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Resumo

Introdugdo: A insuficiéncia cardiaca (IC) € uma sindrome clinica resultante de
inimeras doengas que afetam o coracdo, tornando-o incapaz de manter niveis
adequados de suprimento sanguineo para os tecidos. O treinamento muscular
ventilatério (TMV) contribui para a melhora de desfechos clinicos relacionados as
manifestacdes fisiopatolégicas da IC. Contudo, alguns mecanismos fisioldégicos que
possam explicar os potenciais efeitos do TMV na IC ainda precisam ser esclarecidos.
Objetivos: Testar os efeitos do TMV sobre a fungdo hemodindmica, o dano ao DNA,
o quimiorreflexo periférico, a variabilidade da frequéncia cardiaca e a mecanica
respiratoria em ratos com IC.

Métodos: Foram realizados dois estudos experimentais. Ratos Wistar machos (250-
290g) foram alocados em: grupo sham - sedentarios (Sham-Sed; n=8); grupo sham
com TMV (Sham-TMV; n=8); grupo IC - sedentarios (IC-Sed; n=8) e grupo IC com
TMV (IC-TMV; n=8). Os animais treinados foram submetidos a um protocolo de TMV
(30min/dia, 5 dias/semana, durante seis semanas), enquanto os sedentarios nao
realizaram o protocolo. Os dados foram comparados pelo teste ANOVA de duas vias,
seguida pelo post hoc de Tukey (0=5%).

Resultados: O TMV em ratos com IC promoveu a redugédo da congestao pulmonar,
da presséo diastdlica final do ventriculo esquerdo, da hipertrofia do ventriculo direito
e do dano ao DNA no musculo diafragma. Além disso, reduziu a resposta pressorica
quimiorreflexa e melhorou a fungdo simpatovagal, verificada pela redugao da
modulagdo simpatica e do balango simpatovagal, e aumento da modulagao
parassimpatica em ratos com IC. Ainda, o TMV reduziu a resisténcia do sistema
respiratorio e tecidual, a elastancia do sistema respiratorio, tecidual e estatica em ratos
com IC.

Conclusées: O protocolo de TMV, com a duragdo de seis semanas, promoveu a
melhora na fungdo hemodindmica e reduziu a genotoxicidade no musculo diafragma
de ratos com IC. Além disso, o TMV em ratos com IC melhorou a resposta pressorica
quimiorreflexa, a atividade simpatovagal, assim como a mecanica respiratéria em
ratos com IC.

Palavras-chave: insuficiéncia cardiaca, treinamento muscular ventilatorio, mecanica

respiratoria, quimiorreflexo, atividade simpatica, dano ao DNA.



Abstract

Introduction: Heart failure (HF) is a syndrome resulting from the inability of the cardiac
pump to meet the energy requirements of the body. Respiratory muscle training (RMT)
has been shown to improve clinical outcomes related to pathophysiological
manifestations of HF. However, some physiological mechanisms need to be clarified.
Objectives: To test the effects of RMT on the hemodynamic function, DNA damage,
peripheral chemoreflex, heart rate variability and respiratory mechanics of rats with HF.
Methods: Two experimental studies were performed. Wistar rats were allocated into
four groups: sedentary sham (Sed-Sham, n=8), trained sham (RMT-Sham, n=8),
sedentary HF (Sed-HF, n=8) and trained HF (RMT-HF, n=8). The animals underwent
a respiratory muscle training protocol performed a 30 min training per day, 5 days/wk
and 6 wks, whereas sedentary animals did not exercise. Groups were compared by a
two-way ANOVA and Tukey’s post hoc tests (a = 5%).

Results: In rats with HF, RMT promoted reduction in pulmonary congestion, left
ventricular end diastolic pressure, right ventricular hypertrophy and DNA damage on
diaphragm. Moreover, reduction in pressure response during chemoreflex activation
and improvement in autonomic function, as verified by the reduced sympathetic
modulation, reduction in sympathetic-vagal balance and increase parasympathetic
modulation after RMT in rats with HF. Furthermore, respiratory mechanics was
enhanced in RMT-HF group, demonstrated by reduction in the respiratory system
resistance, tissue resistance, respiratory system elastance, tissue elastance and
quasistatic elastance.

Conclusions: These findings show that a 6-wk of RMT protocol in rats with HF
promotes an improvement in hemodynamic function, respiratory mechanics,
peripheral chemoreflex and sympathetic and parasympathetic activity. Also, there is a
reduction of diaphragm DNA damage in HF rats.

Keywords: heart failure, respiratory muscle training, respiratory mechanics,
chemoreflex, sympathetic activity, DNA damage.
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1. CONTEXTUALIZAGAO

Apesar dos grandes avangos no tratamento de praticamente todas as
desordens cardiacas, a insuficiéncia cardiaca (IC) € uma excec¢ao, visto que a sua
prevaléncia vem aumentando com o passar dos anos e pouco se tem evoluido frente
a sobrevivéncia de pacientes acometidos por essa sindrome (Braunwald, 2013).

A IC é uma sindrome clinica complexa, que resulta da deficiéncia estrutural ou
funcional do enchimento ou ejecao ventricular de sangue. As manifestagdes cardinais
da IC sdo a dispneia e a fadiga, que podem limitar a tolerancia ao exercicio, e a
retencdo de liquidos, que pode gerar a congestao pulmonar, esplanica e o edema
periférico (Yancy et al., 2013). Essas alteragées causam sintomas depressivos e baixa
qualidade de vida em pacientes com IC (Lesman-Leegte et al., 2009).

A IC é uma pandemia global que afeta um numero estimado de 26 milhdes de
pessoas em todo o mundo, e que resulta em mais de 1 milhdo de hospitalizagdes ao
ano nos Estados Unidos e na Europa (Ambrosy et al., 2014). E a segunda causa mais
comum de internagdes hospitalares (Roger ef al., 2012) e relaciona-se com mais de
275.000 mortes por ano (Joffe et al., 2013). No Brasil, a IC representa a principal causa
de internagdo no Sistema Unico de Saude, a partir dos 65 anos (Araujo et al., 2005).

Sabe-se que 70% dos custos gerados por pacientes com IC sdo produzidos em
suas reinternag¢des nas unidades hospitalares e que, frequentemente, acontecem nao
somente pela evolugao da sindrome, mas pela baixa adesao ao tratamento proposto,
seja farmacologico ou ndo-farmacologico (Dickstein et al., 2008).

A visao tradicional de que a IC seja um conjunto de sinais e sintomas causados
pelo inadequado funcionamento cardiaco, concentra-se em apenas um aspecto da
fisiopatologia envolvida nessa sindrome. Atualmente, o cenario visto na progresséo
da IC se forma por meio do somatorio de alteragdes estruturais, funcionais e biolégicas
dos sistemas musculo esquelético, respiratdrio e nervoso que, somadas as do sistema
cardiovascular estdo envolvidas na diminuicdo da capacidade funcional de individuos
com IC (Jessup e Brozena, 2003).

O comprometimento multissistémico verificado na IC, em virtude da disfuncao
miocardica, pode ser observado pelas seguintes alteragdes:

- Anormalidades hemodinamicas (Braunwald, 2013), com a diminuigdo do
volume sistdlico e do débito cardiaco (Shammas et al., 2007), aumento da pressao

diastdlica final do ventriculo esquerdo (Flaherty et al., 2009) e da pressao do atrio
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esquerdo, assim como da circulagdo pulmonar, o que pode resultar em distensao do
atrio esquerdo e congestao pulmonar (Finsen et al., 2005);

- Hiperatividade neurohumoral (Lymperopoulos et al., 2013; Florea e Cohn,
2014; Sousa-Pinto et al., 2014), com o aumento da atividade simpatica e reducdo da
parassimpatica (Parati e Esler, 2012), aumento da atividade do sistema renina
angiotensina aldosterona, elevados niveis plasmaticos de norepinefrina
(Lymperopoulos et al., 2013), alteragbes no controle do reflexo cardiopulmonar
(Modesti et al., 2004), dessensibilizacdo do barorreflexo arterial (lellamo et al., 2007)
e 0 aumento da sensibilidade do quimiorreflexo periférico (Ciarka et al., 2006; Sousa-
Pinto et al., 2014);

- Aumento da produgao de espécies reativas de oxigénio que, por sua vez, pode
resultar no estresse oxidativo, com consequente oxidagdo de proteinas,
lipoperoxidagdo e dano em DNA, o que contribui para a disfungao celular (Munzel et
al., 2015);

- Disfuncdo endotelial e musculoesquelética, caracterizada pela menor
liberagdo ou agao do oxido nitrico (Katz et al., 1992) e diminuigdo da forga e massa
muscular periférica (Georgiadou e Adamopoulos, 2012; Fulster et al., 2013);

- Resposta inflamatdria, com o aumento circulante de citocinas préinflamatorias
(TNF-a, IL-1B, IL-6 e a PCR) e diminuigao dos niveis de mediadores antiinflamatérios
(Braunwald, 2008; Bozkurt et al., 2010; Askevold et al., 2014);

- Alteragbes no sistema respiratorio, como a redugao da complacéncia e o
aumento da resisténcia pulmonar (Hizume et al., 2007; Jaenisch et al., 2011), a
diminuicdo da capacidade vital (Gehlbach e Geppert, 2004) e, a fraqueza da
musculatura ventilatéria (Meyer et al., 2001).

Apesar do consideravel progresso no conhecimento da génese da IC, ndo ha
consenso na literatura quanto ao maior responsavel pelos principais sintomas em
pacientes com IC. Parece haver, de fato, um somatdrio de eventos, tanto centrais
como periféricos, que conduzem esses pacientes para um estado de incapacidade
funcional e piora na qualidade de vida.

Pacientes cardiopatas apds um evento agudo, intervengao ou diagndstico de
doenca cardiaca crénica merecem atencao especial no sentido de restaurar a sua
qualidade de vida, manter ou melhorar a capacidade funcional (Piepoli et al., 2010).
Nas ultimas quatro décadas, tem se reconhecido a reabilitagdo cardiovascular (RCV)

como um instrumento importante no cuidado dos pacientes com doenga
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cardiovascular (DCV) (Herdy et al., 2014). A RCV é uma interveng¢ao multifacetada e
multidisciplinar, que promove a melhora da capacidade funcional, a recuperagao e o
bem-estar psicoldégico. Além disso, € uma intervencgéo custo-efetiva em pacientes com
IC (Piepoli et al., 2004), uma vez que melhora o progndstico, reduz internagdes
hospitalares e gastos com a saude, além de prolongar a vida (Piepoli et al., 2010).

Um recente posicionamento da Sociedade Europeia de Cardiologia (European
Society of Cardiology) aconselha fortemente a participagdo de pacientes com IC
estavel em programas de exercicio fisico (EF) estruturado ou programas de RC
(Piepoli et al., 2011). Trés modalidades de EF séao propostos para pacientes com IC:
1) exercicio aerdbio (continuo e intervalado), 2) exercicio de forga e 3) treinamento
muscular ventilatério (Labate e Guazzi, 2015). Independentemente da modalidade de
EF, a maioria dos estudos demonstraram claramente melhorias significativas na
capacidade funcional, qualidade de vida e fungao ventricular esquerda de pacientes
com IC (Labate e Guazzi, 2015).

Na IC, a disfuncdo dos musculos ventilatérios é frequentemente observada,
caracterizada por atrofia de fibras musculares ventilatérias, desoxigenacgéao tecidual e
prejuizo na capacidade oxidativa mitocondrial (Meyer et al., 2001; Supinski e Callahan,
2005; Wong et al., 2011). Essas mudangas conduzem a reducédo da forga dos
musculos inspiratérios e expiratérios, além da diminuicido da resisténcia muscular
inspiratoria, definida como a capacidade de sustentar uma tarefa especifica ao longo
do tempo. Essas variaveis correlacionam-se com a tolerancia ao exercicio, nivel de
dispneia e capacidade funcional (Meyer et al., 2001; Wong et al., 2011; Labate e
Guazzi, 2015). Nishimura et al. (1994) demonstraram que o consumo maximo de
oxigénio (VOz2max) esta diretamente correlacionado com a for¢ga muscular inspiratoria,
e que a fraqueza muscular inspiratéria esta intimamente ligada a deterioragdo da
funcdo cardiaca, ao prejuizo da capacidade ao exercicio e a gravidade da doenca
(Nishimura et al., 1994), sendo considerada um preditor independente de mau
progndéstico em pacientes com IC (Meyer et al., 2001).

Deste modo, por meio dos achados que relacionaram os musculos ventilatorios
e sua influéncia na sindrome IC, alguns investigadores levantaram a seguinte questao:
o aumento da forca e/ou da resisténcia muscular ventilatéria pode determinar
potenciais efeitos nas alteragcdes promovidas pela IC?

O primeiro estudo que utilizou o treinamento da musculatura inspiratéria como

ferramenta terapéutica em pacientes com IC foi desenvolvido por Mancini et al. (1995).
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Os autores comprovaram um aumento, tanto no VO2 de pico como na tolerancia ao
exercicio, contudo, o estudo nao foi randomizado nem controlado por placebo
(Mancini et al., 1995).

O nosso grupo de pesquisa conduziu um ensaio clinico randomizado (ECR)
controlado por placebo, que avaliou o efeito do treinamento muscular inspiratéorio (TMI)
em pacientes com IC e fraqueza da musculatura ventilatéria (Dall'ago et al., 2006).
Com protocolo realizado em 12 semanas, 7x/semana, 30 min/dia e carga de 30% da
pressao inspiratéria maxima (Plmax), este estudo verificou um aumento da Plmax em
115%, do VO2 de pico em 17%, da distancia percorrida em 6 minutos (DP6) em 19%
e da poténcia circulatoria em 24%. Além disso, houve melhora da qualidade de vida,
da eficiéncia ventilatéria e da cinética de recuperagdo do consumo de oxigénio, além
do decréscimo das oscilagdes ventilatorias (Dall'ago et al., 2006).

Na tentativa de verificar o efeito do TMI em pacientes com IC e fraqueza
muscular ventilatoria sobre a modulagao simpatovagal e a atividade nervosa simpatica
periférica, Melo et al. (2012) (Mello et al., 2012) desenvolveram um ECR e duplo cego.
Os autores verificaram que o TMI, além de aumentar a capacidade functional e a Plmax,
promoveu a reducido da atividade simpatica periférica e da modulacdo simpatica
cardiaca, assim como o aumento da modulacdo parassimpatica cardiaca. Ainda,
confirmou a melhora da qualidade de vida e da eficiéncia ventilatéria (Mello et al.,
2012).

O TMI tem demonstrado melhorar muitos desfechos clinicos relacionados com
as manifestacdes fisiopatoldégicas da IC (Cahalin et al., 2013), incluindo dispneia,
qualidade de vida, equilibrio, fluxo sanguineo periférico, atividade nervosa simpatica
muscular, frequéncia cardiaca, frequéncia respiratoria, VO2max, DP6, eficiéncia
ventilatéria, poténcia circulatoria, cinética de recuperacgéo e indices de desempenho
cardiaco (Mancini et al., 1995; Dall'ago et al., 2006; Chiappa et al., 2008; Winkelmann
et al., 2009; Bosnak-Guclu et al., 2011; Mello et al., 2012; Laoutaris et al., 2013;
Adamopoulos et al., 2014). Apesar desses efeitos, o TMI ainda nao esta incluido em
diretrizes relacionadas ao tratamento de pacientes com IC (Cahalin et al., 2013).
Atualmente, os resultados das revisdes sistematicas e metanalises sobre o TMI em
pacientes IC tém sido favoraveis, considerando principalmente as manifestacdes
clinicas da IC (Cahalin e Arena, 2015).

Lin et al. (2012) (Lin et al., 2012) realizaram uma revisao sistematica sobre o

TMI em pacientes com IC, composta de 12 estudos. Os autores concluiram que o TMI
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promove o aumento da forca muscular inspiratéria e da capacidade funcional, assim
como a melhora da dispneia em pacientes com IC estavel e fraqueza muscular
ventilatoria (Lin et al., 2012).

Em uma metanalise de estudos randomizados, Plentz et. al (2012) (Plentz et
al., 2012) revisaram sistematicamente os efeitos do TMI comparado a grupo controle
(TMI placebo ou outra intervencao) em pacientes com IC. A busca incluiu as bases
MEDLINE, PEDro e Cochrane CENTRAL, além de referéncias de estudos publicados,
de 1960 a 2011. Dos 119 artigos identificados, sete estudos foram incluidos, que
evidenciaram um aumento da DP6 (evidéncia muito baixa) e da Plmax (evidéncia baixa)
no grupo TMI. Além disso, o TMI promoveu o aumento significativo no VO2max, embora
esse beneficio tenha sido verificado somente nos estudos que realizaram o protocolo
de 12 semanas em individuos com fragueza muscular inspiratéria, quando
comparados ao grupo placebo. Dessa forma, os autores concluiram que o TMI
melhora a capacidade funcional e a forca muscular inspiratéria, contudo, estudos com
um maior tamanho amostral e com melhor qualidade metodolégica sdo necessarios
para o maior esclarecimento dos reais beneficios dessa forma terapéutica em
pacientes com IC (Plentz et al., 2012).

O conhecimento sobre a influéncia do treinamento dos musculos ventilatorios
em pacientes com IC foi determinada por alguns pesquisadores (Mancini et al., 1995;
Dall'ago et al., 2006; Chiappa et al., 2008; Winkelmann et al., 2009; Bosnak-Guclu et
al., 2011; Mello et al., 2012; Laoutaris et al., 2013; Adamopoulos et al., 2014), contudo,
alguns mecanismos fisioldégicos envolvidos na fisiopatogénese da IC, que justifiquem
os reais beneficios dessa forma terapéutica, ainda precisam ser esclarecidos.

O modelo experimental de infarto do miocardio apds a ligagdo da artéria
coronaria em ratos tem sido amplamente utilizado (Pfeffer et al., 1979; Jaenisch et al.,
2011; Alves et al., 2014). A oclus&o da artéria coronaria descendente esquerda leva a
isquemia miocardica e, consequentemente, a IC apds 3 a 6 semanas ao ato cirurgico
(Francis et al., 2001). A disfungdo hemodinamica, relacionada a area de necrose
miocardica apoés a cirurgia da oclusdo da artéria coronaria descendente esquerda, foi
demonstrada de forma mais detalhada no estudo de Pfeffer et al. (1979) (Pfeffer et al.,
1979). Os resultados demonstraram aumento da presséao diastdlica final do ventriculo
esquerdo e do peso do ventriculo direito, consistentes com a elevacao da pressao da
artéria pulmonar devido a indugdo da insuficiéncia ventricular esquerda,

caracterizando o modelo de IC (Pfeffer et al., 1979).
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A disfungcdo ventricular esquerda e a faléncia miocardica, no modelo
experimental de IC, também estdo associadas as alteracdes da mecanica respiratéria
(Hizume et al., 2007) e da musculatura diafragmatica (Van Hees et al., 2010), ao
estresse oxidativo (Silva et al., 2005; Supinski e Callahan, 2005), ao aumento da
atividade simpatica (Gao et al.,, 2005) e a sensibilidade dos quimiorreceptores
periféricos (Schultz e Li, 2007).

Embora estudos tenham demonstrado algumas manifestagdes promovidas
pela IC em diferentes 6rgaos-alvo no modelo experimental de IC, alguns aspectos
permanecem desconhecidos. Assim, a possibilidade da utilizacdo de um protocolo de
treinamento muscular ventilatério (TMV), em animais com IC, poderia responder
alguns questionamentos pouco elucidados em pacientes cardiopatas.

Bisschop et al. (1997) (Bisschop et al., 1997) realizaram um estudo que
investigou o efeito do TMV em ratos higidos e sua influéncia na hipertrofia
diafragmatica, caracterizando o efeito do treinamento. Os animais treinados foram
submetidos a um protocolo de TMV por um periodo de 8 semanas, 5 dias/semana, e
respiraram por meio de uma valvula de Hans-Rudolph. Resistores alineares, que
variaram de 0,8 a 0,3 mm de didmetro interno, com redugao gradativa do didmetro e
consequente aumento de carga, foram conectados em um cilindro. Os animais que
nao realizaram o protocolo de TMV respiraram por essa valvula sem resisténcia. Os
resultados evidenciaram um aumento da massa diafragmatica, com hipertrofia de
fibras do tipo lla e lIb no grupo treinado, quando comparado ao grupo nao treinado.

Partindo da premissa que o modelo experimental de IC pode simular as
alteracdes promovidas pela sindrome, e que, o protocolo de TMV em animais &
factivel, o nosso grupo desenvolveu um estudo que agregou o modelo experimental
animal de IC e o treinamento muscular ventilatério (TMV) (Jaenisch et al., 2011)
(Figura 1). Foram avaliados os efeitos do TMV na fungdo hemodinamica, no ténus e
efeito vagal e simpatico, na sensibilidade dos barorreceptores arteriais € na mecanica
respiratéria em ratos com IC. O TMV promoveu a redugéo da pressao diastoélica final
do ventriculo esquerdo, o aumento da pressao sistélica do ventriculo esquerdo e a
reducao da hipertrofia do ventriculo direito nos animais com IC. Foi observada a
reducao do ténus simpatico, o aumento do efeito vagal e do ganho barorreflexo. Além
disso, verificou-se que os animais com IC que realizaram o TMV tiveram a melhora da
mecanica respiratéria, verificada pela diminuicdo da resisténcia do sistema

respiratorio e tecidual, assim como da elastancia do sistema respiratério, tecidual e
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estatica. Esses achados demonstraram que, o TMV em ratos com IC, gerou a melhora
da funcdo hemodindmica, do balango simpatovagal e da mecanica respiratoria
(Jaenisch et al., 2011).

Figura 1. Equipamento de treinamento muscular ventilatorio para pequenos animais,

com resistores alineares conectados ao cilindro.

O estresse oxidativo, que representa o desequilibrio entre a producao de
espécies reativas de oxigénio (ERO) e endogenos antioxidantes, tém sido implicado
em condigdes clinicas e experimentais da IC (Keith et al., 1998; Grieve e Shah, 2003).
Ainda, biomarcadores de estresse oxidativo tém sido correlacionados com a gravidade
da disfuncao miocardica e gravidade da IC (Keith et al., 1998; Grieve e Shah, 2003).

O excesso de ERO causa disfungéo celular, proteica e lipoperoxidagao, além
de dano ao DNA. Esses fatores podem conduzir a dano e morte celular irreversiveis,
com implicagdes em condi¢cdes patologicas cardiovasculares (Tsutsui et al., 2011).
Elevados niveis de dano oxidativo ao DNA foram verificados em pacientes com DCV
(Botto et al., 2002), além de ter uma correlagao positiva com a gravidade da IC
(Kobayashi et al., 2011).
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Alguns estudos demonstraram anormalidades nos musculos esqueléticos de
pacientes com IC (Fulster et al., 2013; Kitzman et al., 2014), e, em particular, no
musculo diafragma (Meyer et al., 2001; Coirault et al., 2007; Van Hees et al., 2010).
Especificamente, foi verificado um aumento na producao de radicais livres (Supinski
e Callahan, 2005), estresse oxidativo (Silva et al., 2005), com consequente redugao
na forga do diafragma (Supinski e Callahan, 2005) em ratos com IC. No entanto, ainda
nao foi demonstrado dano ao DNA no musculo diafragma em ratos com IC.

Nesse contexto, o melhor entendimento sobre as anormalidades do musculo
diafragma no modelo experimental de IC e o efeito do treinamento muscular
ventilatorio nessa sindrome, foi realizado o estudo 1 dessa tese, intitulado:
“Respiratory muscle training decreases DNA damage on diaphragm in rats with heart
failure”, com o objetivo de testar o efeito de um protocolo de seis semanas de
treinamento muscular ventilatério na funcdo hemodindmica e no dano ao DNA do
diafragma de ratos com IC.

A hiperatividade simpatica (Zucker et al., 2012) e a atenuagéo vagal (Bibevski
e Dunlap, 2011) estdo presentes na IC, tanto em estudos clinicos quanto
experimentais, presumivelmente como consequéncia de alteracbes hemodinamicas
associadas a disfungdo cardiaca (Florea e Cohn, 2014). O padrao ventilatério
anormal, que caracteriza a IC avangada, tem sido associado com a congestao
pulmonar devido a disfungcdo hemodinamica ou resposta autbnoma e quimiorreflexa
anormais (Passino et al., 2006; Malfatto et al., 2015).

Em pacientes e em animais com IC o aumento da ativagdo dos
quimiorreceptores determina a hiperexcitacdo simpatica (Schultz e Li, 2007), e
correlaciona-se com a exacerbacao da resposta ventilatéria, desencadeando dispneia
precoce (Ciarka et al., 2006). Diversos mecanismos fisiopatolégicos tém sido
propostos para explicar as modificagbes no padrdo ventilatério e desregulagao
quimiorreflexa em pacientes com IC (Tumminello et al., 2007), sendo que a fraqueza
muscular ventilatéria parece estar presente. Foi verificado que, pacientes com IC e
fraqueza muscular ventilatéria apresentaram maior ativacdo dos quimiorreceptores
quando comparados a pacientes com IC sem fraqueza muscular ventilatéria
(Callegaro et al., 2010).

Assim sendo, com o intuito de verificar o efeito do treinamento muscular
ventilatorio na fungdo cardiovascular, sua regulagdo por meio de ativagao reflexa e

determinar o melhor entendimento da interagdo cardiopulmonar no modelo
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experimental de IC, foi realizado o estudo 2 dessa tese, intitulado: “Respiratory muscle
training improves hemodynamic, chemoreflex, autonomic function and respiratory
mechanics in heart failure rats”, com o objetivo de testar o efeito de um protocolo de
seis semanas de treinamento muscular ventilatério na fungcdo hemodinamica,
mecanica respiratoria, ativagdo quimiorreflexa e variabilidade da frequéncia cardiaca
em ratos com IC.

Dessa forma, em linhas gerais, apdés o desenvolvimento dos estudos
supracitados, aspiramos progredir no conhecimento sobre a influéncia do TMV no
modelo experimental de IC. Os resultados obtidos e suas possiveis implicagdes
contribuem para o melhor entendimento sobre as alteragcbes hemodindmicas e
metabolicas dos sistemas musculo-esquelético, respiratorio e nervoso, somadas as
do sistema cardiovascular. Ainda, promove a possibilidade do desenvolvimento de
novas abordagens terapéuticas no tratamento das modificagdes decorrentes da IC.

Deste modo, os estudos desenvolvidos sao apresentados a seguir, em formato
de artigo cientifico, de acordo com as normas das revistas para os quais foram
submetidos, com os seguintes objetivos:

Estudo 1:

- Testar o efeito do TMV em ratos com IC sobre as caracteristicas morfolégicas
e fungdo hemodinamica, representadas pela hipertrofia cardiaca, congestao pulmonar
e pressao diastélica final do ventriculo esquerdo;

- Verificar a influéncia do TMV na genotoxicidade do musculo diafragma em
ratos com IC, por meio do % do DNA da cauda, momento da cauda e momento da
cauda de Olive.

Estudo 2:

- Avaliar se o TMV melhora a resposta quimiorreflexa periférica e a variabilidade
da frequéncia cardiaca de ratos com IC;

- Testar a influéncia do TMV em ratos com IC sobre a mecanica respiratoria,
por meio da resisténcia do sistema respiratério e tecidual, elastancia do sistema

respiratorio, tecidual e estatica.
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Abstract

Background: Respiratory muscle training (RMT) promotes beneficial effects on
respiratory mechanics, on heart and lung morphological changes, and on
hemodynamic variables in rats with heart failure (HF). However, the relation
between RMT effects and diaphragm oxidative stress remains unclear. Therefore, the
aim of this study was to evaluate the RMT effects on diaphragm DNA damage in HF
rats.

Methods and Results: Wistar rats were allocated into four groups: sedentary sham
(Sed- Sham, n=8), trained sham (RMT-Sham, »=8), sedentary HF (Sed-HF, n=8) and
trained HF (RMT-HF, n=8). The animals underwent a RMT protocol (30 min/day, 5
days/wk, for 6 wks), whereas sedentary animals did not exercise. Groups were
compared by a two-way ANOVA and Tukey’s post hoc tests. In rats with HF, RMT
promoted reduction in pulmonary congestion (p< .0001) and left ventricular end
diastolic pressure (p< .0001). Moreover, RMT produced a decrease in the DNA
damage on diaphragm in HF rats. This was demonstrated through the reduction in the
percent tail DNA (p< .0001), tail moment (p< .01) and Olive tail moment (p<.001).
Conclusion: These findings show that a 6-wk RMT protocol in rats with HF promotes

an improvement in hemodynamic function and reduces diaphragm DNA damage.

Keywords: respiratory muscles, hemodynamic function, exercise.
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Introduction

Respiratory muscle weakness is present in heart failure (HF), in humans and
animals [1, 2], and represents an independent predictor of poor prognosis [1].
Diaphragm has reduced function following MI-induced HF in rats [2], and is likely a key
mediator in the overall pathogenesis of HF. However, little is still known about the
mechanisms that could lead to diaphragm dysfunction and its influence in the HF
syndrome.

Oxidative stress, that represents an imbalance between the productions of reactive
oxygen species (ROS) and endogenous antioxidants, has long been implicated in
experimental [3] and clinical [4] HF conditions. Furthermore, biological markers of
oxidative stress have been correlated with myocardial dysfunction and overall severity of
HF [4, 5].

Excessive ROS cause cellular dysfunction, protein and lipid peroxidation and
DNA damage; all these factors can lead to irreversible cell damage and death, which
have been implicated in a wide range of pathological cardiovascular conditions [6]. The
findings, from a previous study, show that DNA damage contributes to the pathogenesis
of atherosclerosis and elevated levels of oxidative DNA damage in HF patients [7].
Moreover, the severity of oxidative DNA damage was positively associated with the end
stage of HF [8].

The oxidatively induced DNA damage occurs mainly due to the ROS formation that
most reacts with DNA strands [9,10]. The main mechanisms involving ROS causing DNA
damage are the single and double strand breaks [10], the generation of modified bases as 8-
ox0-7,8-dihydroguanine (80oxoG) which plays major role in mutagenesis [9], among others

metabolic dysfunctions. The DNA strand breaks can be accessed by the comet assay
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technique [11]. The comet assay evaluates global genotoxic damage to the DNA, therefore,
the results can mirror the total extent of nuclear DNA damage of the tissue of interest [12].

In HF, oxidative stress in skeletal muscle has been linked to peripheral
hypoperfusion as a consequence of low cardiac output and peripheral endothelial
dysfunction [13, 14]. Several studies have reported intrinsic muscle abnormalities
affecting skeletal muscles [15] and, in particular, in the diaphragm muscle of HF
patients and animal models with this syndrome [2, 16, 17]. Specifically, it was
demonstrated an increase in free radical production [18], oxidative stress [19] and a
reduction in force generated by the diaphragm [18] in rats with HF. However, to the best of
our knowledge, there is no published evidence showing if the specified HF model for rats
causes DNA damage on the diaphragm.

Respiratory muscle training (RMT) in patients with HF increased the inspiratory
muscle strength and resistance, which leads to improvement in peak VO, dyspnea, and
quality of life [20, 21]. In a study completed in our laboratory [22], RMT in rats with
HF showed an improvement in hemodynamics, autonomic function, baroreceptor
sensitivity, and respiratory mechanics. However, the effects of RMT on the diaphragm
DNA damage, a marker of oxidative stress, in rats with HF had not been evaluated.

Therefore, we conducted the present study to test the hypothesis that a 6-wk
protocol of RMT could improve the hemodynamic function and decrease the DNA

damage on diaphragm of HF rats.

Methods

Animals

Thirty-two male Wistar rats (250 to 290 g) were obtained from the Animal
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Breeding Unit of the Universidade Federal de Ciéncias da Satde de Porto Alegre
(UFCSPA; Brazil). Animals were housed in groups of three per cage, receiving food and
water ad libitum and were maintained in a room under standard conditions at 22°C of
temperature and at 12:12-h light-dark cycle of illumination. The investigation followed the
ethical rules established by the Guide for Care and Use of Experimental Animals
published by the National Institutes of Health (publication no. 85-23, revised in 1996).

All procedures outlined in this study were approved by the UFCSPA Ethics and Research

Committee (protocol 070/11).

Surgery to induce MI

Rats were anesthetized with xylazine (12 mg/kg ip) and ketamine (90 mg/kg ip),
intubated and artificially ventilated. Ligation of the left coronary artery and sham operations
were performed as previously described [22, 23]. After the surgery, the animals

received a single injection of monofenew (0.05 ml/100 g) and gentamicin (0.05 ml/100 g).

Experimental design

After MI, rats were allowed a minimum of 4 wk to recover (time necessary to
develop the HF state) [23] and were assigned into four experimental groups: sedentary
sham rats (Sed-Sham; n=8), trained sham rats (RMT-Sham; n=8), sedentary HF rats

(Sed-HF; n=8), or trained HF rats (RMT-HF; n=8).

RMT protocol
Four weeks after the MI or sham surgery, the rats assigned to the RMT groups
were submitted to a 5-day adaption protocol. The animals were daily conditioned to

breathe through an orifice, without resistance, attached to a rigid mask while restrained in a
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whole-body cylinder [22, 24]. The RMT protocol began in the 5™ wk. It comprised 30
min/day, 5 days/wk for 6 wks. The progress of the protocol was achieved by a progressive
increase in resistance by reducing the internal diameter of the hole through which the animal
breathed. During the first wk of the training, the orifice at the inspiratory port was set at an
internal diameter of 0.8 mm and was progressively decreased, reaching after 2 wk of training

a final internal diameter of 0.3 mm (maximal resistance) [22, 24].

Cardiac hemodynamic evaluation

In the week following the RMT period, animals were anesthetized with xylazine (12
mg/kg ip) and ketamine (90 mg/kg ip). A small incision in the anterior cervical region
was performed for the insertion of a polyethylene catheter (PE-50) into the right carotid
artery. The arterial pressure was first recorded during a 5-min period through a connection
of the arterial cannula to a strain-gauge pressure transducer (Narco Biosystem Miniature
Pulse Transducer RP-155, TX, USA), coupled to a pressure amplifier (General Purpose
Amplifier 4 - model 2, Stemtech Inc. WI, USA). Then the catheter was positioned into
the left ventricle, and pulse wave was monitored by the typical graphic registration of
ventricular pressure and was recorded for 5 min. Pressure analogical signals were
digitalized by a data-acquisition system (Windaq - AT/CODAS, Dataq Instruments Inc.,
OH, USA) with sampling rate of 2.000 Hz. These data were used to determine mean
arterial pressure (MAP), heart rate (HR), left ventricular systolic pressure (LVSP), left
ventricular maximum change in pressure over time (+dP/dtmax) and left ventricular
minimum change in pressure over time (-dP/dtmax), and left ventricular end-diastolic
pressure (LVEDP). This last parameter was determined manually by the detection of the
point of inflection to the end of diastoles from the analysis of the wave of ventricular

pressure.
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Diaphragm collection and preparation

After hemodynamic evaluation, animals were euthanized with a thiopental
overdose (80 mg/kg, ip). A laparotomy and thoracotomy were performed to allow the
complete excision of the diaphragm. The right and left costal diaphragm muscle were
weighed and immediately snap-frozen in liquid N», and stored at -80°C for subsequent

molecular analysis.

Morphological characteristics, pulmonary and hepatic congestion

Heart, lungs, and liver were removed and weighed. The right ventricle (RV) and LV
were dissected and weighed. The LVs were filled with an insufflating latex balloon and
placed in 10% formaldehyde for a minimum of 3 days before being cut into two equal
transverse sections, as previously described [22]. The total left ventricle area and
myocardial infarction scar were manually drawn on scanned images and measured
automatically using a computer program (IMAGE Pro-plus 6.1, Media Cybernetics, Silver
Spring, USA). The percentage infarction area was calculated by dividing the sum of the
infarcted area from all sections by the sum of the area of the LV (including tissue without
infarction) multiplied by 100 [23]. The heart weight-to-body weight ratio (HW/BW),
LV/BW, and RV/BW values were determined. Lungs and liver were dehydrated (80°C) for

48h and then weighed again to evaluate the water percentage.

Comet Assay (alkaline version)

The comet assay was performed in alkaline conditions (pH > 13.0), according to
Singh and colleagues [25]. All the procedures were performed avoiding any direct
incidence of light. For the assay, it was first made a cell suspension of diaphragm in

PBS buffer (pH = 7.40) with standard and gentle manual homogenization. For this step, it
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was necessary to observe the density of cells that would be used in each slide. It was used
Neubauer's chamber to count, approximately 7.3 x 10° cells/slide. The suspension of
diaphragm cells (40 pl) was added to agarose of low melting point (90 pl). After gently
mixed, this material was carefully superimposed over a slide previously covered with a thin
agarose gel layer with a coverslip, and kept in a humid chamber at 4°C for 10 minutes, in
order to further secure the suspension of tissue cells in the gel. Then, the coverslip was
carefully removed and the slide, conditioned in a vertical cuvette containing lysis solution
for at least 1 hour at 4°C. The following step consisted in the unfolding of the cells, for 30
minutes in an alkaline buffer (pH > 10.0). Thereafter, was followed by the process of
electrophoresis, where the lysed cells contained in the agarose gel were subjected to a
voltage of 25 mV and 300 mA for 15 minutes in alkaline buffer solution (pH > 10.0).
Then the plate was neutralized, stained with silver nitrate, rinsed and kept at room
temperature to dry for later analysis. The slides of each animal were made in duplicate and
a positive control of DNA damage with hydrogen peroxide (30 pl/slide). The analysis was
conducted under an optical microscope with a 20-x increase by quantifying the size of the
comet's tail in 100 to 200 cells, according to the lengths, diameters, radii and dimensions of
individual comets. To quantify the damage it was used as parameters obtained

percentage of tail DNA, tail moment and Olive tail moment.

Quantification of DNA Damage

Using the CASP software (CASP Labs®, Poland) [26], three different types of
markers of genotoxic damage was measured. This included percentage of tail
DNA, tail moment (represents the distance of DNA migration from the head of the
comet) and olive tail moment (represents the product of the tail length and the fraction of

DNA in the tail), using the following formulas:
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% Tail DNA=100  x  DNATai
DNAHead + DNATail

Tail Moment = Tail Length x % Tail DNA

OTM = Center of Gravityraji — Center of GravityHead
% Tail DNA

Statistical analysis

The mean values and the standard deviation (= SD) were calculated for all the
analyzed data. The normality of the data distribution was assessed using the
Kolmogorov-Smirnov test. To compare the effects between the groups (HF or Sham) and
intervention (RMT or Sed), it was used the two-way ANOVA, followed by the Tukey
post hoc test. Pearson’s correlation analysis was performed to test the corresponding
associations. A p < .05 was considered statistically significant. The GraphPad Prism 6

program (GraphPad Software, CA, USA) was used in the data analysis.

Results
Mortality, morphological characteristics, pulmonary and hepatic congestion

The mortality in the HF rats submitted to the MI-induced, during or after
surgery, was 36%. In the sham groups, there were no deaths during the study. The Sed-HF
group presented pulmonary congestion compared with sham groups; RMT reduced the
pulmonary congestion (p< .0001 for group, and p< .001 for training effects). There was no
difference in hepatic congestion between groups. The HW/BW and RV/BW were higher
in the Sed-HF group compared with sham groups. RV hypertrophy was similar between
RMT-HF and sham groups. There were no differences in the LV/BW. All of these data are

summarized in Table 1.
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Hemodynamic variables

In sham rats, RMT had no effects on LVEDP, LVSP, +dP/dtmax, or —dP/dtmax.
The LVEDP was higher in the sedentary HF rats, however, the LVSP, +dP/dtm.x and
-dP/dtmax was lower. RMT in HF rats lower LVEDP (p< .0001 for group, p< .0001 for
training, and p<.0001 for interaction effects). LVSP and + dP/dtmax were similar between
RMT-HF and sham groups. There were no differences in HR, MAP, systolic arterial
pressure (SAP) and diastolic arterial pressure (DAP) between all groups. All of these

data are summarized in Table 2.

DNA damage

When DNA damage in the diaphragm was evaluated, there was a significant
increase in sedentary rats with HF in all parameters; % Tail DNA, TM and OTM
compared with sham groups. RMT in rats with HF lower % Tail DNA (p< .001 for
group, training and interaction effects), TM (p< .05 for group, p< .01 for training, and p<
.05 for interaction effects) and OTM (p< .01 for group, p< .001 for training, and p<
.01 for interaction effects) compared with the Sed-HF group. All of these data are
summarized in Figures 1 and 2.

We also examined the association between DNA damage in the diaphragm and
hemodynamics parameters and pulmonary congestion. Positive correlations were found
between % DNA tail and pulmonary congestion (r = 0.78, p< .0001) and LVEDP (r =
0.92, p<.0001); TM and pulmonary congestion (r = 0.74, p< .001) and LVEDP (r =0.78, p<

.0001); and OTM and LVEDP (r = 0.84, p< .0001).

Discussion

In the present article, it was demonstrated that: /) RMT in rats with HF had improved
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cardiovascular function, as demonstrated by decreased LVEDP, RV hypertrophy, and
lung congestion; 2) DNA damage was increased in the diaphragm of the HF rats, and; 3)
RMT in rats with HF had reduced DNA damage on diaphragm, which was verified by the
decrease in the % Tail DNA, TM and OTM. There were no differences between the RMT-
Sham and Sed-Sham groups in any of the studied parameters. In addition, the intensity of
RMT may have been insufficient to produce improvements in normal rats.

Studies have shown that there was an increase in the inspiratory muscle strength and
resistance, which lead to improved peak VO, dyspnea, and quality of life after RMT in patients
with HF [20, 21]. It is possible that the RMT reduces the sympathetic nervous activity increasing
the peripheral skeletal muscle blood flow resulting in higher VO, and cardiac and peripheral
autonomic control improvement as previously showed [27]. In normal rats, RMT increased
diaphragmatic mass and lead to hypertrophy in Ila and IIb fiber types [24, 28]. Even if a previous
study showed that RMT promotes better cardiopulmonary function [22] of HF rats, there is no
consensus regarding the responses to RMT in the diaphragm oxidative stress in HF.

The experimental model of MI in rats results in HF [22, 23] and the MI areas > 30%
represent a severe myocardial loss, which results in sustained hemodynamic dysfunction. In
the present study, the infarcted area was ~ 38%, which was associated with impairment of
the hemodynamic function, demonstrated by higher on LVEDP, HW/BW, RV/BW and
pulmonary congestion. Recently, our group demonstrated that
[22] rats with MI submitted a 6-wk RMT protocol showed a reduction of 33% in LVEDP,
32% in RV compensatory hypertrophy [22]. It was also demonstrated that RMT decreased
lung congestion, airway resistance, improved hemodynamic function, and lung compliance
in rats with HF [22]. Similarly, the present study showed a reduced LVEDP by 57%, 26%
in RV compensatory hypertrophy, and decreased lung congestion.

Skeletal muscle weakness during HF is part of a generalized myopathy,



44

respiratory and limb skeletal muscles are not necessarily affected in the same way, or in the
same extent [17]. Considering that the diaphragm muscle contracts continuously during life,
and in HF there are an increase in breathing effort caused by pulmonary congestion, reduced
lung compliance and increased airway resistance [16] generating muscle overload and
dyspnea, new strategies to treat this symptoms are important in HF. A clinical study that
investigated the ultrastructure of skeletal muscle by ultrastructural morphometry and
cytochrome oxidase activity in patients with HF shows that a decrease in oxidative
capacity is involved in the skeletal muscle abnormality, which may be associated with
exercise intolerance [29]. Additionally, skeletal muscle exposure to hypoxia result in
increased levels of ROS, leading to cell dysfunction and/or injury [30]. In the diaphragm
muscle of rats, during hypoxia, there is an increase of ROS [31, 32]. In this way, inability of
the heart to supply adequate amounts of blood to meet the metabolic needs of peripheral
tissues [33, 34], including the diaphragm muscle, can be enhanced by RMT that could
improve metabolic and morphological characteristics of diaphragm. This probably is
associated with improvements in muscle dysfunction and in DNA damage as here
demonstrated.

Oxidative stress has been implicated in clinical and experimental HF, and has
been correlated with myocardial dysfunction and overall severity of HF [4, 5]. Supinski and
Callahan [18] demonstrated that HF rats presented a raise in free radical, mitochondrial H>O»
generation, protein carbonyl and 8-isoprostane levels, beside force generated reduced in the
diaphragm [18]. After treatment with polyethylene glycol- superoxide dismutase (PEG-
SOD), the authors found that force generated in the diaphragm was restored to control levels,
indicating that cardiac dysfunction increases diaphragm free radical generation and that
evoked reductions in diaphragm force generation [18].

High concentration levels of oxidative products in mitochondrial DNA (mtDNA)
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indicate a bigger extent of genotoxic damage [35]. Chronic increases in oxygen radical
production in the mitochondria can lead to a catastrophic cycle of mtDNA damage as
well as functional decline, further oxygen radical generation, and cellular injury [35]. The
findings from the current study demonstrated that there was a higher DNA damage, in
diaphragm cells from sedentary rats with HF. This probably is associated with low
skeletal muscle perfusion, including the diaphragm, in the HF. RMT was able to reduced
DNA damage in diaphragm and these results support the idea that RMT promoted
protection against genotoxic damage in the diaphragm of HF rats. The mechanisms
associated with these responses still needs to be investigated.

To the best of our knowledge, the present report is the first to show in a HF rat
model that there is DNA damage in diaphragm muscle and the beneficial effects of RMT in
reducing diaphragm DNA damage and various cardiovascular parameters. Moreover, we
examined association between diaphragm DNA damage and hemodynamics parameters.
Positive correlations were found between genotoxic parameters (% DNA tail, TM, and
OTM) and pulmonary congestion and LVEDP. These associations represents that the
impairment in the hemodynamic function in rats with HF increased the DNA damage in the
diaphragm. We speculate that the HF decreases the oxidative capacity of skeletal muscles.
These findings show that the use of RMT is able to improve oxidative capacity by lowering
oxidative stress and diaphragm DNA damage.

There are some limitations regarding the present study. First, there is no histological
evaluation of the adaptations in the lungs or diaphragm. Second, there were no measurements
of respiratory muscle performance. Both of them would have assisted in the identification of
the effects of RMT in muscle fiber and changes in lung parenchyma. However, the effects of
RMT on diaphragmatic characteristics using this model in normal rats have been previously

described [24, 28].
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In summary, RMT is believed to produce lung vascular adaptations, which are
translated into a better cardiopulmonary function as showed here by a decreased in
LVEDP, lung congestion, and RV hypertrophy. Additionally, the decreased genotoxic
damage in diaphragm DNA is probably associated with a better balance between production
of ROS and endogenous antioxidants, which are perhaps related with a better diaphragm

oxidative capacity after respiratory muscle training in rats with HF.
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Figure 1: DNA damage in the diaphragm of the studied groups. Values are means + SD.
Groups were compared by the two-way ANOVA and Tukey post hoc tests. Sed- Sham,
sedentary sham rats (n=4); RMT-Sham (n=5), respiratory muscle training sham rats; Sed-
HF, sedentary heart failure rats (n=5); RMT-HF, respiratory muscle training heart failure
rats (n=4). (A): % Tail DNA, percentage tail DNA. *p< .0001 compared with Sed-Sham,
RMT-Sham and RMT-HF. (B): TM, tail moment. ¥p< .01 compared with Sed-Sham, RMT-
Sham and RMT-HF. (C): OTM, olive tail moment. **p< .001 compared with Sed-Sham,
RMT-Sham and RMT-HF.
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Figure 2

. . . e

Figure 2: Image of cells submitted to SCGE (comet assay) of diaphragm of sham-
operated rats and rats with left ventricular dysfunction. Panel A, B, C and D: Isolated
diaphragm cells of Sed-Sham (A); RMT-Sham (B); Sed-HF (C); and RMT-HF (D) rats. Slides
stained with silver nitrate. Panel A and B: cells without comets (magnification of 20x, scale
bar of 20 pm). Panel C and D: cells showing comets (magnification of 20x, scale bar of 20 um),

however, in lower magnitude in D.
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Abstract

Aims: The increase of respiratory muscles strength in patients with heart failure (HF)
improves many clinical outcomes related to the pathophysiological manifestations of
HF. Also, in rats with HF, respiratory muscle training (RMT) is associated with
beneficial effects in cardiopulmonary variables, however, some physiological response
remains unclear. Therefore, the aim of the present report was to evaluate the RMT
effects on hemodynamic function, chemoreflex activation, heart rate variability and
respiratory mechanics in HF rats.

Methods and Results: Wistar rats were allocated into four groups: sedentary sham
(Sed-Sham, n=8), trained sham (RMT-Sham, »n=8), sedentary HF (Sed-HF, n=8) and
trained HF (RMT-HF, n=8). The animals were submitted to a RMT protocol performed
a 30 min a day, 5 days/week, for 6 weeks, while the sedentary animals did not exercise.
Groups were compared by a two-way ANOVA and Tukey’s post hoc test. In rats with
HF, RMT promoted the reduction of pulmonary congestion, the left ventricular end-
diastolic pressure, as well as reduced right ventricular hypertrophy. Moreover, RMT
produced reduction in pressure response during chemoreflex activation and
improvement in autonomic function, as verified by the reduced sympathetic modulation,
reduction in sympathetic-vagal balance and increase in parasympathetic modulation.
After RMT, the respiratory mechanics was enhanced in HF rats, demonstrated by
reduction in the respiratory system resistance, tissue resistance, respiratory system
elastance, tissue elastance and quasistatic elastance.

Conclusion: These findings show that a 6-week RMT in HF rats promotes an
improvement on hemodynamic and autonomic function, reduction in pressure response

evoked by chemoreflex and enhances respiratory mechanics in HF rats.
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Introduction

Sympathetic overactivity (1) and reduced vagal drive to the heart (2) are
hallmarks of heart failure (HF) at the clinical and experimental settings, presumably as a
consequence of hemodynamic changes associated with alteration in cardiac function (3).
Autonomic dysfunction can lead to a disturbed chemoreflex function (4). In particular,
the increase in chemoreflex-mediated activation of sympathetic outflow occurs in
patients and experimental animals with HF (5) and correlates significantly with the
higher ventilatory response to exercise and dyspnea observed in these patients (6).

Disorders of the respiratory muscles can contribute to the activation of
cardiovascular reflexes, which aggravates exercise limitation in HF. Weakness of the
respiratory muscles in patients with HF contributes to marked fatigue and dyspnea (7),
and represents an independent predictor of poor prognosis (8). Specifically, respiratory
muscle weakness is linked to increased peripheral chemoreflex (9) and is associated
with abnormal cardiac autonomic control (10).

In patients with HF, respiratory muscle training (RMT) increased the inspiratory
muscle strength and endurance, which leads to improvements in peakVO., dyspnea and
quality of life (11, 12). In a study developed in our laboratory (13), RMT in rats with
HF showed improvements in cardiovascular function, sympathetic and parasympathetic
modulation, baroreflex gain and in respiratory mechanics. However, the effects of RMT
on the chemoreflex sensitivity and heart rate variability in rats with HF had not been
evaluated.

Therefore, we conducted the present study to test the hypothesis that a 6-week
protocol of RMT could improve the hemodynamic function, respiratory mechanics,

chemoreflex function and heart rate variability of HF rats.
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Methods

Animals

The investigation followed the ethical rules established by the Guide for the
Care and Use of Experimental Animals published by the National Institute of Health
(NIH publication no. 85-23, revised in 1996). All of the procedures outlined in this
study were approved by the Ethics Committee Research of the Universidade Federal de
Ciéncias da Saude de Porto Alegre (UFCSPA) (protocol 070/11). Thirty-two male
Wistar rats (250 to 290 g; 90 days of age) obtained from the Animal Breeding Unit of
the UFCSPA were housed under standard conditions (food and water ad libitum, 12:12-

h light-dark cycle; 22uC).

Surgery to induce myocardial infarction

Rats were anesthetized with xylazine (12 mg/kg ip) and ketamine (90 mg/kg ip),
intubated and artificially ventilated. Ligation of the left coronary artery and sham
operations were performed as previously described (13, 14). After the surgery, the
animals received a single injection of monofenew (0.05 ml/100 g) and gentamicin (0.05

ml/100 g).

Experimental design

After myocardial infarction (MI), rats were allowed to recover for 4 week (the
time required for the development of HF state) (14) and were assigned into four
experimental groups: sedentary sham rats (Sed-Sham; n=8), trained sham rats (RMT-

Sham; n=8), sedentary HF rats (Sed-HF; n=8), or trained HF rats (RMT-HF; n=8).
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RMT protocol

Four weeks after the MI or sham surgery, the rats assigned to the RMT groups
were submitted to a 5-day adaptation protocol, as previously described (13, 15). The
RMT protocol began in the 5™ week. It comprised 30 min/day, 5 days/week, for 6
weeks. The progress of the protocol was achieved by a progressive increase in
resistance, by reducing the internal diameter of the hole through which the animal

breathed, as previously described (13, 15).

Implantation of the vascular catheters for cardiovascular measurements in awake
rats

Animals were anesthetized as described earlier and had a polyethylene catheter
[PE-10 conected to a PE-50, 0.28 mm inner diameter (ID), Biocorp, Australia, filled
with sterile 0.9% NaCl (pH 7.4) and heparin] placed into the abdominal aorta and
another one into the inferior vena cava through the left femoral artery and vein,
respectively. Each catheter was tunneled subcutaneously and exteriorized at the back of
the rat neck. Gentamicin (2 mg/rat, im) was injected at the end of this procedure (16).

The next day, the arterial catheter was attached to a 40-cm polyethylene tube
(PE-50, 0.5 mm ID, Biocorp), and a strain-gauge pressure transducer (P23 Db, Gould
Statham, USA) was used for direct hemodynamic measurements. Signals were passed
through a preamplifier (Hewlett-Packard 8805, Puerto Rico) and were delivered to a
microcomputer equipped with an analog-to-digital converter board (CODAS, 1 kHz,
Dataq Instruments, USA). The recorded data were analyzed on a beat-to-beat basis (16).

All rats were submitted to the same recording protocol. That is, after the catheter

was connected to the transducer, rats were allowed to aclimate to a Plexiglas recording
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box (25 x 15 x 10 cm) over 20 to 30 min, while cardiovascular parameters were being
continuously monitored. Values of heart rate (HR) and arterial pressure (AP) were

obtained during the last 15 min of this period to provide basal data.

Chemoreflex stimulation

Immediately after these initial recordings, chemoreflex sensitivity was tested, by
increasing intravenous injection doses of potassium cyanide (KCN; 60, 100, 140, and
180 ug/kg; Merck, Germany). The volumes injected ranged from 0.06 to 0.18 mL.
Mean HR and mean arterial pressure (MAP) were measured continuously 10 s before

and 15 s after each injection of these KCN doses (16).

Power spectral analysis

Spectral analysis of systolic arterial blood pressure (SBP) and pulse interval (PI)
to evaluate the sympathetic and parasympathetic cardiovascular modulation were
performed by an autoregressive method. From the original recordings, samples were
exported to create a database for analysis, according to the heart rate variability (HRV)
guidelines (17). Succinctly, systogram was created through the beat-to-beat SBP
derived from blood pressure (BP) signals. The “Low Frequencies” (LF, 0.2—0.75 Hz)
and “High Frequencies” (HF, 0.75-3.0 Hz) spectral components of PI and SBP were
explicited in absolute values (ms?> and mmHg, respectively) and in normalized units
(NU). The NU were obtained after calculating the power of low and high frequency
components and correlating these components to the total power excluding the very
low frequency components (frequencies < 0.2 Hz). The means of a cross-spectral
analysis were used to calculate the coherence between the PI interval and the SBP signal

variability. Following the coherence calculation, alpha index was achieved through the
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square root of the ratio between PI and SBP variability in the LF two major bands (17).
Furthermore, the alpha index was obtained only if the magnitude of the squared
coherence considering the PI and SBP signals exceeded 0.5, in an interval between 0

and 1, in the LF band.

Assessment of respiratory mechanics

Twenty-four hours after chemoreflex stimulation, the rats were anesthetized
again and tracheostomized. A rigid-type cannula (2-mm ID) was inserted into the
trachea and tied firmly in place. The cannula was connected to a small animal ventilator
(flexiVent, Scireq, Montreal, QC, Canada). Rats were mechanically ventilated at a
breath rate of 90 breaths/min, with a tidal volume of 10 ml/kg using 5 cmH»O positive
end-expiratory pressure established by a water column (13, 18). The constant-phase
model described by Hantos et al. (19) was used to partition impedance into components
representing the mechanical properties of the airway and parenchyma. The constant-
phase model was fitted as: Zrs = R + jol + (G-jH)/®a, where R is the Newtonian
resistance (primarily located in the airways but containing a contribution from the chest
wall), I is the inertance, G is the coefficient of tissue damping, H is the co-efficient of
tissue elastance, o is the angular frequency and o represents the reciprocal frequency-
dependent behaviour of G & H. Briefly, the parameters Raw and Iaw, respectively,
include the Newtonian components of tissue resistance and tissue inertance. Quasistatic
Est reflects the static elastic recoil pressure of the lungs at a given lung volume and was
measured by applying the pressure-volume curve technique using the Salazar-Knowles

equation, as described by the flexiVent manufacturer (19).
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Cardiac hemodynamic evaluation

After evaluating the respiratory mechanics, while under anesthesia, as described
previously, a polyethylene catheter (PE-50) was inserted into the right carotid artery for
hemodynamic evaluation. The AP was recorded first during a 5-min period. Then, the
catheter was positioned inside the left ventricle (LV), and the pulse wave was monitored
using the typical graphic registration of ventricular pressure and recorded for 5 min.
Pressure analogical signals were digitalized by a data-acquisition system (Windaq -
AT/CODAS, Dataq Instruments Inc., OH, USA) with sampling rate of 2.000 Hz. These
data were used to determine mean arterial pressure (MAP), heart rate (HR), left
ventricular systolic pressure (LVSP), left ventricular maximum change in pressure over
time (+dP/dtmax) and left ventricular minimum change in pressure over time (—dP/dtmax),
and left ventricular end-diastolic pressure (LVEDP). This last parameter was
determined manually by the detection of the point of inflection to the end of diastoles

from the analysis of the wave of ventricular pressure (13).

Infarct size, heart hypertrophy, and pulmonary and hepatic congestion

Rats were euthanized with an overdose of anesthetic (thiopental 80 mg/kg ip),
and the heart, lungs, and liver were removed and weighed. The right ventricle (RV) and
LV were dissected and weighed. The LVs were filled with an insufflating latex balloon
and placed in 10% formaldehyde for a minimum of 3 days before being cut into two
equal transverse sections. These sections were embedded in paraffin for subsequent
analysis of the infarct size. The percentage of the infarcted area was determined as
described previously (14). The heart weight-to-body weight ratio (HW/BW), LV/BW,
and RV/BW values were determined. Lungs and liver were dehydrated (80°C) for 48 h

and then weighed again to evaluate the water percentage (20).
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Statistical analysis

The mean values and the standard deviation (= SD) were calculated for all the
analysed data. The Kolmogorov-Smirnov normality test was performed. To compare the
effects between the groups (HF or Sham) and intervention (RMT or Sed), it was used
the two-way ANOVA, followed by the Tukey post hoc test. A p <.05 was considered
statistically significant. The GraphPad Prism 6 program (GraphPad Software, CA, USA)

was used in the data analysis.

Results
It was not observed behavioral changes associated with stress or adverse effects

in the rats that participated of the RMT protocol.

Mortality, morphological characteristics, pulmonary and hepatic congestion

In HF rats submitted to the MI, during or after surgery, the mortality was 31%.
In sham groups, there were no deaths during the study. The initial body weights and
final body weights were similar among the four groups in both the pre- and post-
training period. There were no differences in the infarcted area between the HF groups.
The Sed-HF group presented pulmonary congestion compared with sham groups; RMT
lower the pulmonary congestion (p < .01 for group, p <.001 for training and interaction
effects). There was no difference in hepatic congestion among groups.

The HW/BW and RV/BW were higher in the Sed-HF group compared with
sham groups. The RV hypertrophy was lower in the RMT-HF (p <.001 for group, p <

.05 for training and interaction effects) when compared to the Sed-HF group.
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Furthermore, the RMT-HF group showed no difference in RV hypertrophy when

compared to the sham groups. All of these data are summarized in Table 1.

Hemodynamic variables

All of these data are summarized in table 2. In sham rats, RMT had no effects on
LVEDP, LVSP, +dP/dtmax, or -dP/dtmax. The LVEDP was higher in the sedentary HF
rats, however, the LVSP, +dP/dtmax and —dP/dtmax was lower. RMT in HF rats lower
LVEDP (p <.0001 for group and training, and p < .001 for interaction effects). In
sedentary HF rats, the MAP, systolic arterial pressure (SAP) and diastolic arterial

pressure (DAP) was lower.

Cardiovascular responses evoked by chemoreflex activation

The intravenous injection of KCN (60, 100, 140, and 180 ug/kg) produced a
marked increase in blood pressure (sympathetic effect) and a marked decrease in heart
rate (parasympathetic effect) in all groups. No statistically significant difference was
found in the HR changes induced by KCN injections between experimental groups (Fig.
1A). On the other hand, the pressor responses evoked by KCN injection at 60 was lower
in the RMT-HF group when compared Sed-Sham group (p <.01). The pressor
responses evoked by KCN injection at 100 ng/kg was lower in the RMT-HF group
when compared Sed-Sham, RMT-Sham and Sed-HF groups (p <.001; p <.001 and p <
.05, respectively). Similarly, after KCN injection at 140 ug/kg, RMT was able a lower
in the HF rats when compared Sed-Sham and RMT-Sham groups (p <.001). Responses
by KCN injection at 180 was lower in the RMT-HF group when compared Sed-Sham
and RMT-Sham groups (p < .01 and p < .05, respectively). All of these data are

summarized in Fig 1B.
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Heart rate variability

All of these data are summarized in table 3. In sham rats, RMT had no effects on
heart rate or blood pressure variability parameters. The sympathetic modulation by
absolute LF band spectrum (p < .01 for training effect), LF (n.u.) (p <.001 for group,
and p < .01 for interaction effects) and peripheral sympathetic modulation, as can be
seen in LF band of systolic blood pressure (p < .05 for training effect), were higher in
the sedentary HF rats when compared to RMT-HF group. On the other hand, the RMT
was able to higher parasympathetic modulation by absolute HF band spectrum (p <
.0001 for group, and p < .01 for interaction effects), HF (n.u.) (» <.001 for group, and p
< .01 for interaction effects) and rMSSD (p <.001 for group, and p < .01 for interaction
effects). Associated with this, the sympathetic-vagal balance (LF/HF) was lower in
RMT-HF when compared to other groups (p <.0001 for group, and p < .05 for training

and interaction effects).

Respiratory mechanics

The respiratory system resistance (Rrs) and Gti (tissue resistance) were higher in
the Sed-HF group compared with sham groups (Fig. 2A) (Fig. 2B). RMT lower Rrs (p <
.001 for group, and p < .05 for training and interaction effects) and Gti (p <.001 for
group, and p < .05 for training effects) in HF rats compared with sham groups.

The respiratory system Est (Ers) was higher in Sed-HF rats compared with sham
groups; RMT lower the Ers (p < .0001 for group, and p < .05 for training and
interaction effects; Fig. 3A). Tissue Est (Hti), which has a main role in Ers, was higher

in HF rats; RMT lower Hti (p <.0001 for group, and p < .001 for training effects; Fig.
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3B). Additionally, quasistatic Est was higher in the Sed-HF group; RMT lower Est in

HF rats (p < .05 for interaction effect; Fig. 3C).

Discussion

In the present study, we have demonstrated that RMT in rats with HF induced:
1) improvement in cardiovascular function, as demonstrated by the decrease in LVEDP,
RV hypertrophy and lung congestion; 2) Changes in chemoreflex sensitivity, as verified
by lower in the pressor responses evoked by KCN injection at 100 pg/kg, 140 pg/kg and
180 ng/kg; 3) improvement in autonomic function, as verified by the decrease in the
absolute LF band spectrum, LF (n.u.) and peripheral sympathetic modulation, as well as
increase in the parasympathetic modulation by absolute HF band spectrum, HF (n.u.)
and rMSSD, associated with the decrease in the sympathetic-vagal balance (LF/HF); 4)
decrease in the Rrs and Gti, as well as Ers, Hti, and Est, respiratory mechanics
parameters.

The RMT has been observed to improve many clinical outcomes related to the
pathophysiological manifestations of HF (11). On the other hand, there is no consensus
regarding the responses to RMT on the mechanisms that explain an improvement in
these patients. Even if a previous study showed that RMT promotes better
cardiopulmonary function (13) of HF rats, however, it was not evaluated the effect of
RMT on cardiovascular function, respiratory mechanics, chemoreflex activity and heart
rate variability in rats with HF in the same study. Therefore, these new mechanisms are
important to best explain the effects of RMT in HF syndrome.

MI areas > 30% in rats represent a severe myocardial loss, and results in HF
with sustained hemodynamic dysfunction (13, 14). In the present study, the infarcted

area was ~39%, which is associated with impairment of the hemodynamic function,
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demonstrated by higher on LVEDP, H/BW, LV/BW, RV/BW, pulmonary congestion,
and lower LVSP. Here we showed a lower in the LVEDP by 56%, 31% in RV
compensatory hypertrophy and 18% in the lung congestion after RMT. The improves
of cardiac function observed in the RMT-HF group may have been produced by
improvement in autonomic function, analyzed by heart rate variability (spectral
analysis), which likely promoted peripheral vascular adaptations. Here we found that
RMT in HF rats showed a reduction in the peripheral sympathetic activity. The
reduction of the peripheral sympathetic activity and consequently, peripheral vascular
resistance, promotes greater perfusion of peripheral muscles (21). If these peripheral
adaptations are present, the decrease lung congestion occurs minimizing the RV
hypertrophy.

The abnormal ventilatory response at rest and during exercise, that caracterizes
advanced HF, has been associated with pulmonary congestion due to impaired
hemodynamic function, also it can be associated with abnormal chemoreflex and
autonomic responses (22, 23). Hyperactivation of the sympathetic nervous system
(SNS) have a pivotal role in the progression of morbidity and ultimate in mortality of
HF (24). It is known that multiple cardiovascular reflexes and central adjustments
contribute to the hyperactivity of SNS in HF (25). In particular, enhanced chemoreflex-
mediated activation of sympathetic outflow occurs in patients and experimental animals
with HF (5), which results in reduced blood supply to the tissues resulting in the
increase of peripheral chemoreflex sensitivity in this syndrome (25).

Respiratory muscle weakness in patients with HF shows a greater peripheral
chemoreflex response than those with preserved respiratory muscle strength (9). It is
noteworthy that, respiratory muscle weakness represents an independent predictor of

poor prognosis (8) in patients with HF, and is also present in HF-rats (8, 26). In this
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study, RMT in rats with HF demonstrated a reduced in the chemoreflex activation,
verified by lower increases in blood pressure (sympathetic effect) evoked by KCN
injection at 100 and 140 pg/kg when compared sedentary HF-rats.

Activation of the SNS and inhibition of the parasympathetic system have long
been recognized as manifestations of the clinical syndrome of HF, presumably as a
consequence of hemodynamic changes associated with the alteration in cardiac function
(3). In agreement with this, Mello et al. (2012) (12) that evaluated the effect of RMT on
cardiac autonomic modulation and on peripheral nerve sympathetic activity in patients
with HF (12). They found an increased in parasympathetic component and decreased in
the sympathetic component, besides decreased in muscle sympathetic nerve activity
(12). To our knowledge, neither study evaluated the effects of RMT in sympathetic and
parasympathetic balance and chemoreflex response, which can clarify the other
mechanisms of cardiovascular regulation.

In the present report, RMT in rats with HF showed lower in the sympathetic
modulation by absolute LF, LF (n.u.) and peripheral sympathetic modulation (LF band
of systolic blood pressure). On the other hand, the RMT was able to increase
parasympathetic modulation by absolute HF, HF (n.u.) and rtMSSD together a reduction
of the sympathetic-vagal balance (LF/HF). The reduction of the sympathetic nervous
activity and consequently, peripheral vascular resistance, promotes greater perfusion of
peripheral muscles (21), which can produce peripheral vascular adaptations.

Regarding to alterations in respiratory function, HF is associated with a reduced
carbon monoxide diffusion capacity (27), reduced respiratory muscle strength and
oxygenation (8), and increase in breathing effort caused by pulmonary congestion,
reduced lung compliance and increased airway resistance (13, 27, 28). Hydrostatic

pulmonary edema is caused by an increase in microvascular pulmonary pressure after
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increased LVEDP (29), which promotes an increase in the tissue component of the
resistance in the respiratory system and decreases the airway cross-sectional area (30),
leading to fatigue and dyspnea.

In a previous study, we found that RMT in rats with HF improves respiratory
mechanics (13). Similarly, in the present report, RMT in HF rats lower in tissue and
Rrs. Furthermore, we also found a lower in static, tissue and static Ers. Here we found
that the improvement of hemodynamic function, (lower in: LVEDP, RV hypertrophy
and pulmonary congestion) after RMT, are associated with the results observed in the
respiratory mechanics.

There are some limitations regarding the present report. First, there is no
histological evaluation of the adaptations in the lungs or diaphragm. Second, it was not
measured the respiratory muscle performance. Both of them would help to identify the
effects of RMT in muscle fiber and lung parenchyma adaptations.

In conclusion, RMT is believed to produce lung and peripheral vascular
adaptations, which are translated into a better hemodynamic function and respiratory
mechanics parameters. Additionally, the changes observed in pressor response during
chemoreflex activation are probably associated with a better sympathetic-vagal balance,
demonstrated by a reduction in the sympathetic and increase in parasympathetic

modulation in rats with HF and RMT.
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Figure 1: A, heart rate (HR) and B, mean arterial blood pressure (MAP) of the
chemoreceptor reflex response induced by increasing doses of potassium cyanide
(KCN, from 60 to 180 mg/kg) in studied groups. Values are means + SD. Groups were
compared by the two-way ANOVA and Tukey post hoc tests. Sed-Sham, sedentary sham
rats (n=5); RMT-Sham (n=5), respiratory muscle training sham rats; Sed-HF, sedentary
heart failure rats (n=5); RMT-HF, respiratory muscle training heart failure rats (n=5). *P
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< .01 compared with 60 pg/kg KCN in the group RMT-HF with Sed-Sham; 1P < .001
compared with 100 pg/kg KCN in the group RMT-HF with RMT-Sham and Sed-Sham,;
**P <.05 compared with 100 pg/kg KCN in the group Sed-HF with RMT-HF; +P <.001
compared with 140 pg/kg KCN in the group RMT-HF with RMT-Sham and Sed-Sham;
P <.001 compared with 180 ng/kg KCN in the group RMT-HF with Sed-Sham; **P <
.05 compared with 180 ng/kg KCN in the group RMT-Sham with RMT-HF.
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Figure 2: A, respiratory system resistance (Rrs) and B, tissue resistance (Gti) in
studied groups. Values are means + SD. Groups were compared by the two-way
ANOVA and Tukey post hoc tests. Sed-Sham, sedentary sham rats (n=8); RMT-Sham
(n=8), respiratory muscle training sham rats; Sed-HF, sedentary heart failure rats (n==8);
RMT-HF, respiratory muscle training heart failure rats (n=8). *P < .01 compared with
Sed-HF; TP <.001 compared with Sed-Sham and RMT-Sham; **P < .05 compared with
Sed-HF.
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Figure 3: A, respiratory system elastance (Ers); B, tissue elastance (Hti) and C,
quasistatic elastance (Est) in studied groups. Values are means = SD. Groups were
compared by the two-way ANOVA and Tukey post hoc tests. Sed-Sham, sedentary sham
rats (n=8); RMT-Sham (n=8), respiratory muscle training sham rats; Sed-HF, sedentary
heart failure rats (n=8); RMT-HF, respiratory muscle training heart failure rats (n=8). £P
<.0001 compared with Sed-Sham, RMT-Sham and RMT-HF; **P < .05 compared with
Sed-Sham and RMT-Sham; *P < .01 compared with Sed-HF.
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4. CONSIDERAGOES FINAIS

Em pacientes com IC, a diminuicdo do débito cardiaco promove a inadequada
entrega de suprimento sanguineo para os tecidos, com consequente prejuizo na
producao energética (Jessup e Brozena, 2003; Braunwald, 2013). Resultante dessa
incapacidade, a disfungdo muscular esquelética periférica contribui para a fadiga
precoce e limitagdo ao exercicio desses individuos (Fulster et al., 2013). Durante o
aumento da taxa metabdlica, os musculos ventilatorios e periféricos de pacientes com
IC passam a competir pelo aporte sanguineo, na tentativa de manter uma adequada
ventilacdo (Powers et al., 1997). O direcionamento de fluxo sanguineo para o
diafragma deve-se, em parte, ao metaborreflexo muscular inspiratério, que esta
hiperativado em pacientes com IC (Dempsey et al., 2006; Floras, 2009). O aumento
da resposta promovida pelo metaborreflexo inspiratério, que ocorre frente a fraqueza
da musculatura ventilatéria frequente em pacientes com IC, associa-se diretamente
com o aumento da resposta ventilatéria, a reducao do fluxo sanguineo periférico e,
consequentemente, intolerancia ao exercicio (Clark et al., 1996; Floras, 2009) . Por
sua vez, a fraqueza muscular ventilatéria em pacientes com IC esta intimamente
correlacionada com a capacidade funcional (Nishimura et al., 1994), e é considerada
um preditor independente de mau prognéstico em pacientes com IC (Meyer et al.,
2001).

Assim, por meio dos achados que relacionaram os musculos ventilatorios e sua
influéncia na sindrome IC, alguns grupos de pesquisa direcionaram a sua atengao em
verificar os efeitos do treinamento dos musculos ventilatérios em pacientes com IC.

Até o presente momento, seis revisdes sistematicas verificaram os efeitos do
TMI na IC, sendo favoraveis sobre muitas manifestagoes fisiopatoldgicas da IC (Chen
e Yin, 2012; Lin et al., 2012; Plentz et al., 2012; Sbruzzi et al., 2012; Smart et al., 2013;
Montemezzo et al., 2014). Embora o TMI tenha promovido beneficios sobre
manifestagdes fisiopatoldgicas e desfechos clinicos em pacientes com IC, pouco &
conhecido sobre a influéncia dessa modalidade terapéutica na fungcdo hemodinémica.
Ainda, até o nosso conhecimento, nenhum estudo verificou a possivel influéncia do
TMI na genotoxicidade do musculo diafragma de ratos com IC.

Dessa forma, com a possibilidade de utilizarmos o modelo experimental de IC

e verificarmos os efeitos do TMV em ratos, o estudo 1 foi desenvolvido, com a
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finalidade de analisar os efeitos do TMV na funcdo hemodinamica e no dano em DNA,
no musculo diafragma de ratos com IC.

Os resultados encontrados indicaram que, em primeiro lugar, o musculo
diafragma de ratos com IC apresentou dano em DNA. Apéds o protocolo de TMV, os
animais com IC exibiram valores menores de dano em DNA no diafragma. Ainda, os
animais com IC que realizaram o TMV demonstraram melhora da fungao
hemodinamica.

Devido as alteracbes cardiacas e hemodindmicas presentes na IC, a
hiperexcitagdo neurohumoral ocorre, inicialmente apropriada com a finalidade de
preservar o adequado funcionamento cardiovascular, mas cronicamente é deletéria
(Floras, 2009). A estimulagdo dos quimiorreceptores periféricos, localizados nos
corpusculos carotideos e aorticos, sensiveis principalmente a queda da POz, provoca
um aumento exagerado na ventilagdo pulmonar e na atividade simpatica em pacientes
com IC (Kara et al., 2003; Di Vanna et al., 2007). Estudos tém demonstrado que a
atividade simpatica e parassimpatica estido relacionadas a doenca cardiovascular, e
associadas a um prognéstico desfavoravel. Especificamente, tanto o aumento do
sistema simpatico como a diminuicdo da atividade parassimpatica tém sido
associados com um risco aumentado de morte subita e/ou suscetibilidade a arritmias
ventriculares (Lahiri et al., 2008). Dentre os métodos utilizados no meio cientifico para
mensurar a atividade do controle autbnomo cardiovascular, a analise da variabilidade
da frequéncia cardiaca vem sendo largamente empregada (Parati e Esler, 2012).

A fraqueza muscular ventilatéria, em pacientes com IC, esta associada ao
aumento da resposta quimiorreflexa periférica (Callegaro et al., 2010) e a disfungéo
do controle auténomo cardiaco (Reis et al., 2010). Mello et al. (2012) (Mello et al.,
2012) avaliaram o efeito do TMI na modulagdo autbnoma cardiaca e na atividade
nervosa simpatica muscular em pacientes com IC. Os autores verificaram um aumento
no componente parassimpatico e uma diminuigdo, tanto no componente simpatico
quanto na atividade nervosa simpatica muscular apos TMI (Mello et al., 2012).

Na IC, a disfuncao simpatica e parassimpatica que presumivelmente ocorre em
associagao a disfuncao cardiaca (Florea e Cohn, 2014), pode conduzir o aumento na
atividade dos quimiorreceptores periféricos (Hennersdorf et al., 2001), principalmente
pelo aumento da atividade simpatica (Schultz e Li, 2007), correlacionando-se
significativamente com a resposta ventilatoria exacerbada ao exercicio e dispneia
(Ciarka et al., 2006).
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Até o presente momento, ndo foi verificado o efeito no TMI na resposta
quimiorreflexa e na variabilidade da frequéncia cardiaca em pacientes ou animais com
IC no mesmo estudo. Dessa forma, o estudo 2 da tese em questao foi desenvolvido
com a finalidade de investigar a influéncia do TMV na fungdo hemodinadmica,
mecanica respiratéria, na resposta dos quimiorreceptores periféricos e na
variabilidade da frequéncia cardiaca de ratos com IC. Verificou-se que, apos o
protocolo de TMV, os ratos com IC apresentaram melhora da fungédo hemodinamica e
da mecanica respiratoria. Além disso, o0 TMV demonstrou melhorar o quimiorreflexo
periférico, reduzir a atividade simpatica e aumentar a atividade parassimpatica.

Os estudos provenientes desta tese foram elaborados com o objetivo de
verificar algumas respostas fisioldgicas e de genotoxicidade em ratos com IC,
utilizando como ferramenta terapéutica o TMV. Em conjunto com outros achados
publicados pelo nosso grupo (Jaenisch et al.,, 2011), os resultados encontrados
indicam que:

1) O modelo experimental de IC, desenvolvido em nosso laboratério, mimetiza
as alteracdes multissistémicas encontradas na sindrome IC, o que o torna ferramenta
para o desenvolvimento de inUmeros estudos;

2) O protocolo de TMV em ratos com IC, como demonstrado nos estudos da
tese e previamente, oportuniza uma possibilidade impar no desenvolvimento de outros
estudos, assim como a investigagdo de outras doengas ou sindromes no modelo
experimental;

3) O TMV em ratos com IC promoveu a melhora da fungédo hemodinamica e da
mecanica respiratéria, a redugao da resposta pressorica quimiorreflexa e da atividade
simpatica, assim como o aumento da parassimpatica. Ainda, reduziu o dano ao DNA
no musculo diafragma de ratos com IC.

Dessa forma, a contribuicdo para o maior conhecimento sobre as respostas do
TMV na sindrome IC torna-se evidente, o que possibilita novas investigagdes sobre o
assunto.

Com base nos achados e, em informagdes prévias de investigagbes que
agregaram o TMV em pacientes com IC, a possibilidade de utilizar o TMV como

estratégia adicional ao tratamento medicamentoso parece apropriada e justificavel.
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4.1. Perspectivas futuras

Do ponto de vista clinico, o desenvolvimento de novos estudos com um maior
rigor metodolégico, como ensaios clinicos randomizados e controlados por placebo,
faz-se necessario. Além disso, estudos com maior tamanho amostral e protocolos de
interven¢ao mais longos poderao determinar resultados ainda mais satisfatérios, com
a perspectiva da redugcédo da mortalidade em um periodo de acompanhamento. Ainda,
o desenvolvimento de estudos multicéntricos podera proporcionar maior validade
externa dos resultados, com a realizacdo de protocolos similares em diferentes
centros de pesquisa.

Estudos experimentais utilizando o modelo de IC e o TMV poderao esclarecer
algumas respostas ainda pouco elucidadas. Por exemplo, o conhecimento sobre a
influéncia do TMV na capacidade oxidativa, marcadores de estresse oxidativo e o
metaborreflexo de musculos periféricos podera contribuir para o melhor entendimento
dos possiveis beneficios ndo somente locais, mas sistémicos, que o TMV pode
exercer na sindrome IC.

Ainda, a possibilidade de agregar o TMV com outras ferramentas terapéuticas
nao farmacolégicas como o exercicio continuo, o exercicio intervalado e o exercicio
de for¢ca poderao, sobretudo, determinar a magnitude do incremento de diferentes
modalidades, tanto em pacientes quanto em animais com IC, em analises funcionais,

fisiologicas e biomoleculares.
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97

2.JAENISCH, R. B.; DAL LAGO, P. Treinamento Muscular Inspiratério na
Insuficiéncia Cardiaca. Fisioterapia em Cardiologia. 2%ed.: Atheneu, 2014, v. , p. 101-
112.

Participacao em bancas

- Cursos de graduagao

1.JAENISCH, R.B; BERNARDI, C. Participacdo em banca de Bruna
Mozaquatro. EFEITO DA HIPOTENSAO SOBRE O QUIMIORREFLEXO
PERIFERICO EM RATOS COM INSUFICIENCIA CARDIACA. 2014. Trabalho de
Conclusédo de Curso (Graduagao em Fisioterapia) - Universidade Federal de Ciéncias

da Saude de Porto Alegre.

2.JAENISCH, R.B; SILVA, E.; GUTHS, H. Participacdo em banca de Poline
Timm. SEGURANCA E EFICACIA DO EXERCICIO FiSICO EM INDIVIDUOS COM
HIPERTENSAO PULMONAR. 2012. Trabalho de Conclus&o de Curso (Graduagéo em
Fisioterapia) - Centro Universitario La Salle - Canoas.

3.JAENISCH, R.B.; SILVA, E.; GUTHS, H. Participacdo em banca de Paulo
Ricardo Marques Filho. CONHECIMENTO SOBRE HIPERTENSAO ARTERIAL
SISTEMICA EM COLABORADORES DE UMA INSTITUICAO DE ENSINO DA
REGIAO METROPOLITANA DE PORTO ALEGRE/RS. 2012. Trabalho de Conclus&o
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(Graduacédo em Fisioterapia) - Centro Universitario La Salle - Canoas.



98

6.JAENISCH, R.B.; PILZ, M.; SILVA, E. Participacdo em banca de Andressa
Franzen. EFICACIA DE UM PROTOCOLO CINESIOTERAPEUTICO DE EQUILIBRIO
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Cardiologia do Estado de Sao Paulo, 2015.
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A., CAVINATO, PAULO R., XAVIER, LEDER L., DAL LAGO, PEDRO. Low-level laser
therapy improves the inflammatory profile of rats with heart failure. Lasers in Medical
Science. v.28, p.1007 - 1016, 2012.



102

Anexo A - Parecer do Comité de Etica no Uso de Animais da Universidade
Federal de Ciéncias da Saude de Porto Alegre

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO

1) PROTOCOLO N°: 070/11 PARECER: 122/12

2) DATA DO PARECER: 18/04/2012

3) TiTULO DO PROJETO:

Efeito do treinamento muscular ventilatério combinado com o exercicio fisico sobre o perfil
inflamatdrio, o metaboreflexo muscular e a mecanica respiratéria em ratos com insuficiéncia
cardiaca

4) PESQUISADOR RESPONSAVEL:

Pedro Dall’Ago

5) RESUMO DO PROJETO:

6) OBJETIVOS DO PROJETO:

GERAL:

Avaliar o efeito do treinamento muscular ventilatdrio e do exercicio fisico regular de moderada
intensidade sobre o perfil inflamatério, o metaboreflexo muscular e a mecanica respiratdria em ratos
com insuficiéncia cardiaca induzida por IAM.

ESPECIFICOS:

Avaliar o impacto do treinamento muscular ventilatério de 6 semanas sobre o metaboreflexo
muscular, a mecanica respiratdria e niveis plasmaticos de TNF- alfa , IL-6 e IL-10 em animais
saudaveis e com ICinduzida por IAM.

Avaliar o impacto do exercicio fisico regular de 8 semanas sobre o metaboreflexo muscular, a
mecanica respiratoria e niveis plasmaticos de TNF-alfa, IL-6 e IL-10 em animais saudaveis e com IC
induzida por IAM.

Avaliar a associagao do treinamento muscular ventilatdrio de 6 semanas e o exercicio fisico regular
de 8 semanas sobre o metaboreflexo muscular, a mecanica respiratoria e niveis plasmaticos de TNF-
alfa, IL-6 e IL-10 em animais saudaveis e com IC induzida por IAM.



7) FINALIDADE DO PROJETO:

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo

Introducao

Objetivos

Relevancia e Justificativa

Materiais e Métodos

Cronograma para execugao da pesquisa

Orgcamento e fonte financiadora

Referéncias Bibliograficas

9) O PROJETO ESTA ADEQUADO A LEGISLAGAO VIGENTE:

10) INFORMAGOES RELATIVAS AOS ANIMAIS:

Grau de dor/estresse: B C

Justifique:
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Ensino Pesquisa
X | Adequado Comentarios
X | Adequada Comentarios
X | Adequados Comentarios
Adequados | Comentarios
X | Adequados Comentarios
X | Adequado Comentarios
X | Adequados Comentarios
X | Adequadas Comentarios
X | Sim N&o
D (X E



Espécie: @ Wistar

Redugao Amostral:

Justifique:

Substituicdo de Metodologia:

Se achar necessdrio, justifique e sugira uma nova metodologia:

Aprimoramento da Metodologia:

Se achar necessdrio, justifique e sugira aprimoramentos da metodologia:

Acomodacgao e manutencgao dos animais:

Se achar inadequada cite abaixo as melhorias necessdrias:

Manipulagao dos animais:

Se achar inadequada cite abaixo as melhorias necessdrias:

Analgesia dos animais (se aplicavel):

Se achar inadequada cite abaixo as melhorias necessdrias com analgésico substituto:

X
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Numero Amostral: 107
Sim Nao
Sim Nao
Sim Nao
Adequada Inadequada
Adequada Inadequada
Adequada Inadequada
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Anestesia dos animais (se aplicavel): X | Adequada Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com anestésico substituto:

Eutanasia dos animais (se aplicavel): X | Adequada Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com metodologia substituta:

Local de Realizagao (Biotério/Labotarério): Laboratério de Fisiologia (UFCSPA) salas
10,12,e14.

Outra instituigdo. Qual?

11) CRONOGRAMA DE UTILIZAGAO DE ANIMAIS

Data Espécie Sexo Quantidade

Experimentos com animais serdo iniciados em agosto, dezembro de 2012 e abril de 2013.

12) RECOMENDAGAO:

X | Aprovado

Com Pendéncia

Nao aprovado
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Anexo B - Normas para a publicagao da revista Journal of Cardiac Failure

JOURNAL OF CARDIAC FAILURE

DESCRIPTION

Journal of Cardiac Failure publishes original, peereviewed communications of scientific exc
ellenceand review articles on clinical research, basic human studies, animal studies, and
bench researchwith potential clinical applications to heart failure - pathogenesis, etio
logy, epidemiology,pathophysiological mechanisms, assessment, prevention, and treat

ment.

Benefits to authors

We also provide many author benefits, such as free PDFs, a liberal copyright policy, special d
iscounts

on Elsevier publications and much more. Please click here for more information on our author
services.

Please see our Guide for Authors for information on article submission. If you require an
y further
information or help, please visit our support pages: http://support.elsevier.com

IMPACT FACTOR

2014: 3.051 © Thomson Reuters Journal Citation Reports 2015

ABSTRACTING AND INDEXING

CINAHL

Chemical Abstracts

Cumulative Index to Nursing and Allied Health Literature
Current Contents / Clinical Medicine

Index Medicus

Science Citation Index

Scopus

ISI Alerting Services

EDITORIAL BOARD

Editor-in-Chief:
Paul J. Hauptman, MD, Saint Louis University, Saint Louis, MO



107

GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may c
hoose tosubmit your manuscript as a single Word or PDF file to be used in the refereeing pr
ocess.

Only whenyour paper is at the revision stage, will you be requested to put your paper in t
0 a 'correct format'for acceptance and provide the items required for the publication of you
r article.To find out more, please visit the Preparation section below.

The Journal of Cardiac Failure publishes peerReviewed manuscripts of interest to clinici
ans andresearchers in the field of heart failure and related disciplines. These include original
communicationsof scientific importance and review articles involving clinical research, healt
h services and outcomesresearch, animal studies, and bench research with potential clini
cal applications to heart failure.The Journal also publishes manuscripts that report the de
sign of ongoing clinical trials and editorialperspectives that comment on new developments

pertinent to the field of heart failure or manuscripts published in other journals.

Authors may send queries concerning the submission process, manuscript status, or
journal procedures to the Editorial Office, aleong@hfsa.org.

BEFORE YOU BEGIN

For information on ethics in publishing and ethical guidelines for journal publicat
ion see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-
authors/ethics.

Published research must be in compliance with human studies guidelines and animal
welfareregulations.

Authors should indicate in the manuscript that human subjects have given informed
consent and that the institutional committee on human research has approved the study
protocol.

Similarly, they should indicate that studies involving experimental animals conform to inst
itutional standards.

If a potential conflict exists, its nature should be stated for each author and the informatio
n should be outlined in the Disclosure section of the manuscript.

When there is a stated potential conflict ofinterest and the editors consider that it may have
relevance to the accompanying paper, a footnote willbe added indicating the author(s)' equity
interest in or other affiliation with the identified commercial firms.

All potential conflicts of interest must be identified within the text of the manuscript, u
nder theconflicts with interest heading. This includes relationships with pharmaceutical
and biomedicaldevice companies or other corporations whose products or services are
related to the subjectmatter of the article. Such relationships include, but are not Ii
mited to, employment by anindustrial concern, equity or stock ownership by authors
or family member, membership on astanding advisory council or committee, being ont
he board of directors or publicly associatedwith the company or its products. Other
areas of real or perceived conflict of interest couldinclude receipt of honoraria or cons
ulting fees or receiving grants or funds from such corporationsor individuals representing
such corporations. See also http://www.elsevier.com/conflictsofinterest.

Further information and an example of a Conflict of Interest form can be
founat:http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing. If t
here are "none"this should be stated in the Disclosure section.
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Submission of an article implies that the work described has not been published previously
(exceptin the form of an abstract or as part of a published lecture or academic thesis or
as an electronicpreprint, see http://www.elsevier.com/postingpolicy), that it is not under con
sideration for publicationelsewhere, that its publication is approved by all authors and tacitl
y or explicitly by the responsibleauthorities where the work was carried out, and that, if acc
epted, it will not be published elsewhere,including electronically, in the same form, in Engli
sh or in any other language, without the written consent of the publisher.

Original works will be accepted with the understanding that they are contributed solely to th

e Journalof Cardiac Failure, are not under review by another publication, and have not
previously beenpublished except in abstract form. Accepted manuscripts become the sole pr
operty of the journal andmay not be published elsewhere without the consent of the Journal
of Cardiac Failure. A form statingthat the authors transfer all copyright ownership to the jou
rnal will be sent from the publisher whenthe manuscript is accepted; this form must be sign
ed by all authors of the article.

The submission form includes three statements: (1) that there has been no duplicate publi

cation orsubmission elsewhere of any part of the work (excluding abstracts), (2) that all a
uthors have readand approved the manuscript, and (3) that there are no financial or otherr
elations that could lead toa conflict of interest. This form must be downloaded, signed by all

authors, and faxed to the editorialoffice.

Each author is required to declare his or her individual contribution to the article: all auth
ors musthave materially participated in the research and/or article preparation, so roles for

all authors shouldbe described. The statement that all authors have approved the final art
icle should be included in the disclosure.

All authors should have made substantial contributions to all of the following: (1) the concep
tion anddesign of the study, or acquisition of data, or analysis and interpretation of data,
(2) drafting thearticle or revising it critically for important intellectual content, (3) final ap
proval of the version to be submitted.

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

Before the accepted manuscript is published in an online issue: Requests to add or remove a
n author,or to rearrange the author names, must be sent to the Journal Manager from the corr
esponding authorof the accepted manuscript and must include: (a) the reason the name sho
uld be added or removed,or the author names rearranged and (b) written confirmation (e-
mail, fax, letter) from all authorsthat they agree with the addition, removal, or rearrange
ment. In the case of addition or removalof authors, this includes confirmation from the a
uthor being added or removed. Requests that arenot sent by the corresponding author will
be forwarded by the Journal Manager to the correspondingauthor, who must follow the proce
dure as described above. Note that: (1) Journal Managers will informthe editors of any such r
equests and (2) publication of the accepted manuscript in an online issue issuspended until
authorship has been agreed.After the accepted manuscript is published in an online issue: An
y requests to add, delete, or rearrangeauthor names in an article published in an online issu
e will follow the same policies as noted above and result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreem
ent' (formore information on this and copyright, see http://www.elsevier.com/copyright).
An email will besent to the corresponding author confirming receipt of the manuscript
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together with a'JournalPublishing Agreement' form or a link to the online version of this ag
reement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internalcirculation within their institutions. Permission of the Publisher is required for resal
e or distributionoutside the institution and for all other derivative works, including comp
ilations and translations(please consult http://www.elsevier.com/permissions). If excerpts f
rom other copyrighted works areincluded, the author(s) must obtain written permission fr
om the copyright owners and credit thesource(s) in the article. Elsevier has preprinted for
ms 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'E
xclusivelLicense Agreement' (for more information see http://www.elsevier.com/OAau
thoragreement).Permitted third party reuse of open access articles is determined by the auth
or's choice of user license (see http://www.elsevier.com/openaccesslicenses).



Anexo C - Normas para a publicagdo da revista European Journal of Heart
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Author Guidelines

REQUIRED FORMS

European Joumal of Heart Failure requests that all authors complete:

An ICMJE Confiicts of Interest disclosure form

An Author Contrnibution form

The Corresponding author should also complete a ColourWork Agreement form, if the article
contains colour figures.

INTRODUCTION

Thank you for your interest in European Journal of Heart Failure. Please consult the following
instructions for help in preparing your manuscript, and feel free to contact us with any questions.
To ensure fast peer review and publication, manuscnpts that do not adhere to the following
instructions will be retumed to the corresponding author for technical revision before undergoing
peer review. We look forward to your submission.

AIMS AND SCOPE

The European Jourmnal of Heart Failure is the intemational joumal of the Heart Failure Association
ofthe European Society of Cardiology dedicated to the advancement of knowledge in the field of
heartfailure. The journal publishes reviews and editorials in order to improve the understanding,
prevention, investigation and treatment of heart failure. Molecular and cellular biology, pathology,
physiology, electrophysiology, pharmacology, as well as the clinical, social and population
sciences all form part of the discipline thatis heart failure. Accordingly, submission of manuscripts
on basic, clinical and population sciences is invited. Original contributions on nursing, care of the
elderly, primary care, health economics and other specialist fields related to heart failure are also
welcome.

HEARTNETWORK

The European Journal of Heart Failure paricipates in the HEART Network which is a network of
Editors from most cardiovascular joumals. Information is exchanged between Editors on a regular
basis. The netwaork has recently approved a common ethics standard.

Its purpose Is to ensure fransparency and honesty in the scientfific process that promotes ethical
conduct in performance and publication of research.

The following will be considered as parts of this process:

a. Disclosure of potential conflicts of interest for all involved in the performance of research and in
the evaluation and publication process of a manuscript. Relevant relationships with commercial
interests should be disclosed according to the guidelines of the journal's sponsoring society, or,
when no such guidelines exist, according to those ofthe AHA, ACC, or ESC.

b. Establish thorough review processes particularly alertto discovering scientific fraud and data
falsification, redundant or duplicate publication, and plagiansm, and to adopt a uniform standard
of dealing with authors guilty of raudulent practices.

c. To maintain confidentiality and embargos where appropriate.

d. To create uniform criteria to establish authorship. To qualify for authorship, individuals must
have made substantial contributions to the intellectual content of the paper in atleast one of the
following areas: conceived and designed the research, acquired the data, analysed and
interpreted the data, performed statistical analysis, handled funding and supervision, drafted the
manuscript, or made critical revision ofthe manuscript for important intellectual content. Authors
must give final approval of the version to be submitted and any revised version to be published.
For multi-centre trials, individuals who accept direct responsibility for the manuscript should fully
meetthe criteria for authorship defined above and contributors not meeting these criteria should
be acknowledged.

e. Avoidance of false claims of ownership, priority, by attention to previous publications.

f. Avoidance of excessive claims of benefits of a productitechnigue, in the publication as well as
with news media.

g. Noting compliance with institutional review board requirements and, when appropriate,
approved laboratory procedures for animal research, and thatthe research conforms to the ethical
standards of the Declarafion of Helsinki the Geneva Declaration, the Belmont Report, and Good
Clinical Practices from the FD A, and the submission conforms to the imternational Commitiee of
Medical Journal Editors (ICMJE): Uniform Requirements for Manuscripts Submitted to Biomedical
Joumnals: writing and editing for biomedical publication (Haematologica 2005; 89:264).
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PRE-SUBMISSION
1. Editorial Review and Acceptance

The acceptance criteria for all papers are the quality and originality of the research and its
significance to our readership. Exceptwhere otherwise stated, manuscripts are double-blind peer
reviewed by two anonymous reviewers and the Editor. Final acceptance or rejection rests with the
Editorial Board, who reserves the right to refuse any material for publication.

Manuscripts should be in a clear, concise and direct style. Where conftributions are judged as
acceptable for publication on the basis of content, the Editor and the Publisher reserve the right to
modify typescripts to eliminate ambiguity and repetition and improve communication between
author and reader. If extensive alterations are required, the manuscript will be returned to the
author for revision.

2. Pre-submission Resources
2.1.Author Services

Prior to submission, we encourage you to browse Wiley's Author Resources site, which provides
useful information on topics such as preparing your article and digital artwork; publishing ethics;
copyright and open access; and how to promote your published work.

2.2.Pre-submission English-language Editing

Authors for whom English is a second language are advised to consider having their manuscnpt
professionally edited before submission to improve the English, and to ensure the paper is clearly
written in standard, scientific English language appropriate to the discipline. This can be
undertaken by a service such as the Wiley English Language Editing Service, at
http//wileyeditingservices com. Please note thatusing the Wiley English Language Editing
Service does notguarantee that your paper will be accepted by this journal, and all services are
paid for and arranged by the author.

3. Manuscript Preparation
3.1.Manuscript Categories and Criteria
The European Joumal of Heart Failure accepts the following categories ofarticles:

Full Length Articles

These should not exceed 3500 words (excluding references, tables and figures) and may include
up to a maximum of 6 figures and/or tables and up to 30 references. Full length articles should be
divided into the following sections: (1) Title page, (2) Abstract and up to six Keywords, (3)
Introduction, (4) Methods, (5) Results, (6) Discussion, (7) Acknowledgements, (8) Funding, (9)
Conflict of interest, (10) References, (11) Figure legends, (12) Appendices, (13) Tables, (14)
Figures. The Abstractshould be divided into the following sections "Aims’, ‘Methods and results’
and ‘Conclusion’; itshould notexceed 250 words.

Reviews

The European Joumnal of Heart Failure publishes a limited number of scholarly, comprehensive
review papers. Reviews should not exceed 3500 words. They should summarise and critically
evaluate research in the subjectarea, and should discuss implications for the future. Reviews
have unstructured abstracts with no headings, which should not exceed 250 words and may
include up to 45-50 references. Please see below for systematic reviews.

Systematic Reviews

These reviews should follow the format of full length articles (refer to the section, "Full Length
Articles’). These should be submitted as a full length article during the submission process.
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Editorials

All editorials should be limited to 1500 words (excluding references), with a maximum of 15
references. They do notrequire an abstract.

Short Reports

These reports should not exceed 1500 words and should comprise a Background section (=100
wards), Aims (=50 words), Methods (=300 words), Results (300 words) and Conclusion (250
waords). The editornial team reserves the right to decde which ofthe fables/figures submitted are
necessary. A structured abstract notexceeding 250 words is also required for Internet purposes.

Letters to the Editor

Relevant correspondence will be considered. This should not exceed 400 words in length
excluding references, and a maximum of three authors.

Case Reports

These reports should not exceed 1200 words. Case reports should include an unstructured
Absfract with no subheadings (not exceeding 100 words), an Introduction, a Descripfion of the
case(s) under the heading, ‘Case Report’ and a Discussion of the findings in the context of current
practice.

Study Design

These should not exceed 3500 words {excluding references, tables, and figures) and may include
up to a maximum of & figures and/or tables and up to 20 references. Study design papers should
be divided into the following sections: (1) Title page, (2) Abstract and up to six Keywords, (3)
Infroduction, (4) Study Design, (5) Discussion, (6) Acknowledgements, (7) Funding, (8) Conflict of
Interest, (9) References, (10) Figure legends, (11) Appendices, (12) Tables, (13) Figures. The
Abstract should be divided into the following sections ‘Aims’, 'Methods', and "‘Conclusion’; it
should not exceed 250 words.

3.2. Manuscript Format and Structure
General Format

Prepare your manuscript text using a Word processing package (save in _doc or rif format).
Submissions of text in the form of PDF files are not permitted. Manuscripts should be double-
spaced, including ext, tables, legends and references.

Number each page. Please avoid fooinotes; use instead, and as spanngly as possible, notes
within brackets. Enter textin the style and order ofthe journal_ Type references in the correct order
and style of the journal. Type unjustified, without hyphenation, except for compound words (where
two words are joined to form a new word e g. end-systolic, non-infarcted ). Type headings in the
style of the journal Use the TAB key once for paragraph indents. \Where possible use Times New
Roman for the text font and Symbol for Greek and special characters. Use the word processing
formatiing features to indicate bold, italic, Greek, maths, superscriptand subscript characters.
Clearly identify unusual symbols and Greek letters. Differentiate between the letier O and zero; the
letters | and |; and the number 1.

Check the final copy of your paper carefully, as any spelling mistakes and errors may be
translated into the typeset version.

Style and Spelling

Oxford English spelling should be used. Authors whose first language is not English are
requested to have their manuscripts checked carefully before submission. This will help expedite
the review process and avoid confusion.

Abbreviations

Abbreviations of standard Sl units of measurement only should be used.



3.3. Parts of the Manuscript
Title Page

The title page should include the following: (1) the title, (2) the name(s) of authors, (3) the
institution(s) where work was performed, (4) the position, institution and location of all authors, (5)
the telephone number, fax number and e-mall address of the corresponding author (6) the
institutional affiliations of the authors (including corporate appointments) should be acknowledged
in a footnote.

Abstract and Keywords

All abstracts may notcontain more than 250 words and should be submitted as a separate file.
The abstract should be formatied with the following heading: (1) Aims, (2) Methods and Results,
(3) Conclusion.

A maximum of six keywords may be submitted.
Introduction

This section should provide a rationale for conducting the study within the context of previous work
by other authors.

Methods

This section should be sufficiently detailed to enable repetition of the study by other investigators.
If pertinent, the section may be divided into headed subsections. For animal studies, this section
should coniain a statement that, “The investigation conforms to the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23,
revised 1985)" Human studies should contain a statement that “The investigation conforms with
the principles outlined in the Declaration of Helsinki” (Br Med J 1964 ii: 177). In addition details of
the ethics commitiee approval procedures and a statement that all subjects gave written informed
consent to participate in the study should be included.

Results

If pertinent, the section may be divided into headed subsections. For presentation of data, figures
are preferred to tables. Data should not be duplicated in both figures and tables. Extensive
numerical data should be presented in legends to the figures rather than in the main body of text.
Slunits should be used throughout.

Discussion

Four manuscript pages should in general be encugh to compare and interpret the findings of the
study with regard to previous work by (other) authors. This section should also contain 1-4
paragraphs dealing with topics thatare beyond the scope of the study. Limitations to the study
should also be discussed.

Figures

All illustrations (line drawings and photographs) are classified as figures. The review process will
not begin until all figures are received. Figures should be limited to the number necessary for
clarity and must not duplicate data given in tables or in the text They must be suitable for high
quality reproduction and should be submitted in the desired final printed size so thatreduction can
be avoided. Figures should be no larger than 125 (height) x 180 (width) mm (5 x 7 inches) and
each figure should be submitted in a separate file from that of the main manuscripttext. More
information about figure requirements and advice on preparation is available on our Author
Resources Digital Artwork page.

Line Drawings: Please provide these as clear, sharp illustrations, suitable for reproduction as
submitted. All labelling should be on the oniginal. Faintand grey shading or stippling will be lost
upon repraduction and should be avoided. Where various shadings are used within one figure
please ensure that it is easy to differentiate between them, using standard shadings (see the hard
copy of the journal for examples). There should be sufficientwhite space between lines and dots
to ensure the areas will not fill in and look grey. If stippling is used, this should be made up of clear
black dots with visible white space between them.
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Ensure that the size of the lettering is in proportion with the overall dimensions of the drawing.
Ideally, the drawings should be submitted in the desired final printed size to avoid reduction_ If
submitling line drawings which require reduction, please check that the lettering will be clearly
legible after the drawing has been reduced to the size atwhich it will be printed. After reduction,
letters should not be smaller than 2 mm in height.

Photographs: Photographs should be of sufficiently high quality with respect to detail, contrast and
fineness of grain to withstand the inevitable loss of contrast and detail inherent in the printing
process. Please indicate the magnification by a rule on the photograph.

Wiley's Figure Preparation service can provide publication ready figure files, setto the cerrect
size, resolution and layoutto suitthis journal. Authors just need to upload their exisfing figures,
along with the name of the journal, 1o the site_ Visit our site for more details of the service and
charges.

Figure Legends

These should be on a separate, numbered page, and grouped under the heading "Legends".
Define all symbols and abbreviations used in the figure. Common abbreviations and others in the
preceding text should not be redefined in the legend.

Colour Figures
The European Journal of Heart Failure does not charge for colour figures.
Tables

Tables should be typed with double spacing, but minimising redundant space, and each should
be placed on a separate sheet Tables should be submitted, wherever possible, in a portrait, as
opposed to landscape, layout. Each Table should be numbered in sequence using Arabic
numerals. Tables should also have a fitle above and an explanatory footnote below. All
abbreviations used should be defined in the footnote. NB: tables must be submittedinan
editable format, such as Excel or Word, and not embedded as animage or presented as an
image file.

Permissions

If any figures are to be duplicated from previously published work, written permission must be
obtained both from the publisher and the author, and a credit line giving the source added to the
relevantfigure legend. Iftext material (250 to 300 words) is to be reproduced from published
sources, written permission is required from both publisher and author. For shorter quoiations, itis
sufficientto add a bibliographic credit The Lefters containing the permission for the reproduction
of either text or illusirations must be uploaded with the manuscript files. If you have been unable to
obtain permission, please indicate this.

Permission Notfe

This should list any material (Figures, Tables and/orlarge amounts of text) that has been
previously published. Permissians from the previous publisher/copyright holder should be
provided, or alternatively, if all material is original to this submission, then a word document stafing
this fact should be uploaded with your submission
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Substanfive confributions of individuals should be noted in the Acknowledgements, positioned
before the Conflict of Interest statement

Conflicts of Interest

All authors must make a formal statement indicating any pofential conflicts of interest that might
constitute an embarrassment to any ofthe authors ifitwere not to be declared and were to emerge
after publication. Such conflicts might include, but are not limited to, shareholding in or receipt ofa
grant or consultancy fee from a company whose product features in the submitted manuscnptor
which manufactures a competing product The statement should be positioned before the list of
references. Ifthere are no conflicts ofinterest, please insertthe wording, '‘Conflicts ofinterest none
declared'. European Journal of Heart Failure uses the ICMJE Conflicts of Interest disclosure form,
and requests that each author submits a completed form along with the submission.
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References should be identified in the text by Arabic numerals and numbered in the order cited.
All references should be compiled atthe end of the article in the Vancouver style, exceptthat ALL
authors should be listed.

Complete information should be given for each reference including the file ofthe article,
abbreviated journal fifle and page numbers.

Personal communications, manuscripts in preparation and cther unpublished data should not be
cited in the reference list but may be mentioned in parentheses in the text Authors should get
permission from the source to cite unpublished data. Titles of journals should be abbreviated in
accordance with index Medicus (see list printed annually in the January issue of Index Medicus). If
a journal is not listed in Index Medicus then its name should be written outin full.

We recommend the use of a tool such as EndMNote or Reference Manager for reference
management and formatiing. EndN ote reference siyles can be searched for here:
hitp:/www.endnote.com/support/enstyles.asp. For Reference Manager we recommend using the
European Hearl Journal reference style which can be searched for here:

hitpfiwww _refman com/suppori/rmstyles asp.
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