6MWD was correlated with age (r = -0.388, p = 0.0005), weight (r = -0.365, p = 0.0007),
height (r = 0.285, p = 0.022), body mass index (BMI) (r =-0.543, p < 0.0001), forced vital
capacity (FVC) (r =0.472, p <0.0001), peak expiratory flow (r = 0.253, p = 0.031), and
maximal inspiratory pressure (r = 0.313, p = 0.017). In the stepwise forward regression
analysis, BMI, FVC, and age were the only variables that independently predicted the
6MWD and explained 40% of its variability. The reference equation proposed for obese
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Brazilian men is 6MWD (m) = 570.5 - (3.984 x BMlygm2) + (1.093 X FVCopredgicted) - (0.836 X
ageyrs). Conclusion: In this sample of obese Brazilian men, lung function contributed to poor
performance in the 6MWT. In these individuals, BMI, FVC, and age were the variables that
composed the reference equation for the 6MWD. Thus, in several clinical settings, such as in
the evaluation before bariatric surgery, pulmonary function data are important to determine
the reference value for the 6MWD.

1. Introduction

Obesity hinders walking and is therefore an important component of functional limitation,
which can be caused by a sedentary lifestyle and the numerous adverse effects of excess
weight [1, 2]. Obese individuals have a lower exercise capacity not only because walking is a
weight-bearing activity but also because these individuals have significant comorbidities [3].
The six-minute walk test (6MWT) is a measure of functional capacity and is a low-cost and
easy-to-administer tool to measure submaximal loads during exercise [4]. To better
understand the 6MWT, values that predict the six-minute walk distance (6MWD) should be
carefully selected [5]. However, 6MWT reference values for healthy, normal-weight
individuals are of limited value for obese subjects because physiological factors, including a
lower tolerance to effort, together with a higher prevalence of comorbid conditions, are
responsible for the consistently lower 6MWD in obese individuals [6].

The performance of an obese individual in the 6MWT should be evaluated considering the
various repercussions that obesity causes in the body [6]. In addition to causing mechanical
compression of the lungs and thoracic cavity, obesity increases both the neural respiratory
drive and the thoracic blood volume [7], resulting in a reduction in thoracic compliance,
impairment of diaphragmatic function, and an increase in respiratory work, which negatively
impact lung function [8].

Although spirometry test results have been used in preoperative assessments of obese people,
their relationship with the functional capacity of obese individuals is uncertain [9, 10].
Considering the need to estimate cardiopulmonary function in the preoperative evaluation for
bariatric surgery and to establish the surgical risk, knowing the influence of lung function
measurements on the 6MWD is important [1, 9, 10-12]. Thus, we aimed to establish a
reference value for the 6MWD in obese Brazilian men in the preoperative period of bariatric
surgery that considers the effect of lung function.

2. Materials and methods
2.1. Study design and participants

A cross-sectional study was conducted between March 2020 and February 2021 with 104
obese men (of 123 eligible) in the preoperative period before bariatric surgery at the
University Centre Fundagédo Assis Gurgacz, Cascavel, Brazil. All individuals older than 18
years with a body mass index (BM1) > 30 kg/m? [13] who attended the centre throughout the
study course were invited to join. These volunteers were recruited by an advertisement in the
centre. Individuals who reported smoking (smoking load > 10 pack-years), subjects with a
previous report of cardiopulmonary or neuromuscular disorders or lower limb fractures, and
those with difficulties completing the protocol tests (spirometry test and the 6MWT) were
excluded.
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The study protocol was approved by the research ethics committee of our institution under
CAAE No. 11613219.0.0000.5219, and all participants read and signed the informed consent
form.

2.2. Lung function

The spirometry test was performed using a MicroLoop device (ML3535, Micro Medical,
Kent, UK) according to the recommendations of the American Thoracic Society/European
Respiratory Society [14]. Respiratory muscle strength was measured using a GlobalMed
digital manometer (MVD 300, Porto Alegre, Brazil). We used Brazilian reference values to
express the variables of pulmonary function tests as percentages of predicted values [15, 16].

2.3. Six-minute walk test

The 6BMWT was performed according to previously described recommendations using a 30-m
runway demarcated with cones at both ends [17]. Blood pressure, heart rate, respiratory rate,
peripheral oxygen saturation (SpO,), and Borg’s perceived exertion scale were measured
before and after the 6MWT. The examiner also used words of encouragement every minute.
At the end of the sixth minute, the stop point and the 6MWD were recorded. Thirty minutes
after the first GMWT, the participants performed a second 6MWT to avoid possible learning
and adaptation effects, as observed in conditions affecting the respiratory system [18]. Only
the test with the highest 6MWD was considered for analysis.

2.3. Data analysis

Parametric methods were applied because the variables showed a Gaussian distribution
according to the Shapiro-Wilk test, and a graphical analysis of histograms was performed.
For the test-retest reliability analysis, a two-way random-effects intraclass correlation
coefficient (ICC) was calculated using a confidence interval of 95% (95% CI). The
correlations of the 6MWD with anthropometric, demographic, and pulmonary function data
were analysed by Pearson’s coefficient. Stepwise forward linear regression analysis was
applied to identify independent variables that explained the 6MWD and generate the
reference equation for 6MWD. The results are expressed as the mean + standard deviation
(SD) or frequency (percentage), and statistical significance was accepted at p < 0.05.

Calibration was verified using a limits of agreement (LoA) plot with the Bland-Altman
method and a calibration plot (the observed vs. predicted 6MWD along with regression lines
showing the slope and intercept). Data analysis was performed using SAS 6.11 software
(SAS Institute, Inc., Cary, NC, USA).

Post hoc power analysis using GPower 3.1.1 software based on an a priori type | error a =

0.05 (two-tailed) and a complete-case analysis showed that the observed significant effects
were detected with a power in the range of 73% to 99%.

3. Results

Among the 123 obese subjects who were eligible for the study, 19 were excluded for the
following reasons: individuals with a smoking load > 10 pack-years (n = 10); reporting prior
cardiopulmonary disease (n = 5); history of lower limb surgery (n = 2); and difficulties in
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performing acceptable manoeuvres in the spirometry test (n = 2). No patients refused to
perform the 6MWT.

The mean age was 41.4 + 12.2 years, and 21 (20.2%) had a history of smoking (smoking load
< 10 pack-years). The mean BMI was 48.1 + 8.4 kg/m?, while the mean 6MWD was 439.1 +
82.3 m. No participant showed a decrease > 4% in SpO; at the end of the 6MWT.

According to the spirometry test, 38 (36.5%) and 30 (28.8%) participants had a forced vital
capacity (FVC) and peak expiratory flow (PEF) < 80% of the predicted values, respectively,
and no patient showed a forced expiratory volume in one second (FEV;)/FVC < 70%.
According to measurements of respiratory muscle strength, the maximal inspiratory pressure
(MIP) and maximal expiratory pressure were < 80% of the predicted values in 23 (22.1%)
and 16 (15.4%) participants, respectively. Anthropometric, demographic, pulmonary
function, and 6MWT data are shown in Table 1.

TABLE 1: Anthropometric and demographic data, lung function, and six-minute walk test results of the
evaluated sample.

Variables Values (n = 104)
Anthropometric and demographic variables
Age (years) 41.4+12.2
Weight (kg) 146.5+ 275
Height (m) 1.74+0.1
BMI (kg/m?) 48.1+84
Lung function
FVC (% predicted) 83.5+£16.1
PEF (% predicted) 90.1+21.1
FEV./FVC (%) 85.4+6.5
MIP (% predicted) 95.3+12.38
MEP (% predicted) 85.4 £13.3
Six-minute walk test
6MWD (m) 439.2 +82.7

The results are expressed as the means + SD; BMI: body mass index; FVC: forced vital capacity; PEF: peak
expiratory flow; FEV: forced expiratory volume in one second; MIP: maximal inspiratory pressure; MEP:
maximal expiratory pressure; 6MWD: six-minute walk distance.

When comparing the means of the two 6MWT trials performed by the participants, no
significant difference was noted, although the distance covered in the second 6MWT was
longer (451.4 £ 87.5 mvs. 430.6 + 79.3 m, p = 0.79]; 81% of the participants performed
better on the second test. Highly significant intraobserver agreement was observed between
the measurements of the two 6MWT trials (ICC = 0.92, 95% CI = 0.85-0.97; p < 0.0001).

We evaluated the correlations between the 6MWD and the anthropometric, demographic, and
pulmonary function data. In this analysis, significant positive correlations were observed
between the 6MWD and the following variables: height (r = 0.285, p = 0.022), FVC (r =
0.472, p <0.0001), PEF (r =0.253, p = 0.031), and MIP (r = 0.313, p = 0.017). Significant
negative correlations were observed between the 6MWD and the following variables: age (r
=-0.388, p = 0.0005), weight (r = -0.365, p = 0.0007), and BMI (r = -0.543, p < 0.0001)
(Figure 1).
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FIGURE 1: Relationships of the six-minute walk distance (6MWD) with (A) body mass index (BMI, r = -0.543,
p < 0.0001), (B) forced vital capacity (FVC, r =0.472, p <0.0001), and (C) age (r = -0.388, p = 0.0005).

Finally, we evaluated whether the anthropometric, demographic, and pulmonary function
variables could predict performance during the 6MWT using nine predictor variables. In the
stepwise forward regression analysis, BMI, FVC, and age were the only variables that
independently predicted 6MWD, and these variables explained 40% of its variability (Table
2). The reference equation proposed was as follows: 6MWD (m) = 570.5 - (3.984 x
BMlygimz) + (1.093 X FV Cospredgicted) - (0.836 % ageyrs); R?=0.40 (standard error of the
regression coefficient = 47.3 m).

TABLE 2: Multiple regression model for the six-minute walk distance of obese men using demographic and
anthropometric data and lung function variables.

Independent B SEB p-value Cumulative R”
variables

Constant 560.5 47.3 <0.0001

BMI -3.984 0.481 < 0.0001 0.30

FvC 1.093 0.222 0.0007 0.36

Age -0.836 0.290 0.008 0.40

B: regression coefficient; SEB: standard error of the regression coefficient: R?, adjusted determination
coefficient: BMI: body mass index; FVC: forced vital capacity. *‘Cumulative R’ is the total ratio of variance
explained by the model.

Regarding the calibration of the regression model, most differences were within the LoA,
with a random distribution over the mean values in the range of the highest concentration

48



(350-500 m). However, a slight bias was observed for high and low values of the distance
covered (Figure 2). Additionally, no clear relationship was detected between the differences
(bias) and the mean (given by the straight line), and the fitted line had a slight slope in
relation to the main diagonal (Figure 3).
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FIGURE 2: Limits of agreement plot of the averaged values and differences (observed - predicted values) for
the 6MWD; the mean difference was zero with a standard deviation of 64 m, and the corresponding 95% limits
of agreement were -126 m (lower) and +126 m (upper).
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FIGURE 3: Calibration plot of the observed vs. predicted values for the 6MWD; Pearson’s correlation
coefficient between the observed and predicted 6MWD was r = 0.65 (p < 0.0001).

4. Discussion

The main finding of the present study was that in a population of obese men with a high BMI
in the preoperative period before surgery, obesity, BMI, FVC, and age were independent
factors predicting the 6MWD. In addition, the 6MWT was highly reproducible in these
individuals, although a second test showed greater distance walked, possibly due to a learning
effect. In this study, the reference equation for the 6MWD in obese Brazilian men obtained
shortly before bariatric surgery was reported for the first time. These results are important in
risk assessment and fitness assessment before bariatric operations.

6MWT outcomes are associated with daily physical activity and can also be considered a
direct measure of impaired quality of life [19]. The 6MWD is highly correlated with exercise
measurements on a stationary bicycle or treadmill and has the advantage of reflecting a
subject’s usual activities [20]. Despite the importance of the 6MWT, research on its value for
the obese population is limited. In addition, almost all previous studies involving the 6MWT
have been performed in samples predominantly composed of obese women, who have very
different performance from that observed in obese men during submaximal exercise [3, 6, 11,
19, 21]. Similar to Wooldridge et al. [4], Vanhelst et al. [22], and Hulens et al. [23], we
observed that BMI was one of the most important variables in the reference equation for the
6MWD of obese subjects, which is not surprising because excess weight increases the
workload and affects walking due to trunk oscillation and the increased distance between the
feet [2]. Age was also a variable that was included in the reference equation for the 6MWD in
this population. In addition to being overweight, obese individuals are thought to suffer many
of the effects of age on functional capacity, including changes in the osteoarticular and
neuromuscular systems related to ageing [24].
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The 6MWT evaluates the global and integrated responses of all systems involved in exercise,
including the respiratory system. Obesity causes numerous repercussions for the respiratory
system, including reduced lung compliance and increased surface tension of the alveoli due
to a lower functional residual capacity and airway closure, with the formation of atelectatic
areas [25, 26]. Excess fat in the thorax may also increase pulmonary resistance and even
promote changes in the ventilation/perfusion ratio due to hypoxemia and possibly to the
closure of small airways [7, 27]. Since obesity can compress the lungs and the rib cage, we
thought that subjects in the preoperative period of bariatric surgery might have worse
performance during the 6MWT due to the decrease in lung function. In fact, pulmonary
function—more precisely, the FVC that reduces restrictive ventilatory impairment in the
spirometry test—negatively impacted 6MWD in our explanatory model for obese Brazilian
men. The deposition of fat in the thoracoabdominal region is one of the main mechanisms
responsible for the reduction in lung volume, promotes changes in the compliance of the
respiratory system, and worsens the performance of the muscles responsible for breathing
[28].

Interestingly, the pattern of body fat distribution as determined by anthropometric
measurements or complementary tests such as dual-energy X-ray absorptiometry seems to be
relevant to the changes in lung function observed in obese people. The android pattern with
fat accumulation in the abdominal region seems to have a more negative impact on lung
function, as it causes greater impairment of ventilatory mechanics and increases resistance to
diaphragmatic contraction. This phenomenon explains the greater FVC impairment in obese
men than in women of the same BMI since in women, the predominant pattern of fat
accumulation is gynoid, where fat accumulation occurs in the gluteofemoral region [29, 30].

Reliability, repeatability, and reproducibility are three of the fundamental properties of a test
and are influenced by many factors [31]. The reproducibility of the 6BMWT has been
evaluated in different studies (including in patients with and without respiratory diseases) and
with various test-retest intervals [32-35]. Despite its excellent reproducibility, there is strong
evidence of a learning effect for the 6MWD when two or more tests are conducted [18]. The
present results showed that the 6MWT is reproducible in obese individuals; however, 81% of
the subjects showed greater distance walked in the second test. Although the 6MWT is
reliable, patients improve their performance when performing the second test, probably
because they underestimate their functional capacity [18, 35]. Other proposed mechanisms
for increasing performance with test repetition include familiarity with the walking course,
improved pacing, and increased motivation [32]. These results should encourage
professionals to assess the 6MWT twice, especially when using this test as an outcome
measure (e.g., assessing the impact of bariatric surgery on functional capacity).

In our reference equation, BMI, FVC, and age explained 40% of the 6MWD variability. Few
studies have evaluated the impact of lung function on the 6MWD in obese and nonobese
individuals. Camarri et al. [36] evaluated 70 Caucasian subjects and showed that height and
FEV; were the only significant independent predictors of 6MWD, which explained 33.9% of
the variance in their model. In their study, most individuals (63%) were overweight or obese,
although the entire group had median FEV; and FVC values within the normal ranges. Unlike
our model, their 6 MWD explanatory model did not include BMI, possibly because few
subjects had a BMI > 30 kg/m?. In obese Brazilian women, it was recently shown that BMI,
FVC, age, and maximal inspiratory pressure explained 41% of the variability in 6MWD [7].
Since we evaluated a population in the preoperative period before bariatric surgery, our
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results may better reflect the physical fitness of individuals with a high BMI and their need
for surgical intervention.

The reference equations for the 6MWD in healthy adults (men and women) by Enright &
Sherrill [37] are among the oldest and most used, and therefore, it is worth highlighting them.
In men, these authors found that age, body weight, and height were independently associated
with the distance covered in the 6MWT. Similar to our findings, approximately 60% of the
variance in 6MWD remained unexplained in their gender-specific models. Although Enright
and Sherrill’s equations have been used in clinical practice in subjects with different BMIs,
the conversion factors in the formula are unreliable because these equations were originally
validated for BMI < 35 kg/m? [6]. Furthermore, their study excluded subjects with FEV; <
70% of the predicted value, although lung function is a major contributor to performance
during the 6MWT in obese people [12, 36].

Our study has limitations. First, the present study evaluated only obese men, precluding
extrapolation of our results to obese men of other age groups, such as adolescents and elderly
men. Second, we used only spirometry tests and measurements of respiratory muscle
strength. More complex pulmonary function analysis tools, such as whole-body
plethysmography, the forced oscillation technique, and carbon monoxide diffusion capacity,
may better predict the impact of lung function on the 6MWD. Our reference value of the
6MWD in obese men may serve as a useful reference for future clinical and research studies.
Future studies should also evaluate the impact of other organ systems that are known to be
compromised in obesity, such as the cardiovascular and musculoskeletal systems.

5. Conclusions

In this sample of obese Brazilian men, lung function contributed to poor performance in the
6MWT. In these individuals, BMI, FVC, and age were the variables that composed the
reference equation for the 6MWND. Thus, in the preoperative evaluation before weight loss
surgery, pulmonary function data are important to determine the reference value for the
6MWD in obese Brazilian men.
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Abstract

Obesity affects the respiratory system through various mechanisms, including systemic
inflammation and direct mechanical hindrance due to fat deposition in the chest and
abdomen. In addition, changes in the neural control of respiration and increases in thoracic
blood volume can promote abnormalities in lung function. Thus, determining relationships
between the distance covered in the 6-min walk test (6MWT) and demographic and lung
function variables may help us better understand the mechanisms involved in reduced
functional exercise capacity in obesity. To explore the determinants of the 6-min walking
distance (6MWD) and evaluate the influence of lung function on the distance covered, 263
obese Brazilian women performed the 6MWT and underwent spirometry and respiratory
muscle strength measurement. The mean age was 41.8+11.1 years. The mean body mass
index (BMI) was 45+8 kg/m?. The 6MWD showed correlations with height (r=0.319), age (r=-
0.281), weight (r=-0.370), BMI (r=-0.561), forced vital capacity (FVC, r=0.443), expiratory
peak flow (r=0.278), maximal inspiratory pressure (MIP, r=0.326), and maximal expiratory
pressure (r=0.259), all with P<0.0001. In the stepwise forward regression analysis, BMI,
FVC, age, and MIP were the independent predictive variables for 6MWD, explaining 41% of
its variability. The reference equation including lung function was as follows: 6MWD (m) =
513.6 - (4.439 X BMlygmz) + (1.136 x FVCyprediciea) - (1.048 x ageys) + (0.544 x MIPypredicted)-
Thus, the inclusion of lung function in a reference equation for 6MWD contributes to

increasing the ability to predict the distance covered in this population.
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Introduction

Obesity is a global public health problem, not only in developed countries but
throughout the world (1). The prevalence of obesity has increased rapidly in the last 2
decades, and its presence is associated with significant morbidity, premature mortality,
worse health-related quality of life (HRQoL), and higher health care costs (2). An increase in
body weight has an effect not only on appearance, self-esteem, and social relationships but
also on the level of health and, consequently, on the general condition and efficiency of the
body (3). In addition, the increasing amount of adipose tissue reduces muscle mass and
strength, which limit the body’s ability to maintain a prolonged effort without feeling fatigue
(3).

The ability to walk a certain distance is an important measure of physical function
and a valuable component of HRQoL because it reflects the ability to perform activities of
daily living (ADLs) (4). In obese subjects, the lower skeletal muscle strength,
cardiopulmonary capacity, and effort tolerance and the high metabolic costs translate to
increased walking inefficiency, which together with the increased prevalence of associated
comorbidities can impair walking (4). In addition, pain in overloaded joints during walking is a
frequent complaint in obese individuals, who tend to walk more slowly and report dyspnea
more frequently than nonobese individuals (5). Walking is the most accessible exercise
modality for weight control. Performance tests, such as the 6-min walk test (6MWT), may
reveal the limitations in the cardiorespiratory and motor functions underlying obesity-related
disability (4,6). In this sense, determining the relationship between the 6-min walking
distance (6MWD) and the demographic and functional variables of obese subjects may help
to better understand the mechanisms involved in their reduced functional exercise capacity.

Some variables, such as age, anthropometric data, body composition, muscle
strength, and disability, seem to have different degrees of impact on the 6MWD of obese
individuals (4,6,7). Despite the importance of evaluating the performance of obese subjects
during the 6MWT, few studies have analyzed the correlates of 6MWD in obese subjects.

Moreover, although the results have been found to be highly reproducible, they are
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influenced by a number of factors, including the degree of obesity and aerobic capacity (7,8).
To our knowledge, no previous study has evaluated the influence of lung function in
predictive models for obese Brazilian individuals, despite the knowledge of the impact of
obesity on lung function.

Obesity affects the respiratory system through several mechanisms, including
systemic inflammation and direct mechanical changes due to fat deposition in the chest and
abdomen (9). It increases respiratory work and therefore increases the neural respiratory
drive, in addition to causing respiratory sleep disorders and, eventually, hypercapnic
respiratory failure (10). In this context, pulmonary function tests (PFTs) may be useful to
assess whether a physiological change can be explained by the effects of obesity on the
respiratory system. An increase in the volume of adipose tissue in the perithoracic and
abdominal regions reduces the compliance of the thoracic cavity and lung volumes and
impairs diaphragmatic function, making the respiratory muscles do more work (11). The
overall effect is an overload of the respiratory muscles, which increases respiratory effort,
peak oxygen uptake (peak VO,), and energy expenditure (10).

According to the predictive equations in the literature for the 6MWT, obese
individuals walk a shorter distance while doing more work (4,7,12). The reference values
obtained from healthy and normal-weight populations predictably disregard the reduced
performance capacity of obese individuals. Instead, specific reference values for this
population can serve as a reference to assess the functional capacity at baseline, prescribe
the appropriate exercise intensity, and monitor changes after rehabilitation interventions
(4,13). Thus, the objectives of the present study were to further explore the determinants of
the 6MWD and to assess the influence of lung function measurements on the 6MWD in

Brazilian obese women.

Patients and Methods

Patients
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This was a cross-sectional study that evaluated women with body mass index (BMI)
>30 kg/m? and age =18 years who were in the preoperative period of bariatric surgery at
Centro Universitario Fundacéo Assis Gurgacz (FAG), located in the city of Cascavel, Parana
state, Brazil. Those who met any of the following criteria were excluded: smokers or ex-
smokers with a smoking status of >10 pack-years; history of cardiac disease (including
cardiac arrhythmia, unstable angina, myocardial infarction, uncontrolled hypertension [higher
than 180/100 mmHg]); history of pleuropulmonary disease (including chronic obstructive
pulmonary disease, asthma and restrictive disorders other than obesity); orthopedic or
neurological conditions that could cause changes in gait; prior hip or lower limb surgery;
inability to perform PFTs; and inability to perform the 6MWT. Pathologies were excluded
using anamnesis, physical examination, and laboratory tests, when necessary. To define the
patient’s physical activity level, the International Physical Activity Questionnaire (IPAQ) was
applied (14). All assessments were performed on the same day.

The protocol was approved by the Research Ethics Committee of FAG under CAAE

No. 11613219.0.0000.5219, and all participants signed the informed consent form.

Measurements

Anthropometry. Weight and height were measured using standard techniques, with
participants wearing light clothing and no shoes. Weight was measured to the nearest 0.1 kg
on a calibrated balance, and height was measured to the nearest 0.1 cm using a
stadiometer. BMI was calculated as the weight in kilograms divided by the square of the
height in meters (kg/m?), and the participants were classified according to the degree of
obesity as follows: class | (BMI 30 to 34.9 kg/m?); class Il (BMI 35 to 39.9 kg/m?); and class
I (BMI 240 kg/m?) (1).

Lung function. Spirometry was performed using a MicroLoop portable spirometer
(ML3535, Micro Medical, Kent, UK), while respiratory muscle strength was measured using
a GlobalMed digital manometer (MVD 300, Porto Alegre, Brazil). The results of these tests

are expressed as the percentage of the predicted value (15,16).
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6MWT. Functional exercise capacity was evaluated using the 6MWT according to the
guidelines of the American Thoracic Society (17). The test was performed in a 30 m corridor
with a hard, flat surface marked every 3 m with colored tape on the floor and with 2 cones
indicating the length of the walkway. Before and at the end of the test, the heart rate (A HR),
systolic blood pressure (A SBP), diastolic blood pressure (A DBP), peripheral oxygen
saturation (SpO,) and Borg’s Perceived Exertion Scale (BPES) were measured. The BPES
was applied at baseline and at 6 min of the 6MWT using a range from 0 (nothing at all) to 10
(extremely severe) (18). Participants were instructed to walk as fast as possible. They were
allowed to stop or rest during the test, if necessary. Two tests were performed with a
minimum interval of 30 min of rest to avoid the effect of learning and adaptation, and the
highest 6MWD was used for analysis. The 6MWT has been shown to be valid and reliable in

obese individuals (8).

Statistical analysis

Data were analyzed in SAS 6.11 (SAS Institute, Inc., Cary, NC, USA). The results
are expressed as the meanzSD or frequency (percentage). The normality of data distribution
was assessed using the Kolmogorov-Smirnov test and graphical analysis of histograms. The
association of 6MWD with demographic and anthropometric and lung function data was
determined by the Pearson correlation coefficient (r). Stepwise forward linear regression
analysis was applied to identify the demographic, anthropometric, and functional
independent variables explaining the 6MWD. Two regression models were estimated in this
study. In the first model, only the demographic and anthropometric data (basic model) were
the independent variables. In the second model, in addition to clinical data, pulmonary
function parameters were also included as independent variables (final model). The
backward stepwise method was performed to select independent variables in the multiple
linear regression models, and only variables with P<0.10 in the bivariate analysis were

retained in the basic and final models.
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Calibration was verified using the calibration plot (6MWD observed vs predicted,
along with regression lines showing the slope and intercept) and the limits-of-agreement
(LoA) plot by Bland-Altman method. Additionally, we used one-way analysis of variance
along with Tukey’s multiple comparison test to find any significant differences in clinical or
lung function variables between the 3 obesity classes. P<0.05 was considered statistically

significant.

Results

Of the 302 obese women eligible for the study, 39 were excluded for the following
reasons: history of smoking >10 packs-year (n=21); history of cardiopulmonary disease
(n=10); history of orthopedic or neurological disease (n=5); and reporting prior hip or lower
limb surgery (n=3). Thus, the evaluated sample consisted of 263 obese women.

The mean age was 41.8+11.1 years, while the mean BMI was 45+8 kg/m?. In terms
of the level of physical activity assessed by the IPAQ, 172 patients were sedentary, 77 were
insufficiently active, and 14 were active; none were considered “very active”. Twenty-eight
patients were prescribed beta-blockers, 24 were taking statins, and 17 were taking oral
hypoglycemic agents.

The mean 6MWD was 428.3+85.7 m; 86 (32.7%) participants walked <400 m, and
177 (67.3%) participants walked 2400 m. Regarding lung function, 84 (31.9%) and 49
(18.6%) participants had forced vital capacity (FVC) and peak expiratory flow (PEF) <80% of
predicted, respectively. Maximal inspiratory pressure (MIP) and maximal expiratory pressure
(MEP) were <80% of predicted in 54 (20.5%) and 37 (14.1%) participants, respectively.
Demographic data, metabolic status, comorbidities, lung function, and functional capacity

are listed in Table 1.
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Table 1. Demographic and anthropometric parameters, nutritional status, lung function, and

functional capacity of obese women.

Variables

Demographic and anthropometric data

Age (years)

Weight (kg)

Height (cm)

BMI (kg/m?)
Obesity classification

Class 1 (%)

Class 2 (%)

Class 3 (%)
Comorbidities

Hypertension (%)

Dyslipidemia (%)

Type 2 diabetes (%)
Lung function

FVC (% predicted)

PEF (% predicted)

MIP (% predicted)

MEP (% predicted)
6-min test distance

6MWD (m)

A BPFS

A HR (bpm)

A SBP (mm Hg)

A DBP (mm Hg)

41.8+11.1
116.2 + 20.6
161 + 0.07

45+ 8

13 (4.94)
56 (21.3)

194 (73.8)

54 (20.5)
33 (12.5)

25 (9.50)

88.4 £ 17.7
99.2 + 22
106.4 + 21.4

96.4 £ 21.7

428.3 + 85.7
3.65 +1.83
22+6.75
19 +8.43

17 £9.50
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A SpO, (%) -1.53 £ 2.16

Values are means + SD or frequencies (%). BMI: body mass index; FVC: forced vital
capacity; PEF: peak expiratory flow; MIP: maximal inspiratory pressure; MEP: maximal
expiratory pressure; 6MWD: 6-min walk distance; A BPES: difference in Borg’s Perceived
Exertion Scale between 0' and 6'; A HR: difference in heart rate between 0' and 6'; A SBP:
difference in systolic blood pressure between 0 'and 6'; A DBP: difference in diastolic blood
pressure between 0' and 6'; A SpO,: difference in peripheral oxygen saturation between 0'

and 6'.

We compared the data on lung function and functional capacity between the 3
obesity classes. There were significant differences in FVC values [class | = 104.8+14 vs.
class Il = 89.2+16.6 vs. class Il = 87+£17.4% of predicted], with class | significantly different
from class Il (P<0.01) and class | significantly different from class Il (P<0.001). There were
significant differences in 6MWD values [class | = 585.8+112.9 vs. class Il = 430.1+73.8 vs.
class Ill = 417.3+76.4 m], with class | significantly different from class Il (P<0.0001) and
class | significantly different from class Il (P<0.0001).

Finally, we investigated the associations between 6MWD and demographic
parameters, metabolic status, and lung function (Table 2 and Figure 1). 6MWD was
positively correlated with height (r=0.319, P<0.0001), FVC (r=0.443, P<0.0001), PEF
(r=0.278, P<0.0001), MIP (r=0.326, P<0.0001), and MEP (r=0.259, P<0.0001). The 6MWD
correlated negatively with age (r=-0.281, P<0.0001), weight (r=-0.370, P<0.0001), and BMI
(r=-0.561, P<0.0001). In the multiple linear regression, BMI and age were the independent
predictive variables for 6MWD in the basic model, explaining 34% of its variability. BMI,
FVC, age, and MIP were the independent predictive variables for 6MWD in the final model,
explaining 41% of its variability (Table 3). Therefore, the reference equation including lung
function (final model) was as follows: 6MWD (m) = 513.6 - (4.439 x BMlygm,) + (1.136 x
FVCoprediciea) - (1.048 X ageys) + (0.544 x MIPopredgicted); R? = 0.41 (standard error of the

regression coefficient = 51.8 m).
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Table 2. Pearson’s correlation coefficients for the 6-min walk distance with demographic

parameters, nutritional status, and lung function.

Variables 6MWD

r P value
Age (years) -0.281 <0.0001
Weight (kg) -0.370 <0.0001
Height (cm) 0.319 <0.0001
BMI (kg/m?) -0.561 <0.0001
FVC (% predicted) 0.443 <0.0001
PEF (% predicted) 0.278 <0.0001
MIP (% predicted) 0.326 <0.0001
MEP (% predicted) 0.259 <0.0001

Bold type indicates significant correlations. 6MWD: 6-min walk distance; BMI: body mass
index; FVC: forced vital capacity; PEF: peak expiratory flow; MIP: maximal inspiratory

pressure; MEP: maximal expiratory pressure.
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Table 3. Independent linear models for the 6-min walk distance using demographic and

anthropometric parameters, nutritional status, and lung function.

Variables B SEB P value R Adjusted RMSE AlC
R? (m)

Basic

model

Constant 748.7 274 <0.0001

BMI -5.696 0.541 <0.0001 0.56 0.31 71.1 2993

Age -1.533 0.388 0.0001 0.59 0.34 69.2 2980

Final

model

Constant 513.6 51.8 <0.0001

BMI -4.439 0.566 <0.0001 0.56 0.31 71.1 2993
FVvC 1.136 0.251 <0.0001 0.61 0.37 68 2971
Age -1.048 0.384 0.006 0.64 0.40 66.6 2961
MIP 0.544 0.204 0.008 0.65 0.41 65.8 2956

B: regression coefficient; SEB: standard error of the regression coefficient; R = cumulative
correlation coefficient; R* adjusted determination coefficient; RMSE: root mean square
error; AIC: Akaike information criterion; BMI: body mass index; FVC: forced vital capacity;

MIP: maximal inspiratory pressure.
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Figure 1. Relationship of the 6-min walk distance (6MWD) with (A) the body mass index
(BMI, r=-0.561, P<0.0001), (B) forced vital capacity (FVC, r=0.443, P<0.0001), (C) age (r=-
0.281, P<0.0001), (D) maximal inspiratory pressure (MIP, r=0.326, P<0.0001), (E) maximal
expiratory pressure (MEP, r=0.259, P<0.0001), and (F) peak expiratory flow (PEF, r=0.278,

P<0.0001).

Regarding the calibration of the regression model, no clearly evident relationship was

detected between the differences (bias) and the mean (given by the straight line), and the

fitted line had a slight slope in relation to the main diagonal (Figure 2). Based on the Bland-
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Altman plot (Figure 3), it is noted that the vast majority of differences were within the LOA,
with a random distribution over the mean values in the range of highest concentration (350
m to 500 m). However, a slight bias was observed for high and low values of the distance
covered. The mean difference was zero with a standard deviation of 65 m, and the
corresponding 95% lower and upper agreement limits were -128 m and +128 m,

respectively.

800 -

700 -

500 -

6WMD (predicted)

300 A 'S
.

0 + e T T T T T T T 1
0 100 200 300 400 500 600 700 800

6MWD (observed)

Figure 2. Calibration plot of the observed vs. predicted values for 6-min walk distance
(6MWD). Pearson’s correlation coefficient between the observed and predicted 6MWD was

r=0.65 (P<0.0001).
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Figure 3. Limits of the agreement plot of the averaged values and the differences (observed
- predicted values) for 6-min walk distance (6MWD). The mean difference was zero with a
standard deviation of 65 m, and the corresponding 95% limits of agreement were -128 m

(lower) and +128 m (upper).

Discussion

Obesity is associated with reduced individual mobility, exacerbating sedentarism.
ADLs are impaired not only because of excessive accumulation of body fat but also because
of mechanical factors that may reduce the ability to walk, the latter being a simple measure
of physical function and an important component of HRQoL. We evaluated only women in
the present study. There is a general consensus that women, especially shorter women,
have a shorter stride length and consequently shorter distances covered in the 6MWT (4).
The main findings observed were that in obese women, the older the age and the higher the

BMI, the shorter the distance covered in the 6MWT. There was a relationship between
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deteriorated lung function and low 6MWD. In addition, the more severe the degree of
obesity, the worse the lung function and the shorter the 6MWD. Based on these findings, we
developed a predictive equation for 6MWD that considers BMI, FVC, age, and MIP, in order
of importance, as independent variables.

The 6MWT is a measure of submaximal load and is a safe, practical, validated, easy-
to-administer, low-cost tool to assess functional exercise capacity (6). In obese individuals, a
lower functional exercise capacity is common not only because it is a weight-bearing activity
but also because excess weight changes the center of gravity and increases mechanical
stress on the joints and body tissues, inducing physical limitations (19). In the present study,
we observed that the mean 6MWD in the total sample and the mean 6MWD in the class 3
obesity group were 428.3+285.7 m and 417.3176.4 m, respectively. These values were
slightly higher than those reported by Crispim Carvalho et al. (20) in 62 obese women aged
24-57 years but close to those observed by Vargas et al. (21) in a cohort of 67 obese
individuals, including 61 (91%) women and 6 (9%) men, with a mean age of 38+10 years.
Differences in the metabolic profile of the sampled population, the type and frequency of
incentive, and the length of the corridor may explain the differences reported in 6MWD;
therefore, these factors should be considered when interpreting the results (21).

In obese individuals, it is logical to expect the BMI to be a significant predictor of
6MWD because excess weight influences gait and increases workload. In fact, our study
showed that BMI was the factor that most impacted 6MWD, explaining 56% of the variance
in 6BMWD. In line with our findings, Wooldridge et al. (6) observed in a sample of overweight
or obese American military veterans (81% men) that BMI was the variable most significantly
related to 6MWD. Investigating the magnitude of the differences in walking capacity among
obese and nonobese women, another study found that 75% of the variation in walking
performance in obese women was explained by the combination of BMI, peak VO,, knee
extension torque, age, and hours watching television or playing sports, with BMI alone
explaining 59% of the variation (5). Interestingly, Ben Saad et al. (22) showed that when BMI

was included in their final reference equation, 6MWD decreased 5.27 m for each increase of

72



1 unit in BMI. Obese subjects adapt to their higher body mass by decreasing walking speed
and they tend to oscillate the trunk while walking and increase the distance between the
ankles when stopping, to compensate for their extra body mass (23).

Obesity causes mechanical compression of the lungs, diaphragm, and chest cavity,
which can lead to restrictive functional damage (10). In addition, changes in the neural
control of respiration and increases in thoracic blood volume due to fat deposition in the
chest promote changes in lung function parameters (10). In the present study, we observed
a positive correlation between FVC and 6MWD, and FVC was also an independent predictor
of 6MWD. Notably, few studies have evaluated the impact of lung function on 6MWD in
nonobese individuals. In agreement with our findings, Camarri et al. (24) showed that in
forward stepwise multiple regression, height and forced expiratory volume in 1 s (FEV,) were
the only independent predictors of 6MWD in a population of overweight or obese individuals,
and these variables explained 33.9% of the variance in the model. Another study showed a
direct relationship between the degree of obesity and FEV; and FVC in morbidly obese
individuals (25). Reduced lung volume seems to have an exponential correlation with
increased BMI and to be directly correlated with the mechanical effects produced by the
deposition of fat in the chest and abdomen (26).

Structural alterations caused by obesity in the thoracoabdominal area restrict
diaphragmatic mobility and rib movement, which promote changes in the dynamics of the
respiratory system and reduce compliance, leading to mechanical impairment of the
respiratory muscles (9,27). We observed positive correlations between 6MWD and
measures of respiratory muscle strength, especially MIP. Since MIP was an independent
predictor of 6MWD, we believe that its routine evaluation can assist in the analysis of
thoracic cage mechanics in obese individuals. In this population, the observed dysfunction of
the respiratory muscles may be partly explained by the increased resistance imposed by the
presence of excess adipose tissue in the chest and abdomen, which mechanically hinders

these muscles, especially the diaphragm (28).
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Reference values of healthy populations with normal weight are of limited value in the
obese population, since their lower muscle strength, lower effort tolerance, and higher
metabolic costs during walking result in a consistently lower 6MWD (7). Some previous
studies have addressed the identification of 6MWD determinants for obese subjects and
have proposed reference equations without considering lung function parameters (2,4,6-8).
Most of these studies have incorporated age, sex, height, weight, and/or BMI into their
predictive equations (2,4,6,24). The coefficients of determination in the regression analyses
have ranged between 0.19 and 0.48 in the different studies, with a coefficient of
determination of our adjusted final model (including lung function data) of 0.41. Although
BMI is the most important independent variable in our model (and in those models of obese
individuals presented in the literature), it is worth mentioning that FVC was the second
variable to be included in our model as a result of the backward stepwise method. Thus,
although the routine assessment of lung function in a predictive equation for 6MWD s
difficult for clinical use, we think that its inclusion may contribute to a better prediction of
6MWD and an improvement in understanding the functional limitations of obese individuals.

The strength of our study is that it is the first to propose a reference equation for the
6MWD of obese Brazilian women that considers lung function as an independent variable for
the predictive model. Despite the interesting results, our study has limitations. First, our
results have limited generalizability because we evaluated only women. Sex has a marked
influence on 6MWD, and the large imbalance between women and men in previous studies
may have impacted the results (4,6,7). Second, we did not evaluate the contribution of
menopause and its hormonal changes, given that menopause causes a deterioration in the
function of the musculoskeletal system with reduced muscle contractility (3). Given the lack
of studies on obesity and functional exercise capacity, the present study improves our
understanding of the relationship between obesity and lung function and provides guidance
for further research involving the 6MWT in this population. In this sense, future studies

exploring 6BMWT in obese women may be important in improving the model’s accuracy.
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In conclusion, the present study shows that in obese women, there is a correlation
between the distance covered in the 6MWT and certain demographic data and metabolic
status, especially age and BMI. In addition, there is an association between lung function
data and 6MWD, especially FVC and MIP. These results may be useful in the rehabilitation
scenario to evaluate functionality, for preoperative planning of weight reduction surgeries, to
plan the intensity of physical activities, and to evaluate the success of interventions for

weight loss in this population.
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Abstract

Background: Changes in lifestyle, a carbohydrate-rich diet and decreased physical activity
are part of the context that led to an obesity pandemic. Treating obesity is a task that requires
multidisciplinary care; however, in many cases, conventional therapy has no effect, requiring
surgical intervention. This, in turn, is not without risks and causes important changes in lung
function. Therefore, the aim of this study is to evaluate the effect of electroanalgesia through
conventional transcutaneous electrical nerve stimulation (TENS) on the pain and lung
function in the postoperative period of bariatric surgery. Methods: This is a controlled and
blinded clinical trial with 66 subjects who underwent bariatric surgery. The participants were
randomized into 2 groups as follows: an intervention group treated with TENS (n = 33) and a
placebo group (n = 33). The participants underwent 4 TENS sessions, and the effect on pain
was assessed using a visual analogue scale (VAS pain). Lung function was measured by
spirometry. Results: There were no differences between the 2 groups regarding time of
surgery and time of mechanical ventilation. Compared to placebo, TENS reduced pain in the
intervention group (p = 0.001). Regarding the effect of electroanalgesia on pulmonary
function, the spirometric parameters were similar between the groups. However, regarding
muscle strength between the preoperative and postoperative periods, maximal inspiratory
pressure (MIP) was maintained in the intervention group and decreased in the placebo group
(p = 0.03). Compared with that in the intervention group, the respiratory rate in the placebo
group increased during the application of TENS (p = 0.003). Conclusion: Electroanalgesia
reduces pain in patients who underwent bariatric surgery. Importantly, in these patients, the
MIP is maintained between the preoperative and postoperative periods. However,
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electroanalgesia does not contribute to improvements in spirometric data. This trial is
registered with NCT04800640.

1. Introduction

Obesity is one of the main public health problems worldwide, with a multifactorial aetiology
resulting from changes in eating habits, social factors, psychological changes and epigenetic
changes [1]. It has well-established complications, including an increased risk of
hypertension, dyslipidaemia and diabetes mellitus (metabolic syndrome), coronary artery
disease, gallbladder disease, degenerative joint injuries, and obstructive sleep apnoea, in
addition to socioeconomic and psychosocial impacts [2].

When undergoing upper abdominal surgery, obese individuals are more susceptible to
pulmonary repercussions caused by anaesthesia and by the surgical procedure itself. In obese
individuals, anaesthesia accentuates the reduction in functional residual capacity (FRC),
promoting the closure of small airways. This leads to a higher degree of hypoxemia than that
observed in nonobese patients, in addition to a higher incidence of atelectasis [3]. In the
postoperative period of Fobi Capella gastroplasty, obesity has important consequences on
lung function, with decreased lung volume and capacity and reduced respiratory muscle
strength [4].

Pain is a factor with a strong negative impact on the postoperative evolution of patients after
abdominal surgery. In particular, pain occurs in patients after surgery involving the upper
abdomen, even when using analgesic medication [5]. Transcutaneous electrical nerve
stimulation (TENS) is a low-cost physiotherapeutic resource with few contraindications and
is widely used for pain relief [6]. In the postoperative period, the effect of TENS is by acting
on nociceptive pain. Thus, TENS can reduce pain through some mechanisms including:
modification of sympathetic activity by reducing the activation of local a2A-noradrenergic
receptors; decrease in excitatory neurotransmitter (substance P); and activation of peripheral
inhibitory p-opioid receptors [7].

There seems to be a relationship between pain and lung volume and capacity in the
postoperative period of some types of surgery. After the use of TENS, improvements in pain
and increases in tidal volume (VT) have been reported in the postoperative period of
cardiopulmonary [8, 9]. The efficacy of TENS, with the benefit of electrostimulation, has
also been demonstrated in thoracic surgery, especially in reducing the need for opioids and
increasing the effectiveness of cough exercises during physical therapy [10]. The use of
electroanalgesia has also been shown to reduce pain, especially cough-related pain [11, 12].
Because it has few contraindications, is noninvasive and is easy to apply, TENS could be an
important tool in the relief of surgical pain, especially pain associated with surgeries of the
upper abdomen. Furthermore, the use of TENS appears to exert a reduction in blood levels of
proinflammatory cytokines causing a protective factor in relation to inflammation [13], which
is a condition closely related to obesity. Given the benefits of TENS in pain relief, we
hypothesized that TENS would result in the maintenance of thoracic mobility, reducing the
undesirable effects of surgery on lung function. Thus, the aim of our study was to evaluate
the effect of TENS on the pain and lung function of open bariatric surgery patients in the
postoperative period.
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2. Materials and Methods
2.1. Study Design and Participants

This was a blinded randomized controlled clinical trial conducted from March 2021 to
August 2021 at Sdo Lucas Hospital Foundation, Cascavel, Brazil. Individuals in the
postoperative period of bariatric surgery who were admitted to the intensive care unit (ICU),
and > 18 years of age were included. The exclusion criteria were as follows: age > 65 years;
haemodynamic instability in the postoperative period; use of mechanical ventilation for more
than 24 hours; contraindications to the use of TENS (presence of a cardiac pacemaker and
hypersensitivity to the procedure); already undergone electroanalgesia; previous history of
epilepsy; pregnant women during the first trimester; and Glasgow coma scale score < 15
points.

This study was approved by the Research Ethics Committee of the Assis Gurgacz University
Center, approved under number CAAE-11613219.0.0000.5219. All participants freely signed
an informed consent form in accordance with regulation 466/12 of the National Health
Council and Helsinki Declaration, after being informed of procedures and objectives of the
study. This study is registered at www.clinicaltrials.gov (NCT04800640).

2.2. Randomization

The sample was randomized into 2 groups: 1) intervention group, composed of patients who
received electroanalgesia via TENS; and 2) placebo group, composed of individuals who
received placebo TENS.

Randomization was performed by an independent research assistant who did not participate
in any other section of this study. An allocation concealment protocol with sequentially
numbered, opaque, sealed envelopes and permuted blocks of 4 was used to randomize
participants to groups. Enrolled participants were only informed that they would receive one
of two types of application; consequently, they were not aware of their treatment allocation.
The examination was done by an independent physical therapist before and after the protocol
of 4 sessions; this examiner did not follow the application and did not know which group the
patients had been included in. Participants, clinical outcome evaluators (vital signs, visual
analogue scale for pain-VAS pain, manovacuometry and spirometry) and statistics were
blinded to randomization, since it was not feasible to blind the physical therapists who
administered TENS.

2.3. Measurements

The participants underwent a physical therapy assessment that consisted of acquiring
anthropometric and demographic data and intraoperative data and monitoring vital signs.
TENS or placebo was applied only if the participant had been in ICU for longer than 12
hours. After this period, protective measures, including an evaluation of vital signs (blood
pressure, partial oxygen saturation and heart rate) and an assessment of the level of
consciousness (Glasgow scale), were implemented. The level of pain was also assessed using
a VAS pain before and after each application of electroanalgesia and placebo. Respiratory
muscle strength was measured by manovacuometry and spirometry in the preoperative period
and on the second postoperative day after the last application of electroanalgesia.
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Spirometry was assessed using a portable device (Micromedical, Microloop model, Brasilia,
Brazil). All tests were conducted in accordance with the standards of the American Thoracic
Society [14], and national reference equations were adopted [15]. Respiratory muscle
strength was assessed using a digital manometer (Globalmed, model MVD 300, Porto Alegre,
Brazil), with the patient seated and using a nose clip. To interpret the maximum inspiratory
pressure (MIP) and maximum expiratory pressure (MEP) values, national reference equations
were adopted [16].

2.4. Interventions

After the physical therapy evaluation, patients in the intervention group received 4 sessions
of active TENS, and patients in the other group received 4 sessions of placebo TENS (KLD
Endophasys model NMS.0501, Jardim Camanducaia, Sdo Paulo, Brazil). The TENS protocol
was implemented 1 hour after the application of drug analgesia. The 4 electroanalgesia and
placebo sessions occurred at 10 am in the morning and at 4 pm in the afternoon for 2
consecutive days. Four Asktus electrodes (elastic hydrogel adhesive; 5x5 cm) were
positioned 3 centimetres from the surgical incision based on the recommendations by Ferreira
& Beleza [17]. Electroanalgesia was performed with the participants seated in an armchair
and only after their vital signs had been stable for 10 minutes. For the application of TENS to
relieve acute pain, a conventional current with a frequency equal to 80 Hz and pulse width
equal to 200 us was used [18]. Once patients showed sensory accommodation, however, they
were encouraged to increase the intensity to a strong but comfortable intensity, just below the
pain threshold, and continue to increase the intensity as tolerated [19]. Still in relation to the
perceptual-sensory adaptation to TENS, the intensity was titrated upwards during therapy in
order to obtain a greater analgesic effect [20]. An asymmetric bipolar pulse was applied for
30 minutes, and the intensity was maintained at a strong sensory level; after 10 minutes of
application, a continuous tingling sensation is felt in the abdominal region [21]. All
participants followed the analgesic medication regimen.

For individuals in the placebo group, the same procedures and positioning of the electrodes
were adopted, differing only in the current intensity. The device remained on for 30 minutes
of therapy, but no intensity was applied, so as to generate a placebo effect.

After the end of the 4 electroanalgesia and placebo sessions, the participants were reevaluated
(VAS pain, manovacuometry and spirometry) to assess the effect of TENS on pain, MIP,
MEP and spirometric parameters.

2.5. Data Analysis

Data normality was assessed using the Shapiro-Wilk test. The results are expressed as the
mean * standard deviation or median (interquartile ranges) based on the Gaussian or non-
Gaussian distribution of each variable. Comparisons between groups by age, height, weight
and body mass index (BMI) were conducted using Student’s t-test for independent samples,
the Mann-Whitney test for numerical data and Fisher’s exact test for categorical data.
Pulmonary function, pain and haemodynamic data were evaluated by the Wilcoxon signed-
rank test, and comparisons of the absolute deltas (post-TENS minus pre-TENS
measurements) between the groups were conducted using the Mann-Whitney test. The
significance level adopted was 5%. Statistical analyses were performed using SAS 6.11 (SAS
Institute, Inc., Cary, North Carolina, USA).
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3. Results

Among the 78 patients eligible for the study, 11 were excluded because they were discharged
before the completion of the protocol, and 1 patient was discharged due to postoperative
complications. Thus, 66 patients were included (50 women and 16 men) and randomized into
2 groups: 1) intervention group, composed of 33 participants (7 men and 26 women); and 2)
placebo group, composed of 33 participants (9 men and 24 women).

The demographic and anthropometric data of the participants in the preoperative period and
in the intraoperative period (time of surgery and time of mechanical ventilation) are provided
in Table 1. There were no differences between the 2 groups regarding height, weight, BMI,
time of surgery and time of mechanical ventilation. There was a statistically significant
difference between groups in relation to age, with a slightly higher mean age for participants
in the placebo group (36.2 + 8.5) than in the TENS group (41.3 £ 11.2, p = 0.040]. The
pulmonary function, pain and haemodynamic data for the 2 groups before the application of
electroanalgesia and placebo were similar (Tables 2 and 3).

TABLE 1: Demographic and anthropometric data, pulmonary function data, pain scale scores and
haemodynamic data in the preoperative period and variables measured in the intraoperative period.

Intervention group  Placebo group p-value
(n=33) (n=33)
Demographic and anthropometric data
Male/Female 7126 9/24 0.89
Age (years) 36.2+8.5 41.3+11.2 0.040
Height (m) 1.63 +0.09 1.62 +0.08 0.39
Weight (kg) 116.9 +22.1 113.1+19.2 0.45
BMI (kg/m?) 435+4.9 43.3 (+ 6.4) 0.87
Intraoperative data
ST (min) 135 (117-155) 120 (120-146) 0.79
MVT (min) 145 (125-175) 144 (120-161) 0.68

The results are expressed as the means £ SD or median (interquartile range); BMI: body mass index; ST:
surgery time; MVT: mechanical ventilation time.

Regarding the effect of electroanalgesia on pulmonary function, lung volume and capacity
was similar between the groups. However, regarding muscle strength in the preoperative and
postoperative periods, the intervention group maintained the MIP levels within the normal
range after TENS [absolute delta of 0 (-29-5) vs. -5.5 (-46-0), p = 0.03)] (Figure 1). The data
for pulmonary function and muscle strength before and after TENS or placebo are provided
in Table 2.
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FIGURE 1: Comparisons in maximum inspiratory pressure (MIP) measurements before (pre-TENS) and after
(post-TENS) electroanalgesia sessions (absolute delta) between the intervention and placebo group (p = 0.03).
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TABLE 2: Lung volume and capacity and muscle strength before and after the application of TENS and placebo.

Intervention group Placebo group

(n=33) (n=33)

Pre-TENS Post-TENS Absolute delta  Pre-TENS Post-TENS Absolute delta  p-value*  p-value#
Spirometry
FVC (% predicted) 95 (88-105) 56 (39-69) 39.0 (-53—-30) 96 (87-104) 52 (42-62) 40.5 (-55—26) 0.38 0.80
FEV; (% predicted) 98 (89-111) 54 (44-68) 43.0 (-54—29) 101 (91-109) 54 (44-70) 46 (-54—21) 0.61 0.82
FEV./FVC (%) 105 (100-107) 109 (96-115) 3.7 (-2-10) 105 (101-110) 113 (106-118) 7.1 (-1-16) 0.35 0.25
PEF (% predicted) 108 (89-125) 41 (30-58) 63.0 (-83—-39) 103 (91-115) 40 (26-54) 57.5 (-78--39)  0.66 0.69
Respiratory muscle strength
MIP (% predicted) 120 (110-120) 120 (72-123) 0 (-29-5) 120 (100-120) 113 (42-120) 5.5 (-46-0) 0.79 0.03
MEP (% predicted) 120 (90-120) 77 (50-103) 22.0 (-55--6) 100 (85-120) 73 (56-96) 27.5 (-50-0) 0.51 0.82

The results are expressed as the median (interquartile range); FVC: forced vital capacity; FEV;: forced expiratory volume in 1 second; PEF: peak expiratory flow; MIP:

maximum inspiratory pressure; MEP: maximum expiratory pressure.
* Comparison between the 2 groups in relation to pre-TENS measurements.
# Comparison between the 2 groups in relation to absolute delta values (post-TENS minus pre-TENS measurements).
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Compared to placebo, TENS reduced pain after all sessions, as verified using the visual
analogue scale (p < 0.001) (Figure 2). Additionally, in the placebo group, the respiratory rate
increased after the third session. Table 3 provides the pain scale and haemodynamic data
before and after TENS.
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FIGURE 2: Comparisons between pain scale evaluations (VAS) before (pre-TENS) and after (post-TENS) 4
electroanalgesia sessions in the intervention group and in the placebo group (p < 0.001).
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TABLE 3: Pain scale scores and haemodynamic data before and after the application of TENS and placebo.

Intervention group

Placebo group

(n=33) (n=33)

Pre-TENS Post-TENS Absolute delta  Pre-TENS Post-TENS Absolute delta  p-value*  p-value#
Pain scale assessment
Pain 1 (score) 7 (4.5-8) 3(2-5.5) 2 (-3—-1.5) 6 (3.8-7) 5(3.8-7) 0 (0-0) 0.067 <0.001
Pain 2 (score) 5(3-8) 2 (1-4) 2 (-3--1) 4 (2-5) 4 (3-5.3) 0 (0-0) 0.057 <0.001
Pain 3 (score) 4 (2-6) 2 (0-3) 2 (-2.5—1) 4 (2-5) 3(2-5) 0 (-0.3-0) 0.39 <0.001
Pain 4 (score) 2 (1.5-5.5) 1(0-3) 1(-2-0) 3(1.8-5) 3(1-5) 0 (0-0) 0.81 <0.001
Hemodynamic variables
SBP 1 (mm Hg) 120 (110-143) 116 (110-144) 3(-9-3) 122 (111-142) 123 (110-141) 0 (-7-1) 0.84 0.71
SBP 2 (mm Hg) 123 (110-139) 122 (113-139) 0(-5-7) 124 (109-138) 122 (105-138) 0 (-6-2) 0.84 0.25
SBP 3 (mm Hg) 130 (110-138) 120 (110-137) 0(-10-3) 120 (110-130) 120 (110-129) 0(-5-2) 0.46 0.55
SBP 4 (mm Hg) 125 (115-140) 120 (120-139) 0 (-6-5) 120 (110-131) 120(110-130) 0 (-10-5) 0.18 0.46
DBP 1 (mm Hg) 71 (63-83) 66 (62-80) 1(-5-3) 77 (63-85) 74 (62-85) 0 (-4-1) 0.75 0.69
DBP 2 (mm Hg) 70 (64-80) 70 (67-80) 0 (-5-5) 71 (64-80) 70 (63-80) 0 (-1-0) 0.34 0.44
DBP 3 (mm Hg) 71 (63-80) 70 (66-80) 0 (-4-5) 70 (62-80) 71 (67-80) 0 (-2-6) 0.52 0.64
DBP 4 (mm Hg) 80 (70-85) 80 (70-90) 0(0-7) 80 (65-85) 80 (64-86) 0 (0-6) 0.99 0.83
HR 1 (beats/min) 85 (75-90) 86 (93-91) 1(-4-4) 85 (72-96) 85 (76-96) 2 (-1-5) 0.75 0.34
HR 2 (beats/min) 85 (80-90) 82 (77-94) 1(-6-4) 87 (82-98) 89 (76-99) 1(-4-2) 0.34 0.91
HR 3 (beats/min) 87 (79-95) 85 (81-98) 2 (-2-5) 88 (80-97) 90 (91-100) 1(-2-3) 0.52 0.25
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15
16
17

HR 4 (beats/min)
fr 1 (breaths/min)
fr 2 (breaths/min)
fr 3 (breaths/min)
fr 4 (breaths/min)
SpO; 1 (%)
SpO; 2 (%)
SpO; 3 (%)
SpO, 4 (%)

85 (80-96)
18 (16-22)
19 (16-23)
18 (16-20)
18 (16-20)
94 (92-96)
94 (93-95)
94 (93-95)
95 (93-97)

90 (97-97)
19 (16-21)
19 (15-21)
18 (16-20)
18 (16-20)
93 (92-96)
94 (92-96)
95 (93-6)
95 (93-97)

1(-3-5)
0 (-2-2)
0(-3-1)
0(-2-2)
0 (-2-2)
0 (-1-1)
0 (-1-1)
1(0-2)
1(-1-2)

91 (80-96)
19 (16-22)
18 (16-20)
18 (16-20)
18 (16-20)
94 (93-95)
94 (93-96)
95 (93-96)
95 (93-96)

91 (81-98)
19 (16-24)
18 (16-21)
20 (17-23)
19 (18-21)
95 (93-96)
95 (93-95)
95 (93-96)
95 (94-96)

2 (-2-3)
1(-2-3)
1(-1-2)
2 (-1-2)
1(-1-2)
1(0-1)
1(-1-1)
0(-1-1)
0(-1-2)

0.99
0.76
0.52
0.68
0.67
0.30
0.41
0.67
0.71

0.73
0.42
0.14
0.005
0.26
0.60
0.93
0.15
0.56

The results are expressed as the median (interquartile range); SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; fg, respiratory frequency; SpO,,
peripheral oxygen saturation. Numbers 1, 2, 3 and 4 refer to the pre- and post-application moments of the 4 TENS/placebo sessions.
* Comparison between the 2 groups in relation to pre-TENS measurements.
# Comparison between the 2 groups in relation to absolute delta values (post-TENS minus pre-TENS measurements).
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To provide context for interpreting the null findings, a post hoc power analysis was performed
using GPower 3.1.1 software. Considering a type-1 error of 5% and type-I1 error of 10%
(study power of 90%), it is necessary a minimum sample of 46 participants (23 per group) to
observe a mean difference of at least 2 (SD of 2) in pain intensity between groups after the 4-
session intervention.

4. Discussion

The main findings of the present study were that the use of electroanalgesia reduced pain
levels in patients. Compared with placebo, TENS did not result in improvements in
spirometric parameters. However, there was a positive effect of TENS on the maintenance of
inspiratory muscle strength. In addition, the non-application of TENS (i.e., placebo) resulted
in an increase in the respiratory rate. To our knowledge, this is the first study that investigates
the use of TENS and evaluates its effect on pain and pulmonary function and haemodynamic
parameters in patients in the postoperative period of open bariatric surgery.

In addition to obesity-related pulmonary functional changes, bariatric surgery amplifies
restrictive ventilatory damage, either by tissue injury caused by the surgical incision or by the
effects of anaesthesia, operative time, mechanical ventilation time or pain. To relieve
postoperative pain, one physiotherapeutic resource is the use of electrical currents to reduce
pain stimuli and produce a morphine-like effect. Borges et al. evaluated the effect of TENS in
patients in the postoperative period of abdominal surgery and found a reduction in
postoperative pain in patients who received active TENS compared with those who received
placebo and those in the control [22]. In our study, electroanalgesia reduced the pain levels in
patients after all sessions; this result was not observed in the placebo group. The “theory of
gates”, postulated by Melzack & Wall in 1965, was one of the first attempts to explain the
effect of TENS [23]. Currently, there is a lot of knowledge about the peripheral, segmental
and central mechanisms regarding the use of TENS. It activates multiple central inhibitory
pathways in spinal cord, rostral ventral medulla and cortical sites, and reduces central
sensitization measured in nociceptive dorsal horn neurons simultaneously to reduce pain and
hyperalgesia [24, 25]. The responses of the use of TENS in the activation of the spinal cord
would result in indirect inhibition of the production of substance P [26]. Thus, the release of
serotonin, norepinephrine and gamma-aminobutyric acid (GABA) occurs in the dorsal horn
neurons of the spinal cord. Activation of GABA receptors could be related to decreased
production of glutamate and other excitatory amino acids, resulting in decreased pain; this
demonstrates that the application of TENS to the patient’s skin results not only in local and
spinal cord, but also supraspinal action [7, 24, 27].TENS also modulates nociceptive input at
peripheral sites by peripheral impulse blockade and at segmental sites by “spinal gating” [27].
TENS includes the transmission of electrical current through the skin acting on peripheral
mechanoceptors conducted by the A-B fiber to a set of interneurons; these, in turn, inhibit
retransmission at the medullary level of painful stimuli conducted by A-delta and type C
fibers [7, 24, 27].

The physiological effects of electrotherapy on the neurological and musculoskeletal systems
are capable of reducing pain, which explains, at least in part, our results. Notably, other
positive effects of TENS in patients in the postoperative period include muscle stimulation,
vasodilation, reductions in oedema, reductions in reflex inhibition, facilitation of soft tissue
injury healing and facilitation of fracture consolidation [23].

92



Similar to our study, other authors have also evaluated the effect of TENS in the postoperative
period of different surgeries. Tokuda et al. evaluated 48 patients in the postoperative period of
abdominal surgery, comparing an intervention group (TENS) with a placebo group [28].
These authors assessed postoperative pain and conducted lung spirometry; TENS significantly
reduced pain and increased the forced vital capacity (FVC) and VT. Luchesa et al. evaluated
the effect of TENS on pain and pulmonary function in 30 patients (intervention group and
placebo group) in the postoperative period of coronary artery bypass surgery [29]. They
observed a reduction in pain levels in the intervention group; however, there were no
improvements in the spirometric parameters of these patients. Similarly, in this study, we did
not observe any significant effect on lung volume and capacity measured by spirometry,
although there was a less pronounced reduction in FVC in the intervention group than in the
placebo group. Regarding pain improvement, results similar to those in this study were
reported by Tonella et al., who randomized their patients into 3 groups (intervention, control
and contrast/placebo) and found a reduction in pain in the postoperative period of abdominal
surgeries and a reduction in pain when patients coughed [5]. Therefore, it seems reasonable to
offer electroanalgesia as an adjunct to standard treatment for postoperative pain, mainly
because it is a low-cost procedure and has a favorable safety profile compared to long-term
medication [6]. A meta-analysis showed that electroanalgesia administered at strong and
subnoxic intensity with adequate frequency can significantly reduce analgesic consumption
for surgical pain [30].

The effects of pain result in a worsening of thoracic dynamics and consequently a reduction in
the mobility of respiratory muscles, generating a reduction in inspiratory and expiratory
pressures [2]. This has been well documented in gastroplasty surgery, with respiratory muscle
strength reducing by approximately 50% on the first postoperative day and by approximately
25% on the second postoperative day [4]. Interestingly, in this study, the MIP values in the
intervention group in the postoperative period were similar to those in the preoperative period,
a finding that can be attributed at least in part to the effect of TENS because this finding was
not observed in the placebo group. Similar to our results, Cipriano et al. demonstrated that
TENS effectively controlled pain in the postoperative period of cardiac surgery and
maintained muscle strength [12].

With a reduction in pain, patients should exhibit improvements in haemodynamic parameters,
including respiratory rate, blood pressure and heart rate. In our study, the respiratory rate in
patients in the placebo group increased, suggesting a positive haemodynamic effect of TENS,
i.e., maintaining the respiratory rate at a normal level. As shown by Fiorelli et al., significant
incisional pain reduces chest mobility, causing depressed respiratory function, thus resulting
in an inability to breathe deeply and cough effectively [31]. This situation can lead to
significant alveolar collapse, severe hypoxemia and severe postoperative pulmonary
complications. One possible explanation for the positive effects of electroanalgesia is that
TENS directly impacts rib cage mechanics and, consequently, ventilatory patterns. Notably, to
our knowledge, no previous study has evaluated in detail the effects of TENS on
haemodynamic parameters in the postoperative period.

As with any study, ours also has its limitations. First, the sample was relatively small, and the
study included only 1 centre, which makes it difficult to generalize our results. Second,
although the 2 groups were matched for anthropometric measurements, the group that
received TENS had a mean age slightly lower than that of the placebo group. Despite these
limitations, this study serves as a starting point for other randomized controlled trials with a
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greater number of patients undergoing other types of weight reduction surgery, such as
laparoscopic surgery, vertical gastrectomy and duodenal switch.

5. Conclusions

Our results indicate that the use of electroanalgesia reduces pain levels in patients. Although
there was no change in spirometric parameters, there was a protective effect of TENS on
respiratory muscle strength, with the maintenance of MIP values within the normal range. In
addition, there may be an effect of TENS on haemodynamics because its non-use (placebo)
affected tachypnoea. Based on the results of this study, electroanalgesia is a valuable tool in
pain relief and the maintenance of respiratory muscle strength in the postoperative period of
open bariatric surgery.
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fatores socizs, alteragbes psicolégicas ¢ modificacdes cpigencticas, a obesidade tornou-se
um dos principais problemas de Saide Priblica no mundo. Além da inflamacio sistémica,
o obeso apresenta restricio da mecinica respiratoria pela deposicio de gordura no torax e
abdémen, reduzindo capacidades e volumes pulmonares, forca muscular, sobrecarga
articular & a tolerineia ao esforco. Olgetive: Propor wma equacio para a distancia
percornida no teste de caminhsds de 6 minutos (DTCH") com base nas vandveis
demogrdficas e de funcio pulmonar em obesos. Métodos: Tratase de um esmdo
transversal realizado com 104 homens chesos com indice de massa corporal (IMC) 230
kg/m? & idade 218 ancs, realizado no Centro Universitdnio Assis Gurgace, em Cascavel,
Parand, Brasil, entre dezembro de 2010 a margo de 2020. Hles realizaram TCG,

W:m&mmmmw&mkm
hmDMfﬂwwm&&m:thm{M
00356018 8.0000.5219). Unlizou-se o programa estmtistieo SAS 611 (SAS Instiute, Inc.,
EUA). O teste de Shapiro-Wilk demonstroun gaussianidade sendo realizadas anslises
parametrica. Uhlizou-se ainda o cocficiente de Pearson e a regressio linear stepwise em
vanivess mdependentes. Os resultados foram expressos em média = deswmo padrio e
frequéncia. Resultados: A D'T'C6 “se correlacionon com: sdade (+=-0,388, P=0,0005), peso
(=20,365, P=0,0007), altars (=0,285, P=0,028), indice de massa corporal (r=40,543,
F<0,0001), capacidade vital forcada-CVF (==0,472, P<0,0001), pico de flhuxo expiratorio
(=0,253, P=0,031) e pressio inspiratoria miwma (=0,313, P=0,017). Na regressio
stepwase, IMC, CVF e idade foram as immicas vansveis que previram de forma independente
a DTCE" e explicaram 40% de sua varishilidade. Assim, a equacio proposta foi: DTCE
{m) = 570,5 - (3,084 » IMCkg f m?2) + (1,003 = CVF% previsto) - (0,836 = anos de idade).
Conclusiio: A funcio pulmonar contribum para uma pior perfomance no TCE ™, sendo
que o IMC, a CVF e a idade em ordem decrescente predizem melhor a DTCE .

Palavras chaves: Obesidade; Exercicio fisico; Caminhada; Anormalidades
Muscul Iéicas; Espi !
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4 Consideracg0Oes Finais

Um dos estudos da presente Tese encontrou relagdo da fung&o pulmonar,
dados demograficos e estado metabdlico com o teste de TC6’ em obesos brasileiros.
Assim, os pacientes foram agrupados conforme o sexo para o ajuste da formula no
calculo do TC6'.

Na amostra de homens brasileiros obesos, a fungcdo pulmonar contribuiu para
0 baixo desempenho no TC6’. Nesses individuos, o IMC, a CVF e a idade foram as
variaveis que compuseram a equacao de referéncia para a DTC6'.

Na amostra de mulheres obesas, foram observadas correlacdes entre a
DTC6’ e alguns dados demogréficos e estado metabdlico, principalmente idade e
IMC. Além disso, houve associacdo entre a funcdo pulmonar e a DTCS,
principalmente com as medidas de CVF e PImax.

Esses resultados referentes a previsdo da DCT6’ na populagdo de obesos
brasileiros podem ser Uteis no cenério de reabilitacdo para avaliar a funcionalidade,
para o planejamento pré-operatério de cirurgias de reducéo de peso, para planejar a
intensidade das atividades fisicas e, ainda, para avaliar o sucesso de intervencdes
para perda de peso em obesos brasileiros.

No pdés-operatério nossos resultados indicaram que o uso da eletroanalgesia
reduz os niveis de dor nos pacientes. Embora ndo tenha havido alteracdo nos
parametros espirométricos, houve efeito protetor da TENS sobre a forgca muscular
respiratéria, com a manutencéo dos valores da PImax dentro da normalidade. Além
disso, houve efeito da TENS na hemodinamica, pois sua nédo utilizacdo (placebo)
afetou a taquipneia. Com base nos resultados deste estudo, a eletroanalgesia
mostrou-se uma ferramenta valiosa no alivio da dor e na manutencdo da forca
muscular respiratoria no pés-operatério de pacientes submetidos a cirurgia bariatrica

“aberta”.
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Apéndice 1 - Termo de Consentimento Livre e
Esclarecido

Vocé esta sendo convidado (a) a participar de uma pesquisa intitulada: “Papel
da Estimulacdo Elétrica Nervosa Transcutanea no Alivio da Dor e na Funcgéo
Respiratéria em Pacientes Submetidos & Operacdo de Cirurgia Bariatrica”,
coordenada pelo (a) Professor (a) Cesar Antonio Luchesa.

A sua participacdo ndo € obrigatéria sendo que, a qualquer momento da
pesquisa, vocé podera desistir e retirar seu consentimento. Sua recusa nao trara
nenhum prejuizo para sua relagdo com o pesquisador, com o Centro Universitario
FAG ou com o Hospital Sdo Lucas FAG.

Os objetivos desta pesquisa sao: Avaliar os efeitos do uso de equipamento
utilizado na reducdo da dor em pacientes que realizaram cirurgia da obesidade,
assim como avaliar seu efeito na fungéo pulmonar.

Caso vocé decida aceitar o convite, serd submetido (a) ao(s) seguinte(s)
procedimentos: Avaliacdo fisioterapéutica antes do inicio do tratamento, avaliacdo
dos sinais vitais do (a) paciente antes e depois da avaliagdo e do tratamento, seréo
avaliados os niveis de dor através do uso de uma escala simples objetiva, forca
muscular respiratéria e volume de ar expirado com uso de equipamentos
especificos. ApoOs a avaliacao fisioterapéutica sera realizada a aplicacdo do aparelho
para reducao da dor, onde serao utilizados 4 eletrodos auto-adesivos posicionados a
trés centimetros da inciséo cirdrgica.

O tempo previsto para a sua participacéo é de aproximadamente 2 horas.

Os riscos relacionados com sua participacdo sdo: A presenca de irritacao
cutanea, alergias cutaneas ao redor ou abaixo da colocacdo dos eletrodos,
desconforto fisico ou emocional. Com o objetivo de minimizar estes riscos, se
quaisquer uns dos itens de riscos citados acima ocorrerem, a aplicacdo da pesquisa
sera suspensa e 0 paciente sera encaminhada para atendimento da equipe de
saude

Os beneficios relacionados com a sua participagdo sao: Uma possivel

reducdo do quadro algico devido a incisédo cirargica, podendo assim, diminuir o
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tempo de internamento hospitalar, redugcdo na quantidade de medicamentos
analgésicos utilizados e prevencgdo de complicagbes pulmonares

Os resultados desta pesquisa poderdo ser apresentados em seminarios,
congressos e similares, entretanto, os dados/informacdes obtidos por meio da sua

participacéo serdo confidenciais e sigilosos, ndo possibilitando sua identificag&o.

A sua participagdo nesta pesquisa bem como a de todas as partes envolvidas
sera voluntaria, ndo havendo remuneracdo/pagamento. Nao estado previstos gastos
financeiros da sua parte, mas, caso ocorram, vocé sera ressarcido pelo responsavel
pela pesquisa.

Se vocé sofrer qualquer dano resultante da sua participagdo neste estudo,
sendo ele imediato ou tardio, previsto ou ndo, vocé tem direito a assisténcia integral
e gratuita, pelo tempo que for necessario, e também o direito de buscar indenizacao.
Ao assinar este termo de consentimento, vocé ndo estara abrindo m&o de nenhum
direito legal, incluindo o direito de pedir indenizacdo por danos e assisténcia
completa por lesdes resultantes de sua participacdo neste estudo.

Apos ser esclarecido (a) sobre as informacgdes do projeto, se vocé aceitar em
participar deste estudo, assine o consentimento de participagéo, que esta em duas
vias. Uma delas € sua e a outra € do pesquisador responsavel. Em caso de recusa,
vocé nao sera penalizado. Este consentimento possui mais de uma péagina, portanto,
solicitamos sua assinatura (rubrica) em todas elas.

A qualquer momento, vocé podera entrar em contato com o pesquisador
principal, podendo tirar suas duvidas sobre o projeto e sobre sua participacdo ou
com o Comité de Etica responsavel por avaliar este estudo.

Pesquisador Responsavel: Cesar Antonio Luchesa

Endereco: Rua Orlando Vasconcelos, n® 765, Bairro Pioneiros Catarinense,
Casacvel PR

Telefone: (45) 98422-8189

E-mail: fisioterapia_ala@saolucas.fag.edu.br

Assinatura:
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CONSENTIMENTO DE PARTICIPAGCAO

Eu , abaixo assinado,

concordo em participar do presente estudo como participante e declaro que fui devidamente
informado e esclarecido sobre a pesquisa e os procedimentos nela envolvidos, bem como
0s riscos e beneficios da mesma e aceito 0 convite para participar. Autorizo a publicacdo
dos resultados da pesquisa, a qual garante o anonimato e o sigilo referente a minha

participacao.

(G

Telefone de contato do participante
(se aplicavel, em caso de
acompanhamento)

Assinatura do participante

Impressao dactiloscopica do participante

g Nome e assinatura da testemunha imparcial
(se aplicavel)

(se aplicavel)

Em caso de dlvida quanto a ética da pesquisa, entre em contato com o Comité de Etica em Pesquisa em
Seres Humanos (CEP). Este Comité é composto por um grupo de pessoas que atuam para garantir que
seus direitos como participante de pesquisa sejam respeitados. Ele tem a funcéo de avaliar se a pesquisa
foi planejada e se esta sendo executada de forma ética.

Se vocé achar que a pesquisa ndo esta sendo realizada da forma como vocé imaginou ou que esta sendo
prejudicado de alguma forma, vocé pode entrar em contato com o Comité de Etica em Pesquisa do
Centro Universitario Assis Gurgacz (CEP-FAG):

Avenida das Torres 500 — Bairro FAG — Cascavel - Parana
CEP: 85806-095 - Prédio da Reitoria — 1° Andar

Horérios de atendimento:
Sequnda-feira: 12h10 —17h00 as 18h10 - 22h00
Terca-feira: 10h45 —16h00 as 17h10 - 20h30
Quarta, Quinta e Sexta-feira: 07h30 — 12h00 as 13h10 - 17h20

Tel.: (45) 3321-3791
E-mail: comitedeetica@fag.edu.br
Site: https://www.fag.edu.br/cep
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Apéndice 2 - Ficha de Coleta de Dados

Data: / /

Dados de identificacdo/epidemioldgicos:

Nome: Reg. de
internamento:

Idade: Sexo: ( ) Mas ( ) Fem Altura: Peso:
IMC:

Dados Intra-operatorios:
Tempo de cirurgia: Tempo de ventilagdo mecanica:

Classificacdo da Associacdo Americana de Anestsiologia (ASA):

Avaliacdo pulmonar, de dor e dados hemodinamicos:
1° Espirometria: CVF: VEF;: PEF:

Tiffeneau:
2° Espirometria: CVF: VEF;: PEF:

Tiffeneau:

1° Manovacuometria: P.ins: P.exp:
2° Manovacuometria: P.ins: P.exp:

Tabela 1 — Escala Visual Analdgica de Dor.

Escala visual analdgica de dor (EVA)

1° sesao 2° sessao 3° sesao 4° sessao
Antes | ApOs | Antes | Apdés | Antes | Apbés | Antes | Apds
Tabela 2 — Ficha de Coleta de Dados
Ficha de Coleta de Dados
1° coleta 2° coleta 3° coleta 4° coleta
Pré | P6s | Pré | Pos | Pré | P6s | Pré | Pés
P. sistélica
P. diastélica
Galgow
F.C
F.R
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Anexo 1 - Escala de Coma de Glasgow

PONTOS ABERTURA RESPOSTA VERBAL RESPOSTA MOTORA
OCULAR
6 - - Obedece a comandos
5 - Orientado Localiza a dor
4 Espontanea Desorientado Retirada
3 Ao chamado Palavras inapropriadas Flexdo de MMSS
2 A dor Sons inteligiveis Extensdo de MMSS
1 N&o N&o N&o
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Anexo 2 - Comité de Etica em Pesquisa

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: PAPEL DA ESTIMULAGAO ELETRICA NERVOSA TRANSCUTANEA NO ALIVIO DA
DOR E NA FUNCAO PULMONAR EM PACIENTES SUBMETIDOS A CIRURGIA

BARIATRICA
Pesquisador: Cesar Antonio Luchesa
Area Tematica:
Versdo: 1

CAAE: 11613219.0.0000.5219
Instituigdo Proponente: FUNDACAD ASSIS GURGACZ
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Namero do Parecer: 3.323.313

Conclusdes ou Pendéncias e Lista de Inadequagotes:
Esta pesquisa encontra-se APROVADA e n3o possui pendéncias ou lista de inadequagdes.

Contiuagho de Panecer 2711580

Conclusdes ou Pendéncias e Lista de Inadequagdes:
Esta pesquisa encontra-se APROVADA e ndo possul pendéncias ou lista de inadequaghes.
Consideragoes Finais a criterio do CEP:

Este parecer foi elaborado baseado nos documentos abaivo relacionados:

Tipo Diocumento Arquivo Postagem Auttor Situagao
InformiagDes Basicas PEI_INF[JRF-L-’._J;LE:IES_EASICAS-_DD_P 20102018 Aceito
do Projeto ROJETO 1417781 pdf 2342-37
TCLE [ Termos de | solicitacacdedispensadotcle. pdf 20102018 | RAFAEL Acaito
Assentimento | 223217 |RODRIGUES DA
Justificativa de SILVA
Aurséncia
Declaracao de declaracacdospesquisadores. pdf 20102018 | RAFAEL Acsito
Pesquisadones 22:30:52 |RODRIGUES DA
Projeto Detalhado /. |PROJETO.pdf 24002010 |RAFAEL Acaito
Brochura 02:35:10 | RODRIGUES DA
Investigador SILVA
Cwriros TCUDZ padf 24/08/2010 |RAFAEL Araito

07:06:13 | RODRIGUES DA
Folha de Rosto FOLHADEROSTOI paf 24002010 | RAFAEL Acaito
070337 |RODRIGUES DA

Situagao do Parecer:
Aprovado
Mecessita Apreciagao da CONEP:
M3
CASCAVEL, 18 de Novembro de 2018

Assinado por:
Thayse Dal Molin Alérico
{Coordenadoral)
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Anexo 3 - Bolsa de Capacitacao para Mestrado e
Doutorado

0o =123 s Ui mim Tkl

COOPEX divulga lista de selecionados para =
bolsas de capacitagio para Mestrado e
Deutorado

Iniciafiva & wiada para polasoes ¢ Woncod adminsyxivos d
I gnidcdos

T70EZ0

A COOFER - Coondenacdo de Pesguisa ¢ Ewmensds do Canao
Universkdric FRG dwasdpos o eeslkads & seciomnidos para &6 basas
di capaciacdo docense @ Téonic cadminstraty o nad moediddes de
Mz giraado @ Dodsgorado, com WMgEncia a parsr de 01 de juho de F009
Zardo concedidas 10 bosas, con o vakd mensal die BE E0000 com
vaidade para T mreses OF coMmanpiados Gevem proosar 4 SO0FER
@t e o dias 19 e IR0

Conirg od Se i cionadod

Casar Ansonis Lischesa

Disfany Schsitz

Qabiid g Abneiddon;ahaes de Faiva
Hiand Tahad Ao b wad
Julin T MEts

IS T G DT BT A T
Liciancdezzanta

Mefaria Loundas dn Mosa

Piassa, Joimae s Fodd igues Tolow
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