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Resumo

Introducdo: A hipertensdo arterial sisttmica (HAS) é caracterizada pela pressdo arterial
sistélica e/ou diastolica acima de 140/90 mmHg. Destaca-se como um dos maiores problemas
de saude publica e contribui para a lesdo de drgdos-alvos, musculos esqueléticos, com
impacto na capacidade funcional desses pacientes. A andlise da onda de pulso (AOP) pode
ser utilizada para quantificar a remodelagem arterial, enquanto que a forga de preensédo e a
atividade fisica refletem lesdo. A medicina tradicional chinesa (MTC) diagnostica padrdes ou
subtipos de doencas a partir de quatro procedimentos: inspecdo, ausculta-olfacéo,
interrogacao e a palpacdo do pulso radial, por meio da analise da imagem do pulso (AIP). O
objetivo deste estudo é avaliar a associacdo entre capacidade funcional, AOP e AIP em
pacientes com HAS. Métodos: Estudo transversal observacional, no qual participaram 45
pacientes com HAS, avaliados também por exames complementares (eletrocardiograma,
bioquimica sanguinea). Os pacientes foram submetidos a AOP por meio de tonometria por
aplanacdo, AIP com método de palpacdo simultdnea, o diagndstico chinés foi identificado
com o algoritmo de diferenciacdo de padrBes, questiondrio internacional de atividade fisica
(IPAQ), e dinamometria manual. Resultados: Significativos resultados foram observados
para profundidade (A=0,648, Fs20=3,149, p=0,022, n?=0,352), forca (A=0,608, Fs29=3,736,
p=0,010, n?=0,392), e velocidade (A=0,535, Fs29=5,302, p=0,002, °=0,465). Efeitos gerais
compreenderam altos valores de VOP e presséo arterial para imagem de pulso superficial,
forte e rpida. Um pulso forte foi encontrado para presséo de pulso de >62.5 mmHg e pressao
arterial sistélica >149,5 mmHg, onde um pulso superficial foi encontrado para frequéncia
cardiaca >58,25 batimentos/min; um pulso rapido foi encontrado para frequéncia cardiaca
>69,6 batimentos/min e velocidade de onda de pulso >9,185 m/s. Conclusdo: AIP esta
associada a AOP e hemodinamica em pacientes com HAS de tal modo que as variaveis
quantitativas relacionadas com pulso de propagacdo de onda e hemodinamica tem
informacdes para descrever sensacfes de pulso qualitativos como relatado na MTC.

Descritores: Sistema cardiovascular; processamento de sinais biomédicos; medicina
tradicional chinesa; reabilitacéo.
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Abstract

Introduction: High blood pressure (HBP) is characterized by systolic and/or diastolic blood
pressure higher than 140/90 mmHg. It stands out as one of the major public health problems
and contributes to target-organ damage, skeletal muscles, impacting functional capacity of
these patients. Pulse wave analysis (PWA) can be used to quantify arterial remodeling, while
grip strength reflects injury. Traditional Chinese Medicine (TCM) diagnosis patterns or
subtypes of diseases from four procedures: inspection, auscultation-olfaction, interrogation
and radial pulse palpation, by pulse image analysis (PIA). The study aims to evaluate the
association between functional capacity, PWA and PIA in HBP patients. Methods:
Observational, cross-sectional study enrolled 45 patients with HBP, also assessed for
complementary exams (electrocardiogram, laboratorial data). Patients were submitted to
PWA by applanation tonometry, PIA by “simultaneous pressing”, Chinese diagnosis was
identified with pattern differentiation based on an automated method; international physical
activity questionnaire (IPAQ), and manual dynamometry. Results: Significant multivariate
main effects were observed for depth (A=0.648, Fs20=3.149, p=0.022, 1?>=0.352), strength
(L=0.608, Fs20=3.736, p=0.010, 1?=0.392), and speed (A=0.535, Fs20=5.302, p=0.002,
n?=0.465). General effects comprised high values of PWA and blood pressure for superficial,
strong, and fast pulse images. A strong pulse was found for pulse pressure >62.5 mmHg and
systolic blood pressure >149.5 mmHg, whereas a superficial pulse was found for heart rate
>58.25 heartbeats/min; a fast pulse was found for heart rate >69.6 heartbeats/min and pulse
wave velocity >9.185 m/s. Conclusion: PIA is associated to PWA and hemodynamics in
patients with HBP so quantitative variables related to wave propagation pulse and
hemodynamics have information to describe sensations of qualitative pulse as reported in
TCM.

Keywords: Cardiovascular system; biomedical signal processing; traditional Chinese
medicine; rehabilitation.
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Capitulo 1 Introducéo

1.1 Hipertensao arterial sistémica

1.1.1 Definicao e epidemiologia

A mortalidade por doencas cardiovasculares (DCV) aumenta progressivamente com a
elevagéo da pressdo arterial a partir de 115/75 mmHg (LEWINGTON, 2002) e, portanto, a
pressdo arterial (PA) considerada Otima para a saude é menor que 120/80 mmHg,
respectivamente para os valores sistolico (PAS) e diastélico (PAD). Valores entre 130-139 e
85-89 mmHg sdo classificados como PA limitrofe, enquanto que a hipertensdo arterial
sisttmica (HAS) é caracterizada pela PAS e/ou PAD acima de 140/90 mmHg em visitas
repetidas. Valores crescentes de PA sdo classificados como HAS estagio | (entre 140-159 e
90-99 mmHg), estagio Il (entre 160-179 e 100-109 mmHgQ) e estagio Il (igual ou maior a
180 e/ou 110 mmHg), indicando gravidade progressiva. Também h& classificacdo para a
hipertensdo sistélica isolada, quando a PAS esta maior que 140 mmHg e a PAD estd menor
que 90 mmHg (MANCIA et al., 2013).

A HAS destaca-se como um dos maiores problemas de salde publica no Brasil e no
mundo, sendo a DCV com maior prevaléncia em paises desenvolvidos, afetando de 20 a 50%
dos adultos. A prevaléncia da HAS aumenta com a idade e em individuos com mais de 50
anos este aumento é ainda mais vertiginoso, chegando a afetar 50% desta populacdo
(KEARNEY, 2004). As taxas mais altas de HAS em homens se encontram nos paises latino-
americanos e caribenhos, enquanto a maior prevaléncia em mulheres, nas antigas republicas
socialistas como a Eslovaquia. A menor prevaléncia tanto no sexo masculino como no
feminino esta nos paises asiaticos como a Tailandia, Coreia e Taiwan. Em paises
desenvolvidos, os indices de HAS sdo maiores (37,3%) comparados com indices de paises
em desenvolvimento (22,9%) (KEARNEY, 2005). No Brasil, a prevaléncia fica entre 22,3%
e 43,9% (media de 32,5%), com mais de 50% entre 60 e 69 anos e 75% acima de 70 anos
(CESARINO et al., 2008; ROSARIO et al., 2009).

A prevaléncia de HAS tem-se mantido estavel ou diminuido em paises desenvolvidos,
enquanto nos paises em desenvolvimento a incidéncia de HAS aumentou (KEARNEY, 2005;
GO et al., 2014). No Brasil, houve uma reducéo significativa da mortalidade por DCV nas

duas ultimas décadas devido principalmente a implantagdo de melhores tecnologias para o



diagnostico precoce e prevencdo no SUS como medida para o avanco na atencéo integral a
saude (CURIONI et al., 2009).

1.1.2 Etiologia e fisiopatologia

Além da predisposicdo genética, fatores ambientais contribuem para a agregacéo de
fatores de risco cardiovascular em familias com estilo de vida pouco saudavel (KNUIMAN,
1996). A presenca de fatores de risco cardiovascular ocorre mais comumente na forma
combinada (WILSON, 1999). O maior fator de risco para DCV é o tabagismo; seus efeitos
agudos causam aumento da PA e da frequéncia cardiaca que persistem por mais 15 minutos
apo6s se fumar um cigarro. Assim, a interrupcdo do tabagismo é o fator modificavel que
possui maior potencial de prevenir varios eventos cardiovasculares e mortes (MANCIA et al,
2013; WHO, 2013). A relacdo entre aumento da PA e avanco da idade é maior em
populagBes com alta ingestéo de sal. Nivel socioeconémico mais baixo esta associado a maior
prevaléncia de HAS e de fatores de risco para elevacdo da PA. O consumo excessivo de sddio
contribui para a ocorréncia de HAS; povos que consomem dieta com reduzido conteddo deste
tém menor prevaléncia de HAS e a PA ndo se eleva com a idade (MANCILHA-
CARVALHO, 2003). O excesso de massa corporal é outro fator predisponente para a HAS,
podendo ser responsavel por 20% a 30% dos casos (WHO, 1997). O consumo elevado e
cronico de bebidas alcodlicas aumenta a PA; o efeito varia com o género e a magnitude esta
associada a quantidade de etanol e a frequéncia de ingestdo (STRANGES et al., 2004). O
sedentarismo aumenta a incidéncia de HAS; individuos sedentarios apresentam risco
aproximado 30% maior de desenvolver HAS que os fisicamente ativos (FAGARD, 2005).

A HAS afeta primariamente o sistema cardiovascular, principalmente as artérias
(WARD et al., 2000). A modificacdo da parede vascular devido a estimulos hemodinamicos e
tréficos € conhecida como processo de remodelagem arterial. A forma de remodelagem mais
importante clinicamente € a hipertrofia interna da camada tlnica média, que se apresenta
como aumento da espessura da parede, aumento da razdo espessura/raio e diminuicao do raio
(CHRYSANT, 1998; MOURAD et al.,, 1998; WARD et al., 2000; INTENGAN &
SCHIFFRIN, 2000). Em consequéncia, um individuo com HAS tende a ter uma mecanica
arterial adaptada em relagdo a um individuo normotenso (CUNHA, 2006; FERREIRA et al.,
2009). O espessamento da parede arterial e a diminuicdo do lumen interno resultam em
elevagdo da resisténcia periférica total e consequentemente da PA — caracterizando um ciclo

mal adaptativo de agravamento caso ndo sejam diagnosticadas precocemente e tratadas



imediatamente (MANCIA et al., 2013). A maioria dos individuos com HAS necessita de dois
ou mais medicamentos (sendo um deles um diurético) para controle da PA e reducdo dos
fatores de risco (MESSERLI et al., 2007), ainda que por vezes sem significativa melhora
clinica, caracterizando assim a HAS resistente (MANCIA et al., 2013).

Mudangas de estilo de vida, como habitos alimentares e sociais demonstram ter

importante impacto na ocorréncia e/ou gravidade da HAS.

1.1.3 Semiologia e esfigmologia

A avaliacdo do individuo com DCV compreende a anamnese, o exame fisico e 0s
exames complementares. No exame fisico dessa populacdo, destacam-se a palpacdo dos
pulsos e a medida da PA. A seguir sdo apresentados brevemente os itens principais da
avaliacdo do paciente com DCV, com énfase na esfigmologia.

Anamnese. Apesar de ser considerada uma doenca silenciosa, alguns estudos
sugerem que pacientes com HAS podem apresentar sinais e sintomas tais como disturbios do
sono, dificuldade em iniciar o sono, cefaleia, palpitacbes e distarbios visuais (BULPITT,
1976; ZI1ZI et al., 2002; SUKA et al., 2003). Podem ocorrer sinais e sintomas relacionados a
lesdo de 6rgdos-alvo (LOA) tais como o coragdo, rins, cérebro, olhos e musculos esqueléticos
(ARRIBAS et al., 2006; MANCIA et al., 2013). Isto se deve ao processo de remodelagem
arterial que ocorre em pacientes hipertensos de longa data e devem ser investigados através
de exames laboratoriais e de imagem como complemento ao exame clinico de sinais e
sintomas (HERNANDEZ et al., 1999; MESERLI et al., 2007).

Esfigmologia. Define-se pulso arterial como a flutuacdo periddica causada pela acao
do coracdo e que esteja na mesma frequéncia dos batimentos cardiacos. O sinal de onda de
pulso corresponde a pressdo transversal gerada em consequéncia ao movimento longitudinal
do sangue atraves do lumen das artérias. O pulso arterial pode ser sentido em qualquer artéria
préxima a superficie do corpo, embora seja mais comumente palpado na artéria radial na face
ventral do punho (O’ROURKE, 1990; NICHOLS, 1998; BRAUNWALD, 2008).

A ejecdo sanguinea durante a sistole cardiaca é convertida em fluxo e presséo
pulsateis nas artérias. O contorno da onda de fluxo na aorta ascendente tem uma forma
triangular durante a sistole, sem fluxo na diastole. Em outras artérias, flutuagdes secundarias
séo sobrepostas na onda de fluxo como consequéncia do reflexo da onda nas partes superiores
e inferiores do corpo. O fluxo sanguineo na aorta ascendente é maximo enquanto vai

diminuindo progressivamente em diregdo as extremidades. Esta atenuacdo € decorrente do



efeito Windkessel e pelo aumento da area de seccdo transversa total de todas as artérias
periféricas em relacdo a aorta proximal (McCALL, 2000). Conforme apresentado na Figura
1, a onda de pulso da aorta é caracterizada por uma ascendente bastante rapida com o pico um
pouco arredondado, 0 ramo descendente € um pouco menos ingreme e coincide com o
fechamento da valvula adrtica (incisura dicroética). Conforme a onda de pulso € transmitida
perifericamente, 0 movimento ascendente inicial torna-se mais ingreme (BRAUNWALD,
2008).

Figura 1: Aspectos da onda de pulso na artéria aorta (a seta indica a incisura dicrética).
Marcac6es S1 e S4 indicam os sons cardiacos 1 e 4, enquanto que A2 e P2 indicam o

componente adrtico e pulmonar do 2° som cardiaco. Fonte: Fauci et al., 2014.

A palpacdo do pulso ainda é subjetiva e dependente da experiéncia do examinador,
entretanto as alternativas mais modernas que utilizam instrumentacdo biomédica ainda nao
podem ser comprovadas (AMBER, 1993). A amplitude do pulso palpavel depende da forca
exercida nos dedos sobre a artéria. A amplitude do pulso sentido na superficie depende da
magnitude da PA e do tamanho da artéria palpada. Um pulso de aparentemente baixa
amplitude pode ser um pulso de amplitude de baixa PA, de uma artéria normal ou um pulso
de amplitude de PA normal numa artéria estreita. Um pulso de aparentemente alta amplitude
pode ser um pulso de magnitude elevada num artéria normal ou um pulso de magnitude
normal na artéria de maior calibre (MCCALL, 2000). Apesar disso, a palpacdo do pulso
central (ex.: aortico) ou periférico (ex.: radial) possuem indicacdo quase patognoménica em
certas condicdes, tais como o pulso parvus, pulso hipocinético, pulso hipercinético, pulso
bisferiens, pulso alternans, pulso bigeminus e pulso paradoxus (FAUCI et al., 2014).

Exames complementares. Uma avaliagédo meticulosa em pacientes com DCV produz
importantes informagfes em relagdo a selecdo de outros exames a serem solicitados
(BRAUNWALD, 2008). Investigagcdes laboratoriais apresentam evidéncias de fatores de
risco adicionais e lesGes em 6rgdos-alvos. Os exames de rotina sdo 0 hemograma (incluindo:

hemoglobina, hematdcrito, glicemia, colesterol, triglicerideos, sddio, potassio, acido Urico),



exame de urina, eletrocardiograma (ECG), monitorizacdo ambulatorial da pressdo arterial
(MAPA), ecocardiograma, holter, ultrassom da cardtida, do abdémen e das artérias
periféricas, analise da onda de pulso (AOP) e fundoscopia (MANCIA et al., 2013). Dentre
esses, serdo descritos detalhadamente aqueles relacionados a PA e ao pulso arterial.

A PA deve ser aferida em ambos os bragos, com o paciente sentado e o braco em
supino na altura do coracdo, ap6s estar relaxado por 5 a 10 minutos. Atualmente, utiliza-se
amplamente na pratica clinica e como método padrdo-ouro contra o qual outras medidas de
PA sdo testadas a combinagdo entre 0 manguito desenvolvido por Scipione Riva-Rocci
(1863-1937) em 1896 e os sons arteriais observados por Nicolai Korotkoff (1874-1920) em
1905, conhecido como método de Riva-Rocci/Korotkoff (O’BRIEN & FITZGERALD, 1994,
WESSELING, 1995; HARRISON, 2005; PICKERING et al., 2005; BRAUNWALD, 2008).
Alguns fatores afetam a acuracia desta medida, tais como o estresse mental, nivel de
ansiedade, posicdo do braco durante a medida, o tamanho do manguito, assim como a técnica
do observador e o instrumento utilizado (BAILEY, 1993). Apesar da limitada preciséo,
diversos estudos mostraram que o esfigmomandmetro garante seu lugar na avaliagdo e
determinacéo clinica de rotina da PA (GHASEMZADEH & ZAFARI, 2011).

A MAPA ¢ realizada com o paciente utilizando um aparelho de presséo portéatil pelo
periodo de 24 horas para obtencdo de informacdes sobre a dindmica da PA durante as
atividades de vida diaria e durante o sono. O paciente € orientado a manter as atividades de
vida diaria, porém sem realizar exercicios extenuantes, e durante a insuflagdo do manguito,
deve-se parar qualquer movimentacdo e manter o membro na altura do coracdo. Além disso,
0 paciente deve fazer um didrio com sintomas e eventos que possam ter influenciado a
pressdo arterial. As mensuracfes séo normalmente feitas em intervalos de 15 minutos durante
o dia, e de 30 minutos durante o0 sono. E comprovado que as medidas da pressio arterial
aferidas durante a MAPA ou a partir de afericdo domiciliar demonstram valores inferiores
aquelas observadas no consultério médico. Além disso, parametros derivados da MAPA,
como o descenso sistdlico noturno, mostram consistentemente possuir uma relacdo mais forte
com a morbidade e ocorréncia de eventos fatais do que a afericdo em consultério médico
(MANCIA et al., 2013).

A AORP é utilizada para quantificar o fenémeno de propagacao da onda de pulso e suas
relacbes em funcdo das mudancas na impedancia vascular decorrentes do enrijecimento
arterial, disfuncdo endotelial e/ou envelhecimento (FERREIRA et al., 2013). Evidéncias
demonstram que informacGes similares & pressdo arterial na aorta (pressao central) podem ser

obtidas diretamente pela AOP da artéria radial (pressdo periférica) (WILKINSON et al.,



1998; MILLASSEAU et al., 2003; MUNIR et al.,, 2008, FERREIRA et al., 2012).
Recentemente foi desenvolvido um método simples tecnologicamente, ndo-invasivo e
confiavel de AOP: a tonometria por aplanacdo (Figura 2). Este método adquire o sinal de PA
(geralmente a partir de transdutores piezoelétricos), viabilizando assim o célculo da
velocidade da onda de pulso (VOP) e outras medidas correlacionadas com a estrutura e
funcdo arterial (KUVIN et al., 2003; FERREIRA et al., 2004; BONETTI et al., 2004).
Diversos parametros podem ser quantificados a partir da AOP; a VOP, a complacéncia
arterial (CA) e o indice da primeira onda de reflexdo (IR12), por exemplo, sdo obtidos a partir
da AOP e sao indicadores diagnoéstico e progndstico das DCV (O’ROURKE et al., 2001;
GHASEMZADEH & ZAFARI, 2011).

Anterior

O A. radial

Radio
Ulna

Posterior
Figura 2: Corte transversal do punho representando a tonometria por aplanacdo. O

transdutor pressiona o tecido subcutaneo e a artéria contra a base rigida do o0sso radio.

Crighton Bramwell (1889-1976) introduziu o conceito de VOP no inicio do século
XX. Ele observou que a VOP varia em proporcao direta com a tensdo na parede arterial e que
a PA é uma medida indireta de elasticidade da parede arterial (BRAMWELL & HILL, 1922).
Utilizando-se a tonometria arterial, a VOP (equacdo 1, Figura 3) é calculada a partir da
relacdo entre a distancia percorrida pela onda de pulso entre dois locais determinados no
sistema arterial e medida do tempo de transito do pulso arterial (marcada por um ponto
fiducial na onda de pulso) (ASMAR et al.,, 1995). Apesar da medida da VOP ser
recomendada como fator prognostico (MANCIA et al., 2013), ainda h& falta de informacdes
convincentes para selecionar e modificar o tratamento anti-hipertensivo baseado neste
parametro clinico (ASMAR et al., 1995; MUNAKATA et al., 2004).

Q) VOP = %,m/s



Figura 3: Esquema representando o calculo da velocidade de onda de pulso na artéria
radial a partir da relacdo entre a distéancia percorrida (Ax) pelo onda de pressao no
pulso braquial (Pin) até o pulso radial (Pout) € 0 tempo decorrido para percorrer essa

distancia (At).

A CA ¢é um indicador da rigidez arterial ao longo do trajeto percorrido pela onda de
pulso durante sua propagacdo. A CA pode ser estimada por meio de modelos analogos ao
sistema arterial (ex.: entre sistemas elétricos e hidraulicos; analogia eletro-hidraulica; Figura
4), que incluem outros parametros da mecanica vascular tais como a resisténcia vascular, a
inertancia do sangue e a resisténcia periférica total. A CA pode ser obtida por meio da
captacdo de dois sinais de onda de pulso no mesmo trajeto arterial — 0s mesmos para calculo
da VOP — e de um modelo matematico submetido a otimizagdo numérica (FERREIRA et al.,
2004; FERREIRA et al., 2009).

Artéria braquial Artéria radial Maio

RMZ

s Ry Lx  Rg L. R L Ry L Ry R
3
NN N[}
—_ —_— —_— -t -
Vin TCB [ TCR Tcl TCZ TCS ] TCM Vou!

Figura 4: Esquema representando a estimativa da complacéncia na artéria radial a partir da

modelagem por analogia eletro-hidraulica da complacéncia arterial (C), resisténcia vascular

(R), inertancia do sangue (L) e resisténcia periférica total (Rm).



O IRy2 é a mensuragdo da reflexdo da onda de pulso utilizada para demonstrar a
funcio endotelial e a rigidez arterial. E baseada na AOP e calculada como a proporgao entre a
amplitude do segundo (P2) e do primeiro (P1) picos sistdlicos, expresso como uma
porcentagem (equacdo 2; Figura 5) (WILKINSON et al., 1998; MILLASSEAU et al., 2002;
HAYARD et al., 2002; WILKINSON et al., 2002; MILLASSEAU et al., 2003; FERREIRA
etal., 2012).

(2) IRy, =-2x%100,%
1

P

. ( ._
Normakized pressu

Figura 5: Esquema representando a estimativa do indice de reflexdo da primeira onda
sistolica (IR12) a partir da amplitude do pico da onda de percusséo (P1) e da primeira

onda de reflex&o sistolica (P2). Pulso Radial (Pout).

1.1.4 Consequéncias funcionais e sua avaliacio

O impacto da HAS em funcdo do tempo de doenca é evidente; as artérias de pequeno,
médio e grande calibres sdo as primeiras estruturas afetadas pela PA elevada e sustentada
(ARRIBAS et al., 2006). A remodelagem contribui para a LOA além das artérias, tais como
os musculos esqueléticos (HERNANDEZ et al., 1999), coracgdo, rins, cérebro e olhos
(MESSERLI et al., 2007). Sem as intervencGes adequadas, as fungdes organicas comegam a
se deteriorar e podem ser detectadas a partir de exames laboratoriais e de imagem, como
complemento ao exame clinico de sinais e sintomas (MANCIA et al., 2013). A HAS cronica
pode causar eventos adversos graves no paciente, tais como acidente vascular cerebral,
infarto agudo do miocardio e insuficiéncia renal. A HAS, portanto, é considerada também

como um importante fator de risco para uma variedade de DCV, como por exemplo a doenga



arterial coronaria, doenca cerebrovascular, insuficiéncia cardiaca, doenca renal terminal,
doenca arterial periférica, hipertrofia ventricular esquerda e disfuncédo diastolica (MANCIA
et al., 2013). A capacidade funcional pode ser afetada (HAJJAR et al., 2007; RAMOS et al.,
2014) com possiveis impactos na qualidade de vida destes pacientes (GUSMAO et al., 2009),
que frequentemente serdo encaminhados para a fisioterapia e reabilitacdo cardiaca.

Capacidade funcional € um termo complexo que abrange outros termos como:
deficiéncia, incapacidade, desvantagem, bem como os de autonomias e independéncia. E
definida como a capacidade de um individuo realizar atividades fisicas e mentais necessarias
para manutencdo de suas atividades basicas e instrumentais. A manutencao e a preservacao
da capacidade funcional para desempenhar as atividades basicas de vida diaria sdo pontos
fundamentais para prolongar a independéncia, autonomia fisica e mental, e manter boas
perspectivas de vida aos individuos para que eles possam assumir fungdes relevantes para a
sociedade (ROSA et al., 2003).

Dentre as vérias formas de se avaliar a capacidade funcional, encontram-se o indice de
Katz (KATZ, 1963), a escala de Rosow-Breslau (ROSOW & BRESLAU, 1966), a escala de
atividades da vida diaria (LAWTON & BRODY, 1969), a Congruency in Medical and Self
Assessment of Disability (NAGI, 1969; NAGI, 1976), o teste cardiopulmonar (BALADY et
al., 2010), questionarios de avaliacdo de qualidade de vida (GUSMAO et al., 2009) e o teste
de caminhada de 6 minutos (TC6) (COOPER, 1968). Merecem destaque ainda o questionario
internacional de atividade fisica (IPAQ) e a dinamometria manual.

O IPAQ é um questionario que foi proposto pela Organizacdo Mundial de Saude em
1998, validado internacionalmente e traduzido em diversas linguas, incluindo o portugués do
Brasil. E uma medida indireta para determinar o nivel de atividade fisica da populagio em
uma semana usual ou habitual. O estudo de validacdo evidenciou que tanto a forma longa
quanto a curta do questionario apresentam coeficientes de concordancia similares (coeficiente
de correlagdo intraclasse = 0,58) (MATSUDO et al., 2001). Existe um processo de
aprendizagem quanto ao questionario quando realizado em uma segunda oportunidade, sendo
aconselhavel, realiza-lo apenas uma vez (MARSHALL & BAUMAN, 2001).

A dinamometria manual isométrica, ou afericdo da forca maxima voluntéria de
preensdo manual, consiste em um teste simples, rapido e objetivo que estima a funcéo do
musculo esquelético através de um aparelho portatil que afere medidas de forca exercidas por
diferentes grupamentos musculares. A dinamometria manual vem sendo reconhecida como

um instrumento Util de avaliacdo funcional e sua utilizagdo vem sendo sustentada para
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caracterizar o status funcional muscular geral (KLIDJIAN et al., 1980; BOHANNON, 1998
BOHANNON, 2001).

O tratamento da HAS acontece através de medicamentos que, por muitas vezes
produzem efeitos colaterais nos pacientes, se tornando entdo dificil a manutengdo do mesmo.
Neste momento, a Medicina Tradicional Chinesa aparece como alternativa complementar ao

tratamento destes pacientes.

1.2 Medicina tradicional chinesa

1.2.1 Breve contextualizacao

A medicina tradicional chinesa (MTC) é uma prética de satde com raizes filosoficas e
sistematicas baseadas nas relacfes entre a natureza e a humanidade (CHOI, 1990). Teorias
taoistas como a do yin-yang constituem os fundamentos a partir da qual a MTC foi
desenvolvida (CHAE et al., 2003; HAN, 2004). A teoria yin-yang considera 0 mundo como
um todo, o resultado da unidade contraditéria e complementar desses dois principios. Todos
os fendmenos do universo apresentam os dois aspectos do yin e do yang, como o dia e a
noite, o tempo claro e o tempo sombrio, o calor e o frio, a atividade e o repouso. Tudo é
constituido pelo movimento e a transformacdo dos dois aspectos yin e yang. Outra teoria
filosofica derivada do confucionismo, wuxing (‘cinco elementos’; Tabela 1), é utilizada na
MTC para explicar a fisiologia e a patologia considerando que o universo € formado pelo
movimento e a transformacdo dos cinco principios que produzem um ao outro
respectivamente: madeira, fogo, terra, metal e agua (AUTEROCHE, 1986). A saude e
longevidade de um individuo sdo determinadas por sua conformidade com a natureza
(JEONG et al., 2002).
Tabela 1: Correspondéncia dos Cinco elementos com os 6rgdos dos sistemas yin/yang
(Adaptado de Maciocia, 2006).

MADEIRA FOGO TERRA METAL AGUA
Sistemayin | Figado (Gan) | Coragdo Baco (Pi) Pulmé&o (Fei) | Rim (Shen)
(Xin)
Sistema yang | Vesicula Instestino Estbmago Instestino Bexiga
Biliar (Dan) | Delgado (Wei) Grosso (Pangguang)
(Xiaochang) (Dachang)
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1.2.2 Interpretacdo da hipertensdo arterial sisttmica na medicina
tradicional chinesa

A MTC néo diagnostica doengas no sentido biomédico, mas sim padrdes ou su

btipos de doencas. Estes padrdes de diferenciagdo na MTC consideram a presenca ou
auséncia das manifestacdes no exterior do corpo, juntamente com as caracteristicas
constitucionais do individuo. Um padréo indica a progressdao de uma condi¢cdo mdrbida,
assim como as causas, natureza, localizacdo, manifestacdo e condicdo prognostica. Padrbes
iniciais ou em desenvolvimento sdo descritos por uma pequena quantidade de manifestagdes,
assim como padrdes graves geralmente se apresentam com um maior nimero (LUIZ et al.,
2011).

A literatura contemporanea em MTC relaciona cinco padrdes especificos a pacientes
com HAS (O’CONNOR & BENSKY, 1987; AUTEROCHE & NAVAILH, 1986;
MACIOCIA, 1996; YAMAMOTO, 1998; ROSS, 2003; MACIOCIA, 2006), os quais tém
sido utilizados em pesquisas cientificas (KALISH et al., 2004; MACKLIN et al., 2006; GU et
al., 2010). Recentemente, um estudo com 43 pacientes utilizou um questionario com uma
lista de manifestacdes clinicas (Tabela 2) elaborada a partir da literatura (LUIZ et al., 2011).
Nesse estudo, os padroes da MTC foram forte ou moderadamente associados com as

manifestacdes clinicas das lesbes em érgdos-alvo devido a HAS.
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Tabela 2: Manifestaces clinicas descritas pela literatura como relacionadas aos padroes

(subtipos funcionais) de hipertensdo arterial na medicina tradicional chinesa,
agrupados por método de exame (adaptado de LUIZ et al., 2011).

Manifestac6es clinicas
Padroes Inspecéo Ausculta- Interrogagdo Palpacéo
(subtipos) Olfacdo
Ascencdo do fogo Rosto ruborizado  (manifestacoes Constipacéo Pulso réapido
do gan Olhos vermelhos  n&o listadas) Dor de cabeca Pulso forte

Deficiéncia de
yin do shen/gan e
excesso do yang
do gan

Obstrucéo por
tanyin e umidade
no xin/gan/dan

Movimento
interno do vento
do gan

Deficiéncia de
yin/yang

Lingua vermelha Irritabilidade Pulso em corda

Saburra amarela Tinido (zumbido)

Lingua (manifestacdes Visdo turva Pulso réapido

descascada n&o listadas) Tontura Pulso fino

Lingua vermelha Sonhos Pulso em corda
excessivos

Dor de cabeca
InsOnia
Formigamento
nos membros
Tinido (zumbido)

Saburra espessa e
grossa

(manifestagdes
nao listadas)

Congestédo no
peito

Tontura
Sensagdo de peso
nos membros
Nausea
Formigamento
nos membros
Palpitacao
VOmitos

Pulso
escorregadio
(deslizante)
Pulso em corda

(manifestagdes
ndo listadas)

Afasia

Convulsao,
Desmaios, Dor de
cabega, Tontura

Pulso em corda

intensa, AVE

Lingua pélida Respiragdo curta ~ Tontura Pulso profundo
Miccéo noturna Pulso fino
frequente
Impoténcia

Fadiga mental
Formigamento
nos pés e maos
Tinido (zumbido)
Fraqueza nas
pernas

AVE: acidente vascular encefalico.

1.2.3 Semiologia e esfigmologia na medicina tradicional chinesa

O diagnostico na MTC é realizado a partir de quatro procedimentos, ndo diferentes

conceitualmente daqueles utilizados pela medicina convencional: inspecédo, ausculta-olfagéo,

interrogacdo e palpacdo (YUBEN, 1996). A principal diferenca recai sobre a nédo utilizacdo
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de exames complementares de qualquer natureza para o diagnostico, sendo este dependente
da subjetividade, treinamento e experiéncia do examinador. Alguns estudos mostram que a
confiabilidade interexaminador € moderada (80-86%) no diagnostico através da palpacdo do
pulso (KING et al., 2002a; KING et al., 2002b; KING et al., 2006). Na MTC néo foi
desenvolvido o conceito de PA como William Harvey (1578-1657) ou Stephen Hales (1677-
1761) fizeram, embora a forca e algumas outras caracteristicas do pulso pudessem lhes dar
nogdes de PA e fluxo sanguineo (ALBINALI, 2005). Ainda hoje, a palpa¢do do pulso para
andlise da imagem do pulso (AIP) é um importante procedimento na MTC que informa sobre
medidas diagndsticas relacionadas com a causa dos padr0es, sua natureza, localizacéo e
prognostico (LIU, 2000).

O horério mais adequado para o exame do pulso é pela manha pois o yin ainda ndo
estd em abundancia e o yang ainda ndo foi dissipado. Os canais e vasos ainda ndo estdo
exuberantes, e as redes de vasos estdo em harmonia e equilibrio (YANG, 1997). O braco do
paciente deve estar posicionado horizontalmente e em um nivel mais baixo do que o coracao,
enquanto os dedos do avaliador sdo posicionados (MACIOCIA, 1996). A palpacéo do pulso
da artéria radial é realizada na face ventral do punho bilateralmente com trés dedos do
examinador (anular, médio e indicador; o dedo médio repousa sobre o processo estiloide do
radio) (Figura 6). Em cada lado sdo palpadas trés posicGes diferentes (cun, guan e chi,
respectivamente) (YANG, 1997; FLAWS, 1999).

Cada posicdo (chi, guan e cun) é palpada em trés profundidas (superficial, média e
profunda), configurando os ‘nove indicadores’ do pulso (Figura 7). Existem duas formas de
se realizar a AIP: a palpacdo simultanea e a palpa¢do com um dedo. O estado do corpo como
um todo é verificado pela palpacdo simultanea; a palpacdo com um dedo é utilizada para
identificar caracteristicas Unicas de cada 6rgdo ou viscera. Ambas as palpagdes sao
executadas da maior profundidade para a superficie nos trés niveis distintos qualitativamente
(YANG; 1997; FLAWS, 1999; WHO, 2007).
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Figura 6: Trés posic¢des bilaterais (chi, guan, cun) para andlise da imagem do pulso da

artéria radial.

Palpagdo simultanea Palpag¢do com um dedo

chi guan cun chi guan cun

profundo (profundo i O
' médio l l l l ' (méd'o l O
z superficial - w i : (superﬁcia - ()

Figura 7: Representacdo esquematica dos nove indicadores para andlise da imagem do

pulso da artéria radial: trés posicGes e trés profundidades para palpacéo.

A partir da AIP, o examinador observa caracteristicas relacionadas a frequéncia,
ritmo, profundidade, forca e outras qualidades, definindo assim se o pulso esta superficial ou
profundo, forte ou fraco, grande ou pequeno, tenso ou suave, rapido ou lento, e assim por
diante. A frequéncia do pulso é avaliada a partir da frequéncia cardiaca do paciente e da
frequéncia respiratoria do avaliador, devendo corresponder a 4-5 batimentos/respiragcdo em
individuos saudaveis (WANG & YANG, 1997; LI & FLAWS, 1999; FLAWS, 2004).
Diversas caracteristicas para o pulso sdo documentadas em antigos textos chineses; 30
diferentes tipos foram descritos no Nanjing (FLAWS, 1999) e 24 no Maijing (YANG, 1997),
dois dentre os mais importantes livros de MTC sobre AIP. Atualmente, sdo consideradas 27
imagens de pulso patolégicos (FERREIRA, 2013; FERREIRA & MOURA, 2014). Algumas
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dessas imagens de pulso sdo descritas com atributos exclusivos (ex: rapido ou curto),
enguanto que outras imagens de pulso possuem atributos compartilhados (ex: fraco ou forte).

O livro de medicina do Imperador Amarelo, Neijing, cita no seu 5° capitulo do livro
Su Wen que “o sabor salgado lesiona o sangue” (MING, 2001). Embora “sabor salgado” e
“sangue” possuam uma interpretagdo mais ampla na MTC do que simplesmente “adi¢do de
sal” e “tecido sanguineo”, este trecho sugere que os antigos praticantes de MTC foram
capazes de associar os efeitos adversos do sal a saude (ALBINALI, 2005). Mais
especificamente, um estudo recente (LUIZ et al., 2011) considerou seis imagens de pulso
como mais frequentes em pacientes com HAS: pulso profundo, pulso rapido, pulso

escorregadio, pulso forte, pulso fino e pulso em corda (Tabela 3).

Tabela 3: Descricdes tradicionais das imagens dos pulsos na artéria radial.

Imagem do pulso Descrigéo tradicional conforme o Maijing?, Maixue?, Maciocia® e
OoMs*
Profundo (Chén) Pulso ausente a ndo ser quando uma forte pressdo € impressa,

quando se torna potente a palpacéot?*
Pulso sentido quando aplicada forte pressdo dos dedos, préxima ao
0ss0°

Répido (Shuo) Pulso que aparece e desaparece abruptamente (pulsando de 6-7 vezes
durante cada respiracéo)’?
Pulso com mais de 5 batidas a cada ciclo respiratorio do
examinador®#

Escorregadio (Hia)  Pulso correndo sem interrupgdo, como a agual
Pulso sentido como redondo e suave e que flui livremente?*
Pulso suave que escorrega sob os dedos como se houvesse 6leo®

Forte N&o descritol23
Forte nas trés posicdes (cun, guan, chi)*
Fino (Xi) Pulso constantemente presente porém fino?

Pulso profundo, fraco e fino como uma teia de aranha?

Pulso mais fino do que o normal®

Fino como um fio de seda, fraco mas perceptivel sob pressio forte*
Em corda (Xian) Pulso ausente a ndo ser quando uma forte presséo é impressa, assim

é sentido como uma corda®

Pulso tenso, longo e forte, tanto sob pressao ou ndo, passando sob 0s

dedos sem vibragdo nem sensacéo de fluxo de ondas?

Pulso apresenta a sensacdo de algo esticado, como uma corda de

viol&o, o pulso bate nos dedos®*
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1.3 Revisdo da literatura

Diversos estudos tém investigado a AIP por meio da AOP; alguns métodos ja foram
propostos com objetivo de analisar digitalmente os sinais do pulso (WANG & CHENG;
2005; ZHANG et al., 2010; LUO et al., 2012a), e apesar de apresentarem resultados
animadores, sua eficacia ainda é questionada em geral pelo nimero limitado de amostras e

tipos de doencas analisadas.

1.3.1 Instrumentacao especifica para analise da imagem do pulso

Wang e Cheng (2005) utilizaram um transdutor de pressdo (faixa 25-150g/cm?) para
adquirir sinais de onda de pulso e o sinal foi gravado quando a amplitude atingiu o valor
maximo. Zhang et al. (2010) utilizaram um motor com um transdutor de pressdo embutido,
um amplificador com interface USB e computador. O transdutor era posicionado sobre o
pulso e uma pressdo de contato era aplicada pelo sistema de rotagdo controlado pelo
computador. O sistema pode captar 0s sinais das trés posi¢cbes (chi, guan, cun)
simultaneamente em cada antebraco por vez, sendo analisado uma Unica onda de pulso por
vez. Huang et al. (2011a) utilizou um gravador de pulso com um transdutor de pressdo (tipo
strain gage) que mede a tensdo com alta linearidade. A calibracdo do sistema é realizada com
um as medidas de um esfigmomandmetro. Os sinais eram adquiridos quando o
posicionamento dos transdutores alcangava a maxima amplitude da onda de pulso a 4,0 kHz
durante 10 s na posicdo cun. Hu et al. (2012) utilizaram um transdutor com faixa dindmica de
25 mmHg e uma area do elemento sensivel de 10 mm?. Os sinais de onda de pulso eram
adquiridos a 100 Hz na posicdo guan e nas trés profundidades (superficial, intermediéria,
profunda). Luo et al. (2012a) utilizaram transdutores tateis para captacdo do pulso: o modo de
ajuste de superficie do pulso, onde um sensor tétil com 12 pontos sensiveis é utilizado sobre
as posicles cun, guan e chi e 0 método discreto com um Unico sensor relacionado ao pulso
guan. Os sinais eram gravados a uma frequéncia de 20 Hz por trés dedos robdticos que
avaliavam também as trés profundidades. Chung et al. (2013) utilizaram transdutores tateis
para captacdo do pulso com area de 10 x 7,5 mm, escala de 300 mmHg, sensibilidade de 0,5
mmHg. O pulso 6timo era captado pela monitorizacdo da saida do transdutor tatil. O
transdutor estava acoplado a um sistema de parafuso para ajuste da profundidade da captacéo

do sinal a uma frequéncia de 100 Hz.
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1.3.2 Relacéo entre analise da imagem do pulso e analise da onda de pulso

em individuos normotensos e pacientes com hipertensdo arterial sistémica

Lu (2006) investigou a viabilidade do diagnostico pelo pulso — pelos seus
componentes espectrais — em 110 pacientes com HAS. Os sinais de pressdo da artéria radial
foram adquiridos a uma frequéncia de 430 Hz utilizando um transdutor de pressdo (PSL-
200GL, Kyowa Electronic Instrument Co. Ltd., Japdo) fixado com uma cinta ajustavel para
prover pressdo suficiente ao transdutor. O pulso era considerado adequado para gravacao
quando observado no monitor em maxima amplitude. O espectro de frequéncia do pulso foi
observado até o 10° harmonico utilizando a transformada de Fourier. A magnitude e fase dos
componentes foram comparados aos dados de 200 voluntarios saudaveis (100 homens e 100
mulheres). Os resultados sugerem concordancia (Kappa = 0,701) entre as imagens de pulso
classificadas como ‘normais’ e ‘anormais’ e o diagnostico clinico de HAS. Entretanto,
diversos fatores limitam a interpretacdo desses resultados, sendo que dois deles merecem
destaque: (1) a teoria de ressonancia da circulacdo que suportaria a relacdo entre harménicos
e 0s 6rgdos internos da MTC foi desenvolvida em animais (WANG et al., 1991; WANG et
al., 1992; WANG et al., 2003; WANG et al., 2010) e nédo testada em humanos; e (2) tal teoria
nédo apresentou compatibilidade em um estudo de simulagdo com os nove indicadores durante
a palpacdo do pulso radial utilizando a técnica de PS (FERREIRA, 2013).

Liu e Tyan (2010) investigaram a melhor localizacdo para posicionar o sensor para
captacdo dos sinais de onda de pulso na artéria radial e qual pressdo deveria ser empregada
sobre ela. Nesse estudo, um Unico sensor e uma matriz de sensores foram posicionados sobre
a regido da artéria radial em sua porcdo média para detectar a pressdo da forma da onda na
artéria. Os testes foram realizados com 28 pacientes com hipertensdo leve ou moderada, ou
ainda ndo tratados, e outros 14 normotensos. Considerando-se a correlacdo entre a pressao de
contato do transdutor e a amplitude do pulso no sinal captado, a pressao de contato mais leve
(<100 mmHg; correlacdo de Pearson = 0,988 + 0,004) foi melhor do que a pressao elevada
de contato entre o transdutor e a pele (>100 mmHg; correlacdo de Pearson = 0,976 + 0,012).
Entretanto, ndo foi investigada a relacdo entre a amplitude do sinal e as imagens de pulso
encontradas em pacientes com HAS.

Huang et al. (2011b) estudaram a energia espectral (EE) e o IR1,2 da pressdo de pulso
radial bilateralmente em seis posi¢des diagndsticas e a variabilidade da FC (VFC) em
normotensos, hipertensos sem disfuncdo cardiaca (HSDC) e hipertensos com disfuncao
diastdlica leve (HDDL). Cada um dos 3 grupos possuia 46 individuos que tiveram a pressao
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de pulso radial analisada por um sensor de pressdo com alta fidelidade, e o exame foi
realizado por palpacdo independente em cada posicdo (PCUD). Os achados significativos
neste estudo mostram diferencas entre as seis posi¢Oes diagndsticas para EE1o-s0Hz00 Mas ndo
para o IRy entre 0s 3 grupos. A posi¢do chun a esquerda apresentou significativa reducdo da
EE10-50H29 €M ambos 0s grupos de hipertensos comparado aos normotensos, 0 que sugere que
essa posicdo determina a diferenca entre hipertensos e normotensos, visto que ja é
considerada a posi¢do que avalia o xin (coracdo) segunda a MTC. Entretanto, a analise no
dominio da frequéncia ndo foi relacionada com as imagens de pulso encontradas em
pacientes com HAS.

Jeon et al. (2011) estudaram o sistema de diagndstico pelo pulso baseado em um
sensor matricial piezo-resistente  (SphygmoCor) mensurando a onda de pulso
independentemente nas trés posicdes de palpacdo focando nos diferentes parametros
quantitativos em cada uma delas. O patamar e a forca do sinal encontrados foram
estatisticamente diferentes (P < 0,05) entre os trés pulsos, 0 que suporta a hipdtese de que
cada uma das posicdes contem informacfes clinicas diferentes. Também foi estudada
caracteristicas da onda de pulso como o IR1. radial e Alx adrtico, tempo de reflexdo e o
tempo que leva a onda para chegar na posicdo de interesse (P_T2). Vinte homens saudaveis
foram avaliados, o Alx aortico e o tempo de reflexdo foram estatisticamente diferentes entre a
posicao cun e as outras, 0 IR1» radial e 0 P_T2 ndo demonstraram nenhuma diferenca entre as
posicBes de pulso. Os resultados das comparacGes multiplas indicam que os parametros de
rigidez arterial sdo independentes da posicdo de palpacdo. Entretanto, o estudo ndo faz
referéncia a aplicabilidade dos resultados segundo os padrdes zangfu da MTC nem interpreta
os resultados a luz das imagens de pulso encontradas em pacientes com HAS.

Tang et al. (2012) realizaram um estudo com 260 individuos (139 normotensos, 121
hipertensos) para estabelecer um modelo diagnodstico pelo pulso radial diferenciando
hipertensos de normotensos. Um formulario foi desenvolvido com as seis localizacGes de
pulso, sendo cada uma avaliada segundo diferentes parametros — profundidade, largura,
comprimento, frequéncia, rigidez, suavidade e for¢a — de acordo com uma escala analdgica
visual quantificada por cinco praticantes de MTC palpando ambos 0s pulsos segundo a
técnica tradicional. Foi utilizada uma rede neural artificial para andlise e quantificacdo dos
dados da onda de pulso. Observou-se cerca de 80% de acuracia para classificacdo do
diagnostico (sensibilidade e especificidade variando entre 70% e 90%, respectivamente),
sugerindo que o novo modelo de diagndéstico pelo pulso foi valido. Entretanto, os autores nédo

descrevera a técnica de palpacdo como PS ou PCUD. Adicionalmente, considerando que a
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intensidade dos parametros observados nos pulsos foi quantificado através de uma escala
analogica visual por meio de uma régua pelos avaliadores, 0s proprios autores admitem que
erros de mensuragéo podem ter ocorrido.

Luo et al. (2012b) utilizaram o instrumento de diagndstico pelo pulso Bi-Sensing para
classificar a imagem de ‘pulso em corda’ baseado em uma matriz de sinais de pulso que imite
0 dedo de um praticante de MTC. O pulso em corda é tradicionalmente encontrado em
pacientes com HAS, todavia, durante a primavera o pulso dos individuos também apresenta
esta condicdo mesmo que ndo sejam hipertensos e pode ser confundida com este tipo de
pulso. Os resultados mostram que a razdo de reconhecimento de um pulso em corda de um
hipertenso, um pulso em corda durante a primavera e um pulso ndo em corda sdo
respectivamente 100%, 100%, 77% para a onda de pulso (PPW), e 70%, 0%, 59% para a
primeira derivada da onda de pulso (dPW).

O’Brien et al. (2013) estudaram se h& mudangas em variaveis cardiovasculares
centrais com o 1Ax, a FC e razdo de viabilidade subendocéardica (RVSE) a partir da mudanca
no pulso radial provocada pela aplicacdo da Toyohari Meridian Therapy (TMT). Foram
selecionados 58 voluntarios saudaveis que aleatoriamente foram submetidos a um tratamento
placebo (n = 27) ou ao TMT (n = 31). Um tonémetro de aplanacéo foi utilizado para detectar
o0 pulso radial e gerar uma onda arterial periférica, que a partir de um transdutor pode gerar
ondas correspondentes a artéria aortica e assim 0s parametros centrais procurados. Foi
concluido que a AOP pode explicar os mecanismos relacionados a AIP, e que a RVSE
melhora significativamente no grupo do tratamento pela TMT.

Yim et al. (2014) compararam os dados do pulso de 189 homens e 183 mulheres
saudaveis nas posicdes de medida tradicional. O pulso radial foi medido nas seis diferentes
posi¢Oes utilizando um sistema de tonometria multitarefas. Comparado ao pulso em
mulheres, aqueles em homens foram mais profundos e lentos, com uma proporc¢éo diastélica
mais longa e proporcao sistolica mais curta. Os resultados dessa pesquisa mostram que 0
pulso radial em individuos saudaveis difere significativamente de acordo com 0 sexo e a
posicao de medidas. Como resultados diversos parametros da AOP foram comparados, dentre
eles 0 IAR, ou IR12, que mostrou valores em torno de 60% em individuos normais.
Entretanto, ndo esta claro no texto como o estado de salde desses participantes foi

determinado, e se esta avaliacdo contemplou também o diagnostico pela MTC.
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1.4 Justificativas

A elevada prevaléncia de HAS em adultos de paises desenvolvidos (em torno de 20 a
50%) e 0 aumento da incidéncia de HAS em paises em desenvolvimento reforca a relevancia
deste estudo, no contexto de contribuir para a continua melhora do diagndstico precoce da
HAS. Além disso, ao longo do tempo, pacientes com HAS tém sua capacidade funcional
afetada com possiveis impactos em sua qualidade de vida, sendo assim fortes candidatos a
fisioterapia para reabilitacdo cardiaca.

Avancos importantes na instrumentagdo biomédica abriram possibilidades aos
pesquisadores no contexto do exame do pulso baseada nas teorias da MTC: a AOP.
Utilizando-se as teorias de ressonancia e da mecanica dos fluidos, a AOP tem sido aplicada
para ser relacionada com as mudangas na impedancia vascular por enrijecimento arterial,
disfuncdo endotelial e envelhecimento. Pardmetros tais como a VOP, CA e IR12 (ou Alx
equivalentemente) foram utilizados como indicadores para diagnostico e progndéstico de DCV
(FERREIRA, 2013). Entretanto, ndo se sabe quais desses parametros podem ser utilizados
para melhor caracterizar as imagens de pulso descritas para os pacientes com HAS.

O diagndstico chinés através da palpacdo do pulso arterial radial consiste em uma
andlise subjetiva da sensacdo que o examinador experimenta ao realizar 0 exame, muitas
vezes diferindo da avaliacdo de outros examinadores. Portanto, a quantificacdo e
padronizacdo do diagnostico do pulso para os praticantes de MTC € uma necessidade urgente,
que requer a transformacéo das descri¢des subjetivas em quantidades fisicas objetivas (JEON
et al.,, 2011). As Ultimas duas décadas testemunharam o crescimento de importancia das
pesquisas relacionadas com a quantificacdo do diagnostico pelo pulso (XU et al., 2004). Esta
forma diagndstica constitui um ponto de forte tradicdo na MTC, porém € necessaria uma
longa experiéncia e alto nivel técnico aos praticantes. Diversos pesquisadores tém realizado
muitos estudos para encurtar a duracdo deste treinamento através da utilizacdo de tecnologia
moderna (XU et al., 2004; HU et al., 2012). Estabelecendo padrdes encontrados nas AIP de
pacientes com HAS sera possivel identificar precocemente lesdes em 6rgdos-alvo e unificar o
diagndstico pelo pulso no que se refere a HAS. Além disso, padronizar a AlIP a partir da AOP
facilitard a objetividade da palpacdo do pulso na MTC, até mesmo praticantes menos

experientes também poderdo garantir um diagndstico preciso.
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1.5 Problemas

Quais parametros guantitativos provenientes da AOP podem servir como marcadores
das qualidades descritas na AIP? Quais as relacbes entre os parametros qualitativos e
quantitativos do pulso radial? Qual a relacdo entre os subtipos funcionais da MTC e a
capacidade funcional?

1.6 Hipoteses

Considerando-se que (1) as alteracdes estruturais e funcionais observadas no curso da
HAS se refletem primariamente nas artérias, as quais impactam diretamente na morfologia da
onda de pulso sendo propagada pelo sistema arterial (FERREIRA et al., 2004; FERREIRA et
al., 2012), (2) a HAS é uma condicdo de fendtipos variados expressos em decorréncia de
fatores genéticos e ambientais (KNUIMAN, 1996), e (3) na artéria radial pode-se tanto palpar
as imagens de onda de pulso na MTC quanto adquirir sinais de onda de pulso, hipotetiza-se
que os parametros relacionados a propagacdo da onda de pulso arterial — tais como PA, VOP,
CA e IR12 — possuem informagdes objetivas para a identificacdo das diferentes imagens de

pulso subjetivas descritas pela MTC para pacientes com HAS (Figura 8).
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Figura 8: Representacédo do calculo da velocidade de onda de pulso (VOP), da
complacéncia arterial (CA) e do indice de reflexdo (IR1,2) no percurso das artérias do

braco e antebraco.
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Hipotetiza-se ainda que tais parametros hemodinamicos, ao identificar as imagens de
pulso, permitem a diferenciacdo de subtipos funcionais de HAS de acordo com a MTC,
considerando potenciais LOA e alteragcdes na capacidade funcional. Esta hipétese se sustenta
pela associagdo entre os padrbes de zangfu e as manifestacGes clinicas de tais lesdes (LUIZ et
al., 2011).

1.7 Objetivos

1.7.1 Geral
Avaliar a relagdo entre andlise da onda de pulso (AOP) e andlise da imagem do pulso

(AIP) para identificacao de subtipos funcionais em pacientes com HAS.

1.7.2 Especificos

1. Descrever os parametros objetivos (AOP) e subjetivos (AIP) do pulso radial em
pacientes com HAS;

2. Comparar os parametros objetivos e subjetivos do pulso radial entre os subtipos de
HAS de acordo com a diferenciacdo de padrdes da MTC;

3. Correlacionar os parametros objetivos e subjetivos do pulso radial com
caracteristicas funcionais dos pacientes com HAS;

4. Correlacionar os parametros subjetivos obtidos pela AIP com o0s parametros
objetivos obtidos pela AOP da artéria radial em pacientes com HAS.
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Capitulo 2 Métodos

2.1 Delineamento do estudo

Estudo transversal observacional, com admisséo prospectiva.

2.2 Casuistica

2.2.1 Local de realizacédo do estudo

Os sinais de pressdo arterial foram coletados na Divisdo de Hipertensdo Arterial do
Instituto Nacional de Cardiologia (INC-MS, Rio de Janeiro, RJ) semanalmente no periodo de
Agosto/2014 a Dezembro/2014. Os pacientes cadastrados no INC para tratamento anti-
hipertensivo medicamentoso foram abordados para verificacdo dos critérios de inclusdo e

exclusdo.

Data do primeiro recrutamento: 01/09/2014.

2.2.2 Calculo da amostra

Considerando que o desfecho principal € a associacdo entre os indices da AOP e da
AIP, estimou-se que uma amostra minima de 36 sujeitos seria necessaria para observar uma
associacdo minima de 0,41 (fraca ou superior) com um nivel de significancia de 5% e poder
do teste de 80%. Ajustando-se este valor para uma possivel perda de 10%, estimou-se uma

amostra total de 40 pacientes.

2.3 Critérios de inclusdo e exclusao

Foram incluidos no estudo os participantes que atenderam simultaneamente aos
seguintes critérios:
1. Idade maior que 18 anos;
2. Ambos o0s sexos;
3. Diagnéstico clinico de HAS primaria (etiologia desconhecida, excluindo-se causas
secundarias de HAS tais como: induzida por medicamentos, apnéia do sono, doenga

renal cronica, doenga renovascular, aldoesteronismo primario, terapia com esteroides
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cronica e sindrome de Cuching, feocromocitoma, coarctacdo da aorta, doengas da
tiredide ou  paratiredide), demonstrada por exames complementares
(eletrocardiograma, bioquimica sanguinea);

4. Auséncia de doencas valvares, disfungdo ventricular ou arritmias cardiacas graves;

5. Auséncia de condicGes ortopédicas que limitem as atividade de vida diaria;

6. Assinatura do termo de consentimento livre e esclarecido (Apéndice 1), apos leitura
do mesmo e comentario pelo pesquisador dos objetivos, riscos e potenciais beneficios
associados a participagdo na pesquisa.

Foram excluidos do estudo os participantes que ndo atenderam a pelo menos um dos
seguintes critérios:
1. Completar os exames relacionados as variaveis de controle (anamnese, exame fisico,
exames laboratoriais);
2. Completar os exames relacionados as variaveis de desfecho (AIP, AOP e

questionarios).

Ressalta-se que os participantes sob tratamento farmacoldgico ndo foram excluidos e
seus tratamentos ndo foram suspensos, dado que podem caracterizar pacientes com HAS
resistente (uso de trés classes de drogas antihipertensivas, incluindo diurético) (MANCIA et
al., 2013). Os medicamentos em uso foram anotados para controle e possivel analise de

efeitos nos resultados.

2.4 Procedimentos

2.4.1 Anamnese, exame fisico e exames complementares

Os pacientes foram submetidos a anamnese e exame fisico para constatacdo do seu
estado clinico. Foi elaborada uma ficha com os dados de cada voluntério (Apéndice 1). As
medidas de PAS e PAD foram realizadas ap6s o individuo repousar em decubito dorsal por
10 minutos para estabilizacdo hemodindmica. Todas as medidas forma feitas pelo mesmo
examinador, na presenca de um profissional médico responsavel pelo acompanhamento dos
voluntarios, no periodo de 8:00 as 12:00h, conforme recomendacdes para AOP (BORTEL et
al., 2002) e AIP (YANG, 1997). O diagnostico de HAS foi referido pelo profissional médico
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responsavel pelos pacientes, seguindo as recomendacdes internacionais (MANCIA et al.,
2013).

Os padrées de diagndstico chinés foram identificados utilizando-se o algoritmo de
diferenciacdo de padrdes (pattern differentiation algorithm, PDA). O PDA consiste em um
modelo matematico que utiliza dois critérios objetivos para listar padres candidatos e
identificar o padrdo primario do participante, utilizando os quatro exames da MTC (inspecao;
ausculta-olfacéo; interrogacédo; palpacdo) (FERREIRA, 2008; FERREIRA, 2009). Os dados
dos participantes foram preenchidos juntamente com as informagdes obtidas na sua avaliagcéo
clinica, e digitados no programa de computador com o modelo diagnoéstico. A partir disto, o
sistema analisa os dados e sugere um padrdo Unico para este participante. Este método
apresentou acuracia maxima de 94,7% (sensibilidade = 89,8%; especificidade = 99,5%)
utilizando os quatro exames (FERREIRA, 2009).

O questionario IPAQ forma curta foi preenchido pelo examinador durante o exame
clinico. O formato longo foi considerado cansativo e repetitivo pelo individuo avaliado, por
isto, optou-se por realizar a forma curta que estd traduzida e validade em portugués
(MATSUDO et al., 2001; PARDINI et al., 2001).

A dinamometria manual isométrica foi realizada com o participante sentado
confortavelmente em uma cadeira, com 0s ombros em posicdo neutra e uma das maos
apoiadas na coxa enquanto o cotovelo com o membro dominante a ser medido serad
flexionado a 90°. A pegada no dinamémetro foi ajustada individualmente, de modo que a
haste mais préxima do corpo esteja posicionada sobre as segundas falanges dos dedos:
indicador, médio e anular. Foram realizadas 3 medidas de forca maxima mantida por 5
segundos cada, sendo o intervalo entre cada uma delas de aproximadamente 1 minuto; a
melhor marca dentre as 3 tentativas foi utilizada como medida (DESROSIERS et al., 1995).

2.4.2 Analise da imagem do pulso (AIP)

Esta analise foi feita comegando no punho esquerdo, utilizando-se inicialmente a
técnica PS, a partir do nivel mais profundo até o superficial em ambos os punhos (YANG;
1997; FLAWS, 1999; WHO, 2007). O examinador foi certificado pelo Instituto de
Acupuntura pela formagdo de 2 anos em MTC e possui experiéncia pratica de 6 anos na

técnica.

2.4.3 Analise da onda de pulso (AOP)
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O protocolo para avaliagdo da funcéo arterial seguiu as recomendacfes descritas por
BORTEL et al. (2002). Precedendo a gravacdo dos sinais, 0s pacientes foram submetidos a
anamnese e exame fisico para constatagcdo do seu estado clinico. A PA foi medida com um
esfigmomandémetro de coluna de mercurio apds o individuo repousar em decubito dorsal por
5 minutos para estabilizacdo hemodindmica. Todos os procedimentos foram realizados na
presenca de um profissional médico responsavel pelo acompanhamento dos participantes.

Sinais de ondas de pulso da artéria radial foram captados ndo-invasivamente por meio
do sistema AFA desenvolvido por FERREIRA (2002) e FERREIRA (2006). Brevemente, o
sistema consiste em transdutores piezelétricos (modelo PT-102, iWorx Systems Inc., Dover,
NH, EUA) presos com tiras de velcro conectados a um pré-amplificador desenvolvido em
estudos anteriores. Esse circuito estd ligado a uma placa de aquisicdo modelo USB-6009 de
14 bits (National Instruments, Dallas, TX, EUA) conectada a um computador (Figura 1). A
taxa de amostragem utilizada sera 1,0 kHz por canal. Para gravar e processar os sinais, foi
utilizado o programa desenvolvido em linguagem LabVIEW (National Instruments, Dallas,
TX, EUA) verséo 8.0 para Windows (Microsoft Corporation, Seattle, WA, EUA).

A avaliacdo arterial consistiu na aquisi¢do de ondas de presséo arterial, batimento-a-
batimento. Os individuos repousaram em decubito dorsal (supino) por 10 minutos antes da
obtencdo dos sinais. O transdutor piezelétrico foi posicionado na pele sobre a artéria radial
(punho) no antebraco direito e sobre a artéria braquial (cotovelo) do mesmo braco. Os sinais
de presséo foram entdo gravados por 2 minutos para processamento off-line.

2.5 Analise dos dados

Os resultados foram analisados no Laboratério de Simulagdo Computacional e
Modelagem em Reabilitaggo (LSCMR) do Centro Universitdrio Augusto Motta

(UNISUAM), campus Bonsucesso, bem como o fechamento do banco de dados.

2.5.1 Variaveis de controle
As variaveis de controle analisadas compreendem (MANCIA et al., 2013):
a) Peso e altura: medidos por uma balanca (precisdo: 0,1 kg) e por estadidmetro
analdgico (preciséo: 0,01 m), respectivamente;
b) indice de Quetelet (IMC): peso/altura?;
c) Duracdo da HAS (relato verbal);



d)

9)
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Hemodinédmica (modelo BP3AF1-3, G-TECH, Shenzen, China):

a. PAS, PAD;

b. presséo de pulso (PP = PAS-PAD);

c. pressdo arterial média (PAM = PAD+PP/3);

d. frequéncia cardiaca (FC);
Classes de medicamentos em uso: Diuréticos, B-bloqueador, inibidores de enzima
conversora de angiotensina (IECA), simpaticoliticos, vasodilatadores e antagonista de
angiotensina Il (AT2) (segundo prescricao e classificacdo pelo médico responsavel);
Hipertrofia ventricular esquerda: observada no eletrocardiograma pelo médico
responsavel;
Bioquimica sanguinea:

a. Creatinina;

o

Glicose;

Acido Urico;

o o

Triglicerideos;

Colesterol total;

Lipoproteina de baixa densidade (LDL);
Lipoproteina de alta densidade (HDL);

o «Q o

Proteina-C reativa.

As variaveis de controle foram utilizadas para classificacdo das seguintes variaveis

secundarias:

a)

b)

Nivel de HAS: Otima, normal, normal alta, HAS grau 1, HAS grau 2, HAS grau 3,
hipertensao sistolica isolada (MANCIA et al., 2007);
Nivel de obesidade: Muito gravemente magro, gravemente magro, magro, eutréfico,
sobrepeso, obesidade I, obesidade Il e obesidade I11 (OMS, 2000);
Fatores de risco:
a. Tabagismo: relato verbal de uso atual ou anterior de cigarros; classificado
como tabagista, ndo-tabagista ou ex-tabagista
b. Carga tabagica: numero de macos por semana, multiplicado pela quantidade
de anos de tabagismo;
c. Obesidade: IMC > 30 kg/m?;

d. Inatividade fisica: IPAQ = sedentario ou irregularmente ativo no més anterior;
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e. Dislipidemia: LDL > 70 mg/dL, HDL < 50 mg/dL e triglicerideos > 150
mg/dL (ADA, 2013);

f. Diabetes mellitus: glicose sérica em jejum > 126 mg/dL (ADA, 2013);

g. Histdria de outra doenga cardiovascular prematura (<55 anos em homens, <65
anos em mulheres).

d) Lesdo de 6rgdos-alvo (LOA) (MANCIA et al., 2013):

a. Coracéo: alteragcdes no ECG,;

b. Rins: bioquimica sanguinea (albumina, creatinina);

c. Cerebro e olhos: exame de fundo de olho (fundoscopia);

d. Vascular: VOP.

2.5.2 Variaveis de desfecho

Parametros da AOP. A VOP de cada individuo foi calculada na sequéncia de pulsos
(em pelo menos 50 batimentos) adquiridos durante as condi¢cBes basais com o método
automatico de maximo da 12 derivada. A CA foi estimada nos sinais supracitados utilizando o
modelo de linha de transmissdo LT-3 (FERREIRA et al., 2009). Os sinais adquiridos na 22
fase do protocolo experimental foram modelados segundo o modelo de tangente hiperbodlica
(FERREIRA et al., 2011a). A morfologia dos pulso foi quantificada utilizando o IRz>
(FERREIRA et al., 2011b) medido em 10 ondas de pulso a partir do inicio da série temporal,
sendo considerado a média dos 10 pulsos como o valor representativo do participante.

Parametros da AIP. A andlise subjetiva foi feita considerando-se 0s aspectos
fundamentais da imagem do pulso, a saber: forca (forte ou fraco), profundidade (superficial
ou profundo), velocidade (lento, moderado ou rapido) e ritmo (regular ou intermitente). Tais
aspectos foram identificados em uma ficha para posterior combinacdo entre si, de modo a
formar as imagens do pulso mais complexas observadas em pacientes com HAS: Profundo;
Rapido; Escorregadio; Forte; Fino; ou Em corda.

Subtipo da MTC. O subtipo funcional foi identificado a partir da diferenciagdo de
padrdes da MTC, sendo cada paciente classificado em um dos seguintes subtipos: Ascencao
do fogo do gan; Deficiéncia de yin do shen/gan e excesso do yang do gan; Obstrucdo por
tanyin e umidade no xin/gan/dan; Movimento interno do vento do gan; ou Deficiéncia de
yin/yang.

Capacidade funcional. O nivel de atividade fisica foi utilizado como variavel

relacionada a capacidade funcional, sendo obtida por meio da aplicacdo do questionério



29

internacional de atividade fisica (IPAQ) verséo curta em portugués (MATSUDO et al., 2001,
PARDINI et al., 2001). A maior medida de dinamometria manual também foi utilizada como
variavel relacionada a capacidade funcional (DESROSIERS et al., 1995).

Confiabilidade intraexaminador. Foi realizada a AIP e afericdo de presséo arterial
em 15 pacientes consecutivamente, e ap6s 30 minutos uma nova avaliacdo foi realizada em

cada um deles.

2.6 Aspectos éticos

O protocolo experimental foi submetido ao Comité de Etica antes da execucdo do
estudo, em consonancia com a resolucdo 466/2012. Todos os individuos participantes
assinaram um termo de consentimento livre e esclarecido (TCLE); ap6s terem sido
informados sobre a natureza do estudo e do protocolo a ser realizado. O estudo foi aprovado
pelo CEP sob protocolo de aprovagdo nimero: CAAE 34723714.2.0000.5235 (Apéndice 2)

Anédlise critica dos riscos: Os riscos envolvem a exposicdo dos pacientes a
guestionamentos que podem gerar algum constrangimento, ficando os mesmos absolutamente
livres para responder ou ndo. Os procedimentos realizados sdo ndo-invasivos, diminuindo
assim o risco de eventos adversos decorrente da AOP. Todos os demais exames clinicos e
laboratoriais descritos acima foram realizados como parte da rotina de acompanhamento dos
pacientes, ndo gerando assim risco adicional ao participante.

Analise critica dos beneficios: Os potenciais beneficios para os participantes
incluiram o reconhecimento de possiveis alteracdes estruturais e funcionais do sistema
arterial em decorréncia da HAS, favorecendo imediatamente o tratamento conservador das
possiveis LOA. Adicionalmente, um relatério individual contendo os resultados do teste e a
sua interpretacdo foi disponibilizado para o participante e seu médico responsavel ao final do
exame. Os potenciais beneficios para a populacdo em geral incluem uma melhor
compreenséo da relacdo entre a rigidez arterial e as LOA na HAS, assim como do quanto esta
doenca afeta as atividades funcionais diarias dos pacientes.

Responsabilidade do pesquisador e da instituicdo: O pesquisador e a instituicdo
proponente se responsabilizam por qualquer dano pessoal ou moral referente a integridade
fisica e ética da pesquisa.

Critérios para suspender ou encerrar a pesquisa: O estudo sera imediatamente
suspenso na ocorréncia de qualquer falha metodoldgica ou técnica observada pelo

pesquisador, cabendo ao mesmo a responsabilidade de informar a todos os participantes o
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motivo da suspensdo. O estudo também sera suspenso caso seja percebido qualquer risco ou
dano a salude dos sujeitos participantes, consequente a pesquisa, que nao tenha sido previsto
no termo de consentimento. Quando atingir a coleta de dados necesséria, a pesquisa sera
encerrada.

Local da pesquisa: Esta pesquisa foi realizada no Laboratério de Simulacdo
Computacional e Modelagem em Reabilitacdo (LSCMR) do Programa de Pos-graduacdo em
Ciéncias da Reabilitagdo, no Centro Universitario Augusto Motta, campus Bonsucesso (RJ) e
na Diviséo de Hipertensdo Arterial do Instituto Nacional de Cardiologia.

Demonstrativo de infraestrutura: A instituicdo onde foi feito o estudo possui a
infraestrutura necessaria para o desenvolvimento da pesquisa com ambiente adequado.

Propriedade das informac6es geradas: Deve-se salientar que ndo houve nenhuma
clausula restritiva para a divulgacdo dos resultados da pesquisa, € que os dados coletados
foram utilizados unica e exclusivamente para comprovacdo do experimento. Os resultados
foram submetidos a publicacao, sendo favoraveis ou ndo as hipéteses do estudo (Apéndice 3).

Acesso aos dados do pesquisador/instituicdo: Em qualquer etapa do estudo, o
participante poderia acessar o profissional responsavel, Dra. Nathalia Gomes Ribeiro de
Moura (CREFITO-2 122.715-F) no telefone (21) 99768-4141. Se tivesse alguma
consideracdo ou duvida sobre a ética da pesquisa, entre em contato com o Comité de Etica
em Pesquisa (CEP): Praca das Nagdes, n® 34 - Bonsucesso, Rio de Janeiro — RJ, Tel.: (21)
3882-9797 (ramal 1015), e-mail: comitedeetica@unisuam.edu.br.

Indenizacdo em caso de dano: Em caso de dano pessoal diretamente causado pelos
procedimentos propostos neste estudo, vocé serd encaminhado para atendimento médico em
hospitais da rede publica de saude, e terd direito as indenizagdes legalmente estabelecidas,
caso se justifiquem.

Sigilo: O presente projeto sera mantido em sigilo na integra por um prazo de 1 ano.


mailto:comitedeetica@unisuam.edu.br
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O Quadro 1 apresenta a lista de manuscritos elaborados e submetidos para os

periddicos cientificos.

Quadro 1: Lista de manuscritos relacionados a esta dissertacao.

Autores Titulo proposto Revista Classificacéo | Situacéo
WebQualis
Ferreira Asserted and neglected issues | World Journal of | NA Publicado
AS, Moura | linking evidence-based and Cardiology 2014;
NGR Chinese medicines for cardiac | 6(5): 295-303.
rehabilitation
Moura Pulse waveform analysis of Journal of NA Aceito
NGR, Chinese pulse images and its | Acupuncture and
Ferreira AS | association with disability in | Meridian Studies
hypertension: study protocol
Moura Traditional Chinese medicine | Journal of Bl Submetido
NGR, wrist pulse-taking is Integrative
Cordovil I, | associated with pulse Medicine
Ferreira AS | waveform analysis and
hemodynamics in
hypertension
Moura Association of functional Hypertension A2 Em
NGR, capacity with pulse waveform | Research redacdo
Cordovil I, | analysis and risk factors for
Ferreira AS | cardiovascular diseases in

hypertension
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Abstract

High blood pressure is among the most prevalent
chronic disease in adults that impacts on the quality of
life of patients, which are often subjected to physical
rehabilitation. Chinese medicine intervention in patients
with hypertension presents promising albeit inconclu-
sive results, mostly due to methodological issues. This
paper discusses asserted and neglected issues linking
evidence-based and Chinese medicines as related to
systemic arterial hypertension, as well as their impact
on the physical rehabilitation of those patients. On the
one hand, natural history of hypertension, pulse palpa-
tion, and herbal therapy are among the asserted issues
because of the scientific evidence collected about them,
either in favor or against its integration to the current
medical practice. On the other hand, anatomical varia-
tions of vessels and comparative physiology are among
the most commonly neglected issues because previous
researches on integrative medicine ignored the pos-
sible effects of these issues as related to the study’s
outcome. The asserted issues highlighted in this paper

Roishidenge ~ WJC | www.wijgnet.com
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stimulate the increasing use of Chinese medicine for
health care and the continuity of research on integra-
tive medicine in the cardiovascular field for rehabilita-
tion. The neglected issues poses additional challenges
that must not be overlooked in future research on this
topic so that the integration of both traditional and cur-
rent knowledge may be of benefit to the population
with cardiovascular disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cardiovascular disease; Hypertension; Chi-
nese medicine; Rehabilitation; Integrative medicine

Core tip: Integrative medicine might provide better
clinical results than evidence-based or Chinese medi-
cines isolated for patients undergoing cardiac rehabili-
tation. The asserted issues highlighted in this paper
(natural history of hypertension, pulse palpation, and
herbal therapy) stimulate the increasing use of Chinese
medicine for health care and the continuity of research
on integrative medicine in the cardiovascular field. Con-
versely, some neglected issues (anatomical variations of
vessels and comparative physiology) poses challenges
that must not be overlooked in future research on this
topic so that the integration of both traditional and cur-
rent knowledge may be of benefit to the population
with cardiovascular diseases.

Ferreira AS, Moura NGR. Asserted and neglected issues linking
evidence-based and Chinese medicines for cardiac rehabilita-
tion. World J Cardiol 2014; 6(5): 295-303 Available from: URL:
http://www.wjgnet.com/1949-8462/full/v6/i5/295.htm DOI:
http://dx.doi.org/10.4330/wjc.v6.i5.295

INTRODUCTION

High blood pressure is a major public health problem
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worldwide. Hypertension is among the most prevalent
chronic, non-contagious disease in adults", despite the
trend to decrease its prevalence in some countries™. The
natural history of this disease still needs elucidation: al-
though most of its modifiable and non-modifiable risk
factors are well known, the etiology of primary systemic
arterial hypertension (SAH) remains uncertain, The
long-term impact of hypertension on health is neverthe-
less evident. Small, middle and large-sized arteries are
the eatliest body structures affected by time-sustained
levels of high blood pressure!. Such arterial remodel-
ing process contributes to the pathophysiology of this
condition in target-organs others than the arteries such
as the skeletal muscle”, heart, kidneys, brain, and eyes[()]‘
Without early and proper intervention, organic func-
tions start to deteriorate such that they are detectable by
cither laboratorial or imaging exams as a complement to
the clinical examination of signs and symptoms". On a
timely fashion, functional capacity may be compromised
at the systemic level” with possible impacts on the qual-
ity of life of these patients", which often are subjected
to physiotherapy and cardiac rehabilitation.

Chinese medicine comprises a phenomenological,
philosophic, and systematic traditional health care system
developed through almost five millennia”. Because Chi-
nese medicine was rooted in a sociocultural environment
that differed from the European medicine at its early
beginning, it is reasonable to expect differences on both
medical practices and respective evolution of medical
theories. Nevertheless, recent randomized clinical trials,
systematic reviews, and meta-analyses on the efficacy of
Chinese medicine interventions in patients with SAH
were conducted"” with promising albeit inconclusive re-
sults. In general, those studies help answering questions
raised from the clinical point-of-view, such as “Is Chinese
medicine intervention effective for reducing or control-
ling blood pressure levels”. Investigating this point-of-
view leaves opened the traditional point-of-view, which
raised questions such as “Are there actual subtypes of
hypertension as related to Chinese medicine” or “Is the
theory of pattern differentiation for diagnosis relevant
for guidance on therapeutic intervention”.

In other words, one may argue what are the scien-
tific evidences for the statements found in the Chinese
medicine literature, specially the most antique ones. On
the one hand, diving into the traditional Chinese medical
literature one can find a number of traditional assertions
calling for scientific evidence, if any. On the other hand,
researchers often assume that some of these traditional
factors may not have a detectable effect on their study’
s outcome. As it was argued that integrative medicine
might provide better clinical results than either one iso-
lated", a comprehensive overview of the asserted and
neglected issues between evidence-based and Chinese
medicines is necessary for both clinicians and researchers.
Therefore, this paper discusses the asserted and neglected
issues linking evidence-based and Chinese medicines as
related to SAH, as well as their possible impact on the
physical rehabilitation of those patients.
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ASSERTED ISSUES

In this section, the natural history of SAH, pulse palpa-
tion, and herbal therapy are discussed. These topics are
considered as asserted issues because of the scientific evi-
dence collected either in favor or against their integration
into the current medical practice. However, they should
not be considered as final positions because there are
lacunas that still need to be addressed in future studies.
Table 1 presents summary information about the studies
cited in this section.

Natural history of SAH

The epidemiological concept of natural history of dis-
eases also applies to Chinese medicine, with proper cor-
respondence due to their inherent conceptual differences.
The Chinese medicine counterpart of an ongoing mot-
bid process is called zheng or pattern. It is worth noticing
that a pattern encompasses other information than just
signs and symptoms in the Western sense: behavior, emo-
tional states, self-awareness of social status, and physical
constitution are among other manifestations considered
for diagnosis or “pattern differentiation””. Regardless
of these differences, Chinese medicine theory presents
basic elements of the natural history of diseases such as
the existence of protection and risk factors for patterns,
a clinical horizon for the onset of manifestations, and
health outcomes such as cure, permanent or temporarily
disability, and death.

As a matter of fact, there is evidence supporting that
most clinical manifestations observed in patients with
SAH and that are used for pattern differentiation are ac-
tually associated with target-organs damage (TOD). For
instance, the clinical manifestations of cerebrovascular
disease are strongly associated (Pearson correlation coef-
ficient = 0.718, P < 0.001) to those of “Obstruction of
phlegm and dampness of Heart/Liver/Gallbladder”"?.
Moreover, long-term SAH can lead to myocardial isch-
emia, conduction defects, arrhythmias, and ventricular
hypertrophy™. The brain is another target-organ usually
damage by the SAH; cognitive disturbances in the elderly
are, at least in part, hypertension-related*'". High risk of
stroke, cognitive decline, and dementia are also associated
to SAH"". Some mild retinal changes are largely non-
specific except in young patients, hemorrhages, exudates
and papilledema, are only present in severe hypertension
and are associated with increased cardiovascular risk".
All the above-cited TOD eventually manifests signs and
symptoms, which should be early detected in the natural
history of SAH. Therefore, it is possible to assert that
there is a relationship between Chinese medicine patterns
and the clinical presentation of SAH-including its related
comorbidities.

Most importantly, it is also possible to infer that pa-
tients with SAH are candidates for cardiac rehabilitation,
even from the traditional Chinese medicine point-of-view.
Recent systematic reviews found that Chinese medicine
mind-body exercises such as gigong”" and tagignan™" can
be of benefit for patients undergoing antihypertensive
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Main limitation

Target-organ damages were not confirmed by
laboratory or imagery methods

Patients were under antihypertensive drug
therapy

Qigong improved physical symptoms in  Overall poor quality of most studies included

in the review

Ref. Study characteristics Main results
Natural history of patterns
Luiz et al"™ Cross-sectional observational design ~ Patterns were strongly or moderately
Forty-three patients with hypertension associated with target-organ damage
grades I, Il and I Manifestations were at most weakly
associated with hemodynamic variables
Chan et al™ Systematic review (8 studies)
Seven randomized controlled trials and patients with coronary artery disease
one non-randomized controlled clinical Qigong improved functional capacity of ~Study heterogeneity
trial cardiac patients
Qigong reduced blood pressure levels
No adverse effects reported
Yeh et al™! Systematic review (26 studies) Taijiquan reduced blood pressure levels

Nine randomized controlled trials,
thirteen non-randomized controlled
trials, and four observational studies
Pulse palpation
Luiz et al"™” Cross-sectional observational design

grades I, Il and Il patterns

No adverse effects reported

Frequency analysis of clinical
Forty-three patients with hypertension manifestations and pulse images of

Overall poor quality of most Chinese studies
included in the review
Study heterogeneity

Patients were under antihypertensive drug
therapy

Most frequent pulse image: wiry pulse
(52% of the cases)

Ferreira et al™

Cross-sectional observational study
Twenty-nine healthy subjects

and twenty-three patients with
hypertension grades I, I or Il
Cross-sectional observational study
Sixty-three healthy subjects and
fifty-two patients with hypertension
grades I, II or Il

Cross-sectional observational study
Sixty-three healthy subjects and
fifty-two patients with hypertension
grades I, II or I

Cross-sectional observational study
Sixty-three healthy subjects and
fifty-two patients with hypertension
grades I, IT or TN

Lu®! Cross-sectional observational study
Fifty-nine patients with hypertension
grades I, Il or Il

Ferreira et al™

127

Ferreira et a

Ferreira et al™

Ferreira™ Computational simulation study
Model of the radial artery during
"simultaneous pressing"
Herbal therapy
Xiong et al™ Narrative review

Higher pulse wave velocity and lower

Increased peripheral vascular resistance
immediately after ischemic occlusion
Slower response to flow-mediated
vasodilation
Higher amplitudes for harmonics #0
(heart), #1 (liver), #3 (spleen), #4 (lung),
and #6 (gallbladder) in hypertension

Herbal therapy may potentially reduce
blood pressure variability, inhibit
sympathetic activity, prevent target-

Arterial tonometry was subjected to transducer

arterial compliance of the brachial-radial set-up and manual positioning
artery segment in hypertension

Patients were under antihypertensive drug
therapy

Lower arterial compliance of the brachial- Arterial tonometry was subjected to transducer
radial artery segment in hypertension
Hypertrophic remodeling of medium-
sized arteries in hypertension

Impaired flow-mediated vasodilation in
hypertension

set-up and manual positioning

Patients were under antihypertensive drug
therapy

Arterial tonometry was subjected to transducer
set-up and manual positioning

Patients were under antihypertensive drug
therapy

Arterial tonometry was subjected to transducer
set-up and manual positioning

Patients were under antihypertensive drug
therapy

Poor description of the studied sample
Patients were under antihypertensive drug
therapy

Lack of correspondence between pressure No experimental data from patients with
pulse spectral harmonics and Chinese
medicine theory of pulse palpation

hypertension

Potentially biased (selection and report bias)
Some results outcome from animal studies not
yet tested in humans

organ damage, and improve insulin

resistance

treatment. The benefits of gigong practice may include the
alleviation of physical symptoms related to cardiovascular
disease (CVD) (e.g., 63% of the group presented relieving
of coronary artery disease symptoms) and the control of
blood pressure (e.g., 88% of the group presented lower
blood pressure levels) after 1-year practice, and the in-
crease in functional capacity (e.g., 13.7% higher six-minute
walk distance after a 16-wk gigong training program)*’.
Likewise, the benefits of ‘azjiguan practice may include a
reduction in systolic and diastolic blood pressures (3-32
mmHg and 2-18 mmHg, respectively)”. However, it is
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not clear whether the effects on blood pressure are due
to the traditional aspects of Chinese medicine practice or
to the increased physical activity itself, or both. Neverthe-
less, further research is necessary to determine whether
Chinese medicine therapy indicated from pattern dif-
ferentiation is of benefit to patients with SAH, either at
secondary or tertiary level of prevention.

Pulse palpation

Clinical examination in Chinese medicine is not different
from that practiced in evidence-based medicine: inspec-
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Fgure 1 Pulse image network. The classic pathologic 27 pulse images (greyish, rectangular nodes) described by common attributes (whitish, ellipsoid nodes)
derived from categories (frequency, rhythm, wideness, depth, and qualities). Notice that there are pulse images described by exclusive attributes, while other pulse

images are described by shared attributes.

tion, auscultation and olfaction, inquiry and palpation.
The most striking difference is that even today Chinese
medicine health providers do not make use of any com-
plementary exam or equipment (€@, arterial tonometry,
imaging or laboratorial data), thus relying exclusively on
the subjective assessment of the five senses for confirma-
tion or exclusion of possible patterns. Among these ex-
aminations, pulse palpation is probably the most famous
and intriguing one, since antiquity until present days””.
Fundamental attributes of the arterial pulse such
as frequency, rhythm, wideness, and depth are shared
between Chinese and evidence-based medical practices.
Descriptions of abnormal pulses as palpated at either the
radial or carotid artery are established for clinical diagno-
sis of patients with cardiovascular diseases (CDV)™. Chi-
nese medicine practitioners also make use of subjective
attributes to describe their feeling of the pulse — the so-
called pulssimegs™. Figure 1 exhibits the network of all
27 pathological pulse images from descriptions arranged
by attribute™ as generated by Cytoscape 3.0.0%. Tt can
be observed that there are pulse images described by

49
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exclusive attributes (€9, “rapid” or “short” pulse), while
other pulse images are described by shared attributes
(€g, “weak” or “fine” pulse). In particular, the “deep”,
“fast”, “slippery”, “strong”, “thin” and “wiry” pulse im-
ages are frequently observed in patters related to SAH
(€9, wiry pulse = 52%, thin pulse = 25.6%, deep pulse
= 7%)". Therefore, it is possible to assert that there is a
relationship between the abnormal pulses and pulse im-
ages, although no evidence on this specific relationship
in patients with SAH have been presented so far using
quantitative pulse wave analysis.

In the last decades, pulse wave analysis using radial
artery tonometry along with mathematical simulation and
modeling has been used for the noninvasive assessment
of both anatomic and functional status of arteries™.
For instance, previous studies showed that patients with
SAH may present increased pulse wave velocity and de-
creased radial artery compliance®™, medium-sized arteries
hypertrophic remodeling™”, and impaired flow-mediated
vasodilation characterized by smaller and slower radial
artery vasodilation™?". These adaptive characteristics
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ion of studies on the neglected issues linking evidence-based and C

Ref. Study characteristics

Main results

Main limitation

Anatomical variations of vessels
Chen et al'™

Cross-sectional observational study Accuracy of 82% for classification Ultrasound-based blood flow measurements was subjected

One hundred healthy subjects, of normal or abnormal pulses to manual positioning and operator experience

forty-six with pancreatitis, forty-two using an auto-regressive model Only one position was investigated (above the styloid
with duodenal bulb ulcer, twenty- for analysis of wrist pulse signals process)

two with appendicitis, and third- (blood flow signal) and a support Pattern differentiation was performed (in either group) and

eight with acute appendicitis

Huang et al™!

Thirty normal subjects and thirty energy ratio in patients

patients with palpitation

Hu et al

Six normal subjects (all male)

vector machine

the results were not related to Chinese medicine theory

Cross-sectional observational study Higher spectral harmonic Only 10 s were evaluated at each position

Palpitation was only characterized by the evidence-based
medicine and no correspondence to patterns was established
Pattern differentiation was performed in either group and
the results were not related to Chinese medicine theory
Lack of relationship between spectral harmonic energy ratio
and Chinese medicine theory for pulse palpation

Cross-sectional observational study No significant difference was Only one position was investigated (above the styloid
observed on pulse waveform process)

parameters obtained with Pattern differentiation was performed in either group and

single or array sensors

the results were not related to Chinese medicine theory

Significant differences were
observed among depths

may strongly impact on the perception of the pulse as
palpated at the radial artery and are reflected in the pulse
waveform signal as collected using arterial tonometry. For
instance, a study showed that some spectral harmonics of
the pressure pulse waveform (CO, C1, C3, C4 and C0) are
higher in patients with SAH as compared to health con-

29) 30] .
trols™. However, a more recent study™ failed to found a

relationship between the traditional method of ‘simulta-
neous pressing’ for wrist pulse palpation and the spectral
harmonics assigned to the respective internal organs.

Herbal therapy
In the context of therapeutics for SAH, it was recently

Boishidenge ~ WJC | www.wjgnet.com

Figure 2 Anatomical drawings on variations of the
course of the radial artery. Top: Most frequent arterial
pattern of the radial artery. Bottom: Examples of ana-
tomical variations of the radial artery at the wrist.

proposed to merge the ancient knowledge with the cur-
rent one, yielding “the earlier the better for treating who
and what are not yet ill”P!, This proposal also reflects the
epidemiologic interpretation of traditional Chinese medi-
cine while it is in agreement with the natural history of
patterns related to SAH.

The use of herbs, minerals, and animal parts to com-
pose medicinal formulas is acknowledged as the oldest
therapeutic method in Chinese medicine. Considerable
advances were recently achieved in the field of antihyper-
tensive drugs, with several drug classes available for op-
timization of blood pressure control™. However, limited
efficacy for reducing blood pressure levels and side ef-
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fects are among the factors that lead researchers to study
other therapeutic resources, including natural compounds
used in traditional medicine recipes. A large number of
information about cardioprotective food is currently
available and the United States Food and Drugs Adminis-
tration approved and recommended some of them, even
though studies are not definitive about them.

More specifically related to Chinese medicine, a re-
cent systematic review summarized evidences in favor of
Chinese herbal therapy for patients with patterns related
to SAH™. Thete are formulas that have been used widely
in clinical practice for treatment of hypertension such
as the Banxia Baishn Tianma Tang (Decoction of Pinel-
lia ternate, Atractylodes and Gastrodia elata), Da Chaibu
Tang Major Bupleurum Decoction), Liu Wei Dibuang Wan
(Pill of Rehmannia), and Banxia Baishu Tianma Tang (De-
coction of Pinellia ternate, Atractylodes macrocephala,
and Gastrodia elata). The general effects observed in
previous studies include the reduction of blood pressure
variability, inhibition of the activity of sympathetic nerve,
blocking of the renin-angiotensin system, improvement
of endothelial function and insulin resistance, and pre-
vention of TOD™. Altogether, it is possible to assert
that ancient Chinese medicine practitioners were aware
of the potential benefits of herbs on the cardiovascular
system. Despite these whole-body effects, there are still
some challenges for a large-scale usage of herbal therapy
for Chinese medicine patters related to SAH including
the quality control of compounds, interaction among
formula’s compounds, and dose-response effects.

NEGLECTED ISSUES

In this section, the anatomical variations of vessels and
comparative physiology are discussed. These issues are
considered neglected because previous researches on in-
tegrative medicine ignored these aspects as related to the
studies’ main outcomes. Thus, these issues must be con-
sidered in future studies as factors for analysis and not as
issues that could be assumed negligible. Table 2 presents
summary information about the studies cited in this sec-
tion.

Anatomical variation of vessels

The radial artery is classically described at the wrist as
passing deep to the tendons of the anatomical snuff-
box (Figure 2, top). However, variations in the arterial
pattern-i.e., number and/or course of the arteries-of
the upper limb have been observed frequently either in
routine dissections or in clinical practice”™ and are of
both clinical and surgical signiﬁcancesm'm. Variations
in the origin and proximal course of this artery are the
most common anomalies found in the forearm (Figure
2). For instance, a study with 150 routine dissections of
the brachio-antebrachial artetial axis from adults cadavers
and 10 from full-term fetuses found that 7 cases showed
high origin of the radial artery, and were divided into 2
groups where one had the presence of a median artery (3
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cases) and the other had the absence of the artery (4 cas-
es)™. Moreover, radial artery tortuosity, hypoplasia, and
stenosis were observed in patients undergoing transradial
coronary intervention!*",

Chinese medicine literature states that the wrist pulse
is generally felt above the styloid process of the radius
and nearby proximal-distal regions in the arterial course,
and that it is possible not to feel the pulse at these loca-
tions; in this case, one can feel the pulse at the external
aspect of the wrist-and most importantly, it is not a sign
of disease™. Thus, ancient Chinese medicine scholats
were aware of the existence of anatomical variations of
arteries and on the distinction between pulse images re-
sulting from normal variations and morbid patterns.

Studies have been focusing on the modernization
of Chinese medicine by incorporating devices (i.e., pres-
sure sensors) and automated methods (i.e., software
tools) to acquire pressure data from the radial artery™*.
However, it is intriguing that in spite of the above-cited
traditional and current knowledges, none of these stud-
ies considered the anatomical variation as a confounding
factor for either qualitative or quantitative pulse image
analysis. Patients with hypertension are at an increased
tisk of presenting radial artery tortuosity™. Because the
geometrical characteristics of the radial artery determine
the transmission of the pressure pulse waveform along
the vessel, it is expected that patients with SAH pres-
ent pulse image characteristics due to arterial tortuosity,
vascular remodeling, or both. Therefore, the anatomical
variation of the radial artery cannot be neglected in fu-
ture studies on pulse image analysis since it may help ex-
plain the qualitative or quantitative observed pulse image.

Comparative physiology
Recognized as the Father of western Medicine, Hip-
pocrates (460-375 BC) and Huangdi (2695-2589 BC),
reference inside the oldest known treatise of medicine
in existence (the Huangdi Nejjing) had in common in their
discussions the use of acupuncture for treatment of vari-
ous diseases, including coronary artery disease'*”. Hip-
pocrates advocated the theory of four humors-earth, air,
fire and water-when trying to explain the pathogenesis of
a disease, analogous to the five-phase theory of Huang-
di—wood, fire, earth, metal and water. This example of
comparative reasoning can be extended to all major fields
of medical knowledge in Chinese and evidence-based
medicines: anatomy, physiology, semiology, pathophysi-
ology, and therapy. It is acknowledged that there are
important conceptual differences between these medical
practices as related to the body structures™, but strong
similarities are empirically present at the functional level.
As related to the circulatory system, Chinese medical
theory also recognize its role on several functions such as
the whole-body integration for distribution of substanc-
es, regulation of body temperature, and the relationship
between circulation and life support!™.

Researchers are investigating Chinese medicine
searching for anatomical and/or physiological explana-
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tions for the phenomena related to the safety-efficacy of
interventions in the patients with SAH and other cvD",
However, it is apparent that no comparative analysis have
been systematically performed between Chinese and evi-
dence-based medical theories. More specifically, it is not a
matter of translation of terms from Chinese to English,
but to properly transpose the interpretation of Chinese
medicine knowledge to its counterpart in evidence-based
medicine. For instance, such comparative reasoning may
help explain: (1) the strong association observed between
descriptions of TOD and patterns in patients with SAH;
and (2) the similarities and dissimilarities between ab-
normal pulses, quantitative pulse waveform analysis, and
qualitative pulse images. Therefore, it is recommended
to not neglect the study of a comparative physiology be-
tween these two medical practices since it may improve
our understanding on the natural history of SAH and the
potential benefits of an integrated approach to patients
undergoing cardiac rehabilitation programs.

DISCUSSION

Complementary and alternative medicine (CAM) are in-
creasingly available and used for health care. A study™”
that analyzed data on CAM use among patients with
CVD found that 36% of patients with CVD had used
CAM in the previous 12 mo and 10% respondents used
CAM specifically for their cardiovascular conditions—
among which 5% for hypertension, 2% for coronary
disease, and 3% for vascular insufficiency. The same
study showed that cardiac patients use mind-body thera-
pies including deep-breathing exercises, group support,
hypnosis, meditation, relaxation, fazjiquan, yoga, and shiatsu,
among others™. Acupuncture, herbal Chinese medicine,
moxibustion, cupping, Chinese massage, gigong and Zaiji-
gnan, and dietary thempym, when associated to antihy-
pertensive medication significantly reduced systolic blood
pressure (-8 mmHg) and diastolic blood pressure (-4
mmHg) with no heterogeneity detected, although given
the poor methodological quality and small sample sizes
of most acupuncture trials, the notion that acupuncture
may lower high blood pressure remains inconclusive’"

In summary, the asserted issues highlighted in this
paper stimulate the increasing use of Chinese medicine
for health care and the continuity of research on integra-
tive medicine in the cardiovascular field. Conversely, the
neglected issues poses additional challenges that must not
be overlooked in future research on this topic so that the
integration of both traditional and current knowledge
may be of benefit to the population with CVD.

ACKNOWLEDGMENTS

We would like to thank Leonardo Armond for providing
the hand-made anatomical drawings.

REFERENCES
1 Kearney PM, Whelton M, Reynolds K, Whelton PK, He J.

Boishidenge ~ WJC | www.wjgnet.com

301

10

11

12

13

14

Worldwide prevalence of hypertension: a systematic review.
J Hypertens 2004; 22: 11-19 [PMID: 15106785]

Picon RV, Fuchs FD, Moreira LB, Riegel G, Fuchs SC.
Trends in prevalence of hypertension in Brazil: a systematic
review with meta-analysis. PLoS One 2012; 7: €48255 [PMID:
23118964 DOI: 10.1371/journal.pone.0048255]

Mancia G, Fagard R, Narkiewicz K, Redon ], Zanchetti A,
Bohm M, Christiaens T, Cifkova R, De Backer G, Dominiczak
A, Galderisi M, Grobbee DE, Jaarsma T, Kirchhof P, Kjeld-
sen SE, Laurent S, Manolis AJ, Nilsson PM, Ruilope LM,
Schmieder RE, Sirnes PA, Sleight P, Viigimaa M, Waeber B,
Zannad F, Redon ], Dominiczak A, Narkiewicz K, Nilsson
PM, Burnier M, Viigimaa M, Ambrosioni E, Caufield M,
Coca A, Olsen MH, Schmieder RE, Tsioufis C, van de Borne
P, Zamorano JL, Achenbach S, Baumgartner H, Bax JJ, Bueno
H, Dean V, Deaton C, Erol C, Fagard R, Ferrari R, Hasdai
D, Hoes AW, Kirchhof P, Knuuti J, Kolh P, Lancellotti P,
Linhart A, Nihoyannopoulos P, Piepoli MF, Ponikowski P,
Sirnes PA, Tamargo JL, Tendera M, Torbicki A, Wijns W,
Windecker S, Clement DL, Coca A, Gillebert TC, Tendera
M, Rosei EA, Ambrosioni E, Anker SD, Bauersachs J, Hitij
JB, Caulfield M, De Buyzere M, De Geest S, Derumeaux GA,
Erdine S, Farsang C, Funck-Brentano C, Gerc V, Germano G,
Gielen S, Haller H, Hoes AW, Jordan J, Kahan T, Komajda
M, Lovic D, Mahrholdt H, Olsen MH, Ostergren J, Parati G,
Perk ], Polonia J, Popescu BA, Reiner Z, Rydén L, Sirenko
Y, Stanton A, Struijker-Boudier H, Tsioufis C, van de Borne
P, Vlachopoulos C, Volpe M, Wood DA. The Task Force
for the Management of Arterial Hypertension of the Euro-
pean Society of Hypertension (ESH) and of the European
Society of Cardiology (ESC). ] Hypert 2007; 25: 1105-1187
[PMID:17563527 DOI:10.1097 /HJH.0b013e3281fc975a]
Arribas SM, Hinek A, Gonzélez MC. Elastic fibres and vas-
cular structure in hypertension. Pharmacol Ther 2006; 111:
771-791 [PMID: 16488477 DOI: 10.1016/j.pharmthera.2005.12
.003]

Hernandez N, Torres SH, Finol HJ, Vera O. Capillary chang-
es in skeletal muscle of patients with essential hypertension.
Anat Rec 1999; 256: 425-432 [PMID: 10589028]

Messerli FH, Williams B, Ritz E. Essential hypertension.
Lancet 2007; 370: 591-603 [PMID: 17707755 DOI: 10.1016/
50140-6736(07)61299-9]

Hajjar I, Lackland DT, Cupples LA, Lipsitz LA. Association
between concurrent and remote blood pressure and disabil-
ity in older adults. Hypertension 2007; 50: 1026-1032 [PMID:
18025294 DOI: 10.1161/HYPERTENSIONAHA.107.097667]
Gusmao JL, Mion D, Pierin AM. Health-related quality of life
and blood pressure control in hypertensive patients with and
without complications. Clinics (Sao Paulo) 2009; 64: 619-628
[PMID: 19606236 DOI: 10.1590/51807-59322009000700003]
Guang JY. The mode of thinking in Chinese clinical medi-
cine: characteristics, steps and forms. Clin Acupunct Orient
Med 2001; 2: 23-28 [DOI: 10.1054/ caom.2001.0075]

Wang J, Xiong X. Evidence-based chinese medicine for hy-
pertension. Evid Based Complement Alternat Med 2013; 2013:
978398 [PMID: 23861720 DOI: 10.1155/2013/978398]

Ferreira AS, Lopes AJ. Chinese medicine pattern differentia-
tion and its implications for clinical practice. Chin | Integr
Med 2011; 17: 818-823 [PMID: 22057410 DOI: 10.1007/511655-
011-0892-y]

Luiz AB, Cordovil I, Filho JB, Ferreira AS. Zangfu zheng
(patterns) are associated with clinical manifestations of zang
shang (target-organ damage) in arterial hypertension. Chin
Med 2011; 6: 23 [PMID: 21682890 DOI: 10.1186/1749-8546-6-23]
Reichek N, Devereux RB. Left ventricular hypertrophy:
relationship of anatomic, echocardiographic and electrocar-
diographic findings. Circulation 1981; 63: 1391-1398 [PMID:
6452972 DOI: 10.1161/01.CIR.63.6.1391]

Launer LJ, Masaki K, Petrovitch H, Foley D, Havlik R]. The
association between midlife blood pressure levels and late-
life cognitive function. The Honolulu-Asia Aging Study.

May 26,2014 | Volume 6 | Issue5 |

38



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Ferreira AS et al. Asserted and neglected issues in hypertension

JAMA 1995; 274: 1846-1851 [PMID: 7500533 DOI: 10.1001/
jama.1995.03530230032026]

Skoog |, Lernfelt B, Landahl S, Palmertz B, Andreasson
LA, Nilsson L, Persson G, Odén A, Svanborg A. 15-year
longitudinal study of blood pressure and dementia. Lancet
1996; 347: 1141-1145 [PMID: 8609748 DOI: 10.1016/50140-
6736(96)90608-X]

Kilander L, Nyman H, Boberg M, Hansson L, Lithell H.
Hypertension is related to cognitive impairment: a 20-year
follow-up of 999 men. Hypetension 1998; 31: 780-786 [PMID:
9495261 DOI: 10.1161/01.HYP.31.3.780]

Longstreth WT, Manolio TA, Arnold A, Burke GL, Bryan N,
Jungreis CA, Enright PL, O'Leary D, Fried L. Clinical corre-
lates of white matter fini 1gs  on cranial magnetic resonance
imaging of 3301 elderly people. The Cardiovascular Health
Study. Stroke 1996; 27: 1274-1282 [PMID: 8711786 DOI:
10.1161/01.STR.27.8.1274]

Vermeer SE, Hollander M, van Dijk EJ, Hofman A, Koud-
staal PJ, Breteler MM. Silent brain infarcts and white matter
lesions increase stroke risk in the general population: the
Rotterdam Scan Study. Stroke 2003; 34: 1126-1129 [PMID:
12690219 DOI: 10.1161/01.STR.0000068408.82115.D2]

Prins ND, van Dijk EJ, den Heijer T, Vermeer SE, Koud-
staal PJ, Oudkerk M, Hofman A, Breteler MM. Cerebral
white matter lesions and the risk of dementia. Arch Neurd
2004; 61: 1531-1534 [PMID: 15477506 DOI: 10.1001/arch-
neur.61.10.1531]

Chan CL, Wang CW, Ho RT, Ho AH, Ziea ET, Taam
Wong VC, Ng SM. A systematic review of the effective-
ness of gigong exercise in cardiac rehabilitation. Am J Chin
Med 2012; 40: 255-267 [PMID: 22419421 DOIL: 10.1142/
50192415X12500206]

Yeh GY, Wang C, Wayne PM, Phillips RS. The effect of tai
chi exercise on blood pressure: a systematic review. Prev
Cardiol 2008; 11: 82-89 [PMID: 18401235 DOI: 10.1111/
j-1751-7141.2008.07565.x]

de Sa Ferreira A, Lopes AJ. Pulse waveform analysis as
a bridge between pulse examination in Chinese medicine
and cardiology. Chin JIntegr Med 2013; 19: 307-314 [PMID:
23546634 DOI: 10.1007/511655-013-1412-z]

Vlachopoulos C, O'rourke M. Genesis of the normal and
abnormal arterial pulse. Curr Probl Cardid 2000; 25: 303-367
[PMID: 10822214 DOI: 10.1067/mcd.2000.104057]

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ra-
mage D, Amin N, Schwikowski B, Ideker T. Cytoscape: a
software environment for integrated models of biomolecular
interaction networks. Genome Res 2003; 13: 2498-2504 [PMID:
14597658 DOI: 10.1101/ gr.1239303]

Ferreira AS, Santos MA, Barbosa Filho J, Cordovil I, Souza
MN. Determination of radial artery compliance can increase
the diagnostic power of pulse wave velocity measurement.
Physid Meas 2004; 25: 37-50 [PMID: 15005303 DOI: 10.1088/0
967-3334/25/1/004]

Ferreira AS, Barbosa Filho ], Cordovil I, Souza MN. Three-
section transmission-line arterial model for noninvasive
assessment of vascular remodeling in primary hyperten-
sion. Biomed Signal Process Contrd 2009; 4: 2-6 [DOIL: 10.1016/
j-bspc.2008.07.001]

Ferreira AS, Barbosa Filho J, Souza MN. Model for post-
occlusive reactive hyperemia as measured noninvasively
with pressure pulse waveform. Biomed Signal Process Contral
2011; 6: 410-413 [DOI: 10.1016/].bspc.2010.11.003]

Ferreira AS, Barbosa Filho J, Cordovil I, Souza MN. Nonin-
vasive pressure pulse waveform analysis of flo- m di & ed
vasodilation evoked by post-occlusive reactive hyperemia
maneuver. Biomed Signal Process Contrad 2012; 7: 616-621 [DOI:
10.1016/j.bspc.2012.03.001]

Lu WA. Pulse spectrum analysis in primary hypertension
patients. Taipe City Med 2006; 3: 859-868

Ferreira AS. Resonance phenomenon during wrist pulse-

49

Baishideng®

WJC| www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

42

43

45

46

47

48

49

50

taking: A stochastic simulation, model-based study of the
‘pressing with one finger” technique. Biomed Signal Process
Contrad 2012; 8: 229-236 [DOL: 10.1016/j.bspc.2012.10.004]
Ferreira Ade S. Integrative medicine for hypertension: the
earlier the better for treating who and what are not yet
ill. Hypertens Res 2013; 36: 583-585 [PMID: 23575381 DOI:
10.1038/hr.2013.15]

Xiong X, Yang X, Liu Y, Zhang Y, Wang P, Wang J. Chinese
herbal formulas for treating hypertension in traditional Chi-
nese medicine: perspective of modern science. Hypertens Res
2013; 36: 570-579 [PMID: 23552514 DOI: 10.1038/ hr.2013.18]
Lippert H, Pabst R. Arterial Variations in Man. New York:
Springer, 1985: 71-77

Cohen SM. Accidental intra-arterial injection of drugs. Lan-
et 1948; 252: 409-416 [DOI: 10.1016/S0140-6736(48)90986-6]
Hazlett JW. The superficial ulnar artery with reference to
accidental intra-arterial injection. Can Med Assoc J1949; 61:
289-293 [PMID: 18148099]

Mccormack LJ, Cauldwell EW, Anson BJ. Brachial and an-
tebrachial arterial patterns; a study of 750 extremities. Surg
Gyneod Obstet 1953; 96: 43-54 [PMID: 13015348]

Seldinger Sl. Arteries of the extremities. In: Handbuch Med-
izinischer Radiologie. Deithelm L, Olsson O, Strnad F, Vieten
H, Zuppinger A, editors. Berlin: Springer, 1964: 400-472
Jurjus A, Sfeir R, Bezirdjian R. Unusual variation of the arte-
rial pattern of the human upper limb. Anat Rec 1986; 215:
82-83 [PMID: 3706795]

Tountas CHP, Bergman RA. Anatomic Variations of the
Upper Extremity. New York: Churcill Livingstone, 1993:
196-210

Rodriguez-Baeza A, Nebot J, Ferreira B, Reina F, Pérez |,
Safiudo JR, Roig M. An anatomical study and ontogenetic
explanation of 23 cases with variations in the main pattern of
the human brachio-antebrachial arteries. JAnat 1995; 187 (Pt
2): 473-479 [PMID: 7592009]

Yokoyama N, Takeshita S, Ochiai M, Koyama Y, Hoshino S,
Isshiki T, Sato T. Anatomic variations of the radial artery in
patients undergoing transradial coronary intervention. Cath-
eter Cardiovasc Interv 2000; 49: 357-362 [PMID: 10751755]

Li SZ. In: Flaws B, translator. The Lakeside Master’s Study
of the pulse: a translation of the Bin Hu Mai Xue Bai Shuo
Jie. Boulder: Blue Poppy Press Enterprise, Inc., 1999

Chen Y, Zhang L, Zhang D, Zhang D. Computerized wrist
pulse signal diagnosis using modified auto-regressive
models. J Med Syst 2009; 35: 321-328 [DOI: 10.1007/
510916-009-9368-4]

Huang CM, Wei CC, Liao YT, Chang HC, Kao ST, Li TC.
Developing the effective method of spectral harmonic en-
ergy ratio to analyze the arterial pulse spectrum. Evid Based
Complement Alternat Med 2011; 2011: 342462 [PMID: 21845200
DOI: 10.1093/ ecam/neq054]

Hu CS, Chung YF, Yeh CC, Luo CH. Temporal and spatial
properties of arterial pulsation measurement using pressure
sensor array. Evid Bassd Complement Alternat Med 2012; 2012:
745127 [PMID: 21754947]

Li L, Zeng ZY, Zhong JM, Wu XH, Zeng SY, Tang EW, Chen
W, Sun YH. Features and variations of a radial artery ap-
proach in southern Chinese populations and their clinical
significance in percutaneous coronary intervention. Chin
Med J (Engl) 2013; 126: 1046-1052 [PMID: 23506576 DOL:
10.3760/ cma.j.issn.0366-6999.20122966]

Cheng TO. Hippocrates and cardiology. Am Heart J2001;
141:173-183 [PMID: 11174329 DOL: 10.1067/mhj.2001.112490]
O’Connor J, Bensky D. Acupuncture a comprehensive text.
Seattle: Eastland Press, 1987

Yeh GY, Davis RB, Phillips RS. Use of complementary
therapies in patients with cardiovascular disease. Am J
Cardiol 2006; 98: 673-680 [PMID: 16923460 DOI: 10.1016/
j.amjcard.2006.03.051]

National Center for Complementary and Alternative Medi-

May 26, 2014| Volume 6| Issue 5|

39



Ferreira AS et al. Asserted and neglected issues in hypertension

cine, December 2012. Available from: URL: http:// nccam.

nih.gov

51 LeeH, Kim SY, Park J, Kim YJ, Lee H, Park HJ. Acupuncture

49

Baishideng®

WJC| www.wjgnet.com

303

for lowering blood pressure: systematic review and meta-
analysis. Am JHypertens 2009; 22: 122-128 [PMID: 19008863
DOI: 10.1038/ ajh.2008.311]

P- Reviewers: Izawa KP, Jankowski P S- Editor: Ji FF
L- Editor: A E- Editor: Wu HL

e

May 26, 2014| Volume 6| Issue 5|

40



41

Manuscrito #2 aceito — Journal of Acupuncture and

Meridian Studies

Carta de aceite

De: Journal of Acupuncture and Meridian Studies editorial @journalams.com
Assunto: [JAMS] Final decision of your manuscript
Data: 16 de junho de 2015 04:00
Para: arthur_sf@ig.com.br, arthurde@unisuamdoc.com.br
Cc: nathaliamoura.fisio@gmail.com, nathaliamoura.fisio@gmail.com

Ms. Ref. No.: JAMS-D-15-00017R1
Title: Pulse waveform analysis of Chinese pulse images and its association with disability in hypertension
Journal of Acupuncture and Meridian Studies

Dear Dr. Arthur S& Ferreira,

Regarding your manuscript, we have made a decision, Revise. The editorial office of JAMS has been enforcing English polishing by
native speakers for all accepted articles at your expense within 2 weeks. And we are going to accept your manuscript after English
polishing.

Regarding English polishing, we assigned Dr. Edward Button as our in-house expert in English polishing. We advise you to get English
polishing either Dr. Button or some other qualified native speaker who works professionally on this. In addition, please submit a certificate
that can prove your manuscript has been edited by a native English speaker with your revised manuscript. If your manuscript's language
polishing takes more than 2 weeks the publication schedule of the manuscript could be delayed. After submission of the final manuscript,
it will be published online ahead of the printed version. For your convenience, we introduce trustworthy sources for such a review:

1. Dr. EDWARD J. BUTTON

Currently, Dr. Button is reviewing abstracts for publication in JAMS, and other documents upon our request. Regarding his editing
services, you can check the curriculum vitae provided below.

2. Editing Services by Elsevier

Elsevier is the current publisher of our journal. If you would like them to edit your paper and need further information, please access the
web as below.
http://www.elsevier.com/wps/find/authorsview.authors/authorservices

If you choose to use one of the above sources to review and suggest improvements to your paper, as the next step in the editing process,
you should contact that source directly. Also, you need to complete your work within two weeks and send the revised manuscript to us by
EES.

And you are fully responsible for the correction of the manuscript. Please, check the figures if they are correct as a corresponding author.
If you are submitting a revised manuscript, please also:

a) outline each change made (point by point) as raised in the reviewer comments
AND/OR
b) provide a suitable rebuttal to each reviewer comment not addressed

To submit your revision, please do the following:
1. Go to: http://ees.elsevier.com/jams/

2. Enter your login details

3. Click [Author Login]

This takes you to the Author Main Menu.

4. Click [Submissions Needing Revision]

If you have any inquires, feel free to contact us. (editorial@journalams.com)
Thank you for your contribution to our journal.

Sincerely,

Jungdae Kim
Managing Executive Editor
Journal of Acupuncture and Meridian Studies

[Attachment]
Language Editing Services by Dr. Edward Button

Language editing offers high-quality English language editing for researchers preparing articles for publication in international scientific
and medical Journals and will ensure that the English language in your manuscript is clear and free of distracting errors before you
submit.

Language Editing Service includes:

- Correcting spelling, grammatical and punctuation errors

- Checking for problems in parallelisms, tense and conjugations
- Eliminating improper language and poor word choice

- Conforming to your choice British or American English



Pulse waveform analysis of Chinese pulse images and its

association with disability in hypertension

Running title: Pulse analysis in hypertension: Study protocol

Category of paper: Protocol (Protocol & Technical Notes)

Authors: Nathalia Gomes Ribeiro de Moural, Arthur de Sa Ferreiral
Affiliations: Laboratory of Computational Simulation and Modeling in Rehabilitation,
Postgraduate Program in Rehabilitation Science, Centro Universitario Augusto Motta

(UNISUAM)

Corresponding author: Arthur de S& Ferreira, D.Sc., Centro Universitario Augusto Motta,
Praca das Nac¢des 34, 3° andar, Bonsucesso, Rio de Janeiro, CEP 21041-010, RJ, Brazil,
phone: +5521 38829797 (extension 1012), fax number: +5521 25642244, e-mails:

arthur sf@ig.com.br; arthurde@unisuamdoc.com.br

Financial support
This study is supported by the grant (n°® E-26/103.066/2012) from the Fundagédo Carlos

Chagas Filho de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPERJ).

Abstract word count: 199
Main text word count: 2181 (without references)
References: 35 (857 words)

Text elements: 2 figures

42


mailto:arthur_sf@ig.com.br
mailto:arthurde@unisuamdoc.com.br

43

Abstract

Hypertension affects functional capacity and quality of life. Pulse wave analysis (PWA)
quantifies the pulse waveform propagation and its changes resulting from arterial remodeling.
Pulse image analysis (PIA) in traditional Chinese medicine (TCM) contributes for pattern
differentiation and therapeutic intervention. This protocol study aims to evaluate the
relationship between PWA and PIA parameters for the identification of patterns in patients
with hypertension, and its association with functional capacity. In this observational, cross-
sectional study protocol 40 patients will be subjected to clinical and laboratorial examinations
for assessment of risk factors for cardiovascular disease (CVD) and pattern differentiation.
PWA will be noninvasively performed at the radial artery for estimation of pulse wave
velocity, arterial compliance, and reflection index. PIA will be performed for assessment of
the nine indicators using the ‘simultaneous pressing’” method. Handgrip strength and physical
activity will be assessed as functional outcomes. It is hypothesized an interaction effect
between patterns and pulse images on the PWA parameters, and at least a weak association
of functional outcomes with personal, hemodynamic and risk factors for CVD. Establishing
PIA in patients with hypertension might allow the identification of early target-organ

damage, standardization of PIA based on PWA, and unification of pulse diagnosis.

Keywords: Functional capacity; Hypertension; Traditional Chinese medicine; Rehabilitation;

Study protocol.
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1. Introduction

Hypertension is a major public health problem worldwide, being the cardiovascular disease
(CVD) with the highest prevalence in developed countries [1]. Chronic hypertension affects
functional capacity [2,3] and impacts on the quality of life of patients [4], often subjecting
them to cardiac rehabilitation. High blood pressure acts silently through arterial remodeling
[5] until signs or symptoms secondary to damages to target-organs (TOD) [1] or the skeletal
muscle [6] occur. Clinical history, physical examination, and complementary exams are
needed to monitor the disease progress and the effects of therapeutic interventions [1]. In this
sense, pulse waveform analysis (PWA) is a noninvasive and reliable method for assessment
of the cardiovascular system based on the phenomenon of waveform propagation and
reflection throughout the arterial system [7]. PWA can be performed at both central and
peripheral arteries such as the aorta and radial arteries, respectively, and evidence shows that
variables from PWA of proximal arteries are similar to those obtained from peripheral ones
[8].

Traditional Chinese medicine (TCM) is a traditional health practice with systematic-
philosophic reasoning based on the relationships between humanity and Nature. TCM experts
do not diagnose diseases, but they identify patterns as their morbid counterpart. Currently,
the paradigm of pattern|disease is advocated for research [9], i.e. patterns are studied within
the context of a given disease. Contemporary literature relates five patterns to patients with
hypertension identifiable using inspection, auscultation-olfaction, inquiry, and palpation [10-
15]. Even nowadays, pulse image analysis (P1A) is an important diagnostic procedure in
TCM [16,17] performed on the radial artery bilaterally at three different positions and depths,
setting the so-called nine indicators [18-20].

Previous studies achieved important findings due to advances in biomedical

instrumentation, albeit with major limitations either from the traditional or conventional



45

medicines perspectives. Theories developed in animal models were not experimented in
humans, and presented no theoretical correspondence with TCM [21,22]. Findings from
healthy participants cannot be extrapolated to other populations without proper evidence [23-
25] and incomplete descriptions of diagnostic criteria for hypertension and traditional
descriptions of PIA were also found [24,26]. Finally, a lack of comparison among patterns of
hypertensive was found [26]. Most importantly, the relationship between PWA and PIA
among TCM patterns of hypertension, as well that between those patterns and functional
capacity, remains unknown.

Considering that structural and functional changes in hypertension impact primarily in
the arteries and thus determine the waveform morphology, that patients with hypertension
presents with different phenotypes due to gene-environment interactions, and that the radial
artery can be used for both PWA and PIA, we hypothesized that variables related to PWA
might have sufficient information to describe PIA. Therefore, this study protocol aims to
describe the PIA using PWA variables in patients with hypertension, to compare the variables
from PWA and PIA among hypertension-related patterns, and to quantify the association

between PWA and PIA variables with clinical and functional characteristics of the sample.

2. Materials

A print case report form (CRF) was developed to collect data from each participant regarding
all procedures (Supplementary file 1). Primary data obtained from the paper CRF will be
typed in an electronic worksheet developed in Excel for Mac (Microsoft Corp., USA) with
data formatting and data validation of entries. Secondary data will be calculated by equations
inserted in the spreadsheet. Statistical analysis will be performed using SPSS 22 (IBM Corp.,
USA) after data importing.

The Arterial Function Analysis system (AFA) [27-29] will be used to acquire
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noninvasive blood pressure signals. The software was developed in LabVIEW 8.0 (National
Instruments, USA) and controls a preamplifier circuit connected to a 14-bit acquisition board
(USB 6009, National Instruments, USA). Noninvasive piezoelectric transducers (PT-102,
iIWorx Systems Inc., USA) will be attached to the upper arm with Velcro straps.

The Pattern Differentiation Algorithm (PDA) will be used for pattern differentiation
and was also developed in LabVIEW 8.0. Data from the electronic worksheet will be
imported into PDA for automated pattern differentiation. The accuracy of PDA for pattern

differentiation was 94.7% (sensitivity = 89.8%; specificity = 99.5%) [30].

3. Timing and study design

This is an observational, cross-sectional protocol study with prospective admission of cases.
Figure 2 exhibits the study flowchart with respective timing of each procedure. The same
examiner, a certified TCM expert after a two-year training period that has six years of TCM

clinical practice, will make all procedures and measurements.

PLEASE INSERT FIGURE 2 HERE

3.1 Ethics

This study protocol was approved by the Institutional Ethics Committee prior to its execution
(CAAE 34723714.2.0000.5235). Participants must sign a written informed consent form to
participate in this study after an explanation about the study aims, potential risks and benefits

associated with their participation.

3.2 Participant recruitment, inclusion, and exclusion criteria
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Data will be collected at the Division of Arterial Hypertension at the National Institute of
Cardiology (Rio de Janeiro, RJ) between 0800 and 1100 AM as recommended for PWA [7]
and PIA [18,19] from September 2014 to June 2015. Patients enrolled for antihypertensive
drug treatment will be addressed for eligibility by checking the following inclusion and
exclusion criteria. Medications used will be annotated for possible analysis of their effects on
the studied variables.

Participants who simultaneously meet the following criteria will be included in the
study: age >18 years; clinical diagnosis of primary systemic arterial hypertension confirmed
by complementary exams; absence of valvular disease, ventricular dysfunction or severe
cardiac arrhythmias; and signing the written informed consent form. Participants will be
excluded if they lack of complete data related to control or outcome variables. Participants
using pharmacological antihypertensive treatment will not be excluded and their treatments

will not be suspended, as they may characterize patients with resistant hypertension.

4. Procedures

4.1 Clinical and laboratorial examination

A disease-specific questionnaire will be used for collection of manifestations corresponding
to the following five patterns: Liver-fire blazing upwards; Kidney-yin deficiency and Liver-
yang rising; Obstruction of phlegm and dampness of Heart/Liver/Gallbladder; Qi and blood
deficiency leading to Liver-yang rising; or Kidney-yin/yang deficiency [31].

The functional outcomes evaluated in this study comprise physical activity and grip
strength. Physical activity will be assessed using the self-administered, short-form of the
International Physical Activity Questionnaire (IPAQ). Physical activity level will be
categorized as: very active, active, irregularly active, or sedentary [32]. Grip strength will be

measured using the self-reported dominant hand. The participant will be asked to sit
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comfortably with the shoulders in the anatomical position, the elbow of the dominant upper
extremity flexed at 90° at the chair’s arm, and the no dominant hand relaxed over the thigh.
The handgrip will be adjusted in the dynamometer individually before measurement such that
the proximal haste will be located closer to the body above the phalanges of fingers 11-111-1V.
Three maximal voluntary contractions will be performed lasting 5 s each with a 60-s interval
between contractions, being the largest value used as the representative grip strength [33].
Other personal variables include [1]: weight and height as measured by a analog scale
(0.1 kg) and stadiometer (0.01 m); the Quetelet index (BMI: weight/height?); self-reported
duration of hypertension; SBP, DBP, and heart rate (HR) (BP3AF1-3 model, G-TECH,
China) after a 10-minute rest in sitting position; pulse pressure (PP = SBP-DBP) and mean
arterial pressure (MAP = DBP+PP/3]); current medications; left ventricular hypertrophy as
assessed from the electrocardiogram; and laboratory analysis of blood. Control variables will
be used for classification of hypertension grade and obesity grade [34]. Additionally, the
following risk factors for CVD will be assessed: cigarette smoking; smoking history; obesity;
sedentary; dyslipidemia and diabetes mellitus [35]; history of premature CVD; TOD to the

heart, kidney, and brain and eyes.

4.2 PIA

PIA will be performed using the ‘simultaneous pressing’ technique from the deepest level to
the surface in both wrists according to traditional methods [18-20]. Briefly, the patient will be
sitting for 10 minutes before examination and will be instructed to calm down his breathing.
The examiner will be facing the patient to perform pulse taking; the middle finger will be
placed on the skin over the styloid process of the radius bone (i.e. guan position) and the
index and annular finger will rest naturally proximal and distal to guan (i.e. cun and chi

positions, respectively). The radial artery will be pressed until complete obliteration is felt
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(i.e. ‘bone level’) and then the pressure will be relieved in three stages to account for the
pulse depth. Pulse speed will be reported based on the quantity of patient’s heartbeats felt
during a complete respiratory cycle (i.e. inspiration followed by exhalation) of the examiner.
Fundamental aspects of the PIA will be annotated as follows: strength (strong or weak), depth

(superficial or deep), speed (slow, moderate, or fast) and rhythm (regular or intermittent).

4.3 PWA

PWA will be performed with the patient in after a 10-minute rest in lying position. The
participant will be instructed to remain still during data collection to reduce motion artifacts
in the signal. Piezoelectric transducers will be placed using adjustable Velcro® straps on the
wrist over the radial artery (guan position) and on the elbow over the brachial artery, both at
the right side of the body. The linear distance between transducers (Ax) will be used for
further calculations. Pressure pulse waveform signals will be captured at a sampling rate of
1.0 kHz during 60 s.

Pulse wave velocity (PWV) will be automatically calculated by the ratio between Ax
and time interval to travel between sites [27]. Arterial compliance (AC) will be estimated
using the three-section transmission-line model and an optimization algorithm [28]. The
morphology of the pulse will be quantified using the reflection index (IRz,2) estimated using
an optimization algorithm [29]. All above-cited parameters are averaged over the same
sequence of 10 heartbeats. Those parameters were selected because they are related to
changes in arterial stiffness (PWV, AC) and total peripheral resistance (IR1,2) due to arterial
remodeling in hypertension [27-29]. Other parameters (e.g. amplitude of the waveform, area
under the pressure pulse waveform) are available for PWA but were not included in the study
protocol because the system for data acquisition obtains blood pressure signals in raw,

relative units (i.e. VVolts) rather than absolute pressure (i.e. mmHg). It is worth noticing that
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PWV, AC, and IR1,2 do not require absolute values of blood pressure but only scaled

waveform morphologies [27].

PLEASE INSERT FIGURE 1 HERE

4.4 Statistical analysis plan

Considering the association of PWA and PI1A with functional capacity as the main outcome,
it is required a minimum sample of 36 subjects to observe at least a weak association of
+0.41, a = 5%, B = 20%). Considering further the reliability for PIA, it is required a minimum
sample of 30 subjects to observe at least a poor reliability of k1 = 0.40 (ko = 0.00, o = 5%, p =
20%) for two measurements with binary variables. Therefore, to achieve representative
results the highest estimated sample size, i.e. 36, is required to complete the study. Adjusting
for potential data loss, the sample size was inflated by 10%, summing up a minimum of 40
subjects. Because of the subjective nature of PIA, a subsample of 15 participants will be
assessed twice (30-minute interval) for estimation of intrarater reliability of each fundamental
aspect of pulse images and hemodynamics.

Descriptive statistics will be displayed as mean+SD, median [minimum; maximum] or
absolute frequency (%) accordingly to the variable type. The F-test in two-way classifications
with different number of observations per cell will be used to test the null hypothesis of no
main or interaction effects for the factors pulse image on the PWA parameters and functional
capacity. Associative statistical analyses will be performed using the Cramer’s V coefficient
to test the null hypothesis of no association (0<0.40) between variables. Intrarater reliability
for PIA and hemodynamics will be assessed using the Kappa (k) coefficient and intraclass
correlation coefficient (ICCz1), respectively, both with respective 95% confidence intervals.

The value of statistical significance is p<0.05.
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5. Anticipated results

Because patterns related to hypertension are described by distinct pulse images, it is
hypothesized an interaction effect between factors patterns and pulse image on the PWA
parameters. Additionally, due to the chronic disabling nature of hypertension, it is expected
that personal, hemodynamic, and risk factors for CVD to be at least weak associated (o=
0.40) to the functional outcome variables. Finally, considering the subjective aspect of
palpating pulse images and the training of the TCM rater, it is expected at least a slight
(xk=0.00 to 0.20) or fair (k=0.21 to 0.40) depending on the fundamental aspect under
consideration, and at least fair reliability for hemodynamic variables (ICC,,1>0.41).

The Chinese pulse diagnosis is essentially a subjective analysis: the quantification and
standardization of pulse diagnosis for TCM experts is an urgent need that requires the
transformation of qualitative descriptions into physical quantities. Parameters such as PWV,
AC, and IRy,> are markers of diagnosis and prognosis of CVD. Using PWA to understand PIA
might improve the objectivity of pulse palpation in TCM, whereas even less experienced
practitioners will achieve a more accurate diagnosis. Collectively, establishing PIA in
patients with hypertension might allow the early identification of TOD and unification of

pulse diagnosis.
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Figure 1: Study flowchart.
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Figure 2: Scheme representing the assessment of pulse wave velocity (PWV), arterial
compliance (AC) and reflection index (IR1,2) using the same pressure pulse signals. The
pressure pulse waveform travels a fixed distance (Ax) from the brachial (Pin) to radial (Pout)
arteries during a time interval (At), determining its PWV. During its course the pulse
waveform is modified according to the inertances (L), resistances (R) and compliances (C) of
these vessels, passing through the three positions for pulse image analysis (chi, guan, cun).
The relative amplitude of the first two peaks (P2/P1) of the pulse waveform at the radial artery

determines the IR1 2.

Normalized pressure
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Abstract

BACKGROUND: Pulse wave analysis (PWA) quantifies the phenomenon of pulse
waveform propagation in patients with cardiovascular diseases, whereas pulse image analysis
(P1A) is a subjective examination in traditional Chinese medicine. This study evaluated the
association of PIA with PWA and hemodynamics in patients with hypertension. METHODS
AND DESIGN: This observational, cross-sectional study enrolled 45 patients for assessment
of clinical and laboratorial data. Primary outcomes comprised: pattern differentiation based
on an automated method; PIA at the radial artery using the ‘simultaneous pressing’ method
for identification of factors strength (strong/weak), depth (superficial/deep), and speed
(fast/moderate/slow); and PWA at the same artery using a noninvasive system. RESULTS:
Significant multivariate main effects were observed for depth (A=0.648, Fs29=3.149,
p=0.022, n?=0.352), strength (L=0.608, Fs20=3.736, p=0.010, n?=0.392), and speed
(1=0.535, Fs29=5.302, p=0.002, n?=0.465). General effects comprised high values of PWA
and blood pressure for superficial, strong, and fast pulse images. A strong pulse was found
for pulse pressure >62.5 mmHg and systolic blood pressure >149.5 mmHg, whereas a
superficial pulse was found for heart rate >58.25 heartbeats/min; a fast pulse was found for
heart rate >69.6 heartbeats/min and pulse wave velocity >9.185 m/s. DISCUSSION:
Associations were explained by LaPlace’s law, arterial remodeling in hypertension, alongside
the traditional criterion for classifying speed in pulse images. CONCLUSIONS: PIA is
associated with PWA and hemodynamics in patients with hypertension. Systolic and pulse
pressures, heart rate, and pulse wave velocity are quantitative variables that have information
to describe the qualitative pulse images strength, depth and speed.

KEYWORDS: traditional Chinese medicine; hypertension; pattern differentiation;

rehabilitation.
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1. Background

Hypertension stands out as a public health problem worldwide being the cardiovascular
disease with the highest prevalence in developed countries!!l. Advancing age, physical
inactivity, excessive body mass, and other factors contribute to the clustering of total
cardiovascular risk?71. High blood pressure is responsible for arterial remodeling!®1%, a
maladaptive process that requires early diagnosis and immediate treatment(®!l, Hypertension
is allegedly a ‘silent disease’ albeit some studies™™?**l reported signs or symptoms mostly
secondary to hypertensive crisis or target-organ damagel®l. Therefore, it is essential to
monitor the disease progression and the effects of therapeutic interventions from blood
pressure measures to the functional capacity level'®*®l. In this sense, pulse waveform analysis
(PWA) is a non-invasive and reliable method for assessment of the cardiovascular system.
PWA allows quantifying changes in vascular impedance due to arterial stiffness and/or
endothelial dysfunction in patients with cardiovascular diseases!*®l. Surrogate measures of
arterial stiffness and peripheral arterial resistancel*”8l are amongst the variables related to the
prognosis of cardiovascular diseases that can be determined from PWAL®, Evidence shows
that proximal arteries convey similar information from PWA to those obtained from
peripheral arteries such as the aorta and radial arteries, respectively[2°-22,

Traditional Chinese medicine (TCM) is a health practice with systematic and
philosophic reasoning based on the relationships between humanity and Nature. Under the
contemporary paradigm of ‘pattern|disease’?®l, TCM literature relates patterns or zheng to
diseases such as hypertension[?*??], Diagnosis in TCM is achieved by pattern differentiation
using solely clinical examinations — inspection, auscultation-olfaction, inquiry, and
palpation[?*2%l, Particularly, pulse image analysis (PIA) is an important palpatory
procedurel%; it consists on the palpation of the radial artery pulse bilaterally at three different

positions and depths from which qualitative ‘pulse images’ are perceived®*3l, Previous
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studies investigated P1A using PWAB**1 albeit they presented important limitations either
from the traditional or conventional medicines perspectives. For instance, theories developed
in animal modelst*3¢] were not yet experimented in humans, and presented no in-deep
theoretical correspondence with TCM. Studiest”%-41 with healthy participants in theoretical
correspondence with TCM cannot be extrapolated to patients with hypertension without
proper evidence. Incomplete descriptions of diagnostic criteria for hypertension and
traditional descriptions of PIA were also found®8*l, Finally, limited analysis comparing
normotensive with hypertensive participants — and not among patients with hypertension —
was reported!®e,

Whilst important aspects related to the pulse image remain neglected®?, PWA is
highlighted as a possible link between pulse palpation in TCM and cardiology in
conventional medicinel®l. Therefore, this study aimed to investigate the association of PIA
with PWA and hemodynamics in patients with hypertension. Considering that (i)
hypertension presents different phenotypes due to a combination of genetic and
environmental factors, (ii) anatomic-functional changes observed in the course of
hypertension impact primarily in the arteries thus changing the waveform morphology, and
(iii) the radial artery can be used for both PWA and PIA, we hypothesized that quantitative
variables derived from pulse waveform propagation and hemodynamics convey clinical

information related to TCM’s pulse images.

2 Materials and Methods

2.1 Study design and sample size requirements

This is an observational, cross-sectional study with prospective admission of cases (Figure 1).
The study protocol was fully described previously™. Considering that the main outcome is

the association (i.e. effect size) of PIA with PWA and hemodynamic variables, it is estimated
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that a sample of 36 subjects was required to observe a minimum correlation of 0.41 (weak or

higher) with a significance level of 5% and power of 80%.

PLEASE INSERT FIGURE 1 HERE

2.2 Ethics

The Institutional Ethics Committee approved this protocol prior to its execution (CAAE
34723714.2.0000.5235). All participants signed an informed consent form to participate in
this study after receiving an explanation about the study aims, potential risks and benefits
related to their enrollment. All measurements were executed by the same examiner (NGRM),
who is a certified TCM expert (Institute of Acupuncture, RJ, Brazil) with a two-year training

period and six years of clinical practice.

2.3 Participants screening and admission

Fifty-one patients were assessed for eligibility from September to June 2014 at the Division
of Arterial Hypertension (National Institute of Cardiology, Rio de Janeiro, RJ, Brazil).
Patients who simultaneously met the following criteria were included in the study: age >18
years; clinical diagnosis of primary systemic arterial hypertension; absence of valvular
disease, ventricular dysfunction, or severe cardiac arrhythmias; and signing the informed
consent form. Six patients were excluded because they lacked of complete data related to
outcome variables. The remaining 45 patients (Table 1) enrolled in the study underwent
clinical history, physical and laboratory examination for the confirmation of their clinical
status following international guidelinest®. Another sample of 15 patients (7 men) had their
PIA and blood pressure measurements performed twice 30-min apart to assess intrarater, test-

retest reliability.
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PLEASE INSERT TABLE 1 HERE

2.4 Pattern differentiation

A disease-specific questionnaire*y was used for collection of hypertension-related clinical
manifestations. Data from each participant were typed into a software interface for automated
diagnosis using the Pattern Differentiation Algorithm (PDA) model™“>46]. Briefly, the model
applied two quantitative criteria to identify the underlying pattern: the explained information
(Fo%, the ratio of the number of manifestations describing a pattern in dataset to the total
number of manifestations reported by the patient) and the available information (N, the ratio
of the number of manifestations describing a pattern in dataset to the total number of
manifestations for that pattern in the dataset). PDA suggested a list of candidate patterns
ranked simultaneously by increasing Fe and decreasing Ne. Only a single candidate pattern
was identifiable as the primary diagnosis with simultaneous highest Fo and lowest Ny, values,
otherwise no pattern was identified at all. Accuracy of PDA for pattern differentiation among

73 zangfu patterns was estimated in 94.7% (sensitivity = 89.8%; specificity = 99.5%)l,

2.5 Pulse image analysis and pulse waveform analysis

Measurements were performed between 0800 and 1100 AM as recommended for both
PWAL and PIAEL32, PIA measurements were first obtained after 10-minute rest period in
the sitting position. Wrist pulse-taking was performed bilaterally using the ‘simultaneous
pressing’ technique from the deepest level to the surface in both wrists!®33, In sequence,
PWA measurements were obtained after 10-minute rest period in supine position in the right
upper extremity. Two noninvasive piezoelectric transducers (model PT-102, iWorx Systems

Inc., Dover, NH, USA) were attached to the brachial and radial arteries with Velcro® straps



65

and were connected to a preamplifier running into a 14-bit acquisition board (USB 6009,
National Instruments, Dallas, TX, USA) before connecting to a computer. At the radial artery
the transducer was positioned above the styloid process, which corresponds to the guan
position of the TCM pulse. Pressure pulse waveform signals were acquired simultaneously
from these two arterial sites at a sampling rate of 1.0 kHz/channel during 60 s using the
Arterial Function Analysis system (AFA)“7%] developed in LabVIEW (National
Instruments, Dallas, TX, USA). Pulse waveforms were visually inspected on the computer

screen before data acquisition to increase the overall quality of the blood pressure signals.

2.6 Data analyses of control and outcome variables

Control variables include!®: body weight and height as measured by a analog scale and
stadiometer; the Quetelet index (weight/height?); systolic and diastolic blood pressures (SBP
and DBP, respectively) and heart rate (HR), as measured with an automated oscillometric
device (BP3AF1-3 model, G-TECH, Shenzhen, China); calculated pulse pressure (PP = SBP-
DBP) and mean arterial pressure (MBP = DBP+PP/3]); self-reported duration of
hypertension; medication classes in use; left ventricular hypertrophy as assessed from the
electrocardiogram; and blood chemistry analysis. Control variables were used for
classification of hypertension gradel®! and obesity grade®. Additionally, the following risk
factors for cardiovascular diseases were assessed: cigarette smoking (self-report of current or
previous use); smoking history (self-report of number of packs per week, multiplied by the
number of years of smoking); obesity (Quetelet index>30 kg/m?); physical inactivity (self-
report of no regular exercise practice); dyslipidemia (LDL cholesterol >70 mg/dL, HDL
cholesterol <50 mg/dL and triglycerides >150 mg/dL)®: diabetes mellitus (fasting blood
glucose >126 mg/dL)Y; and history of premature cardiovascular disease (<55 years in men,

<65 years in women)[®l,
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The following outcome variables were obtained: the hypertension-related TCM
pattern, PIA, PWA, and hemodynamics. Five hypertension-related patterns were available for
identification®: Liver-fire blazing upwards; Kidney-yin deficiency and Liver-yang rising;
Obstruction of phlegm and dampness of Heart/Liver/Gallbladder; Qi and blood deficiency
leading to Liver-yang rising; or Kidney-yin/yang deficiency. Pulse images were annotated for
PIA comprised!®23l: strength (levels: strong, weak), depth (levels: superficial, deep), speed
(levels: fast, moderate, slow) and rhythm (levels: regular, intermittent). The AFA software
averaged the pulse wave velocity (PWV, 1 derivative method®™) and the reflection index

(IRy12: first-to-second systolic peak ratio®!) on a sequence of at 10 heart beats.

2.7 Statistical analysis

Statistical analysis was performed using SPSS 22 (IBM Corp., USA). Descriptive analysis
was displayed as mean£SD, median [minimum; maximum], or frequency (%) accordingly to
the variable type. Significance was set to p<0.05 (two-tailed).

Multivariate analysis-of-variance was used to test for main and interaction effects of
factors pulse image strength (strong=1, weak=0), depth (superficial=1, deep=0), and speed
(fast=2, moderate=1, slow=0) on variables obtained from PWA and hemodynamics. Sex
(male=1), age, and body mass index were inputted into the general linear model as covariates
because they comprise important confounders of PWAL® and PIAE32 Wilks’ A, F-test
results and respective p-value from null hypothesis testing were reported alongside partial n?
as effect size (correlation)®2. Discrimination analysis between levels on each factor was
performed with receiver-operating characteristic (ROC) curves. The optimal cut-off value for
detection of different levels on each factor — following Youden’s method —, the area under the
ROC curve with 95% confidence interval (Clesy), sensitivity and specificity were reported

solely for variables with significant univariate effects. Cramer’s V coefficient was used to
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analyze the effect size (correlation) of antihypertensive medication on PIA. Correlation
values were qualitatively described as no association (0.00), negligible (0.01 to 0.20), weak
(0.21 to 0.40), moderate (0.41 to 0.70), strong (0.71 to 0.99), or perfect association (1.00)1°!,
Intrarater test-retest reliability for hemodynamic variables was assessed by the two-
way random-effects intra-class correlation coefficient for single measurements (ICC2,1) using
an absolute agreement definition and its respective Clgse. Reliability for each PIA factor was
assessed using Cohen’s x (kappa)®¥ and its respective Closy. Reliability was qualitatively
described as excellent or acceptable (>0.75), fair to good (0.40 to 0.75), or poor (<0.40);

minimum reference value of reliability was set to at least fair to good (Ho: ¥=0.40).

3 Results

3.1 Occurrence of patterns and clinical manifestations in hypertension

The most frequent pattern found (Table 2) was Kidney-yin deficiency and Liver-yang rising
(46.7%), followed by Liver-fire blazing upwards and Obstruction of phlegm and dampness of
Heart/Liver/Gallbladder (17.8% each). The least frequent pattern was Kidney-yin/yang
deficiency (15.6%). One participant (2.2%) could not have its primary pattern clearly
identified by PDA.

The frequency of manifestations varied according to the identified pattern. No
pathognomonic manifestation was found and no patients reported convulsions either.
Frequent nocturnal urination was the manifestation most commonly reported (77.8%) by the
patients. Four manifestations were reported by the majority of patients, with occurrences
ranging from 66.7% (pale tongue) to 51.1% (insomnia). Sixteen manifestations were
seldomly observed, occurring between 46.7% (mental fatigue; headache) to 26.7%
(dizziness). Finally, other 16 rarely observed manifestations ocurred in range 24.4% (weak

legs; tinnitus; slippery pulse) to 6.7% (aphasia).



68

PLEASE INSERT TABLE 2 HERE

3.2 Effects of pulse image analysis on pulse waveform analysis and hemodynamics
Descriptive analysis (Table 3) showed that the majority of participants had a strong pulse
(53%), a superficial pulse (56%), or a moderate pulse image (84%). All participants exhibited
a regular rhythm and thus this pulse image was not assessed for effect size or reliability
because it was a constant value within the studied sample.

Significant multivariate interaction effect were not observed among all factors
strength*depth*speed (A=1.000), neither for the pairwise analysis of strength*speed
(1.=0.887, p=0.602, n?=0.113), depth*speed (A=0.878, p=0.557, n?=0.122), nor
strength*depth (L=0.876, p=0.545, n?=0.124). Significant multivariate main effects were
observed for depth (1=0.648, Fs20=3.149, p=0.022, n?=0.352), strength (1=0.608,
F5.20=3.736, p=0.010, n?=0.392), and speed (1=0.535, Fs29=5.302, p=0.002, 1?>=0.465).
General effects for depth comprised higher values for superficial than deep pulse images,
with significant univariate main effects observed for PWV (F1,33=6.179, p=0.018), HR
(F1,33=5.605, p=0.024), and PP (F133=4.926, p=0.033). General effects for strength
comprised higher values for strong than weak pulse images, with significant univariate main
effects observed for PP (F133=17.124, p<0.001) and SBP (F1,33=7.670, p=0.009). Finally,
general effects for speed comprised higher values for fast than moderate pulse images, with
significant univariate main effects observed for PWV (F133=7.930, p=0.008) and HR
(F1,33=6.952, p=0.013). No significant multivariate main effects were observed for neither of
the covariates sex (A=0.831, p=0.344, ?=0.169), age (1=0.951, p=0.910, ?=0.049), nor

body mass index (A=0.733, p=0.093, n?=0.267).
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ROC curve analysis (Figure 2) showed a significant discriminative power as assessed
by the area under the curve regarding strength for both PP (0.742 Clgs=[0.598; 0.886],
p=0.006) and SBP (0.729 Clgs%=[0.578; 0.881], p=0.009). Pulse images were detected as
strong separately with PP>62.5 mmHg (sensitivity=58%, specificity=81%) or SBP>149.5
mmHg (sensitivity=75%, specificity=67%). Within factor depth significant discriminative
power was observed for HR (0.684 Clgs9=[0.521; 0.874], p=0.040) but neither for PP (0.594
Clgs%=[0.420; 0.769], p=0.293) nor PWV (0.357 Clgs%=[0.186; 0.529], p=0.112). Pulse
images were detected as superficial with HR>58.25 heartbeats/min (sensitivity=83%,
specificity=53%). Finally, both HR (0.762 Clgs%=[0.533; 0.991], p=0.030) and PWV (0.746
Clos%=[0.589; 0.904], p=0.041) showed significant discriminative power within factor speed.
Pulse images were detected as fast separately with HR>69.6 heartbeats/min (sensitivity=71%,

specificity=83%) or PWV>9.185 m/s (sensitivity=100%, specificity=53%).

PLEASE INSERT FIGURE 2 HERE

3.3 Association of pulse image analysis with antihypertensive medication and reliability
for pulse image analysis and hemodynamics

Significant though weak association was observe between diuretics usage and speed
(V=0.319, p=0.032), but neither with strength (VV=0.136, p=0.360) nor depth (\VV=0.104,
p=0.486). No other significant associations of PIA with any antihypertensive drug classes
were observed, including B-blocker (strength: V=0.007, p=0.965; depth: V=0.077, p=0.607;
speed: V=0.138, p=0.354), ACE inhibitors (strength: VV=0.026, p=0.860; depth: V=0.044,

p=0.769; speed: V=0.012, p=0.936), sympatholitycs (strength: V=0.141, p=0.344; depth:
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V=0.135, p=0.366; speed: V=0.065, p=0.664), vasodilators (strength: VV=0.189, p=0.205;
depth: V=0.174, p=0.243; speed: V=0.043, p=0.771), or AT2 antagonists (strength: V=0.190,
p=0.202; depth: V=0.219, p=0.141; speed: V=0.003, p=0.984).

Excellent reliability was found for all hemodynamic variables, including PP
(ICC2,1=0.945, Clgs%=[0.848; 0.981], p<0.001), SBP (ICC,,1=0.944, Clgs%=[0.827; 0.981],
p<0.001), DPB (ICC2,1=0.928, Clos%=[0.798; 0.975], p<0.001), and MBP (ICC1=0.887,
Clos=[0.637; 0.963], p<0.001). Fair to good reliability was found for PIA regarding depth
(x=0.615, Clgs%=[0.256; 0.975], p=0.028). Poor reliability was found for PIA regarding both
speed (x=0.375, Clgse=[-0.078; 0.828], p<0.001) and strength (x=0.196, Clgs%=[-0.300;

0.693], p=0.619).

4 Discussion

The major outcomes of this study comprised the association of PIA with PWA and
hemodynamics in patients with hypertension. Such association confirms our hypothesis that
quantitative variables derived from pulse waveform propagation and hemodynamics conveys
clinical information to describe qualitative pulse images as reported in TCM. The Chinese art
of palpating the radial artery for pulse diagnosis is essentially a subjective analysis, and the
last two decades have witnessed the growth of importance of research related to
quantification of pulse diagnosist®. Therefore, our findings regarding PWA and
hemodynamics filled an important gap to link pulse palpation in TCM and conventional

cardiology!*®l.

4.1 Hypertension presents with different manifestation profiles
The most frequent (Kidney-yin deficiency and Liver-yang rising) and the least frequents

patterns (Qi and blood deficiency leading to Liver-yang rising) were expected outcomes and
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are in agreement with previous reporting in 43 patients with hypertension*. Conversely, the
pattern Obstruction of phlegm and dampness of Heart/Liver/Gallbladder was not reported in
that study™*! but was identified in our sample, reinforcing the likelihood of its occurrence in
this population!?*2%1. Overall, these results suggest that our sample is representative of the
most frequent TCM patterns related to hypertension. Nonetheless, the automated diagnostic
model did not uniquely diagnose one patient; although PDA’s accuracy is high (up to
94.7%)18 its objective criteria might fail due to co-occurrence of manifestations®® as is the
case in hypertension. PDA was already used in clinical studies related to hypertension**! and
is being integrated into a large project on computerization of Chinese medicine®!, which
strengths our confidence in these findings and facilitates the reproducibility of the methods
adopted in this study in other samples.

The occurrence of manifestations showed that patients reported the same most
common manifestation regardless of the identified pattern, namely frequent nocturnal
urination. As a matter of fact, nocturia is a prevalent symptom of hypertension with an
estimated prevalence in range 18% to 51%[°81, which may help explain why its high
occurrence in all patterns. Some interesting findings are worth noticing for an integrative
medicine approach. Patients with all patterns affecting the Liver-gan reported blurred vision,
reinforcing the role attributed to the Liver-gan as related to the eyes in TCM[?+2% and to
target-organ damage!®. Deep or thin pulses were frequently palpated among patterns with
deficiency of vital substances; most importantly, they were observed in all patients with the
most severe deficiency pattern, namely Kidney-yin/yang deficiency. Wiry pulse was palpated
in patients with any pattern, which helps explain why it is considered as the most
representative pulse in the literature related to hypertension in TCM[242%, Fast pulse was
palpated in patterns where the yang aspect was uprising, supporting the pair yang-function in

TCM theory. Conversely, stroke and aphasia were manifestation only expressed by patients
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who had Kidney-yin deficiency or Liver-yang rising patterns, with a lower frequency of the
latter (23.8% versus 14.3%, respectively) — stressing the pair yin-structure in TCM theory.
Altogether, these data not only further support the existence of different hypertension-related

patterns but also provide some insights on the TCM’s interpretation of hypertension itself.

4.2 Anatomic-functional changes in hypertension impact in the arteries changing the
waveform morphology as detected by pulse wave analysis

Absences of significant multivariate interaction effects among PIA factors on PWA and
hemodynamics variables suggest that each pulse image was not dependent on any level of the
other pulse images. Conversely, the observed significant main effects for each pulse image
suggest that PWA and hemodynamic variables were different between levels of the same
factor.

High values of PP and SBP were found for the strong pulse image rather than the
weak pulse image, with ~39% of the total variance explained by this factor. It is worth
noticing that cut-off value for PP is much higher than the value of PP corresponding to a
borderline optimal blood pressure (120 — 80 = 40 mmHg), whilst the cut-off value for SBP is
nearly centered in stage-1 hypertension range of values. This association can be explain by
the LaPlace’s law applied to the circulatory system[®®: pressure causes tangential tension,
which dictates that the variable being palpated at the radial artery is thus wall tension rather
than transmural pressure. According to LaPlace’s law, large arterial wall tension might result
from an interaction among proportionally large SBP, large inner radius, and/or small wall
thickness. As a matter of fact, arteries adapt to sustained high blood pressure by remodeling
their wall constituents and/or changing their inner radiust®%. This means that for a given
stage of arterial remodeling in hypertension (i.e. inner-radius to wall-thickness ratio), the

larger the SBP is the larger the wall tension will be. Moreover, in conditions of increased
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pulsatile flow (i.e. large PP) wall motion is further increased in the radial direction!®!, which
combined with the large SBP explain the ‘strong’ feeling as perceived upon pulse-taking.

High values for PWV and HR were found for the fast pulse image rather than the
moderate pulse image, also with ~47% of the total variance explained by this factor. Pulse
image speed is objectively classified in TCME%1 ysing the quantity of the patient’s
heartbeats during an examiner’s complete respiratory cycle, i.e. heartbeats:cycle ratio, as
slow (<4:1), moderate (4:1 or 5:1), or fast pulse image (>5:1). Healthy adults®® present HR
in range 60 to 100 heartbeats/min and a respiratory rate of roughly 16 cycles/min, yielding
3.8:1 10 6.3:1 ratios. Assuming the above-cited respiratory rate, the cut-off for a HR to be
classified as ‘moderate’ yields a 4.4:1 ratio, which is consistent with the traditional criterion.
The association of speed with PWV is straightforward explained by the elastic, viscous and
inertial properties of the arterial wall®?l: an increase in HR shortens the time for an artery to
recoil, thus yielding a stiffer vessel and increasing the PWV.

Higher values of PP, HR, and PWV were found for the superficial pulse image rather
than the deep pulse image, with ~35% of the total variance explained by this factor. The
external compression of the radial artery through its palpation at the skin surface changes its
cross-sectional area from circular to nearly elliptical one because of the rigid base provided
by the styloid process of the radius bone. Because the deformation of an elliptical vessel
requires less energy than a circular one, the expansion in the direction of the compression is
largely increased™®. Additionally, the radial artery becomes closer to the skin and
subcutaneous tissue under compression. These facts, combined with the increased wall
motion in the radial direction due to a large PP®% may explain the ‘superficial’ feeling as
perceived upon pulse-taking. In contrast, the explanation for the association of a superficial
pulse image with large HR or PWV was unexpected and is unclear. Although the reasoning

about the relationship between HR and PWV also holds here, it does not provide additional
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insights on their association with depth. We may argue that a large PP and HR — and thus
PWYV — reflects an increased sympathetic tone, but how these information contribute directly
or indirectly to a perception of a more superficial pulse image deserves attention in future
studies.

IR1,2 was not significantly associated with any factors of PIA, although values of IRz
above the group-average were observed for strong, superficial, and moderate pulse images
separately. A large value of IRy indicates increased total vascular impedance because it
occurs due to a high amplitude and/or speed of the wave reflection. A study™® found that the
radial Alx was significantly higher in patients with hypertension than in healthy subjects in
all three positions bilaterally, but was not significantly different among these positions in
patients with hypertension. Other two studies solely on healthy subjects found controversial
results of no differences®" or significant differences*!! of ‘radial augmentation index (AIx)’
among the three positions for pulse palpation. Therefore, there is a need to further explore the
contributions of pulse wave reflection for the perceived pulse image at the wrist according to

TCM.

4.3 Effects of antihypertensive drugs on the association of pulse image analysis with
pulse waveform analysis and hemodynamics

All patients were under antihypertensive pharmacological treatment and washout was not
conducted due to ethical constraints as in previous studies®**4. It is plausible that
medications might have influenced findings such as the high occurrence of a moderate pulse
image or frequent nocturnal urination, which does not allow a clear distinction between the
natural history of hypertension and the adverse effects of antihypertensive therapy in this
study’s outcomes. Nonetheless, the lack of strong and consistent association of PIA with

antihypertensive therapy does not support this confounding effect; most importantly, it
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reflects the everyday clinical practice in patients using both conventional and TCM
interventions. Future studies are warranted to verify the association of PIA with PWA and

hemodynamics in untreated patients with hypertension.

4.4 Study’s limitations and strengths

Developing a study for unveiling the relationship between PIA and PWA in patients with
hypertension is particularly challenging; to combine traditional theories with contemporary
instruments and procedures without mutual compromise is virtually impossible. Therefore, an
appraisal of this study’s limitations is warranted. First, this study largely enrolled middle-
aged patients with primary hypertension and thus the results should not be extrapolated to
younger/older groups or other types of hypertension (e.g. secondary hypertension). Second,
PWA was performed only at position guan as in previous studies on PWAE® whereas PIA
was performed simultaneously at all three positions. However, a software simulation study!®?l
using an electric-analogue model of the forearm arterial system showed no differences among
the three positions in harmonics of the pulse waveform regardless of the palpation depth.
Finally, intrarater reliability varied from fair to good to poor depending on the analyzed
factor; because reliability for hemodynamics were excellent, these results suggest that
intrarater subjectivity played a role for PIA. Nonetheless, these data are consistent with a
review!® reporting inter-rater reliability for pulse palpation ranging from poor to excellent
agreement.

Our study presents major improvements over previous studies in this subject. To the
best of our knowledge, this is the first study that systematically investigated the association of
PIA with PWA and hemodynamics in patients with hypertension. Major novelties of this
study rely on the simultaneous and comprehensive application of traditional and

contemporary methods for (i) pattern differentiation using software-implemented traditional
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guidelinest?-2l and diagnosis using international guidelines for hypertensiont® (ii) pulse-
taking using traditional examination for PIAB321 and advanced biomedical instrumentation
for PWAE49 “and (iii) controlling for major confounders of PIA and PWA. Moreover, both
AFA and PDA comprise robust automated systems that may contribute for analyzing the
relationship of PIA with PWA in other cardiovascular diseases such as coronary artery
disease of congestive heart failure. The potential benefits for the population with
hypertension or related disorders include a better understanding of the relationship between

cardiology in TCM and conventional medicine.

5 Conclusions

Pulse image analysis is associated with pulse waveform analysis and hemodynamics in
patients with hypertension. Systolic and pulse pressures, heart rate and pulse wave velocity
are quantitative variables that have information to describe the qualitative pulse images

strength, depth and speed as reported in traditional Chinese medicine.
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Figure 2: Receiver-operating characteristic curves for discrimination of pulse images

strength (upper panel), depth (center panel), and speed (lower panel) on guantitative variables

significantly associated with those pulse images.



Table 1: Descriptive analysis of the studied sample.

Variable Classes Values
N included 45 (100%)
Men 26 (58%)
Women 19 (42%)
Age, years 55.2+10.3
Body mass, kg 83.8+17.7
Body height, m 1.67£0.10
Body mass index (kg/m?) 30.0+4.6

BMI classification

Normal range 8 (17.8%)

Duration of hypertension, months
Heart rate, beats/minute

Blood pressure, mmHg

Blood pressure classification

Smoking, packs/week/year
Risk factors classification

Medications types

Serum chemistry

Overweight
Obesity |
Obesity 11
Obesity I

Systolic
Diastolic
Mean
Pulse

Optimal
Normal
Normal high
Grade-I
Grade-Il
Grade-IlI

Premature CVD
Dyslipidemia

Obesity

Ventricular hypertrophy
Sedentary

Smoking

Diabetes

B-blocker

AT2 antagonist
Diuretic

ACE inhibitors
Vasodilator
Sympatholytic

17 (37.8%)
14 (31.1%)
4 (8.9%)

2 (4.4%)
156 + 146
63.3+9.9

155 + 28
93 +17
114 + 20
62 + 16

1(2.2%)
14 (31.1%)
3 (6.7%)
13 (28.9%)
8 (17.8%)
6 (13.3%)
30 + 61

40 (88.9%)
37 (82.2%)
20 (44.4%)
16 (35.6%)
15 (33.3%)
11 (24.4%)
10 (22.2%)

32 (71.1%)
32 (71.1%)
29 (64.4%)
6 (13.3%)
5 (11.1%)
1 (2.2%)
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Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL (mg/dL)

HDL (mg/dL)

Creatinine (mg/dL)
Glucose (mg/dL)

Uric acid (mg/dL)

206 + 50
158 + 88
131 +41
44 +13
0.99 +0.33
117+ 41
6.2+1.38
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Table 2: Descriptive analysis of clinical manifestations in patients with hypertension (n=45).

Clinical manifestation Liver-fire blazing Kidney-yin deficiency  Obstruction of phlegm and  Kidney-yin/yang TOTAL
upwards and Liver-yang rising dampness of deficiency
Heart/Liver/Gallbladder
n =8 (17.8%) n =8 (17.8%)

n = 21 (46.7%) n=7(156%) n =45 (100%)

Frequent nocturnal urination 7 (87.5%) 16 (76.2%) 6 (75.0%) 5 (71.4%) 35 (77.8%)
Pale tongue 5 (62.5%) 13 (61.9%) 6 (75.5%) 5 (71.4%) 30 (66.7%)
Numbness in feet and hands 4 (50.0%) 14 (66.7%) 4 (50.0%) 2 (28.6%) 25 (55.6%)
Blurred vision 4(50.0%) 16 (76.2%) 2 (25.0%) 0 (0.0%) 23 (51.1%)
Insomnia 4(50.0%) 13 (61.9%) 3 (37.5%) 2 (28.6%) 23 (51.1%)
Mental fatigue 4 (50.0%) 8 (38.1%) 4 (50.0%) 4 (57.1%) 21 (46.7%)
Headache 4 (50.0%) 10 (47.6%) 5 (62.5%) 1 (14.3%) 21 (46.7%)
Deep pulse 0 (0.0%) 11 (52.4%) 1 (12.5%) 7 (100.0%) 20 (44.4%)
Numbness in the limbs 0 (0.0%) 16 (76.2%) 3 (37.5%) 0 (0.0%) 20 (44.4%)
Thin pulse 0 (0.0%) 12 (57.1%) 0 (0.0%) 7 (100.0%) 20 (44.4%)
Strong pulse 7 (87.5%) 6 (28.6%) 7 (87.5%) 0 (0.0%) 20 (44.4%)
Peeled tongue 5 (62.5%) 9 (42.9%) 4 (50.0%) 1 (14.3%) 19 (42.2%)
Irritability 5 (62.5%) 12 (57.1%) 1 (12.5%) 0 (0.0%) 18 (40.0%)
Heavy limbs sensation 3 (37.5%) 12 (57.1%) 2 (25.0%) 0 (0.0%) 18 (40.0%)
Wiry pulse 4 (50.0%) 8 (38.1%) 5 (62.5%) 1 (14.3%) 18 (40.0%)
Shortness of breath 3 (37.5%) 10 (47.3%) 2 (25.0%) 1 (14.3%) 17 (37.8%)
Palpitation 2 (25.0%) 10 (47.6%) 3 (37.5%) 1 (14.3%) 17 (37.8%)
Greasy and thick tongue coating 2 (25.0%) 9 (42.9%) 4 (50.0%) 1 (14.3%) 16 (35.6%)
Nausea 3 (37.5%) 7 (33.3%) 2 (25.0%) 0 (0.0%) 13 (28.9%)
Excessive dreaming 2 (25.0%) 8 (38.1%) 2 (25.0%) 1 (14.3%) 13 (28.9%)
Dizziness 2 (25.0%) 8 (38.1%) 2 (25.0%) 0 (0.0%) 12 (26.7%)
Weak legs 2 (25.0%) 5 (23.8%) 3 (37.5%) 0 (0.0%) 11 (24.4%)
Tinnitus 1 (12.5%) 9 (42.9%) 0 (0.0%) 1 (14.3%) 11 (24.4%)
Slippery pulse 3 (37.5%) 3 (14.3%) 5 (62.5%) 0 (0.0%) 11 (24.4%)
Yellow tongue coating 5 (62.5%) 1 (4.8%) 1 (12.5%) 2 (28.6%) 10 (22.2%)
Constipation 3 (37.5%) 3 (14.3%) 0 (0.0%) 2 (28.6%) 9 (20.0%)
Sexual impotence 1 (12.5%) 6 (28.6%) 0 (0.0%) 1 (14.3%) 8 (17.8%)
Severe dizziness 1 (12.5%) 4 (19.0%) 1 (12.5%) 1 (14.3%) 8 (17.8%)
Red eyes 3 (37.5%) 3 (14.3%) 0 (0.0%) 1 (14.3%) 8 (17.8%)
Red face 2 (25.0%) 4 (19.0%) 0 (0.0%) 1 (14.3%) 8 (17.8%)
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Fast pulse 3 (37.5%) 5 (23.8%) 0 (0.0%) 0 (0.0%) 8 (17.8%)
Red tongue 1 (12.5%) 3 (14.3%) 1 (12.5%) 2 (28.6%) 7 (15.6%)
Stroke 0 (0.0%) 5 (23.8%) 0 (0.0%) 0 (0.0%) 5 (11.1%)
Congested feeling in the chest 4 (50.0%) 1 (4.8%) 0 (0.0%) 0 (0.0%) 5 (11.1%)
Vomiting 1 (12.5%) 3 (14.3%) 0 (0.0%) 0 (0.0%) 5 (11.1%)
Fainting 1 (12.5%) 2 (9.5%) 0 (0.0%) 0 (0.0%) 4 (8.9%)
Aphasia 0 (0.0%) 3 (14.3%) 0 (0.0%) 0 (0.0%) 3 (6.7%)
Convulsions 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0%)

Note: no patient was identified with pattern “Qi and blood deficiency leading to Liver-yang rising”. One patient (2.2%) was not possible to identify the primary pattern using
the automated method, but the corresponding manifestation was summed up in the total column.
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Table 3: Association of pulse image analysis with pulse waveform analysis and hemodynamic variables.

Strength Depth Speed Group-average
Strong Weak P Superficial Deep P Fast Moderate P
Variable 24 (53%) 21 (47%) 25 (56%) 20 (44%) 7 (16%) 38 (84%) 45 (100%)
PWV, m/s 9.8+24 10.1+25 0.077 9.4+2.2 10.7+¢2.6  0.018* 11.7¢16 9.6+x24 0.008* 9.9+2.4
IR12, % 97.3+22.2 93.0+£15.6 0.761 97.3+21.9 92.8+158 0.322 90.7¢17.5 96.2+19.8 0.396 95.3+19.4

SBP, mmHg 165+29 144+22 0.009* 159+28 150+27 0.534 162+40 154+25 0.832  155+28

DBP, mmHg  96£19 89+15 0.438 96+19 90+14 0.366 106+24 91+15 0.139 93+17
MBP, mmHg  119£21 108+17 0.096 117+22 110+17 0.806 125+29 112+17 0.335 114+20
PP, mmHg 68+17 5513 <0.001* 63+15 60+18 0.033* 56+19 63+16 0.176  62+16
HR, beats/min  64+10 62+10 0.103 66+10 59+9 0.024* 72+12 62+9 0.013* 63+10

PWV: pulse wave velocity. IR12: reflection index. SBP: systolic blood pressure. DBP: diastolic blood pressure. MBP: mean blood pressure. PP:
pulse pressure. HR: heart rate. N: group size. SD: standard deviation. n% partial eta square. *Statistical significant difference at p<0.05 after

controlling for confounders (sex, age, and body mass index).
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Capitulo 4 — Consideracoes finais

A partir deste estudo, foram langadas novas perspectivas sobre a visdo oriental e
ocidental do pulso, e como elas se relacionam em pacientes hipertensos. Outros estudos
também devem ser realizados em pacientes que ainda ndo estdo medicados, assim como
pacientes com hipertensdo secundaria, ou em grupos mais jovens ou mais idosos. Deve-se
também explorar melhor a relacdo da AIP com o IR12 considerando ser um parametro
importante no diagndstico e prognéstico das DCV. A confiabilidade da AIP necessita mais
objetividade, e é urgente a transformacdo das descricdes qualitativas em quantitativas,
podendo assim ser realizado o diagndstico precoce das LOA e unificacdo do diagndstico pelo
pulso. Diferencas nos aspectos anatdbmicos da artéria radial também devem ser mais
profundamente estudadas.

As manifestacdes clinicas relatadas e sua associacdo com o0s padrdes chineses
encontrados pelo PDA forneceram importantes informagdes acerca da abrangéncia dos sinais
e sintomas da hipertensdo e suas repercussdes em 6Orgdos-alvos e na vida desses pacientes.
Tais informacbes fornecidas devem ser extrapoladas em futuros trabalhos para melhor
compreensdo das repercussdes da doenca sob a 6tica da MTC.

Deve-se aumentar atencdo em futuros estudos para um fato que se mostrou obscuro: a
associagdo entre a profundidade do pulso com uma alta FC e VOP. Apesar de uma alta PP,
FC e VOP poderem aumentar o tbnus simpatico, ndo se sabe como essa informagdo pode
influenciar a percepcdo de um pulso mais superficial.

A realizacdo deste trabalho exigiu muita organizacdo em todas as suas etapas, dada
toda a sua complexidade e diversidade de variaveis envolvidas. O planejamento foi
fundamental para o cumprimento de todo o processo do estudo no prazo estipulado. O maior
desafio foi a busca e cooperacdo dos pacientes que precisavam passar por um processo,
muitas vezes cansativo, de exames e avaliacdes. Mas todos sempre foram muito colaborativos
e com a ajuda da equipe do hospital (INCL) foi possivel conseguir a amostra necessaria para
concluir o trabalho. O empenho necessario para se realizar uma pesquisa deste porte, assim

como a dedicagdo e comprometimento devem ser levados para futuros projetos.
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Apéndice 1 — Fichas de avaliacédo dos participantes

CENTRO UNIVERSITARIO AUGUSTO MOTTA
Programa de Pds Graduagao em Ciéncias da Reabilitagdo — PPGCR
INSTITUTO NACIONAL DE CARDIOLOGIA
Divisao de Hipertensao Arterial

INISUAM

PROJETO DE PESQUISA: Identificagdo de subtipos funcionais de hipertensao por
meio darelagao entre analise da onda e da imagem do pulso radial

Ficha de admissdo do participante

Critérios gerais deinclusao:

A) Possui idade maior ou igual a 18 anos? ( )Sim ( ) Nao

B) Possui indice de massa corporal <40 kg/m?? ( )Sim () Nao

C) Possui diagnostico clinico de hipertensao primaria, confirmado por exames

complementares (eletrocardiograma, bioquimica sanguinea)? € ) (N

D) Possui doengas valvares, disfungdo ventricular ou arritmias cardiacas graves? ( )Sim ( ) Nao
C) Concorda em participar do estudo e assinar o termo de consentimento? ( )Sim ( ) Nio
Critérios gerais de exclusao: Datas das avaliagoes*
( ) Exame () Exame de ( )ECG ( YAFA () MAPA ( )IPAQe
clinico sangue Handgrip

/

/

/

/

/

* Marcar os exames realizados pelo paciente e a data correspondente. Serdao excluidos os pacientes que nao

realizarem todos os exames.
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ID: . Nome: Data: Y
Data nascimento: || Idade (anos): | Sexo: () Masc ( )Fem
Peso (kg): . | Alura(m): __, | Indice de massa corporal (kg/m?): .
Duragao da hipertensao arterial (meses): | Grupo: ( )HAS () Outros
Pressao arterial sistolica (mmHg): | Pressio arterial diastolica (mmHg): o
Pressao média (mmHg) Pressao de pulso (mmHg) Frequéncia
o | cardiaca o
PAD+(PP/3): PAS-PAD: (b/min):
Tabagismo: ( )S( )N ( )EX Obesidade (>30 kg/m?): ( )S( )N
Q
g Anos que fuma: ___ Magos/semana: __
Q
§ Sedentarismo: ( )S( )N Dislipidemia: ( )S( )N
<]
T Historia de doenca cardiovascular ( )S( )N Diabetes mellitus: ( )S( )N
prematura (<55 homens; <65
mulheres):
g Coragao (hipertrofia ventricular ( )S( )N Cérebro (acidente vascular ( )S( )N
g esquerda*, angina ou infarto agudo cerebral ou ataque isquémico
® do miocardio prévio, transitorio):
5 revascularizagdo miocardica prévia,
l% insuficiéncia cardiaca):
- Doenga arterial periférica (ITB<0,9): ( )S( )N Doenga renal crénica: ( )S( )N
Diurético: ( )S( )N Simpaticoliticos (inibidores ( )S( )N
§ adrenérgicos):
@
% Blogueadores dos canais de calcio ( )S( )N Vasodilatadores: ( )S( )N
= B3-bloqueador):
5 (B-blog )
= - . .
Inibidor de enzima conversorade ( )S( )N | Antagonistas do receptor AT,: ( )S( )N
angiotensina (IECA):
§ Hipertrofia ventricular esquerda (ECG): ( )S( )N
1N- 2
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Creatinina (mg/dL): | Glicose (mg/dL):  ____, | Ac. arico (mg/dL): .
Triglicerideos (mg/dL): __,____ | Colesterol total (mg/dL): e
LDL (mg/dL): _ +____ | HDL (mgl/dL): e
Albumina/Creatinina: __+____ | Proteina C reativa (PCR) (mg/L): __ _,
Horm. tirecestimulante (TSH), mul/dL: ~__, | Tiroxina (T4), ng/dL: o
< S et Als . S AiactAli .
-g A) Pressao sistolica MSE (mmHg): | A) Pressao diastolica MSE (mmHg): .
@©
ﬂ? B) Pressdo sistolica MSD (mmHg): | B) Pressao diastélica MSD (mmHg): o
o
T
N s . s .
g C) Pressao sistolica MIE (mmHg): __ | ©) Pressio diastolica MIE (mmHg): o
o
E D) Pressao sistolica MID (mmHg): __ | D) Pressao diastolica MID (mmHg): _
=
= indice tornozelo-braquial D: (C/A) __, | indice tornozelo-braquial E: (C/A) o
VOP (m/s) L CA (cm®/dina): _, _ x10__ | Alx periférico (%): L
IARA(10seg) _ ,_ _ |IARA(Amin) _ ,_ IARA (Bootstrap) e

Handgrip (kgf) Handgrip (kgf) _ Handgrip (kgf)

Pressao arterial sistolica 24h (mmHg): Pressao arterial diastolica 24h (mmHg):

Pressao arterial média 24h (mmHg): Pressao arterial de pulso 24h (mmHg):

Descenso noturno sistolico (%): , Descenso noturno diastolico (%):

IARA-MAPA:
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PROJETO DE PESQUISA: Identificagdo de subtipos funcionais de hipertensao por
meio darelagao entre analise da onda e da imagem do pulso radial

QUESTIONARIO INTERNACIONAL DE ATIVIDADE FiSICA (IPAQ)
FORMA CURTA

Vocé trabalha de forma remunerada: ( ) Sim ( ) Nao

Quantas horas vocé trabalha por dia?

Quantos anos completos vocé estudou?

De forma geral sua saude esta: ( ) Excelente ( ) Muito boa ( )Boa ( ) Regular ( ) Ruim

Nés estamos interessados em saber que tipos de atividade fisica as pessoas fazem como
parte do seu dia a dia. Este projeto faz parte de um grande estudo que esta sendo feito em
diferentes partes ao redor do mundo.

Suas respostas nos ajudarao a entender que tao ativos nés somos em relagéo a pessoas
de outros paises. As perguntas estdo relacionadas ao tempo que vocé gasta fazendo atividade
fisica em uma semana NORMAL, USUAL ou HABITUAL. As perguntas incluem as atividades que
vocé faz no trabalho, para ir de um lugar a outro, por lazer, por esporte, por exercicio ou como
parte das suas atividades em casa ou no jardim. Suas respostas sdo MUITO importantes. Por
favor responda cada questdo mesmo que considere que n&o seja ativo.

Obrigado pela sua participagao!

Para responder as questdes lembre-se que:

» atividades fisicas VIGOROSAS sdo aquelas que precisam de um grande esforgo fisico e que
fazem respirar MUITO mais forte que o normal

» atividades fisicas MODERADAS sao aquelas que precisam de algum esforgo fisico e que fazem
respirar UM POUCO mais forte que o normal.

Para responder as perguntas pense somente nas atividades que vocé realiza por
pelo menos 10 minutos continuos de cada vez:

la. Em quantos dias de uma semana normal, vocé realiza atividades VIGOROSAS por pelo
menos 10 minutos continuos, como por exemplo correr, fazer ginastica aerébica, jogar futebol,
pedalar rapido na bicicleta, jogar basquete, fazer servigos domésticos pesados em casa, no
quintal ou no jardim, carregar pesos elevados ou qualquer atividade que faga vocé suar
BASTANTE ou aumentem MUITO sua respiragéo ou batimentos do coragéo.

dias por semana ( ) nenhum
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1b. Nos dias em que vocé faz essas atividades vigorosas por pelo menos 10 minutos continuos,
quanto tempo no total vocé gasta fazendo essas atividades por dia?

horas minutos

2a. Em quantos dias de uma semana normal, vocé realiza atividades MODERADAS por pelo
menos 10 minutos continuos, como por exemplo pedalar leve na bicicleta, nadar, dangar, fazer
ginastica aerobica leve, jogar volei recreativo, carregar pesos leves, fazer servigos domésticos na
casa, no quintal ou no jardim como varrer,

aspirar, cuidar do jardim, ou qualquer atividade que faga vocé suar leve ou aumentem
moderadamente sua respiragdo ou batimentos do coragdo (POR FAVOR NAO INCLUA
CAMINHADA)

dias por semana ( ) nenhum

2b. Nos dias em que vocé faz essas atividades moderadas por pelo menos 10 minutos continuos
guanta tempo no total vocé gasta fazendo essas atividades por dia?

horas minutos

3a. Em quantos dias de uma semana normal vocé caminha por pelo menos 10 minutos continuos
em casa ou no trabalho, como forma de transporte para ir de um lugar para outro, por lazer, por
prazer ou como forma de exercicio?

dias por semana ( ) nenhum

3b. Nos dias em que vocé caminha por pelo menos 10 minutos continuos quanto tempo no total
vocé gasta caminhando por dia?

horas minutos

4a. Estas ultimas perguntas sdo em relagdo ao tempo que vocé gasta sentado ao todo no
trabalho, em casa, na escola ou faculdade e durante o tempo livre. Isto inclui o tempo que vocé
gasta sentado no escritério ou estudando, fazendo ligdo de casa, visitando amigos, lendo e
sentado ou deitado assistindo televiséo.

Quanto tempo por dia vocé fica sentado em um dia da semana?

horas minutos

4b. Quanto tempo por dia vocé fica sentado no final de semana?

horas minutos
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PROJETO DE PESQUISA: Identificagdo de subtipos funcionais de hipertensao por
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QUESTIONARIO DE MANIFESTAGOES CLINICAS

Marque com X as manifestagdes clinicas presentes e seu inicio aproximado:

Manifestagao clinica Intensidade (0-10) | Inicio Chave
) Afasia

) AVE

) Constipacgéo (Obstipagao)

) Convulsées

) Desmaios

) Dor de cabega

) Formigamento / dorméncia nos membros
) Formigamento / dorméncia nos pés e méos
) Sensagéo de peso nos membros

) Fragueza nas pernas

) Fadiga mental

) Impoténcia

) Insénia

) Irritabilidade

) Lingua descascada

) Lingua levemente palida

) Lingua vermelha

) Micgéo frequente, principalmente noturna
) Muitos sonhos

) Nausea

) Olhos vermelhos (hiperemia da conjuntiva)
) Palpitacdes

) Pulso afundado

) Pulso em corda

) Pulso escorregadio (deslizante)

) Pulso fino

) Pulso forte

) Respiracao curta

) Rosto vermelho ou ruborizado

) Saburra amarela

) Saburra gordurosa e espessa

) Sensacgéo de congestéo no peito

) Taquicardia (>5 blir) - Pulso rapido

) Tinido (Zumbido)

) Tontura

) Tontura intensa

) Viséo turva (“borrada”)

) Vémito
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Chave: A — “Ascenséo do Fogo do Gan”; B — “Deficiéncia de Yin do Shen/Gan e Excesso de Yang do
Gan”; C — “Obstrugéo por Tanyin e Umidade no Xin, Gan e Dan”; D — “Movimento Interno do Vento do
Figado”; E — “Deficiéncia de Yin e Yang”.

1N 2
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Apéndice 2 — Termo de consentimento livre e esclarecido

YO Projeto: ldentificacdo de subtipos funcionais de hipertensdo por meio
da relacdo entre analise da onda e da imagem do pulso radial
INISUAM

As informagfes contidas neste termo foram elaboradas para sua participacdo
voluntaria neste estudo, que tem como objetivo relacionar a palpacdo do seu pulso no punho
com os resultados obtidos por um aparelno medidor de pressdo, de modo a definir
caracteristicas comuns entre pacientes hipertensos e relaciona-las as sinais e sintomas de suas
atividades de vida diaria.

Inicialmente, vocé serd entrevistada para conhecimento do seu estado de saude,
baseada nos seus exames clinicos realizados pelo seu médico responsavel. Para os exames de
pressdo arterial, dois microfones serdo posicionados superficialmente em seu cotovelo e
punho com tiras de velcro, sendo aplicada leve pressdo de contato com a pele. VVocé precisara
permanecer o mais imdvel possivel durante esse exame, que dura cerca de 10 minutos a partir
do posicionamento dos microfones. ApoOs este exame, sera realizada a palpacdo dos seus
pulsos nos dois punhos, por cerca de 5 minutos. Em sequéncia, vocé apertara uma mola trés
vezes com forca maxima, durante 5 segundos cada vez. Finalmente, vocé responderd a
perguntas de dois questionarios preenchidos pela pesquisadora; esta Ultima etapa devera durar
aproximadamente 10 minutos. A qualquer momento que julgar necessario, os procedimentos
podem ser interrompidos caso vocé tenha alguma sensacao desconfortavel mediante relato a
pesquisadora.

A sua participacdo neste estudo ird avaliar a rigidez de suas artérias e podera indicar
possiveis problemas em outros drgaos relacionados a hipertensdo. Os potenciais beneficios
para a sua participacdo incluem o reconhecimento de possiveis alteragdes nas artérias em
decorréncia da pressao alta, e da sua relacdo com sua capacidade de realizar atividades de
vida diaria. Adicionalmente, um relatério contendo os resultados do teste e a sua
interpretacdo sera disponibilizado para o participante e seu médico responsavel ao final do
exame. Os riscos envolvem sua exposicdo a questionamentos que podem lhe gerar algum
constrangimento, ficando vocé absolutamente livre para responder ou ndo. Todos o0s
procedimentos a serem realizados ndo séo invasivos, diminuindo assim o risco de eventos
adversos. Todos os demais exames clinicos e laboratoriais descritos acima serdo realizados
como parte da rotina de acompanhamento dos pacientes, ndo gerando assim risco adicional.

Em qualquer etapa do estudo, o participante podera acessar o profissional responsavel,
Dra. Nathalia Gomes Ribeiro de Moura (CREFITO-2 122.715-F) no telefone (21) 99768-
4141. Se tiver alguma consideracdo ou ddvida sobre a ética da pesquisa, entre em contato
com o Comité de Etica em Pesquisa (CEP): Praca das Nagdes, n° 34 - Bonsucesso, Rio de
Janeiro — RJ, Tel.: (21) 3882-9797 (ramal 1015), e-mail: comitedeetica@unisuam.edu.br.

Se desejar desistir do estudo em qualquer momento, vocé tem toda liberdade de fazé-
lo, garantindo que a recusa de participagdo ndo acarretara penalizacdo no seu cuidado. As
informagdes a serem recebidas durante o estudo serdo analisadas em conjunto com as
informagdes obtidas de outros voluntarios, ndo sendo divulgada a identificacdo de nenhum
participante. Tais informacdes serdo de responsabilidade dos pesquisadores envolvidos no
projeto e serdo utilizadas para fins cientificos e ndo sera permitido o acesso a terceiros,
garantindo assim protec@o contra qualquer tipo de discriminacgdo. Se desejar, vocé pode ser
informado sobre os resultados parciais da pesquisa a qualquer momento. Os resultados serdo
submetidos a publicagdo em revistas cientificas. Nao havera despesas pessoais para VOcé em
qualquer fase do estudo, nem havera compensacgdo financeira relacionada a sua participacao.
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Em caso de dano pessoal diretamente causado pelos procedimentos propostos neste estudo,
vocé sera encaminhado para atendimento médico em hospitais da rede pablica de salde, e
teré direito as indenizagdes legalmente estabelecidas, caso se justifiquem.

Acredito ter sido suficientemente informado sobre o estudo acima citado que li ou que
foram lidas para mim. Ficaram claros para mim quais sdo os propésitos do estudo, 0s
procedimentos a serem realizados, seus desconfortos e riscos, as garantias de
confidencialidade e de esclarecimentos permanentes. Ficou claro também que minha
participacdo é isenta de despesas e que tenho garantia de acesso a tratamento hospitalar se
necessario em decorréncia desse estudo. Concordo voluntariamente em participar deste
estudo e poderei retirar 0 meu consentimento a qualquer momento, antes ou durante o
mesmo, sem penalidades ou prejuizo ou perda de qualquer beneficio que eu possa ter
adquirido.

Data: / /

Nome/Assinatura do participante

Data: / /

Nathalia Gomes Ribeiro de Moura/Assinatura do pesquisador
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Apéndice 3 — Analise estatistica para o manuscrito #4

Table 2: Generalized linear model results for functional outcomes.

Functional outcome

Grip strength, kg (n=33) Physical Activity, min/week (n=45)
Model effects Parameter estimates Model effects Parameter estimates
Model Variable Wald y> P (Sig.) B Lower Upper P (Sig.) Wald P B Lower Upper P
Clos% Clos% ya (Sig.) Closo Clos% (Sig.)
Clinical Sex (female=0) 31.068 <0.001 -17.512 -23.670 -11.354  <0.001 0.260 0.610 179.772 -510.617 870.161 0.610
Age 0.094 0.759  -0.049 -0.359 0.262 0.759 0.000  0.989 0.268 -37.175 37.712  0.989
Body mass index 3.083 0.079 0.580 -0.067 1.227 0.079 0.115 0.735 13.456 -64.418 91.331 0.735
Disease duration 1.750 0.186  -0.014 -0.036 0.007 0.186 0.601  0.438 0.988 -1.509 3486  0.438
Hemodynamic Heart rate 0.615 0.433 0.201 -0.302 0.704 0.433 4.128 0.042 -37.509 -73.691 -1.326 0.042
Systolic pressure 0.024 0.878  -0.022 -0.308 0.263 0.878 1.742  0.187  -15.634 -38.849 7.581  0.187
Diastolic pressure 0.652 0.419 0.190 -0.271 0.651 0.419 1.581 0.209 23.884 -13.345 61.113 0.209
Pulse wave PWV 0.080 0.777 -0.310 -2.461 1.840 0.777 0.373 0.542 -47.801 -201.260 105.658 0.542
analysis IR1.2 0.115 0.734 -0.042 -0.288 0.203 0.734 0.779 0.377 8.602 -10.498 27.703 0.377
Risk factors Smoking (=no) 3.895 0.143  10.332 -1.407 22.072 0.085 0.840  0.657 -185.314 -1355.37 984.743  0.657
Sedentary (=no) 4.098 0.043  -8.168 -16.076 -0.260 0.043 3.168  0.075  638.604 -64.612 1341.82  0.075
History CVD (=no) 0.001 0.975 -0.256 -16.246 15.733 0.975 2.761 0.097 -1006.98 -2194.71 180.755 0.097
Obesity (=no) 7.547 0.006  -9.303 -15.940 -2.666 0.006 0.368  0.544  220.473 -491.494 932440  0.544
Dyslipidemia (=no) 8.640 0.013  -14.650 -26.244 -3.056 0.013 6.051  0.049  1109.06 205.967 2012.14  0.049
Diabetes (=no) 11.215 0.001 -15.228 -24.140 -6.316 0.001 0.630 0.427 -325.487 -1129.41 478.434 0.427
LVH (=no) 5.330 0.070 -1.316 -8.861 6.230 0.733 0.194 0.907 157.136 -598.597 912.851 0.907

PWV: pulse wave velocity. IR1: reflection index. LVH: left ventricle hypertrophy. CVD: cardiovascular disease.
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Handgrip strength (kg)

Functional outcome

Physical activity (min/week)

Descriptive ANOVA Effect size Descriptive ANOVA Effect size
Variable Levels N (%) Mean+SD F-test P (Sig) n n? N (%) Mean+SD  F-test P (Sig) n n?
Sex Female (=0) 14 (42%) 23.8+5.2 36.276 0.000 0.734 0.539 15 (38%) 493.9+249.7 0.433 0.515 0.106 0.011
Male (=1) 19 (58%) 43.8+11.6 25 (63%) 562.1+ 350.9
Total 33 (100%) 40 (100%)
Hypertension grade Normal 11 (33%) 39.3+11.0 4.507 0.006 0.626 0.392 14 (35%) 393.9+257.9 1444 0.240 0.376 0.142
Normal high 3(9%) 237+4.6 2 (5%) 431.5+210.0
Grade | 9(27%) 32.8+14.9 12 (30%) 621.7 +223.3
Grade 11 6(18%) 26.2+5.1 7 (18%) 588.4 +393.3
Grade 1l 4 (12%) 52.8+129 5(13%) 701.2+484.2
Total 33 (100%) 40 (100%)
Smoking Previous (=-1) 5(15%) 36.4+11.0 1715 0.197 0.320 0.103 6 (15%) 47.04+1225 0.543 0.586 0.169 0.029
No (=0) 25 (76%) 36.8 +14.2 31 (78%) 562.9 +342.8
Yes (=1) 3(9%) 21.7+6.7 3(8%) 389.0+283.7
Total 33 (100%) 40 (100%)
Sedentary No (=0) 22 (67%) 31.7+135 5.161 0.030 0.378 0.143 25(63%) 648.5+3185 10.462 0.003 0.465 0.216
Yes (=1) 11 (33%) 425+115 15 (38%) 349.9 + 207.3
Total 33 (100%) 40 (100%)
History of CVD No (=0) 2(6%) 43.0+14 0.659 0.423 0.144 0.021 5(13%) 4942+953 0.101 0.753 0.051 0.003
Yes (=1) 31 (94%) 34.8+14.0 35 (88%) 542.6 +335.4
Total 33 (100%) 40 (100%)
Obesity No (=0) 16 (48%) 31.2+10.7 3.020 0.092 0.298 0.089 22 (55%) 581.7+350.1 1.005 0.322 0.161 0.026
Yes (=1) 17 (52%) 39.2+15.4 18 (45%) 481.3 +265.5
Total 33 (100%) 40 (100%)
Dyslipidemia No (=0) 4(12%) 24.0+45 3.339 0.077 0.312 0.097 7(18%) 670.6+244.0 1.557 0.220 0.198 0.039
Yes (=1) 29 (88%) 36.9+13.8 33(83%) 508.1+324.1



111

Total 33 (100%) 40 (100%)
Diabetes Mellitus No (=0) 26 (79%) 335+126 2.179 0.150 0.256 0.066 31(78%) 489.5+2754  3.247 0.079 0.281 0.079
Yes (=1) 7(21%) 42.0+16.7 9 (23%) 698.6 +401.8
Total 33 (100%) 40 (100%)
LV hypertrophy No (=0) 22 (67%) 35.2+12.4 0.004 0951 0.011 0.000 25(63%) 495.8+2475 1121  0.296 0.169 0.029
Yes (=1) 11 (33%) 35.5+16.7 15 (38%) 604.5 + 404.5
Total 33 (100%) 40 (100%)
CVD: cardiovascular disease. LV: left ventricle.
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Table 3: Correlation analysis of functional outcomes with clinical data and pulse waveform

analysis.
Variable Statistics Handgrip strength (kgf) Physical activity (min/week)
Age (y) f’hpfarma” s 0,258 0,072
Sig. (2-tailed) 0,148 0,659
N 33 40
Body mass (kg) rShpoearman S 0,629 0,074
Sig. (2-tailed) <0,001 0,652
N 33 40
Body height (m) rShpoearman S 0,694 0,050
Sig. (2-tailed) <0,001 0,760
N 33 40
Body mass index Spearman's
(ka/m2) o 0,344 -0,155
Sig. (2-tailed) 0,050 0,339
N 33 40
Disease duration rShp(;aarman S -0.266 0,268
Sig. (2-tailed) 0,134 0,095
N 33 40
Heart rate (beats/min) rShp(;aarman S 0,167 0,200
Sig. (2-tailed) 0,352 0,215
N 33 40
Systolic blood pressure,  Spearman's 0,003 0,168
mmHg rho
Sig. (2-tailed) 0,606 0,300
N 33 40
Diastolic blood pressure,  Spearman's 0,061 0,307
mmHg rho
Sig. (2-tailed) 0,736 0,054
N 33 40
Mean pressure, mmHg rShpoearman S -0.109 0,261
Sig. (2-tailed) 0,544 0,104
N 33 40
Pulse pressure, mmHg rShpoearman S 0,034 0,037
Sig. (2-tailed) 0,850 0,818
N 33 40
Pulse wave velocity Spearman's 0,071 0,095
(m/s) rho
Sig. (2-tailed) 0,705 0,570
N 31 38
IRy rshpcfarma” 3 -0,110 0,224
Sig. (2-tailed) 0,555 0,176
N 31 38
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Anexo 1 — Carta de aprovacdo do comité de ética em

pesquisa

Vo) UNISUA ]
:EM'I‘!D:(W!H:UJS.--:I:.?:::JLT CENTRO UNIVERSITARIO C WOH’QO
AUGUSTO MOTTA/ UNISUAM \-29'0:'

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Identificacédo de subtipos funcionais de hipertensdo por meio da relagéo entre andlise
da onda e andlise do pulso radial

Pesquisador: Nathalia Gomes Ribeiro de Moura

Area Temaitica:

Versao: 1

CAAE: 34723714.2.0000.5235

Instituicdo Proponente: SOCIEDADE UNIFICADA DE ENSINO AUGUSTO MOTTA

Patrocinador Principal: Financiamento Préprio
FUN CARLOS CHAGAS F. DE AMPARO A PESQUISA DO ESTADO DO RIO DE
JANEIRO - FAPERJ

DADOS DO PARECER

Numero do Parecer: 805.511
Data da Relatoria: 10/09/2014

Apresentacao do Projeto:

O projeto trata de identificar subtipos de HA por meio da relagdo entre analise da onda e analise do pulso
radial. O projeto apresenta todos os itens necessarios para bom desenvolvimento da pesquisa, com
levantamento de hipotese, revisdo da literatura, metodologia e andlise de dados satisfatorios

Objetivo da Pesquisa:

o projeto apresenta de forma clara os objetivos a serem alcancados e metodologia e andlise de dados
compativeis para avaliagdo dos objetivos alcangados

Avaliacéo dos Riscos e Beneficios:

Apresenta os riscos e beneficios da pesquisa de forma adequada e condizente com as diretrizes da
pesquisa com seres humanos.

Comentarios e Consideragdes sobre a Pesquisa:

O projeto esta condizente com as diretrizes da resolu¢édo 466, ou seja, de acordo com o regulamento para

realizacdo de pesquisa com seres humanos

Enderego: Praga das Nagbes n° 34 TEL: (21)3882-9797 ( Ramal : 1015)

Bairro: Bonsucesso CEP: 21.041-010
UF: RJ Municipio: RIO DE JANEIRO
Telefone: (21)3882-9797 E-mail: comitedeetica@unisuam.edu.br
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SN Cememetim= CENTRO UNIVERSITARIO Plataforma
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Continuagéo do Parecer: 805.511

Consideracoes sobre os Termos de apresentacao obrigatodria:
A pesquisadora apresenta de forma adequada o TCLE e a Carta de Anuéncia

Recomendacoes:
Nao h& recomendacdes

Conclusdes ou Pendéncias e Lista de Inadequacoes:
O projeto esta aprovado.

Situacao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:

Nao

Consideracoes Finais a critério do CEP:

O projeto esté aprovado.

Cabe ressaltar que o pesquisador se compromete em anexar na Plataforma Brasil um relatério ao final da
realizacéo da pesquisa. Pedimos a gentileza de utilizar o modelo de relatério final que se encontra na pagina
eletronica do CEP-UNISUAM (http://www.unisuam.edu.br/index.php/ introducao-comite-etica-em-pesquisa).
Além disso, em caso de evento adverso, cabe ao pesquisador relatar, também através da Plataforma Brasil.

RIO DE JANEIRO, 25 de Setembro de 2014

Assinado por:

Miriam Raquel Meira Mainenti
(Coordenador)

Endereco: Praca das Nagdes n° 34 TEL: (21)3882-9797 ( Ramal : 1015 )

Bairro: Bonsucesso CEP: 21.041-010
UF: RJ Municipio: RIO DE JANEIRO
Telefone: (21)3882-9797 E-mail: comitedeetica@unisuam.edu.br

Péagina 02 de 02



