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RESUMO

Introducdo: A Estimulacdo Elétrica Funcional (EEF) e o Treinamento Muscular Inspiratorio
(TMI) podem auxiliar o tratamento de pacientes com Insuficiéncia Cardiaca (IC). Objetivo:
Verificar os efeitos agudos da EEF e do TMI no controle autonémico em pacientes com IC.
Metodos: Ensaio Clinico Randomizado Cruzado, com 11 pacientes submetidos a trés
intervencdes randomizadas: EEF, TMI e EEF+TMI, com intervalo de uma semana entre elas.
O TMI foi realizado por 15 minutos com 30% da pressdo inspiratoria maxima. A EEF foi
realizada nos musculos vasto lateral e vasto medial, com frequéncia=20Hz, largura de
pulso=0,5 milissegundos, Ton/off=5/10seg, durante 30 minutos ou até a fadiga, na intensidade
méaxima tolerada. Quando aplicado a EEF+TMI, o TMI foi realizado primeiramente. Foram
avaliados antes e ap0s as sessdes, 0 controle autondmico pelo registro da pressdo arterial
batimento—a-batimento (Finapres), funcdo endotelial pela técnica de dilatagdo mediada pelo
fluxo (FMD), lactato sanguineo e citocinas inflamatérias. Resultados: No controle
autondémico, apdés a EEF, obteve-se reducdo significativa do componente LF/HF (p=0,01),
LFn.u (p=0,03) e aumento da Mean RR (p=0,005). Apds o TMI, houve aumento significativo
da Mean RR (p=0,005) e quando realizada EEF+TMI houve aumento da Mean RR (p=0,02).
Funcdo endotelial e lactato sanguineo ndo obtiveram diferenca significativa. Quanto as
citocinas, na EEF, houve um diminuicdo significativa do TNF-o (pré vs pds 24 horas,
p=0,05), TMI: aumento da IL-10 (pré vs pds 24 horas p=0,05) e diminuicdo significativa do
TNF-a (pds 1 horas vs pds 24 horas, p=0,03). Ndo havendo diferenca quando associadas as
duas intervencdes. Conclusdo: Quando aplicada EEF, TMI e EEF+TMI, existe alteracdo
autondbmica ndo induzindo mudancas na funcdo endotelial e lactato sanguineo. Ainda

isoladamente EEF e TMI promoveram mudancas nas citocinas inflamatdrias.

Palavras-chave: estimulacdo elétrica. exercicios respiratérios. insuficiéncia cardiaca.



ABSTRACT

Introduction: Functional electrical stimulation (FES) and inspiratory muscle training (IMT)
can help in treating patients with heart failure (HF). Aim: To verify the acute effects of FES
and IMT on the autonomic control in patients with HF. Methods: Randomized crossover
trial, with 11 patients subjected to three randomized interventions: FES, IMT, and FES+TMI,
with a 1-week interval between sessions. IMT was performed for 15 minutes with 30% of
each patient’s maximal inspiratory pressure. FES was performed in vastus lateralis and vastus
medialis muscles, with frequency=20Hz, pulse width=0.5 ms, Ton/off=5/10 s, for 30 minutes
or until fatigue, at the maximum tolerated intensity. When applying FES+IMT, IMT was
performed first. Autonomic control through beat-to-beat blood pressure monitoring
(Finapres), endothelial function through the flow-mediated dilation technique (FMD), blood
lactate concentration and inflammatory cytokines were assessed before and after the sessions.
Results: Regarding autonomic control, after FES there was a significant decrease in LF/HF
(p=0.01) and LFn.u (p=0.03), and an increase in Mean RR (p=0.005). After IMT, there was a
significant increase in Mean RR (p=0.005), and when performing FES+IMT there was an
increase in Mean RR (p=0.02). There were no significant differences in endothelial function
and blood lactate concentration. Regarding cytokines, in FES there was a significant decrease
in TNF-a (pre vs post 24 hours, p = 0.05). TMI: increased IL-10 (pre vs post 24 hours,
p=0,05) and a significant decrease in TNF-o (post 1 hour vs post 24 hours, p = 0.03). No
difference when the two associated interventions. Conclusion: When FES, IMT, and
FES+TMI are applied, there are alterations in autonomic control without alterations in
endothelial function and blood lactate levels. Yet alone EEF and TMI promoted changes in

inflammatory cytokines levels.

Key-words: electrical stimulation therapy, breathing exercises, heart failure.
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Capitulo I- REVISAO DE LITERATURA



1. INTRODUCAO

A Insuficiéncia Cardiaca (IC) caracteriza-se por uma sindrome clinica, complexa que
resulta de qualquer dano estrutural ou funcional de enchimento ventricular ou ejecdo de
sangue. Suas principais manifestacdes sao a dispnéia e a fadiga que podem limitar a tolerancia
ao exercicio, causar retencdo de liquidos levando a uma congestdo pulmonar e edema
periférico (YANCY et al., 2013). No Brasil, a principal etiologia da IC é a cardiopatia
isquémica crbnica associada a hipertensdo arterial sistémica. Em algumas regides do pais,
principalmente em areas onde a condicdo socio-econdmica € baixa, existem formas da doenca
associadas a doenca de Chagas, endomiocardiofibrose e cardiopatia valvular reumética
cronica (BOCCHI et al., 2009).

Segundo a Organizacdo Mundial de Salde, em 2008 as doencas cardiovasculares
foram a principal causa de morbimortalidade totalizando 17 milhdes ou 43% de todas as
causas (WHO, 2013). Nos Estados Unidos, a IC é considerada o maior e mais crescente
problema de salde publica (AMERICAN HEART ASSOCIATION, 2005).
Ainda, estima-se que 0s gastos somente com o tratamento da IC cheguem ao ano de 2015, em
44,6 bilhdes de ddlares (ROGER et al, 2012).

No Brasil, em 2012, ocorreram 248.271 internacbes devido a IC e, destes, 23.119
foram a 6bito gerando um custo total de R$ 266.253.192,91 (DATASUS, 2013), refletindo
assim, um importante problema de saude publica no pais. Embora a doenca esteja associada a
alta mortalidade e altos custos com o tratamento, particularmente entre idosos, esta carga ndo
esta relacionada somente com o aumento da incidéncia. O impacto se refere também ao curso
crénico uma vez que as reinternacgdes sdo frequentes (ROGER et al., 2013). Por outro lado, a
sobrevida ap0ds o diagndstico tem aumentado (ROGER et al., 2004) devido as inovagdes no
tratamento desses pacientes (AMERICAN HEART ASSOCIATION, 2005). Além do
tratamento medicamentoso, utilizado como primeira op¢do nos pacientes com IC, medidas
ndo-farmacoldgicas como o exercicio fisico, melhora nos habitos de vida, cessacdo do
tabagismo vém sendo utilizadas no tratamento desses pacientes. Dentre as modalidades de
exercicio fisico utilizadas no processo de reabilitagdo cardiopulmonar e metabdlica, o
treinamento muscular inspiratorio (TMI) e a estimulagdo elétrica funcional (EEF) vém
demonstrando resultados promissores na melhora da condicdo fisico-funcional dessa
populacéo (DALL'AGO et al., 2006; KARAVIDAS et al., 2008; WINKELMAN et al., 2009;
KARAVIDAS et al., 2010).



14

Nessa dissertacdo, vamos apresentar uma revisdo da literatura sobre os aspectos
relacionados a fisiopatologia da IC e seus mecanismos compensatdrios como: alteracoes
autondmicas, endoteliais, inflamatorias e musculares periféricas e respiratorias. Como
complemento, serdo apresentados os efeitos das intervencdes ndo farmacoldgicas sobre essas

alteracOes e suas contribuicbes para a melhora das alteragdes associadas a IC.

1.1. Fisiopatologia e Mecanismos Compensatorios da Insuficiéncia Cardiaca

A compreensdo fisiopatologica da IC é essencial para avancos no tratamento da
doencga. Trata-se de uma desordem multissistémica, com alteragdes no sistema cardiovascular,
musculoesquelético, renal, autondémico e neuro-humoral (JACKSON et al., 2000).

A IC é desenvolvida quando existe um mau funcionamento cardiaco enquanto bomba,
decorrente de uma disfuncédo estrutural ou funcional do coracdo (TORPY et al., 2011) e, nos
estagios iniciais da doenca, um dos primeiros mecanismos compensatorios é o Mecanismo de
Frank-Starling (WESTERHOF et al., 1995).

1.1.1. Mecanismo de Frank-Starling:

Sabe-se que a Pressdo Arterial é estreitamente regulada e é definida como o produto
do débito cardiaco (DC) e da resisténcia periférica total. No paciente com IC com diminuicao
do DC ocorre diminuicdo na pressao arterial média (PAM) resultando em diminuicdo da
perfusdo tecidual. Na tentativa de manter uma PAM adequada, Vvarios mecanismos sdo
utilizados incluindo o mecanismo de Frank-Starling, ativacdo neuro-hormonal e
remodelamento ventricular que inicialmente sdo benéficos, mas a longo-prazo levam a uma
piora na IC entrando em um ciclo vicioso (KEMP et al., 2012).

Segundo o mecanismo de Frank-Starling, quanto maior o estiramento das fibras
miocardicas no periodo final da diastole (pré-carga), maior sera a contratilidade miocardica.
(FIORELLI et al., 2008). O mecanismo de Frank-Starling € comumente um dos primeiros
mecanismos acionados para a melhora da funcdo cardiaca. Nas lesdes maiores esse
mecanismo ndo é suficiente e a continua dilatacdo cardiaca acaba se tornando um mecanismo
desadaptativo. Estudos mostram que a continua dilatagdo (remodelagdo ventricular), é
deletéria e que quanto maior a dilatagdo ventricular pior o prognéstico do paciente (THE
CONSENSUS TRAIL STUDY GROUP, 1987; THE SOLVD INVESTIGATORS, 1991). Na
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figura 1, é possivel demonstrar o mecanismo de Frank-Starling. Neste grafico, esta
demonstrado o DC que ocorre através da pressao diastolica final do ventriculo esquerdo (PDF
do VE) e esta diretamente relacionado com o volume diastolico final do ventriculo esquerdo
(VDF do VE) ou pré-carga. O ponto “A” da curva representa um sujeito com um coragao
saudavel, o aumento da pré-carga leva ao aumento da PDF do VE causando um estiramento
das fibras do miocardio com consequente aumento do DC. No entanto, existe um limite para
este aumento do DC, e com um aumento continuo no valor da pré-carga, o valor do DC néo

aumenta e a curva entdo se achata (KEMP et al., 2012).

A Aumento da
Contratilidade

Normal

Volume Sistélico
(ou Débito
Cardiaco)

Insuficiéncia Cardiaca

Hipotensdo
R

Conaestdo Pulmonar

>

Pressdo Diastolica Final do Ventriculo
Esquerdo (ou VVolume Diastélico Final)

Figura 1: Mecanismo de Frank-Starlin adaptado por KEMP e col. (2012)

1.1.2. Remodelamento Ventricular

O processo de estresse hemodinamico cronico no coracdo leva a alteragcbes no
tamanho, forma, estrutura e principalmente da funcdo do ventriculo em um processo
denominado remodelamento (CURRY et al., 2000). Do ponto de vista macroscopico, 0
remodelamento significa uma dilatacdo e perda da conformidade cardiaca normal onde o
ventriculo esquerdo perde a sua forma eliptica e adquire uma forma esferdide, dilata-se e
apresenta suas paredes mais finas perdendo sua capacidade de bomba (FIORELLI et al.,

2008). Como demonstrado anteriormente pela figura 1, no ponto “B” ¢ “C” do grafico, esta
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representada a disfuncdo sistolica de um paciente onde, inicialmente (ponto B) devido ao
aumento da pré-carga, ocorre 0 aumento compensatorio do DC embora haja menor impacto
quando comparado com um cora¢do saudavel. Ja no ponto “C” o volume sistélico aumenta
pouco para 0 aumento do VDF do VE onde entdo essa curva se torna plana em decorréncia do
descompensamento do musculo cardiaco (KEMP et al., 2012).

Ja do ponto de vista microscopico, se evidencia a morte de cardiomidcitos devido a
necrose e apoptose com deposicdo de colageno e fibroblastos e que por consequéncia, ocorre
a hipertrofia dos cardiomidcitos remanescentes (FIORELLI et al., 2008). Isso aumenta a
sobrecarga dos midcitos restantes que tenderdo a sofrer necrose ou apoptose (KEMP et al.,
2012) criando um ciclo vicioso que piora a disfungdo ventricular. Dessa forma, é cada vez
mais aparente que a apoptose &€ um contribuinte importante para a evolucdo do
remodelamento e da IC (SABBAH et al., 2000). A hipertrofia dos cardiomidcitos e aumento
da massa cardiaca resultam em aumento de estresse na parede do coracdo e reducdo da
contratilidade levando ao aumento das camaras cardiacas devido ao alargamento do
sarcomero (ARONOW et al., 2003). Porém, quando o remodelamento for insuficiente ou
ultrapassar a capacidade do coracdo em hipertrofiar, ocorre um desbalango na pés-carga
criando um ciclo vicioso que leva a dilatagcdo do coracéo, alteracbes da geometria, alteracdes
de contratilidade e relaxamento e aumento do volume sistolico e diastolico final, essas
alteracOes sdo progressivas e deletérias e estdo associadas ao mau progndstico da IC (WHITE
etal., 1987; GAUDRON et al., 1993).

Pela lei de La Place, a tensdo gerada na parede do ventriculo é diretamente
proporcional a pressdo sistélica e ao raio intraventricular e, inversamente proporcional a
espessura da parede ventricular. A tensdo sistolica € um dos principais determinantes da
hipertrofia e dilatacdo ventricular (FIORELLI et al., 2008).

Ainda, o prolongamento do tempo de relaxamento isovolumétrico e atraso na taxa de
retirada do célcio pelo reticulo sarcoplasmatico apds o relaxamento do miocardio resultam em
piora no relaxamento do ventriculo esquerdo (ARONOW et al., 1998). A complacéncia e 0
enchimento diastdlico precoce do ventriculo esquerdo estdo diminuidos e assim, uma parte
significativa do enchimento ventricular é feita através da contracdo atrial (ARONOW et al.,
1998). A medida que a funcéo cardiaca piora, a IC avancada se instala e como o progndstico
esta associado ao tamanho e a forma do VE, o remodelamento ventricular é indicativo de mau
prognoéstico. Além disso, existe uma dissincronia contratil significativa no ventriculo
remodelado e dilatado com caracteristicas arritmogénicas e perda da funcdo de bomba
cardiaca (PONTES et al., 2004; KEMP et al., 2012).
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Esses efeitos deletérios estdo relacionados com alteragfes na pré-carga, pos-carga,
forca, aumento na tensdo da parede cardiaca, depoésito intersticial de coldgeno e também
através de efeitos toxicos diretos. O aumento na tensdo da parede cardiaca e no consumo de
oxigénio miocardico, juntamente com a reducdo na perfusdo subendocardica, contribuem para
0 encurtamento dos miocitos e fibrose, prejudicando a contratilidade ventricular pelas
alteracOes na sua forma (MAGNER et al., 2004). Porém, a dilatacdo s6 ocorre nas formas que
evoluem tardiamente (FIORELLI et al., 2008).

Além disso, existe uma dissincronia contratil significativa no ventriculo remodelado e

dilatado gerando perda na fungdo de bombeamento do coragdo (KEMP et al., 2012).

1.1.3. Mudancas no Sistema Musculoesquelético e Respiratdrio

AlteracOes periféricas consideraveis ocorrem na musculatura esquelética de pacientes
com IC (JACKSON et al., 2000). Mudancas estruturais na musculatura esquelética como:
diminuicdo da massa muscular esquelética, principalmente de fibras musculares oxidativas
(tipo 1), aumento das fibras musculares glicoliticas (tipo 1) estdo presentes nesses pacientes
(LARSEN et al., 2002), além do decréscimo da atividade enzimatica oxidativa, reducdo do
volume e/ou da fungdo mitocondrial, diminuicdo da densidade capilar, expresséo génica de
proteinas contrateis, apoptose das células musculares (VENTURA-CLAPIER et al., 2002) e
aumento dos niveis séricos de citocinas como 0 TNF-a que induz diretamente a perda de
proteina muscular esquelética e diminuicdo da contratilidade gerando perda de massa e
disfuncdo muscular (DUSCHA et al., 2008); (STRASSBURG et al., 2005).

Ainda, a reducdo da capacidade metabdlica da musculatura esquelética esta fortemente
correlacionada com a capacidade de exercicio em pacientes com IC, ou seja, um dos
principais fatores que limitam essa capacidade ao exercicio € a alteracdo do metabolismo
muscular onde a reducdo de fosfocreatina durante o exercicio demonstra que a reserva
energética esgota-se rapidamente apds o inicio do exercicio limitando a sua continuagé&o.
Além disso, a queda do pH intramuscular € maior em pacientes com IC confirmando que o
metabolismo anaero6bio e a acidose intramuscular acontecem precocemente aumentando assim
a intolerancia ao exercicio (OKITA et al., 1998). Essas alteracfes irdo depender do grau e
tempo da IC (VENTURA-CLAPIER et al., 2002).

Alteracdes musculares também estdo presentes nos musculos ventilatorios que podem
limitar a tolerancia ao exercicio fisico de pacientes com IC. Uma das alteracdes presentes é a

fraqueza muscular inspiratéria que é definida como uma pressao inspiratéria menor que 70%
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do previsto para 0 sexo e a idade a qual pode levar a uma reducdo da capacidade funcional
(DALL’AGO et al., 2006; RIBEIRO et al., 2009).

A fraqueza da musculatura inspiratéria pode implicar na sensacdo de dispnéia que é
um dos sintomas mais comuns relatados pelos pacientes com IC e estd associada com
limitacdo funcional e progressdo da doenca e, nos casos mais graves, pode ocorrer a dispnéia
até mesmo em repouso (MANCINI et al., 1991)

Mancini e col. (1995) encontraram hipoxia da musculatura ventilatéria de pacientes com
IC durante o exercicio, sugestivo de uma baixa perfusdo dessa musculatura podendo refletir
em um aumento no trabalho do diafragma e desencadear a sensa¢do de dispnéia.

Devido a diminuicdo do débito cardiaco, os musculos inspiratorios e periféricos
passam competir pelo aporte sanguineo na tentativa de manter uma perfusdo adequada; o que
leva a fadiga em virtude do baixo débito cardiaco (HARMS et al., 1998). Outro fator que pode
explicar a dispnéia apresentada por esses pacientes € a presenca de edema pulmonar
cardiogénico que aumenta o trabalho imposto a musculatura ventilatdria, contribuindo para a
maior sensacdo de dispnéia (GIESBRECHT, et al., 1993).

Ainda, as alteragdes da funcdo muscular inspiratéria podem estar associadas a
hiperatividade quimiorreflexa e metaborreflexa inspiratoria que podem agravar a intolerancia
ao exercicio (RIBEIRO et al., 2012).

1.1.4. Reflexo Pressorico do Exercicio na IC

Durante o exercicio fisico, sinais metabdlicos e mecanicos captados no musculo
esquelético atraves das fibras aferentes Il e 1V, os chamados ergorreceptores, promovem
feedback para os centros reguladores cardiovasculares (cértex motor, hipotdlamo e regides
locomotoras do mesencéfalo) desencadeando o reflexo pressorico do exercicio que possui
como principal funcdo aumentar a entrega de O, em areas de maior demanda metabolica
(masculo ativo) através do aumento da atividade simpatica para promover um aumento do
débito cardiaco (IELLAMO et al., 2001; WILLIAMSON et al., 2010).

Em pacientes com IC, secundariamente as alteragdes musculo-esqueléticas, tais
reflexos como, por exemplo, 0 metaborreflexo, encontram-se hiperativados contribuindo para
a intoleréncia ao exercicio com manifestagdes de dispnéia e fadiga precoce (FELKER et al.,
2003; HUNT et al., 2009).

O metaborreflexo participa diretamente dos ajustes cardiovasculares ao exercicio. Este
mecanismo é ativado quando existe um desequilibrio entre o aporte de O, e 0 metabolismo

muscular desencadeando uma resposta pressorica com aumento da atividade do sistema
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nervoso simpatico para restaurar a perfusdo e o aporte de oxigénio para os musculos
iIsquémicos (O'LEARY et al., 1995).

Também, o mecanismo de metaborreflexo muscular inspiratorio esta hiperativado em
pacientes com IC e, explica em parte, o processo de intolerancia ao exercicio (HARMS et al.,
2000; DEMPSEY et al., 2006; FLORAS et al., 2009). A fadiga da musculatura ventilatéria
ocasiona um acumulo de metabolitos ativando, dessa forma, as fibras aferentes frénicas do
grupo Il e 1V, situacdo essa, que resulta em aumento excessivo da atividade simpaética e se
traduz em aumento da resisténcia vascular periférica e diminuicdo no aporte de oxigénio (O)
para os musculos esqueléticos (HARMS, et al., 1998; DEMPSEY et al., 2002; DEMPSEY et

al., 2006) como demonstrado na Figura 2.

Metaborreflexo Muscular Respiratorio

//—),"7\}\ -} Estimulo simpatico
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- Fadiga do diafragma, musculos expiratérios e |
muysculatura acessoria; | |
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- T Estimulo das fibras aferentes frénicas do grupo \J

v

Figura 2. Efeitos do metaborreflexo muscular respiratério. Adaptado de DEMPSEY e
col. (2002)

Além disso, a reducdo da oxigenacdo da musculatura inspiratoria mediada pelo
exercicio fisico agudo nos pacientes com IC poderia aumentar o trabalho ventilatorio e

exacerbar o metaborreflexo muscular inspiratorio, que conforme citado anteriormente, limita
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a toleréncia ao exercicio devido a reducgéo da perfusdo dos musculos locomotores (MANCINI,
etal., 1991).

Dessa forma, o exercicio fisico é indicado para pacientes com IC tendo como classe de
recomendacdo | e nivel de evidéncia B (BOCCHI et al., 2009) e tem mostrado melhora
significativa na fungdo vascular, muscular e qualidade de vida nessa populacdo que pode
reverter interacGes desfavoraveis entre masculos, vasos e coracdo com a melhora na fungédo
endotelial, diminuicdo da resisténcia vascular periférica e mudangas no controle autonémico

que contribuem para melhora da capacidade funcional (ZHI YOU FANG, et al., 2003).

1.1.5. Mudangas do Sistema Renal

O sistema renina-angiotensina-aldosterona (SRAA), juntamente com o sistema
adrenérgico, € responsavel pela preservacdo da volemia e manutencdo da perfusdo de 6rgaos
centrais em estados de hipovolemia através do aumento da contratilidade miocéardica, retencéo
de sddio e &gua e vasoconstricao sistémica (FIORELLI et al., 2008).

Podemos denominar como sindrome cardiorrenal a associacdo da IC e Insuficiéncia
Renal (IR) e que pode ser definida como uma disfuncdo aguda ou cronica cardiaca ou renal
que causa secundariamente a disfuncdo aguda ou progressiva do outro érgdo (RONCO et al.,
2008).

O SRAA juntamente com o Sistema Nervoso Simpatico, endotelina e o peptideo
natriurético contribuem na fase inicial da doenca para o equilibrio entre o cora¢do e 0 rim
porém, a ativacdo excessiva desses sistemas causam aumento da resisténcia vascular
periférica, resultando em piora progressiva das funcdes cardiacas e renais (REA et al., 2008).

Os mecanismos de que determinam a piora da fun¢éo renal durante a IC sdo maltiplos
e complexos e estdo relacionados a baixa perfusdo renal ocasionada pela queda do débito
cardiaco, reducdo do fluxo sanguineo e pressdo elevada nas veias renais causada pela
elevacdo da pressdo no atrio direito e regurgitacdo tricuspide (DRIES et al., 2000).

Quanto maior a gravidade da IC, maior € a ativacdo do sistema renina-angiotensina-
aldosterona e relaciona-se com diferentes graus de disfungdo ventricular e consequente
reducdo da perfusdo renal. A hipoperfuséo renal estimula a producdo de renina pelas células
justaglomerulares. A renina reage com o angiotensinogénio formando a angiotensina I (ANG-
I) com discreta acdo vasoconstritora e logo apos é transformada em angiotensina 11 (ANG-II)
por intermédio da enzima conversora de angiotensina (ECA). A ANG-II € responsavel por

promover uma série de alteragBes dentre elas: ativacdo simpatica, acdo direta sobre a
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musculatura lisa de arteriolas, estimulagdo central com aumento na produgéo de vasopressina,
acdo nas células da camada glomerular da supra-renal promovendo aumento de liberacdo de
aldosterona com consequente retencdo de sodio. Ocorre ainda, alteracdes celulares tanto nos
constituintes da parede miocardica (cardiomidcitos) como nos elementos celulares que
integram a parede dos vasos. Todos esses mecanismos contribuem para agravar a disfuncéo
ventricular que originou o processo culminando em progressiva fibrose miocéardica e
remodelamento das arteriolas de resisténcia, reducdo da sua luz e aumento da resisténcia
periférica (YUSUF et al., 1998).

Ainda, é possivel que por diversos mecanismos, 0 SRAA ativado contribua para uma
aceleracdo do processo de aterosclerose, que pode desempenhar um importante papel nas
condicdes de IC que apresentam cardiopatia isquémica como doenca subjacente (YUSUF et
al., 1998).

1.1.6. Mudancas no Sistema Nervoso Autonémico

O Sistema Nervoso Autondémico (SNA) é responsavel por regular as funcdes viscerais
através do Sistema Nervoso Simpatico (SNS) e Sistema Nervoso Parassimpatico (SPS). Esses
dois ramos autonémicos atuam de forma antagonica e equilibrada oscilando o predominio de
um componente sobre o outro em diferentes situagdes para preservar o funcionamento correto
dos drgdos e sistemas do corpo (BRODAL et al., 2004; BOREJDA-XHYHERI et al., 2012).

Basicamente, o sistema simpatico e parassimpatico diferem morfologicamente quanto
a origem das fibras pré-ganglionares, distribuicdo das fibras pds-ganglionares e nos seus
neurotransmissores (BRODAL et al., 2004). Enquanto as fibras pré-ganglionares do sistema
simpatico tem origem téraco-lombares, no sistema parassimpatico, as fibras originam-se no
tronco cerebral e segmento sacral. As fibras p6s-ganglionares simpéticas praticamente se
difundem por todo corpo, enquanto as fibras parassimpaticas estdo restritas principalmente
aos Orgaos viscerais. Outra caracteristica importante, que Ihes confere a acdo antagénica, € o
neurotransmissor utilizado pelas fibras pos-ganglionares. Enquanto as fibras parassimpaticas
pos-ganglionares sdo colinérgicas, liberando acetilcolina, as fibras simpaticas sao
adrenérgicas, liberando norepinefrina.

No sistema cardiovascular essas fibras autondmicas, compostas tanto por fibras
eferentes e aferentes, formam densas ramificacdes, as quais, mais presentes no subepicardio e
no sistema de conducdo, influenciam as diferentes regides cardiacas, controlando
efetivamente a funcdo cardiaca (KIMURA et al., 2012). Conforme a figura 3. As fibras

eferentes pds-ganglionares simpaticas liberam norepinefrina nas células do sistema de
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conducdo e do subepicardio, promovendo efeitos cronotropicos (aumento da frequéncia
cardiaca), dromotrépicos (aumento da condutancia atrioventricular), inotrépicos (aumento da
forca contratil) e lusitropico (aumento da velocidade de relaxamento), com consequente
elevacdo do débito cardiaco (BOOGERS et al., 2011; KIMURA et al., 2012).

Ganglios
Simpaticos
=~ Plexo Cardiaco
Fibra Simpatica Eferente
Fibra Simpatica Eferente \3/—_\\
Fibra Parassimpatica Ap » N
Fibra Simpatica Aferente

Figura 3. Organizacgdo de fibras nervosas autondmicas do sistema cardiaco. Adaptado por
KIMURA e col. (2012).

No entanto, o desequilibrio entre esses sistemas, pode ser a via final comum de uma série
de disturbios e doencas, além disso, a diminui¢cdo do estimulo parassimpatico ou vagal é
considerada um fator de risco para mortalidade nas doencas cardiovasculares (THAYER et
al., 2010). O papel do SNA no sistema cardiovascular € regular a atividade cardiaca através de

uma acdo combinada entre o SNS e SNP, com influéncias endocrinas, e imunologicas. No
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entanto, na IC, ocorre uma disfuncdo autondmica (LOPSHIRE et al., 2012) caracterizada pela
anormalidade nos mecanismos reflexos, tais como o reflexo cardiopulmonar, barorreflexo e o
quimioreflexo (NARKIEWICZ et al., 1999).

Os barorreceptores sdo receptores de estiramento, localizados nas paredes das grandes
artérias (arco adrtico e seio carotideo), que respondem a mudangas nos niveis de pressao
arterial tanto nos processos de elevagdo da pressdo como nos processos de queda da pressao
arterial (WANG et al., 2004; GADEMAN et al., 2007). Os receptores cardiopulmonares,
localizados nos atrios, ventriculos e vasos pulmonares, projetam aferéncias para o bulbo via
nervo vago e a medula espinhal via nervos simpaticos e sdo identificados em 3 conjuntos de
receptores: 1) Aferentes cardiacos vagais ndo-mielinizados que estdo espalhados nas camaras
cardiacas e sdo sensiveis a distensdo mecanica por isso, provocam respostas semelhantes aos
barorreceptores arteriais.; 2) Aferentes cardiacos vagais mielinizados que estédo localizados na
juncdo das grandes veias e atrios e fornecem informac@es ao sistema nervoso central sobre o
grau de enchimento atrial e a freqiiéncia cardiaca. Em situacdes de aumento da volemia, eles
provocam reducdo na atividade nervosa simpatica renal e, conseqlientemente, diminui¢do na
liberacdo de vasopressina pela neuro-hipofise além de aumento nos niveis de peptideo
natriurético atrial, o que induz elevacGes na diurese e natriurese, além de inibicéo da liberacdo
de renina e aldosterona; e 3) aferentes espinhais que trafegam junto com o simpatico, e estdo
distribuidos ao longo das artérias coronérias, camaras cardiacas e grandes vasos toracicos que
sdo ativados por estimulos mecanicos, como quedas na pressdo de perfusdo das coronarias,
induzindo vasodilatacdo em situacdes isquémicas, e por substancias quimicas que atuam
diretamente no epicérdio, tais como, bradicinina, &cidos organicos e cloreto de potassio,
exercendo um papel protetor importante na sinalizacdo de sensacdes dolorosas, como por
exemplo, nas de crises de angina (LEVY, 2004; MICHELINI, 2008).

Os quimiorreceptores centrais, localizados no bulbo, sdo sensiveis primariamente ao
aumento da pressdo parcial de diéxido de carbono (PCO,) e dos niveis de pH no liquido
intersticial do tronco encefalico. Quando a PCO, aumenta, 0S quimiorreceptores centrais
desencadeiam aumento na frequéncia respiratoria para eliminar o excesso de didxido de
carbono do organismo (OKADA et al., 2002). Os quimiorreceptores periféricos, sensiveis
primariamente a queda da PO, (hipdxia), estdo localizados nos corpusculos carotideos e
aorticos, com aferéncias para o centro respiratorio no bulbo e no nicleo do trato solitario
(PRABHAKAR et al., 2004). Na IC a sensibilidade dos quimiorreceptores esta aumentada e

algumas evidéncias sugerem que esse aumento se deve ao aumento nas concentracdes de
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Angiotensina Il (que aumenta a atividade nervosa simpética) e também a diminuicdo nas
concentragdes de Oxido nitrico (NO) (REID et al., 1992).

O aumento na atividade simpatica se da devido a disfuncdo sistolica do ventriculo
esquerdo para alterar a hemodinamica cardiaca e periférica que na fase inicial é necessaria,
mas, ao longo do tempo se torna patoldgica (FLORAS, et al., 2009), levando a maior
exposicdo dos midcitos cardiacos e altos niveis de catecolaminas causando efeitos deletérios
na funcdo cardiaca, com maior deterioracdo funcional associada com apoptose de midcitos e
necrose do miocardio (COMMUNAL et al., 1998).

Os receptores cardiopulmonares e 0s barorreceptores sino-adrticos que sao responsaveis
por uma acdo inibitdria tbnica sobre a atividade simpética, encontram-se deprimidos na IC
(MARIN-NETO et al., 1991). Em contrapartida ocorre diminuicdo da atividade
parassimpatica com diminuicdo da variabilidade da frequéncia cardiaca (VFC) e sensibilidade
barorreflexa sendo considerada um preditor de mortalidade por arritmia em pacientes com IC
(LA ROVERE et al., 2003). Atualmente, tem-se utilizado para o tratamento da hiperativacdo
simpatica, a terapéutica farmacoldgica através do uso de beta-blogueadores ou ainda terapias
ndo-farmacoldgicas como o exercicio fisico (KISHI, et al., 2012).

Atualmente, a avaliagdo da VFC pode ser feita por varios métodos e é dividida
basicamente em dois dominios: medida no dominio do tempo e medida no dominio da
frequéncia. O método no dominio do tempo pode ser feito através do registro do
eletrocardiograma e permite a detec¢do de cada instante do batimento cardiaco ou deteccdo de
cada complexo QRS, sendo chamado intervalo “normal-to-normal” (NN). As variaveis no
dominio do tempo podem ser calculadas incluindo a média do intervalo NN, a média da FC e
a diferenca entre o maior e menor intervalo NN. Outras medidas que podem ser usadas sao as
variacdes da FC momentanea através de estimulos como a frequéncia respiratoria controlada,
o tilt, a manobra de Valsalva e a infusédo de fenilefrina. A medida da VFC no dominio da
frequéncia é dividida em dois componentes principais: o0 componente de alta frequéncia (high-
frequency HF) que é considerado o marcador do sistema nervoso parassimpatico que varia
entre 0,15 a 0,40Hz e o componente de baixa frequéncia (LF) marcador do sistema nervoso
simpatico que varia entre 0,04 a 0,15Hz. Ainda existem outros dois componentes: frequéncia
muito baixa (VLF) entre 0,0033 a 0,04Hz. No entanto sua fungdo permanece incerta e 0
componente LF/HF que se refere ao indice entre a interacdo da atividade simpatica e vagal e é

considerado um importante indicador do balango simpatovagal (MALIK et al., 1996).
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1.1.7. Disfungéo Endotelial

O endotelio é uma camada de células que reveste a camada interna dos vasos sanguineos
agindo como barreira estrutural e funcional entre o sangue e a parede dos vasos. Possui como
funcdo evitar a adesdo plaquetaria e dos mondcitos, controlar a permeabilidade capilar e
regular o tdnus vascular pelo equilibrio entre a produgdo de agentes vasodilatadores e
vasoconstritores (FURCHGOT et al., 1980).

Esta funcdo reguladora do endotélio pode ser modulada por substancias endégenas (como
serotonina e bradicinina), agentes farmacoldgicos (acetilcolina e substancia P, também, sédo
substancias neurotransmissoras) e forga mecanica, como o stress de cisalhamento mediado
pelo fluxo (DAVIES et al., 1995). Dentre os fatores vasoativos liberados pelo endotélio,
destacam-se como fatores vasodilatadores: o 6xido nitrico (NO), a prostaciclina (PGI,) e o
fator hiperpolarizante derivado do endotélio (EDHF). Dentre os fatores vasoconstritores: o
tromboxano (TXA;) e a endotelina-1 (ET-1) (SANDOO et al., 2010).

Na IC, a disfuncdo endotelial é caracterizada pelo aumento da liberacdo de endotelina
(ET-1), aumento do estresse oxidativo e diminuicdo da liberacdo de NO pelo endotélio
(LANDMESSER et al., 2002). Essas alteracGes contribuem de forma significativa para a
diminuigdo da resposta vasodilatora e uma deficiéncia em reduzir a resisténcia vascular de
extremidades durante o exercicio (LEJEMTEL et al., 1986), essa incapacidade da
vasodilatacdo dependente do endotélio pode ser um dos fatores que contribuem para a
intolerdncia ao exercicio devido ao seu efeito limitador sobre o fluxo sanguineo nutritivo do
musculo esquelético durante o exercicio (NAKAMURA et al., 1994). A deficiéncia na
capacidade vasodilatadora também tem sido atribuida pela hiperatividade simpaética, ativacao
do sistema renina-angiotensina, niveis elevados de endotelina ou uma combinacdo desses
fatores (SHARMA et al., 2000).

A liberacdo de NO desempenha um papel fundamental na manutencdo da vasodilatacao
basal e se opBe aos estimulos vasoconstritores. O NO também regula mudancas no fluxo
sanguineo em resposta a estimulos dependentes do endotélio tais como: aumento do estresse
de cisalhamento ou shear stress, acetilcolina e bradicinina sendo essencial para a fungéo
endotelial em pacientes com IC (SHARMA et al., 2002).

A disfungéo endotelial também esta associada com aumento do risco de mortalidade em
pacientes com IC de origem isquémica na classe funcional 1V, envolvendo artérias,

condutancia dos vasos, corondrias, artérias pulmonares, leitos microvasculares e, ainda,
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pequenas evidéncias sugerem disfuncéo endotelial no leito venoso (SHECHTER et al.,2009;
SHANTSILA et al., 2012).

A capacidade dos vasos sanguineos em responderem a estimulos quimicos e fisicos
conferem a habilidade de autorregulacdo do ténus e do ajuste do fluxo sanguineo e
distribuicdo nos locais envolvidos que respondem ao aumento do fluxo sanguineo ou mais
precisamente o estresse de cisalhamento através da dilatacéo, sendo este fendmeno conhecido
por Dilatacdo Mediada pelo Fluxo (FMD) onde o principal mediador é a liberacdo de NO. Na
avaliacdo da funcdo endotelial o uso dessa técnica é atrativa por permitir medidas repetidas
através de um sistema de ultrassonografia da artéria braquial (CORRETI et al., 2002).

Com o objetivo de melhorar a funcdo endotelial, tratamentos farmacoldgicos sao
propostos com o uso de inibidores da enzima conversora da angiotensina e estatinas além do
exercicio fisico (SHANTSILA et al., 2012) podendo ser aerobico, resistido ou a combinacao
das duas modalidades (VUCKOVIC et al., 2013).

1.1.8. Perfil Inflamatorio e Estresse Oxidativo

Os biomarcadores inflamatorios possuem papel particularmente importante e ativo no
processo evolutivo da IC. As citocinas produzidas nesse processo apresentam um papel
crucial na piora da funcdo ventricular. A ativacdo das citocinas pré-inflamatérias como a
interleucina 1 (IL-1), interleucina 6 (IL-6) (TORRE-AMIONE et al.,2005) acontece de forma
precoce na instalacdo da IC e juntamente com a ativacdo neuro-humoral podem servir como
preditores de desfechos na IC (ANKER et al., 2004).

As citocinas pro-inflamatérias sdo produzidas pela secrecdo das células
mononucleares como 0s mondcitos e os macréfagos e ocorre apenas no miocardio lesado com
0 extravasamento das citocinas para o sistema circulatorio e ndo no miocardio saudavel
(SETA et al.,1996). Dentre as citocinas presentes na fisiopatologia da IC, estdo as
interleucinas 1, 6 e 18 que sdo consideradas citocinas pro-inflamatérias (ANKER et al., 2004).

A IL-1 esta envolvida no processo de apoptose do cardiomiocito, hipertrofia celular e
arritmogénese, alem das propriedades especificas na inducdo da febre, sono, anorexia e
hipotensdo (LONG et al., 2001). A IL-6 € uma citocina pré-inflamatéria liberada em resposta
ao estimulo do TNF-o. O aumento dos niveis plasmaticos da IL-6 estd elevado em pacientes
com IC e envolvido no processo de hipertrofia do cardiomidcito, disfuncdo do VE e caquexia
muscular. Os niveis elevados de IL-6 também estdo associados com mau prognéstico em
pacientes com IC (RAUCHHAUS et al., 2000).
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O TNF-a exerce suas fungdes através de dois receptores distintos: TNF-R1 e TNF-R2.
O TNF-R1 esta expresso em grande quantidade na superficie celular e intermedia os efeitos
citotoxicos e deletérios nos cardiomiocitos (BEUTLER et al., 1994), ja o TNF-R2
desempenha um papel de protecdo do cardiomiocito (HELLER et al., 1992).

Além disso, o aumento sérico dos niveis de TNFa, esta associado com aumento no
desequilibrio autonémico dos pacientes (NIKOLIC et al., 2013). Em uma coorte que
acompanhou 59 pacientes com IC com fracdo de ejecdo diminuida, se observou que 0s
pacientes apresentaram valores significativamente maiores de citocinas pro-inflamatdrias, e
uma diminuicdo também significativa de substancias anti-inflamatérias como a IL-10 quando
comparados com sujeitos saudaveis (FINK et al., 2012).

A inflamacéo crénica juntamente com o aumento do estresse oxidativo, com elevacao
na producdo de citocinas pro-inflamatdrias, degradacdo da matriz proteolitica e sistema
autoimune esta presente na fisiopatologia da IC aumentando assim a lesdo, fibrose e disfungéo
cardiaca (HEYMANS et al., 2009).

Juntamente com a presenca de citocinas inflamatdrias, estdo presentes os peptideos
natriuréticos do tipo A e B que sdo secretados pelos atrios e ventriculos no momento de
sobrecarga pressorica ou volumétrica. Esses peptideos sdo responsdveis por promover
vasodilatacdo periférica e natriurese como uma forma de contrabalancear os efeitos do
sistema renina-angiotensina-aldosterona e adrenérgico (FIORELLI et al.,2008).

Além das alteracdes cardiacas, amplamente conhecidas, as citocinas induzem ainda a
caquexia, disfuncdo endotelial, inibicdo da eritropoese, alteracdo da permeabilidade intestinal,
reducdo da atividade de enzimas removedoras de radicais livres, diminuicdo do fluxo
sanguineo para musculatura esquelética, alteracdo funcional de proteinas musculares
contrateis, apoptose de células musculares esqueléticas, proteolise e atrofia muscular (VON
HAEHLING et al., 2009).

Essa inducdo da resposta inflamatoria também pode aumentar a suscetibilidade de
infeccOes pela baixa regulagdo do sistema imune celular e ativagéo de vias anti-inflamatorias
tendo como resultado, pacientes mais propensos a sepse (HASPER et al., 1998).

Em relacdo ao papel do Estresse Oxidativo (EO), tem se explorado como sendo um
possivel mecanismo de progressdo da doenca pelo excesso de geracdo de radicais livres
(RAJAGOPALAN et al., 1996). Especies reativas de oxigénio sdo moléculas que contém
oxigénio em um estado altamente reativo, e sdo encontradas em todos os sistemas biolégicos
podendo atuar como moléculas sinalizadoras para regular a funcéo bioldgica (ADLER et al.,
1999; KOHEN et al., 2002).
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Pacientes com IC estdo sujeitos ao aumento do EO, e estudos demonstram que 0
mesmo ao nivel central, desenvolve um papel importante na descarga simpética no estado de
insuficiéncia cardiaca. Outro dado importante sobre as espécies reativas de oxigénio, é que
elas induzem a expressdo de citocinas inflamatorias no masculo esquelético de pacientes com
IC, e essas podem promover a producdo de mais espécies reativas de oxigénio, levando,
portanto, a um ciclo vicioso que causa o enfraquecimento da fun¢do muscular, apoptose das
fibras musculares e consequente perda de massa muscular (HARRINGTON et al., 1997;
TSUTSUI et al., 2001). No entanto, ainda ndo existem evidéncias suficientes sobre a funcéo
do EO na fisiopatologia da IC (SUSANNA et al., 2001).

1.2. Exercicio Fisicona IC

A intolerancia ao esforco e dispneia durante as atividades do cotidiano sdo os sintomas
mais frequentes e debilitantes nos pacientes com IC de grau leve a moderado.
Tradicionalmente, sempre houve uma recomendacdo para que os pacientes com IC se
mantivessem tanto quanto possivel em repouso, evitando a realizacdo de qualquer tipo de
atividade fisica que fosse capaz de desencadear sintomas. Assim, sempre se evitou submeter
estes pacientes a um teste de esforco ou recomendar atividade fisica ou reabilitacdo (Pifia,
1996).

Atualmente, existem fortes evidéncias de que a reducdo do nivel de atividade fisica
(secundaria a progressdo dos sintomas da IC) leva ao descondicionamento fisico, que
contribui para aumentar ainda mais os sintomas e a intolerancia ao exercicio. A limitacdo de
atividade fisica reduz progressivamente a capacidade funcional (NORTH et al., 1990).

Van tol e col. (2006) analisaram por meio de uma meta-andlise com 35 ensaios
clinicos randomizados, o efeito do exercicio fisico sobre a performance cardiaca, capacidade
funcional e qualidade de vida de pacientes com IC comparados com grupo controle que nédo
praticavam qualquer tipo de exercicio e demonstraram que houve melhora significativa na
pressdo e volume diastélico em repouso, e durante o exercicio houve melhora significativa na
pressdo sistolica, frequéncia cardiaca, débito cardiaco, limiar anaerébico e desempenho no
teste de caminhada de 6 minutos.

Em outra meta-analise, Davies e col. (2010) demonstraram que, dos 19 estudos
incluidos com um total de 3.647 pacientes, o exercicio fisico quando comparado com o
cuidado padrdo, reduziu o indice de hospitalizagGes e melhorou o indice de qualidade de vida

desses pacientes.
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Smart e col. (2011), por meio de uma revisdo sistematica, estudaram o efeito da
atividade fisica sobre os niveis séricos de citocinas pro-inflamatorias em pacientes com IC e
concluiram que cinco semanas ou mais de exercicio sdo capazes de diminuir os niveis de
citocinas pré-inflamatoérias como o TNFa e IL-6.

O exercicio fisico regular, em baixa intensidade, melhora o controle autonémico
cardiovascular, através da diminuicdo da bradicardia de repouso e diminuicdo da atividade do
tébnus simpatico. Essas alteracdes promovem uma diminuicdo da Pressdo Arterial (PA) e do
DC, além de aumentar a sensibilidade barorreflexa durante as oscilacdes de pressdao (DELEY
et al., 2009).

No estudo realizado por Wang e col. (2010), se demonstrou que o treinamento fisico
realizado entre oito e dez semanas é capaz de melhorar os reflexos cardiovasculares anormais
no quadro da IC, fortalecendo o potencial terapéutico do exercicio como preditor de sobrevida
para os pacientes. Exercicios de intensidade intensa a moderada promovem a preservacdo da
funcdo autondémica. Junto com a restauracdo da funcdo cardiaca, também favorecem um
aumento das atividades diarias resultando em uma melhora da qualidade de vida (GARET, et
al., 2005).

No estudo de Selig e col. (2004) que utilizou o exercicio resistido de intensidade
moderada durante trés meses com trés sessdes por semana, se verificou uma melhora na forga
muscular esquelética, endurance, capacidade aerdbica associada com aumento no pico de
lactato, aumento do fluxo sanguineo do braco, diminuicdo componente de baixa frequéncia
demonstrando assim uma melhora do balango simpatovagal.

Apb6s um periodo de treinamento fisico regular, ocorre melhora na relacdo
ventilacdo/perfusdo pulmonar, na  atenuacdo da hiperativacdo de receptores musculares
qguimiossensiveis e melhora da funcdo respiratéria por fortalecimento da musculatura
respiratoria. Nesses pacientes, o treinamento ajuda a reverter a disfuncdo endotelial, aumenta
0 consumo de oxigénio de pico e a poténcia aer6bica maxima, melhora a capacidade oxidativa
do musculo esquelético e reduz a exacerbagdo neuro-humoral. Devido a esses efeitos, o
exercicio fisico regular foi incorporado as medidas ndo farmacoldgicas para o tratamento da
insuficiéncia cardiaca, resultando em reducdo da resposta ventilatoria durante o esforgo,
melhora da qualidade de vida e do prognostico (HAMBRECHT, et al., 1995; PIEPOLI, et al.,
1996).

Os pacientes que aderem a programas de reabilitagdo cardiaca apresentam inimeras
mudancas hemodindmicas, metabdlicas, miocardicas, vasculares, alimentares e psicoldgicas

que estdo associadas ao melhor controle dos fatores de risco e a melhora da qualidade de vida.
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Nos pacientes portadores de cardiopatia isquémica e de IC, a reabilitacdo cardiaca reduz as
mortalidades cardiovascular e total. Somado a esses beneficios, 0s programas de reabilitacdo
cardiaca, quando adequadamente conduzidos, sdo seguros e muito custo/efetivos, devendo ser
oferecidos a todos os pacientes (MORAES, et al., 2005).

Dessa forma, programas de exercicios fisicos ativos em associa¢do com o tratamento
farmacoldgico otimizado tém sido recomendados para melhorar a condig¢do clinica e a
capacidade funcional de pacientes estaveis em classe funcional (NYHA) Il - 111 (JESSUP, et
al., 2006), tendo como classe | de recomendacdo e nivel A de evidéncia (BOCCHI, et al.,
2009).

Um ponto importante do exercicio é no que se refere a intensidade que pode ser
medida através da mensuracdo do lactato, pois quando realizamos uma atividade fisica e
aumentamos a intensidade do exercicio, 0s niveis sanguineos de lactato comecam a se elevar.
Em qualquer momento durante o exercicio, alguns musculos estdo produzindo lactato e
liberando-o0 no sangue, enquanto alguns tecidos (figado, muasculos esqueléticos, coracdo), o
estdo removendo. No entanto o desequilibrio entre producdo e remocao do lactato acentua o
acumulo de lactato induzindo a fadiga (POWERS e HOWLEY, 2000).

A mensuragdo do lactato sanguineo durante o exercicio pode ser importante por ser
um marcador de stress metab6lico e sua gravidade estar associada com aumento da
mortalidade como, por exemplo, em pacientes criticos e seu valor clinico tem sido
amplamente demonstrado em ambiente de terapia intensiva (JANSEN, et al., 2009). Os
pacientes com insuficiéncia cardiaca avancada que apresentam diminuicdo do débito cardiaco
geram piora na producdo e consequentemente diminuicdo da perfuséo tecidual (NOHRIA, et
al., 2002), fazendo entdo com que as células musculares utilizem a glicolise e produzam
lactato a partir do piruvato, e portanto o acumulo de lactato pode ser utilizada como um
indicador de comprometimento hemodinamico (FULOP, et al., 1973; GERTZ, et al., 1981).

1.3. Estimulacgéo Elétrica

E possivel estimular um musculo pela passagem de uma corrente elétrica através dele
ou de seu nervo periférico, a esta geracdao de potencial de agdo nas células excitaveis atraves
de estimulos elétricos definimos como estimulagéo elétrica (ENOKA, et al., 1988).

Registros historicos do uso da eletricidade como recurso terapéutico na reabilitagdo

sdo antigos. O seu conhecimento em aplicacdo nos tecidos datam de 2.750 a.c devido a
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estudos sobre as propriedades elétricas do peixe-elétrico, que eram responsaveis por
descarregar choques paralisantes (BOBATH, et al., 1978).

A estimulacéo elétrica (EE) tem sido praticada desde o século XVIII. Na fisioterapia,
mais especificamente, tem sido usada para o tratamento de pacientes paralisados, envolvendo
imobilizacdo ou desuso e em pacientes que tivessem alguma contraindicagdo para a pratica de
exercicios voluntéarios (JETTE, et al., 2005).

Foi no final dos anos de 1970, devido a popularizacdo da TENS (Transcutaneous
Electrical Nerve Stimulation) utilizada para o controle da dor, que o interesse na eletroterapia
aumentou em decorréncia das pesquisas médicas em atletas da Unido Soviética que
afirmavam que a ativacdo elétrica do musculo era mais efetiva que o exercicio para o
fortalecimento (DELITTO, 2001).

Atualmente, tem sido utilizada na pratica clinica com diversos objetivos, dentre eles o
de fortalecimento muscular, reeducacdo muscular, alivio da dor e reparo de feridas
(ROBERTSON, 2009). Recentemente, foi demonstrado o efeito benéfico no processo de
cicatrizacdo com o uso da EE sobre a viabilidade e migracdo de fibroblastos, secrecao do fator
de crescimento, atividade contratil e expressdo de a-SMA (ROUABHIA, et al., 2013). Ainda,
quando utilizada a nivel sensorial na fase inicial de cicatrizacdo de feridas (fase inflamatdria e
proliferativa) induz efeitos benéficos sobre a cicatrizagdo através da liberacdo de fatores
angiogeénicos e diminuicdo da fase inflamatéria. Quando a EE ¢ aplica na intensidade motora
durante a fase final da cicatrizacdo (fase de proliferacdo tardia e fase de remodelamento)
produz resultados positivos sobre a densidade do coldgeno devendo assim ser aplicada nas
diferentes fases do processo de cicatrizacdo (ASADI, et al., 2013).

Quando aplicada no sistema nervoso periférico intacto, é capaz de produzir potenciais
de acdo em nervos e musculos independentemente dos gerados normalmente pelo proprio
sistema nervoso. Essa similaridade com padrdes voluntarios de contracdo indicam que 0s
efeitos da EE no mdsculo também sdo similares aos produzidos pelo sistema nervoso
(SOETANTO et al., 2001; ROBERTSON, 2009).

Mesmo sendo um método pratico e de facil aplicabilidade, sua utilizacdo deve ser
evitada sobre o tecido neoplasico, sobre areas ndo integras da pele ou com sinais de infecgéo,
pele desvitalizada ou pacientes incapazes de fornecer um feedback para o terapeuta sobre a
aplicacdo da terapia.

Durante um protocolo de EE, algumas caracteristicas importantes devem ser

observadas como: 0s tipos de correntes e pulsos elétricos, os tipos de eletrodos e seu método
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de acoplamento na superficie da pele, a intensidade da corrente elétrica, o periodo ligado e
desligado, frequéncia e amplitude da onda (KITCHEN, 2003; MAFFIULETTI et al., 2010).

1.3.1. Caracteristicas das Correntes Elétricas

As correntes para uso da EE se dividem em trés tipos: corrente direta ou continua,
alternada e pulsada. A corrente direta ou continua, é o tipo de corrente que flui somente em
uma direcdo e que o fluxo da corrente é sustentado por pelo menos 1 segundo. E utilizada
para a pratica de iontoforese (estimulo de penetracdo de ions benéficos através da barreira da
pele). A corrente alternada compreende uma série continua de pulsos alternados. Sua principal
utilidade é a de causar contracdo de musculo inervado e controle da dor. A caracteristica
basica desse tipo de corrente € que os pulsos estdo ligados e continuos, ou seja, ndo ha
intervalo entre os pulsos que podem estar na forma senoidal, triangular ou retangular
(ROBERTSON, 2009). Ja a corrente pulsada, apresenta um fluxo tanto unidirecional quanto
bidirecional de particulas carregadas e que sdo interrompidas por um tempo especifico ou
intervalo entre os pulsos podendo estar na forma retangular, triangular, faradica, senoidal ou
outros (DELITTO, 2001). Além do formato dos pulsos, os tipos de correntes ainda se
classificam em monofasica e bifasica. Na corrente monofésica, existe apenas uma fase para
cada pulso sendo desta forma o fluxo de corrente unidirecional com a polaridade de um
eletrodo sempre positiva e a de outro sempre negativa. Na corrente bifésica, existem duas
fases opostas contidas em um unico pulso que pode ser dividida em simétrica ou assimétrica
(BRASILEIRO, 2001).

As caracteristicas das correntes elétricas terapéuticas estdo demonstradas abaixo na
figura 4.
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Figura 4. Caracteristicas das correntes elétricas. Adaptado por DELITTO e col (2001).

1.3.2. Métodos de Acoplamento e Parametros

A corrente elétrica, para ser transferida da superficie até o nervo ou masculo, necessita
gue sejam acoplados a pele eletrodos de superficie (PETROFSKY et al., 2004). Existem

basicamente dois tipos de eletrodos:

e Eletrodos a base de polimeros: consistem em uma borracha siliconada
impregnada com carbono. Esse tipo de eletrodo pode ser reutilizavel, cortado do tamanho
apropriado e ser moldado na superficie da pele desde que a area ndo seja muito irregular e
normalmente necessitam de um gel condutor elétrico. Atualmente, existem eletrodos mais
maleaveis e que jd possuem uma camada de material condutor, sdo autoadesivos o que
permitem fazer um contato mais efetivo com a pele (KITCHEN, 2003). No entanto, ao longo
do tempo, os eletrodos autoadesivos perdem a sua adesividade comprometendo a
uniformidade da condugéo. Ainda, esse tipo de eletrodo exige uso individual o que torna o
custo de sua utilizagéo bastante elevado (NELSON, 2003).

e Eletrodos de estanho ou aluminio: sdo acoplados a pele com soro fisioldgico
retido por uma cobertura de algoddo ou esponja. Esses eletrodos podem ser cortados no
tamanho necessario e séo reutilizaveis. Contudo, sdo menos maleaveis (KITCHEN, 2003). O
tamanho dos eletrodos também € muito importante para a aplicagdo da técnica, pois a area de

contato dos eletrodos depende, em parte, da area de tecido a ser estimulada. Dessa forma, um
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eletrodo com tamanho inadequado pode promover estimulacdo de musculos indesejados ou
deixar de estimular musculos alvos do tratamento (DELITTO, 2001).
Dentre os parametros a serem cuidados em um protocolo com EE estéo:

e Frequéncia: se caracteriza pelo nimero de ocorréncias ou pulsos por segundo, sua
especificacdo se da em Hertz (Hz) (ROBERTSON, 2009) e podem ser classificadas em: Baixa
frequéncia (1 a 1000 Hz) como exemplos a estimulacdo elétrica nervosa transcutanea e a
estimulagdo elétrica funcional (CELICHOWSKI, 2000). Média frequéncia (1000 e 100.000
Hz) como exemplos a estimulacdo elétrica nervosa neuromuscular e a corrente interferencial.
Alta frequéncia (acima de 100.000 Hz) como exemplos, ondas curtas e micro-ondas (NUHR,
etal., 2004).

e Amplitude/Iintensidade: se refere ao tamanho do estimulo aplicado. Seus valores para
tratamentos clinicos geralmente sdo expressos em miliampéres (mA), (ROBERTSON,
2009). A intensidade contribui para o conforto do paciente, no caso de maior intensidade,
ocorre menor tolerancia; no entanto, a frequéncia do estimulo e a intensidade determinam a
qualidade da contracdo muscular produzida (DOUCET et al., 2012).

e Duracgéo ou Largura de pulso: medida em Microssegundos (us) ou milissegundos (ms)
se define pelo tempo que um pulso elétrico precisa para produzir quantidade minima de
estimulo para gerar um potencial de acdo (POPOVIC et al., 2001; ROBERTSON, 2009). Na
comparacao de diferentes larguras de pulso (50, 200, 500, e 1000 ps) quando aplicadas a uma
frequéncia de 20 Hz no mdsculo séleo se observou que larguras de pulso maiores produziram
contracbes mais fortes e, adicionalmente, propriedades contrateis aumentadas
(LAGERQUIST et al., 2010)

¢ Ciclo de trabalho: com o objetivo de preservar as capacidades contrateis do musculo,
deve-se alternar os periodos de contracdo muscular com periodos de relaxamento
estabelecendo assim uma relagdo entre tempo de contragdo (“T” ON) com 0 tempo de
relaxamento (“T” OFF) (BISSCHOP, 2001). Exemplo: alguns tratamentos se situam na faixa
de 10 a 15 segundos de estimulacdo com 60 a 120 segundos de repouso (VASSILAKOS et
al., 2009).

e Rampa: usada para evitar mudangas abruptas entre a fase de contracdo e relaxamento
(BISSCHOP, 2001) onde a carga do pulso ¢ aumentada e diminuida de forma gradativa dentro
de um determinado periodo de tempo que normalmente varia de 1 a 5 segundos. Sendo

denominada rampa de subida quando ocorre 0 aumento progressivo da contragdo muscular e
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rampa de descida para graduar o relaxamento muscular (NELSON, 2003). Sua duragdo pode
ser determinada pelo aparelho ou manualmente pelo terapeuta (BISSCHOP, 2001).

e Forma de onda: pode ser classificada em dois grupos: Monofésica ou Bifasica. Onda
Monofasica: indica que existe apenas uma fase para cada pulso. O formato das ondas pode se
apresentar no formato de onda quadrado, triangular, de picos gémeos ou sinuséide. Na onda
monofésica, o fluxo da corrente é unidirecional indicando que existe sempre um eletrodo
negativo e o outro positivo. Bifésica: ocorre quando duas fases opostas estdo contidas em um
unico pulso. Seu formato pode ser quadrado, triangular ou sinuséide. Ainda, os pulsos
bifasicos podem ser classificados como simétricos ou assimétricos (BAKER et al., 1988;
POPOVIC et al.,, 2001; NELSON, 2003) A percepcdo de desconforto se modifica com

alteragOes na forma de onda e existem preferéncias individuais (DELITTO et al., 1986).

1.4. Estimulacdo Elétrica Funcional na Insuficiéncia Cardiaca

A Estimulacéo Elétrica Funcional (EEF) tem sido proposta como terapia alternativa nas
situacBes em que 0s pacientes apresentam alguma limitagcdo para a realizacdo do exercicio
fisico convencional e vem sendo utilizada tanto em individuos saudaveis como em doengas
(BANERJEE et al., 2005), tais como em pacientes com doenca pulmonar obstrutiva crénica
(VIVODTZEV et al., 2012), para melhora da marcha em adultos com hemiplegia
(EMBRREY et al., 2010), para melhora da performance motora em pacientes com doenca de
Parkinson (POPA et al., 2012) e para a preservacao de massa muscular em doentes criticos
(GEROVASILI et al., 2009).

Em pacientes com IC que ndo podem realizar exercicio fisico voluntario, a EEF nos
musculos esqueléticos de membros inferiores constitui uma alternativa de treinamento segura
e eficaz podendo ser usada como adjuvante da terapia farmacolédgica ou como facilitador para
0 proprio exercicio convencional, uma vez que pode reverter a miopatia esquelética, aumentar
a forca e resisténcia dos musculos com atenuacao das respostas inflamatorias, neuro-humorais
e melhora da fungéo endotelial (KARAVIDAS, et al., 2010).

Karavidas e col. (2006) demonstraram que um programa de treinamento com EEF de 30
minutos por dia, 5 dias por semana, durante 6 semanas foi capaz de diminuir
significativamente os niveis de citocinas circulantes como o TNFa, IL-6 e relagdo IL-
10/TNFa. Ocorreu também uma diminui¢cdo nos valores de molécula de adesio ICAM-1 e

VCAM-1 evidenciando um resultado benéfico a favor da EEF. Assim, sua utilizacdo pode
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aumentar a capacidade de exercicio nos pacientes por interromper o ciclo vicioso entre as
respostas inflamatorias periféricas anormais, metabolismo do ¢xido nitrico, disfuncdo
vascular e musculo-esquelética (KARAVIDAS, et al., 2006).

Dentre as principais vantagens de sua aplicacao se destacam o fato de que a EEF pode
ser utilizada no domicilio, ndo necessita de tanta motivacdo para ser usada e ndo exacerba 0s
sintomas da faléncia cardiaca ou de outras comorbidades que sdo comuns durante a pratica de
exercicio fisico nesses pacientes (DELITTO et al., 1988; WIGERSTAD-LOSSING et al.,
1988; PETTE et al., 1999). Outra importante influéncia é no que se refere a funcdo endotelial.
Pesquisas experimentais apontam que a sintese do NO é duplicada em musculos esqueléticos
ap6s a EEF em patas de coelhos e, quando empregada de forma cronica pode alterar a
morfologia microvascular, aumentando o didmetro e o numero das micro-arteriolas pré-
capilares, bem como a quantidade de proteinas da musculatura lisa vascular (EBINA et al.,
2002). Ao estudar o efeito da EEF sobre a funcdo endotelial e capacidade funcional
comparado ao exercicio convencional em bicicleta, se observou que a EEF promoveu uma
melhora na funcdo endotelial e no consumo maximo de oxigénio evidenciando que para
pacientes com IC classe Il e IIl (NYHA) que ndo conseguem realizar o exercicio fisico
convencional, essa pode ser uma terapia alternativa que traz beneficios semelhantes ao
exercicio fisico convencional (DEFTEREOS et al., 2010). Outra alteragdo induzida pela EEF
é no que se refere a angiogénese, que ocorre tanto em musculos isquémicos, como nao
isquémicos. Esse processo ¢ mediado pelo aumento da expressdo do fator de crescimento
endotelial, e este efeito ocorre independente da estimulacdo elétrica provocar ou ndo
contragdo muscular em situacdes experimentais (HANG et al., 1995).

A EEF em pacientes com IC estavel, melhora a capacidade funcional e ativacdo neuro-
humoral, pois promove um aumento da distancia percorrida no teste de caminhada de 6
minutos e uma diminuicdo dos niveis de peptideo natriurético tipo B (KARAVIDAS et al.,
2008). No estudo de Aradjo e col. (2012) no qual investigou os efeitos da EEF com o0s
parametros: frequéncia de 20 Hz, duragdo de pulso de 200 ps, tempo de
contragédo/relaxamento de 20 segundos durante 60 minutos, 2 vezes por dia em pacientes
hospitalizados para o tratamento da IC descompensada se verificou que, ap0s o treinamento
com EEF, os pacientes obtiveram um aumento significativo na distancia percorrida no teste de
caminhada de 6 minutos, diminui¢cdo na saturacdo venosa de oxigénio e lactato sanguineo
guando comparados ao grupo controle.

Tal resultado pode ser explicado em partes pelo fato de que, durante a atividade fisica,

as unidades motoras sao ativadas de modo hierarquico, ja durante a atividade induzida pela
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EEF ocorre uma ativacéo e recrutamento de todas as atividades motoras simultaneamente. Ou
seja, a EEF pode promover um trabalho muscular mais intenso do que outro tipo de exercicio,
dependendo da frequéncia de estimulo. Frequéncias abaixo de 30 Hz estimulam
preferencialmente as fibras musculares do tipo I, frequéncias entre 30 e 45 Hz estimulam as
fibras do tipo Ila e frequéncias em torno de 50 Hz estimulam fibras do tipo 1Ib (DOBSAK, et
al., 2006). Sbruzzi e col. (2011) estudaram os efeitos agudos da EEF com frequéncias de 15 e
50 Hz sobre a forga muscular de individuos saudaveis e com IC (classe Il e I11) e concluiram
que tanto em individuos saudaveis quanto em pacientes com IC a forca gerada pela contracédo
voluntaria méaxima é maior quando comparada com a EEF, no entanto, ao comparar as duas
frequéncias de estimulo, a frequéncia de 50 Hz produziu um pico de torque muscular
isométrico maior do que a frequéncia de 15 Hz.

A EEF induz mudancas na regulacdo e no controle neural do recrutamento das
unidades motoras, aumentando o numero de fibras intermediarias, estimulando a
neoangiogénese e densidade dos capilares, o que contribui para o aumento da capacidade de
exercicio e fluxo nutritivo para o musculo estimulado (DOBSAK et al., 2006).

Em uma recente revisdo sistematica sobre os efeitos da EEF nas mudancas das
atividades enzimaticas, composicdo do tipo de fibra muscular e tamanho da fibra muscular
dos membros inferiores de individuos saudaveis, com doencas cronicas e problemas
ortopédicos apds um programa de EEF que foi dividido em: baixa frequéncia (<20Hz) ou alta
frequéncia (>50Hz) se evidenciou que a EEF ¢ uma modalidade de treinamento capaz de
alterar a atividade das enzimas oxidativas, tipo e tamanho da fibra muscular esquelética de
individuos saudaveis e com doencas (SILLEN, et al., 2013). Nuhr e col. (2004) utilizaram
EEF de baixa frequéncia, 4 horas por dia, 7 dias por semana durante 10 semanas em pacientes
com IC e concluiram ao final do estudo que os niveis de citrato sintase aumentaram engquanto
qgue os niveis de gliceraldeido fosfato desidrogenase diminuiram (ambos importantes
marcadores enzimaticos do ciclo de Krebs e glicélise respectivamente), em relacdo as cadeias
pesadas de miosina, houve um aumento significativo na concentracdo de MHC e diminuicao
de MHCIId/x induzindo mudancas na transicdo do tipo de fibra muscular ap6s o treinamento
comparados com o grupo controle.

Além disso, seus efeitos benéeficos estdo fortemente associados com melhora
significativa da qualidade de vida e sintomas de depressdéo em pacientes com IC
(KARAVIDAS et al., 2008). Ainda, uma atual revisdo sistematica com metanalise do nosso
grupo, demonstrou que o tratamento com EEF na IC aumenta o pico de consumo de oxigénio

(VO pico) e a distancia percorrida no teste de caminhada de 6 minutos quando comparado
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com o grupo controle (SBRUZZI et al., 2010). Dessa forma, agregar horas de EEF ao
tratamento, esté associado com melhora da aptiddo cardiorrespiratoria (SMART et al., 2013).

1.4.1. Efeitos da EEF no Sistema Nervoso Auténomo

A atividade exacerbada da sensibilidade barorreflexa (SBR) apresentada pelos
pacientes com IC contribui para a intolerdncia ao exercicio e excitacdo simpéatica anormal o
que aumenta o risco de mortalidade dessa populacdo (WANG et al., 2010).

O treinamento com EEF surge como alternativa, pois parece produzir 0s mesmos
beneficios que o exercicio fisico convencional, aumentando a capacidade fisica e qualidade de
vida dos pacientes. Existem evidéncias positivas de seus beneficios também na funcéo
endotelial, atividade imune e forca muscular sendo uma forma segura por nao afetar o débito
cardiaco e, por esse motivo, adequado em todos os estagios da doenca (BANERJEE, 2010).

Além dos efeitos sobre a capacidade funcional (SBRUZZI et. al., 2010), funcédo
endotelial, resposta imune (KARAVIDAS et al., 2006) e forca muscular (KARAVIDAS et
al., 2010), ocorre também uma melhora do controle autondmico através da reducdo da
variabilidade da PA sistolica, PA diastolica e PA média, além da diminui¢do do componente
de baixa frequéncia (modulador simpético) associado a diminuicdo dos valores pressoricos
sistolico, diastolico e médio (EIBEL et al., 2011).

Dobsak e col. (2012) randomizaram 61 pacientes em dois grupos (exercicio com
bicicleta por 40 minutos, 3 vezes na semana versus EEF de 60 minutos, 2 vezes por dia, 7 dias
por semana com uma frequéncia de 10 Hz) para verificar o efeito da EEF sobre a rigidez
arterial e funcdo autondmica dos pacientes durante 12 semanas. ApOs o periodo de
treinamento, os autores observaram que houve uma diminuicdo significativa nos indices de
rigidez arterial. Houve, também, uma diminuicdo do componente de baixa frequéncia, em
contrapartida, um aumento do componente de alta frequéncia mostrando uma tendéncia a
estabilizagc&o do balango autondmico em ambos 0s grupos.

Quanto ao efeito agudo da EEF, Kang e col. (2014) estudaram o efeito dessa
intervengdo sobre a variabilidade da frequéncia cardiaca de 10 individuos saudaveis nos
seguintes parametros: 30 Hz de frequéncia, 300us de largura de pulso, 10 segundos de
contracdo, 10 segundos de relaxamento durante 15 minutos com os eletrodos colocados nos
pontos motores dos muasculos vasto medial e vasto lateral do quadriceps femoral de ambos os

membros inferiores. Os autores observaram um discreto aumento na variabilidade da
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frequéncia cardiaca, porém sem significancia estatistica demonstrando ser uma forma segura
para a realizacdo de exercicios.

No estudo de Labrunée e col. (2013) com o objetivo de investigar o efeito agudo da
NMES sobre a hiperatividade simpatica de pacientes com IC classe 111 da NYHA comparados
com grupo controle com os parametros: 25 Hz, largura de pulso 200us com 3 segundos de
estimulagdo e 3 segundos de repouso durante 5 minutos. Ao final do estudo, os autores
concluiram que a NMES diminuiu de forma significativa a atividade nervosa simpatica sem
alterar parametros hemodinamicos e ventilatorios.

Entretanto, sdo poucos os estudos que relatam os efeitos agudos da estimulagdo

elétrica de baixa frequéncia sobre o sistema nervoso autbnomo nessa populacéo.

1.5. Treinamento Muscular Inspiratorio

O uso do treinamento muscular inspiratério (TMI) foi estudado primeiramente por
Leith e Bradley (1976) onde os pesquisadores analisaram 0 mecanismo respiratorio em
individuos jovens antes e apds cinco semanas de treinamento dos musculos ventilatorios. Ao
final do estudo, os autores concluiram que a forca muscular ventilatoria e endurance podem
ser aumentados através de programas de treinamento muscular ventilatério especifico.

Atualmente, o TMI tem sido utilizado para o tratamento de diversas doengas e
situacOes tais como: pacientes com doenca pulmonar obstrutiva crénica (PETROVIC et al.,
2012; CHARUSUSIN et al., 2013; TOUT et al., 2013), no pds-operatorio de cirurgia de
revascularizacdo do miocardio (MATHEUS et al., 2012), em pacientes com insuficiéncia
renal crénica em hemodiélise (PELLIZZARO et al., 2013) e no desmame de ventilacdo
mecénica (CADER et al., 2012).

Existem basicamente trés modos que podem ser usados para 0 treinamento da
musculatura inspiratéria: a respiracdo através de equipamentos que impde resisténcia
inspiratoria como Threshold®, a respiracdo orientada a fim de aumentar os volumes
respiratorios e a eletroestimulagéo do nervo frénico (MANCINI et al., 1995).

O “Threshold Inspiratério” ¢ um equipamento utilizado para o treinamento especifico
da musculatura respiratéria e corresponde a um cilindro de plastico, que contém uma valvula
de fluxo de ar e um regulador interno (émbolo) que controla a carga a qual o paciente deve
realizar o exercicio de acordo com os valores obtidos na avaliagdo da pressdo inspiratoria

méaxima (PImax) (CHEN et al., 1998). O treinamento é realizado com as narinas ocluidas e a



40

inspiracdo é feita por meio de um bucal gerando assim uma pressdo negativa favorecendo a

contracdo maxima da musculatura inspiratéria (MANCINI et al., 1995).

1.5.1. Treinamento Muscular Inspiratorio na IC

Em pacientes com IC, o TMI vem sendo utilizado e tem provocado efeitos benéficos
na melhora da capacidade funcional, forca muscular periférica e respiratoria, no alivio dos
sintomas de dispnéia e diminuicdo da depressao (BOSNAK-GUCLU et al., 2011).

Avaliar rotineiramente a forca muscular inspiratoria de pacientes com IC visando
identificar a presenca de fraqueza muscular inspiratéria (que estd associada com
hiperatividade metaborreflexa inspiratdria) e incluir o treinamento da musculatura inspiratoria
também pode trazer beneficios para esses pacientes (RIBEIRO et al., 2012).

Bosnak-Glucu e col. (2011) randomizaram 30 pacientes com IC para realizarem TMI
com 40% da PImax ou TMI placebo (com 15% da PImax) durante 6 semanas. Ao final do
treinamento, os autores concluiram que o TMI com 40% da PImax promoveu uma melhora na
capacidade funcional, for¢ca muscular respiratoria e percepcao de dispnéia nesses pacientes.

Ainda, Dal Lago e col. (2006), realizaram um ensaio clinico randomizado com 32
pacientes com IC e fraqueza muscular inspiratoria. Foi observado que 0s pacientes que
realizaram TMI com 30% da PImax tiveram um aumento na forca muscular inspiratéria, na
capacidade funcional, na eficiéncia ventilatéria e na qualidade de vida comparado ao TMI
placebo.

Alguns autores defendem o uso do TMI com altas intensidades de treinamento como
no estudo de Chiappa e col. (2008) no qual os autores testaram a hip6tese de que o TMI pode
atenuar a vasoconstricao periférica exacerbada nesses pacientes e para isso, treinaram 18
pacientes com 60% da Plmax durante 4 semanas. Ao final do treinamento, 0s pacientes
apresentaram uma hipertrofia do diafragma e melhora do fluxo sanguineo em repouso e no
exercicio.

Marco e col. (2013) realizaram um ensaio clinico randomizado duplo cego com 22
pacientes que foram distribuidos em dois grupos: TMI alta intensidade (com 100% da PImax)
e grupo controle (com 10% da PImax). Em ambos 0s grupos as cargas eram aumentadas
semanalmente de acordo com os valores obtidos na mensuracdo da Plmax. Para o
treinamento, os pacientes realizavam 5 series de 10 repeticdes maximas, cada série seguida
por 1 a 2 minutos de repouso, durante 2 vezes por dia em 7 dias da semana com um tempo

total de 4 semanas. Ao final do estudo os autores observaram que o grupo alta intensidade
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mostrou uma melhora significativa tanto na forca muscular quanto no endurance de 57,2% vs
29,9% e 72,7% vs 18,2% respectivamente.

Nosso grupo demonstrou através de uma recente revisao sistematica com metanalise,
que o TMI comparado com grupo controle (placebo ou outro tipo de treinamento) em
pacientes com IC melhora a capacidade funcional e forga muscular inspiratdria devendo ser
considerado como uma opcao ndo farmacoldgica ao tratamento desses pacientes (PLENTZ et
al., 2012).

Com a finalidade de determinar se o impacto da fraqueza muscular inspiratoria pode
afetar o desempenho do treinamento muscular inspiratério, capacidade funcional e
capacidade inspiratoria de pacientes com IC, Montemezzo e col. (2014) realizaram uma
revisao sistematica com metandlise e, concluiram que os pacientes que apresentam fraqueza
muscular inspiratoria obtiveram maiores ganhos na distancia percorrida no teste de caminhada
de 6 minutos e no consumo de oxigénio de pico. Evidenciando assim, a importancia de
analisar a forca muscular inspiratoria desses pacientes e quando presente, 0 TMI é uma terapia
ndo farmacoldgica que pode ser benéfica.

Existem evidéncias de que associar o TMI com uma modalidade de exercicio aerdbico
pode ocasionar uma melhora na resposta cardiorrespiratéria do exercicio, trazendo um
impacto no prognostico desses pacientes (WINKELMAN et al., 2009). No estudo de
Adamopoulos e col. (2014) foram randomizados 43 pacientes com IC com fracdo de ejegéo
preservada desses, 21 pacientes realizaram TMI com 60% da pressdo inspiratoria maxima
sustentada mais treinamento ergométrico enquanto que o grupo controle realizou apenas o
treinamento ergométrico e TMI com 10% da pressédo inspiratéria maxima sustentada. Apos 3
meses de treinamento, o grupo TMI+exercicio apresentou melhora significativa na pressdo
inspiratoria maxima sustentada, qualidade de vida, dispnéia, fracdo de ejecdo do ventriculo
esquerdo, didmetro do ventriculo esquerdo, proteina C-reativa e por¢do N-terminal do
peptideo natriurético tipo B (NT-proBNP).

Apesar de alguns estudos (CHIAPPA et al., 2008; MARCO et al., 2013)
demonstrarem a eficacia do treino com carga elevada a maioria dos ensaios clinicos realizados
utiliza treino de baixa intensisade (BOSNAK-GUCLU et al., 2011; MELLO et al., 2012)
(FERREIRA et al., 2011).

1.5.2. Efeitos do TMI no Controle Autondmico

Mudancas no padrdo respiratorio modulam a atividade cardiovascular em situagdes

fisioldgicas e patoldgicas como na IC (BERNARDI et al., 2001). Dessa forma, o treinamento
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de masculos ventilatérios além de aumentar a forga, desempenho e capacidade de exercicio,
pode influenciar de maneira temporaria ou permanente a modulacdo cardiovascular
(MANCINI et al., 1995; DALL'AGO et al., 2006).

Ferreira e col. (2011 ) estudaram o efeito de um protocolo de 8 semanas de TMI sobre
a pressdo sanguinea e controle autondmico cardiovascular de 13 pacientes com hipertenséo
essencial. O protocolo de treinamento consistia em 30 minutos diarios, durante 7 dias da
semana, totalizando 8 semanas. Para o grupo de treinamento foi utilizada uma carga de 30%
da PImax ajustada semanalmente enquanto que para o grupo controle o treinamento foi
realizado sem carga. Ao final do protocolo, 0 grupo treinamento obteve um aumento
significativo na forca muscular inspiratoria, reducdo na pressdo arterial sistélica e diastdlica.
Ainda, os pacientes do grupo treinado apresentaram um aumento do componente de alta
frequéncia (HF) ou seja na modulagdo parassimpatica (75,5 vs 84,74 n.u); em contrapartida,
ocorreu uma diminuicdo do componente de baixa frequéncia (LF), ou seja, modulagéo
simpatica (34,67 vs 20,38 n.u) demonstrando que o TMI produz efeitos benéficos na pressao
arterial sistolica e diastolica e controle autonémico cardiovascular de pacientes hipertensos.

Em outro estudo, Melo e col. (2012) avaliaram o efeito do TMI sobre a modulagédo
cardiaca autonémica, atividade nervosa simpatica periférica de pacientes com IC. O
treinamento desses pacientes consistiu em 30% da PImax com sess6es de 30 minutos por dia,
7 dias por semana, totalizando 12 semanas. Ao final do estudo, os autores observaram um
aumento significativo da for¢ca muscular respiratéria e consumo de pico de oxigénio. Em
relacdo ao controle cardiovascular, houve uma aumento do componente HF (49,3 vs 58,4 n.u).
Também, no componente LF houve uma diminui¢do (50,7 vs 41,6 n.u). Ainda, houve uma
melhora da atividade nervosa simpatica muscular e da qualidade de vida.

Em relacdo ao efeito agudo, Borile (2010) estudou o efeito do exercicio da
musculatura inspiratéria na resposta cardiovascular de pacientes com IC associada a
cardiomiopatia hipertensiva ou chagasica. Foi utilizado 30% da PImax durante 10 minutos.
Os resultados demonstraram aumento significativo na PA, na FC e no duplo produto
comparando 0 momento basal com o exercicio. Em relagdo a modulacdo autonémica houve
aumento da modulagdo vagal nos pacientes com cardiomiopatia hipertensiva durante o
exercicio.

Portanto, os resultados dos estudos tém evidenciado efeitos positivos do TMI sobre o
sistema nervoso autdnomo. No entanto, em pacientes com IC existem poucos estudos

avaliando o efeito agudo do TMI sobre o sistema cardiovascular e autbnomo.



2. JUSTIFICATIVA

A IC é uma sindrome clinica complexa que pode resultar de qualquer distlrbio
cardiaco estrutural ou funcional que comprometa a capacidade do ventriculo esquerdo de
encher ou ejetar sangue, e atualmente € um dos maiores problemas de Saude Publica do
Brasill e do Mundo. As principais manifestacdes da doenca sdo a fadiga e a dispnéia que
podem limitar ou até mesmo impedir a pratica de atividades fisicas e de exercicio fisico pelos
pacientes.

Juntamente com a falha da funcédo do coracdo como bomba para atender as demandas
teciduais e metabdlicas do organismo, uma série de alteracdes ocorrem, com 0 objetivo de
restaurar a funcdo cardiaca comprometida como: hiperativacdo simpatica, alteracdes no
sistema renina-angiotensina-aldosterona e aumento de substéncias inflamatdrias que na fase
inicial da doenca, sdo benéficas, porém em longo-prazo, essas alteracBes tornam-se
prejudiciais sendo consideradas marcadores de mau prognostico na IC.

Evidéncias sugerem que a pratica do exercicio fisico juntamente com a terapia
farmacoldgica otimizada consegue minimizar essas alteracdes. No entanto, devido ao
agravamento da doenca com piora nas manifestacdes de dispnéia e fadiga, alguns pacientes
ndo conseguem realizar o exercicio fisico de forma voluntaria. Dessa forma, outras
intervencdes tém sido propostas e, entre elas, aparecem a EEF e o TMI que, quando utilizados
de forma isolada, demonstram efeitos benéficos com melhora na capacidade funcional, funcao
pulmonar, forca muscular respiratéria e periférica, controle autonémico cardiovascular,
funcdo endotelial e na qualidade de vida desses pacientes.

Apesar da existéncia de evidéncias de que o tratamento crénico com EEF e o TMI
promovem melhoras na capacidade funcional, forca muscular e for¢ca muscular respiratéria,
funcdo endotelial e controle autondmico; ainda ndo existem muitos estudos sobre os efeitos
agudos dessas intervencdes e dos mecanismos relacionados a melhora observada no efeito
crénico. Portanto destacamos a importancia da realizacdo do presente trabalho que tém como
objetivo verificar os efeitos agudos da EEF e do TMI no controle autonémico em pacientes

com IC.



3. HIPOTESES E OBJETIVOS

3.1. Hipdteses
HO:

A associacdo da Estimulacdo Elétrica Funcional e do Treinamento Muscular

Inspiratorio ndo altera agudamente o controle autonémico de pacientes com IC.
H1:

A associacdo da Estimulacdo Elétrica Funcional e do Treinamento Muscular

Inspiratorio altera agudamente o controle autondémico de pacientes com IC.

3.2. Objetivo Geral

Verificar o efeito agudo da Estimulagdo Elétrica Funcional e do Treinamento

Muscular Inspiratério no controle autondmico de pacientes com Insuficiéncia Cardiaca.

3.3. Objetivos Especificos

- Verificar o efeito agudo da EEF, TMI e a associagédo dessas duas intervencdes sobre
a funcdo endotelial.

- Verificar o efeito agudo da EEF, TMI e a associagédo dessas duas intervencdes sobre
a resposta inflamatéria.

- Verificar o efeito agudo da EEF, TMI e a associacdo dessas duas intervencdes sobre
a resposta metabolica medida pela concentragdo de Lactato sanguineo.
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Abstract

Background: Functional electrical stimulation (FES) and inspiratory muscle training (IMT)
can help in treating patients with heart failure (HF). This study we evaluate the acute effects
of FES and IMT on the autonomic control, endothelial function, cytokines and blood lactate
levels in patients with HF. Methods: Randomized crossover trial, with 12 patients subjected
to three randomized interventions: FES, IMT, and FES+IMT, with a 1-week interval between
sessions. IMT was performed for 15 minutes with 30% of maximal inspiratory pressure. FES
was performed in vastus lateralis and vastus medialis muscles, with 20Hz for 30 minutes.
Autonomic control through beat-to-beat blood pressure monitoring (Finapres), endothelial
function through the flow-mediated dilation technique (FMD), blood lactate and inflammatory
cytokine levels were assessed before and after the sessions. Results: Autonomic control after
FES decrease in LF/HF (p=0.01) and LFn.u (p=0.03), and increase in Mean RR (p=0.005).
After IMT have increase in Mean RR (p=0.005), and after FES+IMT increase in Mean RR
(p=0.02). No differences in FMD and blood lactate concentration. Cytokines, FES produced
decrease in TNF-a levels (pre vs. post 24 hours, p = 0.05). IMT resulted in increased 1L-10
levels (pre vs. post 24 hours, p=0.05) and decrease in TNF-a levels (post 1 hour vs. post 24
hours, p = 0.03). No difference was observed when the two interventions were associated.
Conclusion: FES, IMT, and FES+IMT promoted alterations in autonomic control without
alterations in endothelial function and blood lactate levels. FES and IMT alone promoted

changes in inflammatory cytokine levels. Clinical Trials: NCT01325597.

Key words: electrical stimulation, breathing exercises, heart failure.



1. Introduction

The Heart Failure (HF) in the United States, the is the major public health problem[1],
and the estimated costs for 2015 amount to 44.6 billion dollars[2]. In Brazil, in the year of
2012, there were 248,271 admissions to hospitals due to HF 23,119 of them resulted in death,
with costs amounting to R$ 266,253,192.00[3]. Since HF is a multisystem disorder, there are
abnormalities in cardiovascular, musculoskeletal and renal systems, as well as changes in the
sympathetic nervous system and the neuro-humoral pattern[4].

In HF, the autonomic dysfunction is characterized by abnormalities in reflex
mechanisms, such as cardiopulmonary reflexes, baroreflex and chemoreflex[5]. The treatment
for autonomic alterations is currently based on pharmacological therapies, such as beta-
blockers, and non-pharmacological therapies, such as exercise training[6], functional
electrical stimulation (FES)[7-9] and inspiratory muscle training (IMT)[10, 11]. These effects
were demonstrated by a meta-analysis in which FES in patients with HF resulted in increased
peak oxygen uptake (VO; peak)[12] and 6-min walking distance in comparison with the
control group[7, 8] similarly, the effect of the IMT these patients show improvements in
functional capacity[10, 13], respiratory and peripheral muscle strength, as well as relieving
symptoms of dyspnea and depression[14].

However there are few studies that evaluated the acute effect of these therapies in this
population. Labrunée et al.[15] investigated the acute effect of different electrical modalities
in patients with class Il heart failure compared to the control group and verified that FES
promoted a significant decrease in sympathetic nervous activity, without alterations in
hemodynamic and ventilatory parameters. Regarding to IMT, no studies that evaluated the
acute effect of this intervention with these patients, however there are studies in healthy

individuals[16] and in smokers[17] which produced effects on the autonomic nervous system.
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However, there are not studies assessing the effects of the association of these two
therapies in this population. Therefore, this study aimed to evaluate the acute effect of FES
and IMT on the autonomic nervous system, endothelial function, citokines and lactate levels

in patients with heart failure.

2. Materials and Methods
2.1. Experimental design

This study is a randomized crossover trial that was approved by the Ethics Committee
of the Federal University of Health Sciences of Porto Alegre (UFCSPA) under number
075/05, and the Institute of Cardiology under number 4546/10. Informed written consent was
obtained from all participants in accordance with standards established by the latest revision
of the Declaration of Helsinki and was performed out from June 2012 to November 2013.

This study is registered in Clinical Trials under the number: NCT01325597.

2.2. Participants

Patients were consecutively selected at the pre-transplant ambulatory and at the
echocardiography sector of Institute of Cardiology of Rio Grande do Sul / University
Cardiology Foundation. Were included patients of both genders with heart failure (class Il, 111
or IV — NYHA)[18], ejection fraction <40% determined by echocardiography; and
pharmacological therapy maintained for at least a month prior to the inclusion in the study.
Were excluded patients with unstable ventricular arrhythmia up to three months prior to the
beginning of the study, peripheral vascular disease, acute respiratory disease, unstable angina,
aortic valve stenosis, current cigarette smoking, chronic kidney disease or on hemodialysis,

fever and/or infectious disease, and malignancies.
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2.3. Interventions
2.3.1. Functional Electrical Stimulation

The FES protocol was performed with a functional electrical stimulation device
(Electrical Physiological Stimulator — LYNX — FMUSP, Sdo Paulo, Brazil) with the
following parameters: 20 Hz frequency; pulse width: 0.5 ms; stimulation time: 5s; resting
time: 10 s; during 30 min or until muscle fatigue. The intensity was individually adjusted,
considering the patients’ ability to promote full knee extension and comfort during
contractions. Adhesive surface electrodes (Spes, Italy, 50 x 90 cm) were positioned in the
motor areas of vastus lateralis and vastus medialis muscles determined by muscle mapping

with knees flexed at 60°.

2.3.2. Inspiratory Muscle Training

The IMT protocol was performed with a linear resistive breathing device (Threshold®,
New Jersey, USA) for 15 minutes according to each patient's respiratory rate, maintaining
diaphragmatic breathing. Training was performed with a load of 30% maximal inspiratory
pressure, which was assessed with a digital vacuometer model MVD 300 (Globalmed, Porto
Alegre, Brazil), according to the methodology proposed by the American Thoracic Society

[19]. The values were calculated based on the equations proposed by Neder et al[20].

2.3.3. Functional Electrical Stimulation + Inspiratory Muscle Training
Training with the association of these two interventions (FES+IMT) was performed

with IMT first, immediately followed by FES, as described above.
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2.4.0utcomes
In this study, autonomic control was considered the primary outcome; secondary
outcomes were endothelial function and blood lactate, measured pre- and post-intervention,

and inflammatory cytokines measured pre, 1 hour post- and 24 hours post-intervention.

2.4.1. Autonomic control assessment

Autonomic nervous system control was non-invasively assessed with the pressure
monitor Finapres (Ohmeda 2300, Monitoring Systems, Englewood, EUA) by recording beat-
to-beat blood pressure. A pressure cuff was placed around the intermediate phalanx of the
right middle finger; the upper limb and the cuff were maintained at the midaxillary line level
during the whole procedure. Digital signal conversion was obtained with POWER LAB
4/35 software with LabChart. From the pulse waves, the systolic peak was automatically
detected, and the interval between each wave (heart pulse period) was used to construct the
tachogram and analyze the heart rate variability (HRV) in time and frequency domains.
Analyses were carried out with Kubios HRV software (version 2.1 Department of Applied
Physics University of Eastern Finland, Kuopio).

Time-domain HRV analysis parameters were determined: mean of RR intervals
(normal consecutive beats, ms, Mean RR); mean heart rate (Mean HR); square root of the
mean of the sum of the squares of differences between adjacent normal RR intervals
(RMSSD, ms), which reflects parasympathetic influence[21]; and the number of pairs of
successive RRs that differ by more than 50 ms (NN50, count).

Frequency-domain HRV parameters were determined: low-frequency component (LF:
0.04 - 0.15 Hz), high-frequency component (HF: 0.15 - 0.4 Hz), and the LF/HF ratio. HF
reflects parasympathetic nervous system modulation, and LF is influenced by sympathetic

activity; LF/HF ratio is an indicator of autonomic balance [22]. Pressure was recorded before
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and after the intervention, with the patient in supine position during 10 minutes, in climatized

room (approximately 23°C), and always in the morning.

2.4.2. Assessment of endothelial function

A high-resolution ultrasonography equipment (EnVisor CHD, Philips, Bothell, WA,
USA) was employed to assess endothelial function non-invasively. A high-frequency vascular
transducer (3-12 MHz; L12-3, Philips, Bothell, WA, USA) was used to obtain longitudinal
images of brachial artery walls. The analysis was performed in several points along the artery,

with computer systems for echographic image measurements. [23, 24].

2.4.3. Assessment of blood lactate levels
Blood lactate levels were measured by capillary puncture with the lactate analyzer
Accutrend Plus - Roche. Measurements were taken pre, post-immediate and 1 hour post-

intervention.

2.4.4. Assessment of inflammatory cytokines

The inflammatory cytokines Interleukin-10 (IL-10), Interleukin-6 (IL-6) and Tumor
Necrosis Factor Alpha (TNF-a) were measured with enzymatic assays (Elisa), using
commercial kits and following the manufacturer’s instructions. Colorimetric reactions were
read at 450 nm in a microplate reader. Plasmatic cytokine levels were determined from values

obtained from a standard curve with different dilutions of the recombinant protein.

2.4.5. Randomization and blinding

The randomization of intervention order was performed with data generated by a

software available on www.random.org; afterwards, data were maintained in allocation
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concealment, in opaque envelopes kept in a remote place. A blinded researcher generated the
numeric sequence after patients, selection through inclusion and exclusion criteria. The
numeric sequence was kept in secrecy until the exact moment when the intervention began.

Researchers were blinded to outcomes of groups.

2.4.6. Statistical methods

Data are presented as mean + standard deviation and median and interquartile range.
Shapiro-Wilk test was performed to assess data normality. The primary outcome of this study
was autonomic control, assessed through HRV. The sample size calculation was based on
alpha level of 5% and beta level of 90%. For mean difference and standard deviation
calculations, the results of sympathetic nervous activity found by Labrunée et al. (Labrunée
M, 2013) were used as reference. The sample size calculation resulted in 12 patients in each
protocol (FES, IMT, and FES + IMT).

For comparisons between groups and moments, Friedman test was used and, when
necessary, Wilcoxon test (pre- and post- interventions), with statistical significance of 5%.
Analyses were performed with SPSS (Statistical Package for Social Sciences) software

version 22.0 for Windows.
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3. Results

Fifty patients were selected, of which only 12 fulfilled the eligibility criteria and
completed the study, as shown in the flowchart in Figure 1. Of the 12 patients included in the
study, 54.6% were women, with dilated cardiomyopathy as the main etiology of HF (63.6%)
and a mean ejection fraction of 36.8%; the majority (63.6%) were in NYHA class Il11. All the
patients were taking beta-blockers and statins. Additional sample characteristics are presented
in Table 1.

In autonomic control analysis, the FES protocol presented a significant increase in mean
RR intervals (Mean RR p=0.04) and a significant decrease in mean heart rate (Mean HR=
p=0.05), in addition to decreased ratio of sympatovagal balance (LF/HF p=0.01) and low-
frequency component corresponding to sympathetic nervous system activity (LFn.u p=0.03).

The IMT protocol presented increased Mean RR (p=0.005) and decreased Mean HR
(p=0.005). In FES+IMT group, there was an increase of Mean RR (p=0.02) and a decrease
in Mean HR (p=0.02). Other autonomic control variables did not present significant
difference. These data are shown in Table 2.

Regarding endothelial function, values for pre- and post- intervention periods were: FES
protocol = [8.9(5.9-18.3) vs. 12.2(5.0-16.9) p=0.7]; IMT protocol = [8.5(4.6-11.2) vs.
10.6(3.9-16.9) p=0.6]; FES+IMT protocol = [8.0(5.2-16.0) vs. 12.3(6.4-17.5) p=0.3].
However, these values did not present significant differences.

In the assessment of blood lactate levels, none of the interventions showed significant
differences in any of the three times that were measured (pre, post, post 1 hour). When
applied to FES values were pre= 3.2 [2.7-3.8] mmol, post= 3.4 [2.2-4.1] mmol and post 1
hour= 3.4 [2.2-4.7] mmol, p=0.8. In the IMT protocol, the lactate values were pre = 3.6 [2.4-
5.0] mmol; post= 3.4 [1.9-4.9] mmol and post 1 hour= 3.6 [2.7-4.6] mmol, p=0.5. In protocol

FES+IMT the lactate values were pre= 3.4 [2.7-4.2] mmol, post= 3.3 [2.1-4.4] mmol and post
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1 hour= 3.4 [2.4-4.1] mmol, p=0.5.

Concerning inflammatory cytokine levels, the FES intervention significantly reduced
TNF-a levels (pre vs. post 24 hours, p=0.05). In IMT, there was a significant increase in 1L-10
(pre vs. post 24 hours, p=0.05) and a significant decrease of TNF-a (post 1 hour vs. post 24
hours, p=0.03) levels. Yet when FES and IMT were associated, the inflammatory cytokine

levels did not present significant differences. The values are presented in Table 3.

4. Discussion

The results of this study show that after a session of FES, IMT, or association of
FES+IMT, there were alterations in autonomic cardiovascular control and inflammatory
cytokine levels in patients with HF, without alterations in endothelial function and blood
lactate levels. After FES, sympathetic compound (LF), sympatovagal balance (LF/HF) and
heart rate (HR) were decreased, whereas the HRV was increased. Furthermore, after IMT, HR
was reduced and HRV increased; the association of these two techniques resulted in increased
HRV and decreased HR.

In our knowledge, this is the first study that demonstrated the acute effect of the
association of the two interventions on these outcomes, not there yet informations to compare
the results found. However, few studies evaluated the effect of FES and IMT singly. In our
study we found that the FES promotes changes in the autonomic control, reduction in LF and
LF/HF. Labrunée et al.[15] found that the FES in the same population after employing
different low-frequency modalities, also significantly reduced the sympathetic nervous
activity. But in healthy individuals; Kang et al.[25] did not observe difference.

It’s possible that central mechanisms may be involved in reducing sympathetic activation
as with the use of Transcutaneous Electrical Nerve Stimulation (TENS), in which cutaneous

stimulation is able to alter baroreflex sensitivity[26]. Another possibility relates to the
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metaboreflex that can increase or attenuate depending on the type of muscle contractionand
exercise intensity[27, 28].

Furthermore, mechanisms such as the strength of muscular contraction[29], the type of
muscle fiber[30], the duration of the treatment and the electrical stimulation frequency used in
this study (20Hz)[29] may have determined the alterations observed in autonomic control and
cytokine production. Moreover, lactate levels did not change in our analysis, showing that
FES (according to our protocol) promoted a low-intensity exercise.

Regarding endothelial function, our study did not find significant differences in flow-
mediated vasodilation of the brachial artery after FES. In healthy individuals, it is expected
that conventional physical exercise will acutely reduce the flow-mediated dilation of the
brachial artery, followed by a normalization of the values. These results depend on factors
such as intensity, type and duration of exercise[31]. Therefore, the stimuli caused by the
interventions in our study were not sufficient to produce acute alterations in endothelial
function. Moreover, when chronically assessing the endothelial function after FES training,
estudos[32, 33] showed a significant increase of flow-mediated vasodilation of the brachial
artery in patients with HF. This effect probably occurs due to the improvement of mechanisms
that alter endothelial function, such as nitric oxide production and inflammatory response.

Regarding inflammatory cytokines, our results show significantly reduced levels of TNF-
a in comparison of pre- vs. 24 hours post-FES. During sessions of acute physical exercise, it
is expected that pro-inflammatory cytokine levels increase, as opposed to what is found in
chronic exercise[34, 35]. After 6 weeks of FES training patients with HF obtained significant
reduction of TNF-a levels and higher IL-10/TNF-a rates[32]. Hence, the acute modifications
of the interleukins assessed in our study could be, in part, one of the mechanisms that lead to

the chronic adaptation observed in studies with chronic FES interventions.
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Regarding IMT, our results show that, despite a significant increase in HRV caused by
increased RR intervals, there were no significant alterations in sympathetic and
parasympathetic components. There are no studies that evaluated the acute effects of training
in this population. Our results, can be explained by low overload applied (30% PIM)
supporting the study[16], which demonstrated in healthy subjects that charge did not affect
the autonomic control, however, when performed with higher overhead (60% PIM) was
observed increase in the LF component. However, Mello et al.[36] reported that after 12
weeks of training with IMT with 30% MIP decreased of sympathetic modulation, as well as
increased parasympathetic modulation. These results show that adaptation and improvement
of the systems occur due to treatment intensity and duration.

The patients in our study presented values under 70% (MIP), indicating inspiratory
muscle weakness; moreover, there was a significant decrease in HR after IMT and there was
no significant difference in blood lactate levels. The IMT however, can attenuate the
metaboreflex exacerbation and possibly improve exercise tolerance in patients with HF[37].
Taken together, these responses indicate that 30% MIP can be considered a load that does not
promote metabolic stress.

In relation to endothelial function, there were no significant alterations in the values of
flow-mediated dilation after IMT, indicating this intervention does not acutely produce
stimuli enough to modulate or modify this response. Laoutaris et al.[38] demonstrated that
even chronically, low and high intensity IMT (15% and 60%, respectively) not promoted
modifications in endothelium-dependent vasodilation in patients with HF.

About the inflammatory cytokines, in our study, the results demonstrated significant
increase of 1L-10 (pre vs. post 24 hours) and decrease of TNF-a levels at the moments post 1
hour vs. post 24 hours after IMT. This result was also observed when IMT was assessed

chronically by Laoutaris et al.[38] who observed a significant reduction of TNF-a receptor 1
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in its soluble form after 10 weeks of IMT with 60% MIP. This result can be explained by the
overload imposed to the diaphragm by the IMT, resulting in improved aerobic capacity and
consequent reduction of circulating cytokine levels. Such effect occurs in the same way when
physical exercise is performed[34, 39].

Regarding the association of both techniques (FES+IMT), there are no studies evaluating
the association of the two techniques on these outcomes.

About the autonomic control, a significant difference in HRV due to increased mean RR
and decreased heart rate, we did not find significant differences between sympathetic and
parasympathetic components, endothelial function, blood lactate and inflammatory cytokines.
Although there are no studies evaluating the association of these two techniques was expected
that this association promotes the increase in mean RR and decreased HR, since separately
both techniques produced the same response. Referring to the sympathetic and
parasympathetic components is possible that these results have occurred because of the way
the application of techniques. Despite the application of FES have promoted a reduction in LF
and LF/HF, isolated TMI did not alter these components may have annulled the effect of FES.

In relation to endothelial function and blood lactate were not altered when the two
techniques were applied in combination, also was expected this result because the techniques
alone did not promote changes in these variables and we believe that the low intensity of the
two techniques have contributed to this result.

The inflammation is important for heart failure pathogenesis and evolution; therefore,
inflammatory cytokines have become a major research subject, since they can refine the
diagnosis, as well as identify the etiology and physiopathology mechanisms of the disease.
Their production in the damaged myocardium is boosted by sympathetic hyperactivation and
are strongly associated with myocardial depression, endothelial dysfunction, oxidative stress,

anemia, myocyte apoptosis and worsening of HF (Anker, 2004; Omland, 2009). In our study,
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we have shown a beneficial influence of FES and IMT, acutely, on circulating cytokine levels,

especially TNF-a.

5. Study Limitations

As limitations of this study, we did not assess metaboreflex and chemoreflex, which could
show in a more specific way the involvement of each of these mechanisms in autonomic
control related to the interventions. Another noteworthy factor is a possible residual effect,
also called carry-over effect, present due to the study design, which can influence its internal
validity. Despite the randomized order of interventions for each patient, and the one-week
washout period between sessions, it is possible that effects of learning and familiarization

with the techniques by the patients are present.

6. Conclusion

This study verified that one session of functional electrical stimulation, one of inspiratory
muscle training, or one with both interventions combined resulted in autonomic alterations
with improved HRV. FES and IMT alone caused a decrease in pro-inflammatory cytokine
levels in cardiac patients. The effects observed in this study may partly explain the therapeutic
and physiological adaptations that occur in patients with heart failure when using these
chronically interventions. However, more studies with greater sample sizes are necessary to

obtain a more powerful analysis and to confirm the alterations observed here.
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FIGURE OF LEGENDS
Figure 1- Flow Diagram

FES- Functional Electrical Stimulation; IMT- Inspiratory Muscle Training.
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LEGEND OF TABLES

Table 1. Baseline clinical characteristics of the study population

Data as mean + standard deviation. BMI: body mass index; SBP: systolic blood pressure;
DBP: diastolic blood pressure; HR: heart rate, MIP: maximal inspiratory pressure, MEP:
maximal expiratory pressure; LVEF: left ventricular ejection ACE: angiotensin converting

enzyme.

Table 2- Results of the analysis of heart rate variability

Values expressed as median and interquartile interval; * significant difference between pre
and post intervention (Wilcoxon test p <0.05); FES - Functional Electrical Stimulation, IMT-
Inspiratory Muscle Training, LF nu- low frequency component normalized; HF nu- high
frequency component normalized; LF / HF ratio between the LF and HF components; Mean
RR- Mean intervals RR; Mean HR- Mean heart rate, RMSSD- square of the sum of
differences between adjacent normal RR intervals to the average square root; NN5O0-

Difference between RR intervals normal greater than 50 ms.

Table 3. Results of inflammatory cytokines

p <0.05 Friedman test. Equal letters differ. Data as median and interquartile range; Functional
Electrical Stimulation FES; IMT Inspiratory Muscle Training; 1L-10- Interleukin 10;IL-6-

Interleukin 6; TNFa- Tumor necrosis factor alpha.
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Table 1. Baseline clinical characteristics of the study population

n=12

Age (year)
BMI (kg/m?)
Gender (%)
Male
Female
SBP (mmHg)
DBP (mmHg)
HR (bpm)
MIP (% predicted)
MEP (% predicted)
Etiology of Heart Failure (%)
Dilated
Ischaemic
LVEF (%)

NYHA functional classification, (%)

1"
Medications, (%)

Beta-blocker

66.1+7.6

26.9+53

45.4

54.6

113.2 +16.6

68 +12.2

68.2 £7.7

70+15

105 +21

63.6

36.4

36.8+4.4

36.4

63.6

100
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Statin

Diuretic

Antiplatelet

ACE-Inhibitor

Digitalis

Hypoglycemic

Nitrates

Angiotensin Receptor Blocker

100

90.9

90.9

72.7

54.4

45.5

18.2

9.1

Data as mean = standard deviation. BMI: body mass index; SBP: systolic blood pressure; DBP:

94

diastolic blood pressure; HR: heart rate, MIP: maximal inspiratory pressure, MEP: maximal expiratory

pressure; LVEF: left ventricular ejection ACE: angiotensin converting enzyme.



Table 2- Results of the analysis of heart rate variability
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FES

PRE

POST

IMT

PRE

POST

FES+IMT

PRE

POST

Frequency-Domain

LF n.u 60.7 [30.8-69.4] 51.3 [25.7-64.0]* 41.9 [34.6-77.7] 42.4[27.0-60.4] 61.7 [39.7-71.2] 48.1[26.7-60.1]
HF n.u 39.3 [30.6-69.2] 453 [21.7-62.4] 58.1 [22.3-65.4] 57.5 [39.5-73.0] 38.2 [28.8-60.2] 51.9 [39.9-73.2]
LF/HF 1.5 [0.44-2.26] 1.0 [0.34-1.95]* 0.72 [0.52-3.4] 0.73[0.37-1.6] 1.6[0.7-2.5] 0.94 [0.36-1.78]

Time—Domain

Mean RR (ms)

889.3 [808.2-1043.7]

1006.7 [858.7-1131.9]*

876.5 [824.9-1042.4]

930.5 [837.8-1185.6]*

875.4 [806.0-1096.3]

996.8 [822.1-1266.0]*

Mean HR (1/min)

67.5 [58.1-74.2]

60.0 [53.2-70.0]*

68.5 [58.1-72.7]

64.5 [50.8-71.7]*

68.6 [55.2-74.6]

60.2 [47.4-73.1]*

RMSSD (ms)

31.5[20.9-82.9]

315 [18.7-67.4]

22.6 [18.0-113.6]

27.3[19.2-78.9]

28.1[22.8-109.4]

32.7[21.8-63.6]

NN50 (count)

4.0 [3.0-42.0]

17.5 [1.5-35.5]

4.0[0.0-57.0]

145 [1.0-51.7]

11.0 [3.0-52.7]

135 [2.5-33.0]

Values expressed as median and interquartile interval; * significant difference between pre and post intervention (Wilcoxon test p <0.05); FES - Functional Electrical

Stimulation, IMT- Inspiratory Muscle Training, LF nu- low frequency component normalized; HF nu- high frequency component normalized; LF / HF ratio between the LF
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and HF components; Mean RR- Mean intervals RR; Mean HR- Mean heart rate, RMSSD- square of the sum of differences between adjacent normal RR intervals to the

average square root; NN50- Difference between RR intervals normal greater than 50 ms.
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Table 3. Results of inflammatory cytokines

FES IMT FES+IMT

PRE POST 1 HOUR POST 24 HOURS PRE POST1HOUR  POST 24 HOURS PRE POST 1HOUR  POST 24 HOURS
IL-10  0.98[0.15-1.42] 0.98 [0.35-2.34] 0.55 [0.15-1.42] 0.55[0.30-1.87]°  1.42[0.55-1.87] 076 [0.15-1.42]°  0.98[0.15-2.10] _ 0.55[0.15-2.80]  1.42[0.55-1.87]
IL-6  0.69 [0.43-0.86] 0.86 [0.52-1.20] 0.52 [0.35-1.03] 0.69[0.17-0.86]  0.69 [0.52-0.86] 0.86 [0.35-1.37] 052[0.17-0.69]  0.52[0.26-0.69]  0.35[0.17-0.52]

TNFa 11.52[10.08-15.38]* 12.71[10.73-20.78] 10.08 [4.29-15.38]" 11.13[8.25-12.98] 13.78[9.29-15.11]° 10.34 [4.54-11.92]° 11.39[7.99-17.39] 11.13[6.19-18.20] 9.55 [5.68-14.58]

p <0.05 Friedman test. Equal letters differ. Data as median and interquartile range; Functional Electrical Stimulation FES; IMT Inspiratory Muscle Training; I1L-10- Interleukin 10; IL-6-

Interleukin 6; TNFo- Tumor necrosis factor alpha.
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Anexo A- Aceite do Comité de Etica em Pesquisa da UFCSPA

= COMISSAO CIENTIFICA E COMISSAO DE PESQUISA E ETICA EM SAUDE
LFCSPA

COMITE DE ETICA EM PESQUISA - CEP
UFCSPA

0 Comite de Etica em Pesquisa da UFCSPA, registrado na Comissao Nacional de Etica em Pesquisa
(CONEP) sob ¢ n° 075/05 em 23/07/04, analisou © Projeto

Projeto: 12-965 Versao do Projeto: Versao do TCLE:

Pesquisadores:

RODRIGO DELLA MEA PLENTZ
GRACIELE SBRUZZI
GRAZIELA VALLE NICOLODI

Titulo: EFEITOS DA ESTIMULAGAQ ELETRICA FUNCIONAL E DO TREINAMENTO
MUSCULAR INSPIRATORIO EM PACIENTES COM
INSUFICIENCIA CARDIACA: ENSAIO CLINICO RANDOMIZACD.

Esse projeto foi aprovado em seus aspectos éticos e matodoldgices conforme as Resolugdes 186/08 e
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graves, geverao ser comunicados a este CEP. Os TCLE, quando necessanos. somente poderdo ser
utifizados apos prévis 2 explicita aprovagdc {carimbo) de sua redacdo por este CEP”,

Porto Alegre, 23 de maio de 2012
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Anexo B- Aceite do Comité de Etica do Instituto de Cardiologia

v S TITUTO DE CARDIOLOGIA DO RIO GRANDE DO SUL
FUNDACAO UNIVERSITARIA DE CARDIOLOGIA

COMITE DE ETICA EM PESQUISA

FUALO UNITIVITANA [ DB QL0

Parto Alegre, 17 de setembro de 2010,

Pesquisadora

Graciele Shruzzi

Orientacio

Dr. Rodrigo Delia Méa Plentz
vesta Instituicio

Ref. Projeto de Pesquisa UP. 454610 “Efeitos da Estimulagio Elétrica Funcional ¢ do
Freinamento Muscular Inspiratorio em Pacientes com Insuficiéncia Cardiaca: Faosaio Clinico
Kandomizada™

A insuficiéncia cardiaca (1C) representa, stuslmente. uma das mais prevalentes doengas do sislema
cirdiovisscular, acarretando clevindos custos sociais ¢ ccondmicos. bstima-se gue O om cada 05
arencanes tenham um ou mais tipos de doenva cardiovascular, O envelhecimento da populizcdn ¢ o
prokmiamento da vida dos pacientes através de inovagoes terapéuticas 18m levido ao aumento da
nedencin dessa patologia, Dessa forma a 1C constitun um problema grave ¢ atual nos dmbites dy
Srdiokogia ¢ da saide pablica. O objetivo deste trabalho & de vernificar os efeitos da estimulagdo
clotrien funcional associada so treinamento muscular inspiratdrio sobre o capacidide funcional o
pacientes com insuficienca cardiaca, De acordo com as Diretrizes ¢ Normas Internacionis «
Novionais especialmente #s Resolugies 19606 ¢ complementares de Conselho Nacional o¢ Frica

e Sande, o progeto ol Aprovado em reunido ordindria de 15 de setembro de 2010

N

Ari Taden Livio dos Santos

Presidente do Comité de Etica em Pexquisa
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considered and will be subject to peer review. Letters to the editor are welcome. Case reports can only
be considered if formatted as a letter. Submission of a manuscript to this journal gives the publisher
the right to publish that paper if it is accepted. Manuscripts may be edited to improve clarity and
expression

TYPES OF MANUSCRIPT

The journal invites Original Articles, Reviews, Editorials and Letters to the Editor. Case Reports will
be considered only in the form of Letters to the Editor. Please follow the instructions relevant to type
of manuscript being submitted. If the article to be submitted reports a randomized trial the authors
are requested to consult the CONSORT (Consolidated Standards of Reporting Trials) Statement (see
web link www.consort-statement.org) for advice on specific features of the trial to report on in the
manuscript.

1. ORIGINAL ARTICLES

Original Articles should report original research not previously published or being considered for
publication elsewhere, meeting high standards of scientific integrity. There is no maximum word count.
The standard layout is given below. Layout Of Original Articles

Divide the manuscript into the following sections: Title page, Structured Abstract, Key words (3-6),
Introduction, Methods, Results, Discussion, Acknowledgments, References. The editors will consider
the use of other sections if more suitable for certain manuscripts. Type double-spaced. The Title Page
should include: 1. The title (not to exceed 25 words) 2. The full list of authors and for each author
a numbered footnote. The footnote should state the author's academic affiliation and the following
statement of authorship: "This author takes responsibility for all aspects of the reliability and freedom
from bias of the data presented and their discussed interpretation". Any author unable to make
this statement must instead state their specific contribution to the manuscript. 3. Corresponding
author and contact details 4. Acknowledgement of grant support 5. Any potential conflicts of interest,
including related consultancies, shareholdings and funding grants 6. A list of up to 6 keywords The
Next Page Should Include:

A Structured Abstract, of no more than 250 words. As this may be the only part of the article read
by some readers it must include sufficient detail for an adequate summary of the whole manuscript.
The preferred subheadings are Background, Methods, Results and Conclusions, although a merged
Methods and Results subheading is also permitted if this permits more economical expression. The
Next Page should commence the main article subdivided into the following sections:

The Introduction should be brief and set out why the study has been performed along with a review
of relevant previous work only where essential.

The Methods should be sufficiently detailed so that readers and reviewers can understand precisely
what has been done. Standard methods can be referenced. Manuscripts reporting data obtained from
research conducted in human subjects must include a statement of assurance in the Methods section
of the manuscript that (1) informed consent was obtained from each patient and (2) the study protocol
conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval
by the institution's human research committee. Manuscripts reporting experiments using animals
must include a statement giving assurance that all animals received humane care and that study
protocols comply with the institution's guidelines.
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A Statistical Methods Section must be included where relevant. This should include the statistical
methods used with sufficient clarity for the findings to be reproduced by independent analysis of the
dataset, a statement on how the data presented were selected including prospective sample size
calculations, the reasons for including/excluding subjects or data points, and what steps the authors
have taken, if any, to exclude intentional or unintentional bias in recruitment, measurement, data
retention, analysis, reporting and comment.

The Results should be presented precisely. Keep discussion of their importance to a minimum in this
section of the manuscript. Present 95% confidence intervals with p values. When describing normal
distributions, denote the standard deviation explicitly, e.g. with the abbreviation SD, rather than a +
sign. When describing uncertainty of a mean, denote the standard error of the mean explicitly, e.g.
with the abbreviation SEM, rather than a + sign. It is a condition of final acceptance of manuscripts,
for the purpose of scientific integrity, that for each figure, raw numerical values should be uploaded
in an Online Data Supplement. These supplement files should be one or more standard spreadsheet
files. Raw x and y values for all scatterplots should be given. For bar charts and histograms, underlying
raw values and categories should be given. For each Kaplan-Meier survival curve, for each patient a
time-to-event-or-censoring and censor status should be given. Authors may additionally optionally
upload comprehensive numerical datasets of the study.

The Discussion should directly relate to the study being reported rather than a general review of
the topic.

A Study limitations subsection must be included and should disclose any reasons the findings may
not be applicable more broadly.

Conclusions should be limited to a brief summary and the implications of the data presented.

References Discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links within ScienceDirect and to abstracting and
indexing services, such as Scopus, CrossRef or PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent the link creation. When copying references, please be careful as they may
already contain an error.

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Author(s) name(s), journal title/book title, chapter
title/article title, year of publication, volume and issue/book chapter and the pagination must be
present. The reference style used by the journal will be applied to the accepted article by Elsevier at
the proof stage. Note that incorrect or missing data will be highlighted at proof stage for the author
to correct.The reference style used by this journal is Vancouver Numbered. If you do wish to format
the references yourself they should be arranged according to the following examples Examples: [1]
De Soyza N, Thenabadu PN, Murphy ML, Kane ]J, Doherty JE. Ventricular arrhythmia before and
after aortocoronary bypass surgery. Int J Cardiol 1981; 1:123-130. [2] Akutsu T. Artificial heart:
total replacement and partial support. Amsterdam: Elsevier/North-Holland, 1975. [3] Goldman RH.
Digitalis toxicity. In: Bristow MR, editors. Drug-induced heart disease. Amsterdam: Elsevier/North-
Holland, 1980:217-40.

Please note that all authors should be listed when six or less; when seven or more, list only the
first three and add et al. Do not include references to personal communications, unpublished data or
manuscripts either "in preparation” or "submitted for publication". If essential, such material may be
incorporated into the appropriate place in the text. Recheck references in the text against reference
list after your manuscript has been revised.

Tables should be typed with double spacing and each should be on a separate sheet. They should
be numbered consecutively with Arabic numerals, and contain only horizontal lines. Provide a short
descriptive heading above each table with footnotes and/or explanations underneath. Figures should
ideally be submitted in high-resolution TIF format, or alternatively in GIF, JPEG/JPG, or EPS format.
The figures should be placed in separate files, named only with the figure numbers (e.g. "Figurel.tif".)
The cost of colour figures will be paid by the author.
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Please ensure figures have the appropriate resolution: Line art: 1000 dpi Halftones: 300 dpi
Combinations: 500 dpi Colour: 300 dpi Colour combinations: 500 dpi.

Figures can appear in colour in the online journal at no additional cost to the author, but if the author
requires the paper journal to show the figures in colour there is an additional cost to pay.

For further information on the preparation of electronic artwork, please see
http://authors.elsevier.com/artwork. Legends for Figures should be typed with double-spacing on a
separate sheet.

For each and every gene accession number cited in an article, authors should type the accession
number in bold, underlined text. Letters in the accession number should always be capitalised.
Example: (GenBank accession nos. AI631510, AI631511, AI632198, and BF223228,) a B-cell tumor
from a chronic lymphatic leukemia (GenBank accession no. BE675048,) and a T-cell lymphoma
(GenBank accession no. AA361117).

2. REVIEW ARTICLES Reviews of recent developments are welcome, and will undergo peer review.
Reviews should have an unstructured abstract of up to 250 words. Authors are encouraged to use
section headings for ease of reading. They do not have an introduction, methods, results or discussion
sections. Type double-spaced. For instructions on references and figures please refer to the section
on original manuscripts.

3. EDITORIALS Editorials are written on invitation but unsolicited topical commentaries of interest of
maximum 1500 words will also be welcomed for consideration. Editorials should have an unstructured
abstract of up to 250 words and a maximum of 12 references and 2 figures/tables. They do not
have an introduction, methods, results or discussion sections. Type double-spaced. For instructions
on references and figures please refer to the section on original manuscripts.

4. LETTERS TO THE EDITOR Readers are encouraged to write about any topic that relates to
cardiology: clinical, scientific, educational, social or economic and may include discussions on material
previously printed in the Journal. The International Journal of Cardiology publishes Letters to the
Editor as either printed pages or in the on-line correspondence section. On-line letters will have a
volume/issue and e-number and will be citable and searchable via Medline. Authors will be informed
at the time of acceptance as to the publication format for their letters. Case Reports will only be
considered if formatted as a letter.

Letters may include up to 1000 words, 2 figures/tables and 10 references. These should have no
abstract and no sub-headings. Type double-spaced. If the letter contains original research findings
a short description of methods, results and conclusions is required. Letters reporting data obtained
from research conducted in human subjects must include a statement of assurance that (1) informed
consent was obtained from each patient and (2) the study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human
research committee. Letters reporting experiments using animals must include a statement giving
assurance that all animals received humane care and that study protocols comply with the institution's
guidelines.

The International Journal of Cardiology is a fully electronic journal. All manuscripts MUST be submitted
via the Internet to the following Elsevier website: http://www.ees.elsevier.com/ijc/. DO NOT email
the manuscript to the journal or editors.

Author Agreement Form All authors and contributors must submit a form stating their role in the
article. This form is available to download directly from the last screen in the submission process. The
International Journal of Cardiology requires all authors to sign this form. Articles will not be published
until these are received.

Changes to Authorship This policy concerns the addition, deletion, or rearrangement of author names
in the authorship of accepted manuscripts: Before the accepted manuscript is published in an online
issue: Requests to add or remove an author, or to rearrange the author names, must be sent to the
Journal Manager from the corresponding author of the accepted manuscript and must include: (a)
the reason the name should be added or removed, or the author names rearranged and (b) written
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signed confirmation 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. Requests that are not sent by the corresponding author will be forwarded by the Journal
Manager to the corresponding author, who must follow the procedure as described above.

Note that: (1) Journal Managers will inform the Journal Editors of any such requests and (2) publication
of the accepted manuscript in an online issue is suspended until authorship has been agreed. After
the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article already published online must follow the same policies as noted above. If
accepted, the change will be noted by the publication of a corrigendum.

Preparation of supplementary data International Journal of Cardiology publishes electronic
supplementary material to enhance your scientific research presentation, increase transparency, and
support scientific integrity. It is required that raw data for figures should be presented, and the author
is invited voluntarily to publish in full the detailed dataset of the study. Supplementary files may also
include supporting applications, movies, animation sequences, high-resolution images, background
datasets, sound clips or other helpful items. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier web products, including ScienceDirect:
http://www.sciencedirect.com.

Audio Slides The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Language Editing The language of the Journal is English. International Science Editing and Asia
Science Editing can provide English language and copyediting services to authors who want
to publish in scientific, technical and medical journals and need assistance before they submit
their article or, before it is accepted for publication. Authors can contact these services directly:
International Science Editing (http://www.internationalscienceediting.com) and Asia Science Editing
(http://www.asiascienceediting.com) or, for more information about language editing services, please
contact authorsupport@elsevier.com who will be happy to deal with any questions.

Page Charges will not be levied.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

If the work involves the use of animal or human subjects, the author should ensure
that the work described has 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; EU Directive 2010/63/EU 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.
Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

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. If there are no conflicts of interest then
please state this: 'Conflicts of interest: none'. See also http://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.
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Conflict of interest statements for authors

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest.

The International Journal of Cardiology requires full disclosure of all potential conflicts of interest.
Please download the disclosure from the submission site, http://ees.elsevier.com/ijc/default.asp at
the 'Attach Files' stage of manuscript submission

Potential Conflicts of Interest Related to Individual Authors' Commitments When authors submit a
manuscript, whether an article or a letter, they are responsible for disclosing all financial and personal
relationships that might bias their work. To prevent ambiguity, authors must state explicitly whether
potential conflicts do or do not exist.

Further information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), 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 CrossCheck http://www.elsevier.com/editors/plagdetect.

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, 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. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
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words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram can be found on http://www.consort-statement.org.

Registration in a public trials registry is a condition for publication of clinical trials in this journal in
accordance with International Committee of Medical Journal Editors (ICMJE, http://www.icmje.org)
recommendations. Trials must register at or before the onset of patient enrolment. The clinical trial
registration number should be included at the end of the abstract of the article. A clinical trial is
defined as any research study that prospectively assigns human participants or groups of humans
to one or more health-related interventions to evaluate the effects of health outcomes. Health-
related interventions include any intervention used to modify a biomedical or health-related outcome
(for example drugs, surgical procedures, devices, behavioural treatments, dietary interventions,
and process-of-care changes). Health outcomes include any biomedical or health-related measures
obtained in patients or participants, including pharmacokinetic measures and adverse events. Purely
observational studies (those in which the assignment of the medical intervention is not at the
discretion of the investigator) will not require registration.

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 about this can be found here: http://www.elsevier.com/authors/article-transfer-service.

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

For subscription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/copyright). 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
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must 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: please consult
http://www.elsevier.com/permissions.

For open access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement). Permitted
reuse of open access articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.
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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.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open access

e Articles are freely available to both subscribers and the wider public with permitted reuse

e An open access publication fee is payable by authors or their research funder

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)

e No open access publication fee

All articles published open access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work (such as an anthology), to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).

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.

Elsevier has established agreements with funding bodies, http://www.elsevier.com/fundingbodies.
This ensures authors can comply with funding body open access requirements, including specific user
licenses, such as CC BY. Some authors may also be reimbursed for associated publication fees. If
you need to comply with your funding body policy, you can apply for the CC BY license after your
manuscript is accepted for publication.

To provide open access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published open access.

Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

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 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
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.
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Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients and
any other individuals in an Elsevier publication. Written consents must be retained by the author and
copies of the consents or evidence that such consents have been obtained must be provided to Elsevier
on request. For more information, please review the E/sevier Policy on the Use of Images or Personal
Information of Patients or other Individuals, http://www.elsevier.com/patient-consent-policy. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/ijc.

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.

PREPARATION

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). 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.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.
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Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

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,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

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

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. 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.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e 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.

A concise and factual abstract is required. 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, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

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. See http://www.elsevier.com/graphicalabstracts for examples.

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

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

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.
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Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

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.).

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

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

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the printed version.

e Submit each illustration as a separate file.

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

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

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

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, 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 (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e 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. For further information on the preparation
of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Elsevier's WebShop (http://webshop.elsevier.com/illustrationservices) offers Illustration Services
to authors preparing to submit a manuscript but concerned about the quality of the images
accompanying their article. Elsevier's expert illustrators can produce scientific, technical and medical-
style images, as well as a full range of charts, tables and graphs. Image 'polishing' is also available,
where our illustrators take your image(s) and improve them to a professional standard. Please visit
the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

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.

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.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

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.

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.

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.
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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.

Reference to a book:

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

[3] 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.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address

e Full postal address

e Phone numbers

All necessary files have been uploaded, and contain:

e Keywords

¢ All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'

e References are in the correct format for this journal

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

e Permission has been obtained for use of copyrighted material from other sources (including the Web)
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¢ Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
e If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 9 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We
will do everything possible to get your article published quickly and accurately. 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.

Proofs will be sent to the authors to be carefully checked for printer's errors. Changes or additions
to the edited manuscript cannot be allowed at this stage. Corrected proofs should be returned to the
publisher within 2 days of receipt.

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. 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
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/.
You can track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to
contact Customer Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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