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RESUMO

INTRODUCAO: Hipertenso arterial pulmonar (PAH)ipdrtens&o pulmonar associada
ao tromboembolismo crénico (CTEPH) sao caracteaggumbr desbalancosimpatovagal,
disfuncdo endotelial, aumento da pressdo na anpélimonar e sobrecarga cardiaca
direita. Pacientes portadores destas doencas afaesacentuada dispnéia e fadiga, que
diminuem a capacidade funcional. Neste sentido,reinamento da musculatura
inspiratoria (IMT) pode melhorar a respiracéo eidinr as restricdes funcionais desses
pacientes. Dessa forma, os objetivos do presetialtro foram verificar se ha correlacao
entre o balanco simpatovagal, a disfuncdo endbiiférica e a capacidade funcional
dos pacientes com PH e avaliar a resposta desséscdes apés IMT. METODOS:
Pacientes com PAH e CTEPH realizaram IMT diariamgmir 8 semanas.Antes e apos
o treinamento, foram realizados ultrassonografiarti&ria braquial, eletrocardiograma e
avaliacdo da capacidade funcional e da forca maistuspiratoria. RESULTADOS: A
avaliacdo basal dos pacientes apresentou modupsgassimpatica reduzida, que se
correlacionou negativamente com a capacidade foacidlo entanto, o IMT promoveu
aumento da modulacdo parassimpética e diminui¢casirdpética, com consequente
melhora do balango simpatovagal. Com relagdo aafurgndotelial, os pacientes
apresentaram provavel disfuncédo endotelial pec#éei ndo houve melhora significativa
nestes resultados apds o treinamento. CONCLUSA®: iNAive correlacdio entre a
funcéo endotelial periférica com a capacidade fumadiou modulacdo simpatovagal. No
entanto, a modulacdo parassimpatica reduzida eegoeste desbalancosimpatovagal
correlacionaram-se, de maneira inversa, com a hgabec funcional na avaliacdo basal.
Apés o IMT, apesar de nao haver diferenca na furerdaotelial, houve melhora
significativa no balanco simpatovagal, provavelreer@duzindo o risco cardiovascular

nestes pacientes.

PALAVRAS-CHAVE: Hipertenséao arterial pulmonar. Hipens&o pulmonar associada
ao tromboembolismo crénico. Balanco simpatovagalncBoendotelial periférica.

Treinamento muscular inspiratorio.



ABSTRACT

BACKGROUND: Pulmonary arterial hypertension (PAH\dapulmonary hypertension
associated with chronic thromboembolism (CTEPH)dua&acterized by sympatovagal
imbalance, endothelial dysfunction, pulmonary @atgressure increase and right heart
overload. Patients with these diseases have malygthea and fatigue, which reduce
their functional capacity. In this way, the inspiny muscle training (IMT) can improve
the breathing and decrease the functional resinstiof these patients. Thus, the
objectives of the present study were to verify hiere is correlation among the
sympatovagal balance, the peripheral endothelisfuthgtion and the functional capacity
of PH patients and to evaluate the response oétbetcomes after IMT. METHODS:
PAH and CTEPH patients performed IMT daily for 8aks. Before and after the training,
brachial artery ultrasonography, electrocardiograamd functional capacity and
inspiratory muscle strength assessment were peethriRESULTS: The baseline
evaluation presented reduced parasympathetic mamlulawhich was correlated
negatively with functional capacity. However, IMTromoted parasympathetic
modulation increase and sympathetic decrease, wihsequent sympatovagal
balanceimprovement. Regarding to endothelial fomctihe patients presented probable
peripheral endothelial dysfunction and there wassigaificant improvement in these
results after training. CONCLUSION: There was narelation between peripheral
endothelial function and functional capacity or patovagal modulation. However,
reduced parasympathetic modulation and consequyempathovagal imbalance were
correlated, in a different way, with functional eafly in baseline assessment. After IMT,
although there was no difference in endothelialcfiom, there was a significant
improvement in the sympatovagal balance, probaddycing the cardiovascular risk in

these patients.

KEYWORDS: Pulmonary arterial hypertension. Pulmgrtarpertension associated with
chronic thromboembolism. Sympathovagal balanceipReral endothelial function.

Inspiratory muscle training.
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LISTA DE ABREVIATURAS

ACh Acetilcolina
CPET Teste de esforgo cardiopulmonar

CTEPH Hipertensdo pulmonar associada ao tromboesnimicronico

ECG Eletrocardiograma

ERA Antagonistas dos receptores de endotelina
FMD Dilatacdo mediada por fluxo

HF Alta frequéncia

HR Frequeéncia cardiaca

HRV Variabilidade da frequéncia cardiaca

IMT Treinamento muscular inspiratorio

LF Baixa frequéncia

mPAP Pressdo média da artéria pulmonar

NO Oxido nitrico

PAH Hipertenséo arterial pulmonar

PDES5I Inibidores da fosfodiesterase 5

PH Hipertensdo Pulmonar

PVR Resisténcia vascular pulmonar

RHC Cateterismo cardiaco direito

RV Ventriculo direito

sGCs Estimuladores solluveis da guanilatociclase
SPNS Sistema nervoso simpatico e parassimpatico

6MWT Teste de caminhada de seis minutos
VLF Muito baixa frequéncia

WHO Organizacao Mundial da Saude
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1 REVISAO DE LITERATURA

1.1 Hipertenséao Pulmonar

Hipertensdo Pulmonar (PH) € uma condicdo causadatpoacdes hemodinamicas e
fisiopatoldgicas que resultam em elevacaodos npressoéricos na circulagdo pulmonar.
E definida por pressdo média na artéria pulmon&AR) igual ou superior a 25mmHg
em repouso, aferida por cateterismo cardiaco di(RHC)(1).

A PH é classificada clinicamente em cinco grupas eofinalidade de categorizar
multiplas condicbes de acordo com suas apresestatidecas similares, fisiopatologia,
caracteristicas hemodinamicas e estratégias demieato (2, 3). Séo eles: Grupo | —
Hipertensdo Arterial Pulmonar; Grupo Il - Hipert@aspulmonar associada a doenca
cardiaca esquerda; Grupo Il - Hipertensdo pulm@saociada a doencas pulmonares
e/ou hipoxia; Grupo IV - Hipertensao pulmonar assec ao tromboembolismo crénico
e outras obstrucbes da artéria pulmonar e Grupo Hipertensdo pulmonar com
mecanismos multifatoriais indefinidos. No presemtabalho, foram selecionados
pacientes dos grupos | e IV da PH devido a caiatitsxs fisiopatoldgicas semelhantes,
conforme descrito adiante neste referencial.

O grupo |, chamado de Hipertenséao Arterial Puim@RAH), € hemodinamicamente
definido por mPAP 25mmHg, pressao de oclusdo da artéria pulmonamnitig e
resisténcia vascular pulmonar (PVR3 unidades de Wood (4). De acordo com estudos
europeus, a incidéncia da PAH est4 estimada ero tleri,1 al5 casos/milh&o(5, 6). No
Brasil, existem poucos estudos representativosopalgcdo, mas uma publicacdo de
dados epidemiolégicos da regido sudeste relataval@ncia de 123pacientes com PAH

em dois centros brasileiros da especialidade(7)steNecontexto, salientamos a



importancia da realizacdo de mais estudos compegtalacdo no nosso pais, visando
melhorar o conhecimento tanto epidemioldgico quéistopatologico desta doenca.

Entre as alteragOes presentes na PAH temos pagiéercelular, remodelamento
tecidual, vasoconstricdo, inflamacéo e trombosgndo a um aumento gradual da PVR
(8, 9). A alta PVR leva ao aumento da pdés-cargaamtriculo direito (RV) e gera a
necessidade de acdo compensatoria muscular, cosequente hipertrofia ventricular
direita. Essa tentativa de adaptacao cardiacagewasdetiva, caracterizada por hipertrofia
concéntrica e manutencédo da fracdo de ejecdo éod&bidiaco; ou pode haver uma
descompensacao, com afinamento e dilatacdo daepdeechisculo cardiaco direito e
reducdo da fracdo de ejecao, trazendo serias agrsegs para a saude do paciente(4,
10).Com o agravamento do quadro, as consequénoiasiavelmente sdo faléncia
ventricular direita e morte subita(11l), que justifn a grande preocupacdo da
comunidade cientifica em encontrar novas alteraattle diagnostico e tratamento para
esta doenca.Embora o aumento da pos-carga sejameirpr desencadeante do
remodelamento ventricular direito, sinalizagdo obarmonal, estresse oxidativo,
inflamacédo, isquemia e morte celular podem coniripara o desenvolvimento da
dilatac&o e insuficiéncia(12).

A conduta terapéutica na PAH divide-se basicamente3 &reas principais. A
primeira area engloba medidas gerais, que compeeeneabilitacdo fisica e pulmonar,
terapia de suporte, entre outros. A segunda acka tndos os farmacos vasodilatadores
aprovados, como antagonistas de receptores da edindot(ERA — Bosentana,
Ambrisentana, Macitentana), analogos de prostaesli (lloprosta, Teprostinila,
Epoprostenol, Beraprost), inibidores da fosfodeste 5 (PDE-5i — Sildenafila,
Tadalafila) ou estimuladores sollveis da guanilatase (sGCs — Riociguate). Em

conjunto, esses medicamentos vasodilatadores taatimenca por atuacado no endotélio



vascular, aumentando a capacidade de transporgeiisan nos pulmdes e promovem
melhora na tolerancia ao exercicio, hemodinamiden@uar e qualidade de vida. A
terceira area corresponde ao manejo da resposteaclgquando inadequada, e abrange
combinac¢Bes de farmacos aprovados e procedimerépgencionistas adicionais, como
a septostomia e o transplante pulmonar(3).

O grupo IV compreende uma causa de PH potenciadmmantvel, a hipertensao
pulmonar associada ao tromboembolismo crénico (GNEM®s sinais clinicos e a
definicho hemodindmica sdo os mesmos da PAH, antoet este grupo também
apresenta sinais especificos encontrados em exdené@magem que caracterizam a
doenca (3). De acordo com o Registro espanhol deaRifevaléncia e a incidéncia de
CTEPH séao 3,2 e 0,9 casos por milhdo por ano, cégpmente(13). Dentre os fatores
etiolégicos atuantes nesta doenca, encontram-semaldades na coagulacao
(deficiéncia de antitrombina, proteina C e prot&na mutacéo no fator V, entre outros)
e tromboses néo resolvidas (14).

A fisiopatologia deste grupo caracteriza-se pelesgmca inicial de um trombo
venoso, que ira torna-se um embolismo pulmonar @agudl resolucdo do
tromboembolismo agudo impede a instalacdo da doeNgaentanto, quando o
tromboembolismo cronifica, ocorre o desenvolvimetgastenoses e oclusdes fibréticas
na vasculatura pulmonar. Estas obstruces persgstegsultam no redirecionamento do
fluxo sanguineo para outros vasos nao-ocluidosutitogm, levando a ao aumento da
presséo e do estresse de cisalhamento e a libedadatores inflamatoérios (14). Dessa
forma, desenvolve-se, nas areas nao ocluidas, manageriopatia caracteristica do
grupo 1, PAH, com disfuncéo endotelial, remodelame&ascular e formacao das lestes

plexiformes que, em conjunto, vao levar ao aumeéat®®VR e RHF. Estas alteracdes



endoteliais explicam a natureza progressiva da@gemesmo na auséncia de novos
trombos(15).

O tratamento para CTEPH pode ser cirargico, atradds cirurgia de
tromboendarterectomia nos caso de lesGes proximaigiedicamentoso, para 0S casos
de les@es distais com impossibilidade de remogé@ogita. Nestes casos, a terapia pode
ser realizada com as mesmas medicacOes vasoditaddizadas para o tratamento da
PAH. No entanto, o Unico medicamento aprovado atinente para o tratamento do
CTEH é o Riociguate, queaumenta a biodisponibikdizddodxido nitrico (NO)(16).

Os sintomas da PH s&o pouco especificos e estmorehdos com o prejuizo das
trocas gasosas e disfuncéo ventricular direita.es@mplos dispneia, fadiga, fraqueza,
angina, sincope, retencdo hidrica, entre outros, liquitam as atividades diarias e a
qualidade de vida dos pacientes (3). O grau déendtacia ao esforco € quantificado de
acordo com a classificacdo de insuficiéncia caedtec Organizacdo Mundial da Saude
(WHO), que reflete a gravidade da PH e o impac®agdoenca causa na vida do paciente
em termos de atividades diarias e sintomas(17a éassificacdo é dividida em quatro

classes, sendo a classe | a menos grave e aBlasseais avancada (Tabela 1).

Tabela 1: Classificagéo funcional da HP de acordmen a WHO

CLASSE | Pacientes com PH, mas sem limitac&o das atividésleas. Atividades fisicas habituais
ndo causam dispneia ou fadiga excessiva, dor taréci pré-sincope.

CLASSE 1l Pacientes com PH que resulta em discreta limitdg&atividades fisicas. Estes pacientes
estdo confortaveis ao repouso, mas atividades$isiabituais causam dispneia ou fadiga
excessiva, dor toracica ou pré-sincope.

CLASSE 1l Pacientes com PH que resulta em relevante limitdg8atividades fisicas. Estes pacientes
séo confortaveis ao repouso, mas esforcos menoesasatividades fisicas habituais
causam dispneia ou fadiga excessiva, dor toracigaé®sincope.

CLASSE IV Pacientes com PH que resulta em incapacidade galizar qualquer atividade fisica sem
sintomas. Estes pacientes manifestam sinais decfal@entricular direita. Dispneia ou
fadiga podem estar presentes ao repouso, e o dedoaumenta com qualquer esforgo
feito.

HP = hipertenséo pulmonar; WHO = Organizacdo MurtfisSalde. Tabela adaptada de(17)



1.2 Capacidade Funcional

Recomenda-se, para melhor estratificacao de ris@nejo da doenca, uma avaliacao
regular dos pacientes. Neste contexto, a avalidgampacidade funcional é de especial
importancia, pois auxilia na determinacdo da sdade da doenca, resposta ao
tratamento e predicdo de sobrevida (3). A capdeidancional esta intimamente
relacionada com a fracdo de ejecdo do RV; dessaafarm RV insuficiente apresenta
dificuldade em adequar o fluxo pulmonar a demarmdaxigénio, uma vez que, além de
ele ser fraco, também enfrenta uma pés carga aadee(®). Em contrapartida, RV com
funcao preservada esta associado a melhor tolardo@xercicio e sobrevida(18).

O teste de caminhada de seis minutos (6MWT) ete tesesfor¢co cardiopulmonar
(CPET), além de serem exames nao-invasivos, fom@dermacdes importantes sobre
a capacidade funcional, bem como sobre a trocasiesga eficacia ventilatoria e funcéo
cardiaca durante o exercicio(2, 19) O 6MWT refletea avaliacdo submaxima, é bem
tolerado pela maioria dos pacientes, possui baistoce apresenta forte e independente
associacdo com mortalidade (19). Ja o CPET é simneaximo que avalia as mudancas
fisioldgicas associadas ao exercicio e também apt@importante valor progndéstico. O
consumo de oxigénio e a pressao sistolica em picdastes preditores de sobrevida em
pacientes com PAH (20). O importante valor clirdos resultados apresentados por estes
exames, para avaliacado da capacidade funciongatmentes com PH, foi considerado

para a insercao destas analises nos sujeitosipanties deste estudo.

1.3 O endotélio vascular



As células endoteliais sdo responsaveis pela rg@mlda homeostase vascular e
servem como interface entre o sangue e o tecidendodtélio regula o tdnus vascular
através da producdo de vasoconstritores e vasdhlies, controla a fluidez e a
coagulacdo do sangue atraves de fatores que regudéidade das plaquetas, a cascata
de coagulacdo e o sistema fibrinolitico e, por fénfesponsavel pela producdo de
citocinas e moléculas de adeséo que atuam no pmuogamatorio (21).

A disfuncdo endotelial é certamente um ponto ctus@ desenvolvimento de
condi¢cdes patolégicas, como aterosclerose (22)ertensdo pulmonar (4, 8), entre
outras. Mudltiplas vias estdo relacionadas com semeolvimento da PH, incluindo
aguelas em niveis moleculares e genéticos e agqatdasonadoas as células musculares
lisas, endoteliais e da adventicia(10). No endoplimonar na PAH, inicialmente ocorre
0 espessamento da intima por proliferacdo e migregl@lar. Apds, as camadas média e
adventicia também sofrem alteracdo por hipertefaimulo de fibroblastos. Quando o
processo obstrutivo vascular ja esta instaladayredpertrofia e hiperplasia das células
endoteliais e a formagéo de lesdes plexiformessgaaima proliferagdo monoclonal de
células endoteliais formando multiplos canais meriar de arteriolas, cercados de células
musculares lisas, matriz extracelular e miofibretda. Em paralelo com o
remodelamento vascular, ocorrem também microtroetosgms artérias pulmonares
geralmente causadas por coagulacao intravascighmdao plaquetaria e lancamento de
mediadores constritores e pré-coagulantes pelataséndoteliais e liberacdo de fatores
inflamatarios (4, 8).

Ainda, a fisiopatologia da PAH envolve desbalanggroducédo de mediadores que
podem produzir vasodilatagcdo, como o NO e as priotiteas, ou vasoconstricao (23).
As células endoteliais aumentam o diametro vastiblerando NO, que € produzido nas

células endoteliais pela NO sintase a partir denesbs como a liberagcéo de acetilcolina



(ACh), estimulos mecéanicos, como o estresse ddhamanto do sangue, e a
disponibilidade da L-arginina, que € o precursorNid (24, 25). Ele é o principal
mediador da dilatacdo mediada por fluxo (FMD), fae@o que ocorre em resposta ao
aumento do fluxo sanguineo em determinado vasestriasse de cisalhamento (26). A
deficiéncia doNO é caracteristica em doencas caadaulares e geralmente é preditivo
de desfechos clinicos reservados (22, 27). Devidoaaacdo vasodilatadora, o NO é
bastante utilizado, direta ou indiretamente, ntatn@nto dos pacientes com PH dos
grupos | e IV(28).

Assim como acontece nos vasos pulmonares, estudsgam que pode haver
também disfuncdo endotelial periférica na PH e gssa disfuncdo parece estar
correlacionada com a PVR e severidade da doengal(2%acientes com PAH exibem
pior vasorreatividade dependente do endotélio adali por fluxo na artéria
braquialquando comparados com pacientes saud&2@)s Pessa forma, evidéncias
mostram que, apesar de a lesdo inicial envolvevas®s pulmonares, a disfuncao
endotelial periférica também tem sido observadgesndo que pode haver vasculopatia
generalizada na PH.

A andlise da FMD durante a hiperemia reativa € mdwenao-invasivo mais utilizado
para andlise da funcdo endotelial sistémica ezatdi ultrassonografia do vaso como
ferramenta de avaliagdo. E uma medida dependentastailatacio mediada pelo NO
na artéria braquial em resposta a tensao de amsaltta de restricdo temporaria do fluxo
sanguineo e reperfusdo (26). Dessa forma, uma madngpreenséao do funcionamento
das células endoteliais e das respostas a diferestenulos, pode auxiliar ndo somente
no melhor entendimento das doencas, mas tambénusta lpor novos tratamentos

auxiliares. A diminuicdo da biodisponibilidade d®NM ponto central no mecanismo,



provavelmente tanto no inicio quanto na manutengaoPH, justificando todo o

investimento em tratamentos que aumentem a suardisiidade.

1.4 Balanc¢o Simpatovagal

Como em outros 6rgéaos, a interacdo dos sistemassoarsimpatico e parassimpatico
(SPNS) é importante para manter a homeostase dtsmsis cardiopulmonar e
cardiocirculatorio (32). No contexto das doencamdiosasculares, normalmente ha
desequilibrio entre esses dois sistemas:a simpatagko costumacausar taquiarritmias
e fiblilacbes cardiacas e vasoconstricdo pulmongeréérica, enquanto a ativacao
parassimpatica costuma ser protetora para o coeas@oresponsavel pela vasodilatacéo
(33, 34). No entanto, estudos em animais indicam @usistema nervoso simpatico
também pode causar resposta pulmonar vasodilataeldeacerta forma compensatoria,
atraves da ligacdo aosreceptores vasculares em situacdes de hipdxieo(BHE tonus
vasoconstritor pré-existente (34, 36).

O desbalanco na modulacdo do SPNS tem sido relatado importante fator de
risco para diversas doencas cardiovasculares (g7+##0rte subita(37-40) e diversos
estudos também ja mostraram que existe alterac&PNS em pacientes com PH (11,
41-43).

Velez-Roa e colaboradores, ao estudar a atividadepatica através de
microneurografia em pacientes com PAH, encontrazamento da atuacao simpatica e
gque este aumento pode estar relacionado com adseleda doenca(43).Dimopoulos e
colaboradores também avaliaram a atividade do SRINSAH e encontraram profundas

anormalidades na atuacao desse sistema e quaresaslidades relacionavam-se com



piora da capacidade de exercicio e pior prognddtlgoAinda, Ciarka e colaboradores,
em estudos sobre o mesmo sistema, concluiram gtieagdo simpatica é um preditor
independente de deterioracao clinica da PAH (43).

Estes resultados enfatizam a necessidade de estabel possiveis mecanismos
envolvidos nesta doenca e, no futuro, contribuia paelhorar a qualidade de vida desses
pacientes. Considerando que existe um desbalangasivagal em muitas situagoes
patologicas, inclusive na PH, a analise do contlele sistema nervoso pode fornecer
informagBes importantes de carater diagnostico, mascipalmente de carater
prognéstico, podendo indicar o grau de comprometimalo sistema de controle
cardiovascular.

A modulacéo simpatovagal para o coracéo pode sdiada a partir de um simples
eletrocardiograma (ECG),que constitui um método in&asivo e de baixo custo de
diagnostico. A andlise espectral, também conhecmiao analise no dominio da
frequéncia, é uma metodologia de grande aplica{iaicca e potencialidade, a qual
fornece uma avaliagdo quantitativa da modula¢d®RI¥S e variabilidade da frequéncia
cardiaca (HRV)sobre a funcdo cardiovascular (4%, 43RV é a variacdo do periodo
entre os batimentos cardiacos consecutivos em uemndeado tempo (45). Quanto
maior a ativacao simpatica, geralmente acompantiadaenor a HRV, maiores seréo os
riscos de doencas cardiacas (46).

A andlise espectral de séries temporais de frequé&uardiaca (HR) permite a
avaliacdo da HRV e também a decomposicdo da varidgdHR em componentes
oscilatorios especificos, sendo eles definidos g frequéncia e amplitude. As
oscilacdes ritmicas de HR apresentam trés fabstmdis: a faixa HF (High Frequency),
modulada pelo sistema nervoso parassimpatico caxdia LF (Low Frequency),

relacionada a modulacéo simpatica cardiaca; e a(VeFy Low Frequency). (44, 45).



As medidas de funcdo autondmica em pacientes corh polem ser clinicamente
relevantes, uma vez que uma melhoria na modulagéssed sistema poderia
potencialmente reduzir os fatores de risco parateseadversos cardiovasculares(47). A
partir deste método barato e de facil aplicabileadhuitas intervengfes, tanto
farmacoldgicas quanto fisicas, podem ser rapidaanaviliadas quanto ao beneficio e
resposta do paciente. Neste contexto, a avaliaghttitativa da modulagéo simpatovagal
sobre o sistema cardiovascular pode auxiliar mratégtacao de risco, monitoramento e

guem sabe na pesquisa de possiveis tratamentdisi@sgpara a PH.

1.5 Reabilitagdo Pulmonar

Os pacientes com PH sdo muitas vezes intoleramesxearcicio, apresentando
acentuada dispnéia, fadiga ou fraqueza, que liméasua atividade de vida diaria por
causa de graves disturbios cardiopulmonares(11ljaidea reducédo no débito cardiaco
contribui para uma diminuicéo da oferta de oxig&ws tecidos, entre eles a musculatura
periférica, e acentuam os sintomas descritos {2pé8endo contribuir para a diminuicao
da capacidade de praticar exercicio.

Além disso, de acordo com recentes estudos, pasientn PH também apresentam
disfuncéo da musculatura respiratéria e esta fragirespiratoria pode contribuir para a
exacerbacado dos sintomas da doenca (49, 50). See®n2005, Meyer e colaboradores
evidenciaram pela primeira vez que existe redugdodza muscular inspiratoria e
expiratéria dos pacientes com PAH idiopatica e oesta fragueza ocorre
independentemente de perfil hemodinamico, capaeidied exercicio ou ineficiéncia

ventilatoria(49).



Os avancgos na terapia farmacologica para a PAH dprmesentado resultados
encorajadores no que se refere a capacidade deapraxercicio e ao perfil
hemodinamico. Contudo, a medicagdo néo tem sidiv@feara combater totalmente a
dispneia e a fadiga que continuam limitando a ddpde de realizar as atividades de
rotina da vida diaria. Essas dificuldades acabamni@o a uma inatividade fisica com
prejuizo a qualidade de vida desses pacientes (i3 vez que acarreta um
descondicionamento fisico progressivo que culmuma quadro de limitagdo funcional
(52).

Conforme o consenso do 5° Simpdsio sobre HipertelRamonar realizado em 2013
em Nice, a reabilitacdo pulmonar e o treinamersiodisupervisionados possuem nivel
de evidéncia I-A para o tratamento dos pacientesid (53). Este consenso foi definido
de acordo com resultados de ensaios clinicos cpleam a reabilitagdo pulmonar nos
pacientes com PH . De fato, Grinig e colaboradavaBaram pacientes com PH antes e
apos 3 semanas de exercicio fisico e respirat@aneluiram que o exercicio, utilizado
como complemento ao tratamento farmacol6gico, pod¢horar a capacidade de
exercicio ea qualidade de vida nos pacientes core Bite ele apresenta seguranca em
longo prazo(54). Ainda, Saglam e colaboradoresaraah o treinamento da musculatura
inspiratoria (IMT) na PAH e concluiram que esterei@o melhora significativamente a
forca muscular respiratoria, capacidade funcionqereepcéo de dispneia e fadiga. Além
disso, o programa de treinamento mostrou ser blamatin pelos pacientes e apresentou
Otima aderéncia por parte deles, indicando que D pldde ser uma importante op¢ao
terapéutica (55).

A recomendacao da fisioterapia, entretanto, aptesdgumas limitacdes devido ao
conhecimento restrito com relagdo ao melhor métadtnsidade e duracdo do

treinamento. Além disso, 0s mecanismos associadushéra dos sintomas, capacidade



funcional e possiveis efeitos sobre o prognoésticmlaa ndo estdo completamente
entendidos (53), justificando nosso objetivo denifiear se esses pacientes, realizando
0 protocolo, também apresentariam melhora da odg@dei funcional, da funcéo

endotelial e do balango simpatovagal, com consequeducao do risco cardiopulmonar.



20BJETIVOS

1. Demonstrar o balango autonémico e a funcéo endbtedriférica dos pacientes
com hipertenséo pulmonar,;

2. Identificar se existe correlacdo entre a magnittolelesbalancosimpatovagal, a
disfuncdo endotelial e a capacidade funcional naseptes com hipertensao
pulmonar;

3.  Verificar a resposta da modulacéo simpatica e panggitica e da funcéo endotelial

ao treinamento muscular inspiratorio nos pacieces hipertensao pulmonar.
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Parasympathetic modulation withdrawal improves fundional capacity Pulmonary

Arterial Hypertension

Abstract

In 15 pulmonary arterial hypertension patients,réiation of functional capacity to their
peripheral endothelial function and sympathaovagadiulation was studied by carrying
out brachial artery ultrasound and electrocardiogspectral analysis, respectively. The
functional capacity was assessed by cardiopulmosgeycise testing and six-minute
walking test. The sympathovagal modulation was etated with the predicted peak
oxygen consumption (peak \é@o; r=0.692, P<0.05), peak-@ulse (mL/beat; r=0.661,
P<0.05), VE, minute ventilation, VG@arbon dioxide production (VE/VCGlope; r=-
0.806, P<0.01) and distance walked predicted (%06M®0.694, P<0.05). Moreover,
there were negative correlations between parasymapatmodulation with peak VO
(r=0.755, P<0.01), peak \4@ (r=-0.727, P<0.01) and peal Bulse (r=0.615, P<0.05),
%6MWT (r=-0.834, P<0.01). Collectively these coatens indicate that
parasympathetic withdrawal is crucial for improvingctional capacity. This conclusion
is supported by both positive and negative coriggiatof parasympathetic modulation
with the functional capacity parameters. The syimg@t modulation predominance,
although increases the cardiovascular risk, is aivhb crucial to facilitate the

bronchodilation and the oxygen uptake.

Keywords:

Parasympathetic Nervous System

Sympathetic Nervous System



Functional Capacity

Pulmonary Arterial Hypertension



1. Introduction

Pulmonary arterial hypertension (PAH), which isrataéerized by endothelial cell
dysfunction and progressive remodeling of the pulamp vasculature (Galié et al., 2009;
Hoeper et al., 2006), leads to symptoms such aopg) dyspnea and excessive fatigue
that impair the functional capacity (Humbert, 208@ndoval et al., 1994). Studies have
also suggested that there is an association betagt®momic nervous system (ANS)
imbalance and the severity of PAH (P. et al., 20¥Bnsel et al., 2009). The sympathetic
predominance tends to increase the heart rate &H&RYlecrease the heart rate variability
(HRV), increasing the risk of cardiovascular eveiss Reis et al., 1998).

The sympathetic and parasympathetic pathways regufeot only the
cardiovascular system, but also the internal orgéhss, their modulation is crucial for
monitoring risk stratification and, perhaps, migalso be used tamonitor the patient's
clinical evolution. The quantitative assessmentyihpathovagal modulation can be
assessed by an electrocardiogram (ECG), a nonuevasiethod that substantially
facilitates its use in clinical practice to perfogpectral analysis (Berntson et al., 1997,
Campos et al., 2013).

Furthermore, a great predictor of poor prognosisP#H is the ventilatory
response to exercise (Wensel et al., 2002), wheheggrincipal clinical manifestations
of right heart failure are exercise limitation aedema (Benza et al., 2010). For PAH
patients, a six-minute walking test (6MWT) can le®dias a submaximal evaluation,
while the incremental symptom-limited cardiopulmgna&xercise testing (CPET) is
usually performed as a maximal exercise test. Ciliely, both tests provide important
information about functional capacity, as well as g@xchange, ventilatory efficacy and

cardiac function even during light exercise (Miydmet al., 2000; Sun et al., 2001).



Recent studies have also shown that both systendcpalmonary vascular
endothelium dysfunction might exist in PAH patie(feled et al., 2009, 2008). This is
manifested by excessive pulmonary vascular cellifpration, smooth muscle cell
apoptosis inhibition, endogenous vasoconstrictord wasodilators imbalance, and a
decrease in nitric oxide (NO) bioavailability (Ftirman et al., 2012). Although the initial
injury in PAH involves the pulmonary vasculaturgstemic endothelial dysfunction has
also been observed (Gabrielli et al., 2011; Peled. £€2009).

Considering that patients with PAH have: 1) incesasarotid chemoreceptor
activity (Velez-Roa et al., 2004) and sensitiviBafina et al., 2018), and 2) poor post-
exercise cardiac autonomic control (Da Silva GoresBos et al., 2018; Minai et al.,
2012; Ramos et al., 2012), and that the clinidarmation provided by CPET and 6MWT
in PAH is important to predict survival (Grunigadt, 2013), our aim was to investigate
whether there was an association among functioaphaty parameters with the
peripheral endothelial function and the sympathaVvagpdulation in these patients.

Thus, demonstrating an association between the aytoypagal modulation and
other parameters provides important knowledge attveupathophysiology of the disease
and, consequently, its management. EvaluationeotdS can be carried out easily and
safely in the physician's office through a simpl@éd& This information could improve
monitoring of the patient's clinical evolution anmthke intervention possible, allowing
adjustment of the sympathovagal modulation, to &aneously improve breathing and

decrease cardiovascular risk in PAH patients.



2. Methods

The study protocol was approved by the local reseathics committee and was
performed in accordance with the Declaration ofskhédi. Informed written consent was
obtained from all participants. This study was s&gjied as “Study of the effect of
inspiratory muscle training on endothelial functiaatonomic control, exercise capacity
of life in patients with pulmonary hypertensionhdwas conducted at a single center
specializing in respiratory care on the Braziliamtpcol registry (Brazilian protocol

registry: RBR-33gm3khttp://www.ensaiosclinicos.gov.br/ra/RBR-33gmBk/

2.1 Study population

Fifteen patients taking vasodilator therapy wereitéd to participate. The
patient's diagnosis was performed according to polry hypertension guidelines (Galié
et al., 2016), and they were screened throughmatigart, according to inclusion and
exclusion criteria. Pulmonary hypertension was icoréd by right heart catheterization
(RHC), and all patients were in group 1 of pulmgnhypertension — PAH. Thus, all
patients had similar clinical presentation, patbalal findings, hemodynamics

characteristics and treatment strategy (Galie.e2@l6).

2.2 Inclusion criteria

PAH patients 18 years old belonging to group 1 of pulmonary igresion and

functional class Il or Il (World Health Organizati) were included in the study. Patients

were required to be stable for at least the lasetimonths prior to the start of the study.



2.3 Exclusion criteria

Patients were excluded when they presented: musalital disorders,
intermittent pain, cognitive or neurological deteation, history of moderate or severe
chronic lung disease, hemodynamic instability, ablet angina, uncontrolled cardiac
arrhythmia, or psychiatric-psychological disordetidat may interfere in their
understanding of the protocol. Subjects who wergpltalized in the last three months
and/or were using oxygen and those participatinguervised exercise programs in the

past three months were also excluded from the study

2.4 Protocol

This is an observational study to evaluate the agaBon among functional
capacity parameters with the peripheral endothéliattion and the sympathovagal
modulation of PAH patients.

After the screening, patients started the protdests. During the first visit,
patients underwent clinical evaluation, pulmonanydtion testing, and CPET. Four days
later (on the second visit), the ECG, peripherdiatinelial function test and 6MWT were
performed. Previous examinations, such as RHCI sigms, and clinical information

collected in the hospital database, were also densil.

2.5 Maximal exercise capacity (incremental exercigest)



The CPET was performed according to the standdrdizaf the American
Thoracic Society (ATS)/American College of Chesy$tbians to assess the maximal
exercise capacity (Arena et al., 2010). All exerciests were performed on an
electromagnetically braked cycle ergometer (CofivalLode, Groningen, the
Netherlands), with the use of a computer-based tin@abreath CPET system
(Vmax2%-SensorMedics). HR was determined from the R-Rwaleof a 12-lead ECG,
and oxygen saturation was measured by pulse oxyiméit CPET variables were
presented as 20-s averages. During incremental CREWorkload was increased every
1 min from a baseline of 2 min of load less pedphha rate of 5-10 W/min to maximum
tolerance, and gas exchange measurements wereedcontii maximal exertion. The
protocol consisted of 3 minutes at rest on theddegyfollowed by 2 minutes of cycling
without load (0 W); subsequently the workload waséased by 5 W/min or 10 W/min
depending on age, gender, body mass and funcexeatise capacity. The dyspnea and
fatigue data were recorded every 2 minutes andiated with the modified CR10 Borg
Scale (0-10) (Borg, 1982). The following ventilatgrarameters were acquired: minute
ventilation (VE), Q uptake (VQ), peak VQ and CQ output (VCQ). The anaerobic
threshold was determined by the V-slope method. MBA/CO; slope was calculated
during exercise with all data range. These parametdlect the ventilatory efficiency
and oxygen consumption, which are considered pstgnndicators for patients with

heart failure (Arena et al., 2010; Galié et al1@&0

2.6 Electrocardiogram

All ECGs were recorded (10 minutes) in the morroamgfasted patients. During

data recording, the subjects were at rest in thasiposition in a quiet room. They were



advised to remain motionless in a comfortable pwsitDisposable electrodes were
placed on the skin of the chest to collect eleardiographic signals (derived DI, DIl and
DIIl,) which reflect the cardiac electrical actiyi{Guimaraes et al., 2003). Continuous
ECG signals (sampling rate, 600 Hz) were recordgd ab Wincardio system
(MicromedBiotecnologia — bath 53, series n® 14441@WVISA registration
10307270007) and used to perform spectral analgsigy an autoregressive model. All

female patients performed the ECG while they werdays 1 to 5 of the menstrual cycle.

2.7 Sympathetic and parasympathetic modulation evahtion

The sympathetic and parasympathetic modulatiom@fhieart was evaluated by
spectral analysis of a time series of R-R inter¢&@shograms) extracted from the ECG
signals. After detecting the pulse intervals (Pthg heart period was automatically
calculated on a beat-to-beat basis as the timevaltbetween two consecutive systolic
peaks or a PI. All data were carefully checkeduoic erroneous detections or missed
beats. Sequences of 200-300 beats were randombewchdf the randomly selected
sequence included evident non-stationarities, dyuence was discarded, and a new
random selection was performed. Frequency domaatysis of HRV was performed
with an autoregressive algorithm (Dias Da Silvalgt2002; Malliani et al., 1991; Porta
et al., 2001) on the PI interval sequences (ta@myrThe power spectral density was
calculated for each time series. In this study, $wectral components were considered:
low frequency (LF), from 0.04 to 0.15 Hz, and hfgdquency (HF), from 0.15 to 0.5 Hz.
The spectral components are expressed in absalutez] and normalized units (nu; %).
Normalization consisted of dividing the power ajigen spectral component by the total

power and multiplying the ratio by 100 (Montanakt 1994). Moreover, the ratio of the



absolute LF/HF values, known as cardiac sympatlaeticparasympathetic balance, was

also calculated for each stretch (Montano et aD92.

2.8 Endothelial function

All endothelial tests were performed in the mornthgring the second visit;
patients were fasted and without medication. Ergl@hfunction was noninvasively
assessed with an ultrasound probe (EnVisor Séthelps Ultrasound, Bothell, WA) and
doppler ultrasonography using an instrument equippgh a 7- to 12-MHz high-
resolution linear probe (L12-3, Philips, Bothell AMUSA). This exam was performed
according to the guideline, in a temperature-cdieicand silent room. The left brachial
artery diameter was measured from B-mode ultrasouades at these conditions: at rest,
during reactive hyperemia and after nitroglyceMT ) administration. A resting scan
was performed before blood pressure (BP) cuff fiofle(50mm Hg above systolic BP).
When the cuff was inflated, it was placed the fareand the arterial blood occluded for
5 minutes. This procedure causes ischemia andgqgaestly, a vasodilation via auto
regulatory mechanisms. A second continuous scanreesded from 30-120 seconds
after the cuff deflation. Another scan was acquaédr 10 minutes of rest to reflect the
reestablished subject baseline conditions. An Np&ys was then administrated by
sublingual mode and, after some minutes (3-4)fdbgh scan was recorded, in order to
measure the endothelium-independent vasodilatibe.SBme experienced sonographer
performed all of the ultrasound scans but had maramation about the subjects. The
vessel diameter was measured after the examinatiaffline mode, at a fixed position
with ultrasonic calipers at end-diastole, and ieaidwith the R wave on a continuously

recorded ECG. The dilatation was obtained usiegdifference from baseline and after



10-second intervals during the period from 30-18tbads. The flow-mediated dilatation
(FMD) value (%) indicates the blood flow increasdtela release of the
sphygmomanometer cuff. The endothelium-independesadilation value (%) indicates

the maximum vasodilator response from the exogeN&uslonor (Corretti et al., 2002).

2.9 The six-minute walking test

The 6MWT was conducted for all patients accordng standardized protocol as
described in the ATS guideline (“ATS Statement,’02p The subjects walked for 6
minutes along an enclosed 30-m long corridor intb&pital and were instructed to walk
at their own pace to cover as much distance asigp@sshe HR (Polar heart rate monitor,
PolarS810i; Polar Electro, Finland), was monitoaad oxygen saturation (Risingmed,
RMS-50D, Beijing, China) was measured during tlsé yspnea and fatigue perception
were determined using the modified CR10 Borg SE&lE0) before and after the 6MWT
(Borg, 1982). All PAH patients had previously peni@d the 6MWT, thus, the test was
performed only once (Holland et al., 2014). We ghllted the walking distance
(D6MWT) and a Brazilian study was used to calcutatepredicted values of normality
(%6MWT) (Britto et al., 2013)Body mass was used to calculate the 6-min walk work
(6MWw) [distance (m) x body weight (kg)]. Measuremteewere made with a calibrated
Filizola scale (0.1 kg of precision) and with adsteneter (0.5 cm of precision) to
calculate the body mass index (BMI).

2.10 Statistical analyses

The Shapiro-Wilk test was performed to assess dlte distribution. Spearman’s

correlation test was used to assess the lineaciaisa between continuous variables.



Data are expressed as frequency and percentacggégorical variables and as meanzSD
for continuous variables. Statistical significamzes accepted at B.05. All results were
analyzed using commercial software (SPSS ver. R§SInc., Chicago, IL, USA; Excel

2010, Microsoft Corporation, Redmond, WA, USA).

3. Results

Table 1 summarizes the patients’ clinical charasties, RHC, pulmonary
function test, CPET, and 6MWT results. All patiewere of female gender, their average

age was 40.1+ 6.7 years old and WHO functionakdlasr IIl.

3.1 Endothelial function

Collectively, our data demonstrated that the blassthial artery dilates 3.8+3.4%
(FMD). Although expected for PAH patients, the FMDreduced. This result indicates
that there is not enoughNO to induce the corrdatation. On the other hand, the NTG
response showed a normal dilatation (21+8%). Altfiroendogenous NO is not enough,
this result indicates that the brachial artentilsable to dilate with the administration of
a NO donor (NTG). Despite that, we did not find asgociation between the endothelial

function and the parameters measured in this study.

3.2 Functional capacity and ANS modulation

Table 2 shows the spectral analysis results. Ctardkamonstrated a predominance
of the sympathetic modulation over the parasympiathrervous system, seen by the
LF/HF ratio. Moreover, there was a negative coti@abetween the parasympathetic

modulation in absolute values (HFa —2nand the following functional capacity



parameters: peak Opeak VQ%, peak @ pulse, D6MWT, %6MWT, and 6MWw
(Table 3). There was also a negative correlatitwden HRV and the parameters of peak
Oz pulse peak VQ%, 6MWw and %6MWT, and also between the LF/HF rama the
VE/VCO: slope (Table 3 and Figure 1- D).

On the other hand, there was a positive correldietaveen the LF/HF ratio and
the parameters of peak Y(peak VQ %, peak @ pulse and %6MWT (Table &nd
Figure 1-A, B and C).

Overall, these correlations indicate that the @gneathe parasympathetic
participation, the worse the patient functionala@fy. This conclusion is supported by
both positive and negative correlations, since ghsmsympathetic withdrawal, which
proportionally increases the sympathetic partiegratas seen by the higher LF/HF ratio,
is associated with better functional capacity. wise, the HRV, which occurs when
parasympathetic modulation decreases and propaliforincreases sympathetic

participation, is inversely associated with bettgrctional capacity.

4. Discussion

This is the first study to demonstrate that symgttdominance in PAH patients
is probably due to the parasympathetic withdrawhis withdrawal is corelated with an
improvement in functional capacity, emphasizing fingportance of sympathetic
participation for the respiratory system in thesdigmts. The peak Opulse, peak
VO2,VO2 %, %6MWT, and 6MWw were inversely associated withaHOnN the other
hand, due to the proportionally lower parasympatherticipation, the sympathovagal

balance changed to the sympathetic domain, probaigsoving oxygen uptake.



It is very well established in the literature thla¢ sympathetic modulation is
dominant in PAH patients and this predominancelested to the severity of heart failure
and, consequently, poor outcome (Ciarka et al.,020Zelez-Roa et al., 2004).
Furthermore, Ciarka et al., report that sympatheticvation was related not only to the
progression of heart failure but also to exercrgelérance in a population of patients
with advanced PAH (Ciarka et al., 2010). Thereftrere is no doubt that the dominance
in sympathetic modulation is associated with anrdase in cardiovascular risk.
Conversely, regarding the respiratory pathophygwlothe benefits of decreasing
sympathetic participation should be considered watiation.

Our results also demonstrated a negative correl&@ween the HRV and the
peak VQ. A possible explanation for this finding could liee withdrawal of
parasympathetic modulation, which reduced the tg@ver of HR in favor of
sympathetic participation. The increase in sympathmodulation facilitated the O
uptake. Furthermore, it is also known that the BlRristable in patients with heart failure
(Kleiger et al., 2005), which could also ultimatelyplain the inverse correlation found
in PAH patients.

In addition, it is important to emphasize that gasults do not express a
sympathetic overactivation. They express only a atiretic predominance due to
parasympathetic withdrawal. In heart diseases, fdatathe literature show that the LFa
band of the spectral components is from 393 tor&g8 and the HFa band is from 198
to 240 m$ (Can et al., 2013; Fauchier et al., 2004), whigteas with our findings. We
demonstrated that the bigger the parasympatheticveiwal, the better the PAH patient
is, from the respiratory point of view. This is @lsubstantiated in the strong negative
correlation observed between the parasympathetittitaton and the functional capacity

found in our study. These rationale are based eriilkdings of Wensel et al (Wensel et



al., 2009), who while comparing PAH patients withalthy controls, observed a marked
reduction in HF power indicating that there is ardase in parasympathetic modulation
in the former.

Thus, we concluded that the sympathetic predommmanprobably favoring the
functional capacity, inducing broncho and vasodtitatin the pulmonary bed. This
conclusion is consistent with Shirai et al. who destrated in cats that, during hypoxia,
the sympathetic modulation plays an important roldacilitating vasodilation by -
adrenergic receptors (Shirai et al., 1995). Accaydio these authors, this increased
sympathetic modulation would prevent excessive pulany hypertension during
systemic hypoxia.

In accordance with Shirai and co-workers, our tssdemonstrated that the
patients' functional capacity is positively relatedthe compensatory withdrawal of
parasympathetic participation (Shirai et al., 19948) least at rest, this withdrawal
probably favors sympathetic predominance and caregsgghomeostasis. Furthermore,
considering the great complexity and diversity wiomomic participation, the proportion
of the parasympathetic participation post-exergs®t guaranteed during exercise or at
rest.

On the other hand, the patient’s pathophysiologgsdoot change at rest
compared to during exercise. The body's responsadrxise is in accordance with the
resting body condition. This is supported by thaifie association between 6MWT
results and the “long-term prognosis”, which refiethe patient’s organic status (Galie
et al., 2016; Souza et al., 2018). Moreover, egertaining modulates diverse molecular
mechanisms that are associated with proliferatiappoptosis, oxidative stress,

inflammation, proteolysis and vasodilatation (Naogaé-erreira et al., 2018) and which



are, no doubt, present at rest or during exergisis. evidence strengthens our rationale
that the functional parameters evaluated in owtystaflect more than a single moment.

There is also no doubt that the great impairmenthéeautonomic balance in
these patients worsens the HRV. Further studielsbsilnecessary to demonstrate the
ideal proportion between the sympathetic and pangsyhetic nervous system to provide
welfare with lower cardiovascular risk, benefitingpth the cardiocirculatory and
respiratory systems.

Although the endothelial function did not show gngficant correlation with any
functional parameters, a possible reason could Hag¢ the patients were taking
vasodilators that very likely masked the endothedigponse to various stimuli. Our data
‘agrees’ with findings of others, in that thereaigperipheral endothelial dysfunction in
PAH patients (Peled et al., 2009; Wolff et al., 2Q0vhich reinforces our hypothesis
above.

Another point that we wish to highlight in relatimthe findings of this study is
that the pathophysiological compensation of theep& could be on the limit. The
autonomic modulation is pushing the cardiopulmonaygtem to keep the tissue
perfusion and the medication is contributing to mieeessary vasodilation. Moreover, a
limitation of our study is the patient’'s medicatiomhich probably interfered with the
pathophysiological responses, and also the heteeoges PAH etiology of the
participants.

On the other hand, we strongly believe that, desp# severity of the disease, the
predominance of the sympathetic nervous system latol, due to the fundamental
parasympathetic withdrawal, might act in order tonpensate the respiratory failure,

improving the functional capacity in these PAH pats.



5. Conclusion

In conclusion, considering the bigger proportiodetrease in HFa compared to
LFa, and the consequent increase in LF/HF ratio, foaings demonstrate that the
sympathetic participation dominance is probably ttua proportional reduction in the
parasympathetic modulation. In addition, the LF/idEo at rest was correlated to the
CPET, demonstrating the physiological significaotthe sympathetic dominance to the

respiratory system.
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10. Figure Legends

Figure 1.

Correlations between LF/HF ratio and cardiopulmgnexercise testing. A) Positive
correlation between the LF/HF ratio and peak-VB) Positive correlation between the
LF/HF ratio and peak ©Opulse; C) Positive correlation between the LF/ldior Peak
VO, % predicted. D) Negative correlation between ti¢HE ratio and the VE/VCO
slope. VQ, oxygen consumption; oxygen; VE, minute ventilation; VGQcarbon
dioxide production; LF, low-frequency component; ,Hkgh-frequency component;

LF/HF, ratio between low- and high-frequency pow@mponents
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Table 1. Demographic and clinical characteristics fothe patients.

Characteristic N=15
Female 15 (100)
Age (years) 40.1+6.7
BMI (kg/m?) 26.8+5.7
SBP (mmHg) 108.0+11.8
DBP (mmHg) 77.7£9.9
WHO/NYHA
Class Il 11 (73.3)
Class llI 4 (26.6)
PAH etiology
Congenital heart diseases (corrected) 3 (20.0)
Congenital heart diseases (uncorrected) 3 (20.0)
Connective tissue disease 4 (26.6)
Idiopathic 3 (20.0)
HIV 2 (13.3)
Drug therapy
ERA 7 (46.6)
ERA + PD5i 8 (53.3)
Pro-BNP (pg/mL) 5144569
Right heart catheterization
PAPmM (mmHg) 52.0£14.5
Cardiac output (L/min) 4.9+1.4
PVR (Wood) 9.1+4.6
Pulmonary function test
FEV1(%) 75.3x15.4
FVC (%) 81.1+12.8
FEVY/FVC (%) 0.76+0.1
Peak cardiopulmonary exercise testing
VO, (mL.kgt.min?) 13.6+4.4
VO (L/min) 0.88+0.3
VO (% predicted) 57.6+£16.3
VE/VCOz-slope (L/L) 47.7+12.8
O, pulse (mL/beat) 6.2+2.0
SpQG (%) 92.6£9.5
SBP (mmHg) 138.8+23.8
RER (VCQ/VOy) 1,17+0,16
Borg dyspnea scores (0-10) 5.7£3.3
Borg fatigue scores (0-10) 7.1+£2.5
Six-minute walking test
Distance (m) 506.0+49.9
Distance (% predicted) 86.5+10.5
Peripheral @desaturatior{%o) 6.1+9.3




Values are n (%) or mean + standard deviation. Bidtly
mass index; SBP, systolic blood pressure; DBP,talias
blood pressure; WHO, World Health Organization; N¥H
New York Heart Association; PAH, pulmonary arterial
hypertension; HIV, Human Immunodeficiency Virus; £R
endothelin receptor antagonist; PD5i, phosphodiaste
type 5 inhibitor; Pro-BNP, N-terminal prohormonehwain
natriuretic peptide; PAPmM, mean pulmonary arterial
pressure; PVR, pulmonary vascular resistance;FBvced
expiratory volume of 1 second; FVC, forced volumtlv
capacity; FEV/FVC ratio, Tiffeneau-Pinelli index; £
oxygen; VQ, oxygen consumption;VE, minute ventilation;
VCO,, carbon dioxide production; m, meters; S$SpO
saturation of peripheral oxygen; RER, respiratoghange

ratio



Table 2. Spectral analysis (h=13)

Variables Mean=SD
Heart Rate (bpm) 69.5£10
Heart Rate Variability (¥  1409+1503
LF peak (Hz) 0.04+0.01
LF band (m$ 512+887
LF band (nu) 58+19

HF peak (Hz) 0.3x0.1

HF band (m$ 367+475
HF band (nu) 41+19
LF/HF ratio 1.941.3

SD, standard deviation; LF, low-frequency
component; HF, high-frequency component;
LF/HF, ratio between low- and high-frequency
power components; bpm, beats per minute; nu,

normalized units.



Table 3. Correlations between spectral analysis anchrdiopulmonary exercise testing or six-minute waling test.

HR LFa LFnu HFnu .
(bpm) HRV (m<) " HFa (m$) ) ) LF/HF ratio

Cardiopulmonary exercise testing

Peak VQ, mL.kg.mint(n=12) 0.545 -0.189 -0.118 -0.436 0.418 -0.418 0.418

Peak VQ, mL/min (n=12) 0.8271 -0.455 -0.373 -0.7551 0.664* -0.664* 0.664*

Peak VQ, % predicted (n=11) 0.7481 -0.626* -0.350 -0.7271 0.692* -0.692* 0.692*

Peak Q pulse, mL/beat 9n=11) 0.661* -0.611* -0.314 -0.615* 0.661* -0.661* 0.661*

VE/VCOz-slope (n=10) -0.515 0.409 0.139 0.515 -0.8061 0.8067 -0.8061
Six-minute walking test (n=13)

Distance, m 0.615* -0.462 -0.273 -0.580* 0.476 -0.476 0.476

Distance, % predicted 0.8301 -0.7661 -0.567 -0.8341 0.694* -0.694* 0.694*

6MWw, kg/m 0.7551 -0.7971 -0.627 -0.8001 0.509 -0.509 0.509

Dyspnea Borg -0.402 0.109 0.316 0.514 -0.359 0.359 -0.359

Fatigue Borg -0.464 0.448 0.547 0.611* -0.286 0.286 -0.286

HR, heart rate; HRV, heart rate variability; LFwidrequency component; HF, high-frequency componeftHF, ratio between low- and high-frequency powe
components; bpm, beats per minute; nu, normalinéd; WO, oxygen consumption; VE, minute ventilation; V& @arbon dioxide production; 6MWw, 6-min walk work
g % && H (IS ) Iy
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Does Inspiratory Muscle Training improve the Sympahovagal Balance and

Endothelial Function in Groups | and 1V of Pulmonary Hypertension?

Abstract

Introduction: Pulmonary arterial hypertension amdoaic thromboembolic pulmonary
hypertension are two subgroups of Pulmonary Hypsite (PH). The pharmacological
treatment is usually with vasodilators, but it @bile complemented by pulmonary
rehabilitation. Thus, considering that PH patiarggally have respiratory weakness, the
inspiratory muscle training (IMT) could improve d@tenent to this disease. Our aim was
to investigate the effect of IMT on peripheral etidial function and sympathovagal
balance in PH patients. Methods and results: Twelaents in functional class Il
performed IMT using an inspiratory (resistor linethireshold-loading device (Power
Breathe® Plus Medium) in two sets of thirty largspiratory movements-diaphragmatic
breathing, twice a day for 8 weeks. The patientfopmed respiratory muscle strength
evaluation, six-minute walking test, electrocardasy and a brachial doppler
ultrasonography before and after the treatment.speetral analysis showed significant
decrease in the LF component, or sympathetic mtidalan normalized units (LFnu
baseline=59+21 and after IMT=49+17; p=0.048) arwigase in the HF component, or
parasympathetic modulation (HFnu baseline=41+21 aftel IMT=51+17; p=0.048).
Also, the sympathovagal balance, seen by the LFAHB, decreased significantly after
IMT (LF/HF ratio baseline=2.0£1.4 and after IMT=2®8; p=0.030). Conclusion:

Although the peripheral endothelial function did sbow significant difference, the IMT



improved the sympathovagal balance in these PHemtati probably reducing the

cardiovascular risk.

Keywords

PulmonaryArterial Hypertension
Parasympathetic Nervous System Modulation
Sympathetic Nervous System Modulation

Inspiratory Muscle Training

Introduction

Pulmonary Hypertension (PH) is a pathophysiologiiabrder with multiple
clinical conditions characterized by vascular dystion that restricts the pulmonary
circulation and compromises the quality of lifepattients. It is classified in five groups,
according to pathological characteristics, hemodyndindings, clinical presentation
and treatment. Pulmonary arterial hypertension (PAHGroup 1) and chronic
thromboembolic pulmonary hypertension (CTEPH — @rgy are two examples of PH
(1).

The pulmonary vasculature damage occurs throudblaeproliferation, tissue
remodeling, vasoconstriction, inflammation and thbosis, leading to a gradual increase
pulmonary vascular resistance (PVR) (2, 3). Thé YR leads to an increase in right

ventricle (RV) post-load, compensatory right vestar hypertrophy and, frequently,



right heart failure (RHF) (4, 5). Although the imitinjury occurs in the pulmonary
vessels, studies show that there is also peripherdbthelial dysfunction and the
dysfunction appears to be correlated with PVR &edlisease severity (6-8).

The cardiac output decrease, caused by RHF, redineesxygen supply to the
skeletal muscles that leads to fatigue, dyspnea exmdcise intolerance (9, 10). In
addition, PH patients often have respiratory muscwieakness, which contributes to the
exacerbation of symptoms (11, 12). The pharmaccébgireatment is usually with
vasodilators drugs and could be complemented bynguéry rehabilitation, such as
inspiratory muscle training (IMT) (1).

Moreover, the sympathetic and parasympathetic limmca is also present many
cardiovascular diseases (13-15), including PH (18). Studies showed that the
sympathetic nervous system modulation is increas®tH and it may be correlated with
disease severity (16, 17). Thus, the sympathovawgalulation evaluation, by spectral
analysis, could bring important information aboigkrstratification, monitoring and
response to treatments.

Therefore, the aim of this clinical prospectivedst was to investigate the effect

of IMT on peripheral endothelial function and syrimavagal balance in PH patients.

Materials and Methods

The local ethics research committee approved thdysand it was performed in
accordance with the Declaration of Helsinki. Allbgects consented and signed the
Informed consent. This study was registered asid$bf the effect of inspiratory muscle

training on endothelial function, autonomic contreercise capacity of life in patients



with pulmonary hypertension”, conducted at a singénter specializing in respiratory
care (Brazilian protocol registry number RBR-33gm3k -

http://www.ensaiosclinicos.gov.br/rg/RBR-33gm3k/).

Study population

Patients with PAH or CTEPH followed at Santa CasaVilsericordia de Porto
Alegre were screened according to inclusion andusian criteria. The PH diagnosis
was performed in accordance to the pulmonary hgpsivn guideline (1). Eighteen
subjects were including in this study, but sixtwrn didn’t complete the protocol due to

withdrawal.

Inclusion criteria

Patients with pulmonary hypertension confirmed ightr heart catheterization
(RHC)with 18 years or morebelonging to group 1'érof pulmonary hypertension with
inspiratory muscule weakness. They must be in fanat class 1l or Il of World Health
Organization and with specific drug treatment falmponary hypertension stable for at

least three months.



Exclusion criteria

Patients with significant musculoskeletal disorgderermittent pain, cognitive or
neurological deterioration, history of moderate s#vere chronic lung disease,
hemodynamic instability, unstable angina or unaulgd cardiac arrhythmia, or with
psychiatric-psychological disorders that may irgesf in the understanding of the
protocol. Subjects who were hospitalized in the¢ fasee months, in use of oxygen and

who participated in supervised exercise progranbearpast three months.

Protocol

Women with clinically stable PAH or CTEPH participd to this protocol. These
patients performed IMT using an inspiratory (remidinear) threshold-loading device
(Power Breathe® Plus Medium) in two sets of thikdyge respiratory movements-
diaphragmatic breathing (18), twice a day for 8 kged\ine patients received IMT at
50% of maximal inspiratory pressure (MIP) and thitd@ without load. The pressure
was measured once a week in the hospital to athjastesistance in order to maintain
MIP. Before and after the protocol, respiratory olestrength, six-minute walking test,
electrocardiogram (ECG) and a brachial doppleastinography were performed by the
patients.

After screening, the patients started the baseladuation. At the baseline visit,
patients underwent clinical evaluation and respmamuscle strength test. At second
visit, after 4 days, the patients underwent ECGchial doppler ultrasonography,

pulmonary function test and six-minute walking t@&WWT), respectively. In addition,



the data were compiled in a database with restdts previous exams, as RHC, vital

signs and clinical information.

Respiratory muscle strength evaluation

The MIP and maximal expiratory pressure (MEP) vessessed using a calibrated
digital mouth pressure meter (Globalmed, MVD 300®ith instructions and a
demonstration being given prior to the tests. Adlasurements were performed using the
nose clip and with a 2-mm wide opening in the mpigbe to prevent overestimation of
values because of glottal closure and pressurbdynbuth muscles (19). The MIP was
measured near a residual lung volume after a madvaxgiration and the MEP was
measured near total lung capacity after a maxinggiration and both were conducted in
an upright-seated position with legs and trunkspsuied (19). To measure MEP, the
researcher pressed the cheeks of the volunteprevent air leakage (19). A minimum
of five maneuvers at 1-minute intervals were coneldicwith the variability between the
best three measurements less than 10% and thewithes variation of no more than
20% with pressure of higher value. The minimum apeg time was 1.5 seconds so that
the maximum sustained pressure could be observddsecond, MIP and MEP average
were determined by calculating the shaded area (1) largest measure could not be
the last test because of a potential learning etied the highest pressure value was

selected.



Pulmonary function test

Spirometric tests were performed with a calibratpdeumotachograph
(Vmax29®; SensorMedics, Yorba Linda, CA, USA) anerevperformed in accordance
with international standards (20). The variablewied were expressed as absolute and

percent predicted values (21).

Electrocardiogram

All ECGs were recorded during 10 minutes on pasidasted in the morning.
During the data recording, the subjects were advise remain motionless in a
comfortable supine position, in a quiet room. Hiecardiographic signals were collected
(derived DI, DIl and DIII) to cardiac electricaltagty monitoring (22). Continuous ECG
signals (sampling rate, 600 Hz) were recorded by Wancardio system
(MicromedBiotecnologia — bath 53, series n°® 14441@WVISA registration
10307270007) and used to perform spectral analygsigy an autoregressive model. All

female patients performed the ECG while they werdays 1 to 5 of the menstrual cycle.

Sympathetic and parasympathetic modulation evalnati

The sympathovagal modulation of the heart was exetliby spectral analysis of

a time series of RR intervals (tachograms) extthdtem the ECG signals through



software provided by the manufacturer of the adtjarssystem (Acknowledge software,
Biopac Systems Inc).

The pulse intervals were detecting and, after htert period was automatically
calculated on a beat-to-beat basis as the timevaltbetween two consecutive systolic
peaks or a pulse interval. All data were checkeawoid missed beats or erroneous
detections and sequences of 300 beats were randdrosen. If the randomly selected
sequence included evident non-stationarities, #tpence was discarded, and a new
random selection was performed. An autoregressigerithm was performed to
frequency domain analysis of heart rate variab{lHirV) (23-25) on the pulse intervals
sequences (tachogram). In the present study, wsd=sred two spectral components: low
frequency (LF), from 0.04 to 0.15 Hz, and high freqcy (HF), from 0.15 to 0.5 Hz. The
spectral components are expressed in absolute (ahélg2) and normalized units (nu).
Normalization is the division of the power of a givspectral component by the total
power and multiplying the ratio by 100 (26). Théioaof the absolute LF/HF values,

known as cardiac sympathovagal balance, was alsolated for each stretch (27).

Endothelial function

All endothelial tests were performed on patientged in the morning, without
medication consumption. Also, as recommended in ghigleline, the exams were
performed in a temperature-controlled and silerdnto Noninvasively endothelial
function was assessed by means of a brachial antgasound probe (EnVisor Series,
Philips Ultrasound, Bothell, WA) and doppler ulmasgraphy by instrument equipped

with a 7- to 12-MHz high-resolution linear probel@-3, Philips, Bothell, WA, USA).



The left brachial artery diameter was measured fBamode ultrasound images at these
conditions: at rest and during reactive hypereriaesting scan was performed before
blood pressure (BP) cuff inflation (50 mmHg aboystslic BP). When the cuff was
inflated, it was placed around the forearm, ocallLaleerial for 5 minutes. This procedure
causes ischemia and, consequently, a vasodilateomuto regulatory mechanisms. A
second continuous scan was recorded from 30-12hde@fter the cuff deflation. The
same experienced sonographer performed all of ltin@saund scans, and he had no
information about the subjects. The vessel diam&ts measured after the exam, in
mode offline, at a fixed position with ultrasonalipers at end-diastole, and incident with
the R wave on a continuously recorded electrocgrdim. The dilatation was obtained
by the difference from baseline and after 10-sedntetvals during the period from 30-
180 seconds. The value of flow-mediated dilata{ieMD) in (%) indicates the blood

flow increased after release of the sphygmomanancat&§28).

The six-minute walking test

The 6MWT was conducted for all patients accordingSAguidelines (29). The
subjects were instructed to walk at their own paceover as much distance as possible
for 6 minutes along an enclosed 30-m long corriddhe hospital. Dyspnea and fatigue
perception were determined using the modified CBAf@ Scale (0-10) before and after
the BMWT (30). Heart rate (Polar heart rate monRalarS810i; Polar Electro, Finland),
was monitored and oxygen saturation (Risingmed,FRA@B;Beijing, China) was
measured during the test. All patients had preWopsrformed the 6MWT several times

so the test was performed only once (31). A Braziktudy was used to calculate the



predicted values of normality (32). Measurementseweade with a calibrated Filizola
scale (0.1 kg of precision) and with a stadiom@es cm of precision) and the BMI (body

mass kg body height m2) was calculated.

Statistical analyses

Data are expressed as absolute and relative fregypercentage) for categorical
variables or mean and standard deviation for nurakvariables. Shapiro-Wilk test was
used to assess normality of the data distribufi@n.comparing continuous variables, a
Wilcoxon signed rank sum test was used. We perfdrensubgroup analysis between
patients that received IMT at 50% of MIP and ldemnt50% of MIP using a Wilcoxon
signed rank sum test. Statistical significance aesepted at F0.05. All results were
analyzed using commercial software (SPSS ver. R3SSInc., Chicago, IL, USA; Excel

2010, Microsoft Corporation, Redmond, WA, USA).

Results

The patient’s baseline demographic and clinicafrattaristics and RHC results
are summarized on Table 1. All subjects were feraatébelonged to functional class I
of World Health Organization. The hemodynamics pesiers showed high mean

pulmonary arterial pressure (mMPAP) and PVR, butmabcardiac output (CO).



After IMT, the spectral analysis showed significdetrease in the sympathetic
modulation and increase in the parasympathetic tatdo, seen by LFnu band and
HFnu band, respectively. In according to these,datasympathovagal balance, seen by
LF/HF ratio, decreased significantly after exercdée performed a subgroup analysis
between patients that received IMT at 50% of MIE Bss than 50% of MIP, and there
was no statistical difference with the groups.

Regarding to respiratory muscle strength, the ptidad inspiratory muscle
weakness in the baseline evaluation, but they ezhbbtter values of MIP after the IMT.
Moreover, the distance walked in the 6MWT (D6MWgrieased approximately 19
meters (4%).

There was no significant difference in the paramsetd endothelial function

evaluation after IMT.

Discussion

To our knowledge, this is the first study that skdva significant improvement in
the sympathovagal modulation in PH patients aftere@ks of IMT. This improvement
was demonstrated by decrease in sympathetic mamlulaand increase in
parasympathetic modulation, which leaded to a syhgvagal balance reduction.

Data not yet published from our laboratory showgthgathetic modulation
predominance in PAH patients, probably due to panasathetic modulation withdrawal.
This sympathetic dominance is important to maintairtompensatory response of
cardiovascular system face vascular and respiratgpgirment caused by the disease.

However, it is clear in the literature that chrogsjenpathetic overactivation increase the



cardiovascular risks (13-15), thus, this compengatoechanism would be deleterious
for those patients. In the present study, eighkkeeé IMT improved the sympathovagal
balance by an increase in the parasympathetic addction in the sympathetic
modulation. This finding is important because redtlee patients cardiovascular risks.
Moreover, it is known that the IMT, through of viéatiory muscle strength and endurance
improvement, can delay the development of diaphréajigue, reduce the sympathetic
activation, increase the perfusion of the peripherascles, attenuate the exaggerated
chemoreflex and improve the ventilatory control afdhctional capacity (33).
Collectively, these findings demonstrate that thespiratory muscle strength
improvement facilitates breathing in a general egntWe believe that the increase in the
respiratory muscle strength probably provides betitbod oxygenation, which
ultimately, allows a decrease in the compensatgmnpsithetic response to the
cardiopulmonary system.

As reported by Meyer et al, there is reductiomspiratory and expiratory muscle
strength in PAH patients and this weakness occomdgpendently from ventilatory
inefficiency and exercise capacity (11). Theseifigd are in accordance with ours, which
showed inspiratory muscle weakness in our patiantsalso with Saglam et al., who
evaluated the IMT in PAH and concluded that thigreise significantly improves
inspiratory muscle strength, functional capacitg aerception of dyspnea and fatigue
(34) . The present study also showed significangrovement in both inspiratory and
expiratory muscle strength.

Regarding functional capacity, the 6MWT still ithost used exercise test in
PH centers (1). In this study, there was a siganfiégncrease in DE6MWT after IMT in our
subjects. Again, our data is in accordance withl&agt al, who demonstrated

improvement in D6MWT in PAH patients after IMT (aawverage of 50m in the



intervention group) (34). However, it is importaemphasize that the distance of the
6MWT, in absolute values, and not the change, pepvide prognostic information.
There is no single threshold that is applicableafbpatients, but it is considered low risk
when PAH patient walk distances above 440m (1). élex, the increase of DEBMWT in
the present study could represent an improvemengxefcise tolerance caused by
respiratory muscle strength increase, as alsoiagatients with congestive heart failure
(33). In fact, Dall’Ago et al, 2006, found that IMilnproved the inspiratory muscle
strength and the endurance. According to theseoejtthis improvement induced also
an improvement in the submaximal and maximal fumeti capacity and quality of life
(33).

Regarding to the endothelial dysfunction, our patidhave shown similar baseline
results to those presented in the literature (8Q%)the other hand, the IMT did not induce
significant improvement in this parameter. We dbewe that this absence of difference
is probably due to the endothelial response saburaaused by the association with the
disease pathophysiology, severity of this diseasé tihe chronic treatment with
vasodilators.

There are some limitations to this study: 1-Thedaris relatively small, because
it is difficult recruit subjects able to performethraining and who met the inclusion
criteria. 2-Our patients were treated with difféneredications that could interfere in their
pathophysiology responses; and 3-although all ptstibelong to groups with similar
pathophysiology, the etiology of the PH was not bgeneous.

In conclusion, although the peripheral endothefiahction did not show
significant difference, the eight weeks of IMT iroped sympathetic and
parasympathetic balance, the respiratory musodagtin and functional capacity in PH

patients, groups | and IV, probably reducing thelicgulmonary risk.
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Figure 1

Table 1. Demographic and clinical characteristicthe patients.

Characteristic N=12
Femal 12 (100
Age (years) 41.249.5
BMI (kg/m?) 26.7+5.3
SBP (mmHg) 115.4+13.4
DBP (mmHg) 75.2+8.8
WHO/NYHA
Class Il 12 (100)
PH etiology
Congenital heart diseases (corrected) 2 (16.7)
Congenital heart diseases (uncorrected) 2 (16.7)
Connective tissue disease 2 (16.7)
Idiopathic 3 (25.0)
HIV 1 (08.3)
Chronic thromboembolic pulmonary hypertension 2716
Drug therapy
ERA 3(25.0)
ERA + PD5i 7 (58.3)
sGC 2 (16.7)
Pulmonary function test
FEV1(%) 75.7+15.0
FVC (%) 81.8+12.2
FEVJ/FVC (%) 0.76+0.1
Right heart catheterization
PAPmM (mmHg) 47.1+13.6
Cardiac output (L/min) 5.1+1.3
PVR (Wood) 7.8£4.3

Values are n (%) or meanz standard deviation. Biddly mass index; SBP,
systolic blood pressure; DBP, diastolic blood puess WHO, World
Health Organization; NYHA, New York Heart Associatj PH, pulmonary
hypertension; HIV, Human Immunodeficiency Virus; ARendothelin
receptor antagonist; PD5i, phosphodiesterase typleilsitor; SCG, soluble
guanylyl cyclase; FEY forced expiratory volume of 1 second; FVC, forced
volume vital capacity; FEMFVC ratio, Tiffeneau-Pinelli index; PAPm,
mean pulmonary arterial pressuPVR, pulmonary vascular resistan



Figure 2

Table 2. Effects of inspiratory muscle traininyI{r)

Variables Baseline After IMT P value
Respiratory muscle streng
PIP, cmk0O 66.5+6 111.7%%21 0.00z
PEP, cmhO 79.4+2C 103.7x1¢ 0.00z
Six-minute walking te:
Distance, r 50(+6E 51¢+5€ 0.03(
Distance, % predict¢ 87+11 89+1C 0.20(
Spectral analys
HR, bpr 71+1C 68+7 0.20(
HRV, m¢? 92:+54¢€ 88E+417 0.76(
LFpeak, Hz 0.05£0.01 0.04+0.00¢ 0.62(
HFpeak, H 0.2£+0.1 0.3+0.091 0.28(
LF band, m2 23e£19(C 214+162 0.76(
HF band, m? 217+18¢ 242+18¢ 0.50(
LF band, n 59+21 48+17 0.04¢
HF band, n 41+21 51+17 0.04¢
LF/HF ratic 2.Cx1.4 1.2+0.¢ 0.03(
Endothelialfunctior
B-DIA, mm 317+4C 314+52 0.46(
RH-DIA, mm 327+33 324+43 0.90(
FMD, % 3.2+4 4.1+5 0.700
Note: PIP, peak inspiratory pressure; PEP, pepkaory pressure; HR, heart

rate; HRV, heart rate variability; LF, low-frequgncomponent; HF, high-frequency
component; LF/HF, ratio between low- and high-freigqey power components; bpm,
beats per minute; nu, normalized units; B-DIA, bdsachial artery diameter; RH-
DIA, brachial artery diameter with reactive hyperanFMD, flow-mediated dilation;
P < 0.05 was considered statistically signific



5 CONCLUSAO

A avaliacdo basal dos sujeitos do estudo mostrodutagdo parassimpética
reduzida, predominio da modulagdo simpética emingdetito da parassimpatica e
consequente desbalanco simpatovagal. Além disgmgaentes apresentaram disfungéo
endotelial periférica que néo se correlacionou earapacidade funcional ou modulacéo
simpatovagal. Ja a modulacdo parassimpética reslleid consequente desbalancgo
simpatovagal correlacionaram-se, de maneira inyermsa a capacidade funcional dos

pacientes.

No entanto, apos 8 semanas de IMT, apesar de avd@ Hiferenca na funcao
endotelial, houve melhora significativa no balangionpatovagal, provavelmente
reduzindo o risco cardiovascular nestes paciemeshipertensdo pulmonar dos grupos

lelV.
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ANEXO A - Termo De Consentimento Livre E Esclarecid

TERMO DE CONSENTIMENTO LIVRE ESCLARECIDO

TITULO DO ESTUDO: “Estudo do efeito do treinamento muscular inspiratério sobre a fungio endotelial,
controle autonémico, capacidade de exercicio e qualidade de vida em pacientes com hipertensao arterial
pulmonar”.

INVESTIGADOR PRINCIPAL: Fabricio Farias da Fontoura

INSTITUICAO: Irmandade Santa Casa de Misericérdia de Porto Alegre

TELEFONE: (51) 3213 7068

INFORMACOES GERAIS

Vocé estd sendo convidado a participar de um estudo para pacientes com Hipertensdo Arterial Pulmonar

(HAP). A participagdo neste estudo ¢ totalmente voluntaria. Antes de decidir a respeito de sua participagdo, vocé
recebera algumas informagdes para compreender o estudo e poder tomar sua decis@o. Este documento ¢ denominado
Termo de Consentimentos Livre e Esclarecido (TCLE), contém todas as informagdes sobre o estudo, seus objetivos,
beneficios, desconfortos e precaugdes. Vocé podera sair do estudo a qualquer momento sem haver qualquer prejuizo
em relagdo a seu médico e equipe de saude responsavel pelo seu cuidado.

As informagdes abaixo deverdo ser lidas e apenas quando vocé entender e decidir sobre sua participagdo
devera assinar duas vias deste documento. Uma copia ficara com o médico responsavel pelo estudo e outra ficard com
vocé.

DESCRICAQO DO ESTUDO

Este estudo tem como objetivo investigar os efeitos treinamento de forga muscular ventilatoria obre a fungio

endotelial, o balango autondmico, a capacidade de exercicio e qualidade de vida em pacientes com HAP.

Concordando em participar deste estudo, vocé inicialmente realizard as seguintes avaliagdes (exames):
Eletrocardiograma, ultrassonografia, teste de caminhada de seis minutos, avaliagdo de for¢ca muscular diafragmatica,
teste em bicicleta ergométrica com carga constante, teste cardiopulmonar incremental em bicicleta ergométrica e
questionario de qualidade de vida.

Apos estas avaliagdes, vocé sera sorteado para participar de um dos dois grupos que s3o: Grupo I, onde vocé
realizara treinamento muscular inspiratorio domiciliar dirio e uma vez por semana ambulatorial com uma carga de
50% da for¢a maxima ou Grupo II, onde vocé ira realizar o mesmo treinamento exceto a carga, que sera reduzida para
02% da forga maxima.

Durante os exercicios ambulatoriais vocé sera constantemente supervisionado e monitorado e questionado
quanto ao seu cansago, desconforto ou falta de ar, e podera interromper os exercicios sempre que achar necessario.
Vocé recebera da equipe um treinamento para usar um dispositivo chamado power breathe (valvula para puxar o ar) a
fim de realizar o treinamento muscular ventilatério domiciliar, o mesmo devera ser devolvido a equipe ao final do
estudo.

Apods as 08 e 16 semanas do inicio do estudo, vocé realizara novamente todas as avaliagdes realizadas
anteriormente, tais como: Eletrocardiograma, ultrassonografia, teste de caminhada de seis minutos, avaliagdo de forga

muscular diafragmatica, teste em bicicleta ergométrica com carga constante e questionario de qualidade de vida.
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A medicagdo prescrita por seu médico para o tratamento da HAP devera ser mantida, exceto se o médico
orientar alguma modificagdo, quando realizada deve ser comunicado a equipe de pesquisa.

Vocé podera mudar de idéia em relagdo a sua participagdo no estudo a qualquer momento e por qualquer razido
que julgar correta. Basta comunicar sobre sua desisténcia, sem a necessidade de se justificar. Da mesma forma, se for
da sua vontade, vocé podera solicitar o resultado dos exames realizados nesta pesquisa.

RISCOS

Embora a literatura descreva que ndo ocorreram eventos adversos nos estudos que submeteram pacientes com
hipertensdo pulmonar arterial em programas de exercicio fisico supervisionado ou ndo, o risco sempre ¢ existente.
Poderdo acorrer desmaios, aumento da falta de ar, cansago muscular e tonturas. Para isso vocé sera constantemente
monitorado e indagado sobre percepgdo de esforgo a fim de evitar possiveis eventos adversos.

BENEFICIOS

Os pacientes de ambos os grupos serdo beneficiados com melhora na capacidade funcional e melhora na
qualidade de vida. Caso exista uma diferenga clinicamente significativa entre o grupo I e II, sera oferecida a
intervengdo com melhor desfecho aos pacientes que queiram participar apds o termino do estudo.

DESPESAS E PAGAMENTOS

Vocé ndo recebera nenhum pagamento e nem tera nenhuma despesa por participar deste estudo.

CONFIDENCIALIDADE DOS DADOS

A privacidade de quem participa de pesquisas é muito importante. Todas as informagdes coletadas neste
estudo serdo mantidas confidenciais. Caso os resultados venham a ser publicados, sua identidade sera preservada. Os
registros médicos que possam identificar vocé serdo mantidos em sigilo, conforme exigido por lei. Exceto pelo nome
neste documento, que também ¢ confidencial, vocé ndo serd identificado pelo nimero de RG ou CPF, enderego,
numero de telefone ou qualquer outro dado que o identifique diretamente nos registros do estudo que forem revelados
para fora da Santa Casa de Misericordia de Porto Alegre.

TERMINO DO ESTUDO

Vocé podera ser afastado da pesquisa pelas seguintes razdes: se o médico julgar que os efeitos sdo perigosos
para sua saude, e trazem mais riscos do que os beneficios previstos; se vocé faltar muitas vezes as sessdes; se
interromper seu tratamento medicamentoso para HAP sem consentimento do seu médico; se for do sexo feminino e
ficar gravida durante o estudo.

INFORMACOES DE CONTATO

Se houver qualquer problema de satude referente ao estudo durante sua participa¢do entre em contato com o
pesquisador responsavel Fabricio Farias da Fontoura, no telefone: (51) 3213-7068. Ele devera tomar as devidas
providéncias.

Se vocé tiver alguma duvida ou consideragio sobre as questdes éticas, entre em contato com o Comité de Etica
em Pesquisa (CEP) da Santa Casa de Misericordia de Porto Alegre, situado na Rua Professor Annes Dias, 295 —
Hospital Dom Vicente — 6° andar — Porto Alegre/RS, fone: (51) 3214-8571.
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CONSENTIMENTO DO PACIENTE

Eu confirmo que li e compreendi a descri¢do do “Estudo do efeito do treinamento muscular inspiratério sobre
a fungdo endotelial, controle autondmico, capacidade de exercicio e qualidade de vida em pacientes com hipertensédo
arterial pulmonar”, e discuti com o pesquisador responsavel até esgotar as minhas dividas no momento. Compreendo
que a minha participag@o no estudo ¢ totalmente voluntaria. Estou ciente do proposito, dos procedimentos, dos riscos e
dos beneficios do estudo, desta forma autorizo que o(s) procedimento(s) seja (m) realizado (s) da forma como foi
(foram) exposto(s) no presente estudo. Esta autorizagdo ¢ dada ao(a) pesquisador responsavel(a) bem como ao(s)
membro(s) de sua equipe e/ou outro(s) profissional(ais) por ele (ela) selecionado(s) a intervir no(s) procedimento(s) de
acordo com seu julgamento profissional quanto a necessidade de participagdo do(s) mesmo(s) no estudo. Estou
também ciente que posso desistir do estudo a qualquer momento, sem que meu tratamento seja afetado. Declaro que

recebi uma copia deste Termo de Consentimento Livre Esclarecido.

Nome do Paciente Data

Assinatura do Paciente

Nome do pesquisador que explicou o TCLE Data

Assinatura do pesquisador que explicou o TCLE

Testemunha (se aplicavel) Data

Assinatura da testemunha

Termo de Consentimento Livre e Esclarecido- TCLE- (Versédo 2) - 3 de 3



ANEXO B - Parecer de Aprovacdo do Comité de EticaalSanta Casa De
Misericordia de Porto Alegre

IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO W““"
ALEGRE - ISCMPA

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Estudo do efeito do treinamento muscular inspiratério sobre a funcdo endotelial,
controle autonémico, capacidade de exercicio e qualidade de vida em pacientes com
hipertensao arterial pulmonar

Pesquisador: FABRICIO FARIAS DA FONTOURA
Area Tematica:

Versao: 1

CAAE: 30199714.6.0000.5335

Instituicdo Proponente: ISCMPA

Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 648.580
Data da Relatoria: 14/05/2014

Apresentacgao do Projeto:

Descrito no Parecer Consubstanciado do CEP 646.570.

Objetivo da Pesquisa:

Descrito no Parecer Consubstanciado do CEP 646.570.

Avaliagado dos Riscos e Beneficios:

Adequados e ja descritos no Parecer Consubstanciado do CEP 646.570.
Comentarios e Consideragdes sobre a Pesquisa:

Adequados.

Consideragoes sobre os Termos de apresentagao obrigatoria:
Conforme solicitado no Parecer Consubstanciado do CEP 646.570, as pendéncias foram todas atendidas e
anexadas.

Recomendagoes:

Nao se aplica.

Conclusdes ou Pendéncias e Lista de Inadequagées:
Nao se aplica.

Enderego: R. Prof° Annes Dias,285 Hosp.Dom Vicente Scherer

Bairro: 6° andar - Centro CEP: 90.020-090
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3214-8571 Fax: (51)3214-8571 E-mail: cep@santacasa.tche.br
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IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO W"\“
ALEGRE - ISCMPA

Continuagéo do Parecer: 648.580

Situagao do Parecer:
Aprovado

Necessita Apreciacdao da CONEP:

Nao

Consideragodes Finais a critério do CEP:

Apos reavaliagdo do protocolo acima descrito, o presente comité ndo encontrou ébices quanto ao
desenvolvimento do estudo em nossa Instituicdo e podera ser iniciado a partir da data deste parecer.

Obs.: 1 - O pesquisador responsavel deve encaminhar a este CEP, Relatérios de Andamento dos Projetos
desenvolvidos na ISCMPA. Relatérios Parciais (pesquisas com duragdo superior a 6 meses), Relatérios

Finais (ao término da pesquisa) e os Resultados Obtidos (cdpia da publicagéo).

2 — Para o inicio do projeto de pesquisa, o investigador devera apresentar a chefia do servigo (onde sera
realizada a pesquisa), o Parecer Consubstanciado de aprovagdo do protocolo pelo Comité de Etica.

PORTO ALEGRE, 15 de Maio de 2014

Assinado por:
Claudio Teloken
(Coordenador)

Enderego: R. Prof° Annes Dias,285 Hosp.Dom Vicente Scherer

Bairro: 6° andar - Centro CEP: 90.020-090
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3214-8571 Fax: (51)3214-8571 E-mail: cep@santacasa.tche.br
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ANEXO C - Parecer de Aprovacéo do Comité de EticaalUniversidade Federal de
Ciéncias da Saude de Porto Alegre

UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE Wm
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

Elaborado pela Instituicao Coparticipante
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Estudo do efeito do treinamento muscular inspiratério sobre a fungdo endotelial,
controle autonémico, capacidade de exercicio e qualidade de vida em pacientes com
hipertensao arterial pulmonar

Pesquisador: FABRICIO FARIAS DA FONTOURA
Area Tematica:

Versao: 1

CAAE: 30199714.6.3001.5345

Instituicdo Proponente: ISCMPA

Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 730.142
Data da Relatoria: 17/07/2014

Apresentacgao do Projeto:

Ensaio clinico randomizado controlado por placebo com objetivo de investigar os efeitos do treinamento da
musculatura inspiratéria (TMI) sobre afungéo endotelial, funcdo autonémica, capacidade de exercicio e
qualidade de vida em pacientes com hipertenséo arterial pulmonar. Para realizagdodo estudo seréo
recrutados 32 pacientes provenientes do servico de Hipertensdo Pulmonar do Hospital Dom Vicente
Scherer, divididos em 2 grupos

(n=16 em cada) de treinamento muscular inspiratério, Grupo | - 30% da carga maxima e Grupo Il - 02% da
carga maxima. Os sujeitos do estudoserdo avaliados com testes padronizados validados antes de iniciar a
intervencdo, 8 semanas apds a intervengdo e 8 semanas ap6s o final daintervengcdo. Os procedimentos
serdo realizados no Servico de Reabilitagdo Pulmonar do Pavilhdo Pereira Filho e no laboratério de
reabilitacdo

pulmonar da Universidade Federal de Ciéncias da Saude de Porto Alegre. O periodo do estudo sera de Abril
de 2014 a Junho de 2015, envolvendoos participantes na primeira fase de 2 meses (1 visita semanal) e na
segunda fase apo6s 16 semanas do inicio do estudo (trés dias de reavaliagdes

Objetivo da Pesquisa:
Objetivo Primario:
Investigar os efeitos do treinamento da musculatura inspiratéria (TMI) sobre a fungédo endotelial,

Enderego: Rua Sarmento Leite ,245

Bairro: CEP: 90.050-170
UF: RS Municipio: PORTO ALEGRE
Telefone: (513)303 -8804 E-mail: cep@ufcspa.edu.br
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ANEXO D — Normas das Revistas Cientificas

Nome da revista:Respiratory Physiology & Neurobiology
Author information

Respiratory Physiology & Neurobiology publishesgoral articles and invited reviews
concerning the field of respiration in its broadeshse. Although a special focus is on
topics in neurobiology, high quality papers in ries@ry molecular and cellular biology
are also welcome, as are high quality papers titioaal areas, such as mechanics of
breathing; gas exchange in lungs, gills, skin, tssslies; acid-base balance; respiration at
rest and exercise; respiration in normal and uruwzralitions, like high or low pressure
or changes of temperature, low ambient oxygen; gamic and adult respiration;
comparative respiratory physiology. Papers on @dhiaspects, articles on original
methods, as well as theoretical papers are alssidened as long as they foster the
understanding of respiratory physiology.

1. The manuscript must contain the following sewiceach starting on a new page: Title
page

Abstract Main text References Figure legends (f)an

2. The following items must be uploaded as sepdilat® and in this sequence: Cover
letter

Abstract (in addition to the Abstract containedhia main text file) Rebuttal Notes (only

for revised manuscripts) Highlights Graphical Abstr(optional) Manuscript Figures (if

any) Tables (if any) All figures must be prepardthvall component panels in the same
layout as in which they are to be printed.

Types of paper

Original Research Articles submitted to Respir. $tly Neurobiol. should deal with
original research which has not been publishedipusly, nor is being considered for
publication elsewhere.

Short communications provide a rapid publicationdioort, concise papers dealing with
original material within the scope of the jourrahort communications should not exceed
4 printed pages (about 8 manuscript pages), inotudp to 2 Figures, 1 Table and up to
10 References. Style of the manuscripts must oteeraonform with that of Original
Research Articles (see below) and must, in padrgutave an Abstract. The e-mail,
telephone and fax number of the corresponding authust be given on the title page.

Frontiers Reviews are state-of-the-art reviewspared on invitation.

Book reviews are also prepared on invitation.



Letters to the Editor should only be submittedradtnsultation with the Editor

Commentaries are invited by the Editor, but alieexers are encouraged to propose any
accepted manuscript for a formal Commentary.

Contact details for submission
Papers should be submitted via the journal's Esdsdlitorial System site .
Submission checklist

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

Ensure that the following items are present:

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

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)

* All tables (including titles, description, footies)

 Ensure all figure and table citations in the tedtch the files provided

« Indicate clearly if color should be used for digyres in print

Graphical Abstracts / Highlights files (where appble)

Supplemental files (where applicable)

Further considerations

« Manuscript has been 'spell checked' and 'granchecked’

* All references mentioned in the Reference List@ted in the text, and vice versa

* Permission has been obtained for use of copytymhaterial from other sources
(including the

Internet)



* A competing interests statement is provided, efe¢he authors have no competing
interests to declare

« Journal policies detailed in this guide have besmewed

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

Submission items

After entering the above information, you will leguested in a final step to upload the
appropriate submission items. The following fileasinbe uploaded when submitting a
manuscript (* indicates mandatory files): *Coveltde *Abstract *Manuscript *Rebulttal
notes (for revised manuscripts only) Figure(s) €&)IPermission note(s) (if applicable)
Supplementary material (optional) Other Cover Lrette

Manuscripts submitted must be accompanied by ardetter. It must state (a) that the
work is original in that it has not been publishssfore or submitted for publication
elsewhere, and will not be submitted elsewhererbedalecision has been taken as to its
acceptability by Respir. Physiol. Neurobiol.; (bt each author meets the criteria for
authorship above and assumes the correspondingnsbpity.

Abstract

Upload a separate file containing the Abstract.e(Bibstract must also be part of the
manuscript text file).

BEFORE YOU BEGIN
Ethics in publishing

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

Studies in humans and animals

If the work involves the use of human subjects,abthor should ensure that the work
described has been carried out in accordance with Gode of Ethics of the World
Medical Association (Declaration of Helsinki) foxgeriments involving humans. The
manuscript should be in line with the Recommendatitor the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medidaurnals and aim for the inclusion
of representative human populations (sex, age atithicdy) as per those
recommendations. The terms sex and gender shoulddakcorrectly.

Authors should include a statement in the manustirgd informed consent was obtained
for experimentation with human subjects. The pmywaghts of human subjects must
always be observed.



All animal experiments should comply with the ARM\Yuidelines and should be
carried out in accordance with the U.K. Animalsi€atfic Procedures) Act, 1986 and
associated guidelines, EU Directive 2010/63/EUafloimal experiments, or the National
Institutes of Health guide for the care and uskaiforatory animals (NIH Publications
No. 8023, revised 1978) and the authors shouldlgl@adicate in the manuscript that
such guidelines have been followed. The sex of alsirmust be indicated, and where
appropriate, the influence (or association) of @exhe results of the study.

Declaration of interest

All authors must disclose any financial and persoelationships with other people or
organizations that could inappropriately influen@®as) their work. Examples of
potential competing interests include employmemmnscltancies, stock ownership,
honoraria, paid expert testimony, patent applicetieegistrations, and grants or other
funding. Authors must disclose any interests in phaxes: 1. A summary declaration of
interest statement in the title page file (if dasblind) or the manuscript file (if single-
blind). If there are no interests to declare thierage state this: 'Declarations of interest:
none'. This summary statement will be ultimatelplmined if the article is accepted.

2. Detailed disclosures as part of a separate Bidla of Interest form, which forms part
of the journal's official records. It is importdot potential interests to be declared in both
places and that the information matches. More méiron.

Submission declaration and verification

Submission of an article implies that the work diésd has not been published
previously (except in the form of an abstract, blighed lecture or academic thesis, see
‘Multiple, redundant or concurrent publication’ foore information), that it is not under
consideration for publication elsewhere, that itblgcation is approved by all authors and
tacitly or explicitly by the responsible authorgig/here the work was carried out, and
that, if accepted, it will not be published elsevehim the same form, in English or in any
other language, including electronically withoute thwritten consent of the
copyrightholder.

To verify originality, your article may be checkég the originality detection service
Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywheneyaime, in line with Elsevier's
sharing policy.

Sharing your preprints e.g. on a preprint server mat count as prior publication (see
'‘Multiple, redundant or concurrent publication' foore information).

Use of inclusive language



Inclusive language acknowledges diversity, convegpect to all people, is sensitive to
differences, and promotes equal opportunities. €unshould make no assumptions
about the beliefs or commitments of any readertasomothing which might imply that
one individual is superior to another on the grauoichge, gender, race, ethnicity, culture,
sexual orientation, disability or health conditi@md use inclusive language throughout.
Authors should ensure that writing is free fromshiatereotypes, slang, reference to
dominant culture and/or cultural assumptions. Weissdto seek gender neutrality by
using plural nouns (“clinicians, patients/clienta’ default/wherever possible to avoid
using "he, she," or "he/she.” We recommend avoithieguse of descriptors that refer to
personal attributes such as age, gender, raceicigghrculture, sexual orientation,
disability or health condition unless they are valg and valid. These guidelines are
meant as a point of reference to help identify appate language but are by no means
exhaustive or definitive.

Author contributions

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

Authorship

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

Changes to authorship

Authors are expected to consider carefully thealigt order of authors before submitting
their manuscript and provide the definitive list anithors at the time of the original

submission. Any addition, deletion or rearrangenwrdauthor names in the authorship
list should be made only before the manuscriptldesesn accepted and only if approved
by the journal Editor. To request such a change Btlitor must receive the following

from the corresponding author: (a) the reasonHerchange in author list and (b) written
confirmation (e-mail, letter) from all authors thhey agree with the addition, removal
or rearrangement. In the case of addition or refnahauthors, this includes confirmation

from the author being added or removed.

Only in exceptional circumstances will the Editansider the addition, deletion or
rearrangement of authors after the manuscript lees laccepted. While the Editor
considers the request, publication of the manuswaiipbe suspended. If the manuscript



has already been published in an online issuereayests approved by the Editor will
result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be ddkecomplete a 'Journal Publishing
Agreement' (see more information on this). An etmdl be sent to the corresponding
author confirming receipt of the manuscript togetlwdth a 'Journal Publishing

Agreement' form or a link to the online versiortlut agreement.

Subscribers may reproduce tables of contents quapeelists of articles including
abstracts for internal circulation within their fibgtions. Permission of the Publisher is
required for resale or distribution outside thditnson and for all other derivative works,
including compilations and translations. If excerfiiom other copyrighted works are
included, the author(s) must obtain written permisgrom the copyright owners and
credit the source(s) in the article. Elsevier h@ppnted forms for use by authors in these
cases.

For gold open access articles: Upon acceptance airtecle, authors will be asked to
complete an 'Exclusive License Agreement' (morermétion). Permitted third party
reuse of gold open access articles is determingdéoguthor's choice of user license.

Author rights

As an author you (or your employer or institutib@ye certain rights to reuse your work.
More information.

Elsevier supports responsible sharing
Find out how you can share your research publighé&dsevier journals.
Role of the funding source

You are requested to identify who provided finahsapport for the conduct of the
research and/or preparation of the article andi&flyp describe the role of the sponsor(s),
if any, in study design; in the collection, anasyand interpretation of data; in the writing
of the report; and in the decision to submit thicker for publication. If the funding
source(s) had no such involvement then this shiosilstated.

Open access
Please visit our Open Access page for more infaomat
Elsevier Researcher Academy

Researcher Academy is a free e-learning platforsigded to support early and mid-
career researchers throughout their research jpurfibe "Learn" environment at

Researcher Academy offers several interactive nesguwebinars, downloadable guides
and resources to guide you through the processiohgvfor research and going through



peer review. Feel free to use these free resotoéegrove your submission and navigate
the publication process with ease.

Language (usage and editing services)

Please write your text in good English (AmericarBotish usage is accepted, but not a
mixture of these). Authors who feel their Englinguage manuscript may require
editing to eliminate possible grammatical or spegllerrors and to conform to correct
scientific English may wish to use the English Laage Editing service available from

Elsevier's Author Services.

Submission

Our online submission system guides you stepwisritih the process of entering your
article details and uploading your files. The sysmnverts your article files to a single
PDF file used in the peer-review process. Editéilde (e.g., Word, LaTeX) are required
to typeset your article for final publication. Adbrrespondence, including notification of
the Editor's decision and requests for revisiosgeist by e-mail.

Referees

Four potential referees must be indicated with reaamel email addresses. Indicate in the
field Reason why a given referee is appropriatedarewing your manuscript. Opposed
reviewers can be entered on a separate site.

PREPARATION
Peer review

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

Use of word processing software

It is important that the file be saved in the natiermat of the word processor used. The
text should be in single-column format. Keep thmla of the text as simple as possible.
Most formatting codes will be removed and replaced processing the article. In
particular, do not use the word processor's optionsstify text or to hyphenate words.
However, do use bold face, italics, subscriptsessgripts etc. When preparing tables, if
you are using a table grid, use only one grid tarheindividual table and not a grid for
each row. If no grid is used, use tabs, not spacedign columns.

The electronic text should be prepared in a way wamilar to that of conventional
manuscripts (see also the Guide to Publishing ®itfevier). Note that source files of



figures, tables and text graphics will be requindtether or not you embed your figures
in the text. See also the section on Electroniwai.

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

Article Structure

The text must be clear and concise, conformingtepted standards of English style and
usage. Nonnative English speakers may be advisedek professional help with the
language (see Language Polishing, below). Manuscripust be double spaced
throughout with wide margins. Pages should be nuetbm the following order: -Title
page (separate page): Full title, not to exceedch@@acters and spaces; list of authors,
marking corresponding author; laboratory of origiith full postal address (if more than
one, indicate each author's affiliation by supépser,b...); phone, fax numbers and email
of corresponding author; present address of autmatse-mail address, if applicable.

-Abstract page (separate page): Abstract not extgd®0 words stating what was done,
what was found, and what was concluded. Referandhe Abstract should give authors,
year, journal, volume, and inclusive pages, e.gsRa et. al., Respir. Physiol. Neurobiol.
142: 127-143, 2004.

-Text pages (starting on a new page). The Intradnahould introduce the problem and
should present a brief yet comprehensive accouns distory, quoting the relevant and
important papers in the area. The Methods shoutsbblete, but should resort to earlier
publications if possible.

The Results should clearly document the main figslinwhich should be critically
discussed in the Discussion. Repetition among tsesdons should be avoided. All
headings/subheadings must be numbered, like &t¢/A..1, 1.2 etc.

-Acknowledgements. If present, should list (a) ottentributors for whom authorship is

not justified, e.g. technical help; (b) financialdamaterial support. -References (starting
on a new page) must be typed double spaced (fte, Stge below). -Figure legends -

Figures and Tables (on separate pages; for styéebslow). Nomenclature Standard
nomenclature should be used throughout; unfanaliaew terms, arbitrary abbreviations
and trade names should be defined when first usddpendently in the Abstract and in

the main text. Unnecessary abbreviations and sysrdyel to be avoided.

Subdivision - numbered sections

Divide your article into clearly defined and numégrsections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, et @bstract is not included in section

numbering). Use this numbering also for internalssrreferencing: do not just refer to

'the text'. Any subsection may be given a briefdirag Each heading should appear on
its own separate line.



Material and methods

Provide sufficient details to allow the work to beproduced by an independent
researcher. Methods that are already publishedd@usummarized, and indicated by
a reference. If quoting directly from a previouplyblished method, use quotation marks
and also cite the source. Any modifications to taxgsmethods should also be described.

Results
Results should be clear and concise.
Discussion

This should explore the significance of the reswoltshe work, not repeat them. A
combined Results and Discussion section is oft@nogpiate. Avoid extensive citations
and discussion of published literature.

Conclusions

The main conclusions of the study may be presentadhort Conclusions section, which
may stand alone or form a subsection of a Discassidresults and Discussion section.

Appendices

If there is more than one appendix, they shouldbgtified as A, B, etc. Formulae and
equations in appendices should be given separatbeming: Eqg. (A.1), Eqg. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so onl&isfor tables and figures: Table A.1;
Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are oftesed in information-retrieval systems.
Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearlyigate the given name(s) and family
name(s) of each author and check that all nameacargately spelled. You can add your
name between parentheses in your own script behen&nglish transliteration. Present
the authors' affiliation addresses (where the datwak was done) below the names.
Indicate all affiliations with a lowercase supergttetter immediately after the author's
name and in front of the appropriate address.

Provide the full postal address of each affiliationcluding the country name and, if
available, the e-mail address of each author.

* Corresponding author. Clearly indicate who wdhldle correspondence at all stages of
refereeing and publication, also post-publicatibimis responsibility includes answering
any future queries about Methodology and Materiatssure that the e-mail address is
given and that contact details are kept up to bptidne corresponding author.



» Present/permanent address. If an author has n&ined the work described in the
article was done, or was visiting at the time,r@sent address' (or 'Permanent address')
may be indicated as a footnote to that author'sendarne address at which the author
actually did the work must be retained as the neffiliation address. Superscript Arabic
numerals are used for such footnotes.

Highlights

Highlights are optional yet highly encouraged fhistjournal, as they increase the
discoverability of your article via search engin€key consist of a short collection of
bullet points that capture the novel results ofry@search as well as new methods that
were used during the study (if any). Please halmla at the examples here: example
Highlights.

Highlights should be submitted in a separate eldittlle in the online submission system.
Please use 'Highlights' in the file name and inel@dto 5 bullet points (maximum 85
characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. Thératisshould state briefly the purpose of

the research, the principal results and major emmhs. An abstract is often presented

separately from the article, so it must be ablstéamd alone. For this reason, References
should be avoided, but if essential, then citeatlior(s) and year(s). Also, non-standard
or uncommon abbreviations should be avoided, bassential they must be defined at

their first mention in the abstract itself.

Abstract not exceeding 160 words stating what veeedwhat was found, and what was
concluded.

References in the Abstract should give authorsy,yjearnal, volume, and inclusive
pages, e.g. Parisian et. al., Respir. Physiol. dl@al. 142: 127-143, 2004.

Graphical abstract

Although a graphical abstract is optional, its issencouraged as it draws more attention
to the online article. The graphical abstract sti@ummarize the contents of the article
in a concise, pictorial form designed to capture #ttention of a wide readership.
Graphical abstracts should be submitted as a dedadedn the online submission system.
Image size: Please provide an image with a mininofi®s31 x 1328 pixels (h x w) or
proportionally more. The image should be readabéesaze of 5 x 13 cm using a regular
screen resolution of 96 dpi. Preferred file typd§&F, EPS, PDF or MS Office files. You
can view Example Graphical Abstracts on our infararasite.

Authors can make use of Elsevier's Illustrationvi®ess to ensure the best presentation of
their images and in accordance with all technieglirements.

Keywords



Immediately after the abstract, provide a maximui® keywords, using British spelling

and avoiding general and plural terms and multyolecepts (avoid, for example, 'and’,
'of'). Be sparing with abbreviations: only abbréaas firmly established in the field may
be eligible. These keywords will be used for indexpurposes.

Acknowledgements

Collate acknowledgements in a separate sectiomeatehd of the article before the
references and do not, therefore, include thenheritle page, as a footnote to the title
or otherwise. List here those individuals who pded help during the research (e.g.,
providing language help, writing assistance or preading the article, etc.).

Nome da revista:Circulation Journal
Autor instructions

I. General: The Circulation Journal is the official publicatiof the Japanese Circulation
Society. Contributions from non-members are alsmepied. Articles deal with either
clinical or experimental investigation of the candiscular and related systems. The
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ANEXO E—-Exame de ultrassonografia da artéria braqual

A) Exame de ultrassonografia da artéria braquial@aaliacdo da funcéo
endotelial sendo realizado.



ANEXO F — Imagensde ultrassonografia da artéria brguial

A) Imagem da ultrassonografia da avaliacdo B) Imagem da ultrassonografia da avaliacdo da
basal da artéria braquial. artéria braquial pés-hiperemia reativa.

C) Imagem da ultrassonografia da avaliagdo da D) Imagem da ultrassonografia da avaliacdo da
artéria braquial previa a administragdo da artéria braquial ap6s a administracdo de
nitroglicerina. nitroglicerina



ANEXO G —Teste de esforgo cardiopulmonar

A) Paciente realizando exame de CPET com) Equipe clinica realizando monitoramento e
superviséo. avaliacdo do CPET.




