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RESUMO

O Kidney Disease Outcomes Quality Initiative (KDOQI) recomenda que a fistula
arteriovenosa (FAV) seja realizada seis meses antes do inicio da hemodialise (HD),
proporcionando tempo necessario para maturar 0 acesso. A maturacdo depende da
adaptabilidade vascular e do incremento de fluxo sanguineo para permitir as dilatacdes e
acomodacdes necessarias a utilizacdo da FAV. A realizacdo de exercicios locais no antebraco
pode aumentar a eficacia de maturacdo do acesso e estudos prévios sugerem que a adicao de
restricdo parcial de fluxo sanguineo (RFS) durante a realizagdo dessas atividades pode
potencializar esses resultados. Este trabalho sera apresentado em dois artigos originais: um
estudo transversal e uma série de casos, ambos derivados de um ensaio clinico controlado e
randomizado. Sera apresentada ainda uma revisdo sistematica desenvolvida durante o curso de
mestrado. O estudo transversal teve como objetivo avaliar a relacdo entre a forca de preensédo
palmar e as caracteristicas vasculares de pacientes com DRC nos estagios 4 e 5 sob tratamento
conservador ou dialitico. A série de casos teve como objetivo avaliar os efeitos de um programa
de exercicio fisico com restricdo parcial de fluxo sanguineo sobre os vasos sanguineos do
antebraco em pacientes com DRC pré-confeccdo de FAV. A pesquisa foi aprovada pelo Comité
de Etica em Pesquisa da instituicdo (N° 2.532.265), e registrada no Registro Brasileiro de
Ensaios Clinicos (RBR-4p6fk2). Foram incluidos pacientes com DRC em estagio 4 ou 5, de
ambos os sexos, com idade acima de 18 anos, em tratamento conservador medicamentoso ou
dialitico com indicacdo de confeccdo de FAV, totalizando 41 pacientes no estudo transversal
(21 em tratamento conservador e 20 em HD) e 4 pacientes na série de casos. No estudo
transversal, foi observada relacdo entre a forca de preensdo e as caracteristicas vasculares dos
segmentos mais proximais do antebracgo. Foi verificada uma relacdo entre a forca de preensao
palmar e o diametro da artéria radial aos 10 e 20 cm e com a distensibilidade venosa aos 20 cm.
Todos os pacientes com DRC apresentaram os critérios vasculares necessarios para confeccao
da FAV. No protocolo de treinamento da série de casos 0s pacientes realizaram exercicios de
compressdo manual com bola de ténis, flexdo de cotovelo e de punho com halteres, além de
compressdo manual com handgrip: Dois pacientes realizaram o treinamento com RFS e dois
executaram o protocolo sem utilizacdo da restricdo de fluxo. Na série de casos todos 0s
pacientes submetidos ao programa de exercicios apresentaram aumento nos didametros da arteria
radial e veia cefalica. Em relacdo a forca de preensdo manual, os pacientes que realizaram
treinamento sem restricdo parcial de fluxo sanguineo apresentaram melhor desempenho.

Observamos que o treinamento com e sem restricdo parcial de fluxo sanguineo no antebraco



proporcionaram incremento no calibre vascular e na forga de preensdo manual promovendo

adaptacOes vasculares necessarias ao sucesso de maturacdo da FAV.

Palavras-chave: Derivacdo arteriovenosa cirurgica. Insuficiéncia renal crénica. Exercicio

isométrico. Endotélio vascular. Forca muscular. Dialise renal.



ABSTRACT

The Kidney Disease Outcomes Quality Initiative (KDOQI) recommends that the arteriovenous
fistula (AVF) be performed six months before the onset of hemodialysis (HD), providing time
to mature access. Maturation depends on vascular adaptability and increased blood flow to
allow for the dilations and accommodations required for AVF use. Performing local forearm
exercises can increase the effectiveness of access maturation and previous studies suggest that
the addition of partial blood flow restriction (BFR) during these activities may enhance these
results. This paper will be presented in two original articles: a cross-sectional study and a case
series, both derived from a randomized controlled trial. It will also be presented a systematic
review developed during the master course. The cross-sectional study aimed to evaluate the
relationship between handgrip strength and vascular characteristics of CKD patients in stages
4 and 5 under conservative or dialysis treatment. The objective of this case series was to
evaluate the effects of a physical exercise program with partial blood flow restriction on the
forearm blood vessels in patients with CKD prior to AVF. The study was approved by the
institution's Research Ethics Committee (No. 2,532,265) and registered with the Brazilian
Clinical Trials Registry (RBR-4p6fk2). Patients with stage 4 or 5 CKD, of both sexes, over 18
years of age, under conservative drug treatment or dialysis with indication for AVF were
included, totaling 41 patients in the cross-sectional study (21 under conservative treatment and
20 in HD) and 4 patients in the case series. In the cross-sectional study, a relationship between
grip strength and vascular characteristics of the most proximal forearm segments was observed.
A relationship between palmar grip strength and radial artery diameter at 10 and 20 cm and
venous distensibility at 20 cm was verified. All CKD patients had the vascular criteria necessary
for AVF. In the case series training protocol, patients performed manual compression exercises
with tennis ball, elbow and wrist flexion with dumbbells, and manual compression with
handgrip: Two patients underwent BFR training and two performed the protocol without the
use of flow restriction. In the case series, all patients submitted to the exercise program
presented increase in the radial artery and cephalic vein diameters. Regarding the handgrip
strength, the patients who performed training without partial blood flow restriction presented
better performance. We observed that training with and without partial forearm blood flow
restriction provided an increase in vascular caliber and handgrip strength promoting vascular
adaptations necessary for successful AVF maturation.

Keywords: Surgical arteriovenous shunt. Chronic renal insufficiency. Exercise. Vascular

endothelium. Muscle strenth. Renal dialysis.
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1 INTRODUCAO

As alteracbes no perfil da morbimortalidade populacional com o passar dos anos
projetaram a doenca renal crénica (DRC) como um desafio a satde publica, com elevada taxa
de incidéncia e de prevaléncia (STEVENSON et al., 2016). A perda da funcéo renal na DRC é
progressiva, lenta e irreversivel, havendo deterioracdo das fungdes excretoras e enddcrinas.
Como consequéncia dessa perda surge a necessidade das terapias de substituicdo renal (TRS)
como a hemodialise (HD), dialise peritoneal (DP) e transplante renal para o desempenho dessas
funcbes e entre os tipos de TRS conhecidas, a HD é a terapia mais utilizada no Brasil
(ALMEIDA et al., 2012).

O principio basico da HD é a filtracdo sanguinea através de uma maquina de dialise,
realizando a remocdo do liquido em excesso, corre¢do dos desequilibrios eletrolitico e &cido-
basico, além da remoc¢édo dos produtos de degradacdo toxicos para o corpo (RIELLA, 2003).
Para a realizacdo da HD € necessario acesso vascular temporario ou definitivo.

O Kidney Disease Outcomes Quality Initiative (KDOQI) recomenda que 0s pacientes
que necessitam de HD regular sejam submetidos a confeccdo de acessos vasculares
permanentes (KDOQI, 2006). Até o momento, a fistula arteriovenosa (FAV) (PERL et al.,
2016) ¢ considerada padréo-ouro para 0 acesso vascular, uma vez que estd associada a maior
sobrevida quando comparada aos demais acessos (MIYAMOTO et al., 2017).

O KDOQI recomenda que a confeccdo da FAV seja realizada seis meses antes do inicio
da HD, proporcionando tempo necessario para maturar o acesso favorecendo o sucesso na
primeira canulacdo (KDOQI, 2006), enquanto o Canadian Society of Nephrology e o European
Best Practice Guidelines aconselham a construcdo da FAV baseada na taxa de filtracdo
glomerular (TFG), sendo recomendada a partir do estagio 4 da DRC (JINDAL et al., 2006;
TORDOIR et al., 2007).

A qualidade da parede do vaso e o didmetro vascular sdo fatores importantes no processo
de maturacdo da FAV e a presenca de alteracdes vasculares como flebites ou calibre venoso
reduzido, além de calcificacdo da parede arterial, séo fatores que influenciam no sucesso desse
processo (FALK, 2006). O mapeamento vascular e o reconhecimento precoce de alteragdes e
de complicacdes locais como as estenoses, ramos colaterais e problemas no sistema arterial
favorecem a manutencéo da perviedade do acesso, seja por meio de corre¢do endovascular ou
atraveés da revisdo cirargica da FAV (BEATHARD, 2006). Assim, a maturacdo depende da
adaptabilidade vascular e do incremento de fluxo sanguineo para permitir as dilatagdes e

acomodac0es necessérias a utilizacdo do acesso (BYLSMA et al., 2017).
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Acredita-se que a realizagdo de exercicios locais no antebraco pode contribuir com a
melhor eficécia de maturagdo do acesso e estudos prévios sugerem que a adi¢do de restricao
parcial de fluxo sanguineo durante a realizacdo dessas atividades pode potencializar 0s
resultados na maturacdo apos a cirurgia (KDOQI, 2006; BARBOSA et al., 2018; WILSCHUT
etal., 2018).

Considerando esses aspectos, 0 objetivo desse estudo foi verificar as caracteristicas
morfologicas e funcionais vasculares do antebraco e a forca de preensdo em pacientes com
doenca renal crénica submetidos ou ndo a um protocolo de exercicio com restricdo parcial de

fluxo sanguineo em pacientes com DRC em est&gios 4 e 5 no periodo pré-confeccdo da FAV.
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2 REFERENCIAL TEORICO

2.1 DOENCA RENAL CRONICA: DIAGNOSTICO E COMPLICACOES
Os primeiros estudos envolvendo a DRC aconteceram em 1836 quando Richard Bright

analisou a morfologia renal de um paciente autopsiado (KEITH; KEYS, 1954). A definicéo
mais recente adotada pelo Kidney Disease Improving Global Outcome (KDIGO), é a de que a
DRC ¢é uma condicdo caracterizada pela presenca de anormalidade na estrutura e/ou na funcéo
renal, presente por mais de trés meses e com implicacbes para a saude (KDIGO, 2012).
Incialmente a DRC pode néo apresentar sinais ou sintomas perceptiveis, o que dificulta o seu
diagndstica e a implementacdo de protocolos de prevencéo e tratamento precoces (BASTOS et
al. 2010).

Os principais mecanismos lesivos envolvidos na fisiopatologia da DRC podem ser
decorrentes de anormalidades no desenvolvimento renal ou na integridade do 6rgdo, através da
deposicdo de imunocomplexos, processos inflamatorios ou exposi¢cdo a substancias toxicas,
com alteracGes tubulares e intersticiais; ou por meio da perda progressiva da funcao renal com
lesdo dos néfrons viaveis remanescentes (JAMESON; LOSCALZO, 2013).

De acordo com as orientacdes do KDIGO, a DRC é classificada em estagios segundo a
taxa de filtracdo glomerular (TFG) e presenca de albumindria, apresentando-se em 5 estagios
(Quadro 1).

Quadro 1 — Estagios da doenca renal de acordo com as diretrizes do KDIGO.

Estagios de albumindria persistente (mg/q)
Al A2 A3
Normal a Moderadamente Severamente
levemente aumentada aumentada
aumentada
<30 30-300 >300
1 | Normal ou >90 Monitorar Encaminhar
elevada
2 | Reducéo leve | 60-89 Monitorar Encaminhar
= 3a | Reducdo leve | 45-59 Monitorar Monitorar
Sd a moderada
8 £ | 3b | Redugdo 30-44 Monitorar
8; moderada
o E grave
4 | Redugéo 15-29
severa
5 | Falénciarenal | <15

Legenda: TFG: Taxa de filtracdo glomerular; A: Estagios de albuminuria. Fonte: Adaptada do
KDIGO (2012).



18

De acordo com essa classificacdo, os pacientes que estdo sob baixo risco (campos do
quadro destacados em verde) devem ser monitorados uma vez ao ano se houver presenca de
DRC. Aqueles com risco moderadamente aumentado (campos destacados em amarelo) devem
ter monitorizagcdo uma vez ao ano. Os pacientes com risco elevado (campos destacados em
laranja) devem ser submetidos a duas monitorizagdes anuais. A presenca de alto risco (campos
destacados em vermelho) aumentam a necessidade de acompanhamento continuo, elevando o
numero de monitorizacGes necessarias anualmente para trés vezes, enquanto o0s pacientes que
apresentam risco muito alto (campos destacados em vermelho escuro) devem ser monitorizados
com maior frequéncia que os demais (quatro vezes ou mais por ano) (KDIGO, 2012). Esse
sistema de estadiamento permite a aplicacdo de diretrizes para o diagndstico e tratamento da
DRC (SCHMITZ, 2012).

Individuos que apresentam diabetes mellitus, hipertenséo arterial sistémica assim como
a idade avancada e historico familiar de doenca renal sdo mais suscetiveis a desenvolver a
doenca renal em relacdo aos demais individuos (MORSCH; VERONESE, 2011). No entanto,
independentemente da doenca prévia, as principais complica¢fes decorrentes da DRC sdo a
acidose metabdlica, alteraces no metabolismo mineral e 0sseo, alteracbes musculares,
respiratdrias e cardiovasculares, cujo desfecho pode ser fatal (BASTOS et al. 2010).

O comprometimento da musculatura no paciente com DRC acontece por mecanismos
que afetam tanto a estrutura quanto a funcdo do musculo. Nesses pacientes, a miopatia urémica
estd associada as alteracBes no metabolismo energético, no catabolismo proteico e na atrofia
muscular por desuso (COELHO et al., 2007). De maneira geral, as causas de fraqueza nesses
pacientes incluem atrofia de massa musculoesquelética, reducdo da capacidade de gerar forca
por unidade de massa (miopatia) e reducdo da capacidade do sistema nervoso em ativar
unidades motoras normais ou ainda a combinacdo desses mecanismos (JOHANSEN et al.,
2003).

Pacientes com DRC apresentam reducdo na taxa de sintese proteica implicando em
alteracOes na sintese de cadeias de miosina, o que poderia explicar a forga muscular diminuida.
A ocorréncia de disfungdes mitocondriais culmina em anormalidades no metabolismo
energeético, favorecendo menor resisténcia e maior fatigabilidade nesses pacientes (ADEY et
al., 2000). Apesar desses mecanismos exercerem fungdo importante na fraqueza muscular, o
catabolismo proteico parece desempenhar um papel mais decisivo na perda de massa muscular
em pacientes com DRC (ADAMS; VARIZI, 2006).
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Os mecanismos que promovem a protedlise sdo multiplos e envolvem processos
inflamatorios celulares, acidose metabolica decorrente das substancias urémicas circulantes,
déficit de vitamina D e aumento na producdo de glicocorticosterdides estdo entre possiveis
fatores. Esses mecanismos atuam sinérgica mas individualmente para alterar a acdo intracelular
inibitoria da insulina, que participa de dois processos catabolicos: caspase-3 e ubiquitina-
proteassoma (WANG et al., 2006; BOIVIN et al., 2010). Essas alteragdes também interferem
na atividade proliferativa e de diferenciacdo de células satélites, favorecendo fibrose da célula
muscular (ZHANG et al., 2010).

Outras alteragfes, assim como as que ocorre no metabolismo mineral e 6sseo na doenca
renal resultam de uma série de manifestacdes que incluem a desregulacdo do fator de
crescimento de fibroblastos, desregulacdo da sintese ou secre¢do excessiva do paratormdonio,
hipocalcemia e hiperfosfatemia, dentre outros mecanismos (BOVER; COZZOLINO et al.,
2013). Essas alteracGes associam-se a fragilidade dssea, com altas taxas de fraturas,
calcificacOes vasculares e risco aumentado para desenvolvimento de doencas cardiovasculares
(MOE et al., 2006).

Estima-se que o risco de doenca cardiovascular no paciente com DRC seja vinte vezes
maior que na populacéo geral devido a presenga de fatores proprios da doenga, como o estresse
oxidativo, a disfuncdo e calcificacdo endotelial, além do acimulo de toxinas urémicas, que pode
gerar aumento da resisténcia a insulina e desencadear uma cascata de altera¢cGes que podem
culminar em aterosclerose (STORINO et al., 2015).

De maneira semelhante, as alteracdes fisiopatoldgicas da DRC acometem o sistema
respiratério. Os musculos respiratérios, assim como 0s demais grupamentos musculares
esqueléticos, podem apresentar reducdo de forca e massa muscular decorrente da miopatia
urémica e a anormalidade muscular respiratoria pode gerar déficit ventilatério, com
comprometimento tecidual pulmonar (KEMP et al., 2004). Outras complicacdes do sistema
respiratorio nos pacientes com DRC incluem fibrose e calcificagdo pleural, diminuicdo do fluxo
sanguineo capilar pulmonar e edema pulmonar entre os principais (CURY et al., 2010).

2.2 TERAPIA RENAL SUBSTITUTIVA
A terapia renal substitutiva tem como finalidade suprir a fungéo renal deficitaria de maneira

parcial ou integral. Dentre os tipos de TRS estdo a didlise peritoneal, a hemodialise e 0
transplante renal (SANCHO; DAIN, 2008). Estima-se que no Brasil mais de 122.000 pacientes
estejam em tratamento com alguma modalidade de TRS (SESSO et al., 2017).
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A didlise peritoneal apresenta-se em trés tipos diferentes: dialise peritoneal intermitente
(DPI), a ambulatorial continua (CAPD) e a automatica (DPA). Em 2016 a taxa de prevaléncia
do uso de dialise peritoneal no pais foi de 7,9% dos pacientes em TRS, sendo a DPA a
modalidade predominante (SESSO et al., 2017). A DPI é geralmente realizada em ambiente
hospitalar, com duracéo aproximada de 20 a 24 horas seguidas, com frequéncia de duas vezes
por semana (RANGEL et al., 2017).

O segundo tipo de dialise peritoneal € a CAPD, que representa uma modalidade na qual
a solucdo de dialise estd continuamente na cavidade abdominal, sendo considerada um tipo
continuo de didlise. Sua realizacdo pode ser feita de maneira intermitente, com trocas da solucéao
de diélise no periodo noturno utilizando uma maquina cicladora que infunde e drena o liquido
automaticamente. Diferente da CAPD, a DPA é realizada normalmente a noite, ocorrendo a
execucdo da TRS apenas uma vez ao dia e as conexdes realizadas na CAPD sdo substituidas
por uma dnica conex&o noturna, com desconex&o pela manha (ABRAHAO et al., 2010).

Pacientes com DRC em estagio terminal podem ser submetidos ainda ao transplante
renal e a HD. Em caso de escolha pelo transplante, o paciente pode receber um rim saudavel de
um doador vivo ou falecido (TIMSIT et al, 2016). A sobrevida apds o transplante é considerada
alta (87%) ap6s o primeiro ano, com melhor qualidade de vida e menor taxa de complicacfes
quando comparado as outras TRS (ANDREWS, 2002). O Inquérito Brasileiro de Dialise mais
recente aponta que em 2016, mais de 29.000 pacientes com DRC estavam em fila de espera
para a realizacdo de transplante renal (SESSO et al., 2017).

Dentre os tipos de TRS, a hemodialise ¢ modalidade mais utilizada, sendo responsavel
atualmente pelo tratamento de 92% dos pacientes em TRS (SESSO et al., 2017). O tipo de HD
mais utilizada no Brasil € a HD convencional, cujas sessdes sao realizadas trés vezes na semana
com duracdo média de quatro horas, utilizando a maquina de dialise onde o sangue, em contato
com o liquido de didlise, € filtrado por uma membrana semi-permeavel (DAUGIRDAS 2001).

A necessidade de realizacdo de TRS implica que os pacientes possuam acesso vascular.
Dentre os tipos de acesso utilizados estéo os cateteres venosos centrais (CVC) néo-tunelizados
(de curta permanéncia) e tunelizados (longa permanéncia), além das FAVs autégenas ou
protéticas (BYLSMA et al., 2017).
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2.3 TIPOS DE ACESSO VASCULAR PARA HD

2.3.1 Cateter venoso central
Os CVCs sdo considerados acessos de urgéncia, quando o paciente esta na iminéncia da

realizacdo da HD e ndo ha tempo habil ou indicacéo para a construcéo de um acesso definitivo.
A praticidade e rapidez na implantacdo do acesso, a baixa resisténcia venosa e a possibilidade
de uso imediato facilitam o inicio da HD (FERREIRA; ANRADE, 2007).

Estima-se que no Brasil, cerca de 20% dos pacientes com DRC realizam HD por meio
de cateteres de curta ou longa permanéncias (SESSO et al., 2017). Sdo preferencialmente
implantados na veia jugular, onde ha menores taxas de complicacGes, sendo possivel o implante
ainda nas veias subclavias e femorais sem necessidade de periodo de maturacdo do acesso para
sua utilizacdo (NEVES JUNIOR et al., 2013), que podem ser de Iimen Gnico, duplo ou triplo

limen (Figura 1).

Figura 1 — Cateteres venosos centrais mono (1), duplo (2) e triplo limen (3), respectivamente.
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Fonte: Google.

Apesar da maior facilidade de utilizagéo, o uso de CVC esta relacionado a elevadas
taxas de infecgdo da corrente sanguinea, com maior hospitalizacdo e morbimortalidade. Dessa
forma, seu implante ndo exclui a posterior necessidade de um acesso mais seguro e com maior
durabilidade (GROTHE et al., 2010).
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2.3.2 Fistula arteriovenosa
A técnica cirdrgica para a construcdo da FAV foi inicialmente descrita por Brescia e

Cimino em 1996, sendo considerada como o acesso de melhor escolha para a realizagéo e a
manutencdo da HD regular (KONNER et al, 2003; ARER; YABANOGLU, 2016). A FAV é
definida como uma anastomose entre uma artéria e uma veia, confeccionada para proporcionar
aumento de fluxo sanguineo local e do didmetro da veia envolvida, juntamente com o
espessamento da parede do vaso, para maior durabilidade do acesso vascular (KDOQI, 2006).

A FAV pode ser classificada de acordo com o conduto ou a localizag&o. Em relagéo ao
conduto, a FAV pode ser autdgena (sem uso de material sintético) ou protética (ESTALLO-
LALIENA, 2007) com interposicdo de segmento de politetrafluoretileno expandido (PTFE) ou
Dacron (Figura 2).

Figura 2 — Fistula arteriovenosa autogena (1) e protética (2).
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Fonte: Google.

Em relacdo a localizacdo, a FAV pode ser distal (radio-cefalica) ou proximal (braquio-
cefalica, braquio-basilica, braquio-braquial e braqui-axilar) (DE LEUR et al., 2013; KOREPTA
et al., 2016).

No momento da escolha, deve-se realizar uma avaliagdo minuciosa das caracteristicas
vasculares para que se atinja o funcionamento adequado na fase operatoria e pds-operatéria.
Prioriza-se que, na escolha do local do primeiro acesso, a preferéncia seja a FAV distal (radio-
cefalica) e em caso de falha, seja confeccionado o acesso proximal (braquio-cefalico)
(SRIVASTAVA; SHARMA, et al, 2011). Em casos de dificuldades na construcdo desses
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acessos, as escolhas subsequentes devem ser o uso do PTFE e a transposicao de veia basilica
para anastomose com a artéria braquial (NASCIMENTO et al., 1999).

2.4 MATURAGCAO E FALENCIA DA FAV
Embora a FAV seja 0 método mais recomendado para a realizacdo de HD, a falha

primaria e a falha de maturacéo (ou falha secundaria) séo relativamente comuns, entre 20 e 30%
(KIMBALL et al., 2011). A falha da FAV representa uma das causas mais comuns de
hospitalizacdo entre pacientes submetidos a HD regular, causando impacto na sobrevivéncia
desses pacientes (FELDMAN et al., 1996).

Apds a criacdo da FAV ocorre rapido aumento do fluxo sanguineo local, com
acentuacdo dos niveis de 6xido nitrico (ON) e prostaciclina, promovendo a vasodilatacdo e a
inibicéo da proliferacio de células musculares lisas e agregacéo plaquetaria (FONTSERE et al.,
2016). A combinacdo do ON com o oxigénio liberado pelos radicais livres desencadeia um
processo celular que resulta na remodelagdo mais duradoura (LEHOUX et al., 2006a;
LEHOUX et al., 2006b).

O processo de maturacdo da FAV ainda ndo esta completamente estabelecido e atinge
0 tempo necessario varidvel entre 4 e 12 semanas ap0s o procedimento cirdrgico, e
aproximadamente 30% dos acessos ndo atingem a maturagdo devido a inabilidade venosa para
dilatar ap6s a anastomose ou por baixo fluxo da artéria aferente (TOREGEANI et al., 2008;
PEREIRA et al., 2016). O sucesso da maturagdo requer um processo complexo e ordenado de
remodelacdo vascular que envolve vasodilatacdo, relaxamento muscular, alteracdo da
elasticidade interna do vaso e inibicdo de antiagregacdo plaquetaria local (KAKKOS;
GOUMENOS, 2019).

Para que 0 acesso seja considerado maduro e apto para a utilizacdo é necessario que a
veia seja visivel, de facil canulacdo, apresente frémito palpavel e possua dilatacdo venosa de
pelo menos 10cm de comprimento. Outro aspecto a ser considerado sobre a maturacdo da FAV
é quanto ao fluxo sanguineo minimo (entre 350 a 450 ml/min) para o tempo total da dialise com
alta eficiéncia da HD (DIXON, 2006).

Dentre as principais causas de falha na maturagdo estdo as estenoses, a presencga de
trombos ou o roubo de fluxo sanguineo (BORGES, 2009). Além dos fatores diretamente ligados
as alteragdes vasculares, a DRC relaciona-se com alteracdes metabolicas, sendo o disturbio
mineral e 0sseo da doenca renal (DMO-DRC) possivelmente responsavel pelos efeitos
negativos na remodelacdo vascular desses individuos (LI et al., 2002). Os mecanismos

resultantes da reducéo de fosfato e da alteracdo dos niveis de paratorménio (PTH), podem
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transformar a estrutura do tecido muscular, promovendo a calcificagdo e a rigidez arterial
(GIACHELLI et al., 2001), e o aumento de célcio intracelular se associar a reducdo de

capacitancia dos vasos, respectivamente (BOSWORTH et al., 2013).

2.5 ULTRASSONOGRAFIA PARA AVALIAC,‘AO E MONITORIZAC}AO DA FAV
A ultrassonografia (US) é um método de avalia¢do por imagem cuja auséncia de efeitos

danosos por radiacao e baixo custo relativo, além da capacidade de gerar imagens estaticas e de
fluxo em tempo real compdem parte dos atrativos do exame. A US possui cinco modos de
avaliacdo (A, B, M, doppler e elastografico), cujos mais difundidos sdo 0 modo B, na anélise
de imagens gerais, e o doppler, realizado para analise de fluxos em tempo real (PAPALEO;
SOUZA, 2019).

A US vascular para averiguacdo dos diametros arteriais e venosos permite identificar a
qualidade dos vasos a serem utilizados, assim como o status do defluxo venoso superficial e
profundo (GLASS et al., 2009). As imagens bidimensionais obtidas pela ultrassonografia
(modo B) permitem a visualizagdo e mensuracao da morfologia dos vasos, enquanto as imagens
obtidas por meio do doppler permitem mapeamento funcional local pela quantificacdo das
velocidades de fluxo dos vasos, além de identificar presenca de calcificacdes na parede ou de
estenoses do vaso (THRUSH; HARTSHORNE, 2005; FERRING et al., 2008; BORGES,
2009). A US doppler tornou-se um método importante na avaliagdo de anormalidades
vasculares, além de ser Gtil no planejamento cirdrgico para o tratamento da maioria das doencas
vasculares (ENGELHORN et al., 2007).

A avaliacdo pré-operatoria por meio da US permite 0 mapeamento e acompanhamento
do desempenho do acesso da regido da FAV, e os seus resultados permitem a implementagéo
de préticas que favorecam melhores taxas de permeabilidade e sobrevida a longo prazo
(TORRES et al., 2019). Nos casos onde a maturidade do acesso ndo pode ser confirmada por
meio da avaliacdo fisica isoladamente, a realizacdo de US pode ser utilizada para observar o
sucesso ou insucesso no processo de maturacdo, podendo ser util na identificacdo de possiveis
disfuncgdes locais como a presenca de estenoses apos a cirurgia (SIDAWAY et al, 2008).

As dificuldades da avaliacéo e analise do tempo e conclusdo do processo de maturacéo
da FAV podem ser amenizadas com a utilizagdo do US, que por sua vez fornece respostas mais
precisas em relacdo a condicdo do acesso. Informacdes sobre o volume de fluxo sanguineo e
diametro da veia de drenagem do acesso facilitam a analise da maturidade da FAV. Dessa
forma, de posse dessas informacdes, a associacdo com o exame fisico proporciona condic¢des

para um melhor mapeamento e manuseio do acesso (FONSECA et al., 2015).
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2.6 PAPEL DO EXERCICIO NA MATURAC}AO DA FAV
O KDOQI (2006) recomenda a realizacdo de exercicios antes e apos o procedimento

cirurgico de construcdo da FAV para otimizar o processo de maturacdo do acesso por meio do
aumento do calibre do vascular e do ganho de massa muscular, além de facilitar a proeminéncia
ou superficializagdo venosa pela redugédo da gordura superficial apds a préatica de exercicios de
compressdo manual locais (RODRIGUEZ et al., 2005; BEATHARD, 2005; KDOQI, 2006,
REINAS et al., 2012).

Os exercicios favorecem o incremento de fluxo sanguineo na musculatura esquelética,
com aumento da tensdo de cisalhamento nas células endoteliais vasculares e aceleracdo da
expressdo da enzima ON sintetase, a qual resulta em melhora da funcdo endotelial local
(SHIMIZU et al., 2016). O sucesso da maturagdo da FAV depende de mudangas estruturais do
vaso, como angiogénese e remodelacdo e funcionais, que envolvem mudancas fenotipicas da
musculatura lisa vascular e das células endoteliais (PADILLA et al., 2011).

O processo de vasodilatacdo da parede endotelial ¢ mediado pela liberagdo ON como
resposta em curto prazo, no entanto, as adaptaces continuam ocorrendo em médio prazo como
consequéncia do aumento da tensdo de cisalhamento e maiores tensbes geradas durante o
exercicio estimulando a producdo de ON, e a longo prazo, possivelmente decorrente do
aumento cronico do calibre do vaso mediado pela liberacdo de ON (GREEN et al., 2004). Essas
alteracOes servem como suporte para a indicacdo de exercicios locais para FAV.

A realizacdo de exercicios para a maturacdo da FAV € uma pratica comum, e apesar de
seus efeitos sobre o diametro dos vasos e da forca de preensdo manual serem um senso comum,
a variabilidade de protocolos utilizados é relativamente alta. De maneira geral, estudos que
envolvem protocolos direcionados para a maturacao da FAV tém demonstrado que a realizagédo
de exercicios para o0 antebraco é capaz de aumentar os diametros vasculares e promover maior
velocidade de fluxo sanguineo local, além de favorecer maior forca de preensdo manual nos
pacientes com DRC. No Quadro 2, estdo dispostos alguns programas realizados por pacientes
com DRC em tratamento conservador, previamente a confeccdo da fistula, e por aqueles que
possuem o acesso submetidos ou ndo hemodiélise regular.

Apesar da variabilidade dos protocolos apresentados no quadro a seguir, é fato que
independentemente de a populacgdo estar em tratamento conservador ou dialitico, os beneficios
do exercicio local no antebrago foram semelhantes. O uso de materiais de treino diferentes
também n&o pareceu influenciar em resultados distintos. Dessa forma, a realiza¢ao de exercicios

locais parece desempenhar papel fundamental para maturagdo da FAV distal, considerando que
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sdo capazes de promover aumentos do calibre vascular nesses pacientes, favorecendo ainda o

ganho de forgca muscular assim como demonstrado no Quadro 2.



Quadro 2 — Protocolos de exercicios para maturacdo de FAV.
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Autor/ano Desenho do Populacéo M?Fe”al Protocolo DESf?ChOS Resultados
Estudo utilizado avaliados
Leaf et al., Sériedecasos e 5 pacientes Bola de ténis e Duragéo: 6 semanas e Diametro distal Aumento do
2003 e Pacientes com e Frequéncia: 4 da VC diametro  da
creatinina vezes/semana VC
>1,5mg/dL ¢ Intervencdo: compressdes
Em tratamento isométricas durante 80 a
conservador 360 segundos pelo MSND
e Controle: MSD sem
realizacdo de exercicio
Rus et al., Ensaio clinico e 14 pacientes Bola flexivel e Duragéo: 8 semanas Diametros da AR Aumento dos
2003 randomizado e Submetidos a e Intervencdo: 20 e VC diametros da
HD regular repeticbes/min, durante Velocidade de AReVC
30min fluxo arterial Aumento da
Forca de forca de
preensdo palmar preenséao
Kumar et Ensaio clinico e 23 pacientes Bola flexivel e Duragdo: 4 semanas Diametros da Aumento dos
al., 2010 randomizado  DRC em estagios 3 Intervencdo: 20 AR, ABe VC didmetros da

e4d

repeticbes/min,  durante
30min diariamente

Velocidade de
fluxo arterial

Forca de
preensao manual

AR, ABe VC
Aumento da
velocidade de
fluxo
Aumento da
forca de
preensao



Uy et al,
2012

Martinez et Ensaio clinico

al., 2017

Barbosa et Ensaio clinico

al., 2018

Estudo piloto

randomizado

randomizado

e 15 pacientes

e >18anos

e TFG <25
mL/min/1,73 m?

Diametro da VC

<2,5mm

e 45 pacientes

e DRC em estagio
5

e Submetidos a
HD regular com
FAV recente

26 pacientes

e DRC em
estagios 4 e 5

e >18anos

e Em tratamento

conservador

Bola flexivel

e EENM

eBola
flexivel

¢ Objetos
entre 1-
2Kg

eBola de
ténis

e Halter

e Handgrip

e Duragéo: 8 semanas

eGrupo intervencdo: 10
séries de 20 repeticdes no
MSND diariamente

e Grupo controle: MSD sem
exercicio

e Duracéo: 8 semanas

eGrupo EENM: 30-45min
de EENM, nas primeiras 2h
de HD

e Grupo controle:
compresséo manual
isométrica + flexdo de
cotovelo*

e Duragéo: 16 semanas

e Bola de ténis: 3 séries de 10
repeticdes, com incremento
de 5 repeticGes/semana

eHalter: 3 séries de 10
repeticoes
e Handgrip: 20

compressdes/minuto, com
duracdo de 3 minutos

Diametro da VC
Forca de preenséo
palmar

Diametro das AR
e AB

Pico sistdlico das
AR e AB
Velocidade média
do fluxo da AR e
AB

Diametro da VC
Paténcia venosa
Forca de preensédo
palmar

Diametro e
distensibilidade
daVvC

Diametro da AR
Velocidade média
do fluxo da AR
Pico sistolico da
AR
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Aumento do
diametro da VC

Aumento da

forca de

preensao
Aumento  nos
diametros  da
AR, ABe VC
Aumento da
forca de

preenséo no GC

Aumento  do
diametro da VC
Aumento  do
diametro da AR
Aumento de

forca de
preensao
manual no

grupo controle



Kumar et Ensaio clinico e 34 pacientes e Bola e Duragéo: 8 semanas
al., 2019 randomizado e DRCem flexivel e Frequéncia: treinamento
estagio 3 e 4 diario
e >18 anos e Grupo intervencdo: 20
e Em tratamento compressdes/min, durante
conservador 30min

e Grupo controle: ndo
realizaram exercicio

Diametro distal
daVvC

Forca de
preensdo manual

Aumento do
diametro da
VC
Aumento da
forca de
preensao
manual
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Legenda: DRC: Doenca renal cronica; MSND: Membro superior ndo-dominante; MSD: Membro superior dominante; VC: Veia cefélica; AR:

Artéria radial; HD: Hemodialise; FAV: Fistula arteriovenosa; EENM: Eletroestimulacdo neuromuscular; AB: Artéria braquial; GC: Grupo controle;

*0 estudo nao apresentou a descri¢do da duracao ou intensidade dos exercicios.
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2.7 EXERCICIOS COM RESTRICAO PARCIAL DE FLUXO SANGUINEO (RFS)
PARA A FAV

O exercicio com RFS pode ser uma alternativa para potencializar a maturacdo da FAV.
A RFS consiste na aplicacdo de dispositivo constritivo (manguito ou torniquete), durante a
realizacdo de um exercicio, sendo originalmente desenvolvida para aumentar a resposta
muscular hipertréfica ao exercicio de resisténcia (NASCIMENTO et al., 2019). Sua aplicacédo
resulta em ganho de massa e forga muscular e é geralmente associada a treinamento com cargas
relativamente baixas, com 20-30% de 1 Repeticdio Méaxima (RM), produzindo efeitos
semelhantes aos exercicios com moderadas ou altas resisténcias (60-75% de 1RM) e
proporcionando adapta¢cdes musculares com menos danos a musculatura (SLYSZ et al., 2016;
CENTNER et al., 2019; BRANDNER et al., 2019).

A RFS induz ao estresse hipdxico muscular esquelético, sendo capaz de gerar hipertrofia
muscular por meio da liberagdo de fatores neuro-humorais como o lactato, a norepinefrina, o
horménio do crescimento e o fator de crescimento endotelial vascular (VEFG), sendo esse
ultimo responsavel pelo papel regulatério no desenvolvimento vascular fisiologico
(TAKARADA, 2000; PATTERSON et al., 2013).

A hipdxia produzida pela utilizacdo da RFS estimula a producdo de VEFG e apés a
realizacdo do treinamento a expressao do RNA mensageiro (mMRNA) desse fator permanece
acelerado por até 24 horas apo6s a finalizacdo do exercicio (SHARKEY et al., 2000; LARKIN
et al., 2012). As alteracdes nos mecanismos regulatdrios vasculares sdo capazes de promover
adaptacdes da parede do vaso, favorecendo o aumento do calibre venoso e alteracfes na
funcionalidade vascular (WOLINSKI et al., 2013).
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3 JUSTIFICATIVA

Diante das consequéncias da DRC para o paciente e a iminéncia da necessidade de TRS,
a confeccdo de acessos vasculares torna-se uma realidade cada vez mais proxima com a
progressdo da doenca. Neste cenario, a maior sobrevida dos pacientes implica na necessidade
do uso de FAVs e torna-se imprescindivel que o acesso tenha boa durabilidade e baixo nimero
de complicagfes quando comparado aos demais tipos de acesso, conferindo a seguranga
necessaria para a realizacdo da HD. Ainda que a FAV proporcione melhores condicdes para a
realizacdo da HD, a necessidade de maturacdo requer tempo, implicando geralmente no
implante de acessos temporarios enquanto a FAV esté sofrendo as adaptagdes minimas para sua

utilizagéo.

Em busca da melhor funcdo e maturacdo da FAV, tem sido recomendado que 0s
pacientes submetidos a sua confeccdo realizem exercicios fisicos locais no antebraco para
favorecer o aumento do calibre e funcionalidade vascular, entretanto hd uma grande
variabilidade entre os protocolos utilizados, ndo havendo consenso de qual abordagem é capaz
de promover melhores resultados na maturacdo da FAV.

Os exercicios mais comumente indicados durante a maturacdo envolvem compressdes
manual com bola flexivel ou de ténis, além de exercicios com halteres. Outra modalidade de
treinamento que poderia potencializar esses resultados € o treinamento com RFS parcial que,
quando associado a exercicios de baixa intensidade, € capaz de apresentar resultados similares
aqueles com intensidade mais elevada, promovendo as adaptacdes vasculares requeridas para o
uso do acesso, assim como o aumento de forca muscular no local treinado. Considerando que
no paciente com DRC possivelmente ha alteragdes vasculares, assim como fraqueza muscular,
0 treinamento com RFS pode ser uma alternativa para favorecer a maturacdo da FAV e
concomitantemente promover aumento de forca no antebrago do acesso.

Dessa forma a definicdo e aplicacdo de um protocolo com 0s recursos e exercicios
comumente utilizados associados a RFS pode favorecer o processo de maturacdo da FAV,
considerando as adaptacOes vasculares normalmente relacionadas a restri¢cdo parcial de fluxo

durante o exercicio.
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4 OBJETIVOS
4.1 OBJETIVO GERAL DO ESTUDO TRANSVERSAL

Verificar a relacdo entre a forca de preensdo manual e as caracteristicas morfofuncionais

do antebraco de pacientes com DRC no periodo pré-confeccdo de FAV.
4.2 Objetivos Especificos do Estudo Transversal

e Descrever as caracteristicas sociodemograficas e clinicas dos pacientes com DRC
candidatos a confeccdo da FAV.

Verificar a forga de preensdo manual.

Avaliar as condi¢des vasculares (veia cefalica e artéria radial) do antebraco.

Mensurar a circunferéncia do antebraco.

Relacionar a forca de preensdo manual e as caracteristicas morfofuncionais vasculares.

4.3 OBJETIVO GERAL DA SERIE DE CASOS

Avaliar o efeito do exercicio fisico com RFS sobre as alteragdes morfoldgicas vasos

sanguineos do antebraco pré-confeccdo de FAV na DRC.
4.4 OBJETIVOS ESPECIFICOS DA SERIE DE CASOS

e Descrever as caracteristicas sociodemograficas e clinicas dos pacientes com DRC
candidatos a confeccdo da FAV.

e Avaliar as condi¢des vasculares (veia cefélica e artéria radial) do antebraco do membro
dominante e ndo dominante antes e apds o protocolo de exercicios com e sem a RFS.

o Verificar a forca de preensdo manual antes e apds o protocolo de exercicios.

e Mensurar a circunferéncia do antebraco do membro superior dominante e néo

dominante antes e apds o protocolo de exercicios.
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5 METODO
5.1 LOCAL DO ESTUDO E PERIODO DE REALIZACAO

O estudo foi realizado nos ambulatorios de Fisioterapia e de Nefrologia do Hospital das
Clinicas da Universidade Federal de Pernambuco e no Laboratério de Fisioterapia
Cardiopulmonar do Departamento de Fisioterapia desta institui¢cdo de ensino. O presente estudo
foi aprovado pelo Comité de Etica em Pesquisa da instituicio (N° 2.532.265), sendo
desenvolvido no periodo entre 2017 e 2019. O estudo foi previamente cadastrado e aprovado
pelo Registro Brasileiro de Ensaios Clinicos (RBR-4p6fk2) e seguiu as normas do CONSORT
(MARTINS et al., 2009).

5.2 DESENHO E POPULACAO DO ESTUDO

Trata-se de um ensaio clinico randomizado do qual participaram pacientes com DRC

em estagio 4 ou 5, de ambos os sexos, acima de 18 anos com indicacdo de confeccdo de FAV.
5.3 SELE(;AO E AMOSTRA DOS PACIENTES TREINADOS

A amostra foi selecionada de forma consecutiva. Os pacientes que aceitaram apenas a
realizacdo da avaliacao inicial foram incluidos no estudo transversal enquanto os que aceitaram
participar do programa de treinamento foram submetidos ao treinamento e avaliacdo final. Os
pacientes incluidos no programa de treinamento foram randomizados em dois grupos [Grupo
com restrigdo de fluxo (GRF), grupo sem restri¢do de fluxo (GSR)]. A randomizacéo dos grupos
foi realizada por um individuo sem qualquer vinculo com o estudo, sendo gerada uma sequéncia

aleatdria em blocos pelo site www.randomization.com.
5.4 ALOCACAO E DEFINICAO DO MASCARAMENTO

Outro pesquisador ndo envolvido com o desenvolvimento do estudo foi responsavel pelo
sigilo de alocacdo dos dados dos pacientes. As fichas foram armazenadas em envelopes pretos
e opacos, selados e numerados sequencialmente sem o conhecimento do pesquisador

responsavel pelas avaliacdes.
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55 CRITERIOS DE ELEGIBILIDADE
5.5.1 Critérios de inclusdo

Foram incluidos pacientes com DRC em estagio 4 ou 5, de ambos o0s sexos, acima de
18 anos, em tratamento conservador medicamentoso ou dialiticos com indicacdo de confeccédo
de FAV.

5.5.2 Critérios de exclusdo

Foram excluidos aqueles pacientes com histérico de confeccdo de FAV nos dois
membros superiores ou que tivessem sido submetidos a procedimento vascular local prévio;
aqueles que realizassem atividades manuais com cargas elevadas e que apresentassem lesdes

traumato-ortopédicas em coluna cervical, ombro, cotovelo punho e/ou méo.
5.6 CATEGORIZAGAO DAS VARIAVEIS
5.6.1 Variaveis dependentes

Foram consideradas como dependentes as variaveis apresentadas no Quadro 1.
Quadro 3. Variaveis primarias do estudo.

Variavel Medida Tipo

Diametro  transverso da | Milimetros (mm) Quantitativa continua

artéria radial

Velocidade de pico sistolico | Centimetros por segundo | Quantitativa continua

da artéria radial (cm/s)

Velocidade média radial Centimetros por segundo | Quantitativa continua
(cm/s)

Diametro transverso da veia | Milimetros (mm) Quantitativa continua

cefélica

Distensibilidade da veia | Milimetros (mm) Quantitativa continua

cefalica

Forca de preensédo manual Quilograma-forga (KgF) Quantitativa continua




5.6.2 Variaveis independentes
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Foram consideradas como independentes as variaveis apresentadas no Quadro 2.

Quadro 4. Variaveis independentes do estudo.

Variavel

Tipo

sanguineo

Treinamento com restrigéo parcial de fluxo

Quialitativa nominal

5.6.3 Variaveis de controle

Foram consideradas como varidveis de controle as apresentadas no Quadro 3.

Quadro 5. Variaveis de controle do estudo

Variavel Medida Tipo
Idade Anos Quantitativa continua
Sexo Feminino / Masculino Quialitativa nominal
Altura Metro (m) Quantitativa continua
Peso Quilograma (Kg) Quantitativa continua

(IMC)

Indice de massa corporal

Quilograma  por  metro

quadrado (Kg/m?)

Quantitativa continua

Hematocrito

Percentual (%)

Quantitativa continua

(mEg/L)

Hemoglobina Grama por decilitro (g/dL) | Quantitativa continua

Ureia Miligrama por decilitro | Quantitativa continua
(mg/dL)

Creatinina Miligrama por decilitro | Quantitativa continua
(mg/dL)

Sodio Miliequivalente por litro | Quantitativa continua
(mEq/L)

Potassio Miliequivalente por litro | Quantitativa continua
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Fosforo Miligrama por decilitro | Quantitativa continua
(mg/dL)

Calcio Miligrama por decilitro | Quantitativa continua
(mg/dL)

Taxa de filtragdo glomerular | Mililitro por minuto por | Quantitativa continua
(TFG) 1,73 metros ao quadrado
(mL/min/1,73m?)

5.7 DESFECHO PRIMARIO DA SERIE DE CASOS

Foi considerado como desfecho priméario o aumento do diametro basal (mm) da veia
cefalica de no minimo 0,2 mm, no antebraco do membro superior a ser confeccionada a FAV

apos o treinamento com RFS para o grupo GRF.
5.8 DESFECHOS SECUNDARIOS DA SERIE DE CASOS

Foram considerados desfechos secundarios o aumento da distensibilidade da veia
cefalica (mm) apds a aplicacdo de RFS, o aumento do diametro (mm) da artéria radial, a
velocidade de fluxo [pico sistolico (cm/s) e a velocidade média (cm/s)] da artéria radial, o
aumento da circunferéncia do antebrago (cm) e da forca de preensdo manual (KgF).

5.9 COLETA DE DADOS

5.9.1 Procedimentos

A triagem dos pacientes foi realizada no ambulatério de Nefrologia do Hospital das
Clinicas da UFPE, onde foram convidados a participar do estudo e esclarecidos sobre sua
metodologia, riscos e beneficios. Apos a assinatura do Termo de Consentimento Livre e
Esclarecido (TCLE) (APENDICE E), foram convidados a participarem do processo avaliativo
e protocolo de exercicios proposto no estudo.

Inicialmente os pacientes foram submetidos a avaliagdo fisica, sociodemogréafica e
clinica (APENDICE F). Na avaliagéo fisica foram verificadas a forca de preensdo manual, a
circunferéncia do antebraco, a morfologia e o desempenho dos vasos do membro ndo dominante
de todas as mensuracgoes.

Ap0s a avaliacdo inicial houve a randomizacdo dos pacientes em dois grupos: GRF e
GSR. Ambos os grupos foram submetidos a um programa de exercicios isoténicos e isométricos

para a musculatura flexora de cotovelo e do punho (utilizando bola de ténis, halter e handgrip)
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para 0 membro elegivel para confec¢do de FAV, no entanto, apenas o grupo GRF realizou 0s
exercicios com aplicacdo de RFS parcial. Todos os pacientes deste grupo receberam uma

cartilha com orientaces para a realizacdo de exercicios domiciliares (APENDICE G).
5.9.2 Instrumentos

5.9.2.1 Avaliagdo clinica e sociodemogréfica

Foi utilizada uma ficha de avaliacdo clinica e coletados dados sobre idade, sexo, peso,
altura e indice de massa corporal (IMC), etiologia da DRC, presenca e nimero de comorbidades

e TFG a partir de informacdes retiradas do prontuario durante 0 momento da avaliagéo.
5.9.2.2 Ultrassonografia dos vasos do antebraco

Para a realizacdo da ultrassonografia do antebraco dos pacientes deste estudo foi
utilizado o protocolo de avaliacdo de um estudo realizado previamente (BARBOSA et al.,
2018) no qual a morfologia e o0 desempenho da artéria radial e da veia cefalica foram avaliados

por meio da ultrassonografia [Sonoace R3 (Samsung Medison - Coreia do Sul)] (Figura 3).

Figura 3 — Imagem do Ultrassom Samsung Medison.

Fonte: Acervo proprio.

Durante a avaliagdo o paciente permaneceu na posi¢do sentada, mantendo o ombro
proximo ao torax, com 0° de abducdo e 45° de flex&o, cotovelo em repouso sobre a mesa com

a face palmar voltada para cima (ROBBIN et al., 2000).



38

As avaliacOes foram realizadas por um pesquisador previamente treinado e cego para as
intervencgdes. Para os fins de avaliacdo deste estudo ndo foi necessério estipular limites nos
tamanhos dos vasos, visto que o objetivo foi verificar alteracGes nas dimensdes basais apds a
aplicacdo de um protocolo de exercicio local e portanto, ndo houve a necessidade da aplicacdo
de um torniquete para a realiza¢do da avaliacao.

Para a artéria radial foram analisados o didmetro transverso (mm), a velocidade de fluxo
[pico sistolico (cm/s) e a velocidade média (cm/s)] e para a veia cefélica foram mensurados o
diametro transverso venoso basal (mm) e a distensibilidade da veia cefalica. O exame foi
realizado a 2cm, 10cm e 20cm do processo estiloide do rédio do antebragco do membro superior
ndo dominante. Foram registradas trés imagens para cada parametro avaliado (diametro
transverso, pico sistolico, velocidade média, e distensibilidade), sendo considerado o maior
valor obtido para fins de analise (BARBOSA et al. 2018).

O diametro transverso da artéria radial foi mensurado utilizando pressdo minima local
para evitar compressdo e deformacdo do vaso com o ultrassom em modo bidimensional,
utilizando o transdutor linear posicionado transversalmente a artéria na regido antero-posterior

do antebraco conforme a Figura 4.

Figura 4 — Imagem ultrassonografica da artéria radial a 2cm do processo estiloide do radio, no

plano transverso em escala de cinza. Legenda: AR: Artéria radial.

=
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j Full Screen Review:lmage #12

Fonte: Acervo proprio.
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Para a avaliacdo do fluxo sanguineo arterial (pico sistélico e velocidade média), foi
utilizada a anélise com Doppler espectral do punho (Figura 5) pelo sistema duplex-scanner. O
angulo de avaliacdo da imagem foi ajustado entre 45-60°, buscando uma menor variabilidade

de velocidade de acordo com o protocolo utilizado por Lockhart et al. (2004).

Figura 5 — Imagem do fluxo da artéria radial & 10cm do punho, em plano transversal espectral
e cor. Legenda: AR: artéria radial; PSV: velocidade de pico sistolico; Vmean: velocidade

média.
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Fonte: Acervo proprio.

O diametro transverso da veia cefélica foi avaliado utilizando pressdo local minima,
para reduzir a possibilidade de deformagdo do vaso, com o transdutor posicionado
transversalmente a veia e proximo ao processo estiloide do radio na regido lateral do antebraco

(Figura 6) de acordo com o protocolo de Thrush & Hartshorne (2005).



40

Figura 6 — Imagem ultrassonogréfica da veia ceféalica a 2cm do processo estiloide do radio, no

plano transverso em escala de cinza. Legenda: VC: Veia cefalica.

Full Screen Review:lmage #11 - » A Lo

Fonte: Acervo proprio.

5.9.2.3 Forca de preensdo palmar

A avaliagdo da forca de preensdao manual foi realizada por um avaliador cego para a
intervencdo e previamente treinado por meio da avaliacdo do teste de 1RM com a dinamometria

manual (Dinamometer Smedley — Type hand, marca Saehan - Coreia).

Durante a avaliagdo, o paciente permaneceu sentado, com o quadril fletido a 90°,
ombros em posigéo neutra, cotovelo fletido a 90° com o antebraco em posi¢éo neutra e o punho

com 0° a 15° de desvio radial (Figura 7).
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Figura 7 — Avaliacdo da forga de preensédo manual.

Fonte: Acervo proprio.

Foram realizadas trés manobras, com uma diferenca minima de 10% entre elas e com
intervalo de dois minutos de repouso entre cada avaliacdo, sendo registrado o maior valor obtido
em quilograma forca (KgF). Além da avaliacdo, foi realizado o célculo da forca de preensdo

manual predita de acordo com a férmula abaixo:

Forca de preensdo = 44,968 - (0,420 x Idade) + (0,110 x Peso) + (9,274 x Sexo*)

O célculo da forca predita é baseado na idade (em anos), peso (em Kg) e sexo, sendo

atribuido o valor “1” para os homens e “0” para as mulheres (NOVAES et al., 2009).
5.9.2.4 Perimetria de antebrago

A circunferéncia do antebraco foi mensurada por meio de fita métrica (trena métrica
retratil Sun Special — Brasil), com o paciente sentado mantendo cotovelo a 90° e antebraco em
supinacdo. A fita foi posicionada a dois centimetros distais da fossa cubital, e um Unico
examinador realizou trés aferi¢des, sendo registrado o maior valor obtido segundo protocolo de
Barbosa et al. (2018).
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5.10 DESENVOLVIMENTO DO PROTOCOLO DE TREINAMENTO

O treinamento foi desenvolvido no ambulatério de Fisioterapia do Hospital das Clinicas
da UFPE e os exercicios foram realizados na modalidade supervisionada (duas vezes por
semana, em dias alternados, com a supervisao de um fisioterapeuta cego para as avaliagcdes no
servico e ndo-supervisionada (trés vezes na semana em dias alternados ao treinamento
ambulatorial) em domicilio, com duracéo total de oito semanas. Os pacientes do GRF e GSR
realizaram o mesmo protocolo e os treinamentos foram registrados em uma ficha produzida
para esta finalidade (APENDICE H). Todos os pacientes foram avaliados ap6s a conclusdo do

treinamento.

5.10.1 Oclusédo parcial do torniquete para o tratamento

Para a realizacdo dos exercicios com a RFS, foi realizado o calculo do percentual de
ocluséo parcial do fluxo sanguineo durante a avaliacdo inicial, por meio da afericdo da presséo
arterial através de esfigmomandmetro previamente testado e estetoscopio (3M™ Littmann®
Classic Il SE, USA). A avaliacdo da pressdo arterial foi realizada com a aplicacdo do manguito
no braco proximo a prega do cotovelo, realizando a insuflagdo com compressédo do membro até
a cessacao do som do fluxo sanguineo, com auséncia de pulso arterial. Posteriormente, 0
manguito foi desinsuflado de forma lenta e progressiva, sendo registrada o valor pressorico
relacionado ao som da primeira pulsacao arterial (VEIGA et al., 2003). Foi admitida o valor de
50% do valor da pressdo arterial sistélica verificada para a realizacdo da oclusdo durante a
realizacdo dos exercicios pelo GRF. Esta porcentagem de oclusdo foi mantida durante todas as

modalidades de exercicio, incluindo o tempo de repouso entre as séries.
5.10.2 Homogeinizacdo da amostra

Os pacientes dos dois grupos realizaram exercicios palmares isométricos concéntricos
com bola de ténis e foram instruidos verbalmente e com auxilio de folheto explicativo, criados
para esta finalidade, a realizarem os exercicios. No protocolo apresentado no folheto, havia
instrucGes para a realizacdo de seis séries com dez repeticdes, a serem realizados em uma Unica
vez no dia, durante trés dias, em dias alternados. Foram acrescentadas cinco repeti¢des a cada
semana semelhante ao protocolo de um estudo previamente realizado por nosso grupo de
pesquisa (BARBOSA et al., 2018). Todo o material necessario para a realizagdo dos exercicios
domiciliares juntamente com o folheto explicativo das atividades (APENDICE G) foram

entregues previamente para cada paciente.
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5.10.3 Programa de exercicios
5.10.3.1 Bola de ténis

Os exercicios com bola de ténis foram realizados em trés séries de dez repeti¢Ges cada,
com repouso de um minuto entre as séries. Durante o exercicio, o paciente permaneceu sentado

e com o cotovelo em repouso sobre a mesa (Figura 8).

Figura 8 — Exercicio de compressdo manual com bola de ténis.

Fonte: Acervo proprio.

Cada aperto na bola teve duracdo de trés segundos com descanso subsequente de um
segundo. Foi estabelecido um minuto de descanso entre as séries. A cada semana foram
adicionados cinco apertos ao numero de repeti¢des. Foi estabelecido descanso de dois minutos

antes do inicio da préxima modalidade de exercicios.
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5.10.3.2 Halter

Foram realizadas duas modalidades de exercicios com halter: para musculatura flexora
de punho e para os masculos flexores de cotovelo. Ambas foram realizadas com carga

incremental durante o protocolo (Figura 9).

Figura 9 — Exercicio de flex&o de cotovelo (A) e punho (B) com halter.

B

__“.

Fonte: Acervo proprio.

Nas primeiras quatro semanas, os exercicios de punho foram realizados com halter de
1kg, sendo utilizado halter de 2kg nas semanas subsequentes. Os exercicios foram realizados
com o paciente sentado, mantendo o cotovelo em repouso sobre a mesa e a face palmar voltada
para cima. Foi realizada flexdo do punho, utilizando halter, em trés séries de dez repeticGes.
Cada flexao teve duracéo de dois segundos, seguida da extenséo da articulagdo com duracao de
um segundo. Foi estabelecido um minuto de descanso entre as séries. Apds a conclusdo das
séries, foi estabelecido um descanso de dois minutos antes do inicio da préxima modalidade de
exercicios.

Durante os exercicios para musculos flexores de cotovelo, o paciente permaneceu
sentado mantendo o brago apoiado sobre a perna, com o0 ombro a 0° de abducéo, sendo realizada
a flexdo da articulacdo do cotovelo. Foram realizadas trés séries de dez repeti¢des cada, com
intervalo de um minuto de descanso entre as séries.

A carga foi administrada de forma incremental, sendo adicionado um quilograma por

semana (halter de 1kg nas duas semanas iniciais; 2kg na terceira e quarta semanas; 3kg nas
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semanas subsequentes). Cada flexdo teve duracdo de dois segundos, seguida de extensdo da
articulagdo com duragdo de um segundo. Ao término das séries houve intervalo de dois minutos

antes do inicio da proxima atividade (SALIMI et al., 2013).
5.10.3.3 Handgrip

Durante os exercicios de compressdo manual dindmica, o paciente manteve-se sentado,

com o cotovelo apoiado na mesa (Figura 10).

Figura 10. Exercicio de compressdao manual com handgrip.

Fonte: Acervo proprio.

Os exercicios foram realizados em trés séries, de vinte repeti¢cbes por minuto, durante
trés minutos (totalizando sessenta contragdes). Cada contracdo teve duracdo de dois segundos,
seguidas por um segundo de repouso. A carga resistiva do handgrip foi prescrita em 50% de 1
RM (HUNT et al., 2012; UY et al., 2013).
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5.10.4 Controle do tempo dos exercicios

Para o controle do tempo da realizacdo dos exercicios foi utilizado o programa Free
Tabata Timer (www.mediafreeware.com) na sua versao em aplicativo para smartphones e
tablets (sistemas Android) (Figura 11).

Figura 11 — Interface do programa Free Tabata Timer.

Gl 2 O ® @

| Duragdo: 16:05 Detalhes

Exercicio
4:00

Descanso
2:00

Fonte: Google.

O programa registra os tempos de preparo, de exercicio, de descanso e dos ciclos e séries
através da emissdo de sons e cores diferentes de acordo com cada momento do treinamento,
oferecendo um feedback auditivo e visual durante a realizacdo dos exercicios. Todos 0s
pacientes foram previamente treinados para a melhor utilizagéo e entendimento da interface do

aplicativo.

O fisioterapeuta responsavel pela realizacdo do treinamento realizava as programagées
de tempo necessarias para o desenvolvimento do protocolo durante as sessdes e, caso 0 paciente
apresentasse alguma inconsisténcia em relacdo aos comandos do aplicativo, as devidas
correcBes eram feitas pelo profissional, desde que ndo implicassem em estimulos que

influenciassem na dindmica de realizagdo dos exercicios.
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5.11 ANALISE DOS DADOS

Os dados descritivos foram expostos em tabelas de distribui¢do de frequéncia para
as variaveis categoricas e medidas de tendéncia central e de dispersdo para as variaveis
numéricas. O teste de Kolmogorov-Smirnov foi utilizado para averiguar a distribuicdo de
normalidade e o teste de Levene para homogeneidade de variancias. A comparacdo de médias
foi realizada por meio do teste t para amostras independentes.

Para o estudo transversal, a forca de preensdo palmar foi considerada a variavel
dependente, sendo realizada regressdo linear maltipla para avaliacdo da possivel relacdo entre
a forca de preensdo palmar e as variaveis vasculares. Com o objetivo de evitar
multicolinearidade, a relacdo entre a forca de preensdo palmar e as varidveis representativas da

morfofuncionalidade vascular foi analisada separadamente, sendo ajustada por sexo e idade.

Para a construcdo da série de casos, 0s resultados relacionados as caracteristicas
vasculares e de forca de preensdo palmar foram apresentados individualmente para cada
paciente (P).

O banco de dados foi criado inicialmente no programa Excel (2016) e posteriormente
transferido para o programa Statistical Package for Social Science (SPSS), Chicago, IL, USA,
versdo 20.0, sendo considerado como significativo um p valor <0,05 com um intervalo de

confianca de 95%.
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6 RESULTADOS

Os resultados do ensaio clinico que ainda estd em andamento serdo apresentados sob a
forma de dois artigos originais: um estudo transversal (APENDICE A) em uma série de casos
(APENDICE B). Sera apresentada ainda uma revisdo sistematica sobre os efeitos da vibracao
de corpo inteiro na capacidade funcional, a qualidade de vida e o equilibrio postural pacientes
com DRC submetidos & hemodialise (APENDICE C). Os artigos serdo apresentados abaixo:

ARTIGO ORIGINAL 1: Relation between forearm vascular morphofunctionality of handgrip

strength in patients with stage 1V and V chronic kidney disease: A cross-sectional study.
= Revista em que foi submetido: Journal of Vascular Access
= Area de concentracdo: Educacéo Fisica

= Qualis da revista: A4

ARTIGO ORIGINAL 2: Does an exercise program associated with partial blood flow
restriction improve the performance of blood vessels in the forearm prior to creating an

arteriovenous fistula?
= Revista em que foi submetido: Physiotherapy Theory and Practice
= Area de concentragio: Educacéo Fisica

= Qualis da revista: A2

REVISAO SISTEMATICA: Efficacy of Whole-Body Vibration on Functional Capacity,

Quality of Life, and Postural Balance in Hemodialysis Patients: A Systematic Review.
» Revista em que serd submetida: Journal of Sound and Vibration

= Fator de impacto: 3.123

= Status: A ser submetido
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7 CONCLUSAO

Em relagdo a série de casos, 0s pacientes de ambos 0s grupos submetidos ao programa
de exercicios com e sem RFS parcial apresentaram aumento nos didmetros da artéria radial e
da veia cefalica. Em relacdo a forca de preensdo palmar, os pacientes que realizaram
treinamento sem RFS parcial apresentaram melhor desempenho. Apesar das alteracdes
vasculares e de forca apresentados, esses resultados devem ser interpretados de maneira
cautelosa em decorréncia da amostra reduzida.

Quanto ao estudo transversal, foi observado que os pacientes envolvidos apresentaram
as dimens@es vasculares necessarias para confeccdo da FAV além de apresentarem forca de
preensdo manual preservada. A relacdo entre a forca de preensdo e as caracteristicas vasculares
dos segmentos mais proximais do antebraco foi observada sugerindo que, nesses segmentos, a
maior quantidade de massa muscular pode ter favorecido a apresentacdo de maiores calibres
dos vasos avaliados.

Considerando os resultados obtidos, a prescricdo direcionada as necessidades
individuais de cada paciente parece ser a melhor opcao antes da confec¢cdo da FAV. A indicacéao
de exercicios sem uma avaliacdo precisa das necessidades reais desses pacientes pode ndo ser

a forma mais adequada de maturar o acesso afinal.

A presenca do fisioterapeuta nesse contexto favoreceria a identificagdo de demandas
pessoais, com melhor adequagdo das atividades prescritas e realizadas, favorecendo a
otimizacdo tanto do processo de maturacdo quanto da manutencdo da funcionalidade do

membro superior onde foi confeccionada a FAV.
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Abstract

Objective: To evaluate the relation between handgrip strength and vascular characteristics of
patients with stage IV and V chronic kidney disease (CKD) under conservative or dialysis
treatment. Method: A cross-sectional study with 41 CKD patients in stages IV and V under
conservative or dialysis treatment. Radial artery and cephalic vein diameters, mean radial flow
velocity, arterial systolic peak and venous distensibility (ultrasonography), handgrip strength
(dynamometry) and non-dominant upper limb forearm circumference (perimetry) were
evaluated. Results: A relation between handgrip strength and radial artery diameter was
observed at 10cm (R%*= 23.4%; B= 10.80; CI95%= 1.38-20.21; p= 0.02) and at 20cm (R?=
21.3%; B=7.44; C195%= 0.16- 14.72; p= 0.04), and with the distensibility at 20cm (R?= 25.9%;
B= 6.24; CI95%= 1.39-11.09; p= 0.01). Conclusion: There was a relation between handgrip

strength and vascular diameters and venous distensibility in the proximal forearm segments.

Keywords: Renal Insufficiency; Arteriovenous Fistula; Muscle strength; Renal dialysis.
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Introduction

The irreversibility and chronicity of chronic kidney disease (CKD) requires renal
replacement therapy (RRT). In this scenario, hemodialysis (HD) is the most common modality
of choice despite the technological progress of transplants.® It is necessary to create a vascular
access to perform HD, with the arteriovenous fistula (AVF) being considered as the best choice
of access and its creation is the most frequent.?

Efficacy in the creation and maintenance of AVF is surrounded by factors that range
from the necessary vascular characteristics to the performance of exercises which favor its
maturation for its successful use.®® It is common to perform manual compression exercises
during the maturation period, in addition to concentric isometric and isotonic exercises, seeking
that the shear between the muscles and the vessels promote structural changes which contribute
to more effective maturation, with secondary strength gain.”°

Therefore, the aim of this study was to evaluate the relation between handgrip strength
and vascular characteristics of patients with stage 1V and V CKD under conservative or dialysis

treatment.
Method

A cross-sectional study conducted from April 2018 to June 2019 with conservative
treatment of stage 1V and VV CKD patients followed up at a university hospital in Recife and
patients with CKD under regular HD without AVF and using temporary venous access. This
study followed the norms of the Reporting of Observational Studies in Epidemiology
(STROBE).1?

The study was approved by the Institutional Research Ethics Committee (No.
2,532,265) in accordance with CONEP (National Research Ethics Committee) Resolution
466/2012 and is in accordance with the principles established by the Helsinki Declaration. The
sample was obtained by convenience and consisted of 41 individuals selected during the study
period.

Patients with stage 1V and V CKD undergoing conservative treatment or HD, who had
been using temporary venous access for up to 6 months, of both genders, aged between 30 and
70 years, with medical indication for the preparation of AVF. Those with a history of AVF in
both upper limbs or who had undergone previous local vascular procedure or who performed
manual activity with high loads were excluded.
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Data regarding age, gender, weight, and height were collected and the patients’ body
mass index (weight/height?) was calculated, as well as the presence of comorbidities and CKD
stage. Patients were evaluated for vessel morphology and performance, handgrip strength, and

circumference of the arm eligible for AVF.
Vessel ultrasound

Non-invasive hemodynamic assessment of the forearm was performed by ultrasound
[Sonoace R3 (Samsung Medison - South Korea)]. The diameters of the radial artery and the
cephalic vein, the mean velocity (in cm/s) and the radial artery flow (systolic peak in cm/s), as
well as the cephalic vein distensibility were analyzed. The patient remained seated with their
elbow flexed at 45 ° and resting on the table during the evaluation, with the palmar face up.
Three measurements were made at 2, 10 and 20cm of the forearm from the styloid process of
the radius’ and the highest value between the measurements was considered since they differed
by less than 10%.

Handgrip strength

Hand grip strength was performed on the non-dominant upper limb by manual
dynamometry (Smedley Dynamometer - hand type, Saehan - Korea), with the patient sitting,
shoulders in neutral position, elbow flexed at 90 °, forearm in neutral position and the wrist at
0°to 15 °radial deviation. Three measurements were performed with a two-minute rest interval
between them, and the highest value obtained from the difference between the measurements
was less than 10% (KgF).®

Forearm circumference

Forearm circumference was measured on the non-dominant limb with the patient
remaining in the same position with a measuring tape (retractable measuring tape-Sun Special,

Brazil) positioned two centimeters distal to the cubital fossa.®
Statistical analysis

Descriptive data were presented in frequency distribution tables for categorical variables
and central tendency and dispersion measures for numerical variables. The Kolmogorov-
Smirnov test was used to verify the normality distribution and the Levene test for homogeneity

of variances. The comparison of means was performed using the t-test for independent samples.
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Multiple linear regression was performed to analyze a possible influence of handgrip
strength on vascular variables. The relation between the handgrip strength and the
representative variables of vascular morphofunctionality were analyzed separately in order to

avoid multicollinearity between the variables, being adjusted for gender and age.

Statistical analysis of the results was performed using the Statistical Package for Social

Sciences (SPSS) version 20.0, with p <0.05 and a confidence interval of 95% as significant.

Results

A total of 21 of the 41 (51.2%) patients were under conservative CKD treatment and 20
(48.8%) underwent hemodialysis. Those who underwent HD had a mean RRT time of 3.5+ 1.5
months. The characteristics of the patients who participated in the study are shown in Table 1.
[Insert Table 1]

The sonographic, strength and forearm circumference characteristics are described in
Table 2. [Insert Table 2]

According to the multiple linear regression, the handgrip strength was related to the
radial artery diameter at 10cm (R? = 23.4%; B= 10.80; CI95%= 1.38-20.21; p = 0.02) and at
20cm (R?= 21.3%; B= 7.44; C195%=0.16-14.72; p = 0.04), and with the distensibility at 20cm
(R? = 25.9%; B= 6.24; C195%= 1.39-11.09; p = 0.01) (Table 3). [Insert Table 3]

Discussion

Patients undergoing conservative treatment had similar vascular characteristics to those
under dialysis treatment; however, the former had higher handgrip strength and forearm
circumference. Handgrip strength was related to arterial and venous morphological

characteristics in the proximal forearm segments.

Vascular morphological and functional characteristics

Both conservative and regular HD patients in our study had adequate arterial and venous
diameters for creating the AVF. The observed values are in accordance with those suggested in
the literature as being favorable to the success of creating adequate radial-cephalic distal access,
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with arterial and venous diameters greater than 1.5mm and 2mm, respectively.®® However,
other aspects need to be taken into account for successful access creation or maturation, such
as age, the presence of peripheral vascular disease, diabetes mellitus, stenosis, thrombosis or
calcification, which may imply in AFV failure.!!

The patients in our study had a high frequency of diabetes mellitus. Studies suggest that
the presence of this disease reduces vascular adaptability in patients with CKD, interfering with
the ability to create and maintain an AVF, as well as increasing primary failure and patency
rates.'?'3 Considering that diabetes mellitus is not solely responsible for maturation failure,**
monitoring the vascular condition by ultrasonography in these patients is necessary in order to
monitor the possible changes along the course of the renal disease.

Handgrip strength

The patients in this study had preserved muscle strength compared to predicted,
although loss of skeletal muscle loss with worsening renal function is expected,'® since the
imbalance between synthesis and protein degradation, in addition to the presence of metabolic
acidosis, play a role in protein catabolism.®” A more recent study® showed that increased
collagen levels in muscle tissue indicated the presence of skeletal muscle fibrosis in addition to
the muscle changes found in CKD. According to these authors, the reduction in knee extension
strength observed in these patients compared to healthy individuals can be partially explained,
since excess collagen impairs the ability of contractile myofibrils to generate strength.®

Relation between vascular morphofunctional characteristics and handgrip strength

The relation between handgrip strength, vascular diameters and distensibility was only
observed in the 10 and 20cm segments of the forearm in the patients in our study. Strength
preservation associated with greater muscle mass in this region may favor vascular adaptations,
triggering vascular functional and structural changes, with increased compliance and

distensibility of these vessels.*®

The implications of this relation for clinical practice seem to justify the importance of
performing isometric and isotonic exercises for patients who will have an AVF performed in
more proximal forearm regions, thus ensuring that the muscles of this segment can act to
promote necessary changes for the vessels that will be used to make the fistula. According to
the results of the systematic review by Fuzari et al.,? insufficient evidence was found among

the evaluated studies to support exercise prescription for AVF maturation, which was attributed
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to the methodological quality of the studies that entered the review. However, we draw attention
to the fact that exercise prescription in the pre-AVF phase and its maturation, if already done,

need to consider where the location is to obtain the most effective results.
Study limitations

Our study has some limitations which need to be taken into consideration. One of these
concerns the knowledge about the previous physical activity level of the patients involved in
the study and if they performed exercises for their upper limbs. Another aspect to consider is
the fact that we did not evaluate patients at other stages of CKD, which would enable a
comparison between the stage and the relationship between handgrip strength and forearm

vessel behavior.
Final considerations

Our study found a relation between handgrip strength and vascular morphological
characteristics in the proximal forearm segments of CKD patients in stages IV and V. These
patients had preserved strength and adequate arterial and venous diameters according to the

recommendations for creating vascular access.
Financing

The authors of this study did not receive financial support for this research, authorship
or publication of this article.
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Table 1. Sociodemographic and clinical characteristics of the patients included in the study.

Conservative (n=21) Hemodialysis (n=20)
Variables
n (%) / Mean = SD n (%) / Mean = SD
Gender
Female 10 (47.6%) 12 (60%)
Male 11 (52.4%) 8 (40%)
Age (years) 57.52 + 8.65 52.6 +7.32
BMI (Kg/m?) 27.16 + 2.87 25.67 + 2.67
CKD stage
v 10 (47.6%) 6 (30%)
V 11 (52.4%) 14 (70%)
Comorbidities
SAH 7 (33.3%) 6 (30%)
DM 8 (38.1%) 8 (40%)
SAH+DM 6 (28.6%) 6 (30%)

Legend: SD: Standard Deviation; BMI: Body Mass Index; CKD: Chronic Kidney Disease;
SAH: Systemic Arterial Hypertension; DM: Diabetes Melittus.



Table 2. Ultrasound characteristics of radial artery and cephalic vein, dynamometry and circumference of the study patients.
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Conservative (n=21) Hemodialysis (n=20)

Variables p-value*
n (%) / Mean = SD n (%) / Mean = SD
Radial Artery (2cm)
Diameter (mm) 2.48 £ 0.44 2.19+0.25 0.016
SP velocity (cm/s) 28.94 +7.31 29.23 £ 2.05 0.863
Mean velocity (cm/s) 11.06 +6.93 16.49 + 2.17 0.002
Radial Artery (10cm)
Diameter (mm) 2.37£0.27 2.25+0.13 0.095
SP velocity (cm/s) 26.30 £ 6.43 29.65 + 3.83 0.051
Mean velocity (cm/s) 11.47 £ 4.62 1592 +2.18 0.0004
Radial Artery (20cm)
Diameter (mm) 2.66 £ 0.32 2.56 +0.29 0.271
SP velocity (cm/s) 24.70 £ 7.58 27.20 £ 3.64 0.190
Mean velocity (cm/s) 10.22 + 4.88 11.88+1.44 0.150
Cephalic vein (2cm)
Diameter (mm) 2.49+£0.38 2.40 £ 0.28 0.393
Distensibility (mm) 2.54 +0.43 2.19+0.44 0.014
Cephalic vein (10cm)
Diameter (mm) 2.39+£0.35 2.34+0.15 0.521
Distensibility (mm) 2.44 +0.45 2.49£0.40 0.690



Cephalic vein (20cm)
Diameter (mm)
Distensibility (mm)

Dynamometry (KgF)

Forearm circumference (cm)

2.71+£0.40
2.70£0.48
35.95 + 8.62
26.07 +2.43

2.64+£0.22
240+ 0.34
31.10 £ 3.97
23.92 +0.58

0.516
0.285
0.027
0.001

72

Legend: SD: Standard Deviation; SP:

Systolic peak; * T-test for independent samples; p < 0.05.



Table 3. Relation between handgrip strength and radial artery and cephalic vein
morphofunctionality.

Dynamometry
Vascular Morphofunctionality
B R? 95%Cl p-value
RA Diameter (10cm) 10.80 23.4% 138 20.21 0.02
RA Diameter (20cm) 744  213% 016 14.72 0.04
SP Velocity (20cm) 030 18.6% -0.05 0.67 0.09
Distensibility (20cm) 6.24 259% 139 11.09 0.01
Mean Velocity (20cm) -0.38 16% -0.98 0.21 0.20

Legend: RA: Radial Artery; SP: Systolic Peak; All variables were adjusted for gender and
age. * Multiple Linear Regression; p < 0.05.
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Abstract

Introduction: Previous studies have stated that vascular conditioning prior to surgery may
promote better maturation outcomes. The objective of this study was to evaluate whether
exercise with blood flow restriction (BFR) on the forearm blood vessels in patients with chronic
kidney disease (CKD) prior to creating an arteriovenous fistula (AVF) is able to promote better
results than conventional exercise. Method: A case series with four CKD patients who
underwent BFR training (n = 2), without BFR (n = 2), and conventional manual compression
protocol. The BFR was performed with 50% systolic blood pressure and the exercise load was
based on 40% of manual grip strength. Results: There was an increase in radial artery and
cephalic vein diameters, distensibility, and mean and flow velocities in all study patients. In
relation to the cephalic vein, there was an increase in all groups; however, higher values were
observed in the FRG and WRG patients. Conclusion: Despite the similar vascular gains, the
results should be interpreted with caution considering the sample size. Nevertheless, our results
suggest that patients may benefit from a protocol with partial BFR, as well as the conventional
protocol.

Keywords: Surgical arteriovenous shunt; chronic renal insufficiency; isometric exercise;

vascular endothelium.
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Introduction

An arteriovenous fistula (AVF) is considered the gold standard vascular access, with
better patency, lower incidence of complications and better quality of life for chronic kidney
disease patients (CKD) in relation to other types of access. AVF efficacy requires good
maturation and involves changes which include vasodilating, remodeling and expanding the
blood vessel lumen (Nanami et al., 2019; Kubiak et al., 2019).

In the maturation period, the performance of manual compression exercises promotes
structural and functional alterations of vascular smooth muscle and endothelial cells which
favors the maturation process, providing greater durability of access and effective dilation for
smaller caliber vessels (Reinas et al., 2012).

Local exercises associated with applying blood flow restriction (BFR) were performed
to increase the hypertrophic muscle response to resistance exercise (Loenneke et al., 2010).
Associating conventional exercises with BFR may be a therapeutic alternative which is capable
of stimulating better adaptation of the vessels, providing the necessary dilation for AVF
success, even when performed prior to creating the access (Barbosa et al., 2018).

Previous studies have performed exercises prior to creating AVF with the justification
that the vascular conditioning prior to surgery may promote better results in maturation than
the performance after surgery (Barbosa et al., 2018; Wilschut et al., 2018). It is known that not
performing training may cause insufficient dilation when exposed to an increase in blood flow
after making the AVF with a shorter creation time and access utilization (Chemla et al., 2016).
However, it is still unclear whether the prior performance or performance of BFR training is
better than conventional training.

Thus, the objective of this study was to evaluate whether physical exercise with BFR on
the forearm blood vessels in CKD patients prior to AVF creation is capable of promoting better
results than conventional exercise.

Method

This is a series of cases derived from a clinical trial involving CKD patients who were
attended at the Nephrology outpatient clinic of a tertiary hospital from April 2018 to January
2019, of the Federal University of Pernambuco. The present study was approved by the
institutional research ethics committee (Opinion No. 2,532,265), in accordance with resolution
466/2012. The sample was obtained by convenience and composed of four individuals selected
during the study period.

Stage IV and V CKD patients of both genders aged between over 70 years in
conservative drug treatment with a medical indication for AVF creation were included. We



78

excluded those with a history of AVF creation in the upper limbs or who those had undergone
a previous local vascular procedure or who performed manual activity with high loads.

All were submitted to physical and socio-demographic evaluation (age, gender,
education, weight, height, body mass index) and assessed for vessel morphology and
performance, hand grip strength, and eligible forearm circumference for AVF.

Vessel morphology and performance

The analysis was performed by a previously trained evaluator, blinded for the
intervention. The radial artery and the cephalic vein were evaluated by ultrasound [Sonoace R3
(Samsung Medison - South Korea)] with the patient seated, keeping its evaluated limb near the
thorax, with 0 ° shoulder abduction and 45 ° elbow flexion, with the limb resting on the table
and their palm facing up (Robbin et al., 2000). For the radial artery, the transverse diameter
(mm) and flow velocity [systolic peak (cm/s) and mean velocity (cm/s)] were evaluated, while
basal venous diameter (mm) and distensibility were evaluated for the cephalic vein (Barbosa et
al., 2018). The vessels (artery and vein) were evaluated at 2cm, 10cm and 20cm from the radial

styloid process.

Manual grip strength

Palmar grip strength was verified by hand dynamometry (Dinamometer Smedley -
Saehan - Korea) with the patient sitting, maintaining their hip at 90 ° flexion, shoulders in a
neutral position, flexed elbow at 90 °, forearm in a neutral position and their wrist at 0 ° to 15 °©
of radial deviation. Three measurements were performed with a two-minute rest interval
between them and the highest obtained value was considered (KgF) (Kong et al., 2014).
Forearm circumference

The measurement was performed by a tape measure (retractable metric-Sun Special,
Brazil) positioned two centimeters distal from the cubital fossa, with the patient sitting and
holding their elbow at 90 ° and their forearm in supination (Kong et al., 2014). Three successive
measurements were performed, and the highest obtained value was considered for recording
purposes.
Partial occlusion of forearm blood flow

To achieve partial occlusion of the blood flow during the training, 50% systolic blood
pressure was obtained by blood pressure measurement with a sphygmomanometer (51cm x
14cm, nylon cuff) and stethoscope (3MTM Littmann® Classic 11 SE, USA). A 50% occlusion

pressure was based on the initial assessment and was kept unchanged until the end of the
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protocol. Two measurements were performed to determine this value with a 10-minute interval
between measurements, and the highest obtained value was considered.
Control of the exercise performance time

The Free Tabata Timer program (www.mediafreeware.com) in its smartphone and tablet
version (Android system) was used to control exercise time. This program enables recording
preparation times, training, rest and cycles, and series execution through the emission of
different sounds and colors, according to the training moment.
Training program

The developed training protocol lasted eight weeks and involved two types of exercises:
supervised by the instructor (twice a week, every other day) and unsupervised (three times a
week, every other day, at home). Patients were randomized into two groups: Flow Restriction
Group (FRG) and Without Flow Restriction Group (WRG). The FRG and WRG groups
underwent an exercise program for flexing the elbow and wrist muscles (using a tennis ball,
dumbbell and handgrip) on the eligible member for AVF preparation; however, only the FRG
group performed the exercises with application of partial blood flow restriction. For the flow
restriction, clamps were used with the same characteristics as those used in the evaluation of
blood pressure. The training protocol is provided in Table 1 [Insert Table 1].
Results

Of the participants, two patients were in stage IV of CKD (one participant of the FRG
and another of the WRG), while the others were in stage V. Because it is a case series, the
results are presented individually for each patient (P), which will thus be identified as FRG (P1
and P2) and WRG (P3 and P4).
General characteristics of the patients

Four men and two women participated in the study. In FRG, P1 was male, 57 years old
and stage 1V CKD; P2 was female, 63 years old and stage V CKD. The two patients in the
WRG were male, 49 and 57 years old (P3 and P4) and in stages V and IV, respectively. The
sociodemographic and clinical characteristics of the patients are presented in Table 2. [Insert
Table 2]
Vessel morphology and performance

The initial ultrasound and physical characteristics of the patients are set forth in Table 3
[Insert Table 3] and the results are shown in Table 4 [Insert Table 4].
Radial artery

The largest percentage increases in radial artery diameter in the 2cm segment were

observed in patients P4 and P1, while P2 presented the smallest increase. However, the P1
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patient still had the highest mean velocity, while the highest blood flow velocity was observed
in patient P3.

The greatest increase in percentage diameter at 10cm was observed in patient P2, while
patients P4 and P1 obtained the smallest increases. The highest mean velocity and flow
velocities in this segment were obtained by patient P3 and P1, respectively.

The highest percentage increase at 20cm was observed in patient P2 and the lowest in
patient P3. The highest increase in flow velocity was observed in P1 and the lowest in P4. In
this follow-up, the highest mean velocity was observed at P2 and the lowest at P1.

Cephalic vein

The highest diameters and distensibility percentages in all the evaluated segments
among the patients were observed in P1. The smallest diameter increments were observed at
2cm, 10cm and 20cm in patients P2 and P4. For distensibility, the lowest values were observed
in P4 in all evaluated segments.

Manual grip strength and forearm circumference

All patients had an increase in manual grip strength, especially the P3 patient who had
the best performance after the intervention (37%). Regarding the forearm circumference,
patients P1 and P2 presented the highest values in relation to the other participants.
Discussion

Increases in radial artery diameters and mean and flow velocities were observed in all
study patients, regardless of the allocation group. In relation to the cephalic vein, there was an
increase in all groups, however higher values were observed in FRG and WRG patients.
Regarding the manual grip strength, the WRG patients presented better performance, whereas
the FRG patients’ circumference showed larger increments.

The increase in the transverse diameter of the radial artery observed in all patients
suggests that there is no superiority between the exercise modalities, as observed in the study
by Barbosa et al. (2018). The performance with BFR was not superior to the exercise performed
without the restriction, which makes us think that the addition of this resource may not justify
its use in clinical practice since the other patients also presented similar gains. We observed
that only 50% of each presented a considerably high response between patients, while the others
presented a more modest gain. In spite of this, all the patients reached the expected dimensions
for creating the AVF (Wilschut et al., 2018) with the two training modalities, enabling the
minimum conditions for the venous access success.

According to our results, patients who presented lower responses in arterial vessel

performance were diabetic and were in the final stage of CKD. Endothelial dysfunction in these



81

individuals may have contributed to these results, since it is expected to increase contractility
and vascular relaxation deficit in diabetes mellitus (Kim et al., 2016).

Regarding the increased diameter and venous distensibility obtained in our study, we
observed that similar results were described by Rus et al. (2005). These authors used
intermittent flow restriction for a few minutes throughout the day and manual compression
exercises (Rus et al., 2005), while our protocol involved exercises for the musculature of the
entire trained upper limb. We believe that the exercise volume provided by our study made it
possible to obtain similar results to the study by Rus et al. (2005), even though the exercises
performed by our patients were only performed once a day.

The patients in our study presented increases in blood flow velocity similar to that found
by Rus et al. (2005) and Lockhart et al. (2004). Although these authors did not use BFR, our
results suggest that the use of BFR can provide similar increases to conventional exercises.
According to Mouser et al. (2019), the BFR increases the vascular conduction of the forearm
with consequent increase in the blood flow, and this effect can be due to the increase of the
synthesis of nitric oxide and vascular endothelial growth factor, signaling angiogenesis
(Ferguson et al., 2018; Larkin et al., 2012). Thus, considering the effect of BFR on the vessels,
it is possible to think of using the partial restriction associated with an exercise program since
it benefited the group that used it, especially when this program is instituted before creating the
AVF.

Regarding strength, WRG patients presented greater increases in relation to the FRG,
suggesting that the renal patient may benefit more from exercises without flow restriction for
increased muscle strength. These findings may be due to factors related to muscle dysfunction
present in CKD, whose inefficient mitochondrial metabolism of the skeletal muscles activates
proteolytic pathways and promotes loss of muscle mass (Roshanravan et al., 2019). Thus,
reducing the availability of blood flow and oxygen during exercise with BFR may be
contributing to this mechanism.

The energy expenditure resulting from the application of BFR may be another factor
influencing the force gain. Pfeiffer et al. (2019) observed that the use of partial occlusion
between 40 and 50% in their study (as used in our study) is enough to increase energy
expenditure in relation to training without restriction. In addition, previous studies that
evaluated energy expenditure after exercise with BFR observed that the mean oxygen
consumption is 14% higher than in the absence of the restriction (Abe et al., 2010), leading to
reduction of oxygen and accumulation of intramuscular metabolites, which may influence

muscle performance (Yasuda et al., 2010).



82

Conclusion

All the patients in our study had an increase in the evaluated outcomes. Despite the
similar vascular and strength-like presentation, the results should be interpreted with caution
considering the sample size. The results suggest that patients generally appear to benefit from
the partial flow restriction protocol as well as from the protocol without flow restriction.
However, studies with a larger number of participants are necessary to better solidify these
findings.
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Table 1. Training protocol performed by the study patients.

Equipment

Tennis ball

Protocol

- 3 series of
10 isometric
manual

contractions

- 3-second
contractions
and 1-second
rests

- increasing 5
contractions

per week

2 minutes de rest

umbbell

Handgrip

- 3 series of tem

elbow flexions

- 3-second
contractions and

1-second rests

-1kg (1%and
2" weeks)

-2 kg (3¥and
4" weeks)

3kg (5" to the 8™

weeks)

2 minutes de rest

- 60 dynamic
manual handgrip

pressures

- 20 contractions

per minute
- 2-second
contractions and 1-

second rests

-40% 1RM
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Table 2. Sociodemographic and clinical characteristics of study patients.
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. FRG WRG
Variables P 7 P3 pa
Age (years) 57 63 49 57
BMI (Kg/m?) 28.0 25.7 28.5 29.4
Gender (F/M) M F M M
CKD stage v V V v
Comorbidities SAH DM DM SAH
Laboratory Exams
Hemoglobin (%) 13.4 16.8 12.4 11.7
Hematocrit (g/dL) 36.8 47.1 38.6 36.1
Urea (mg/dL) 72.0 137.7 97.1 69.0
Creatinine (mg/dL) 24 4.1 4.6 2.5
Sodium (mEg/L) 142.8 139.7 137.5 143.2
Potassium (mEg/L) 3.7 3.5 55 4.3
Phosphorus (mg/dL) 3.1 4.3 4.2 4.8
Calcium (mg/dL) 8.8 9.6 9.2 10.2

Legend: FRG: Flow Restriction Group; WRG: Without Flow Restriction Group; BMI: Body

Mass Index; CKD: Chronic Kidney Disease; M: Male; F: Female; SAH: Systemic Arterial

Hypertension; DM: Diabetes Mellitus.
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Table 3. Initial ultrasonographic characteristics of the radial artery and cephalic vein,

dynamometry and perimeter of study patients.

Variables FRG WRG

P1 P2 P3 P4
Radial Artery (2cm)
Diameter (mm) 2.3 2.4 2.2 1.6
SP velocity (cm/s) 51.55 23.71 23.25 25.64
Mean velocity (cm/s) 17.45 2.81 7.51 17.33
Radial Artery (10cm)
Diameter (mm) 2.3 2.1 2.6 2.7
SP velocity (cm/s) 37.2 20.92 28.7 26.04
Mean velocity (cm/s) 13.31 2.43 7.58 22.89
Radial Artery (20cm)
Diameter (mm) 2.8 2.7 3.4 2.9
SP velocity (cm/s) 48.36 20.92 34.01 26.17
Mean velocity (cm/s) 16.81 2.36 9.21 24.07
Cephalic vein (2cm)
Diameter (mm) 2.4 2.7 1.6 2.7
Distensibility (mm) 1.7 3.0 2.0 3.2
Cephalic vein (10cm)
Diameter (mm) 2.2 2.7 2.2 2.9
Distensibility (mm) 2.0 2.8 2.4 3.3
Cephalic vein (20cm)
Diameter (mm) 3.0 3.0 2.4 2.7
Distensibility (mm) 2.2 34 2.8 35
Dynamometer (KgF) 40.0 43.4 60.0 40.0
Perimeter (cm) 28.0 23.2 29.5 26.51

Legend: FRG: Flow Restriction Group; WRG: Without Restriction Group; P: Patient; SP:

Systolic peak.



Table 4. Ultrasonographic behavior of the radial artery and cephalic vein, dynamometry and perimeter of patients at the end of the study.
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FRG WRG

Variables A Final — Initial (%)

P1 P2 P3 P4
Radial Artery (2cm)
Diameter (mm) 0.7 (30%) 0.1 (4%) 0.2 (9%) 0.5 (31%)
SP velocity (cm/s) 4.71 (9%) 2.33 (10%) 17.2 (74%) 0.53 (2%)
Mean velocity (cm/s) 12.08 (69%) 0.28 (10%) 1.3 (17%) 1.3 (8%)
Radial Artery (10cm)
Diameter (mm) 0.5 (20%) 1.5 (71%) 0.4 (15%) 0.2 (7%)
SP velocity (cm/s) 7.97 (21%) 2.33 (11%) 2.65 (9%) 0.26 (1%)
Mean velocity (cm/s) 1.69 (13%) 0.28 (12%) 2.74 (36%) 0.73 (3%)
Radial Artery (20cm)
Diameter (mm) 0.2 (7%) 0.3 (11%) 0.2 (6%) 0.3 (10%)
SP velocity (cm/s) 8.5 (18%) 2.67 (13%) 2.66 (8%) 0.8 (3%)
Mean velocity (cm/s) 0.8 (5%) 1.41 (60%) 1.41 (15%) 1.9 (8%)
Cephalic vein (2cm)
Diameter (mm) 1.1 (46%) 0.4 (15%) 0.4 (25%) 0.5 (19%)
Distensibility (mm) 2.1 (124%) 0.3 (10%) 0.4 (20%) 0.3 (9%)



Cephalic vein (10cm)
Diameter (mm)

Distensibility (mm)

Cephalic vein (20cm)
Diameter (mm)
Distensibility (mm)
Dynamometer (KgF)

Perimeter (cm)

1.3 (59%)
2.3 (115%)

0.8 (27%)
1.6 (73%)
6.0 (15%)
2 (7%)

0.6 (22%)
1.1 (39%)

0.2 (7%)
0.8 (24%)
8.6 (20%)
0.21 (10%)

0.4 (18%)
0.4 (17%)

0.4 (17%)
0.4 (14%)
22.0 (37%)
1 (3%)

0.1 (3%)
0.4 (12%)

0.2 (7%)
0.4 (11%)
10.2 (26%)
0.39 (1%)
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Legend: FRG: Flow Restriction Group; WRG: Without Restriction Group; P: Patient; SP: Systolic peak.
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ABSTRACT

Introduction: Individuals with chronic kidney disease (CKD) have a decline in physical
function that can be observed in the pre-dialytic stage. Whole-body vibration (WBV) is an
alternative to conventional exercises because it is a training that requires less physical effort.
Objective: To investigate whether whole-body vibration training improves functional capacity,
quality of life, and postural balance in patients with CKD undergoing hemodialysis. Materials
and Methods: A systematic review of clinical trials and pilot studies. Participants: CKD
patients undergoing hemodialysis (HD). Evaluated outcomes: Functional capacity, quality of
life and postural balance. Results: The research identified three eligible studies with 55
participants. The training sessions were carried out with WBYV platforms, lasting from 2 to 3
months. Improvement in functional capacity with partial improvement of quality of life, but
without improvement in postural balance were found. Conclusion: The studies showed low
quality of evidence, as well as insufficient reports to understand the protocols. Therefore, there
IS no evidence as to the benefits of WBV on the functional capacity and quality of life of
individuals with CKD undergoing HD, and therefore results of the studies should be analyzed

with caution.

Keywords: Chronic Renal Insufficiency, Vibration Training, 6-Minute Walk Test, Postural

Balance.
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1. Introduction

Individuals with chronic kidney disease (CKD) have weakness in their peripheral and
respiratory muscles resulting from uremic myopathy, reduced caloric-protein intake, physical
inactivity, reduced vascular bed and vascular calcification [1]. Despite advances in treating
CKD with hemodialysis (HD), skeletal muscle catabolism, anemia, uremia, chronic
inflammatory process and comorbidities contribute to the dysfunctional muscle, resulting in a
lower physical performance of these patients in relation to healthy individuals [2,3].

The decline in physical function is usually observed simultaneously with loss of muscle
mass, which can already be observed in the pre-dialysis stage where patients demonstrate
reduced strength, balance and gait speed [4]. Although the NKF Kidney Disease Outcomes
Quality Initiative (NKF KDOQI)™ recommends increasing the level of physical activity in order
to minimize the deleterious effects of disease progression, the practice of aerobic and resistance
exercises with different protocols have been proposed and developed; however, the high energy
expenditure for its implementation has made it difficult for these patients to participate and join
these programs [5,6].

Considering the potential effects of an exercise program for these individuals, whole
body vibration (WBV) arises as an alternative to conventional exercises because it is considered
a training modality which requires less physical effort to perform it. The main benefits observed
with its use are improvement in bone quality, neuromuscular function and postural balance, and
may favor individuals with some functional limitation or low mobility [7]; however, the
evidence of WBV in CKD patients on hemodialysis has not yet been investigated.

Thus, the objective of this systematic review was to investigate whether training with
whole body vibration improves functional capacity, quality of life and postural balance in CKD

patients undergoing hemodialysis.

2. Materials and Methods

This systematic review was performed from August to November 2018 according to the
recommendations of the Preferred Reporting Items for Systematic Review and Meta-analyzes
(PRISMA), being registered in PROSPERO under registration number CRD42018104884.
2.1 Study identification and selection

Primary studies were identified by searching the following electronic databases: The
Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE/PubMed (1966-
2018), LILACS/BIREME (1982-2018), Scielo, Physiotherapy Evidence Database (PEDro),
Cumulative Index of Nursing and Allied Health (CINAHL/ Ebsco) (1981-2018), Web of
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Science (1945-2018) and Scopus/ Elsevier (1950-2018), in addition to theses and dissertations
in the IBICT (Brazilian Institute of Information in Science and Technology - Instituto Brasileiro
de Informacdo em Ciéncia e Tecnologia) and abstracts from congresses and symposiums,
considered gray literature.

In the search strategy the Boolean terms “AND” or “OR” were used with the following
terms: chronic renal insufficiency, chronic kidney disease, kidney disease, renal insufficiency,
hemodialysis, exercise test, whole body vibration, vibration exercise, vibration training,
vibration therapy, biomechanical stimulation, biomechanical oscillation.

The titles corresponding to the inclusion criteria were selected After the systematic
search. Summaries of selected articles were evaluated, followed by selected full papers.
Eligibility criteria were assessed by two independent reviewers (SDB and HKBF) and
disagreements were resolved by a third author (PEMM). To create a table of general
characteristics of the articles (Table 1), data were extracted as: authors, year of publication,
country where the research was conducted, study design, and characteristics of the participants

(demographics and sample size). [Table 1 here].

2.2 Evaluation of study characteristics
2.2.1 Quality

The included studies were evaluated using the Cochrane Risk of Bias Tool, which
identifies and classifies the risk of bias as high, low or unclear bias. A study was considered as
having a high risk of bias if a methodological procedure was not described, unclear if the
description was not clear, and having low risk if all the procedure was described in detail.
2.2.2 Participants

Articles with study populations involving stage 5 CKD patients submitted to
hemodialysis, over 18 years of age of both genders and who underwent WBV training were
included. Articles with patients with CKD in conservative (non-dialytic) or transplanted
treatment, with hemodynamic instability or hospitalization were excluded.
2.2.3 Intervention

The experimental intervention targeted by this review was WBYV performed by patients
with CKD who underwent regular hemodialysis in an interdialytic or intradialytic period. The
information extracted from the intervention was the load and the device used, the duration and
the frequency of the training. The control intervention (if any) was the absence of training or

simulated training.
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2.3 Outcome measures

The outcome measures of this review were functional capacity, quality of life and
postural balance. The functional capacity assessment was evaluated by means of the 6-minute
walk test (6MWT) being expressed by the distance traveled in meters according to the norms
of the American Thoracic Society [8]. The quality of life, expressed in points, was evaluated
through the Kidney Disease Quality of Life Instrument Short-Form questionnaire - KDQOL-

SF [9], while postural balance was evaluated by scales or equipment designed for this purpose.

3. Results

The search resulted in 114,011 articles. After withdrawing 5 duplicates, 114,001 were
then excluded by title or abstract, and only 5 were then selected for analysis; however, 2 of
which were excluded after analyzing the text in full due to the ineligibility of their study designs,
leaving 3 for final analysis and inclusion in the systematic review: one clinical trial [9] and two
pilot studies [11,12] (Figure 1). [Figure 1 here]

3. 1 Characteristics of the included studies

The characteristics of the studies and the analyzed outcomes are shown in Table 1.

3.1.1 Study population
The number of participants in each study varied between 14 and 25 patients, with a mean
age between 19 and 92 years. All studies were performed in patients with CKD undergoing

regular hemodialysis.

3.1.2 Intervention
The three performed studies presented distinct training protocols, which mainly
consisted of a series of exercises performed on the platform at different degrees of knee and hip

positions. The interventions lasted between twelve and twenty-four weeks [10-12].

3.1.3 Risk of bias

Regarding randomization and allocation, the main methodological limitation was lack
of randomization in the studies of Seefried et al. [12], constituting a high risk of bias, whereas
it was considered an unclear risk of bias in the study by Doyle et al. [11] because there was only
one group, and had its final results compared to the initial evaluation. The use of concealment
and allocation was made clear in the study by Fuzari et al. [10], reporting the use of sealed and
opaque envelopes. In relation to blinding, only the study by Fuzari et al. [10] did so, constituting

a low risk of bias.



95

Regarding the intention-to-treat analysis, the study by Seefried et al. [12] was
considered as having a risk of high bias because there was exclusion of losses in the final
analysis, while the risk of bias for this item in the study by Doyle et al. [11] was considered
unclear: patients were treated as their own control, however there are a different number of
results per participant for each analyzed test. Regarding selective reporting, studies by Seefried
et al. [12] and Fuzari et al. [9] presented an unclear risk of bias; the final results in the study by
Seefried et al. [12] were presented as if the participants had been submitted to the same
intervention, however there were different protocols to which they were submitted; moreover,
the risk of bias was unclear in the study by Fuzari et al. [10] due to the fact that all dimensions
of the kidney disease quality of life instrument were not presented, and only the item with the

most relevant outcome was reported.

3.1.4 Effects of WBV training
3.1.4.5 Functional capacity

Both studies which analyzed the functional capacity observed increases in the distance
traveled, with an increase of 17 meters being reported by Seefried et al. [12], while Fuzari et al.

[10] reported a gain of 71.12 meters.

3.1.4.6 Quality of Life

Only the study by Fuzari et al. [10] reported improvement in the symptom domain of
the questionnaire for both the intervention and Sham groups, while Doyle et al. [11] did not
observe changes in the quality of life of their patients.
Postural balance

Improvement in postural balance was only reported in the study by Seefried et al. [12],
with an increase of 0.36 points in the field related to balance on the Short Physical Performance
Battery (SPPB). Fuzari et al. [10] and Doyle et al. [11] did not observe changes in the static or

dynamic balance.

4. Discussion

The results of this review identified low or very low quality evidence for improvement
of functional capacity, quality of life and balance through WBYV training for CKD patients on
hemodialysis. The three studies included in this review demonstrated methodological
limitations and wide variation between protocols regarding frequency and amplitude used in
WBYV, duration of sessions and positioning of patients during training. The inconsistencies

among the data made it impossible to carry out a meta-analysis on the presented data.
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Although the authors used the same instrument to analyze the functional capacity by
means of the distance covered, the results of the 6MWT were presented in different ways
[10,12]. Fuzari et al. [10] presented the results obtained by groups, allowing individualized
analysis between patients submitted to the training protocol and those submitted to Sham WBV.
However, Seefried et al. [12] described the results of the test in a grouped manner, and it was
not questioned whether there would be any influence of the type of protocol performed either
before or after HD on the 6MWT results. Regardless of how the results were presented, both
studies reported gains in distance traveled [10,11].

The mechanisms related to WBV which lead to improvement in muscular and
cardiorespiratory function are still not fully understood. Vibratory stimuli increase muscle
activation through tonic vibration reflex; in addition, there is an increase in energy and heat
generation, as well as increased tissue and muscle perfusion. These factors may directly or
indirectly contribute to the improvement in physical performance [13].

In relation to the quality of life, there was improvement in general health and disease-
related symptoms in the study by Doyle et al. [11], as well as reported improvement in
symptoms reported by Fuzari et al. [10]. In general, improvement in the quality of life has been
demonstrated in patients who perform HD after performing exercise programs [14]. In addition
to the complications resulting from kidney disease and HD, patients on HD are generally
inactive, and one of the factors responsible for this condition is the immobility imposed during
HD, which can vary between 500 and 800 hours per year, in addition to the commute to perform
the therapy which reaches between 400 and 500 annual hours [15]. Thus, the change in lifestyle
from the including regular physical activity may have been responsible for the perceived
improvement in symptoms and general health of these patients.

Regarding balance, the continuous impulse generated during WBYV to the proprioceptive
receptors can be considered a mechanism which triggers the beneficial effects provided by
unstable surfaces, providing an improvement in balance [16].

Among the three studies, only Seefried et al. [12] presented an increase in the balance-
related score in the implemented test; however, in the data layout it is not clear if this increase
was enough to reach a score that reflected improvement in the body balance of the evaluated
patients. The discrepancy between the protocols and tests used may have been fundamental in
the disparity between the results presented between the studies.

Although the analyzed studies show improvement in functional capacity and in some

aspects of quality of life, the results presented by them should be interpreted with caution due
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to the great variation between the performed protocols. In addition, the quality of the reported
WBYV protocols was low, making it difficult to reproduce the studies in general.

According to the International Society of Musculoskeletal and Neuronal Interactions,
there are 13 important items that should be reported in descriptions of WBYV protocols [17]. In
the studies investigated by this review, the type of vibration used (whether vertical or
alternating) [11,12], peak acceleration [11,12], the presence of support devices during WBV or
if training was performed without support during [11,12], the type of footwear used or if the
patient was barefoot [10-12], the posture maintained during the WBYV [11] and the type of
exercise performed on the platform [11].

5. Conclusion

The insufficient reports make it difficult to reproduce and better understand the
protocols of the analyzed studies, as the low quality of evidence does not seem sufficient for
the use of WBV in CKD patients undergoing hemodialysis with the objective of improving
physical performance and quality of life. Thus, according to the analyzed studies, it is not
evident that the use of whole-body vibration can improve functional capacity and quality of
life. The lack of standardized conducts, as well as the small number of patients involved in the
studies were not enough to verify the presented benefits.
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Figure 1. Search and selection of studies for the systemic review according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA).
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Table 1. Characteristics of the included studies.
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Author,
Year and Design Participants Intervention and Control Groups Evaluated Outcomes Results
Country
Doyleetal. PS n=25 G1 = Protocol of 2 months, with 3 sessions Balance (Tinetti), No improvement
(2017), Age (years) = per week, lasting 3 min each, performed Quality of life in balance
United 24-92 before the HD, with vibration of 50Hz and (KDQOL-SF) No improvement
Kingdom Gender =27  amplitude of 10mm. in QoL
M, 22 F Material: WBYV platform (iFit Pro®).
Con = Did not have.
Seefriedet PS n=14 Group 1 (n=8) - Protocol of 3 months, with 2 Distance traveled 17-meter increase
al. (2017), Age (years) = sessions per week before HD, with duration of (6MWT), Static in distance
Germany 45-75 5, 12.5 and 20 min in the first, second and balance test traveled
Gender =8 third month, respectively, with gradual (SPPB) Presented an
M,6F increment of: frequency - 5, 7 and 9Hz in the increase of 0.36

first, second and third months, respectively;
and amplitude of - 0.5 to 1.5mm in the easy
group; 1.5 to 2.5mm in the intermediate

group; and 2 to 3mm in the difficult group.

points on the
SPPB



Fuzarietal. RCT n=16

(2018), Age (years) =

Brazil 19-69
Gender = 23
M, 16 F

Material: Galileo® platform.

G2 (n=6) - Same protocol as G1, being
performed after HD.

G1 (n=8) — Protocol of 3 months, with 2
sessions per week of 10, 15 and 20 minutes
during the first, second and third month,
respectively. Vibration of 35Hz, amplitude of
2mm in the first two weeks and 4mm in the
following weeks.

Material: WBYV platform (Power Plate
MY3®)

G2 (n=8) - Same protocol as G1 but without

vibration: the platform vibration was

simulated by a device created for this purpose.

Distance traveled
(6MWT), Quality
of life (KDQOL-
SF) and balance

(Balance system)

102

71,12 meter
increase in
distance traveled
Improvement
only in the
KDQQOL-SF
symptom domain
No improvement

in balance

PS: Pilot study; RCT: Randomized Controlled Clinical Trial; M: Male; F: Female; HD: Hemodialysis; WBV: Whole Body Vibration; KDQOL-
SF: Kidney Disease Quality of Life — Short Form; 6MWT: 6-minute Walk Test; SPPB: Short Physical Performance Battery; QoL: Quality of

Life.
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UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO DE CIENCIAS DA SAUDE
PROGRAMA DE POS-GRADUACAO EM CIENCIAS DA SAUDE

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Convidamos o (a) sr. (a) para participar como voluntario (a) da pesquisa “Efeitos do
exercicio fisico com restricdo parcial de fluxo sanguineo sobre a morfologia dos vasos
sanguineos do antebraco da fistula arteriovenosa na doenca renal crénica: Ensaio Clinico
Randomizado”, que estd sob a responsabilidade do pesquisadora Shirley Dias Bezerra,
endereco: Rua Alcantara, n® 415, Tejipio, Recife-PE, CEP: 50920-620. Telefone: (81) 99669-
3769, email: shi.dias.b@gmail.com, esta sob a orientacdo de Patricia Erika de Melo Marinho,
telefone para contato (81)2126-8496, e-mail: patmarinho@yahoo.com.br.

Este documento pode conter algumas informacdes que o/a senhor/a ndo entenda. Caso
haja alguma ddvida, pergunte a pessoa a quem estd lhe entrevistando. Apoés, caso aceite,
rubrique as folhas e assine ao final deste documento, que estd em duas vias. Uma delas é sua e
a outra € da pesquisadora responsavel. Em caso de recusa o (a) Sr. (a) ndo sera penalizado (a)
de forma alguma. Também garantimos que o (a) Senhor (a) tem o direito de retirar o
consentimento da sua participagdo em qualquer fase da pesquisa, sem qualquer penalidade.

INFORMAGCOES SOBRE A PESQUISA:

Este projeto tem o objetivo de avaliar a eficacia do exercicio fisico com restri¢do parcial
de fluxo sanguineo sobre as alteracGes morfoldgicas vasos sanguineos do antebraco pré e pos-
confeccdo de fistula arteriovenosa na doenca renal cronica. Serd realizado no Ambulatério de
Fisioterapia e de Nefrologia do Hospital das Clinicas da Universidade Federal de Pernambuco
(UFPE) e no Laboratério de Fisioterapia Cardiopulmonar, localizado no Departamento de
Fisioterapia da UFPE.

Caso decida aceitar o convite, vocé serd submetido (a) inicialmente a uma avaliacdo
onde vocé respondera a um questionario contendo dados pessoais e profissionais. Também
serdo avaliados peso, altura, pressdo arterial e alguns dados clinicos que serdo vistos em
prontuario na sua frente, que esta armazenado no ambulatério. Esta avaliacdo tera duracdo de
aproximadamente 30 minutos. Logo em seguida, serd agendada a data para os exames fisicos,
que serdo realizados no inicio e final do programa de treinamento.

Antes da realizacdo o senhor (a) sera orientado (a) a ndo ingerir cafeina, ndo fumar ou
ser exposto (a) e nado realizar de exercicios fisicos por pelo menos 12 horas antes do exame.
Para o0s testes vocé ficara na posicao sentada por 20 minutos, aos 10 minutos nesta posicao sera
verificada a pressdo arterial e sera realizada a avaliacdo da circunferéncia do antebraco,
utilizando uma fita métrica de nylon que contornaré seu brago.

Ao término dos 20 minutos, serd realizada a avaliacdo dos vasos sanguineos do
antebraco dos membros superiores através de ultrassonografia. Vocé permanecera sentado (a)
e a avaliadora utilizara um equipamento com gel e realizara pequenos movimentos com minima
pressdo em seu antebraco. Em determinado momento deste exame sera necessario utilizar um
torniquete (garrote) que aplicara uma pressao na regido proxima ao cotovelo para reduzir o
fluxo sanguineo, que ndo causara dor nem desconforto, dando continuidade ao procedimento.

O dltimo exame sera para avaliar a forca dos membros superiores através de um
equipamento em que sera necessario fazer uma contracdo maxima dos musculos do punho por
um curto periodo de tempo. Sera repetido este movimento 2 vezes, com descanso de 5 minutos
entre eles. O exame fisico terd duragdo de aproximadamente 50 minutos.
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Ap0Gs 0s exames iniciais vocé sera submetido a um programa de exercicios fisicos de 8
semanas de duracdo para 0 membro superior ndo dominante. Caso vocé ndo seja incluido no
programa de exercicios sera submetido ao processo cirdrgico normalmente, assim como
estabelecido inicialmente pelo médico que o acompanha. No entanto, para aqueles que nao
realizarem o programa de exercicios, sera entregue uma cartilha com orientaces sobre 0s
exercicios a serem realizados em domicilio.

Vocé vird 2 dias da semana ao ambulatorio de Fisioterapia do HC-UFPE e realizara
exercicios de apertar uma bola de ténis, dobrar o punho e o cotovelo com halter com carga que
ird variar de acordo com a semana de treino e apertar um exercitador de mdo. Durante os dias
em que nao vier para o ambulatdrio vocé realizara exercicios de apertar de bola de ténis em
casa.

Serdo dadas todas as orientacdes e serdo entregues um folheto explicativo, materiais
para os exercicios (bola de ténis) e um diario de controle de realizacdo do treinamento para
aqueles que participarem do programa de exercicios. Serdo realizadas ligacdes nos dias de
realizacdo dos procedimentos em domicilio para lhe auxiliar no controle dos procedimentos. A
duracdo, frequéncia e intensidade dos exercicios serdo ditas pela instrutora.

O programa terminara ao final do 3° dia de treinamento da Ultima semana da realizacéo
de procedimentos em domicilio. Em seguida sera realizada a reavaliacdo. Os instrutores Ihes
ajudardo em todos os momentos. Apos a realizacdo da cirurgia para confeccionar a fistula
arteriovenosa, sera realizada a ultima avaliacdo. Sua participacdo encerrard ap6s a avaliacdo
realizada depois da cirurgia. Os dados obtidos poderdo ser publicados, porém seus dados
pessoais serdo mantidos em sigilo.

Pode haver o risco direto por dor e formigamento, além de sensacdo de dorméncia
durante a realizacdo do protocolo no membro submetido aos exercicios. Essa sensacao sera
minimizada através do repouso entre as séries de exercicio e ao longo do tempo o paciente se
adaptara sem apresentar queixas. Estes riscos ndo estardo presentes na realizacao das atividades
propostas em domicilio. Caso ocorram, o senhor (a) terd o direito a ndo dar continuidade nos
procedimento se ndo sentir-se a vontade para tal.

O beneficio direto que se espera obter para 0 paciente é o aumento do diametro, da
distensibilidade e do fluxo dos vasos avaliados através do protocolo de exercicios proposto, 0
que pode favorecer bons resultados para a confeccdo da fistula, reduzindo os indices de
insucesso quanto ao processo de maturacdo e insuficiéncia das fistulas e prevenindo
reabordagens cirdrgicas relacionadas a este acesso, ocasionando um maior periodo de duracédo
da FAV.

As informagdes desta pesquisa serdo confidencias e divulgadas apenas em eventos ou
publicacdes cientificas, ndo havera identificagdo dos voluntarios, a ndo ser entre 0s responsaveis
pelo estudo, sendo assegurado o sigilo sobre a sua participacdo. Os dados coletados nesta
pesquisa ficardo armazenados em pastas de arquivo e computador pessoal, sob a
responsabilidade da pesquisadora Shirley Dias Bezerra e da orientadora Patricia Erika de Melo
Marinho, nos enderecgos acima informados, pelo periodo de minimo 5 anos.

O (a) senhor (a) ndo pagara nada para participar desta pesquisa.

Em caso de ddvidas sobre a parte ética deste estudo, vocé podera consultar o Comité de Etica
em Pesquisa Envolvendo Seres Humanos da UFPE, no endereco: (Avenida da Engenharia s/n
— 1° Andar, sala 4 - Cidade Universitaria, Recife-PE, CEP: 50740-600, Tel.: (81) 2126.8588 —
e-mail: cepccs@ufpe.br).

(assinatura do pesquisador)
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CONSENTIMENTO DA PARTICIPACAO DA PESSOA COMO VOLUNTARIO (A)

Eu, , CPF , abaixo
assinado, apos a leitura (ou a escuta da leitura) deste documento e de ter tido a oportunidade de
conversar e ter esclarecido as minhas ddvidas com o pesquisador responsavel, concordo em
participar da pesquisa “Eficacia do exercicio fisico com restricdo parcial de fluxo sanguineo
sobre 0s vasos sanguineos do antebraco pré e pos-confeccao de fistula arteriovenosa na doenca
renal cronica: Ensaio Clinico Randomizado”, como voluntario (a).

Fui devidamente informado (a) e esclarecido (a) pelo pesquisador sobre a pesquisa, 0S
procedimentos nela envolvidos, assim como os possiveis riscos e beneficios decorrentes de
minha participacdo. Foi garantido que posso retirar o0 meu consentimento a qualquer momento,
sem que isto leve a qualquer penalidade ou interrupcéo de meu acompanhamento.

Local e data \

Assinatura do participante:

Presenciamos a solicitacdo de consentimento, esclarecimentos sobre a pesquisa e o aceite do
voluntario em participar.
(02 testemunhas ndo ligadas a equipe de pesquisadores):

Nome: Nome:
Assinatura; Assinatura;
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APENDICE F - FICHA DE AVALIACAO CLINICA E SOCIODEMOGRAFICA

Data de avaliag&o: / /

Nome: Idade:
Data de nascimento: / / Sexo: ( )F ( )M Identificag&o:
Ocupacéo: Telefone:
Escolaridade: ( )0a4danos ( )5a8anos ( )9 oumaisanos

Renda familiar: ( ) 0 a 1 salario minimo () 2 ou mais salarios minimos

Peso (Kg): Altura (m): indice de massa corporal (IMC):
Desenvolve algum tipo de trabalho manual com cargas elevada? Sim () Nao ( )
Qual (is):

Apresenta histdria prévia ou sinais e sintomas que causem suspeita de acidente cardiovascular?

Sim( ) Nao( )

Apresenta lesdes traumato-ortopédicas em cervical, ombro, cotovelo, punho e (ou) mao néo tratadas?
Sim( ) Nédo( )

Apresenta deficiéncia fisica em MMSS, visual e (ou) auditiva? Sim ( ) Né&o ( )

Estagio da DRC:
Etiologia da DRC: Diabetes Mellitus ( ) Doenca Cardiovascular ( ) Doen¢a Reumatica ( ) Cancer
de Prostata () Doencga Renal () Indeterminada ( ) Outras ( )

Se outras, quais?

Realiza ou realizou TRS: Sim () Nao ( )/ Se sim, quais?
Ja possui FAV em MMSS: Sim () Naéo ( )/ Sesim, onde?
Motivo de falha da FAV: Estenose ( ) Trombose ( ) Insuficiéncia ( ) Outras ( )
Se outras, quais?
Medicagdes em uso:

Exames Bioguimicos

Hemoglobina Potéssio
Hematocrito Fosforo
Ureia Calcio
Creatinina TFG — CKD EPI
Sédio TFG — MDRD
Exame Fisico
Pressédo Arterial (mmHQ)

12 avaliacdo:
Data: - g~

2% avaliacdo:

50% da PAS — Prescricdo do tornigquete

Perimetria (cm)

Data 12 avaliacdo | 2% avaliacdo | 3%avaliacdo | Maior valor

Antes da Intervencéo

Apos intervencdo

Apos confeccdo da FAV
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Ultrassonografia de Antebrago — Antes da Intervencgao

Variavel Vaso \ 1 \ 2 \ 3 \ Maior valor | %
2cm
A Artéria radial
Diametro (mm) Veia cefélica
Velocidade de pico sistolico (cm/s) Artéria radial
Velocidade Média (cm/s) Artéria radial
10cm
A Artéria radial
Diametro (mm) Veia cefalica
Velocidade de pico sistdlico (cm/s) Artéria radial
Velocidade Média (cm/s) Artéria radial
20 cm
A Artéria radial
Diametro (mm) Veia cefélica
Velocidade de pico sistolico (cm/s) Artéria radial
Velocidade Média (cm/s) Artéria radial
Aplicacéo do torniquete
2cm
Distensibilidade da veia cefalica (mm) | 10 cm
20 cm
Data:
Ultrassonografia de Antebrago — Apoés Intervencgao
Variavel Vaso | 1 \ 2 | 3 \ Maior valor | %
2¢cm
N Artéria radial
Diametro (mm) Veia cefalica

Velocidade de pico sistélico (cm/s)

Artéria radial

Velocidade Média (cm/s)

Artéria radial

10 cm

Diametro (mm)

Artéria radial

Veia cefélica

Velocidade de pico sistélico (cm/s)

Artéria radial

Velocidade Média (cm/s)

Artéria radial

20 cm

Diametro (mm)

Artéria radial

Veia cefélica

Velocidade de pico sistélico (cm/s)

Artéria radial

Velocidade Média (cm/s)

Artéria radial

Aplicacdo do torniquete

Distensibilidade da veia cefalica (mm)

2cm

10cm

20cm

Data:
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Ultrassonografia de Antebrago — Ap6s Confeccdo da FAV

Variavel | Vaso | 1 2 | 3 |Maiorvalor | %
2¢cm
. Artéria radial
Didmetro (mm) Veia cefalica
Velocidade de pico sistdlico (cm/s) Artéria radial
Velocidade Média (cm/s) Artéria radial
10 cm
A Artéria radial
Diametro (mm) Veia cefalica
Velocidade de pico sistolico (cm/s) Artéria radial
Velocidade Média (cm/s) Artéria radial
20 cm
A Artéria radial
Diametro (mm) Veia cefalica
Velocidade de pico sistolico (cm/s) Artéria radial
Velocidade Média (cm/s) Artéria radial
Aplicacéo do torniquete
2cm
Distensibilidade da veia cefalica (mm) | 10 cm
20cm
Data:
Dinamometria (Kgf)
Data 12 avaliacdo | 2% avaliacdo | 3%avaliacdo | Maior valor

Antes da Intervencéo

Apos intervencdo

Apos confecgdo da FAV
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APENDICE G - FOLHETO EXPLICATIVO PARA OS EXERCICIOS
DOMESTICOS

Material utilizado: Bola de Ténis

Quando realizar: 3 vezes por semana em dias alternados aos atendimentos ambulatoriais

Como realizar:
» 12 Semana: 10 apertos por 6 vezes
22 Semana: 15 apertos por 6 vezes
32 Semana: 20 apertos por 6 vezes
428 Semana: 25 apertos por 6 vezes

62 Semana: 35 apertos por 6 vezes

>
>
>
» 5% Semana: 30 apertos por 6 vezes
>
» 72 Semana: 40 apertos por 6 vezes
>

82 Semana: 45 apertos por 6 vezes

Figura demonstrativa:

Atencao!!! Apés cada série de repetices, descansar por 1 minuto.




APENDICE H - FICHA DE INTERVENCAO
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TREINAMENTO MUSCULAR

Paciente PA/PO | Forga / 50 % CMV
Semana | Sessio Data Bola de Ténis 1 2 Halter — Punho Halter — Cotovelo Handgrip
Frequéncia | Visto | Visto Carga (Kg) Visto Carga (Kg) Visto Frequéncia
12 1 3X10 1 1
2 3X10 1 1
9 a 3 3X15 1 1
4 3X15 1 1
32 5 3X20 2 2
6 3X20 2 2
40 7 3X25 2 2
8 3X25 2 2
5a 9 3X30 2 3
10 3X30 2 3
5o 11 3X35 2 3
12 3X35 2 3
74 13 3X40 2 3
14 3X40 2 3
ga 15 3 X 45 2 3
16 3 X 45 2 3
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Fabtroolnador Primsipal: Financaments Priprio

DADCE DD FPARECER

Homars do Pansper 2,532,255

Aprecente;do do Projabo:

Tram-s= o= wm Frojsio de pesgquisa shborsdo como requisio parcal paira nh-l:ﬂ-;!-u di Hlulo de Meste =m
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comportamenios dos packnb=s qus reallzaram a FAY sem o programa de sesnciclo.
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a comfecgio da FAN.

“Soallar a5 condiples vasoulares (vela pefdilcs & aféria radal) do antebraco do membno dominanis = ndo
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Insucesso guanio ag processo de maturagio = Insuficiéncla das fistulss & prevenindo reabordager:s
cirorgicas relacionadas a este acesso, ocasionando um malor periodo de durapdo da FAW.
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i eghedo e dio Hipo Ensslo clinloo confrolado, mndomizsdo, o=go = dotado de siglio de abum;-.'-:-. S
desenvoivido po ambulabino de Fisioterapla & refroiogla do HC. Apds a avalagio inidal os pacientes serlo
randomizados &m ds grupos: SRF, G2R & GFAV. O graps GRF & GER sarlo submetidos a um programa
de eyercicios lsodnicos & ksombtriccs concénéricos para a musculaboa fexora de cobowelo & punho
{utiando bola de binis, halier = Femndgrip] para o membro Que ecEberd 5 FAYV, apds 3 al‘:-:al;h..ﬁ.p-u'ﬂﬂ o
@upe GRF nealzard os evercidos com aplicagio de restriglo pancial de fluxo sanguineo. O grupo GFAV
rdis sard submetido A realizaclo de syercicics, no entanto iodos ot pacentes receberdc uma cartiine com
crientaples para a realizacho de erencicios domicllanes. O estudo bem reievanca uma vez gue esima-se
gu= 10 a 33% das FANS confecdonsdss nlo obiém sucesso no processo de maturagiio cerca de quairo o
CinCo meses apds o processo dnirgico. E segundo & pesquisadona tem sido reoomendsdo nas

Erdampe: Ay S8 Degenharm ah® - |7 ender, eeis 4 Préde de Cardn de Clieoss de Sads
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L]
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"HI:IH'I'I-:i'.lI;EI:I'. A Flatafora Erasl. Siga as I'EI:I'L.I-;I!EE dix link "Para envlar Relatdrio Final®, disponilvel no
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ANEXO B- DIRETRIZES PARA SUBMISSAO

Physiotherapy Theory and Pactice
About the Journal

Physiotherapy Theory and Practice is an international, peer-reviewed journal publishing high-
quality, original research. Please see the journal's Aims & Scope for information about its focus
and peer-review policy.

Please note that this journal only publishes manuscripts in English.

Physiotherapy Theory and Practice accepts the following types of article: Research reports,
Qualitative research reports, Descriptive reports, Single subject research reports, Clinical
technical notes, Professional theoretical articles, Case reports, and Systematic reviews.

Peer Review and Ethics

Taylor & Francis is committed to peer-review integrity and upholding the highest standards of
review. Once your paper has been assessed for suitability by the editor, it will then be double
blind peer reviewed by independent, anonymous expert referees. Find out more about what to
expect during peer review and read our guidance on publishing ethics.

Preparing Your Paper

All authors submitting to medicine, biomedicine, health sciences, allied and public health
journals should conform to the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals, prepared by the International Committee of Medical Journal Editors
(ICMJE).

Structure

Your paper should be compiled in the following order: title page; abstract; keywords; main text
introduction, materials and methods, results, discussion; acknowledgments; declaration of
interest statement; references; appendices (as appropriate); table(s) with caption(s) (on
individual pages); figures; figure captions (as a list).

Word Limits
Please include a word count for your paper. There are no word limits for papers in this journal.
Style Guidelines

Please refer to these quick style guidelines when preparing your paper, rather than any
published articles or a sample copy.

Please use American spelling style consistently throughout your manuscript.

Please use double quotation marks, except where “a quotation is ‘within’ a quotation”. Please
note that long quotations should be indented without quotation marks.

Formatting and Templates

Papers may be submitted in Word or LaTeX formats. Figures should be saved separately from
the text. To assist you in preparing your paper, we provide formatting template(s).
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Word templates are available for this journal. Please save the template to your hard drive, ready
for use.

If you are not able to use the template via the links (or if you have any other template queries)
please contact us here.

Figures should be saved separately from the text. The main document should be double-spaced,
with one-inch margins on all sides, and all pages should be numbered consecutively. Text
should appear in 12-point Times New Roman or other common 12-point font. Normally, only
two categories of heading should be used. Major ones should be typed in capital letters in the
middle of the page and underlined; sub-headings should be typed in lowercase and also
underlined. Headings should not be numbered. Authors may give the names and e-mail
addresses of up to four persons whom they judge would have appropriate knowledge and
expertise to review their manuscript during the submission process.

References
Please use this reference guide when preparing your paper.
Taylor & Francis Editing Services

To help you improve your manuscript and prepare it for submission, Taylor & Francis provides
a range of editing services. Choose from options such as English Language Editing, which will
ensure that your article is free of spelling and grammar errors, Translation, and Artwork
Preparation. For more information, including pricing, visit this website.

Checklist: What to Include

Author details. Please ensure everyone meeting the International Committee of Medical Journal
Editors (ICMJE) requirements for authorship is included as an author of your paper. All authors
of a manuscript should include their full name and affiliation on the cover page of the
manuscript. Where available, please also include ORCiDs and social media handles (Facebook,
Twitter or LinkedIn). One author will need to be identified as the corresponding author, with
their email address normally displayed in the article PDF (depending on the journal) and the
online article. Authors’ affiliations are the affiliations where the research was conducted. If any
of the named co-authors moves affiliation during the peer-review process, the new affiliation
can be given as a footnote. Please note that no changes to affiliation can be made after your
paper is accepted. Read more on authorship.

Should contain a structured abstract of 200 words. You may structure your abstract with the
following headings: (a) Background or Introduction, (b) Objective or Purpose, (c) Methods, (d)
Results, and (e) Conclusion.

You can opt to include a video abstract with your article. Find out how these can help your
work reach a wider audience, and what to think about when filming.
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Between 3 and 5 keywords. Read making your article more discoverable, including information
on choosing a title and search engine optimization.

Funding details. Please supply all details required by your funding and grant-awarding bodies
as follows:

For single agency grants
This work was supported by the [Funding Agency] under Grant [number xxxx].
For multiple agency grants

This work was supported by the [Funding Agency <] under Grant [number xxxx]; [Funding
Agency >] under Grant [number xxxx]; and [Funding Agency &] under Grant [number xxxX].

Disclosure statement. This is to acknowledge any financial interest or benefit that has arisen
from the direct applications of your research. Further guidance on what is a conflict of interest
and how to disclose it.

Data availability statement. If there is a data set associated with the paper, please provide
information about where the data supporting the results or analyses presented in the paper can
be found. Where applicable, this should include the hyperlink, DOI or other persistent identifier
associated with the data set(s). Templates are also available to support authors.

Data deposition. If you choose to share or make the data underlying the study open, please
deposit your data in a recognized data repository prior to or at the time of submission. You will
be asked to provide the DOI, pre-reserved DOI, or other persistent identifier for the data set.

Supplemental online material. Supplemental material can be a video, dataset, fileset, sound file
or anything which supports (and is pertinent to) your paper. We publish supplemental material
online via Figshare. Find out more about supplemental material and how to submit it with your
article.

Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and 300 dpi
for colour, at the correct size). Figures should be supplied in one of our preferred file formats:
EPS, PS, JPEG, TIFF, or Microsoft Word (DOC or DOCX) files are acceptable for figures that
have been drawn in Word. For information relating to other file types, please consult our
Submission of electronic artwork document.

Tables. Tables should present new information rather than duplicating what is in the text.
Readers should be able to interpret the table without reference to the text. Please supply editable
files.

Equations. If you are submitting your manuscript as a Word document, please ensure that
equations are editable. More information about mathematical symbols and equations.

Units. Please use Sl units (non-italicized).
Using Third-Party Material in your Paper

You must obtain the necessary permission to reuse third-party material in your article. The use
of short extracts of text and some other types of material is usually permitted, on a limited basis,
for the purposes of criticism and review without securing formal permission. If you wish to
include any material in your paper for which you do not hold copyright, and which is not
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covered by this informal agreement, you will need to obtain written permission from the
copyright owner prior to submission. More information on requesting permission to reproduce
work(s) under copyright.

Disclosure Statement

Please include a disclosure statement, using the subheading “Disclosure of interest.” If you have
no interests to declare, please state this (suggested wording: The authors report no conflict of
interest). For all NIH/Wellcome-funded papers, the grant number(s) must be included in the
declaration of interest statement. Read more on declaring conflicts of interest.

Clinical Trials Registry

In order to be published in a Taylor & Francis journal, all clinical trials must have been
registered in a public repository at the beginning of the research process (prior to patient
enrolment). Trial registration numbers should be included in the abstract, with full details in the
methods section. The registry should be publicly accessible (at no charge), open to all
prospective registrants, and managed by a not-for-profit organization. For a list of registries that
meet these requirements, please visit the WHO International Clinical Trials Registry Platform
(ICTRP). The registration of all clinical trials facilitates the sharing of information among
clinicians, researchers, and patients, enhances public confidence in research, and is in
accordance with the ICMJE guidelines.

Complying With Ethics of Experimentation

Please ensure that all research reported in submitted papers has been conducted in an ethical
and responsible manner, and is in full compliance with all relevant codes of experimentation
and legislation. All papers which report in vivo experiments or clinical trials on humans or
animals must include a written statement in the Methods section. This should explain that all
work was conducted with the formal approval of the local human subject or animal care
committees (institutional and national), and that clinical trials have been registered as
legislation requires. Authors who do not have formal ethics review committees should include
a statement that their study follows the principles of the Declaration of Helsinki.

Consent

All authors are required to follow the ICMJE requirements on privacy and informed consent
from patients and study participants. Please confirm that any patient, service user, or participant
(or that person’s parent or legal guardian) in any research, experiment, or clinical trial described
in your paper has given written consent to the inclusion of material pertaining to themselves,
that they acknowledge that they cannot be identified via the paper; and that you have fully
anonymized them. Where someone is deceased, please ensure you have written consent from
the family or estate. Authors may use this Patient Consent Form, which should be completed,
saved, and sent to the journal if requested.

Health and Safety

Please confirm that all mandatory laboratory health and safety procedures have been complied
with in the course of conducting any experimental work reported in your paper. Please ensure
your paper contains all appropriate warnings on any hazards that may be involved in carrying
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out the experiments or procedures you have described, or that may be involved in instructions,
materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of
practice. Authors working in animal science may find it useful to consult the International
Association of Veterinary Editors’ Consensus Author Guidelines on Animal Ethics and Welfare
and Guidelines for the Treatment of Animals in Behavioural Research and Teaching. When a
product has not yet been approved by an appropriate regulatory body for the use described in
your paper, please specify this, or that the product is still investigational.

Submitting Your Paper

This journal uses ScholarOne Manuscripts to manage the peer-review process. If you haven't
submitted a paper to this journal before, you will need to create an account in ScholarOne.
Please read the guidelines above and then submit your paper in the relevant Author Centre,
where you will find user guides and a helpdesk.

If you are submitting in LaTeX, please convert the files to PDF beforehand (you will also need
to upload your LaTeX source files with the PDF).

Please note that Physiotherapy Theory and Practice uses Crossref™ to screen papers for
unoriginal material. By submitting your paper to Physiotherapy Theory and Practice you are
agreeing to originality checks during the peer-review and production processes.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find out
more about sharing your work.

Data Sharing Policy

This journal applies the Taylor & Francis Basic Data Sharing Policy. Authors are encouraged
to share or make open the data supporting the results or analyses presented in their paper where
this does not violate the protection of human subjects or other valid privacy or security
concerns.

Authors are encouraged to deposit the dataset(s) in a recognized data repository that can mint a
persistent digital identifier, preferably a digital object identifier (DOI) and recognizes a long-
term preservation plan. If you are uncertain about where to deposit your data, please see this
information regarding repositories.

Authors are further encouraged to cite any data sets referenced in the article and provide a Data
Availability Statement.

At the point of submission, you will be asked if there is a data set associated with the paper. If
you reply yes, you will be asked to provide the DOI, pre-registered DOI, hyperlink, or other
persistent identifier associated with the data set(s). If you have selected to provide a pre-
registered DOI, please be prepared to share the reviewer URL associated with your data deposit,
upon request by reviewers.

Where one or multiple data sets are associated with a manuscript, these are not formally peer
reviewed as a part of the journal submission process. It is the author’s responsibility to ensure
the soundness of data. Any errors in the data rest solely with the producers of the data set(s).

Publication Charges
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There are no submission fees, publication fees or page charges for this journal.

Colour figures will be reproduced in colour in your online article free of charge. If it is necessary
for the figures to be reproduced in colour in the print version, a charge will apply.

Charges for colour figures in print are £300 per figure ($400 US Dollars; $500 Australian
Dollars; €350). For more than 4 colour figures, figures 5 and above will be charged at £50 per
figure ($75 US Dollars; $100 Australian Dollars; €65). Depending on your location, these
charges may be subject to local taxes.

Copyright Options

Copyright allows you to protect your original material, and stop others from using your work
without your permission. Taylor & Francis offers a number of different license and reuse
options, including Creative Commons licenses when publishing open access. Read more on
publishing agreements.

Complying with Funding Agencies

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into
PubMedCentral on behalf of authors, meeting the requirements of their respective open access
policies. If this applies to you, please tell our production team when you receive your article
proofs, so we can do this for you. Check funders’ open access policy mandates here. Find out
more about sharing your work.

Open Access

This journal gives authors the option to publish open access via our Open Select publishing
program, making it free to access online immediately on publication. Many funders mandate
publishing your research open access; you can check open access funder policies and mandates
here.

Taylor & Francis Open Select gives you, your institution or funder the option of paying an
article publishing charge (APC) to make an article open access. Please contact
openaccess@tandf.co.uk if you would like to find out more, or go to our Author Services
website.

For more information on license options, embargo periods and APCs for this journal please go
here.
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Diretrizes para Submissao
Journal of Sound And Vibration

Types of contribution

Original full length articles, review articles, rapid communications, discussions of previously
published articles in JSV and commentaries in response to discussions, book reviews and
Virtual Special Issue papers. Authors are advised that papers whose contribution is not
concerned with fundamental issues in sound and vibration are not normally accepted; such
material should be directed to more appropriate publications.

Papers published in JSV should contain new results, of potentially wider application than the
specific situation reported; otherwise they should contain new insights of value to the acoustics
and vibration community (for example by synthesizing material from traditionally separate
fields), or provide authoritative reviews of progress in a defined area. Each paper submitted for
publication is normally subject to review and criticism by two independent, anonymous
referees, and authors are provided with copies of these reviews so that they can make revisions
and improvements to their manuscripts before publication. For more information about how the
peer review process is conducted for this journal, please take a look at the 'Peer review policy
statement' here The normal time limit for the submission of an author's revised manuscript is
three months; revised manuscripts received after this time may be considered as new
submissions and subject to full re-review.

Authors should aim to produce a manuscript that can be reviewed on its own, without assuming
that earlier or later parts will be published. The Editors strongly encourage authors considering
the submission of multiple papers (eg: Part I, Part II, etc.) to instead combine them into one
paper - in such cases this is a common recommendation of the reviewer(s). Alternatively,
authors may choose to submit the respective parts sequentially, once the outcome of the review
of the earlier manuscript is known. Authors in any doubt should contact the editor to whom the
submission will be made.

Discussion Comments, of either a specific or a general nature, on work previously published in
JSV should be submitted as Discussion items. A discussion should contain a maximum of 10
journal pages, including any figures. Discussion items do not require an abstract. Should the
Discussion item be accepted, JSV policy is that the authors of the original article will be offered
the opportunity to submit a response to the Discussion in the form of a Commentary. The
timescale for authors to submit a response, to ensure publication within the same issue, is
approximately 4-6 weeks.

Review Articles The Editors wish to encourage publication of scholarly review articles in the
Journal. Review articles are typically 20-40 journal pages in length (about 20,000 words), and
may focus on any area of sound or vibration likely to interest JSV readers. They may be
relatively broad in scope - thereby serving a tutorial function - or quite specialized, aimed at
researchers in the chosen field.
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Before submitting a review article please contact the Editor-in-Chief with an outline of the
proposed manuscript.(jsv@isvr.soton.ac.uk). The proposal should include:

List of authors, with credentials that show their standing in the field,;
A summary of the paper (max A4);
Contents of the paper

If the Editor-in-Chief approves an outline please ensure that you make a note of this in the cover
letter and/or submission details when you submit your manuscript.

Rapid Communications in the JSV are short papers addressing fundamentally new ideas, novel
experimental observations or formulation of new challenging problems. Fast turn-around times
are one of the key benefits of Rapid Communications providing a competitive advantage to
authors.

Purpose: Rapid Communications are publications, up to four pages in size, and reporting a result
likely of impact on the future research in the respective field. Authors are encouraged to submit
an extended version of the paper at a later stage.

Scope: Different from full research papers, it does not need to cover either detailed background
information or a comprehensive evaluation. Instead, the focus is on quick publication of
preliminary results and thoughts that are related to:

Fundamentally new ideas, not yet fully proven
Novel and Intriguing experimental observations

Formulation of new problems of fundamental importance to the field of sound and vibration
and/or its application in the emerging industries

Acceptance: The work reported needs to be novel and advancing the state of the art. Papers will
be handled by the EiC or one of the Deputy EiCs, who will base their decision on one review.

Format: Short Communications are limited to 2500 words (approx. 4 pages, a figure counts as
200 words) and should have no more than 10 references.

Review Guidelines: Review time will be short, ideally less than four weeks. A decision for
acceptance or rejection will be made after the first round, with the option to make minor
revisions. The decision is primarily based on (i) novelty, (ii) technical soundness, (iii) expected
impact on the state-of-the art and (iv) overall presentation and readability.

Machine Learning Papers In the last few years, JSV has been receiving a large number of papers
relating to machine learning or 'soft computing' applied in a mechanical systems context. Many
of these papers are rejected without review as they do not conform to the standards required of
a JSV paper. Please click here for further information.

Book Reviews

Book reviews are by invitation only. Books for review should be submitted to the Book Review
Editors, Dr Brian Tester (Tel: +44 23 8059 2286, Email: B.J.Tester@soton.ac.uk) or Dr Jen
Muggleton (Tel: +44 23 8059 59 7624, Email jmm@isvr.soton.ac.uk) c/o Journal of Sound and
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Vibration Office, Room 1003, Building 15, Institute of Sound and Vibration Research,
University of Southampton, Southampton, SO17 1BJ, UK., (Fax: +44 23 8059 3190)

Virtual Special Issues (VSI)

Nominated Guest Editors will need to submit an outline proposal to Professor Andrei Metrikine
(A.Metrikine@tudelft.nl) giving some background to a suggested Virtual Special Issue (VSI)
plus the theme of the issue. There are two types of VSI available:

Curated VSI - A selection of up to 12 papers can be selected from past publications in the
journal. These will appear on-line only. Papers retain their original DOI and are not re-printed.

New Work VSI - Up to 12 manuscripts describing new work can be submitted to the journal
within an agreed theme. Manuscripts are subject to our usual peer review process. Accepted
manuscripts will appear together on-line and will also appear in the printed journal.

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided

* Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

» Manuscript has been 'spell checked' and ‘grammar checked'

 All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Internet)

* A competing interests Statement is provided, even if the authors have no competing interests
to declare
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* Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements
For further information, visit our Support Center.

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

Policy and ethics

The work described in your article must have been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans http://www.wma.net/en/30publications/10policies/b3/index.html; EC Directive
86/609/EEC for animal experiments
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; Uniform
Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org. This
must be stated at an appropriate point in the article.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid expert
testimony, patent applications/registrations, and grants or other funding. Authors should
complete the declaration of interest statement using this template and upload to the submission
system at the Attach/Upload Files step. If there are no interests to declare, please choose:
'‘Declarations of interest: none' in the template. This statement will be published within the
article if accepted. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify originality, your
article may be checked by the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see
‘Multiple, redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about the
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beliefs or commitments of any reader, should contain nothing which might imply that one
individual is superior to another on the grounds of race, sex, culture or any other characteristic,
and should use inclusive language throughout. Authors should ensure that writing is free from
bias, for instance by using 'he or she', ‘his/her' instead of 'he' or 'his', and by making use of job
titles that are free of stereotyping (e.g. ‘chairperson' instead of ‘chairman’ and 'flight attendant'
instead of 'stewardess').

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization; Data
curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; Writing - review & editing. Authorship statements should be formatted with the
names of authors first and CRediT role(s) following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the
reason for the change in author list and (b) written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of addition or removal
of authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already been
published in an online issue, any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your
article is more suitable in one of our other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your article will be transferred
automatically on your behalf with no need to reformat. Please note that your article will be
reviewed again by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale
or distribution outside the institution and for all other derivative works, including compilations
and translations. If excerpts from other copyrighted works are included, the author(s) must
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obtain written permission from the copyright owners and credit the source(s) in the article.
Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete
an 'Exclusive License Agreement' (more information). Permitted third party reuse of gold open
access articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study
design; in the collection, analysis and interpretation of data; in the writing of the report; and in
the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to
comply with their funder's open access policies. Some funding bodies will reimburse the author
for the gold open access publication fee. Details of existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:
Subscription

* Articles are made available to subscribers as well as developing countries and patient groups
through our universal access programs.

* No open access publication fee payable by authors.

» The Author is entitled to post the accepted manuscript in their institution's repository and
make this public after an embargo period (known as green Open Access). The published journal
article cannot be shared publicly, for example on ResearchGate or Academia.edu, to ensure the
sustainability of peer-reviewed research in journal publications. The embargo period for this
journal can be found below.

Gold open access
* Articles are freely available to both subscribers and the wider public with permitted reuse.

* A gold open access publication fee is payable by authors or on their behalf, e.g. by their
research funder or institution.
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Regardless of how you choose to publish your article, the journal will apply the same peer
review criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a
collective work (such as an anthology), text or data mine the article, even for commercial
purposes, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the author's
honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they
do not alter or modify the article.

The gold open access publication fee for this journal is USD 3300, excluding taxes. Learn more
about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our open access page for
further information. Authors can also self-archive their manuscripts immediately and enable
public access from their institution's repository after an embargo period. This is the version that
has been accepted for publication and which typically includes author-incorporated changes
suggested during submission, peer review and in editor-author communications. Embargo
period: For subscription articles, an appropriate amount of time is needed for journals to deliver
value to subscribing customers before an article becomes freely available to the public. This is
the embargo period and it begins from the date the article is formally published online in its
final and fully citable form. Find out more.

This journal has an embargo period of 24 months.
Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher
Academy offers several interactive modules, webinars, downloadable guides and resources to
guide you through the process of writing for research and going through peer review. Feel free
to use these free resources to improve your submission and navigate the publication process
with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate
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possible grammatical or spelling errors and to conform to correct scientific English may wish
to use the English Language Editing service available from Elsevier's Author Services.

Submission

Submission to this journal proceeds totally online. Use the following guidelines to prepare your
article. Via the homepage of this journal (http://www.ees.elsevier.com/jsv) you will be guided
stepwise through the creation and uploading of the various files. The system automatically
converts source files to a single Adobe Acrobat PDF version of the article, which is used in the
peer-review process. You will be asked to approve the PDF once it has been built. If equations
appear corrupted at this stage please upload a locally made PDF. Please keep source files safe
as they are needed for further processing after acceptance. All correspondence, including
notification of the Editor's decision and requests for revision, takes place by e-mail and via the
author's homepage, removing the need for a hard-copy paper trail. When submitting
manuscripts please be aware that from July 2016 our electronic system will automatically add
line numbers to your manuscript.

Pre-Screening of Submissions

Please note that the Journal of Sound and Vibration does operate a pre-screening process. Your
manuscript, once submitted, will be checked by:

Assistant Editor - checks for clarity, statement of novelty, format, similarity index.
Receiving Editor - decides whether the manuscript is potentially publishable, and will either:

Reject without review as being out of scope, insufficiently original, incremental or linked to a
submission under consideration or

Assign to an appropriate Subject Editor if the manuscript is possibly publishable.

Subject Editor - handles potentially publishable manuscripts by means of sending to reviewers
and making a decision based on the reviewers' comments. They may also reject manuscripts
without review in consultation with the Editor-in-Chief, Receiving Editor or Advisors to JSV.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether
or not the suggested reviewers are used.

Additional Information

Authors may select a section heading when submitting their manuscript. If the manuscript is
accepted for publication, the Editors will allocate it to the most suitable category, which may
be the same or different to the one chosen by the author during submission.

Each manuscript must be accompanied by a cover letter outlining the basic findings of the paper
and their significance.

Concise manuscripts are appreciated and aid the review process. See Guidance on keeping
manuscripts short

Peer review
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This journal operates a single blind review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The
Editor is responsible for the final decision regarding acceptance or rejection of articles. The
Editor's decision is final. More information on types of peer review.

Use of Word Processing Software

Editors reserve the right to adjust style to certain standards of uniformity. For the main text
(including Abstract), a minimum font size of 11 pt and a minimum line spacing of 18 pt are
appropriate. Authors should adopt a consistent hierarchy of headings to assist the typesetter;
this can be done in LaTeX using Elsevier's document class 'elsarticle’. Authors using other
software should try to follow JSV style, as far as is reasonably possible.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript
and BibTeX to generate your bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.
Article structure
Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. The abstract is not to be
included in section numbering; the Introduction should not be split into sub-sections.
Subsections thereafter should be numbered as 2.1 (then 2.1.1, 2.1.2, ...), 2.2, etc. Use this
numbering also for internal cross-referencing: do not just refer to "the text". Any subsection
may be given a brief heading. Each heading should appear on its own separate line. All sections
and subsections should be numbered using Arabic numerals.

Introduction

The introduction sets the tone for the rest of the paper and is therefore very important. It should
state the problem in enough detail to maintain and develop the reader's interest. The introduction
is also the place to say why the problem is hard and also why it has not been solved before, or
it should explain what is deficient about solutions that have previously been proposed. The
introduction should contain a sufficiently inclusive and comprehensive literature review to
confirm that the new work proposed is properly placed in context, and the literature search
should go back as far as possible in order to capture all the really relevant past work. The
introduction should conclude with a statement of sufficient depth and clarity that confirms the
key components of the approach taken, the importance of the results obtained, and the novelty
of the work as a whole.

1. Clearly set out the objectives of the paper and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

2. Make clear what new contribution the present paper offers relative to existing published
work.

3. If appropriate, give a brief outline of the structure of the rest of the paper.
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Equations
Equations should be referred to as Eq. (1), Eq. (2) etc.
Conclusions

The main conclusions of the paper should be presented in a conclusions section, which should
not form a subsection of the discussion or results, but should stand alone.

The Conclusions should:
1. Give a summary of the problem considered and the results obtained.
2. It may also stress the importance of the paper's findings.

3. It is not JSV style to discuss possible future work in depth in the Conclusions but a short
statement of intentions can be given if this is felt to be appropriate.

Appendices

If an appendix is required the order at the end of the article should be: Conclusion,
Acknowledgement, Appendix, References. If there is more than one appendix, they should be
identified as A, B, etc. Formulae and equations in appendices should be given separate
numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly
for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a
lower-case superscript letter immediately after the author's name and in front of the appropriate
address. Provide the full postal address of each affiliation, including the country name and, if
available, the e-mail address of each author.

* Please note that changes to the list of contributors are not permitted after the article has been
accepted. Authors' affiliations must be the institutions where the research presented in the
article took place. Please note that changes to the author affiliations are not permitted once the
corrected proof is published online.

*Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the e-mail address is given and
that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address’ (or 'Permanent address') may be indicated
as a footnote to that author's name. The address at which the author actually did the work must
be retained as the main, affiliation address. Superscript Arabic numerals are used for such
footnotes.



132

Abstract

A concise and factual abstract is required in one single paragraph. The abstract should state
briefly the purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided but if essential full publication details should be given. Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must be
defined at their first mention in the abstract itself. In general an abstract should state the
problem, and then explain the approach to obtaining the solution, and then describe the solution
itself. It should also summarise key facts relating to the work done, the principal conclusions,
and it should convey the overall impact of the work presented. The abstract should be as
intelligible to the widest range of technically literate readers possible. Reference citations,
figures and tables should not be included in the abstract.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should
be submitted as a separate file in the online submission system. Image size: Please provide an
image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should
be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file
types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their
images and in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be
sparing with abbreviations: only abbreviations firmly established in the field may be eligible.
These keywords will be used for indexing purposes.

Abbreviations

Abbreviations that appear in the abstract and the body of the text should be defined when they
first appear. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List
here those individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.) Funding sources may be acknowledged
here, as well as individuals who provided help during the research and writing stages of the
work.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or
other research institution, submit the name of the institute or organization that provided the
funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Nomenclature and Units
Units:

The international system of units (SI) should be used as far as possible. When quantities are
expressed in other units, give their equivalent in Sl. For unit symbols, follow standard Sl
conventions. Thus Roman (normal upright) type is used, with spaces after the number. Spaces
also separate unit symbols that are to be multiplied, e.g. 5 N m. Superscript powers, e.g. 30
mm?2s—1, are preferred (rather than 30 mm2/s).

Symbols:

Letter characters should be limited to the Latin and Greek alphabets. Authors wishing to present
a table of nomenclature should do so on the second page of their manuscript. The following
order should be used within this table: Latin characters should appear first, arranged a, A, b, B
etc.; then Greek characters, similarly arranged; sub/superscripts, abbreviations, special
functions etc. usually come as a separate final group. More detailed guidance is available here.

Math Formulae

Mathematics is printed using Latin or Greek symbols. Formatting conventions used in JSV are
listed below. In order to assist the copyeditors and typesetters as far as possible, authors are
kindly asked to ensure that the mathematical symbols used in the final version of their
manuscript sent for typesetting follow JSV conventions. The Editors may request corrections
of this nature before the manuscript can be accepted.

For additional guidance and examples, refer to STYLE or to any recent issue of JSV.

» Use Roman (normal upright) type for: Total differential operators (e.g. d in differential); 1 or
J (square root of -1); exp or e (base of natural logarithms); Re or Im (real or imaginary part);
log, In, sin, cos, etc.; abbreviations such as c.c. (complex conjugate); multiletter symbols (e.g.
TL for transmission loss); subscripts of two or more letters identifiable as words or word-
abbreviations (e.g., Apipe, fmax)

» Use italic (sloping) type for: all scalar quantities represented by a single letter symbol (Latin-
alphabet), except where noted above;

* Use upright bold for: vectors, matrices and tensors;
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* Script (calligraphic) font may be used for operators, or for variables where the standard form
of a Latin character has already been used;

» words like “where” or “with” following equations and explaining the notation used, should
not begin with capital letters.

Figures

When preparing Figures, authors are reminded that the lettering and symbols, as well as other
details, should have proportionate dimensions, so as not to become illegible or unclear after
possible reduction. Fonts smaller than 11 pt (or subscripts smaller than 8 pt) should be avoided.
Typically, a reduction factor of two to three will be applied. The degree of reduction will be
determined by the Publisher. Illustrations will not generally be enlarged.

It will often be helpful to consider the page format of the journal when designing the layout of
Figures. Gridlines should be avoided when constructing graphs.

Ensure that each figure has a caption. Multipart figures require a single caption that describes
all the parts (see example). Each figure and table file should be uploaded with an editable text
caption (including figure/table number) attached, unless such captions already appear in the
main text with figures/tables embedded.

Captions should contain sufficient information to allow the reader to interpret the figure,
including any legends/keys not already described in the figure itself. No titles should appear
above or below the figure; use the caption for this purpose.

Where an author has chosen to split a figure into a number of parts, each part should be clearly
labelled with a lower case letter (a), (b),.... The caption should be a single paragraph below the
figure, mentioning each part of the figure in turn.

Authors are required to embed figures and captions throughout the text of their manuscript, at
the appropriate points, to aid the Editors and referees during the peer-review process.

In the case of colour figures, there are two options open to authors: (1) Separate figure files are
uploaded for (a) the online paper version (colour allowed at no cost), and (b) the print version
(black and white figures required). This is the preferred option.

(2) A single set of figures is uploaded, including colour where required for the online version.
In this case the captions, choice of colours, and system of line codes must be designed so they
function adequately when reproduced in black/white in the print journal. Colour alone will not
be enough to differentiate different lines on a graph; different line styles are also needed.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature
may be used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article. Do not include footnotes
in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.
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Artwork
Electronic artwork
General points

» All figures and the associated captions may be embedded within the text in the initial
submission to aid reviewers.

* Make sure you use uniform lettering and sizing of your original artwork.

* Save text in illustrations as 'graphics' or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

 Submit each figure as a separate file for final typesetting of your article.

A detailed guide on electronic artwork is available on our website:
https://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalised, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as 'graphics'.
TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required.

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is'.

Please do not:

* Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPQG); the resolution is
too low;

* Supply files that are too low in resolution;

 Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF),
or MS Office files) and with the correct resolution. If, together with your accepted article, you
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not
these illustrations are reproduced in color in the printed version. For color reproduction in print,
you will receive information regarding the costs from Elsevier after receipt of your accepted
article. Please indicate your preference for color: in print or online only. Further information on
the preparation of electronic artwork.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication,
etc.), should also be given. Web references can be listed separately (e.g., after the reference list)
under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference
so we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue

Please ensure that the words 'this issue’ are added to any references in the list (and any citations
in the text) to other articles in the same Special Issue.
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Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only
need to select the appropriate journal template when preparing their article, after which citations
and bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations as
shown in this Guide. If you use reference management software, please ensure that you remove
all field codes before submitting the electronic manuscript. More information on how to remove
field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/journal-of-sound-and-vibration

When preparing your manuscript, you will then be able to select this style using the Mendeley
plug-ins for Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they
appear in the text.

Examples:
Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun. 163 (2010) 51-59. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article.
Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S.
Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York,
2009, pp. 281-304.

Reference to a website:
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[5] Cancer Research UK, Cancer  statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13
March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak
wilt disease and surrounding forest compositions, Mendeley Data, v1, 2015.
https://doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.
Supplementary material

Supplementary material such as images, animations and sound clips can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received
(Excel or PowerPoint files will appear as such online). Please submit your material together
with the article and supply a concise, descriptive caption for each supplementary file. If you
wish to make changes to supplementary material during any stage of the process, please make
sure to provide an updated file. Do not annotate any correction on a previous version.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings. To
facilitate reproducibility and data reuse, this journal also encourages you to share your software,
code, models, algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and
reference list. Please refer to the "References™ section for more information about data citation.
For more information on depositing, sharing and using research data and other relevant research
materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission system.
For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw
and processed data, video, code, software, algorithms, protocols, and methods) associated with
your manuscript in a free-to-use, open access repository. During the submission process, after
uploading your manuscript, you will have the opportunity to upload your relevant datasets
directly to Mendeley Data. The datasets will be listed and directly accessible to readers next to
your published article online.

For more information, visit the Mendeley Data for journals page.
Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data
into one or multiple data articles, a new kind of article that houses and describes your data. Data
articles ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and
publicly available to all upon publication. You are encouraged to submit your article for Data
in Brief as an additional item directly alongside the revised version of your manuscript. If your
research article is accepted, your data article will automatically be transferred over to Data in
Brief where it will be editorially reviewed and published in the open access data journal, Data
in Brief. Please note an open access fee of 600 USD is payable for publication in Data in Brief.
Full details can be found on the Data in Brief website. Please use this template to write your
Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple
MethodsX articles, a new kind of article that describes the details of customized research
methods. Many researchers spend a significant amount of time on developing methods to fit
their specific needs or setting, but often without getting credit for this part of their work.
MethodsX, an open access journal, now publishes this information in order to make it
searchable, peer reviewed, citable and reproducible. Authors are encouraged to submit their
MethodsX article as an additional item directly alongside the revised version of their
manuscript. If your research article is accepted, your methods article will automatically be
transferred over to MethodsX where it will be editorially reviewed. Please note an open access
fee is payable for publication in MethodsX. Full details can be found on the MethodsX website.
Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why during
the submission process, for example by stating that the research data is confidential. The
statement will appear with your published article on ScienceDirect. For more information, visit
the Data Statement page.
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Revised manuscripts

Please ensure when submitting revised work that only one copy of the manuscript is uploaded
plus responses to the reviewers comments and a list of changes made to the manuscript. We do
not accept secondary uploads of manuscripts with highlighted changes at the present time. An
original version of your work is stored on our electronic system for comparison purposes.

AUTHOR STYLE CHECKLIST

Before a paper can be accepted for publication the author should download and follow the
Author Checklist. This is not a requirement for new submissions, however please note this is
mandatory for all revised papers.

Rejected manuscripts

Previously rejected material: If the submitted manuscript, or parts of it, have been previously
submitted in similar form (either to JSV or elsewhere), details should be given. Failure to do so
is considered unethical. On the other hand, any paper that has been rejected by another journal
will be considered on its merits by JSV provided its prior history is revealed at the submission
stage. Authors are requested to supply a statement for all manuscripts (whether they are based
on material previously rejected by JSV or by another journal), making it clear how the new
submission differs from the previously rejected one.

Authors are allowed to resubmit work that has been previously rejected by JSV, provided

(a) significant changes have been made relative to the rejected version (b) the authors supply a
covering letter explaining what changes have been made; (c) six months have elapsed since the
previous submission.

Reject - Resubmission possible

The main differences between this case and the previous one are that (a) resubmission is
explicitly offered as an option, with no 6-month minimum delay imposed; (b) authors should
note that if they do resubmit, they need to provide details of the previous submission, so that
editors can refer to the original reviews and, if appropriate, may use the same reviewers.

We encourage all authors of accepted articles to act as reviewers for the Journal of Sound and
Vibration

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use
this proof only for checking the typesetting, editing, completeness and correctness of the text,
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tables and figures. Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before replying,
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which is
sent once the article is accepted for publication. Both corresponding and co-authors may order
offprints at any time via Elsevier's Author Services. Corresponding authors who have published
their article gold open access do not receive a Share Link as their final published version of the
article is available open access on ScienceDirect and can be shared through the article DOI link.
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ANEXO C - COMPROVANTE DE SUBMISSAO

Submisséo do Artigo Original 1

The Journal of Vascular Access <onbehalfofi@manuscripteentral . com= 25 de outubro de 2019 10:17
Responder a: jva@sagepub.com

Para: shi_dias bif:gmail_com, lucilamvalente@gmail.com, marthleycosta@gmail.com, julianaferso@gmail .com,
patmarinhoi@yahoo.com. br

25-Oct-2019
Dear Dr. Marinho:

Your manuscript entitled "Relation between foream vascular morphofunctionality of handgrip strength in patients with
stage I and V' chronic kidney disease: A cross-sectional study™ has been successfully submitted online and is
presently being given full consideration for publication in The Joumal of Vascular Acceas.

Your manuscript 1D is JYA-19-0370.

You have listed the following individuals as authors of this manuscript: .
Berema, Shidey; Valente, Lucila; Costa, Marthley José; Barbosa, Juliana; Marinho, Patricia Erika de Melo

Please mention the above manuscript ID in all future comespondence or when calling the office for questions. If there
are any changes in your street address or e-mail address, please log in to ScholarCne Manuscripts at
httpsfime.manuscriptcentral.comifvascular-access and edit your user information as appropriate.

You can also view the status of your manuscript at any time by checking your Author Center after logging in to
hitps-fime.manuscriptcentral.comifvascular-access.

As part of our commitment to ensuring an ethical, transparent and fair peer review process SAGE is a supporting
member of ORCID, the Open Researcher and Contributor ID {hitos Vorcid. orgl). We encourage all authors and co-
authors to use ORCID iD= during the peer review process. If you have not already logged in to your account on this
journal’s ScholarOne Manuscripts submission site in order to update your account information and provide your
ORCID identifier, we recommend that you do so at this time by logging in and editing your account information. In the
event that your manuscrpt is accepted, only ORCID iDs validated within your account prior to acceptance will be
considered for publication alongside your name in the published paper as we cannot add ORCID iDs during the
Production steps. If you do not already have an ORCID iD you may login to your ScholarOne account to create your
unigue identifier and automatically add it to your profile.

Thank you for submitting your manuzscrpt to The Journal of Vascular Access.

Sincerely,

Megha Bisht

The Joumnal of Vascular Access
jva@sagepub.com
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Submissédo do Artigo Original 2

De: Physioctherapy Theory and Practice =onbehalfofi@manuscriptcentral .com=
Para: "patmarinho@yahoo. com br" <patmannho@yahoo. com br=

Enviado: quarta-feira, 11 de setembro de 2019 14:21:532 BRT

Assunto: Physiotherapy Theory and Practice - Manuscript ID UPTP-2019-0563

11-5ep-2019

Dear Professor Marinha:

Your manuscript entitted "Does an exercize program associated with partial blood flow restriction improve the
performance of blood vessels in the forearm prior to creating an arteriovenous fistula? has been successfully
submitted online and is presently being given full consideration for publication in Physiotherapy Theory and Practice.
Your manuscript 1D is UPTP-2019-0563.

Pleaze mention the above manuzcript ID in all future comespondence or when calling the office for questions. If there
are any changes in your street address or e-mail address, please log in to Manuscript Central at

httpsime.manuscriptcentral_comifuptp and edit your user information as appropriate.

ou can also view the status of your manuscript at any time by checking your Author Center after logging in to
hittpsimc.manuscriptcentral_comiuptp.

Thank you for submitting your manuscrpt to Physiotherapy Theory and Practice.

Sincerely,
Physiotherapy Theory and Practice Editorial Office



