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EPIGRAFE

“Todas as vitorias ocultam uma abdicacdo.”

Simone de Beauvoir



RESUMO

Introducdo: Estudos clinicos e experimentais tém demonstrado que tanto o
envelhecimento quanto a menopausa promovem alteracOes cardiovasculares,
autondmicas e aumento da incidéncia de doencas. Neste contexto, a pratica de
exercicios fisicos € uma potente ferramenta para a promocao de saude e reducéo de
doencas e efeitos deletérios destes processos. Entre os tipos de treinamentos
destaca-se o treinamento funcional (TF), o qual desenvolve diversas habilidades e
pode promover beneficios cardiovasculares e autondmicos em mulheres na
menopausa. Objetivo: Avaliar a influéncia de um treinamento funcional sobre os
parametros cardiorrespiratérios e a modulacdo autondmica cardiaca em mulheres na
menopausa. Métodos: 64 mulheres sedentarias e que estavam no periodo da
menopausa por mais de um ano, foram divididas em: grupo de treinamento funcional
(GTF) que executou um programa de treinamento funcional e todas as avaliagdes e
o grupo Controle (GC) que nao realizou o treinamento apenas as avaliagbes. No
treinamento, realizado com frequéncia de trés vezes na semana por 18 semanas, as
voluntarias realizaram 3 séries de 11 exercicios funcionais e uma caminhada. Para a
avaliacdo do sistema cardiorrespiratério foram mensuradas a pressao arterial
sistdlica (PAS) e diastdlica (PAD), a frequéncia cardiaca (FC) e a frequéncia
respiratoria (FR). A modulacdo autondmica foi avaliada por meio da andlise da
variabilidade da frequéncia cardiaca, de onde se extraiu os seguintes indices:
intervalos RR, RMSSD, SDNN, LF, HF, LF/HF, RRTRI, TINN, SD1, SD2, SD1/SD2,
alfa-1, alfa-2 e relagédo alfa-1/alfa-2. Além disso, foi feito também a andlise qualitativa
do plot de Poincaré. Para a avaliacdo dos efeitos do treinamento foram comparados
os valores das diferencas encontradas entre os valores obtidos antes e ao final do
protocolo de treinamento, em ambos o0s grupos. Para isso foram utilizados o teste T
de Student para dados néo pareados (dados normais) ou teste de Mann Whitney
(dados ndo normais) com nivel de significancia de 5% Resultados: O treinamento
promoveu melhora de parametros cardiorrespiratorios: PAS (GC-5,50 + 12,76 vs.
GTF -18,36 £ 18,05 p = 0,021), PAD (GC 5,00 * 20,13 vs. GTF -9,47 + 10,25 p =
0,002) e FC (GC 7,00 = 9,79 vs. TF -4,73 + 8,41 p = 0,000). Foram também
observados aumento significativo nos valores dos indices RMSSD (GC -0,18 + 5,66
vs. GTF 5,10 £ 11,93 p = 0,035), intervalos RR (GC -22,66 + 75,75 vs. GTF 70,17 +
104,30 p = 0,003), SD1 (GC 0,13 + 4,00 vs. GTF 3,60 * 8,43 p= 0,033) e alfa-1 (GC -
0,04 + 0,13 vs. GTF 0,07 = 0,21 p= 0,002). Além disso maior dispersao dos
intervalos RR foi observada na andlise qualitativa do plot de Poincaré. Conclusao: O
FT promoveu impacto benéfico nos parametros cardiorrespiratérios e na modulacéo
autonbmica cardiaca, caracterizada por aumento da atividade parassimpética e
propriedades fractais a curto prazo da dinamica da frequéncia cardiaca, em
mulheres na menopausa.

Palavras-chave: Menopausa. Sistema nervoso autdbnomo. Variabilidade da
Frequéncia cardiaca. Atividades cotidianas. Exercicio.



ABSTRACT

Introduction: Clinical and experimental studies have shown that both aging and
menopause promote cardiovascular and autonomic, increased incidence of diseases.
In this context, a practice of physical exercises is a potent tool for health promotion,
reduction of diseases and deleterious effects of these processes. Types of training
include functional training, which develops several skills and can promote
cardiovascular and autonomic benefits in menopausal women. Objective: To
evaluate the influence of a functional training on cardiorespiratory parameters and
cardiac autonomic modulation in menopausal women. Methods: 64 sedentary
menopausal women were divided into: a functional training group (GTF) that
performed a functional training program (TF) and all the journal and the Control
group (GC) who did not perform the training only the evaluations. The training was
performed three times a week for 18 weeks, volunteers performed 3 sets of 11
functional exercises and a walk. For an evaluation of the cardiorespiratory system of
the measured systolic (PAS) and diastolic (PAD) blood pressure, heart rate (FC) and
respiratory rate (FR). Autonomic modulation was evaluated for the analysis of the
heart rate variability, the following indices were extracted: RR intervals, RMSSD,
SDNN, LF, HF, LF / HF, RRTRI, TINN, SD1, SD2, SD1 / SD2, alpha-1, alpha-2 and
alpha-1 / alpha-2 ratio. In addition, a qualitative analysis of the Poincare plot was also
realized. The Student’s T -test for unpaired samples (normal data) were used to
compare the differences obtained between the final moment and the initial moment of
the studied groups (p<0.05). Results: The training promoted improvement of
cardiorespiratory parameters: PAS (GC-5,50 + 12,76 vs. GTF -18,36 + 18,05 p =
0,021), PAS (GC 5,00 + 20,13 vs. GTF -9,47 + 10,25 p = 0,002) e FC (GC 7,00 +
9,79 vs. GTF -4,73 £ 8,41 p = 0,000). A significant increase in the values of the
RMSSD indices (GC -0,18 £ 5,66 vs. GTF 5,10 £ 11,93 p = 0,035), RR intervals (GC
-22,66 + 75,75 vs. GTF 70,17 + 104,30 p = 0,003), SD1 (GC 0,13 % 4,00 vs. GTF
3,60 * 8,43 p= 0,033) and alpha-1(GC -0,04 + 0,13 vs. GTF 0,07 + 0,21 p= 0,002). In
addition, greater dispersion of the RR intervals was observed in the qualitative
analysis of the Poincaré plot. Conclusion: The TF promoted a beneficial impact on
cardiorespiratory parameters and cardiac autonomic modulation, characterized by
increased parasympathetic activity and thermal properties Short-term heart rate
dynamics in menopausal women.

Keywords: Menopause. Autonomic Nervous System. Heart Rate Variability.
Activities of daily living. Exercise.
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1 INTRODUCAO

A expectativa de vida da populacdo brasileira vem aumentando,
ultrapassando o numero de idosos de diversos outros paises, podendo no ano de
2020 atingir a sexta posicdo entre as populacées idosas do mundo®.

Essa mudanca na composicdo etaria dos brasileiros, com alto indice de
envelhecimento e elevada expectativa de vida, principalmente entre a populacéo
feminina®, levou a um maior nimero de mulheres que se encontram no periodo da
menopausa®, uma vez que a expectativa de vida para as mulheres no Brasil é de
75,6 anos”.

A menopausa € o evento que ocorre no fim da transicdo para menopausa e o
marco para o inicio da pés-menopausa. E reconhecida apés 12 meses de
amenorréia>®. Em paises desenvolvidos, ocorre ao redor de 52 anos’® e em paises
em desenvolvimento aos 50 anos®®*°. No Brasil, entre os 48 e 50 anos*™*3. Ela
pode acarretar uma série de manifestacdes, dentre elas: fadiga, alteracdes de
humor, ondas de calor, dificuldade de concentracao e disturbios de sono, que podem
afetar as tarefas diarias'**.

Em paises desenvolvidos a principal causa de mortalidade de mulheres na
menopausa sédo as doencas cardiovasculares, produzidas pela diminuicdo do fluxo
sanguineo tecidual e alteracdo de mecanismos reguladores da vasomotricidade™®.
Para pessoas livres de doencas cardiovasculares, a estimativa do risco de vida para
desenvolver doencas cardiovasculares € de aproximadamente 40% nas mulheres
com mais de 50 anos para sua vida Util restante’.

Como podemos ver, o envelhecimento aumenta a incidéncia de doencgas,
principalmente as cardiovasculares®. A ocorréncia dessas doencas também tem sido
atribuida & queda horménio estrogénio endégeno sobre o sistema cardiovascular®. O
hipoestrogenismo se manifesta com diferentes intensidades de sintomas e aspectos
nas mulheres com menopausa e 0s principais sintomas sao vasomotores, fisicos,
psicoldgicos e mudancas sociais™®.

Além do aumento da incidéncia de doencas o envelhecimento promove
diversas alteragbes no organismo, dentre elas as que ocorrem no sistema nervoso

auténomo (SNA)*?, o qual é fundamental no controle de diversos sistemas do
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organismo inclusive o cardiovascular, modulando a frequéncia cardiaca, a pressao
arterial, e a contratilidade miocardica®* .

A sobreposicdo do processo do envelhecimento com a menopausa agrava
uma das principais consequéncias de ambos que é a diminuicdo da capacidade

|22

funcional“. O ganho de peso também tem se mostrado um aspecto importante

nessa fase da vida?>?*

, Sem contar que as mulheres estéo sujeitas ao maior risco de
desenvolver obesidade, resisténcia insulinica, disfuncdo endotelial, dislipidemia,
hipertensdo arterial sistémica, diabete melito, sindrome metabdlica e doencas
cardiovasculares®.

Além disso, ocorrem modificacBes significativas na modulacdo autonémica
induzida pelo declinio da atuacdo vagal sob o nodo sinusal, o que reduz a
variabilidade da frequéncia cardiaca (VFC)?**?°. O estudo de Brockbank et al (2000)
relatou a diminuicdo da VFC nesta populacdo quando comparada a mulheres no
periodo da pré-menopausa *’.

A VFC é a medida de variacao fisiolégica da frequéncia cardiaca (FC) entre
cada batimento em um determinado intervalo de tempo definida como a variacéo de
oscilacdo entre os intervalos R-R ?° e representa a acdo simpética e vagal do SNA
no coracdo?®. A ocorréncia desta variacéo é fisiolégica, e ela aponta a habilidade de
adaptacado cardiaca perante estimulos internos e externos, como alteracfes
metabolicas, estresse, sono e respiracdo, bem como alteracbes decorrentes de
doencas®®. Por ser uma ferramenta acessivel e ndo invasiva, a VFC vem sendo
amplamente utilizada em pesquisas que envolvem envelhecimento'® e alteracées na
modulacdo autonémica induzidas pelo treinamento fisico®*2.

Uma alta VFC, em geral, traduz uma boa condicdo do SNA indicando um
organismo com bom funcionamento fisiolégico, em contrapartida, uma baixa VFC
representa uma adaptagcdo anormal e insuficiente do SNA e, possivelmente, indica
um mau funcionamento do organismo®.

Para diminuir os efeitos negativos do envelhecimento e da menopausa e
também do hipoestrogenismo® a pratica regular de exercicios fisicos é

fundamental®

A sua realizagcdo pode produzir melhora na composi¢ao corporal,
resisténcia aerébica, flexibilidade e resisténcia muscular®?, diminui as dores
relatadas e a resisténcia vascular, melhora a forca e aumenta a autoestima®. Além
disso, como efeito de adaptacdo durante e apds o exercicio, h4 uma elevacédo do

débito cardiaco (efeito agudo) e melhora na distribuicdo do fluxo sanguineo (efeito


http://www.ncbi.nlm.nih.gov/pubmed/?term=Brockbank%20CL%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=10825420
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agudo tardio) a fim de manter a homeostasia celular, permitindo assim que o
organismo melhore seu desempenho**.

Para as mulheres na menopausa, outra vantagem do exercicio fisico é ser
uma terapia nao farmacoldgica utilizada para melhorar os sintomas da menopausa,
evitando assim os possiveis efeitos colaterais*®*%°.

Os beneficios induzidos pelo exercicio sdo de extrema relevancia quando se
trata das perdas funcionais que ocorrem no decorrer da vida, as quais ocorrem em
funcéo do declinio da capacidade aerébia, da capacidade dos musculos de gerarem
forca maxima e também devido a deterioracdo do sistema sensorial, prejuizo esse
gue afeta a capacidade do sistema nervoso de fornecer um “feedback” sensorial que
gere uma resposta motora satisfatoria®.

E neste contexto que se situa o treinamento funcional (TF), o qual visa
recuperar e manter estes componentes, o que produz melhora na realizacdo das
atividades diarias dos praticantes e diminui quedas e lesées musculoesqueléticas®.

Esse tipo de treinamento baseia-se em exercicios que simulam movimentos
realizados diariamente com uma abordagem mais global do que o treinamento de
resisténcia e fortalecimento, trabalhando varios grupos musculares durante a
realizagdo de um exercicio e combinando os movimentos dos membros superiores e
inferiores®. Nesse tipo de treinamento, sdo realizados diversos exercicios com
bolas, pesos e elasticos e séao feitos circuitos onde se contornam objetos como
bambolés (aro de plastico que se faz girar em torno do corpo) e cones, além de
exercicios de subir e descer degraus, andar sobre colchonetes, rotacdo do tronco,
sentar e levantar da cadeira, dentre outros®’®,

O treinamento funcional tem sido utilizado amplamente na populacao idosa,
pois ele é capaz de reverter parte das perdas fisiolégicas e motoras, contribuindo
assim para uma maior autonomia funcional destes individuos®®*%°. O treinamento
funcional com carga em mulheres saudaveis também produziu a diminuicdo dos
niveis de gordura corporal sem nenhuma influéncia significativa sobre a massa
corporal magra“.

Outro tipo de treinamento largamente utilizado para minimizar os problemas
induzidos pelo envelhecimento e a menopausa é o treinamento aerébio®2.
Especificamente sobre a modulagdo autonémica o treinamento aerobio tem

16,20,42

mostrado ser capaz de aumentar a VFC em individuos idosos e nas mulheres

42,43

na menopausa Também nestas o treinamento aerobio produz melhora da
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capacidade respiratéria e funcional e dos sintomas do climatério*®*#%°4!_ Melo et al.,
(2004)* demonstraram que o treinamento aerébio aumenta a perda de gordura
corporal e eleva a massa magra.

Em busca de uma modalidade de treinamento que tenha como objetivo
maximizar os ganhos proporcionados pelo exercicio fisico, estudos que utilizaram
mais de um tipo de exercicio, denominados de treinamento combinado®’ tem sido
utilizados. Esse tipo de treinamento busca associar os beneficios dos diferentes
tipos de treinamentos, sendo considerado um exercicio fisiologicamente mais
completo®®.

Diversos estudos realizaram treinamento combinado associando o
treinamento resistido com o aerébio*’** Segundo Bonganha et al., (2008)*’ esse tipo
de treinamento promoveu melhora nos indicadores de forca, porém sem alteracfes
significativas na composicéo corporal. Campos et al. (2013)*° observaram que esse
treinamento em idosas, forneceu os mesmos resultados que o treinamento aerdbio e
de forca realizados isoladamente. J& Silva et al., (2008)*® avaliou que
independentemente da ordem de execugdo dos exercicios no treinamento, as
mulheres apresentaram melhora nos indices de forca, porém sem alteracdo nos
indices de forca de preensdo manual e de flexibilidade. Em relacdo a VFC o estudo
de Rossi et al. (2013)*° apontou que essa combinacdo produziu melhora da
modulacdo autonémica no periodo da menopausa.

Entretanto, quando se trata do treinamento funcional aliado ao treinamento
aerdbio, cuja associacdo poderia promover maiores ganhos quando comparados
aos treinamentos executados de forma isolada, no que se refere a funcionalidade,
de composicdo corporal e também no que se refere a modulacdo autondémica
cardiaca, ndo sdo encontrados estudos na literatura.

Pensando nos possiveis beneficios que esse tipo de treinamento combinado
(funcional + aer6bio) pode trazer para a populacdo de mulheres no periodo da
menopausa, Nnos aspectos acima apontados, hipotetizamos que o treinamento
funcional aliado ao treinamento aerobio promove melhora na capacidade funcional,
composicao corporal e na modulagcdo autondmica cardiaca de mulheres no periodo

da menopausa.



14

1.1 Revisao da Literatura

O envelhecimento populacional € um fendmeno demogréafico universal
presente tanto em paises desenvolvidos, como em desenvolvimento. No século 20
um aumento de 40% na longevidade média nas mulheres pode ser observado
passando de 58 para 82 anos de vida™, sendo a expectativa de vida para as
mulheres no Brasil de 76 anos®?. Como as mulheres vivem aproximadamente um
terco de suas vidas na pés-menopausa, explica-se o0 grande interesse no
gerenciamento desta populacdo, tanto em termos de epidemiologia e de saude
publica quanto de pesquisa cientifica®*.

A transicdo da menopausa marca um periodo de mudancas fisiolégicas a
medida que as mulheres chegam na senescéncia reprodutiva®. Muitas mulheres
neste peirodo sofrem com mudancas na salude e na qualidade de vida (como:
sintomas vasomotores, distirbios do sono, depressao) e a longo prazo em varias
outras areas da saude (exemplo: sintomas urogenitais, osseos e lipidicos),
influenciando também na probabilidade de envelhecimento saudavel®.
A reducdo hormonal, no periodo do climatério, gera no organismo da mulher uma
série de sinais e sintomas, denominados de sindrome do climatério®®, que podem
incluir instabilidades vasomotoras, decorrente da alteracdo do nivel dos
neurotransmissores cerebrais pela diminuicdo do estrogénio, fogachos e diminuigédo
da densidade 6ssea®.

STRAW, como um sistema de estadiamento padronizado para o
envelhecimento reprodutivo, a fim de distinguir os efeitos sobre a saude do
envelhecimento ovariano versus o somatico, dividiu a vida feminina adulta em trés
fases amplas: reprodutiva, a transicdo da menopausa e a pds-menopausa. Essas
trés fases incluiram um total de sete estagios centrados no Periodo Mestrual Final
(Fase 0) (1- 4). A fase reprodutiva foi dividida em estagios -5, -4 e -3
correspondentes ao inicio, ao pico e ao final, respectivamente. A fase de transicao
da menopausa consistiu no estagio -2 (inicio) e no estagio -1 (atrasado), e a fase
pos-menopausa continha estagios _1 (cedo) e _2 (tarde). O estagio -3 foi
caracterizado por ciclos menstruais regulares e niveis crescentes de FSH. O estagio
-2 foi caracterizado por variabilidade no comprimento do ciclo menstrual e niveis
aumentados de FSH. O estagio -1 caracterizou-se por inicio de ciclos ignorados ou

amenorréia de pelo menos 60 dias e elevacéo continua da FSH>.
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Observam-se também mudancas na composi¢cao corporal, como perda de
massa magra, aumento do peso e a redistribuicdo da adiposidade no organismo®.
Essas alteracdes podem causar efeitos negativos na capacidade funcional,
afetando, por exemplo, a marcha uma vez que maiores valores de gordura no tronco
provocam prejuizos ao equilibrio do corpo durante a locomog&o®’.

Estudos clinicos e experimentais tém demonstrado que tanto o
envelhecimento quanto a menopausa ocasionam alteragbes cardiovasculares,
autondmicas e hemodinamicas importantes, tais como aumento na pressao arterial e
reducdes na variabilidade da frequéncia cardiaca (VFC) e na sensibilidade
barorreflexa?”.

Em especial, mulheres na menopausa demostram uma menor VFC quando
comparadas a mulheres que ndo estdo na menopausa**, além de apresentarem
reducao significativa dos intervalos R-R, alteracdes nos barorreceptores e declinio
do volume sistélico ventricular esquerdo®®.

O SNA controla a modulacdo do sistema cardiovascular® e desempenha um
papel fundamental em todos os mecanismos reguladores cardiacos?!, portanto
alteracbes desse sistema sejam em condicdo patologica ou fisiolégica sé&o
relevantes.

Uma das formas de se avaliar o SNA é por meio da VFC, a qual de modo
geral, descreve as oscilacOes existentes entre os batimentos cardiacos e representa
a acdo simpatica e vagal do SNA sobre o coracdo®®®. Por ser uma ferramenta
acessivel e ndo invasiva, a VFC vem sendo amplamente utilizada em pesquisas que

44,57,58,

envolvem envelhecimento e alteracbes na modulagcdo autondmica induzida

pelo treinamento fisico na menopausa®**°%:53°6:5863
Ao associarmos as alteracfes induzidas pela menopausa e os efeitos
deletérios causados pelo processo natural do envelhecimento, como por exemplo:

declinio da capacidade aerébia e funcional®

e dos musculos de gerarem forga
méxima, além da deterioracéio do sistema sensorial*®, verificamos a necessidade de
buscar formas de minimizar as perdas fisiolégicas nas mulheres decorrentes de
ambos os processos”’.

Nesse contexto, a pratica de exercicios fisicos é fundamental. A sua
realizacdo pode proporcionar em mulheres na menopausa, dentre outros, reducao
do percentual de gordura corporal, incidéncia de deméncia e da obesidade e

aumento da massa magra e do atraso do inicio do declinio cognitivo associado com
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a idade®*®°. Além disso, observam-se melhorias na aptiddo fisica, na disposicdo e
na diminuicdo da reabsorcdo 0ssea, 0 que diminui o risco de fraturas. Portanto, a
pratica de exercicios ajuda a combater as manifestagbes decorrentes do
envelhecimento e da menopausa?’.

Diversas sdo as modalidades de treinamento que podem ser utilizadas e

22,66 67,68-71 47,72,73

efeitos benéficos do treinamento aerdbio
|74

, resistido , combinado e

funciona em mulheres na menopausa foram descritos da literatura.
Especificamente sobre a VFC, tém sido observada melhora da VFC com o aumento
da modulacdo vagal em diversos estudos que realizaram essas modalidades de
treinament044’57'60'63’53'75’76.

Sabendo que o sistema nervoso estd envolvido no processo de
envelhecimento e € acompanhado por uma diminuicdo da velocidade de conducéo
nervosa, o que torna mais lenta a resposta motora®, faz-se de extrema importancia
entender a influéncia de um treinamento combinado sobre o SNA. Esse treinamento
combina duas modalidades de treinamento em uma mesma sesséo de treino e tem
como principal objetivo fornecer ao praticante as vantagens de ambas®. O que torna
o treinamento combinado fisiologicamente mais completo quando comparado aos
treinamentos que o compde realizados de forma isolada®.

No que se refere ao treinamento combinado em mulheres na pés-menopausa
encontramos na literatura a combinacgéo dos treinos resistidos e aerébios, o que tem
gerado resultados satisfatérios como: melhora na modulacdo autondmica no estudo
de Rossi et al. (2013)® onde observou-se que no grupo de treinamento (composto
por 11 mulheres em um periodo de 16 semanas) houve aumento do indice RMSSD,
na duracdo dos intervalos RR e reducdo da frequéncia cardiaca e também
alteracdes no LF e HF, além de um aumento do sistema parassimpéatico e reducao
do simpatico. No Bongonha et al. (2008)*, realizado com 18 mulheres, por um
periodo de 10 semanas, o treinamento proposto foi eficaz na prevencdo e
amenizacao das perdas decorrentes da menopausa.

No treinamento combinado realizado por Figueroa et al. (2011)%, por 12
semanas, no qual uma parte do treino realizava-se exercicios resistidos em forma de
circuito e outro treinamento de resisténcia aerdbia participaram 24 mulheres no
periodo da menopausa (12 mulheres que realizaram o treino e 12 no grupo

controle). Observou-se melhora na rigidez arterial, forca muscular e hemodinamica;
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além disso mostrou evidéncias que o treinamento combinado pode ser positivo na
hipertenséo arterial de mulheres na menopausa.

Rossi et al. (2015)"® estudaram 37 mulheres obesas pés-menopausicas no
grupo treinamento e no grupo controle; e cujo treinamento combinado (aerébio e
resistido) teve duracdo de 16 semanas, verificou-se reducao da gordura de tronco, e
da massa gorda e aumento da massa livre de gordura. O treinamento combinado
(forca e aerdbio) realizado por Corrick et al. (2013)"? observaram que durante 16
semanas, houve reducdo na pressdo arterial sistdlica (PAS), pressao arterial
diastolica (PAD), frequéncia cardiaca (FC) e no duplo produto no grupo de 79
mulheres na pds-menopausa que participaram do estudo.

No contexto do treinamento combinado para mulheres na po6s-menopausa,
que em virtude deste periodo e dos processos fisiolégicos associados a ele podem
apresentar dificuldades na realizacdo de atividades funcionais rotineiras, surge a
possibilidade de combinacdo entre o treinamento funcional e o aerdbio. O
treinamento funcional (TF) foi elaborado a partir da imitacdo de gestos e atividades
cotidianas (como tomar banho, preparacdo de refeicbes, subir escadas, praticar

37,82

esportes, entre outros) e tem como base a realizacdo de exercicios visando a

melhoria do controle, da estabilidade e da coordenacéo motora®®.

Uma vez que o conceito real de treinamento funcional e tudo o que abrange
essa modalidade de treinamento ainda n&o estdo bem elucidados®®, associado a
forte tendéncia mundial do fitness por essa modalidade de treinamento®, existe um
crescente interesse em investigar seus efeitos em muitas variaveis com diferentes
populacdes. Um recente artigo de revisdo sistematica®®, que buscou definir o
conceito de treinamento funcional, nos leva a acreditar que esta possivel
combinacéao entre o treinamento funcional e o aerdbio por si s6 ja pode ser chamada
apenas como “treinamento funcional”.

Segundo o conceito elaborado por La Scala Teixeira et al. (2017)%, o
treinamento funcional consiste em um conjunto de exercicios realizados por uma
pessoa com a intencdo de melhorar o desempenho em funcdes diarias, as quais sao
definidas como todas as atividades de vida diaria (AVDs) frequentemente realizada
por humanos, o que variam desde a manutencédo simples da postura em posi¢des
estaticas até atividades mais complexas, como caminhar, empurrar, puxar, agachar
e rolar*®. Entre as diferentes caracteristicas observadas, uma que é comum a todas

(ou quase todas) as AVDs é o fato de precisar usar simultaneamente diferentes
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capacidades fisicas®® tais como: forca, mobilidade / flexibilidade, equilibrio,
coordenacdo motora, estabilidade postural, além de resisténcia muscular e aptidao
cardiorrespiratéria. Assim, a premissa béasica do treinamento funcional é a aplicacdo
de exercicios que estimulam o desenvolvimento, de preferéncia simultanea, dessas
capacidades fisicas®.

Apesar da disfuncdo autondmica apresentada por mulheres na menopausa,
como demonstrado pela analise de indices de VFC, ndo é de nosso conhecimento
estudos que avaliaram o SNA por meio dessa técnica em mulheres na menopausa
submetidas a um treinamento funcional. Informacdes dessa natureza s&o
fundamentais para esclarecer as influéncias desse tipo de treinamento sobre a
modulag&o autonémica cardiaca em mulheres na menopausa.

Tendo em vista as capacidades trabalhadas no treinamento funcional;
propdem-se um ensaio clinico aplicando o treinamento funcional na populacdo de
mulheres na menopausa, buscando verificar a influéncia do estimulo de diversas
capacidades fisicas de forma simultanea sobre os parametros cardiorrespiratérios e

na modulacao autondmica cardiaca.

1.2 Objetivo

Avaliar a influéncia de um treinamento funcional sobre os parametros
cardiorrespiratérios e a modulacdo autondémica cardiaca em mulheres na

menopausa.
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2 METODO

Este € um modelo alternativo de tese e contempla a pesquisa intitulada:
Impacto do treinamento funcional sobre a modulagcdo autonémica e
parametros cardiorrespiratérios em mulheres na menopausa, realizada no
Laboratério de Fisiologia do Estresse da Faculdade de Ciéncias e Tecnologia —
FCT/UNESP (Presidente Prudente, Sao Paulo, Brasil) onde foi realizado a
elaboracdo do projeto, desenho de estudo e coleta dos dados; em parceria com 0
Laboratorio de Delineamento de Estudos e Escrita Cientifica da Faculdade de
Medicina do ABC (Santo André, Sado Paulo, Brasil) no qual foi realizado
processamento e discussdo dos dados, redacdo cientifica e elaboracdo dos
manuscritos.

Em concordancia com as normas do Programa de Doutorado em
Ciéncias da Saude da Faculdade de Medicina do ABC, a presente dissertacdo esta
dividida da seguinte forma:

* Introducao, contendo a contextualizacdo do tema pesquisado;

* Métodos, comtemplando:

Manuscrito 1: Marianne Penachini da Costa de Rezende Barbosa et al.,

submetido ao periddico: Climateric.

Manuscrito 2: Rezende Barbosa MPDCD, Vanderlei LCM, Neves LM, et

al. Impact of functional training on geometric indices and fractal

correlation property of heart rate variability in postmenopausal women.

Ann Noninvasive Electrocardiol. 2017;e12469.

https://doi.org/10.1111/anec.12469.

* Conclusdes, obtidas por meio da pesquisa realizada; e

* Referéncias, cujo formato é recomendado pelo Comité Internacional
de Editores de Jornais Médicos (ICMJE — Internacional Committe of Medical Journal
Editours), para apresentacdo das fontes utilizadas na redacgéo da introdugéao.

* Anexo e Apéndice

Ressalta-se que os artigos estdo formatados e apresentados conforme
as normas para apresentacdo da dissertacdo, porém foram submetidos de acordo
com as normas de cada periddico que podem ser visualizadas nos seguintes links:

e Periédico Climateric:
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http://www.tandfonline.com/action/authorSubmission?journalCode=icmt20&pa
ge=instructions.
e Periodico Annals of Noninvasive Electrocardiology:
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1542474X/homepage/For

Authors.ht
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3 RESULTADOS E DISCUSSAO
3.1 Manuscrito |
Aguardando parecer Revista Climateric.

TREINAMENTO FUNCIONAL NA POS-MENOPAUSA: MODULACAO
AUTONOMICA CARDIACA, COMPOSICAO CORPORAL E PARAMETROS
CARDIORRESPIRATORIOS.

MSc Marianne Penachini da Costa de Rezende Barbosa'; PhD Luiz Carlos
Marques Vanderlei® MSc Lucas Melo Neves®; Carolina Takahashi?; Paula Rapchan
dos Santos Torquato? MSc Anne Kastelianne Franca da Silva; PhD Ismael Forte
Freitas Janior®; PhD Isabel Cristina Espésito Sorpreso®; PhD Luiz Carlos de Abreu?;

PhD Andrés Ricardo Pérez Riera®.

'Faculdade de Medicina do ABC (FMABC). Santo André. Brasil.
Universidade Estadual Paulista — FCT/UNESP. Departamento de
Fisioterapia. Presidente Prudente. SP. Brasil.

3Universidade de S&o Paulo (USP). Sdo Paulo. Brasil.
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RESUMO

Introducéo: Estudos clinicos e experimentais demonstraram que o envelhecimento
e a menopausa sao marcados por grandes mudancas cardiovasculares e
hemodinamica. Neste contexto, o exercicio fisico € uma potente ferramenta para a
promocdo da saude e prevencao de doencas; em vista dos potenciais beneficios
cardiorrespiratérios que o treinamento funcional pode trazer para a populacdo de
mulheres na menopausa este ensaio clinico randomizado foi executado. Objetivo:
Avaliar a influéncia do treinamento funcional sobre o0s parametros
cardiorrespiratérios, composi¢do corporal e modulacdo de autondmica cardiaca em
mulheres na menopausa. Meétodos: 64 mulheres na pos-menopausa,
aparentemente saudaveis e sedentérias, foram randomizadas em dois grupos: grupo
gue realizou o treinamento funcional (GTF) (n = 22; 60 £ 4,5 anos; 67.64 = 11.64 kg
e 1.57 + 0.05 m) por 18 semanas (3 vezes por semana) e o grupo de controle (GC)
gue ndo se submeteu ao FT (n = 23; 58.45 + 4.8 anos; 66.91 + 13.24 kg e 1,55 +
0.05 m). Foram avaliados: pressdo arterial sistolica (PAS) e diastolica (PAD),
frequéncia cardiaca (FC), frequéncia respiratéria (FR), composicdo corporal e
modulacdo autonémica cardiaca. A modulacdo autondémica foi avaliada pela anélise
da variabilidade da frequéncia cardiac (VFC), os indices obtidos foram: intervalos
RR, RMSSD, SDNN e LF, HF e LF/HF. O teste t- Student ou Mann-Whitney foram
utilizados para comparar as diferencas obtidas entre os momentos (inicial e final)
dos grupos estudados (p < 0,05). Resultados: Os resultados obtidos mostraram
melhoras para o grupo que realizou o treinamento funcional. Quanto aos parametros
cardiorrespiratérios temos: PAS (GC-5,50 + 12,76 vs GTF-18,36 + 18, 5 p = 0021),
PAD (GC 5, 0 £ 20,13 vs GTF-9,47 £ 10,25 p = 0002) e HR (GC 7, 0 £ 9.79 vs. GTF-
4,73 = 8,41 p = 0000). Quanto a composicado corporal, obtivemos reducdo dos
valores de massa gorda (kg) no GTF (GC -0,32 + 1,43 vs GTF -2,08 + 2,83 p=
0,006). Também foi observado: aumento significativo no valor do indice RMSSD
(GC-0,18 £ 5,66 vs GTF 5.10 + 11,93 p = 0035) e dos intervalos RR (GC-22,66 *
75,75 vs GTF 70,17 £ 104,30 p = 0003). Conclusdao: O TF promoveu efeitos
benéficos na modulacédo autondmica cardiaca, nos parametros cardiorrespiratorios e
na composigao corporal em mulheres na menopausa.

Palavras-chave: Menopausa, Exercicio resistido, Sistema nervoso autébnomo;
Atividades de vida diaria; Parametros cardiovasculares.
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INTRODUCAO

Estudos clinicos e experimentais tém demonstrado que tanto o
envelhecimento quanto a menopausa sdo marcados por alteracdes cardiovasculares
autonémicas e hemodinamicas importantes, tais como aumentos na pressao arterial,
reducdes na variabilidade da frequéncia cardiaca (VFC) e reducédo da sensibilidade
barorreflexa’, o que explica, pelo menos em parte, o grande interesse em estudar
essa populacdo, tanto em termos de epidemiologia e saude publica quanto para a
pesquisa cientifica®.

Mulheres na menopausa demostram uma menor VFC quando comparadas a
mulheres que n&o estdo neste periodo®, além de apresentarem reducao significativa
dos intervalos R-R, alteracbes nos barorreceptores e declinio do volume sistole
ventricular esquerdo®. Ao associarmos as alteracdes induzidas pela menopausa e os
efeitos deletérios causados pelo processo natural do envelhecimento, como por
exemplo: declinio da capacidade aerébia e funcional® e dos musculos de gerarem
forca méxima, além da deterioracéo do sistema sensorial® verificamos a necessidade
de buscar formas de minimizar as perdas fisiologicas nas mulheres decorrentes de
ambos os processos’. Nesse contexto, o exercicio fisico € uma importante
ferramenta para a promocdo de salde e prevencdo de doencas®®, e os diferentes
tipos de treinamentos podem ser benéficos para as mulheres na menopausa, assim

como o treinamento aerébio®*°, resistido*®, combinado”'"!8

|20,21

e recentemente
popular no setor de Fitness™®, o treinamento funciona

O treinamento funcional foi elaborado a partir da imitagdo de gestos e
atividades cotidianas (como tomar banho, preparar refei¢cdes, subir escadas, praticar

esportes, entre outros)?>?3

e tem como base a realizacdo de exercicios visando a
melhoria do controle, da estabilidade e da coordenacdo motora®*%®. Sendo assim, o
treinamento funcional utiliza de superficies instaveis para recrutar varios grupos
musculares e dessa forma exigir uma maior ativacdo da musculatura abdominal e
lombar e proporcionar diversas adaptacdes neuromusculares®>%%27.

Informacdes dessa natureza sdo fundamentais para esclarecer as influéncias
desse tipo de treinamento tanto sobre o sistema nervoso autbnomo quanto O
cardiorrespiratério de mulheres na menopausa. Tendo em vista as habilidades
trabalhadas no treinamento funcional e os potencias beneficios que esta modalidade

de treinamento pode trazer para esta populagédo. Elaboramos este ensaio com a
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hiptese de que o treinamento funcional influencia de forma benéfica os parametros

cardiorrespiratérios e a modulacédo autonémica cardiaca em mulheres menopausa.
OBJETIVO

Avaliar a influéncia do um treinamento funcional sobre os parametros
cardiorrespiratérios, composi¢do corporal e a modulacdo autonémica cardiaca em

mulheres na menopausa.
METODO

Populacao

Foram recrutadas 64 mulheres, aparentemente saudaveis, sedentarias, na
faixa etéria entre 50 a 65 anos, que estavam na menopausa ha mais de um ano, que
ndo faziam uso de terapia hormonal. As voluntarias foram convidadas para participar
do estudo por meio de televisdo, radio e noticiarios da cidade de Presidente
Prudente, Sao Paulo, Brasil.

A amostra foi randomizada em dois grupos constituidos por 32 mulheres cada
um deles: um grupo realizou o treinamento funcional (TF) e todas as avaliacdes
propostas, e no outro, o grupo controle (GC), as mulheres realizaram todas as
avaliacdes, mas néo o treinamento funcional.

Critérios de inclusdo: auséncia de menstruacdo ha mais de 12 meses; nivel
plasmatico de horménio foliculo estimulante> 30 mIU/mL?®; n&o apresentar
problemas de saude conhecido ou qualquer limitagdo que possa impedir a
realizacdo do exercicio proposto; apresentar um atestado médico que permitisse a
realizagcdo de exercicios fisicos; confirmar a possibilidade de participacdo do
programa de exercicios, realizar todas as avaliagbes propostas e assinar o termo de
consentimento livre e esclarecido formal para a participacédo no estudo.

Critérios de exclusao: apresentar qualquer lesdo ou limitagdo que impedisse a
realizagdo dos exercicios de treinamento, apresentar menos de 95% de batimentos
sinusais no tracado de intervalos RR e mulheres em uso de hormonios.

Critério de perda de segmento: haver realizado menos de 85% de frequéncia
nas sessdes de intervencdo, ndao terminarem a intervencdo e ndo realizarem as

Ultimas avaliacdes.
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Este estudo foi aprovado pelo Comité de Etica da Universidade
Estadual Paulista - Julio de Mesquita Filho (FCT/UNESP)/ Presidente Prudente, Sao
Paulo, Brasil — através do Certificado de Apresentacdo para Apreciacdo Etica
(CAAE) n° 11547013.2.0000.5402 e com registro brasileiro de ensaio clinico (RBR-
85vmkx).
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Figura 1 — Diagrama de Perdas - Consort.
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Randomizacao

Foi utilizada a randomizacéo simples. Todos os sujeitos foram enumerados e,
alternadamente, realizaram o sorteio e a subsequente atribuicdo ao grupo de
intervencao ou controle. Maiores esclarecimentos deste processo de randomizacgao
simples pode ser encontrado em Kim & Shim, 2014%°. Quem fez a inscri¢do, gerou a

sequéncia de alocacéao aleatéria e distribuiu as participantes nos grupos foi LMN.

Desenho Experimental

Trata-se de um estudo clinico randomizado. O protocolo experimental foi
composto de trés etapas: avaliacdo inicial, protocolo de treinamento e avaliacao
final. Nas avaliacdes iniciais e finais as voluntarias realizaram: avaliacdo da
composicao corporal por meio do DEXA (Absorciometria de Raios-X de Dupla
Energia), avaliacbes dos parametros cardiorrespiratérios (pressdo arterial,
frequéncia respiratoria e frequéncia cardiaca) e avaliacdo da modula¢do autonémica
cardiaca por meio da variabilidade da frequéncia cardiaca (VFC). Essas avaliagfes
ocorreram na semana zero, como coleta do estado basal das voluntarias, e depois
foram repetidas ao final do treinamento (apos as 18 semanas). Na avaliacao inicial
para caracterizacdo da amostra foi avaliada a massa corporal e estatura.
O recrutamento ocorreu entre dezembro / janeiro de 2014 e o protocolo comegou em

fevereiro e terminou em junho.

Treinamento Funcional
O grupo treinamento funcional, executou um programa de exercicios fisicos
funcionais associados a aerobicos, por 18 semanas com frequéncia semanal de trés
vezes, sendo que as duas primeiras semanas foram de adaptacdo. As sessbes de
treino foram compostas por 11 estagcbes de exercicios funcionais, que
contemplavam exercicios de forca, coordenacdo, equilibrio e agilidade,
desenvolvidos em formato de circuito, nos quais 0s participantes repetiram trés
vezes com uma interrupcdo de 30 segundos entre cada estacdo. Ap0Os 0 circuito,
seguiu-se um programa de caminhada em todas as sessfOes que variaram de 18 a
30 minutos, dependendo da semana de treinamento.
Para realizar os exercicios de forca de treinamento funcional, as mulheres
tiveram em maos diferentes cargas de trabalho a partir das quais eles deveriam

escolher sua prépria carga, o que deveria permitir que eles executassem cada
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exercicio por um periodo de 30 segundos. A coordenacéo, equilibrio e agilidade do
exercicio iniciaram com menos complexidade e aumentaram gradualmente em todos

0s treinamentos.

Adaptacéo Semana( a Semanab5a Semana9a Semana 13 a
(2 semanas) semana 4 semana & semana 12 semana 16
2 séries de 3 séries de 3 séries de 3 séries de 3 séries de
30 segundos 40 sequndos 50 segundos 60 segundos 70 segundos
em cada emcada em cada em cada em cada
| estacio com 1 estagdo com " estagio com | estagio com | estacio com
30 segundos 30 segundos 30 segundos 30 segundaos 50 segundos
de intervalo de intervalo de intervalo de intervalo de intervalo
15 minutos de 30 minutos de 26 minutes de 23 minutes de 18 minutes de
caminhada ~1 caminhada ~|  caminhada | caminhada | caminhada

Figura 2 - Estratégia de progressao de cargas (sobrecarga) do protocolo de Treinamento Funcional
realizado pelo Grupo de Treinamento (GFT).

Quanto ao componente aerébio, a intensidade inicial do treinamento foi obtida
de acordo com o protocolo de velocidade critica proposto por Takahashi et al.
(2009)*. As voluntéarias permaneceram com essa intensidade até a reavaliacdo com
0 mesmo protocolo que ocorreu na 9° semana de treinamento. Apds esta
reavaliagdo os valores da velocidade critica foram reajustados e as voluntarias
mantiveram esses novos valores de velocidade critica até o final do treinamento.

Ao final de cada dia de treinamento, a escala de Borg® foi aplicada a fim de
verificar se a percepcéo de esforco das voluntarias estava adequada. O valor que
deveria ser referido era entre 13 e 14, que de acordo com a escala significa que a
atividade fisica de intensidade moderada foi executada. As cargas de cada
voluntaria foram ajustadas de modo que estes valores de referéncia fossem
seguidos. Apos ajustado, as voluntarias permaneciam com esta carga até o final do
treinamento, uma vez que o incremento de cargas foi feito aumentando o tempo de
execucao dos exercicios no treinamento funcional.

A adaptacéo foi realizada durante as duas primeiras semanas, quando 0s
voluntarias realizaram o circuito proposto para treinamento funcional duas vezes e
uma caminhada de 15 minutos até a velocidade critica obtida no protocolo proposto
por Takahashi et al., (2009).
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Avaliacdo do Sistema Cardiorrespiratorio

Para avaliacdo do sistema cardiorrespiratério foram mensuradas a pressao
arterial (PA), a frequéncia cardiaca (FC) e a frequéncia respiratdria (FR). Todas as
coletas de avaliacdo do sistema cardiorrespiratorio foram feitas antes do inicio e
apés o término do treinamento combinado®”.

A verificacdo da presséo arterial ocorreu de forma indireta, pela utilizacdo de
um estetoscépio (BD®, Minas Gerais, Brasil) e esfigmomandmetro aneroide
(Estetoscopio Rappaport Premium, Wenzhou Instruments Co, China), no braco
esquerdo da voluntaria. No momento da mensuracdo as voluntarias estavam
sentadas em repouso por pelo menos 5 minutos. Os valores indicados foram
registrados na ficha individual de cada voluntéria, juntamente com as outras
variaveis que foram avaliadas. Para evitar erros na determinacédo da presséo arterial,
um Gnico avaliador mensurou o parametro cardiovascular®.

A frequéncia respiratoria foi mensurada de forma individual, verificando
quantos ciclos respiratérios o individuo realizava durante um minuto. Antes disso a
voluntaria deveria permanecer em repouso e sem conversar, em decubito dorsal por
5 minutos®2.

Para a verificacdo da frequéncia cardiaca foi utilizado o cardiofrequencimetro
da marca Polar® RS800 (Polar Electro OY, Finlandia)®®, cuja cinta de captacdo
estava acoplada no térax e o relogio receptor no pulso direito. As voluntarias
permaneceram em repouso e decubito dorsal, conforme descrito logo a seguir para
a andlise da VFC. Os valores obtidos foram anotados na ficha individual de cada

voluntaria.

Andlise da Variabilidade da Frequéncia Cardiaca

A coleta dos tracados de intervalos RR (Intervalo entre uma onda R e a outra,
onde cada onda R corresponde a despolarizacdo ventricular) para analise da VFC
foi realizada em uma sala com temperatura entre 21 e 23° C e umidade entre 40 e
60%, no saldo do ASA (FCT-Unesp) Presidente Prudente, Sdo Paulo, Brasil. A
coleta dos dados realizou-se entre as 07:00 am e 12:.00 am para minimizar as
possiveis interferéncias do ciclo circadiano.

A coleta foi realizada individualmente e as voluntarias foram instruidas a
manterem-se em siléncio, acordadas e em repouso. Restringiu-se a circulacao de

pessoas no local, de modo a diminuir interferéncias durante a coleta. As voluntarias
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foram orientadas a permanecer 24 horas prévias a avaliagdo, sem consumirem
bebidas alcodlicas e/ou estimulantes do SNA como café, cha e achocolatados®?.

Para realizar a captagdo da frequéncia cardiaca utilizou-se o
cardiofrequencimetro da marca Polar® RS800 (Polar Electro OY, Finlandia)®, que é
composto por uma cinta de captacdo e um receptor de frequéncia cardiaca. A cinta
de captacdo consiste de dois eletrodos montados em um transmissor eletronico
selado que foi posicionado no térax da voluntaria, ao nivel do terco distal do esterno,
utilizando-se uma cinta elastica.

As informacbes coletadas foram transmitidas através de um campo
eletromagnético para o monitor (relégio) posicionado no punho direito da voluntaria.
Apoés a fixacao do cardiofrequencimetro as voluntérias foram colocadas em posicéo
supina, sobre o tatame e permaneceram em repouso e em respiragao espontanea
por 30 minutos.

Os dados obtidos por meio da monitorizagdo foram transferidos do
cardiofrequencimetro para o computador por meio do software Polar Precision
Performance SW, verséo 3.0 (Polar Electro OY, Finlandia).

Para a andlise dos dados foram utilizados 1000 intervalos RR consecutivos,
apos ter sido feita uma filtragem digital complementada por manual, para eliminacao
de batimentos ectopicos prematuros e artefatos, e somente séries com mais de 95%
de batimentos sinusais foram incluidas no estudo. Os indices foram obtidos por meio
do software Kubios HRV - verséo 2.0 (Kubios, Biosignal Analysis and Medical Image
Group, Department of Physics, University of Kuopio, Finland)3*3* .

Os indices lineares no dominio do tempo, obtidos por meio de analises
estatisticas foram: o0 RMSSD: raiz quadrada da média do quadrado das diferencas
entre intervalos RR normais adjacentes, em um intervalo de tempo, expresso em ms;
representando a atividade parassimpatica do sistema nervoso autbnomo e o SDNN:
desvio-padrdao da média de todos os intervalos RR normais, expresso em ms;
representando a atividade global, refletindo tanto o ramo simpatico quanto o
parassimpatico®*%°,

Ainda no dominio do tempo temos os indices geométricos, calculados a partir
da construcdo do histograma de intervalos RR, o qual mostra no eixo horizontal
todos o0s possiveis valores dos intervalos RR obtidos geralmente com uma
frequéncia de amostragem de 128 Hz, e no eixo vertical, a frequéncia com que cada

um deles ocorreu. A partir deste histograma foram calculados os indices: TINN:
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interpolacéo triangular dos intervalos RR no Plot de Poincaré e o indice triangular:
gue correspondente a base do triangulo e pode ser calculado dividindo-se a area
(corresponde ao numero total de intervalos RR utilizados para construir a figura) e a
altura (corresponde ao numero de intervalos RR com frequéncia modal) deste
triangulo. Os valores de ambos os indices expressam a condicéo global do SNA®®8,

Ja os indices lineares avaliados no dominio da frequéncia foram obtidos
através da Transformada rapida de Fourier, onde a série temporal obtida é
transformada em tacograma, que apresenta componentes oscilatérios complexos e
em seguida passa por uma decomposicdo matematica segundo o modelo de auto
regressdo, que apOs gerar ondas mais simples, pode assim, realizar uma analise
espectral das frequéncias obtidas®*°.

E por meio da anélise espectral que obtemos os seguintes indices no dominio
da frequéncia: LF: Componente de baixa frequéncia com variacéao de 0,04 a 0,15Hz,
gue é decorrente da acdo conjunta dos componentes vagal e simpatico sobre o
coracdo, com predominancia do simpatico e pode ser expresso em ms2
(milissegundos quadrados) ou un (unidades normalizadas); HF: Componente de alta
frequéncia com variacéo de 0,15 a 0,4Hz, que corresponde a modulagéo respiratéria
e é um indicador da atuacdo do nervo vago sobre o coracdo, que também pode ser
expresso em ms? (milissegundos quadrados) ou um (unidades normalizadas) e
LF/HF: razdo entre os componentes de alta e baixa frequéncia, que reflete

alteracdes absolutas e relativas entre os componentes do SNA336:3°,

Analise dos Dados

Para analise dos dados do perfil da populacdo foi utilizado o método
estatistico descritivo e os resultados foram apresentados com valores de médias,
desvios padrdo, mediana, nimeros minimo e maximo e intervalo de confianca de
95%.

Para a avaliacdo dos efeitos do treinamento sobre os parametros
cardiorrespiratérios e a modulagdo autonémica cardiaca, foram comparados o0s
valores das diferencas encontradas entre os valores obtidos antes e ao final do
protocolo de treinamento, em ambos 0s grupos. Para isso e para comparacao das
caracteristicas dos grupos como: massa corporal, estatura, massa corporal magra e
gordura corporal; primeiramente sera testada a normalidade dos dados através do
Teste de Shapiro Wilk e dependendo da normalidade desses dados utilizou-se o
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Teste T de Student (dados normais) ou o de Mann Whitney (dados ndo normais)
para comparar as diferencas obtidas entre os grupos. O nivel de significancia foi
estabelecido em p <0,05 para todos os testes. Utilizou-se o programa estatistico
SPSS (versdo 13.0) (SPSS Inc., Chicago, IL, EUA) para as analises.

RESULTADOS
A Tabela 1 mostra os valores dos dados antropométricos nos grupos controle

e treinamento. Observa-se que todas as variaveis dos grupos sdo homogéneos

entre si.

Tabela 1. Caracteristicas clinicas e antropométricas dos grupos controle (GC) e treinamento (GTF)
(média + desvio-padréo, seguidos dos valores de mediana, minimo e maximo e valores de p).

Variavel Controle (n = 23) Treinado (n = 22) Valor p
Idade (anos) 58,45 + 4,85 60,00 + 4,50 0,308
59,5 60
(50 - 66) (53 - 68)
Peso (Kg) 66,91 + 13,24 67,64 + 11,64 0,856
63,05 66,7
(50,2 - 99,8) (49,2 - 93,9)
Altura (m) 1,55 + 0,05 1,57 £ 0,05 0,361
1,56 1,57
(1,45 - 1,66) (1,47 - 1,65)
IMC (kg/m?) 27,58 + 4,77 27,31 +4,18 0,967
25,98 28,10
(20,89 - 40,02) (22,04 - 35,69)

Abreviaturas: Kg = quilogramas; m = metros; m2 = metros quadrados; IMC = indice de massa
corporal; n= nimero de sujeitos que compuseram a amostra. *p<0,05.

Ja na Tabela 2 encontramos os valores referentes a avaliacdo da composi¢cao
corporal. Como podemos observar, no grupo que realizou o treinamento funcional
(GTF) houve reducdo da massa gorda (Kg) quando comparado ao grupo controle
(GC).
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Tabela 2. Composi¢édo corporal dos grupos controle (GC) e treinamento (GTF), antes e apos o
protocolo de treinamento funcional (média * desvio-padréo, seguidos dos valores de mediana,
minimo e maximo e valores de p).

" Variavel Grupo  Inicial = Final  Diferenca  Valorp
Controle 28,83 + 8,47 28,50 + 8,47 -0,32+1,43 0,006*
25,70 25,70
Massa (16,44 — 47,95) (16,18 — 47,96)
Gorda GTF 30,48 + 8,55 28,39+ 7,94 -2,08 + 2,83
(Kg) 30,30 28,56
(16,90 — 50,46) (16,27 — 43,92)
Controle 43,49 £ 5,89 43,03 £ 6,13 -0,48 + 1,37 0,092
43,15 42,90
Gordura (31,80 — 55,30) (55,60 — 32,00)
Corporal GTF 44,36 £ 5,92 42,63 £ 6,31 -1,73+ 2,81
(%) 46,10 44,60

(29,70 -53,70) (29,60 — 50,80)

Abreviaturas: Kg = quilogramas; m = metros; % = em percentual. GTF = grupo treinamento
funcional *p<0,05.

Na Tabela 3 sao apresentados os valores dos parametros
cardiorrespiratérios analisados antes e apos o treinamento, bem como as diferencas
observadas entre os valores inicial e final. Uma comparacéo das diferencas obtidas
nos valores final e inicial indica que o grupo de treinamento funcional (GTF) mostrou
uma reducéo significativa nos valores dos parametros: PAS (mmHg), PAD (mmHg) e
FC (bpm) em comparacdo ao controle. Para o parametro FR (ipm) ndo houve

diferenca significativa entre 0s grupos.
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Tabela 3. Parametros cardiorrespiratorios nos grupos controle (GC) e treinamento (GTF) nos
momentos: inicial, final e a diferenca entre os momentos (média + desvio-padrdo, seguidos dos valores
de mediana, minimo e maximo e valores de p).

indice Grupo Inicial Final Diferenca Valor p
Controle 117,00 £ 12,18 111,00 £9,11 -5,50+ 12,76  0,021*
120,00 110
PAS [111,30 - 122,70]  [106,73 — 115,27]
(mmHg) GTF 131,00 £ 19,12 112,63 £ 8,71 -18,36 + 18,05
130 110
[120,45 - 139,44] [108,43 — 116,83]
Controle 71,5+17,85 76,50 + 6,70 5,00 £20,13  0,002*
75 80
PAD [63,14 — 79,85] [73,36 — 79,64]
(mmHg) GTF 82,63 +12,40 73,15 + 8,85 -9,47 £ 10,25
80 70
[76,65 — 88,60] (68,89 — 77,42]
Controle 64,50 + 8,05 71,50+ 9,51 7,00£9,79  <0,001*
FC (bpm) 64,5 70
[60,73 — 68,27] [67,04 — 75,95]
GTF 71,31 + 8,62 66,57 + 7,70 -4,73 + 8,41
72 67
[67,16 — 75,47] [62,86 — 70,29]
Controle 16,90 + 3,09 17,45 + 2,89 0,55 + 3,47 0,265
FR (ipm) 16 17,5
[15,45 — 18,34] [16,09 — 18,80]
GTF 19,84 + 3,83 19,10 + 4,08 -0,73 + 3,61
20 18

[17,99 — 21,69]

[17,13 — 21,07]

Abreviaturas: PAS = presséo arterial sistélica; PAD = presséo arterial diastolica; mmHg = milimetros de
Mercurio; FC = frequéncia cardiaca; bpm = batimentos por minuto; FR = frequéncia respiratéria; ipm =
incursdes por minuto; GTF = grupo treinamento funcional . *p<0,05.
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A Tabela 4 mostra os indices de VFC analisados no dominio do tempo. Uma
comparacao das diferencas obtidas nos momentos iniciais e finais mostra que o grupo
de treinamento funcional (GTF) teve um aumento significativo nos valores dos
intervalos RR e do indice RMSSD em relagdo ao grupo controle mas ndo no indice
SDNN, apesar do aumento comparado ao GC.

Tabela 4. indices lineares da VFC no dominio do tempo, nos grupos controle (GC) e de treinamento
(GTF), nos momentos: inicial, final e a diferenca entre os momentos (média + desvio-padréo, seguidos
dos valores de mediana, minimo e maximo e valores de p).

indice Grupo Inicial Final Diferenca Valor p

Controle 909,87 + 116,80 887,20+ 106,38 -22,66 + 75,75 0,003*

907,45 888,35
Intervalos [855,20 — 964,54] [837,42 —-936,99] 70,17 104,30
RR GTF 880,40 + 116,92 950,57 + 117,74
891,70 898,90
[824,05 - 936,76] [893,82 — 1007,3]
Controle 36,76 + 11,46 37,45+ 10,51 0,69 +9,31 0,166
36 37,5
SDNN [31,40 — 42,12] [32,53 — 42,37]
GTF 30,08 + 9,54 40,56 + 27,59 10,47 £ 27,08
30,80 33,60
[25,48 — 34,69] [27,26 — 53,86]
Controle 20, 86 + 8,85 20,68 + 7,78 -0,18 + 5,66 0,035*
RMSSD 21,25 20,90
[16,72 — 25,00] [17,03 — 24,32]
GTF 18,58 £ 7,11 23,68 + 12,24 5,10 £ 11,93
16,50 22,40

[15,15—22,01]  [17,78 — 29,59]

Abreviaturas: SDNN= desvio-padrdo da média de todos os intervalos RR normais expresso em ms;
RMSSD= raiz quadrada da média do quadrado das diferencas entre intervalos RR normais
adjacentes. GTF = grupo treinamento funcional. *p<0,05.
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Os valores dos indices lineares de VFC na analise no dominio da frequéncia
antes e depois do treinamento podem ser vistos na Tabela 5. Sdo mostradas
também as comparagfes entre o grupo treinamento funcional e o grupo controle

com relacéo a esses indices.

Tabela 5. indices lineares da VFC no dominio da frequéncia, nos grupos controle (GC) e de treinamento
(GTF), nos momentos: inicial, final e a diferenca entre os momentos (média + desvio-padrdo, seguidos dos

valores de mediana, minimo e maximo e valores de p).

indice Grupo Inicial Final Diferenca Valor p
Controle 243,15 + 157,81 237,85 +130,94 -5,3+107,36 0,107
LF (ms?)
223,50 226,50

[169,29 — 317,01] [176,57 — 299,13]
GTF 174,89 + 149,26 268,52 +179,30 93,63 + 185,39

136 241
[102,95 — 246,84]  [182,10 — 354,95]
Controle 58,92 + 15,75 55,58 +14,09 -3,34+911 0,127
LF (un) 54,35 53,80
[51,54 — 66,29] [48,98 — 62,17]
GTF 53,70 + 18,33 59,80 + 20,89 6,10 + 15,51
57 60,60

[44,86 — 62,53] [49,73 — 69,87]
Controle 177,25+ 144,47 204,85 + 165,54 27,6 +84,27 0,813
HF (ms?) 126,5 169,5
[109,63 — 244,87] [127,37 — 282,33]
GTF 168,78 + 167,71 199,21 + 206,15 30,42 + 217,39

94 150
[87,94 — 249,63]  [99,84 — 298,58]
Controle 41,08 + 15,75 44,42 + 14,09 3,34+911 0,127
HF (un) 45,65 46,2
[33,70 — 48,45] [37,82 — 51,01]
GTF 46,28 + 18,34 40,19 + 20,89 -6,09 + 15,52
43 39,4

[37,44 — 55,13] [30,12 — 50,26]
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Controle 2,06 + 1,88 1,54 +1,06 -0,52 +1,48 0,107
LF/HF 1,19 1,16
[1,18 — 2,95] [1,04 — 2,04]
GTF 1,50 + 0,97 2,87 £3,71 1,36 £ 3,43
1,32 1,53
[1,03 - 1,97] [1,08 — 4,66]

Abreviacdes: LF(msZ) = componentes espectrais de baixa frequéncia expresso em milissegundos quadrados;
LF(un) = componentes espectrais de baixa frequéncia expresso em unidades normalizadas; HF(msz) =
componentes espectrais de alta frequéncia expresso em milissegundos quadrados; HF(un) = componentes
espectrais de alta frequénciacia expresso em unidades normalizadas; LF/HF = razao entre os componentes de

baixa e alta frequéncia. GTF = grupo treinamento funcional *p<0,05.

DISCUSSAO

Este estudo verificou os efeitos do treinamento funcional sobre a modulacéo
autondmica cardiaca e parametros cardiorrespiratorios em mulheres climatéricas,
previamente sem atividade fisica regular. Os resultados mostraram que esse
treinamento promoveu melhora nos parametros cardiacos (PAS, PAD e FC) e um
aumento significante no valor do indice RMSSD e nos intervalos RR, em
comparacao ao grupo controle. Além da reducédo da massa gorda (kg) no grupo que
treinou. Entretanto, ndo houve melhora significativa no parametro respiratorio (FR),
gordura corporal (%) e nos outros indices da VFC analisados (SDNN, LF (ms?),
LF(un), HF(ms?2), HF(un) e LF/HF].

Ap6s uma extensa pesquisa bibliogréfica, destacamos que este é o primeiro
estudo a avaliar o impacto do treinamento funcional, realizado sob a forma de
circuito e componente aerdbico na modulacdo autonémica cardiaca e parametros
cardiorrespiratérios em uma populacao climatérica saudavel.

Estudos que avaliaram o treinamento de resisténcia funcional por 12 semanas

em mulheres saudaveis jovens mostraram melhora na qualidade de vida®***

e
modulagdo autondmica cardiaca®’. Essa melhora na modulacdo autonémica foi
observada no estudo realizado por Rezende Barbosa et al., (2016)*?, que verificou
aumento nos valores dos indices RMSSD, SDNN, intervalos RR e LFms? HFms?;
Enquanto que no estudo elaborado por de Rezende Barbosa et al., (2016)*

observou-se um aumento nos valores dos indices RRtri (indice triangular), SD1
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(desvio padrédo da variacéo instantanea da batida a batida), SD2 (desvio padrdo do
longo- Variabilidade do termo) e intervalos RR.

Como j& foi observado, este é um estudo pioneiro, avaliando a modulacdo
autondmica cardiaca e o0s parametros -cardiorrespiratérios apés treinamento
funcional em mulheres na menopausa. Embora um recente estudo com o mesmo
protocolo de treinamento funcional tenha sido publicado, o que avaliou-se foi a
influéncia do treinamento funcional sobre os indices geométricos de VFC e
propriedades de correlacao fractal da dinamica da frequéncia cardiaca em mulheres
na menopausa®. Os autores observaram aumento no indice SD1 com maior
dispersao global batimento a batimento assim como aumento da dispersdao de
intervalos RR de longo prazo e também das propriedades fractais de curto prazo
(a1) da dindmica da frequéncia cardiaca quando comparado o grupo funcional com o
controle (sem treinamento).

Esta melhoria na VFC também foi observada em outros estudos, como Jurca
et al., (2004)%, que descreveu um aumento nos indices RMSSD, HFms? e LFms? em
mulheres na pds-menopausa apds 8 semanas de treinamento aerébio e Paschoal et
al., (2008)* que com atividade aerdbica de baixa intensidade (pelo menos 1 hora de
caminhada diaria, 3 vezes por semana, nesta mesma populacdo), também
encontrou aumento significativo no SDNN, RMSSD e pNN50 quando comparado as
mulheres sedentérias.

Usando treinamento combinado (aerébico e resisténcia), Rossi et al. (2013)*°
observaram uma melhora significativa na modulacdo autonémica, com uma
diferenca significativa nos indices RMSSD, iRR, LF (un) e HF (un), e na reducéo
média da FC. No parametro f (bpm), bem como em nosso estudo, ndo foram obtidas
diferencas significativas, provavelmente porque o periodo de treinamento nao foi
suficiente para causar essa alteracdo. Observamos que o modelo de treinamento
funcional proposto neste estudo promoveu o aumento do indice RMSSD apoés sua
conclusdo em mulheres menopausa, sugerindo aumento da atividade
parassimpatica.

Os mecanismos envolvidos nesta resposta sao desconhecidos; no entanto,
eles podem estar, pelo menos parcialmente, relacionados com a melhora da
capacidade endotelial de produzir 6xido nitrico, que gera a estimulacdo vagal e uma
menor concentracdo de renina em pessoas treinadas induzindo uma menor

quantidade de angiotensina I, que tem um efeito inibitério sobre o nervo vago3*** .
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Ao contrario do indice RMSSD, ndo houve mudancas significativas em SDNN,
LF (ms?), LF (un), HF (ms2), HF (un) e LF / HF com a conclusédo do treinamento,
indicando que os estimulos gerados ao longo do periodo do treinamento ndo foram
suficientes para serem expressos por esses indices. Talvez esse estimulo nao tenha
alcancado um nivel que seja significativo para mudar esses indices ou mesmo a
sensibilidade dos indices; e com um periodo maior de treinamento esse nivel
pudesse ser alcancado. Outra possibilidade ainda seria a especificidade da
populacdo que além de ser avancada em idade ainda se encontra no periodo da
menopausa; o que poderia dificultar o "grau" necessario de mudanca para ser
expresso por indices de VFC.

Ha evidéncias de que, apdés a menopausa, 0 predominio parassimpatico
cardiaco desaparece no organismo da mulher®, o que evidencia a importancia do
aumento observado apés a conclusdo do treinamento funcional, uma vez que a
atividade vagal no organismo é uma das responsaveis pela manutencao da pressao
arterial, frequéncia cardiaca e forgca de contracdo miocérdica, bem como outras
funcdes somaticas no corpo *.

No que se refere aos parametros cardiorrespiratorios, nosso estudo encontrou
reducado nos valores de PAS, PAD e FC nas mulheres que realizaram o treinamento,
enfatizando a importancia da atividade fisica para esta populacdo e ressaltando que
o treinamento funcional pode ser uma boa alternativa para o controle da pressao
arterial. Promovendo assim beneficios cardiovasculares nesta populacéo®.

Filho et al. (2011)** também obtiveram resultados que corroboram com os do
nosso estudo, ja que observaram uma reducdo da FC de repouso e da pressao
arterial sistélica e diastolica em mulheres climatéricas apo0s realizarem um
treinamento combinado (aerdbio + resistido), o0 que também foi observado por Rossi
et al., (2013)*.

Quando se trata da reducdo da pressdo arterial e da FC, é sabido que o
treinamento aerobio tem efeito hipotensivo em mulheres hipertensas na menopausa,
além da melhora nos niveis de VO, e da capacidade funcional de ambas as
mulheres que usam ou ndo terapia farmacolégica***’. Mas no que se referia ao
treinamento funcional esse efeito ainda era desconhecido. Vale salientar que essas
mudancas podem estar relacionadas a melhora na funcdo endotelial na funcéo
contratil miocéardica e na utilizacdo de oxigénio, o que também leva a reducdo da

pressao arterial e da frequéncia cardiaca®.
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Como limitacdo do estudo elencamos a impossibilidade de cegamento de
avaliadores e voluntarios.

Sendo assim e diante dos achados desta avaliacdo inédita da modulacao
autondmica de mulheres climatéricas, os resultados permitem concluir que o
treinamento funcional, realizado por 18 semanas, promoveu efeitos benéficos sob a
modulacdo auton6mica cardiaca, caracterizada por um aumento da atividade
parassimpatica, melhora nos parametros cardiovasculares através das reducdes de
pressao arterial e frequéncia cardiaca e na composicdo corporal, expresso pela

reducdo da massa gorda (kg) em mulheres climatéricas.
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RESUMO

Introducédo: Estudos prévios em diversas populagdes sugerem a associacdo de
disfuncdo autonémica e a perda das propriedades de correlagdes fractais da
frequéncia cardiaca. Considerando que mulheres na menopausa apresentam uma
menor variabilidade da frequéncia cardiaca (VFC), e que o treinamento fisico pode
melhorar esses parametros, entende-se a fundamental importancia de se estudar
intervencdes, como o treinamento funcional, que possam reverter ou minimizar
essas alteracdes. Objetivo: Avaliar a influéncia do treinamento funcional nos indices
geométricos da variabilidade da frequéncia cardiaca (VFC) e propriedades de
correlacao fractal da dindmica da frequéncia cardiaca em mulheres na menopausa.
Métodos: 64 mulheres que estavam no periodo da menopausa por mais de um ano
e que ndo praticaram atividade fisica regular foram divididas em dois grupos: Grupo
treinamento funcional (GTF = 50 £ 4.5 anos, 67,64 £ 11,64 kg, 1,5 £ 0,05m) que
executou o treinamento funcional (TF) e todas as avaliagdes propostas, e Grupo
Controle (GC) (58,45 + 4,8 anos, 66,91 + 13,24 kg, 1,55 + 0,05 m) que também
realizaram as avalia¢gées, mas n&o o TF. O treinamento consistiu em 18 semanas
(trés vezes por semana), no qual as voluntarias realizaram 3 séries de 11 exercicios
funcionais seguidos de uma caminhada em cada uma das sess6es. A modulacao do
sistema nervoso autbnomo foi avaliada pela VFC e os indices obtidos foram:
intervalos RR, RRTRI, TINN, SD1, SD2, SD1 / SD2, andlise qualitativa do Plot de
Poincaré e DFA (alfa-1, alfa-1 / alfa-2). Foi utilizado para amostras nédo pareadas o
teste t de Student (dados normais) e o teste de Mann-Whitney (dados ndo normais)
para comparar as diferencas entre 0 momento final e 0 momento inicial dos grupos
estudados (p <0,05). Conclusé&o: Foram observados no GTF: aumento de SD1 (GC
0,13 + 4,00 vs. GTF 3,60 + 8,43 p=0,002), a dispersdo global de batimento a
batimento aumentou grandemente na dispersdo de intervalos RR de longo prazo e
aumento das propriedades fractal de curto prazo (a1) (GC -0,04 + 0,13 vs. GTF 0,07
+ 0,21 p= 0,033). O TF promoveu um impacto benéfico na modulagdo autonémica
cardiaca, caracterizada por aumento da atividade parassimpatica e propriedades
fractais a curto prazo da dinAmica da frequéncia cardiaca.

Palavras-chave: Menopausa, Treinamento Resistido, Sistema nervosa Autbnomo,
Atividades de vida Diaria, Parametros cardiovasculares, Dindmica n&o-linear.
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INTRODUCAO

Alteracdes na frequéncia cardiaca, definidas como variabilidade da
frequéncia cardiaca (VFC), sdo normais e esperadas e indicam a habilidade do
coracdo em responder aos multiplos estimulos fisiol6gicos e ambientais, bem como
compensar desordens induzidas por doencas'?. A VFC é uma ferramenta simples e
nao invasiva que descreve as oscilacdes nos intervalos entre batimentos cardiacos
consecutivos (intervalos RR) e pode ser utilizada para identificar fendmenos
relacionados ao sistema nervoso autdbnomo (SNA)*®.

Dentre os métodos lineares que avaliam a VFC, destacamos os
indices geométricos (indice triangular [RRtri], interpolacdo triangular de histograma
de intervalos NN [TINN] e o plot de Poincaré), os quais convertem os intervalos RR
em padrbes geométricos e permitem analisar a VFC por meio das propriedades
geométricas ou graficas do padrdo resultante®>"%,

Entretanto, considerando-se a natureza n&o-linear dos sistemas do
organismo, a analise da VFC por métodos nao lineares vem ganhando crescente

45911 Fsses métodos tem mostrado uma nova visdo sobre as

interesse
anormalidades do comportamento da FC em varias condi¢Bes, fornecendo
informacOes para interpretacfes fisioldgicas e progndsticas adicionais quando
comparada com os métodos tradicionais*>°*!. Portanto, a analise ndo-linear da VFC
também se faz necesséria, pois informac6es podem ser perdidas se apenas analises
lineares forem aplicadas’*®.

Técnicas nao-lineares, como a analise das flutuacdes depuradas de
tendéncia (DFA), que quantifica as propriedades de correlacéo fractal dos intervalos
entre batimentos cardiacos e, assim, permite a deteccdo de auto-similaridade

1213 tem mostrado ser

intrinseca embutidos em séries temporais ndo estacionarias
uma poderosa ferramenta para a caracterizacdo da complexidade dos sistemas’?®.
Estudos prévios em diversas populacbes sugerem a associacdo de disfuncéo
autondmica e a perda das propriedades de correlacdes fractais da frequéncia
cardiaca®'3*1°,

Mulheres na menopausa, um periodo normal da vida da mulher’

gue pode produzir em 50 - 85% das mulheres substanciais mudancas bioldgicas e
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psicossociais que geram grande estresse e incapacidades®®, apresentam uma
menor VFC quando comparadas a mulheres que ndo estdo na menopausa™® .
Estudos demonstram que apés a realizagdo de treinamento fisico

ocorre melhora da VFC?* '°2°  assim como a melhora, pelo menos parcial, da

natureza fractal da frequéncia cardiaca, em diversas populacdes®%*22.

Dentre os diferentes tipos de treinamentos fisicos, destaca-se o
treinamento funcional, o qual foi elaborado a partir da imitacdo de gestos e

atividades cotidianas (como tomar banho, preparacédo de refei¢des, subir escadas,

29,30

praticar esportes, entre outros) e tem tido ampla utilizacao tanto na pratica clinica

29,31-33

para a manutencdo da saude , quanto em processos de reabilitacdo para

30,34,35

melhorar a capacidade funcional em idosos , 0 que sugere ser uma boa

alternativa para a populacéo de mulheres na menopausa.

Considerando que mulheres apresentam uma menor VFC, o que

pode ser melhorado com o treinamento fisico'®?%2430

16, 26-28
C

e das propriedades de

correlagao fractal da F 0 que torna o organismo mais caético e pode reduzir

o risco de mortalidade®*®3%37

, entende-se a fundamental importancia de se estudar
intervencdes, como o treinamento funcional, que possam reverter ou minimizar as
alteracdes na modulacédo autonémica induzida pela menopausa.

Sendo assim, hipotetizamos que o treinamento funcional, é capaz
de aumentar a VFC e restaurar, pelo menos em parte, as propriedades de

correlacéo fractal da dinamica da frequéncia cardiaca nessas mulheres.
OBJETIVO
Avaliar a influéncia do treinamento funcional sobre indices geométricos de

VFC e as propriedades de correlacdo fractal da dindmica da frequéncia cardiaca em

mulheres na menopausa.

METODO

Populacao
Foram recrutadas 64 mulheres na menopausa, aparentemente saudaveis e

sedentarias, na faixa etaria de 50 a 65 anos, para a realizacdo desse ensaio clinico,
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as quais foram convidadas para participar do estudo por meio de televiséo, radio e
noticiarios da cidade de Presidente Prudente, Sdo Paulo, Brasil. Randomizou-se
essas 64 mulheres em dois grupos, constituidos por 32 mulheres cada um deles,
sendo que um grupo realizou o treinamento funcional (TF) e todas as avaliagdes
propostas e no outro grupo as mulheres realizaram todas as avaliacées, mas nao o
TF (Grupo controle — GC).

O calculo amostral foi efetuado a partir de um estudo realizado por Rezende
Barbosa et al. (2016)*, onde também foi avaliada a VFC, mas em um grupo de
mulheres adultas, que realizaram o TF. O célculo amostral foi baseado nos valores
obtidos para o indice RMSSD, o qual apresentou diferenca média de —15,69 e
desvio padréo de 11,58. Adotando-se um poder de 80% para um teste bi-caudal (por
haver aumento ou diminuicdo com a intervencdo) e um erro alfa de 5% (z= 1,96), a
equacdao indicou a necessidade de no minimo 9 individuos em cada um dos grupos.
Optamos por aumentar esse valor para 32 mulheres por grupo visando maximizar o
atendimento e evitar que perdas amostrais comprometessem nosso estudo.

Os critérios de inclusdo englobaram: apresentar um atestado médico que
permitisse a realizacdo de exercicios fisicos; confirmar a possibilidade de
participagdo do programa de exercicios, estar no periodo da menopausa ha mais de
um ano; ter nivel de hormonio foliculoestimulante >287 IU / L; ndo ter praticado
nenhuma atividade fisica regular ou treinamento de musculacdo nos ultimos seis
meses anteriores ao inicio deste ensaio clinico; ndo apresentar problemas de saude
conhecido ou qualquer limitacdo que pudesse impedir a realizacdo do exercicio
proposto; realizar todas as avaliagdes propostas e assinar o termo de consentimento
livre e esclarecido formal para a participacdo no estudo.

Ja os critérios de exclusdo abrangeram: apresentar alguma leséo ou limitacao
que impedisse a realizagdo dos exercicios do treinamento ou ter menos do que 85%
de presenca nas sessdes de treinamento.

Este estudo foi aprovado pelo Comité de Etica da Universidade Estadual
Paulista - Julio de Mesquita Filho (FCT/UNESP)/ Presidente Prudente, Sdo Paulo,
Brasil (CAAE n° 11547013.2.0000.5402) e com registro brasileiro de ensaio clinico
(RBR-85vmkx). Todas as mulheres que aceitaram participar do programa foram
informadas sobre os procedimentos e objetivos do estudo e, apOds concordarem,

assinaram o Termo de Consentimento Livre e Esclarecido.
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Desenho Experimental

O protocolo experimental foi composto de trés etapas: avaliacdo inicial,
protocolo de treinamento e avaliacao final. As avaliagdes da modulagcdo autonémica
cardiaca por meio da VFC ocorreram na semana zero, como coleta do estado basal
das voluntarias e, depois, foram repetidas ao final do treinamento (apos as 18
semanas). Na avaliacdo inicial para caracterizacdo da amostra também foi avaliada
a massa corporal e estatura*®.

O grupo treinamento funcional executou um programa de exercicios fisicos
funcionais associados a aerobicos, com frequéncia semanal de trés dias, sendo
estes ndo consecutivos. As sessdes de treino foram compostas por 11 estacOes de
exercicios desenvolvidos em formato de circuito, pelo qual as participantes
passavam trés vezes, com uma pausa de 30 segundos entre cada estacdo. Ao
término dos exercicios as participantes realizaram de 18 a 30 minutos de
caminhada, dependendo da semana de treinamento. A Escala de Borg* foi utilizada
para o controle da intensidade do treinamento funcional e a velocidade critica para

estipular a intensidade da parte aerébia do treinamento funcional*

. A estratégia de
cargas e o protocolo de treinamento realizado pelo grupo treinamento funcional

(GTF) esta descrito na Figura 1.

Adaptacio Semana 0 a Semana b a Semana 9 a Semana 13 a
(2 semanas) semana 4 semana & semana 12 semana 16

2 series de 3 séries de 3 séries de 3 séries de 3 séries de

30 sequndos 40 sequndos 50 segundos 60 segundos 70 segundos
em cada em cada em cada em cada em cada

| estagdo com 1 estacio com 1 estacio com | estacio com ™1 estagio com

30 sequndos 30 segundos 30 segundos 50 segundos 50 segundos

de intervalo de intervalo de intervalo de intervalo de intervalo

15 minutos de 30 minutos de 28 minutes de 23 minutes de 18 minutes de
caminhada “1 caminhada ~1 caminhada | caminhada ~|  caminhada

Figura 1 - Estratégia de progressao de cargas (sobrecarga) do protocolo de Treinamento Funcional
realizado pelo grupo de treinamento funcional (TF).

Coleta de Dados e Analise da Variabilidade da Frequéncia Cardiaca
A coleta dos tracados de intervalos RR (intervalo entre duas ondas R, onde
cada onda R corresponde a despolarizacdo ventricular) para analise da VFC foi

realizada entre as 07:00 am e 12:00 am, para minimizar as possiveis interferéncias
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do ciclo circadiano, em uma sala com temperatura entre 21 e 23°C e umidade entre
40 e 60%.

Os dados foram coletados de maneira individual e as voluntarias foram
instruidas a manterem-se em siléncio, acordadas e em repouso durante todo o
periodo de coleta. Com o objetivo de reduzir as interferéncias durante a coleta,
restringiu-se a circulacdo de pessoas no local. As voluntarias foram orientadas a
permanecerem 24 horas prévias a avaliagdo, sem consumirem bebidas alcoodlicas
e/ou estimulantes do SNA como café, cha e achocolatados”.

A captacdo da frequéncia cardiaca foi realizada por meio do
cardiofrequencimetro da marca Polar® RS800 (Polar Electro OY, Finlandia)®, que é
composto por uma cinta de captacao e um receptor de frequéncia cardiaca. Apés
fixacdo do cardiofrequencimetro, as voluntarias permaneceram com respiracao
espontanea por 30 minutos, sobre um tatame em posi¢ao supina.

Os dados obtidos por meio do cardiofrequencimetro foram enviados para
o computador, via infravermelho, por meio do software Polar Precision Performance
SW, versdo 3.0 (Polar Electro QOY, Finlandia). Utilizou-se 1000 intervalos RR
consecutivos para a analise dos dados, os quais foram selecionados do trecho mais
estavel do tracado apos ter sido realizada a filtragem digital complementada por
manual, para eliminacdo de batimentos ectdpicos prematuros e artefatos. Somente
séries com mais de 95% de batimentos sinusais foram incluidas no estudo. Os
indices geométricos foram obtidos por meio do software Kubios HRV - versdo 2.0
(Kubios, Biosignal Analysis and Medical Image Group, Department of Physics,

University of Kuopio, Finland)>*

, € os indices do DFA foram gerados por um
software disponivel no Physionet (http: //www.physionet.org ) - um forum online que
funde os registros biomédicos em sinais e programas de software para a analise
destes sinais**.

Os indices geométricos foram calculados a partir da construcdo do
histograma de intervalos RR, o qual mostra no eixo horizontal todos os possiveis
valores dos intervalos RR obtidos geralmente com uma frequéncia de amostragem
de 128 Hz, e no eixo vertical, a frequéncia com que cada um deles ocorreu. A partir
deste histograma foram calculados os indices: TINN: interpolacdo triangular dos
intervalos RR e o indice triangular que correspondente a base do triangulo e pode

ser calculado dividindo-se a area (corresponde ao numero total de intervalos RR
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utilizados para construir a figura) e a altura (corresponde ao numero de intervalos
RR com frequéncia modal) deste triangulo*?**

Também foram processados os indices obtidos por meio do plot de Poincaré
que representa uma série temporal dentro de um plano cartesiano no qual cada
intervalo RR € correlacionado com o proximo intervalo e define um ponto no plot. A
avaliacdo quantitativa por meio do ajuste da elipse da figura formada pelo atrator nos
permite a obtencdo de trés indices: SD1, SD2 e a razdo SD1/SD2. SD1: desvio
padrdo da variabilidade instantanea de intervalos RR continuos determinado pela
largura da elipse formada pelo plot de Poincaré e; SD2: desvio padrdo de longo
prazo dos intervalos RR continuos, determina o comprimento do plot e 0 SD1/SD2
que mostra a raz&o entre as variacées curta e longa dos intervalos®**#>

Ja a andlise qualitativa do plot foi feita por meio da analise das figuras
formadas pelo seu atrator, as quais foram descritas em**: 1) Figura na qual um
aumento na dispersdo dos intervalos RR € observado com aumento nos intervalos,
caracteristica de um plot normal; 2) Figura com pequena disperséo global batimento-
a-batimento e sem aumento da disperséo dos intervalos RR, a longo prazo.

Foi realizada também a Analise de Flutuacdes Depurada de Tendéncia (DFA).
O DFA é uma modificagdo da analise de raiz quadrada média de um passeio
aleatério e baseia-se na analise das oscilacdes dos dados apds a remocao das
tendéncias da série temporal integrada, que permite a deteccao de auto similaridade
intrinseca incorporada na série temporal ndo estacionaria®.

O grafico do DFA consiste basicamente de duas regides distintas de curvas
diferentes separadas em um ponto sugerindo que hd um expoente de escala fractal
de curto prazo (alfa-1), o que corresponde a um periodo de 4-11 batimentos; e o
expoente de escala fractal de longo prazo (alfa-2), que representa periodos
superiores a 11 batimentos. Por meio deste grafico do DFA, utilizamos os seguintes

inidices: DFA total, alfa-1, alfa-2 e a relacéo alfa-1/alfa-2°°*°.

Anélise dos Dados

Para andlise dos dados do perfil da populacdo foi utilizado o método
estatistico descritivo e os resultados foram apresentados com valores de médias,
desvios padrdo, mediana, niumeros minimo e maximo e intervalo de confianca de
95%.
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Para a avaliacdo dos efeitos do treinamento sobre a modulacdo autonémica
cardiaca e as propriedades fractais da dinamica da frequéncia cardiaca, foram
comparados os valores das diferencas encontradas entre os valores obtidos antes e
ao final do protocolo de treinamento, em ambos 0s grupos. Primeiramente foi
testada a normalidade dos dados por meio do teste de Shapiro Wilk e dependendo
da normalidade desses dados foi utilizado o teste T de Student (dados normais) ou 0
de Mann Whitney (dados ndo normais) para comparar as diferencas obtidas entre os
grupos. O nivel de significancia foi estabelecido em p <0,05 para todos os testes. O
programa estatistico SPSS (versao 13.0) (SPSS Inc., Chicago, IL, EUA) foi utilizado

para as analises.

RESULTADOS

Ao final do ensaio clinico, o grupo que realizou o treinamento funcional foi
composto por 19 mulheres, com média de idade de 50 * 4.5 anos, média de peso de
67.64 + 11.64 kg e média de altura de 1.57 + 0.05 m. J& o grupo controle, que nao
realizou o treinamento, terminou o estudo com 20 voluntarios, média de idade de
58.45 + 4.8 anos, média de peso 66.91 + 13.24 kg e média de altura de 1.55 + 0.05
m. O fluxograma de perdas esta apresentado na Figura 2. Nao foram verificadas
diferencas significativas entre os grupos no momento inicial, quanto a idade (p =
0.308), peso (p = 0.856) e a altura (p = 0.361).
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Os valores de média + desvio-padrdo, seguidos dos valores de mediana e
intervalo de confianca a 95% e também os e valores de p dos indices geométricos
da VFC, nos grupos controle e de treinamento, nos momentos inicial, final e a
diferenca entre os momentos estdo expostos na Tabela 1. Aumento significativo do
indice SD1 foi observado para o grupo TF em comparacao ao GC (p = 0,033). Nos
demais indices ndo foram observados diferencas entre os grupos apdés o

treinamento funcional.

A tabela 2 contém a comparacdo da andlise dos indices que expressam a
dindmica da frequéncia cardiaca entre os grupos. Verificamos que os indices a1 (p =
0,002) e a relagao a/a2 (p = 0.021) apresentaram aumento significante no grupo TF.

Nos demais indices ndo foram observadas diferencas entre os grupos ap6s o TF.
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Tabela 01. Valores de média = desvio-padrao, seguidos dos valores de mediana e intervalo de
confianca a 95% e também os e valores de p dos indices geométricos da VFC, nos grupos controle e
de treinamento, nos momentos: inicial, final e a diferenca entre 0s momentos.

indice Grupo Inicial Final Diferenca Valor p
Contro 9,57 £2,51 10,05+ 3,11 0,48 £ 2,83 0,709
le
9,39 9,52 0,15
RR TRI [8,39 — 10,74] [8,59 — 11,51] [-0,84 — 1,81]
GTF 8,59 + 2,73 9,42 + 2,75 0,83+291
8,13 8,77 0,23
[7,27 —9,91] [8,09 — 10,75] [-0,57 — 2,23]
Contro 139,75 £ 74,70 151,75 + 68,83 12,00 £ 49,90 0,292
le
157,50 160,00 7,50
TINN [104,79 — 174,71] [119,07 —184,43] [-11,35- 35,35]
GTF 117,10 £ 46,28 107,36 + 78,03 -9,73 £ 73,77
125,00 105,00 -15,00
[94,79 — 139,42] [69,75 —144,98] [-45,29 — 25,82]
Contro 14,76 £ 6,26 14,63 £ 5,49 -0,13 £ 4,00 0,033*
le
15 14,8 0,35
SD1 [11,83 - 17,69] [12,06 — 17,20] [-2,00 - 1,73]
GTF 13,16 + 5,02 16,76 + 8,65 3,60 + 8,43
11,6 15,9 2,8
[10,74 — 15,58] [12,59 — 20,94] [-0,45 - 7,67]
Contro 49,59 + 15,83 50,68 + 14,68 1,09 + 13,43 0,247
le
46,6 50,45 2,6
SD2 [42,17 — 57,00] [43,81 — 57,55] [-5,19 - 7,38]
GTF 40,45 + 13,39 54,08 + 39,09 13,62 £ 37,22
38,9 44 55
[34,0 — 46,91] [35,24 — 72,92] [-4,31 — 31,56]
Contro 0,29+0,11 0,29+0,11 -0,0008 + 0,10 0,539
le
0,28 0,281 -0,002
SD1/SD2 [0,24 — 0,34] [0,23 - 0,35] [-0,05 - 0,04]
GTF 0,33+0,11 0,35+0,16 0,02 +0,13
0,33 0,364 0,024
[0,28 — 0,39] [0,27 — 0,43] [-0,04 - 0,08]

Abreviaturas: RR Triangular = indice triangular; TINN = interpolacgéo triangular dos intervalos RR; SD1
= desvio- padrdo da variabilidade instantanea batimento a batimento; SD2 = desvio-padrdo da
variabilidade a longo prazo; SD1/SD2 = razdo entre SD1/SD2. GTF= grupo treinamento funcional. *p

<0,05.

Tabela 02. Valores de média * desvio-padrdo, seguidos dos valores de mediana e intervalo de
confianca a 95% e também os e valores de p dos indices que expressam a dindmica da frequéncia



cardiaca, nos grupos controle e de treinamento, nos momentos: inicial, final e a diferenca entre os

momentos.
indice Grupo Inicio Final Diferenca Valor p
~ Controle 1,013+0,114 0,988+0,150 -0,024+0,142 0,771
0,99 1,006 -0,042
[0,95 - 1,06] [0,91 - 1,05] [-0,09 — 0,04]
DFA Total GTF 0,954 + 0,134 0,940x0,146 -0,014+0,117
0,93 0,95 -0,032
[0,88 —1,02] [0,86 —1,01] [-0,07 — 0,04]
Controle 0,977 £0,219 0,927 +0,181 -0,049+0,134 0,002*
0,91 0,904 -0,028
[0,87 —1,08] [0,84 —1,01] [-0,11 - 0,01]
al GTF 0,885+0,240 0,958+0,286 0,073+0,214
0,95 0,96 0,096
[0,76 — 1,001] [0,82 —1,09] [-0,02 -0,17]
Controle 0,993+0,134 0,990+0,160 -0,002 +0,181 0,580
0,99 0,98 -0,021
[0,93 - 1,05] [0,91 - 1,06] [-0,08 — 0,08]
a2 GTF 0,943+0,133 0,911+0,156 -0,031 0,142
0,95 0,93 -0,04
[0,87 — 1,008] [0,83 - 0,98] [-0,10 —0,03]
Controle 1,00 + 0,26 0,94 £ 0,20 -0,05 + 0,20
0,92 0,92 -0,04 0.0217
[1,22 - 0,87] [1,04 - 0,85] [0,04 - -0,14]
GTF 0,94 + 0,27 1,08 + 0,38 0,13+ 0,27
a1/ a2 0,94 0,99 0,09
[1,08 - 0,81] [0,89 — 1,26] [0,26 — 0,00]

Abreviacdes: DFA = andlise de flutuagéo depurada de tendéncia; a1 = expoente fractal de curto prazo;
a2 = expoente fractal de longo prazo; a1/ a2 = propor¢éo entre 0os expoentes; GTF= grupo treinamento
funcional. *p < 0,05.
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A Figura 3 mostra um exemplo padrdo do plot de Poincaré antes e apos o

protocolo de treinamento funcional para os grupos TF e controle.
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Figura 3 — Selecdo de um dos resultados selecionado para demostrar o Plot de Poincaré

observado no grupo de controle pré (A) e pés (B), e no grupo experimental pré (C) e pés (D)

0 programa de treinamento funcional.

DISCUSSAO

Este estudo verificou a influéncia do treinamento funcional (TF) sobre indices

geométricos da VFC bem como as propriedades fractais da dinAmica da frequéncia

cardiaca em mulheres na menopausa, sem atividade fisica regular. Observamos que

o TF realizado por um periodo de 18 semanas foi capaz de promover aumento da

modulacdo parassimpatica do SNA, expresso por meio do aumento significativo dos
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indices SD1 e aumento nas propriedades fractais de curto prazo (a1) da frequéncia
cardiaca, promovendo um aumento na complexidade do sistema.

Ressaltamos a originalidade do presente ensaio clinico, uma vez que este é 0
primeiro estudo a avaliar a influéncia do treinamento funcional sobre indices
geométricos de VFC e as propriedades fractais da dindmica da frequéncia cardiaca
em mulheres na menopausa, e pode ser visto como uma alternativa para a melhora
das fungbes autonémicas nesta populagao.

Na andlise quantitativa do plot de Poincaré, quando comparada as diferencas
obtidas entre os valores pré e pos-treinamento, observou-se uma elevacdo dos
valores do indice SD1 nas voluntarias do GTF em relacdo ao GC, sugerindo que o
treinamento funcional promoveu aumento na modulacéo parassimpatica do SNA.

Elevacdo do SD1 também foi observada em mulheres jovens saudaveis que
realizaram o treinamento funcional com énfase em exercicios resistidos por um
periodo de 12 semanas®.

Tendo em vista que a diminuicdo da atividade vagal esta associada ao
aumento do risco para morbidade e mortalidade por diversas causas e ao
desenvolvimento de fatores de risco para doencas cardiovasculares®®, e que na
propria menopausa sdo observadas alteracbes na modulacdo autondmica que
promovem reducdes na VFC*, os resultados encontrados nesse estudo sugere que
o treinamento funcional pode ser um bom aliado na prevencdo desses
acometimentos em mulheres no periodo da menopausa.

N&o foram observadas diferencas significantes para os indices SD2, RRTRI,
TINN e relacdo SD1/SD2, embora para os indices SD2, RRTRI e relagdo SD1/SD2
os valores tenham sido maiores apos a realizacdo do treinamento. O estudo
realizado por Rezende Barbosa et al., 2016 com mulheres jovens saudaveis que
realizaram o treinamento funcional com énfase em exercicios resistidos, néo
corroboram com esses resultados, pois foram observadas diferengas significantes
para os indices RRTRI, SD1 e SD2, no grupo que realizou o treinamento.

Ja na andlise qualitativa do plot de Poincaré, por meio do ajuste da elipse da
figura formada pelo seu atrator, podemos observar que no grupo controle as figuras
antes e ap0s sao muito semelhantes e nao € possivel observar diferencas na
dispersdo dos pontos nas figuras. Entretanto, quando comparamos as figuras que
representam a voluntaria que realizou o treinamento funcional fica evidente que apo6s

0 treinamento ocorreu tanto uma maior dispersao global, batimento a batimento,
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guanto um aumento da disperséo dos intervalos RR a longo prazo, sugerindo que o
treinamento aumenta a VFC.

Quanto as andlise dos expoentes obtidos pelo DFA observamos os valores
das médias inicias e finais de alfa 1 nos grupos TF e GC verificamos que no GC a
alteracdo foi de 0.050 e no GTF foi de 0.073, sendo essa elevacao significante
(P=0,002). Esse mesmo padréo de resposta foi também observado por Heffernan et
al., (2008)* em homens saudaveis com idade entre 20 e 30 anos que realizaram
um protocolo de exercicios de forca, com duracdo de 6 semanas.

Na analise do DFA guando os valores sdo mais proximos de um (1), indica
gue o sistema € mais fractal, ao passo que valores proximos de metade (0.5) estdo
associados a uma série temporal com caracteristca mais aleatéria®***°,
Considerando-se esse aspecto, o aumento do alfa 1 no grupo treinado sugere o
restabelecimento, pelo menos de parte, da condicdo fractal da dinamica da
frequéncia cardiaca.

Entendendo que as alteragbes na modulacdo autondmica podem determinar
uma reducdo da complexidade da dindmica das flutuacdes de frequéncia cardiaca,
sendo responsavel por uma menor capacidade para enfrentar as demandas de um

47,48

ambiente continuamente em mudancgas e que a reducdo de alfa 1 tem

demostrado ser um preditor de eventos e mortes relacionadas a doengas

cardiovasculares®®’ 490

, 0 aumento observado em alfa 1 pode indicar uma melhor
condicdo de saude e possivel reducao do risco de mortalidade.

Correlactes entre indices lineares e ndo-lineares foram analisadas por Hoshi
et al., 2013® que observaram forte correlacdo entre o indice SD1 e a proporcédo
al1/a2, o que pode ser observado também no nosso estudo, uma vez que ambos os
indices aumentaram de forma significativa no grupo treinado. Esses resultados
sugerem que o aumento da atividade parassimpética (SD1) pode estar, pelo menos
em parte, relacionado ao ganho observado nas propriedades de correcao fractais de
curto-prazo da frequéncia cardiaca.

No que se refere ao alfa 2 e o DFA total, ndo foram observadas diferencas
significativas entre os grupos. Entretanto, a relacdo alfal/alfa2 apresentou um
aumento significante (p= 0,021) nas mulheres na menopausa que realizaram o
treinamento funcional em comparacdo as mulheres que ndo realizaram o
treinamento. Este aumento reforca a complexidade obtida pelo grupo apods a

realizacéo do treinamento funcional.
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Como limitacdo do estudo lamentamos ndo ter conseguido cegar 0S
avaliadores e voluntarios, para ter ainda mais certeza da fidedignidade dos nossos
achados. Os resultados obtidos neste estudo, ao mesmo tempo que adicionam a
literatura dados inéditos referentes a andlise ndo-linear da VFC em mulheres na
menopausa apdés o treinamento funcional, também encourajam pesquisadores
clinicos e profissionais que trabalham com esta populacdo a incentivar essas
mulheres a praticar o treinamento funcional como estratégia eficaz para a melhora
da modulacdo autonémica e das propriedades de correlacéo fractais de curto prazo
da dindmica da frequéncia cardiaca.

Neste estudo, escolhemos realizar as analises usando métodos nao-linear
que permitem uma compreensdo do impacto fisiolégico mais ampla na modulacéo
autondmica, uma vez que ha evidéncias de que provavelmente os mecanismos
envolvidos na regulacdo cardiovascular provavelmente interagem entre si de
maneira ndo linear®®. Além disso, um estudo recente de Ciccone et al., (2017)°*
apresentou que RMSSD e SD1 sdo métricas idénticas de VFC e devido a esta
homologia entre eles ndo é comumente conhecido, a inclusdo de ambas as medidas
foi relatada em diversas publicacfes recentes e os dados redundantes podem afetar
a interpretacdo de estudos de VFC>.

Os resultados obtidos neste estudo, adicionam novos dados a literatura sobre
a analise nao-linear da VFC em mulheres na menopausa apos o treinamento
funcional, além de incentivar pesquisadores clinicos e profissionais que trabalham
com essa populacdo para inspirar essas mulheres a praticarem o treinamento
funcional como estratégia efetiva para melhorar a modulacdo autonémica e as
propriedades de correlacdo fractal de curto prazo da dinamica da frequéncia

cardiaca.
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4 CONCLUSAO

Os resultados permitem concluir que o treinamento funcional, realizado por
18 semanas, promoveu efeitos benéficos sob a modulacdo autonémica cardiaca,
caracterizada por um aumento da atividade parassimpatica e das propriedades
fractais de curto prazo (a1) da frequéncia cardiaca, melhora nos parametros
cardiovasculares com reducdes de pressao arterial e frequéncia cardiaca e da
composicao corporal expresso pela reducdo da massa gorda (Kg) em mulheres na

pds-menopausa.
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Apéndice A

Descricdo de cada um dos exercicios do circuito de treinamento funcional.
Exercicios de forca (Figura 01)

Exercicio 1: Crucifixo apoiado na bola

Posicionamento: Voluntaria deitada em decubito dorsal, sobre uma bola
suica, com apoio de pés no solo, cotovelos em extensdo e bracos em elevacdo
frontal, segurando um haltere em cada méo.

Movimento: Realiza-se a descida dos halteres em abducdo horizontal
dos ombros, até o alinhamento da articulacdo do ombro e antebraco, seguido do

movimento de aducdo do mesmo e retorna a posi¢ao inicial.

Exercicio 2: Elevacao lateral com faixa elastica

Posicionamento: Voluntaria em posi¢do ortostatica, segurando com 0s
pés cada uma das pontas das faixas elasticas e as outras duas pontas com as maos
no manete.

Movimento: Realiza-se a abducédo de ombros até atingir o alinhamento

das méos e ombros; e retorna a posicao inicial.

Exercicio 3: Flexao de joelho com caneleira

Posicionamento: Voluntaria em posicdo ortostatica e com as maos
apoiadas sobre uma haste fixa a fim de ficar com a coluna alinhada e com as
caneleiras no tornozelo.

Movimento: Realiza-se o movimento de flexdo de joelho e retorna a

posicao inicial de extensao de joelho.

Exercicio 4: Agachamento com apoio na bola suica

Posicionamento: Em posi¢ao ortostatica e com a bola suica apoiada na
parede e também em contato com a regido medial das costas.

Movimento: Voluntaria em posicdo ortostatica e com as pernas
afastadas no alinhamento dos ombros, segurando os halteres com as maos, agacha

até os joelhos formarem um angulo de 90° e depois retornam a posicao inicial.



1

Exercicio 5: Triceps no Pulley

Posicionamento: Em posicdo ortostética, a coluna alinhada e com os
cotovelos fletidos junto ao corpo.

Movimento: A voluntaria segura o implemento posicionado a sua frente
(barra do aparelho Pulley) e o traciona com 0 objetivo de estender os cotovelos, em

seguida retornar a posicao de origem.

Exercicio 6: Abdominal com pernas apoiadas na bola suica

Posicionamento: Voluntaria em decubito dorsal em um colchonete, com
as pernas unidas e apoiadas sobre uma bola suica, fazendo um angulo préoximo a
noventa graus.

Movimento: Durante a execucdo eleva-se o tronco ao maximo com
objetivo de deixa-lo mais préximo dos joelhos (realizar expiracdo durante essa fase),

retornando a posigéo inicial (realizando a inspirac¢ao).

Exercicio 7: Rosca direta com faixa elastica

Posicionamento: Em posicao ortostatica, a voluntaria apoia os dois pés
no centro da faixa elastica mantendo as pernas na linha dos ombros e com os bracos
estendidos o segura.

Movimento: Com o tronco reto e os cotovelos junto ao corpo ela faz a

flexdo do braco e em seguida retorna a posi¢ao inicial.

Exercicio 8: Remada sentada na bola e com faixa elastica

Posicionamento: Sentada em uma bola suica com os pés apoiados no
solo a voluntaria com a coluna ereta e segurando as faixas elasticas que estao presas
em uma haste fixa.

Movimento: Mantém-se os bracos estendidos fazendo o elastico se
tencionar e entdo, realiza-se 0 movimento de tracionar o acessoério na direcao

abdominal, ao final retornam-se os bragos a posic¢éo inicial a posic¢éao inicial.
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Exercicios de

forca
Exercicio 1: Crucifixo apoiado na Exercicio 2: Elevagéo lateral com
boa suica faixa elastica
e ® \ ’
(| A
Exercicio 3: Flexao de joelho com Exercicio 4: Agachamento com
caneleira bola suica

Exercicio 6: Abdominal com bola

Exercicio 5: Triceps no pulley suica

-4-1 i

Exercicio 7: Rosca direta com Exercicio 8: Remada sentada na
faixa elastica bola com faixa elastica

Figura 01: Descrigdo visual dos exercicios de forca.
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Propriocepcéo (Figura 02).

Os exercicios de propriocepcao foram realizados em 4 fases.

Fase | (semana 1 a 4): Voluntaria em apoio unipodal realiza-se
movimentos de afastamento de membros superiores e membro inferior.

Fase Il (semana 5 a 8): Voluntaria sobe e mantem-se na prancha de
propriocepcdo em apoio bipodal, que causa uma instabilidade e requer que ela
contraia os musculos posturais a fim de se manter em pé.

Fase Il (semana 9 a 12): Voluntaria em apoio unipodal na prancha
proprioceptiva onde deve se equilibrar.

Fase IV (semana 13 a 16): Nesta fase houve um circuito proprioceptivo
executado pelas voluntarias onde elas o iniciaram sentadas, e em seguidas se
mantiveram em equilibrio em um disco flex, em um bosu e novamente em um disco
flex. Apos terminado a voluntaria deveria voltar a bola inicial em que estava sentada e

reiniciar o circuito.

Exercicios de Propriocepcéao

{4

Fase | (semana 1l a4)

Fase Il (semana 5 a 8)

p~
(b=

i

Fase lll (semana 9 a 12)

Figura 02: Descricdo visual dos exercicios de propriocepcao.

Fase IV (semana 13 a 16)



80

Coordenacéo (Figura 03).

Os exercicios de coordenacdo também foram realizados em 4 fases.

Fase | (semana 1 a 4): Voluntaria andou lateralmente em alternéncia, na
escada de agilidade e velocidade.

Fase Il (semana 5 a 8): Foi realizado o “skipping” na escada, caminhada
com joelho alto e bragos erguidos.

Fase Ill (semana 9 a 12): Voluntaria realizou a técnica de corrida
Anfersen, onde ela alterna os movimentos altos de pernas e bracos.

Fase IV (semana 13 a 16): Utilizando-se duas escadas (uma cruzando
no meia da outra, formando um “X”), as voluntarias realizamram no momento de
deslocamento frontal o “skipping” na escada, e posteriormente no deslocamento
lateral da escada, realizou-se alternadamente o posicionamento do pé direito e
posteriormente esquerdo dentro do espaco da escada e posteriormente fora do

espaco da escada.

Exercicios de
Coordenacéao

[
g

Fase | (semanal a4) Fase Il (semana5 a 8)

- -

B —= )

Fase Ill (semana 9 a 12) Fase IV (semana 13 a 16)

Figura 03: Descrigdo visual dos exercicios de coordenagéo.



81

Agilidade (Figura 04).

Exercicios, mais uma vez, realizados em 4 fases.

Fase | (semana 1 a 4): Voluntaria se desloca lateralmente entre cones
alternados, fazendo um zig-zag.

Fase Il (semana 5 a 8): Voluntaria se deslocou para frente até o cone
mais préoximo e em seguida ela deveria voltar de costas para o cone do lado oposto.

Fase Ill (semana 9 a 12): Nesta fase foram implementadas barreiras, as
quais deveriam ser “ultrapassadas” para que seja possivel realizar o deslocamento
frontal.

Fase IV (semana 13 a 16): Foi realizado um circuito onde as voluntarias

iniciaram o exercicio sentadas e seguiram circundando os cones e ultrapassando as

barreiras impostas.

Exercicios de
Agilidade
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Fase | (semanala4) Fase Il (semana 5 a 8)

Fase Ill (semana9 a 12) Fase IV (semana 13 a 16)

Figura 04: Descri¢ao visual dos exercicios de agilidade.
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Background: To evaluate the influence of functional training on the geometric indices
of heart rate variability (HRV) and fractal correlation properties of the dynamics of
heart rate in menopausal women.
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Control group (58.45 + 4.8 years; 66.91 + 13.24 kg; 1.55+ 0.05 m) who per-
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lowed by a walk in each of the sessions. The autonomic nervous system modula-
tion was evaluated by analysis of HRV and the indices obtained were: RR intervals,
RRTRI, TINN, SD1, SD2, SD1/SD2, qualitative analysis of Poincaré plot and DFA
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ences obtained between the final moment and the initial moment of the studied
groups (p < .05).

Conclusion: Were observed in the FTG: increased SD1 (CG0.13 + 4.00 vs. 3.60 + 8.43),
beat-to-beat global dispersion much greater as an increased in the dispersion of long-
term RR intervals and increased fractal properties of short-term (x1) (CG -0.04 + 0.13
vs. 0.07 £ 0.21). FT promoted a beneficial impact on cardiac autonomic modulation,
characterized by increased parasympathetic activity and short-term fractal properties

of the dynamics of the heart rate.
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1 | INTRODUCTION

Changes in heart rate defined as heart rate variability (HRV) are normal
and expected and indicate a heart’s ability to respond to multiple phys-
iological and environmental stimuli as well as to compensate disorders
induced by diseases (Silva et al., 2016; Vanderlei et al., 2010) . HRV is
a simple and not invasive tool that describes the fluctuations between
the consecutive heart beats intervals (RR Intervals) and can be used to
identify phenomena related to the autonomic nervous system (ANS)
(De Rezende Barbosa et al., 2016a,b; Silva et al., 2016; Vanderlei et al.,
2010 Giacon et al., 2016).

Among the linear methods that assess HRV we highlight the geo-
metric indices (triangular index [RRtri], triangular interpolation of RR
interval histogram [TINN] and Poincaré plot) which convert RR in-
tervals into geometric patterns and allow analyzing HRV through the
geometric or graphic properties of the resulting pattern (De Rezende
Barbosa et al., 2016a,b; Hoshi et al., 2013, Task Force of the European
Society of Cardiology and the North American Society of Pacing and
Electrophysiology 1996; Vanderlei et al., 2009).

However, considering the nonlinear nature of the body systems,
HRV analysis by nonlinear methods has been gaining increasing inter-
est (Boettger et al., 2010; De Rezende Barbosa et al., 2016a,b; Hoshi
et al., 2013). These methods have shown a new vision on heart rate (HR)
behavior abnormalities in various conditions, providing information to
physiological and additional prognostic interpretations when compared
to traditional methods (Boettger et al., 2010; De Rezende Barbosa et al.,
2016a,b; Godoy, Takakura, & Correa, 2005; Khaled, Owis, & Mohamed,
2006). Therefore, nonlinear analysis of HRV is also necessary because
information can be lost if only linear analyses are applied (Hoshi et al.,
2013, Task Force of the European Society of Cardiology, the North
American Society of Pacing and Electrophysiology, 1996).

Nonlinear techniques such as analysis of purified trend fluctua-
tions (DFA), which quantifies the fractal correlation properties of the
intervals between heartbeats, and thus enables detection of intrinsic
self-similarity embedded in nonstationary time series (Peng et al., 1994;
Peng et al., 1995), has shown to be a powerful tool to characterize
the complexity of the systems (Hoshi et al., 2013, Task Force of the
European Society of Cardiology, the North American Society of Pacing
and Electrophysiology, 1996). Previous studies in different populations
suggest autonomic dysfunction association and loss of properties of
fractals correlate to heart rate (Borghi-Silva et al., 2009; Carvalho et al.,
2010; Peng et al., 1995; Vanderlei et al., 2009; Ricci-vitor et al., 2014).

Menopausal women, a normal period of the life of women
(Abdollahi et al., 2013) that can cause in 50-85% of women substantial
biological and psychosocial changes that generate great stress and dis-
abilities (Yazdkhasti, Simbar, & Abdi, 2015), present a lower HRV when
compared with women who are not in menopause (Jurca et al., 2004).

Studies show that after conducting physical training HRV is improved
(Earnest, Blair, & Church, 2012; Earnest et al., 2008; Grant et al., 2012;
Jurca et al., 2004; Paschoal, Polessi, & Simioni, 2008; Rossi et al., 2013;
Rovere & Pinna, 2014; Silva et al., 2015) as well as improvement, at least
in part, in the fractal nature of the heart rate in different populations
(Heffernan et al., 2008; Karavirta et al., 2013; Millar et al., 2013; Ricci-vitor

et al.,, 2014). Among the different types of physical training, we highlight
functional training, which was prepared from the imitation of everyday
gestures and activities (such as bathing. preparing meals. climbing stairs.
playing sports. etc.) (Pacheco et al., 2013; Tomljanovic’ et al., 2011) and
has been widely used in clinical practice for maintaining health (Kibele &
Behm, 2009; Lagally et al., 2009; Tomljanovic’ et al., 2011 Sorpreso et al.,
2012), and in processes of rehabilitation to improve functional capacity in
the elderly (Hosseini et al., 2012; Krebs et al., 2007; Pacheco et al., 2013),
suggesting a good alternative for the population of menopausal women.
As women may have a lower HRV, which can be improved by physical
training (Earnest et al., 2008, 2012; Jurca et al., 2004; Pacheco et al., 2013;
Rossi et al., 2013), and the fractal correlation properties of HR (Heffernan
et al., 2008; Karavirta et al., 2013; Millar et al., 2013; Ricci-vitor et al.,
2014) which makes the organism more chaotic and may reduce the risk of
mortality (Godoy et al., 2005; Huikuri et al., 2000; Makikallio et al., 1999;
Ricci-vitor et al., 2014), it is understood that studying interventions, such
as functional training, is of essential significance as they can reverse or
minimize changes in the autonomic modulation induced by menopause.
Thus, this study aims to evaluate the influence of functional training
on the geometric indices of HRV and fractal correlation properties of the
dynamics of heart rate in menopausal women. We hypothesize that func-
tional training can increase and restore HRV and, at least in part, the frac-
tal correlation properties of the dynamics of heart rate in these women.

1.1 | Population

There were 64 postmenopausal, apparently healthy women enrolled,
aged 50-65 years to conduct this clinical trial, who were invited to
participate in the study through television, radio and the news from
the city of Presidente Prudente, Sdo Paulo, Brazil. These 64 women
were randomized into two groups consisting of 32 women each, and
one group executed the functional training (FT) and all proposals by
reviews, and in the other group the women performed all assessments
but not FT (Control Group - CG).

The sample size calculation was made from a study by Rezende
Barbosa et al. (2016) (De Rezende Barbosa et al., 2016a,b) who was
also assessed HRV but in a group of adult women who performed FT.
The sample size calculation was based on the values obtained for the
RMSSD index which showed a mean difference of -15.69 and standard
deviation of 11.58. Adopting a power of 80% for a 2-tailed test (to be
increased or decreased with the intervention) and an alpha error of 5%
(z = 1.96) the equation indicated the need for at least nine individuals
in each group. We chose to increase this value to 32 women per group
to maximize the community care and prevent sample loss in our study.

The inclusion criteria included: a medical certificate that would
allow physical exercises; confirming the possibility of participation in
the exercise program, a menopause period of more than one year;
having follicle stimulating hormone level 54+21,01 IU/L not having
practiced any regular physical activity or weight training in the last six
months prior to the beginning of the clinical trial; not presenting known
health problems or limitations that may prevent the realization of the
proposed exercise; conducting all proposals by reviews and signing the
consent form, thus being formally cleared to participate in the study.
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Already the exclusion criteria encompassed: presenting any injury
or limitation that would prevent them from performing the training
exercises or having <85% attendance at training sessions.

This study was approved by the Ethics Committee of the
Universidade Estadual Paulista - Julio de Mesquita Filho (FCT/UNESP)/
Presidente Prudente (CAAE No 11547013.2.0000.5402) and the
Brazilian registration clinical trial (RBR - 85vmkx). All women who
agreed to participate in the program were informed about the proce-
dures and objectives of the study and after agreeing they signed the

Consent form.

2 | EXPERIMENTAL DESIGN

The experimental protocol was composed of three steps: basal assess-
ment, training protocol and final assessment. The assessment of cardiac
autonomic modulation by HRV occurred in week zero as collecting base-
line data and then they were repeated at the end of the training (after
18 weeks). In the initial evaluation to characterize the sample, body
mass and height were also assessed (Rezende Barbosa et al., 2016).
The Functional training group performed a program of functional
exercises associated with aerobic exercises with a weekly frequency of
three days not being consecutive. The training sessions were composed
of 11 exercise stations developed in a circuit format, whereby partic-
ipants passed three times in each station with a break of 30 s. At the
end of the exercise the participants performed an 18 to 30-min walk
depending on the week of training. The Borg scale (Borg, 1982) was
used to control the intensity of functional training and the critical speed
to stipulate the intensity of the aerobic part of the functional training
(Takahashi et al., 2009). The strategy of loads and the training protocol
performed by the functional training group (FTG) is described in Figure 1.

3 | ASSESSMENTS AND DATA COLLECTION

3.1 | Heart rate variability analysis

The data collection of RR tracing (RR interval between two R waves
where each R wave corresponds to ventricular depolarization) for HRV
analysis was carried out between 07:00 am and 12:00 am to minimize
possible interference of the circadian cycle in a room with tempera-
ture between 21 and 23°C and humidity between 40 and 60%.

WILEY--2"

Data were collected individually and the volunteers were in-
structed to remain in silence, in consonance and at rest throughout
the collection period. In order to reduce interference during collection
the movement of people were restricted on site. The volunteers were
asked to stay 24 hr prior to the evaluation without consuming alcohol
and / or ANS-stimulating beverages such as coffee, tea and chocolate
(De Rezende Barbosa et al., 2016a,b).

The capture of heart rate was performed using the heart rate monitor
of Polar RS800 (Polar Electro QY, Kempele, Finland) (De Rezende Barbosa
et al., 2016a,b) which is composed of a pickup belt and a heart rate re-
ceiver. After setting the heart rate monitor, the volunteers remained with
spontaneous breathing for 30 min on a mat in a supine position.

The data obtained from the heart rate monitor were sent to the
computer by infrared communication through the Polar Precision
Performance SW software, version 3.0 (Polar Electro QY). 1000 consec-
utive RR intervals for data analysis were used that were selected from
the more stable section of the tracing after undergoing digital filtering
complemented manually to eliminate premature ectopic beats and ar-
tifacts. The only series with more than 95% of sinus beats was included
in the study. The geometric figures were obtained through the Kubios
HRV software - version 2.0 (Kubios Biosignal Analysis and Medical Image
Group Department of Physics University of Kuopio Finland) (De Rezende
Barbosa et al., 2016a,b) and the contents of the DFA were generated by
a software available in Physionet (http: /www.physionet.org)—an online
forum that merges the signals of Biomedical records and software pro-
grams to analyze these signals (Hautala et al., 2003).

Geometric indices were calculated from the construction of the
histogram of RR intervals. The horizontal axis shows all possible val-
ues of RR intervals generally obtained with a sampling frequency of
128 Hz and the vertical axis how often each occurred. From this histo-
gram indices were calculated: TINN: triangular interpolation of RR in-
tervals and a triangular index corresponding to the base of the triangle
and can be calculated by dividing the area (corresponding to the total
number of RR intervals used to build the figure) by the height (corre-
sponding to the number of RR intervals modal frequency) of the trian-
gle (Acharya, Lim, & Joseph, 2002; Nunan et al., 2008; Rassi, 2000).

Also the indices obtained were processed by means of Poincaré
plot representing a time series within a Cartesian plane in which each
RR interval is correlated with the next range and defines a point in the
plot. Quantitative evaluation was made by adjusting the ellipse of the
figure formed by the attractor. It allows us to obtain three indices: SD1,

Adaptation Week O to Week 5 to Week 9 to Week 13to
weeks) Week 4 Week 8 Week 12 Week 16
\ i
1 set of 3 sets of 3 sets of 3 sets of 3 sets of
305 at a0s at 505 at 605 at 70s at
H each station H each station each station _i each station — each station
30-5 30-s 30-5 30-s 30-s
interval interval interval | interval interval
My L 7
FIGURE 1 Progression loads strategy 30-min 30-min 28-min [ 23.min 18-min
(overload) protocol used by the functional 1 walk m walk walk “] walk walk
training group L
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[ Enrollment ]

Assessed for eligibility

(n=180)
Excluded (n = 110)
+ Not meeting inclusion criteria (n = 89)
"| & Declined to participate (n = 27)
+ Other reasons (n = 0)
Randomized (n = 64)
\ 4
A 4 ( Allocation ] v
L J
Allocated to intervention (n = 32) Allocated to intervention (n = 32)
v [ Follow-Up ] y
| J

Lost during follow-up (n = 10)

Lost during follow-up (absent more than 15%
of sessions) (n =4)

Discontinued intervention (they just did not
attend the last evaluation) (n = 5)

Analysis ] Y

J

Analysed (n = 22)

¢ Excluded from analysis (RR intervals series
with less than 95 % of sinus beats) (n = 2)

FIGURE 2 Consort - flow diagram

SD2 and SD1/SD2. SD1: standard deviation of the instantaneous vari-
ability in continuous RR intervals determined by the width of the ellipse
formed by the Poincare plot and; SD2: standard deviation of long-term
continuous RR intervals; it determines the length of the plot and SD1/
SD2 shows the ratio between short and long variations of the intervals
(Acharya et al., 2002; Tulppo et al., 2001; Vanderlei et al., 2009).

The qualitative analysis of the plot was made through the analysis of
the figures formed by its attractor, which were described in (Tulppo et al.,
2001; Vanderlei et al., 2009): (i) the Figure, in which an increase in disper-
sion of RR intervals is observed with increased intervals, characteristic of
a normal plot; (i) the small figure with beat-to-beat global dispersion and
without increased dispersion of RR intervals in the long-term.

Detrended Fluctuations Analyses (DFA) were also conducted. The
DFA is a square root of analysis of modified average of a random walk
(Krstacic et al., 2007), and based on the analysis of the fluctuations of
the data after removal of trends in integrated time series which allows

Analysed (n = 23)

¢ Excluded from analysis (RR intervals series
with less than 95 % of sinus beats) (n = 4)

detection of self intrinsic similarities incorporated into nonstationary
time series (Acharya et al., 2002).

The DFA graph basically consists of two distinct regions of differ-
ent curves at a point separated, suggesting that there is a short-term
fractal scaling exponent (alpha-1) which corresponds to a period of
4-11 beats; and the exponent of long-term fractal scale (alpha-2) that
is longer than 11 beats. Therefore by the DFA graphs we obtained
the following indices: Total DFA, alpha-1, alpha 2 and alpha-1/alpha-2
ratio (Carvalho et al., 2010; Godoy et al., 2005; Souza et al., 2012).

3.2 | Data analysis

For the population data profile analysis, a statistical method was used and
the results were presented as mean values and standard deviations, me-
dian, minimum and maximum numbers and 95% confidence interval. For
the assessment of the effects of training on cardiac autonomic modulation
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TABLE 1 Mean * standard deviation

values followed by median values and kDS Group
confidence interval of 95% and also p Control
values of geometric indices of HRV in the
control and training groups in the initial RR TRI
and final moments and the difference
between times FTG
Control
TINN
FTG
Control
SD1
FTG
Control
SD2
FTG
Control
SD1/SD2
FTG

WILEY->"

Initial Final Difference p Value
9.57+251 10.05 +3.11 0.48 +2.83 .709
9.39 9.52 0.15

(8.39-10.74) (8.59-11.51) (-0.84-1.81)

8.59 +2.73 9.42 +2.75 0.83+291

8.13 8.77 0.23

(7.27-9.91) (8.09-10.75) (-0.57-2.23)
139.75+74.70 151.75 + 68.83 12.00 + 49.90 292
157.50 160.00 7.50

(104.79-174.71) (119.07-184.43) (-11.35-35.35)

117.10 + 46.28 107.36 + 78.03 -9.73+73.77

125.00 105.00 -15.00

(94.79-139.42) (69.75-144.98) (-45.29-25.82)

14.76 + 6.26 14.63 + 5.49 -0.13 +4.00 033’
15 14.8 0.35

(11.83-17.69) (12.06-17.20) (-2.00-1.73)

13.16 £ 5.02 16.76 + 8.65 3.60 +8.43

11.6 15.9 2.8

(10.74-15.58) (12.59-20.94) (-0.45-7.67)

49.59 +15.83 50.68 + 14.68 1.09 £ 1343 247
46.6 50.45 2.6

(42.17-57.00) (43.81-57.55) (-5.19-7.38)

40.45 + 13.39 54.08 + 39.09 13.62 + 37.22

38.9 44 5.5

(34.0-46.91) (35.24-72.92) (-4.31-31.56)

0.29 +0.11 0.29 +0.11 -0.0008 +0.10  .539
0.28 0.281 -0.002

(0.24-0.34) (0.23-0.35) (-0.05-0.04)
0.33+0.11 0.35+0.16 0.02+0.13

0.33 0.364 0.024

(0.28-0.39) (0.27-0.43) (-0.04-0.08)

RRTri, triangular index; TINN, triangular interpolation of RR intervals SD1, standard deviation of in-
stantaneous beat-to-beat variability; SD2, standard deviation of the long-term variability; SD1/
SD2, ratio between SD1/SD2.

*p < .05.

and the fractal properties of the dynamics of heart rate, the values of the
differences found were compared between the values obtained before
and after the training protocol, in both groups. First we tested the normal-
ity of the data by the Shapiro-Wilk test and depending on the normality
of the data, the Student’s t test (normal data) or the Mann-Whitney U test
(non-normal data) were used to compare the differences observed be-
tween the groups. The level of significance was set at p < .05 for all tests.
The SPSS (version 13.0) (SPSS Inc. Chicago, IL, USA) was used for analysis.

4 | RESULTS

At the end of the trial the group that underwent functional training

consisted of 19 women with a mean age of 50 + 4.5 years, mean

weight 67.64 + 11.64 kg and mean height 1.5 +0.05 m. The con-
trol group that did not receive the training ended the study with 20
volunteers with a mean age of 58.45 + 4.8 years, average weight
66.91 +13.24 kg and mean height 1.55+0.05m. The flowchart
losses are shown in Figure 2. No significant differences were found
between the groups at baseline, as age (p = .308), weight (p = .856)
and time (p = .361).

The mean values + standard deviation followed by median values
and confidence interval of 95% and also p values of geometric indices
of HRV in the control and training groups in the initial moment and
the difference between the times are shown in Table 1. A significant
increase in the SD1 index was observed for FTG compared to the con-
trol group (p =.033). In other indices differences were not observed

between the groups after functional training.
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Figure 3 shows a pattern example of Poincaré plot before and after
the functional training protocol executed by the FT and control groups.
Table 2 contains a comparison of the analysis of the indices that
express the dynamics of the heart rate groups. We found that the ol
indices (p =.0002) and the ratio a/a2 (p = .021) showed a significant
increase in the FT group. In the other indices differences were not

observed between groups after the FT.

5 | DISCUSSION

This study examined the influence of FT on geometric indices of HRV
and the fractal properties of the dynamics of heart rate in menopausal
women with no regular physical activity. We note that FT performed
for a period of 18 weeks was able to promote increased parasympa-
thetic modulation of the ANS expressed by the significant increase in
SD1 and increased fractal properties of short-term (al) of the heart
rate causing an increase in system complexity.

We highlight the originality of this clinical trial as this is the first
study to evaluate the influence of functional training on geometric
indices of HRV and the fractal properties of the dynamics of heart
rate in menopausal women and it can be seen as an alternative to the
improvement of autonomic functions in this population.

In the quantitative analysis of Poincaré plot, the differences ob-
tained between pre and post-training were compared, and there was
a rise in the values of the SD1 index in the voluntary FTG than in the
CG, suggesting that functional training increased the parasympathetic
modulation of the ANS. SD1 elevation was also observed in healthy
young women who underwent functional training with emphasis on
resistance training for 12 weeks (De Rezende Barbosa et al., 2016a,b).

Given that the decrease in vagal activity is associated with in-

creased risk for morbidity and mortality from various causes and

5D1=14%9

5D2=53.3

FIGURE 3 Example of a Poincaré plot
observed in the control group pre (a) and
post (b), and in the experimental group
pre (c) and post (d) the functional training
program

5D1=169

50D2=629

the development of risk factors for cardiovascular diseases and that
menopause changes proper are observed in autonomic modulation
promoting reductions in HRV (Souza et al., 2012), the results found
in this study suggest that functional training can be a good ally in the
prevention of these bouts in women in the period of menopause.

No significant differences were observed for the SD2, RRtri,
TINN and SD1/SD2 indices; although for the SD2, RRtri and SD1/
SD2 indices ratio values were greater after the completion of train-
ing. The study by Rezende Barbosa et al., 2016 (De Rezende Barbosa
et al., 2016a,b) with healthy young women who underwent func-
tional training with emphasis on resistance exercises, did not corrob-
orate these results because significant differences were observed
for the RRtri, SD1 and SD2 indices in the group that carried out the
training.

In the qualitative analysis of Poincaré plot through the figure of
the ellipse formed by its attractor, we can see that in the control group
the figures before and after are very similar and it is not possible to
observe differences in the dispersion of the points in the figures.
However, when we compare the figures representing the volunteers
who carried out the training, it is evident that after the FT beat-to-beat
global dispersion was much greater as an increase in the dispersion of
long-term RR intervals, suggesting that training increases HRV.

As to the analysis of the exponents obtained by DFA, and the val-
ues of the average initial and final alpha 1 in the FTG and CG, we found
that in the CG the change was 0.050 and in the FTG it was 0.073, with
this being a significant increase. This same pattern was also observed
by Heffernan et al., 2008 (Heffernan et al., 2008) in healthy men aged
20 and 30 who performed a strength training protocol lasting 6 weeks.

In the DFA analysis when values are closer to one (1) it indicates
that the system is more fractal; whereas values near half (0.5) are
associated with a more random time series feature (Acharya et al.,
2002; Tulppo et al., 2001; Ricci-vitor et al., 2014). Considering this
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TABLE 2 Mean * standard deviation
values followed by median values and
confidence interval of 95% and also p
values of the indices that express the
dynamics of the heart rate in the control
and training groups in the initial and final
moments and the difference between
times

Index Group

Control

DFA total FTG

Control
al FTG

Control
a2 FTG

Control
al/a2

FTG

WILEY-"”

Initial Final Difference p Value
1.013+0.114 0.988 £ 0.150 -0.024 +0.142 771
0.99 1.006 -0.042

(0.95-1.06) (0.91-1.05) (-0.09-0.04)

0.954 £0.134 0.940 £ 0.146 -0.014 +0.117

0.93 0.95 -0.032

(0.88-1.02) (0.86-1.01) (-0.07-0.04)

0.977 £0.219 0.927 £0.181 -0.049 £ 0.134 002"
0.91 0.904 -0.028

(0.87-1.08) (0.84-1.01) (-0.11-0.01)

0.885 + 0.240 0.958 + 0.286 0.073 £0.214

0.95 0.96 0.096

(0.76-1.001) (0.82-1.09) (-0.02-0.17)

0.993 +£0.134 0.990 + 0.160 -0.002 +0.181 .580
0.99 0.98 -0.021

(0.93-1.05) (0.91-1.06) (-0.08-0.08)

0.943 £0.133 0.911 £ 0.156 -0.031 +0.142

0.95 0.93 -0.04

(0.87-1.008) (0.83-0.98) (-0.10-0.03)

1.00 £ 0.26 0.94 +0.20 -0.05+0.20 021
0.92 0.92 -0.04

(1.12-0.87) (1.04-0.85) (0.04-0.14)

0.94 +0.27 1.08 + 0.38 0.13+0.27

0.94 0.99 0.09

(1.08-0.81) (0.89-1.26) (0.26-0.00)

DFA, detrended fluctuations analysis; a1, short-term fractal exponent; a2, long-term fractal exponent;
al/ a2, ratio between the exponents.

*p < .05.

aspect of an increased alpha 1 in the trained group, it suggests a
restoration at least partial, of the fractal dynamic condition of the
heart rate.

The changes in autonomic modulation may provide a marked re-
duction in the complexity of the dynamics of fluctuations in heart rate,
accounting for a lower capacity to meet the demands of an environ-
ment continually changing (Lombardi, 2000; Marwan et al., 2009) and
the reduction in alpha 1 has been shown to be a predictor of events
and deaths related to cardiovascular disease (Godoy et al., 2005;
Makikallio et al., 1999; Perkioméki et al., 2001; Tapanainen et al.,
2002). The observed increase in alpha 1 could indicate a better health
condition and can reduce the risk of mortality.

Correlations between linear and nonlinear indices were analyzed
by Hoshi et al., 2013 (Hoshi et al., 2013). They observed a strong cor-
relation between the SD1 index and the al/a2 ratio that can also be
observed in our study, since both indices increased significantly in the
trained group. These results suggest that increased parasympathetic
activity (SD1) may be, at least in part, related to the gain observed in
fractals correction properties of short-term heart rate.

About alpha 2 and total DFA, statistically significant differences
between groups were observed. However the alphal/alpha2 ratio

showed a significant increase (p = .021) in menopausal women who

underwent functional training compared to women who did not un-
dergo training. This increase reinforces the increasing complexity
obtained by the group after the completion of functional training.

In this study, we chose to perform the analyzes using nonlinear
methods, which allow a broader understanding of the physiological
impact on autonomic modulation, since there is evidence that the
mechanisms involved in cardiovascular regulation probably interact in
a nonlinear manner (De Rezende Barbosa et al., 2016a,b). Besides that,
a recent study by Ciccone et al., 2017 presented that RMSSD and SD1
are identical metrics of HRV and because the homology between them
is not commonly known, the inclusion of both measures has been re-
ported in many recent publications and the redundant data may affect
the interpretation of HRV studies (Ciccone et al., 2017).

As study limitation was not being able to blind the assessors and
volunteers to be even more certain of the reliability of our findings.
The results obtained in this study, while adding the new data literature
regarding nonlinear analysis of HRV in menopausal women after func-
tional training, also encourages clinical researchers and professionals
who work with this population to inspire these women to practice
functional training as an effective strategy for improving autonomic
modulation and the fractal correlation properties of short-term dy-
namics of the heart rate.
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The results of this study show that functional training conducted
for 18 weeks in women in the menopause period promoted a bene-
ficial impact on cardiac autonomic modulation, characterized by in-
creased parasympathetic activity and short-term fractal properties of
the dynamics of the heart rate, and they may be a good tool for the
improvement of autonomic condition in this population.
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Introduction

Background Functional training is a new training vision that was prepared from the
gesture imitation of daily activities. Although your use has become popular in
clinical practice, the influence of the several cardiorespiratory adjustments per-
formed during the functional training in different populations and conditions is
unknown. So, the aim of this systematic review was to gather information in the
literature regarding the influence of functional training on cardiorespiratory
parameters.

Methods We conducted search strategies on MEDLINE, PEDro, EMBASE, SportDiscus
and Cochrane to identify randomized controlled trials investigating the effects of
functional training on cardiorespiratory parameters. Methodological quality of the
included studies was assessed using the PEDro scale. Grading of Recommendations
Assessment, Development and Evaluation (GRADE) summarized the evidence.
Results Five original studies were included. Effects favoured functional training on
oxygen consumption (VO,) at intermediate-term follow-up: weighted mean dif-
ference —1-0 (95% CI: 5-4-3-3), P = 0-642, and a small and not clinically
important effect observed on VO, favouring control at intermediate-term follow-
up (i.e. mean difference of 1-30 (95% CI 1-07—1-53), P<0-001).

Conclusion According to the GRADE system, there is very low quality evidence that
functional training is better than other interventions to improve cardiovascular
parameters. This result encourages new searches about the theme.

various muscle groups while performing your exercises by
combining movements of the upper and lower limbs (Toml-

Functional training is a new training vision that was prepared
from the imitation of gestures from daily activities like bath-
ing, dining preparations, climbing stairs, sports practice
(Tomljanovic’ et al., 2011; Pacheco et al., 2013; Rezende Bar-
bosa et d., 2016b) and seems to improve the control, stability
and motor coordination (Pereira et al., 2012).

This type of training has become popular in the fitness
industry and it has been suggested as a better alternative than
traditional resistance training to gain balance, coordination
and muscular endurance (Weiss et al., 2010a,b; Rezende Bar-

bosa et al., 2016b) as it proposes the simultaneous action of

janovic’ et al., 2011) and it is performed on unstable surfaces
or through complex levels, thus requiring greater activation of
the abdominal and lower back muscles providing various neu-
romuscular adaptations, representing a different type of func-
tional training (Kibele & Behm, 2009; Behm et d., 2010;
Tomljanovic’ et al., 2011; Rezende Barbosa et al., 2016b).
Several cardiorespiratory adjustments are performed during
activities involving strength, balance and coordination (Evans
1985), as is the case with functional training. Furthermore, it
is widely discussed in the literature that training modalities
such as conventional resistance training, which consists of
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performing exercises involving the contraction of specific
muscle groups (McGill et dl., 2009), exert an influence on car-
diorespiratory parameters (Vincent et al., 2002; Cornelissen &
Fagard, 2005; Cooke & Carter, 2005; Sarsan et al., 2006;
Mark et al., 2007; Brentano et al., 2008; Collier et al., 2009;
Fagard, 2006; Ho et al., 2012; Kim & Kim, 2013; Pal et dl.,
2013; Caruso et d., 2015; Shultz et al., 2015).

Although the use of functional training has become popular
in clinical practice and in populations with different age groups
(Lagally et al., 2009) and many articles demonstrate its benefits
(Krebs et al., 2007; Milton et al., 2008; Kibele & Behm, 2009;
Behm et al., 2010; Weiss et al., 2010a,b; Toml]’anovic/ et al.,
2011; Hosseini et al., 2012; Pacheco et al., 2013; Granacher
et al., 2013; Neves et al., 2014; Rezende Barbosa et al., 2016b,
a), it is unknown what is the real influence of this training
proposal in relation to cardiorespiratory parameters.

Given the dissemination of functional training and the
importance of physical exercise that can bring health gains
through improvements in cardiorespiratory parameters, the
aim of this systematic review was to gather information in the
literature regarding the influence of functional training on
cardiorespiratory parameters.

Methods
Search strategy

We conducted search strategies on MEDLINE, PEDro, EMBASE,
SportDiscus and Cochrane to identify randomized controlled
trials investigating the effects of functional training on car-
diorespiratory parameters from the earliest records until June
2015. The optimized search strategies had no language or date
restrictions and included terms related to ‘functional training’,
‘cardiorespiratory parameter’ and ‘randomized controlled
trial’. Detailed searches are presented on Appendix 1. Refer-
ence lists of included studies were also manually analysed
looking for additional items to supplement the search. Proto-
col of the current review is registered at PROSPERO
(CRD42015024200).

Inclusion criteria

We included randomized controlled trials investigating the
effectiveness of functional training programmes on cardiores-
piratory parameters (e.g. blood pressure — BP, heart rate —
HR, respiratory rate — f, oxygen saturation — SatO,, heart rate
variability — HRV, maximal oxygen uptake — VO,,,,,, and peak
oxygen consumption — VO,pex) in healthy participants of
both sexes.

In the current review, we defined functional training pro-
grammes as any exercise using specific movements of daily
life (Tomljanovic' et al., 2011; Pacheco et al., 2013; Rezende
Barbosa et al., 2016b). It included balancing, coordinating and
core exercises (Kibele & Behm, 2009; Behm et d., 2010;
Tomljanovic’ et al., 2011; Pereira et al., 2012; Neves et al.,

2 Functional training: a systematic review, M. P. C. Rezende Barbosa et al.

2014; Rezende Barbosa et al., 2016b). We also assumed as a
control condition any other intervention or absence of inter-

vention as an object of comparison to functional training.

Study selection

After search strategies, we exported retrieved titles and abstracts
to an Endnote file and removed duplicates. Then, one investiga-
tor (MPCRB) selected related titles and abstracts. Later, two
independent investigators (MPCRB and LCMYV) assessed poten-
tial full texts of those selected titles and abstracts and included
those fulfilling our eligibility criteria. Potential between-investi-

gators disagreements were resolved by consensus.

Assessment of methodological quality of included
studies

The methodological quality of the included studies was assessed
by two independent investigators (MPCRB and LCMV) using
the 0—10 PEDro scale (Maher et dl., 2003; Macedo et al., 2010).
For studies already assessed at PEDro database, we used their
scores (http:/ / www.pedro. org.au/ ). Between-investigators

disagreements were resolved by consensus.

Data extraction

An investigator (MPCRB) extracted data and a second investi-
gator (LCMV) double-checked. Disagreements were resolved
by consensus. Extracted data included source of participants,
age and sex, interventions, outcomes and follow-up. In addi-
tion, mean effect sizes and standard deviations for interven-
tions at short-, medium- and long-term follow-ups were
extracted. Short-term effects were considered as follow-ups
until 3 months after the baseline while medium-term effects
were those over 3 but less than 12 months after the baseline.
Long-term effects were those of at least 12 months after base-
line. When more than one follow-up for short-, medium- and
long-term effects, we considered the one closest to post-treat-
ment, 6 and 12 months after baseline, respectively. Study
authors were contacted to provide information when needed.
When more than one functional training was compared to
other interventions or control, we chose the most consistent
with the interventions used in other included studies (Van
Roie et al., 2010).

Data analysis

Extracted means and standard deviations were transformed to
a 0-100 scale. In regard to blood pressure, we used percent-
age of changes relative to the initial score (0%—100%).
Homogeneous data were pooled in meta-analyses and
reported as weighted mean differences with 95% confidence
intervals (95% CI). Heterogeneity was analysed using I* and
random-effects models were used when I* was over 50%
(Toannidis & Tricalinois, 2007). Funnel plot investigated

© 2017 Scandinavian Society of Clinical Physiology and Nuclear Medicine. Published by John Wiley & Sons Ltd
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publication bias and sensitivity analysis investigated the impact
of methodological quality on effects of functional training. All
analyses were performed using Comprehensive Meta-Analysis
software 2-02-04 (Biostat, USA).

Grading of Recommendations Assessment, Development
and Evaluation (GRADE) (Guyatt et al., 2011) summarized the
evidence. The GRADE system (Grading of Recommendations
Assessment, Development and Evaluation) is used to assess the
strength of the evidence classified as follows: i) high-quality
evidence which means that it is very unlikely that more
research may change the estimate of effect; ii) moderate qual-
ity evidence which means that more research are likely to
have a major impact on the effect estimate and may change
the estimate; iii) poor quality evidence meaning that more
investigations are very likely to have a significant impact on
the estimated effect and is likely to change estimate; and iv)
very low quality evidence which means that we are very
uncertain about the current estimate. We assessed the strength
of the evidence for each outcome throughout four criteria and
downgraded the evidence in one point for each of these
absent criterion: i) methodological quality score less than 5
points of 10; ii) inconsistency between studies; iii) impreci-
sion for samples <300 participants; iv) publication bias or
when its analysis was not possible due to small number of
studies (Ioannidis & Tricalinois, 2007; Guyatt et al., 2011; Oli-
veira et al., 2012). Two independent investigators (MPCRB
and LCMV) evaluated the evidence and disagreements were
resolved by consensus.

Results
Characteristics of the included trials

Search strategies retrieved 2085 titles after removing dupli-
cates. Screening of titles and abstracts identified 28 potentially

eligible full texts and five original studies were included
(Rezende Barbosa et dl., 2016b; Binder et al., 2002; Smiley-
Oyen et al., 2008; Misic et al., 2009; Van Roie et a., 2010).
The main reasons for excluding full texts were intervention
was not functional training (n = 17); interested outcomes
were not investigated (n = 5); and study was not a random-
ized controlled trial (n = 1; Fig. 1).

Table 1 presents characteristics of the included studies. The
five included studies recruited a total of 442 participants
(67-3% female) from the community and healthcare services.
Three studies compared functional training to other interven-
tions (Binder et al., 2002; Smiley-Oyen et al., 2008; Misic
et al., 2009), and two studies compared functional training to
control (no treatment) (Van Roie et al., 2010; Rezende Bar-
bosa et al., 2016b).

Methodological quality of the included studies

Mean methodological quality of the included studies was five
of 10 (Table 2). All studies were randomized, made compar-
ison between groups and reported the effects and variability
between groups (Rezende Barbosa et al., 2016b; Binder et dl.,
2002; Smiley-Oyen et dl., 2008; Misic et al., 2009; Van Roie
et al., 2010). Only one study (16-6%) reported: concealed
allocation (Van Roie et al., 2010) and intention-to-treat analy-
sis (37). The studies reported similar groups at baseline and
no blinded participants, therapists and assessors.

Effectiveness of functional training on cardiorespiratory
parameters

Functional training versus control

One original study (Rezende Barbosa et al., 2016b) with 29
participants compared functional training to control at short-

+ PeDro (n =4.264)
* Cochrane (n =221)

Titles and abstracts screened (n = 20.854 without duplicates)

« MEDLINE (a = 14.502)

92

+« EMBASE (n=1.794)
+ Sport Discus (n = 66)
* Hand searching (n=7)

»| Papers excluded after screening titles and abstracts (n = 20.826)

y

Potentially-relevant papers retrieved for evaluation of full text (n = 28)

Papers excluded after evaluation of full text (n =23)

» Cardiorespiratory parameters was not outcome (n =5)
+ Not use functional training (n =17)
 Is not a randomized clinical trial (n =1)

y
Figure 1 PRISMA flow of studies through Papers included in the review (n =35 original studies)

the review.
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Table 1 Characteristics of the included studies (n = 5).
Study Source Participants Intervention Outcome and follow-up
Binder et dl. Men and women aged n=115 INT = Divided in 3 phases: 1) 22 Cardiorespiratory

(2002)

Smiley-Oyen
et al. (2008)

Misic et al.
(2009)

Roie et dl.
(2010)

Rezende

Barbosa et dl.

(2016b)

78 years and older,
recruited from the
community who provided
written informed consent to
participate, approved by
Institutional Review Board
of Washington University
School of Medicine

Older adults between 65 and
79 years residing in two
nearby communities in the
Midwestern USA

Healthy community-dwelling
older were recruited for
participation in the present
study in Northern
University, DeKalb, USA

Sedentary older adults
between 18 and 65 years,
recruited from a primary
care service of physical
therapy of Leuven Catholic
University

Apparently healthy volunteers
with an average age
between 18 and 26 years
recruited in Presidente
Prudente, Sao Paulo, Brazil

% of female = 52-5%
Average age
(SD) = 83-0 (4-0)
years

n=157
% of female = 71-9%
Average age
(SD) = 70-1 (4-5)
years

n=55

% of female = 63-6%

Average age(SD)
=69-1 (5-6) years

n=186
% of female = 48-6%
Average age
(SD) = 66-8 (4-5)
years

n=29

% of female = 100%

Average age(SD)
=21-7 (2-5) years

exercises focused on flexibility,
balance, coordination, speed of
reaction and modest strength; 2)
progressive resistance training added
with 6 different exercises; 3) 15 min
of endurance training added with 65%
to 70% of VO, peak-

OI = Low-intensity home exercise
programme (with 9 of the 22 exercises
included in phase 1 of INT)

INT = Performed strength, flexibility
and balance exercises. After the warm-
up, elements of yoga and Tai Chi, Flex
bands, free hand weights and stability
balls were used for 25-30 min.
Resistance training exercises using
weight machines with eight to ten
exercises and 10—15 repetitions per
exercise were performed.

OI = 10 min warm-up, 25-30 min on
the aerobic exercise equipment of their
choice. individualized prescriptions
started at 45% and go up to 80% for
the remainder period

INT = Stretching and a wide variety of
activities ranging from balance training
using half foam rollers, stability balls,
BOSU _domes, agility ladders and
hurdles, to functional exercises
incorporating medicine balls, resistance
bands and dumbbells.

OI = Traditional cardiovascular machines
including treadmills, stationary cycles,
elliptical machines and stair stepping
machines. The target intensity was
defined as 75% of heart rate reserve
maximum

INT 1 = Included four training
components: endurance (10—40 min)
with training intensity varied between
70 and 85%, strength (25 min) which
was performed 9 of 13 strength
exercise each session, flexibility
(10 min) what use static stretching,
and postural/balance (15 min)
training.

CG = No treatment

INT = two sets of exercises, which
encompassed the majority of the
muscle groups such as flexor/extensor/
adductor/abductor of the leg, hip, arm
and shoulder, scapular stabilizers,
gluteals, abdominals, lumbar, chest and
back with Boozu use.

CG = No treatment

capacity = VO, peak
range 0%—100%

Follow-up = 3, 6 and
9 months

Cardiorespiratory
capacity = VO, peax
range 0%—100%

Follow-up = 10 months

Cardiorespiratory
capacity = VO, peak
range 0%—100%

Follow-up = 10 months

Cardiorespiratory
capacity = VO, peax
range 0—-100%

Systolic and diastolic
blood pressure change
range 0%—100%

Follow-up = 6 and
11 months

Systolic and diastolic
blood pressure change,
heart rate change,
oxygen saturation
change and respiratory
rate change

range 0%—100%

Follow-up = 12 weeks

(Intervention) INT, intervention group; OI, other interventions; CG, control group. (Outcome) VO, ., peak oxygen uptake; n, sample size; SD,
standard deviation.

VO, max, Mmaximal oxygen uptake.

© 2017 Scandinavian Society of Clinical Physiology and Nuclear Medicine. Published by John Wiley & Sons Ltd



Functional training: a systematic review, M. P. C. Rezende Barbosa et al. 5

Table 2 Internal assessment of the methodological validity of the
trials collected in this systematic review through the criteria estab-
lished by Pedro Scale tool.

Criteria
Studies 1 2 4 5 6 7 8 9 10 11 Score
Binder et al. Y YN Y NDNNNN Y Y 4/10
(2002)

Smiley-Oyen Y Y N Y N N N N N Y Y 4/10
et al. (2008)

Misic et al. N YNJYNNNY Y Y Y 6/10
(2009)

VanRoieetd. Y Y Y Y N N N Y N Y Y 6/10
(2010)

Rezende Y Y NY NNN Y N Y Y 5/10
Barbosa

et al. (2015)

Y, yes; N, no; Criterion 1, eligibility criteria; Criterion 2, random
allocation; Criterion 3, allocation was concealed; Criterion 4, similar
regarding groups at baseline; Criterion 5, blinding of all subjects; Cri-
terion 6, blinding of all therapists; Criterion 7, blinding of all asses-
sors; Criterion 8, adequate follow-up; Criterion 9, intention to treat;
Criterion 10, comparison between groups; Criterion 11, measures of
variability and precision.

Criterion 1 is not used to calculate the PEDro score.

term and another (Van Roie et d., 2010) with 120 participants
investigated intermediate-term effects (Fig. 2). No difference
was found on diastolic blood pressure (DBP) (mean difference
of —1-50, 95% CI —35-65 to 32-65, P =10-931), on HR
(mean difference of —6-80, 95% CI —17-92 to 4-32,
P =0-231), on inspiratory frequency (mean difference of
1-60, 95% CI —19-52 to 22-72, P = 0-882), on SatO, (mean
difference of 0-00, 95% CI —0-51 to 0-51, P = 1-000) and on
systolic blood pressure (SBP) (mean difference of —0-40, 95%
CI —13-02 to 12-22, P = 0-950) at short-term follow-up. In
addition, no difference was found on SBP (mean difference of
0-10, 95% CI 0-71-0-91, P = 0-808) and on DBP (mean dif-
ference of 0-40, 95% CI —0-05 to 0-85, P = 0-080) at med-
ium-term follow-up. A small and no clinically important

Studyname Outcome Time point

Statistics for each study

effect on VO, that favoured control at medium-term follow-
up (mean difference of 1-30, 95% CI 1-07—1-53, P<0-001). A
determination of the control group for both studies was
absence of intervention.

Based on the GRADE system, there is poor quality evidence
that functional training was not better than control to improve
cardiovascular parameters. Meaning that more investigations
are very likely to have a significant impact on the estimated
effect and future high-quality studies are likely to change
them. The evidence was downgraded due to small samples
and publication bias.

Functional training versus other interventions

Pooled analyses of three studies (Binder et al., 2002; Smiley-
Oyen et al., 2008; Misic et d., 2009) with 227 participants
showed no effects favouring functional training on VO, at
medium-term follow-up (Fig. 3). Weighted mean difference
was —1-0 (95% CI —5-4 to 3-3), P = 0-642. Other interven-
tions used were low-intensity home exercise programme (Bin-
der etal., 2002), 10 min warm-up, 25-30 min on the
aerobic exercise equipment of their choice (Smiley-Oyen et dl.,
2008) and traditional cardiovascular machines including tread-
mills, stationary cycles, elliptical machines and stair stepping
machines (Misic et al., 2009).

According to the GRADE system, there is very low quality
evidence that functional training was not better than other
interventions to improve cardiovascular parameters. The evi-
dence was downgraded due to methodological quality, small
samples and publication bias and we found very uncertain
estimated effects needing future high-quality studies to change
them.

Discussion

The present systematic review aimed to gather information in
the literature regarding the influence of functional training on
cardiorespiratory parameters. The main and worrisome finding
in this study was the poor quality evidence observed on the

Sample size Difference in means and 95% CI

Difference Lower U -
; e (had Functional Control gro
inmeans bmit [mit p.Vaye training i

Rezende Barbosa et al, 2015 DEP Short-term effect —1-50 -3565 3265 0931 13 16 =
HR —6-80 -1792 432 0231 L
IF 160 -1952 2272 0882
Sat02 0-00 —0-51 051  1-000
SBP —040 1302 1222 0950
Roie et al. 2010 DBP Intermediate-term effect 0-40 005 085 0080 60 60
SBP 0-10 —071 091 0808
Vo2 130 107 153 0000 u

-20-00 -10-00 000 10-00 20-00

Favours Favours
Functional training Other tntervention

Figure 2 Individual studies comparing functional training to control groups at short- and intermediate-term follow-up.
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Sample size Difference in means and 95% CI Relative

Functional , Other -
training intervention

P % 3630

29 28 s

26 29 3606

121 106
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Favours
Other intervention

Favours
Functional training

Figure 3 Pooling data comparing functional training to other interventions on VO, at intermediate-term follow-up from three studies (n = 227).

GRADE system that functional training was not better than
control or other interventions to improve cardiovascular
parameters. What means that more investigations are very
likely to have a significant impact on the estimated effect and
are likely to change what was found in this systematic review.

Also we stress the importance of this review for physical
training practitioners and mainly for healthcare professionals,
especially those working directly with the physical training; as
it is of great importance for these people to know this kind of
training, and if there are benefits for the cardiorespiratory sys-
tem by the practice of functional training as it has been
widely spread and known. However, functional training did
not show to be better than control and other interventions,
but it did not show to be worse either. This emphasizes the
need for new studies about the theme.

By the other hand, some studies have shown the benefits of
functional training (compared with other interventions or
control group who did not undergo training/or have received
minimal intervention), when we look at variables such as car-
diac autonomic modulation evaluated by heart rate variability
(de Rezende Barbosa et al., 2016a,b), a non-invasive tool that
assesses autonomic function analysing the oscillations between
consecutive heart beats whose variations provide information
about the autonomic nervous system and its control over the
heart (de Rezende Barbosa et al., 2016a).

In addition, studies have pointed out that functional train-
ing may benefit other variables such as body composition
(Neves et al., 2014), strength gain and improvement in func-
tional performance (Karinkanta et al., 2007; Cyarto et dl.,
2008; Van Roie et al., 2010; Weiss et al., 2010a,b; Granacher
et al., 2013), among others. But when we check the benefits
of functional training under cardiopulmonary parameters by
evaluating variables such as VO, (Binder et al., 2002; Smiley-
Oyen et al., 2008; Misic et al., 2009), blood pressure (Rezende
Barbosa et al., 2016b) and SpO, (Rezende Barbosa et dl.,
2016b), most of the findings do not point to improvements
in these parameters after the completion of functional training
and are inconclusive because of the diversity of the results,
emphasizing as well the importance of this systematic review
which sought to clarify and define the influence of functional
training on cardiorespiratory parameters.

In addition, it is important to note that two of the studies
included in this review (Rezende Barbosa et dl., 2016b; Van

Roie et al., 2010) included a control group whose characteristic
was the absence of intervention and the others included other
forms of training as a comparative condition. We can observe
that regardless of the type of training used or even the absence
of training was not able to promote significant changes in car-
diorespiratory parameters when compared to functional train-
ing. One hypothesis to justify the lack of improvement in these
variables after the completion of functional training could be
how the training has been proposed. We observed that none of
all articles that composed this review stipulated a cardiorespira-
tory target to the functional training, like is normally performed
in endurance training. This is a hypothesis that future researches
could study to understand these cardiorespiratory improve-
ments related to functional training. Performing functional
training in a continuous format has the potential to provide a
better cardiorespiratory stimulus than circuit weight training
(traditional one) through the use of dynamic travelling patterns
within both upper and lower extremities. This allows continu-
ous use of the large muscle groups, which is a recommended
component of cardiorespiratory endurance exercise prescription
(Lagally et dal., 2009).

In addition, workloads that associate periodization volume
ratio X intensity developed of the training they are also
essences for good results (Wilson et al., 2015), as the inade-
quacy of such variable factors are sufficient to not cause per-
ceptible cardiovascular changes. About the selected studies for
this review, all of them explain how they do this workloads
to functional exercises (Rezende Barbosa et dal., 2016b; Binder
et al., 2002; Smiley-Oyen et al., 2008; Misic et al., 2009; Van
Roie et al., 2010) but all these prescriptions are so different
that other studies would be necessary to say which is effective
to give better results in terms of cardiovascular changes.

Despite the absence of statistically significant differences in
the studies evaluated in this review in relation to cardiorespi-
ratory parameters, the behaviour of the variable VO2 should
be highlighted. Van Roie et d. (Van Roie et al., 2010) indi-
cated that after the first 6 months of intervention, both groups
(Functional vs. control training) presented increases in similar
VO2peak values; however, the effect of this increase was
higher for functional group, suggesting the effect of this train-
ing modality in relation to cardiorespiratory capacity.

Given the results, we emphasize the importance of develop-
ing further studies to report the influence of functional

© 2017 Scandinavian Society of Clinical Physiology and Nuclear Medicine. Published by John Wiley & Sons Ltd

95



Functional training: a systematic review, M. P. C. Rezende Barbosa et al. 7

training on cardiorespiratory parameters in the population, as
only by higher quality studies (preferably randomized clinical
trials) we can say, indeed, whether functional training is ben-
eficial and/or superior to other types of training (or no train-
ing, control) in terms of cardiorespiratory gains. Mainly
studies comparing functional training to controls need to be
performed, to really verify the functional influence about car-
diovascular parameters.

This is because in addition to the limited number of arti-
cles found that used functional training (five studies) associ-
ated with publication bias and the small number of
individuals in pooled studies (<300 people) contributed to
the classification in the GRADE scale as a study of poor qual-
ity evidence, which means that more investigations are very
likely to have a significant impact on the estimated effect
and is likely to change what was found in this systematic
review.

As study limitations, we should mention the difficulty in
the selection of keywords to search for items, as this kind of
training is ‘recent’ and there is still no specific descriptor to
attribute to functional training, requiring then to make a

comprehensive search, involving several other types of train-
ing and then filtering so that only those who used functional
training would remain. We should also add the limited
amount of studies found, as stated above, which resulted in a
low-qualitative evidence review. We believe that further stud-
ies that address the definition ‘functional training’ can help
reach a consensus on this type of training and also to define a
‘word’ or ‘specific keyword’.

In summary, this systematic review may conclude that it is
not possible to affirm that functional training is a better alter-
native than other interventions to improve cardiovascular
parameters and emphasizes the importance of new researches
on the subject with methodological rigour.
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Appendix 1. Cardiovascular variables description of the 5 included studies.

Functional training Control Other interventions
Study Mean SD Sample Mean SDh Sample Mean SD Sample
Maximal Oxygen Uptake (VO,p,.) and Peak Oxygen Consumption (VOjpeax)
Binder et a. (2002) 17-4 3-4 66 152 33 49
Smiley-Oyen et al. (2008) 321 9.7 29 343 62 28
Misic et al. (2009) 18-9 2-7 26 22-3 6-2 28
Roie et al. (2010) 245 0-7 60 23-2 0-6 60 243 0-7 66
Systolic Blood Pressure (transformed to 0-100 scale)
Roie et al. (2010) —2:2 2-3 60 —-2-3 22 60
Rezende Barbosa et al. (2016b)* —7-3 25-8 13 —6-9 1,6 16
Diastolic Blood Pressure(transformed to 0—100 scale)
Roie et al. 2010 —5-0 1-3 60 —5-4 1-2 60 —5-4 1-3 66
Rezende Barbosa et al. (2016b)* —114 69-8 13 -9-8 46 16
Heat rate (transformed to 0-100 scale)
Rezende Barbosa et al. (2016b)* —7-1 12-4 13 —0-3 17-1 16
Inspiratory frequency (transformed to 0-100 scale)
Rezende Barbosa et al. (2016b)* 3-16 1-3 13 1-6 387 16

SD, standard deviation.

*Investigated effects in two different settings separately.
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1 | CASE REPORT

An elderly Caucasian woman (79 years old) was admitted to the emer-
gency room with complaint of precordial pain for 6 months with epi-
gastric irradiation at rest, worsening in intensity and duration in the
last 2 days associated with dyspnea and dry cough. 30 days before she
had a syncopal episode with palpitations.

Negative family history for sudden death or syncope in first-degree
relatives <45 years.

Physical examination: sinus rhythm, heart rate 96 bpm, diffuse
hypophonesis, left basal crackles in the left lung and auscultation
over the right lung produced a very muffled sound, painful distended
abdomen palpation in the right hypochondrium, palpable liver at
3 cm below the right costal ridge. Palpable cervical ganglia on the
right side.

Discrete troponin elevation (0.320) with normal CK-MB; normal
electrolytes.

Initial 12-lead electrocardiogram (ECG) was performed (Figure 1),
which led to thinking of right ventricle (RV) myocardial infarction.
Coronary angiography revealed 70% proximal obstruction in the right
coronary artery (RCA) (Figure 2) and ventriculography did not reveal

Recently, it has been shown that even experts in electrocardiography cannot differen-
tiate the electrocardiographic pattern of genuine Brugada syndrome (BrS) from
Brugada phenocopy (BrP). For this reason, this differentiation depends on the pres-
ence of established criteria both for BrS and BrP. In this manuscript, we present a pa-
tient with type 1 Brugada electrocardiographic pattern caused by expansive anterior
mediastinal non-Hodgkin’s lymphoma (NHL) with mechanical compression on the
right ventricular outflow tract. The electrocardiographic pattern disappeared rapidly
after antineoplastic measures.

Brugada phenocopy, Brugada syndrome, non-Hodgkin's lymphoma, sodium channel blocker

dyskinesis in any ventricle. Successful stent implantation was placed
in the RCA (TIMI 3 and BLUSH 3). Even with the success of the proce-
dure, serial ECGs did not show reversion of ST elevation (STE) in the
right precordial leads.

Posteroanterior chest x-ray (Figure 3) showed a large pleural effu-
sion on the right side that disappeared after treatment.

Computed tomography of the thorax showed an invasive expan-
sive process (tumor) of the right pulmonary artery and the RV outflow
tract (RVOT) (Figure 4).

Echocardiogram showed mild concentric left ventricle (LV) hy-
pertrophy (septum and free wall = 12 mm), normal ventricular func-
tion (LV ejection fraction = 73%); chambers with normal dimensions;
global contraction and preserved segment; moderate pericardial
effusion without diastolic restriction; pulmonary artery systolic
pressure = 65 mmHg.

Transcarinal needle aspiration biopsy revealed NHL. Chemotherapy
treatment was started, associated with radiotherapy and immunother-
apy with monoclonal antibodies and cytokines, which led to the re-
versal of type 1 Brugada ECG pattern (Figure 5). As an indispensable
element for this diagnosis, we performed a provocative ajmaline test
that was negative.

Ann Noninvasive Electrocardiol. 2017;e12509.
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FIGURE 1 |Initial ECG. STE in aVR and from V, -V, decreasing progressively (this characteristic differentiates RV infarction from anteroseptal
LV infarction). Concomitantly, ST depression is observed in inferior and lateral walls. Conclusion: type 1 Brugada ECG pattern

FIGURE 2 Percutaneous coronary
intervention. Occlusion of the proximal
RCA (a), TIMIS3 flow in the dominant RCA
after insertion of drug-eluting stent (b)

FIGURE 3 Posteroanterior chest x-ray.
Large pleural effusion before (a) and after
treatment (b)
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FIGURE 4 The computed tomography indicates the tumor
extension (arrow)

2 | DISCUSSION

In the second consensus conference about BrS, the admitted criteria
are: absence of apparent structural heart disease; absence of drugs
effects, electrolyte disturbance and coronary artery disease; docu-
mented polymorphic ventricular tachycardia (PVT)/ventricular fibril-
lation (VF); family history of syncope and/or sudden cardiac death
at <45 years in first-degree relatives; type 1 Brugada ECG pattern in
proband and family members; induction of PVT/VF with programmed
electrical stimulation; and syncope, cardiac arrest or nocturnal agonal
respiration (Antzelevitch et al., 2005).

WILEY-2°

Several conditions have been suggested to mimic this ECG pattern
without the same clinical implications. In our patient, the ECG pattern
was most likely due to tumor compression of the RVOT, since the ECG
normalized after tumor disappearance. It is difficult to decide if this
“secondary” form of Brugada-like electrocardiographic changes can
result in an increased risk for developing ventricular tachyarrhythmia
in asymptomatic patients with BrS.

To our knowledge, a relation between RVOT compression by ex-
tracardiac mass and type 1 Brugada ECG pattern has been reported
for the first time in 1999 by Tarin et al. (Tarin, Farre, Rubio, Tunon,
& Castro-Dorticos, 1999), but in this case, they did not perform the
sodium channel block test.

The present case has all the necessary criteria for BrP (Anselm,
Gottschalk, & Baranchuk, 2014): type-1 Brugada ECG pattern, under-
lying identifiable condition, ECG normalization after resolution of the
underlying condition, low clinical pretest probability of true BrS de-
termined by a lack of symptoms, medical and family history, negative
ajmaline provocative test.

3 | CONCLUSION

We presented a case of mediastinal non-Hodgkin's lymphoma that
compressed the RVOT originating a type 1 Brugada ECG pattern.
After the treatment and lymphoma reversal, this pattern disappeared.
The negative provocative ajmaline test indicates low probability of

Brugada syndrome.

FIGURE 5 ECG normalization after oncologic therapy. Low QRS voltage in the limb leads (<5 mm) and precordial leads (<10 mm), ST
depression in inferior and lateral precordial leads
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1 | INTRODUCTION

Catecholaminergic polymorphic ventricular tachycardia is a rare devastating lethal in-
herited disorder or sporadic cardiac ion channelopathy characterized by unexplained
syncopal episodes, and/or sudden cardiac death (SCD), aborted SCD (ASCD), or sud-
den cardiac arrest (SCA) observed in children, adolescents, and young adults without
structural heart disease, consequence of adrenergically mediated arrhythmias:
exercise-induced, by acute emotional stress, atrial pacing, or p-stimulant infusion, even
when the electrocardiogram is normal. The entity is difficult to diagnose in the emer-
gency department, given the range of presentations; thus, a familiarity with and high
index of suspicion for this pathology are crucial. Furthermore, recognition of the char-
acteristic findings and knowledge of the management of symptomatic patients are
necessary, given the risk of arrhythmia recurrence and SCA. In this review, we will
discuss the concept, epidemiology, genetic background, genetic subtypes, clinical
presentation, electrocardiographic features, diagnosis criteria, differential diagnosis,

and management.

KEYWORDS
catecholaminergic polymorphic ventricular tachycardia, channelopathies, normal structural
heart, sudden cardiac death/arrest

activities challenging the paradigm that CPVT arrhythmias are isolated

to times of adrenergic stress (Roston, Yuchi et al., 2017).

Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a
channelopathy, without apparent structural heart disease. It is a het-
erogeneous disease characterized by normal resting ECG, and ven-
tricular events triggered by exercise, acute emotion, stress-induced
or adrenergically mediated premature ventricular contractions (PVCs),
polymorphic ventricular tachycardia (PVT), and/or bidirectional VT
(BVT), with recurrent character and usually when the heart rate (HR)
gets >120 bpm. CPVT is observed in the pediatric, adolescent, or ju-
venile adult age group. Rarely, it is the underlying cause of sudden
infant death syndrome (SIDS) and juvenile SCD, exerting a deep social
impact, due to the young age of the victims and the unexpected occur-
rence of them. In approximately 25% of symptomatic patients, cardiac

events are precipitated by only normal wakeful rest and normal daily

2 | EPIDEMIOLOGICAL FEATURES

Age: From early childhood to early adulthood, with an average be-
tween 2 and 21 years; however, incident symptomatic cases have
been reported in adults up to 40 years. In the CPVT-1 and CPVT-3
subtypes, the onset of symptoms occurs at =10 years; CPVT-2 at
=7 years; CPVT-4 at =4 years; CPVT-5 at =2.26 years; and in the non-
genotyped variant, CPVT becomes symptomatic later in life.
Prevalence: It is estimated =1-5,000/10,000 people. CPVT is an
important cause of stress- and emotion-induced syncope and SCD

mainly in children.

Ann Noninvasive Electrocardiol. 2017;e12512.
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Familial occurrence: =30% of cases.

Inheritance may be autosomal dominant (AD) (mutations of the
cardiac Ryanodine receptor gene (RyR2)) or recessive associated with
mutations in the gene encoding the cardiac isoform of calsequestrin,
with high penetrance.

2.1 | Genetic types

CPVT has been mapped on chromosomes 1, 7, 14, 4, and 17.
Genetic analysis identifies two main groups and related entities:

1. With mutation or juvenile

2. Sporadic or nongenotyped: These are predominantly women and
become symptomatic later in life. Incidence: =30%; M/F ratio: F>M;
Inheritance: sporadic or gene-negative CPVT; Onset of symptoms:
>20 years.

3. CPVT-related entities (Figure 1)

2.2 | CPVT with mutation: Characteristics

221 | CPVT1

Mutations: RyR2 gene. This is the largest known ion channel in
the human genome and is responsible for Ca®* regulation in the
cardiomyocyte (Priori & Chen, 2011). More than 200 gain-of-
function RyR2 variants have been described or to a lesser extent, loss-
of-function RYR2 mutations exist, but instead underlie an arrhythmia
syndrome distinct from CPVT (Roston, Sanatani, & Chen, 2017),
short-coupled torsades de pointes (TdP) (Fuijii et al., 2017) and idi-
opathic ventricular fibrillation (IVF) (Paech et al., 2014). Additionally,
RyR2 is linked to left ventricular noncompaction (LVNC) (Ohno et al.,

CASQ2 Others
1% 5%

Unknown 39%

FIGURE 1 Inabout 40% of patients with CPVT, disease-specific
mutations are not identified

2014). A structural phenotype related to RYR2 exon 3 deletion has
been described in an unrelated patient (Campbell, Czosek, Hinton,
& Miller, 2015). Currently, it is not known whether larger deletions
of RyR2 are likely to manifest in structural heart disease. Some RyR2
mutations may be benign polymorphisms, and variants of unknown
significance in RyR2 are common (Roston et al., 2015), making it dif-
ficult to link rare structural phenotypes to RyR2. Mutations in RyR2
produce altered Ca?* homeostasis leading to arrhythmogenic right
ventricular cardiomyopathy type 2 (ARVC2) and CPVT (Laitinen,
Swan, & Kontula, 2003). ARVC2 is an autosomal dominant entity
characterized by replacement of myocytes with fibrofatty tissue lead-
ing to monomorphic VT with left bundle branch block (LBBB) pattern.
Studies in ARVC2 suggest that Ca®* leakage from myocardial sinus
rhythm (SR) via dysfunctional RyR2 is associated with development
of VTs (Tiso et al., 2001). The incidence of ARVC2 is =1 in 10,000
adults in the United States. CPVT is characterized by stress-induced
VT (Laitinen et al., 2003). Roles for protein kinase A (PKA) and Ca®*/
calmodulin-dependent protein kinase Il (CaMKII) phosphorylation and
enhancement of RyR2 open probability in these arrhythmias has been
suggested (Marx et al., 2000; Valdivia, Kaplan, Ellis-Davies, & Lederer,
1995). In patients with CPVT increased, PKA phosphorylation and
leaky RyR2 channels were observed during -adrenergic stress and
exercise. Binding studies in vitro suggested that the mutant RyR2 as-
sociated with CPVT has a lower affinity for FKBP12.6 (Wehrens &
Marks, 2003). Later studies suggested that CPVT RyR2 expressing
cells are more sensitive to p-adrenergic receptor stimulation (by either
isoproterenol or forskolin) and have prolonged Ca?* transients under
these conditions. Relative incidence among all variants: Mutations in the
RyR2 gene have been found in =55% of people with CPVT. Gender:
M/F ratio: 1:1 (Tester et al., 2006). Inheritance: RyR2 mutations follow
an autosomal dominant trait; however, de novo mutations are often
identified during familial analysis. Half of the RyR2 mutations are de
novo, and most of the remaining mutations are inherited from moth-
ers. Relatives carrying a RyR2 mutation in the C-terminal channel-
forming domain showed increased odds of nonsustained ventricular
tachycardia (NSVT) compared with N-terminal domain (mutation lo-
cation may be associated with severity of the phenotype). Relatives
carrying an RyR2 mutation show a marked phenotypic diversity. The
arrhythmic event rate during follow-up is slow (van der Werf et al.,
2012). Onset of symptoms: =10 years; SCD: =10%,; Locus: 1q42-g43
(Swan et al., 1999); Protein: Cardiac RyR.

222 | CPVT2

Mutations: CASQ2 gene; Relative incidence among all variants: =1% or
2% of affected homozygous individuals. Heterozygous CPVT2, vari-
ant (D340stop). CASQ2 mutations are more common than previously
thought and produce severe forms, and another 5% have mutations
in the TRDN, CALM, TRD, ANK2, KCNJ2 genes; Gender: M/F ratio:
=1:1; Inheritance: Autosomal Recessive (AR) (Eldar, Pras, & Lahat,
2003). Nonsense or missense recessive form of CPVT (Lahat et al.,
2001; Postma et al., 2002). Onset of symptoms: =7 years; SCD: =42%,;
Locus: 1p13.1; Protein: Cardiac Calsequestrin.
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Note: Pathogenic mutations in RyR2 and CASQ2 are associated
with the development of CPVT, an SCD-predisposing arrhythmia.
Rapid expansion of genetic testing technologies has increased the
utilization of clinical whole-exome sequencing (WES) and, with it, the
incidental identification of Variants of Unknown Significance (VUS) in
RyR2 and CASQ2. Clinically reported, incidentally identified variants
in RyR2 and CASQ2 are found in =9% of WES tests. The location of
WES-identified variants more closely resembles healthy variations
than pathogenic mutations. For those WES referral subjects who
underwent cardiac evaluation with a low pretest suspicion for chan-
nelopathic disease, there was no clinical evidence of CPVT (Landstrom
et al., 2017). Mutations in either the RyR2 or CASQ2 gene disrupt the
handling of Ca%* within myocytes. During exercise or emotional stress,
impaired Ca?* regulation in the heart can lead to VT in people with
CPVT. Genetic information proved to be important in the prediction
of risk on lethal ventricular arrhythmias of affected individuals (Wilde
& Amin, 2017).

223 | CPVT3

Mutations: TRDN gene; Relative incidence among all variants: <1%,;
Gender: M/F ratio: 1:1; Inheritance: malignant AR; Onset of symp-
toms: =10 years; SCD: =75%; Locus: 7p22-p14 (Bhuiyan et al., 2007).
A number sign (#) is used with this entry because of evidence that
CPVT3 is also caused by homozygous mutation in the TECRL gene
(c.331 + 1G>A) (617,242) on chromosome 4q13. CPVT3 is character-
ized by overlapping features of long QT syndrome (LQTS) and CPVT.
Affected individuals exhibit adrenergic VT associated with a high
prevalence of SCA and SCD, with recurrent atrial tachycardia some-
times triggering the VTs. Affected individuals have a normal or mildly
prolonged QTc, with a paradoxical QT increase during adrenergic

simulation (Devalla et al., 2016).

224 | CPVT4

Mutations: ANK2 gene; Relative incidence among all variants: <1%,;
Gender: M/F ratio: 1:1; Inheritance: AD; Onset of symptoms: =4 years;
SCD: =18%; Locus: 14g32.11; Protein: Calmodulin (CaM); Gene:
Calmodulin 1 (CALM) (Nyegaard et al., 2012). CaM is a Ca%* binding
protein modulating multiple targets.

Note: Mutations in the CALM1-2. 3 genes.

The underlying etiology described is LQTS, CPVT and IVF. Little
phenotypical data about CALM2 mutations is available.

Nyergaard et al. applied a genome-wide linkage analysis in
a large Swedish family with a severe dominantly inherited form
of CPVT-like arrhythmias, and mapped the disease locus to chro-
mosome 14q31-32. Calmodulin 1 mutations can cause severe car-
diac arrhythmia and the calmodulin genes are candidates for genetic
screening of individual cases and families with idiopathic VT and
unexplained SCD.

Human calmodulin 2 mutation p.Asn98Ser is also associated
with SCD in childhood with a variable clinical penetrance. Jiménez-
Jaimez et al. provide new phenotypical information about clinical

behavior of calmodulin 2 mutation p.Asn98Ser (Jimenez-Jaimez,
Jimenez-Fernandez, & Tercedor, 2016). CALM2 mutations can be as-
sociated with LQTS and with overlapping features of LQTS and CPVT
(p.D132E, p.Q136P) (Makita et al., 2014).

225 | CPVT5

Mutations: TRD gene; Relative incidence among all variants: <1%;
Gender: M/F ratio: =3:1; Inheritance: AR or sporadic; Onset of symp-
toms: =2.26 years; SCD: =25% of cases; Locus: 6q22.31; Protein:
Trianin (absence).

2.2.6 | CPVT-related entities

Andersen-Tawil syndrome (ATS) classified as LQT type 7 (LQT7)
variant

Mutations: mutations in the inward-rectifying potassium chan-
nel, KCNJ2 gene (ATS type 1 (ATS1)-60% of cases). A mutation has
also been reported in the KCNJ5 gene which encodes the G-protein-
activated inwardly rectifying potassium channel 4 (Kir3.4) protein, caus-
ing a similar phenotype (Kokunai et al., 2014); Incidence: <1%; Gender:
M/F ratio: F>M; Inheritance: AD or sporadic; Onset of symptoms: 14, 9,
17 years; SCD: unknown ; Locus: 17q24.3; Protein: K; 2.1a; Phenotype:
characterized by the triad of characteristic TU wave pattern (this con-
dition may also develop BVT, periodic flaccid paralysis and distinctive
dysmorphic facial features). ATS patients may show a prolongation of
the QT interval, which explains the classification as LQT7, however, QT
prolongation is usually absent (Zhang et al., 2005). In ATS1, the syn-
drome is associated with a loss-of-function mutation in the KCNJ2
gene which encodes the Kir2.1 inward rectifier potassium channel. ATS
type 2 does not differ from ATS1 in its clinical symptoms, and specific
neurological or neurocognitive defects. The phenotypes are highly vari-
able and the penetrance is not high in the KCNJ2 related ATS (Kimura
et al., 2012). It is a phenocopy of CPVT, and both conditions appear to
respond well to Na* channel antagonists, suggesting the possibility of a
shared mechanism.

227 | LQT4

Mutations: ANK2; Incidence: <1%; Gender: M/F ratio: unknown;
Phenotypes: Rare variants in ANK2 are associated with various car-
diac phenotypes such as atrial fibrillation (AF), atrial flutter, sinus node
dysfunction, LQTS, Brugada syndrome, IVF, CPVT and hypertrophic

cardiomyopathy representing “ankyrin-B syndrome.”

2.3 | Clinical aspects

Major symptoms are associated with emotional stress, physical exer-
cise or B-adrenergic agonist; including syncope, SCD, ASCD, or SCA.
Due to its potential lethal outcome, exclusion or confirmation of CPVT
in children with physical and emotional syncope is mandatory.

Minor symptoms are exercised-induced palpitations, chest pain or

dizziness.
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Family history of SCD. Inheritance: AD, AR or sporadic. ECG with
PVCs, couplets, or bigeminy. At a certain HR threshold above 100-
120 bpm, isolated PVCs develop first, followed by short runs of NSVT.
With continued exercise, VT duration often prolongs and it may be-
come sustained BVT/PVT. A classical feature is the subsequent de-
velopment of BVT. Patients may develop PVT/VF without the QRS
vector alternans.

2.4 | Diagnosis criteria

Heart Rhythm Society consensus statement mentions (Priori et al.,
2013):

1. CPVT is diagnosed in the presence of a structurally normal
heart and coronary arteries, normal ECG, and unexplained ex-
ercise or catecholamine-induced BVT, polymorphic PVCs or VT
in individuals <40 years of age.

2. CPVT is diagnosed in patients who have a pathogenic mutation.

3. CPVT is diagnosed in family members of a CPVT index case with a
normal heart who manifests exercise-induced PVCs or BVT/PVT.

4. In any young person with unexplained syncope, unexplained sei-
zures, or SCD/SCA.

3 | ELECTROCARDIOGRAPHIC FEATURES

1. HR: bradycardia tendency off drugs is observed in all carriers.
CPVT patients often present bradycardia and sinoatrial node
(SAN) dysfunction. Wang etal. analyzed the SAN function in
two CPVT families and in a novel knock-in (KI) mouse model
with the RyR2R420Q mutation. Humans and Kl mice presented
bradycardia. Accordingly, the rate of spontaneous intracellular
Ca?* transients was slower in KI mouse SAN preparations than
in wild type (WT), in other words Cycle length (CL) in SAN in
Kl is longer than in WT without any significant alteration in
the funny current or I. The L-type Ca®* current was reduced
in KI SAN cells in an intracellular Ca2+—dependent way, suggesting
that bradycardia was due to disrupted cross-talk between the
“voltage” and “Ca®*” clock, and the mechanism of pacemaking
was induced by aberrant spontaneous RyR2-dependent Ca*
release. These findings were consistent with a higher Ca®* leak
during diastolic periods produced by long-lasting Ca?* sparks in
KI SAN cells. These results uncover a mechanism for the CPVT-
causing RyR2 N-terminal mutation R420Q, and they highlight
the fact that enhancing the Ca?* clock may slow the heart
rhythm by disturbing the coupling between Ca?* and voltage
clocks (Wang etal., 2017).

2. Rhythm: SR. Abnormalities in SAN function, as well as atrioventricu-
lar nodal function, could produce some elements of sick sinus syn-
drome (SSS): atrial fibrillation (AF), atrial flutter and/or atrial
standstill.

3. QTcinterval: normal at resting ECG (Postma et al., 2005).

4. U-wave dlternans: it was observed after ventricular pacing at
160 bpm, during the recovery phase after the treadmill stress test-
ing (TST) (Aizawa et al., 2006).

5. Arrhythmias
a. Supraventricular: The atrium could be affected by the channel-

opathies, and arrhythmias in these chambers may cause syn-
cope. AF, atrial flutter, atrial standstill, and SSS are occasionally
present.

b. Ventricular: Characteristic is the sequence of junctional tachycar-
dia, PVCs with quadrigeminy, trigeminy, and bigeminy; shorter
or longer salvoes of BVT; and bursts of rapid, irregular PVT; de-
pending on the intensity of the adrenergic stimulation, the dis-
appearance occurs in the reverse order. VTs elicited exclusively
by exercise or adrenergic stress. In addition, VTs are typically
induced by isoproterenol infusion (Figure 3). PVCs: Ca** chan-
nel antagonist, verapamil, can suppress PVCs and NSVT salvoes
in CPVT caused by RyR2 mutations. Modifying the abnormal
Ca®* handling by Ca?* antagonists might have therapeutic value
(Swan, Laitinen, Kontula, & Toivonen, 2005). Ca%* antagonists
partially suppressed CPVT in AD cases. PVT: it is defined as the
VT with an irregularly variable axis of the QRS. In CPVT it occurs
during physical exercise or emotional stress. Mean HR during
CPVT is 192 bpm. Most cases are NSVTs (=70%), but =20% are
SVTs and 7% are associated with VF. PVT and BVT in association
are observed in =20% of cases in the pediatric group. There is
100% inducement of CPVT by exercise, 75% by catecholamine
infusion, and none by programmed ventricular stimulation. No
late potentials on signal-averaged electrocardiography are re-
corded. The onset is in the right ventricular outflow tract in
more than 50% of the cases (Sumitomo et al., 2003). The His-
Purkinje system is an important source of focal arrhythmias in
CPVT (Cerrone et al., 2007). BVT is a more typical feature. It is
identified as a VT characterized by a beat-to-beat alternation of
the QRS axis in most of the documented runs of VT (>4 consec-
utive beats) (Priori et al., 2002) (Figures 2 and 3).

3.1 | Differential diagnosis

CPVT should be included in the differential diagnosis in children with
recurrent episodes of syncope. The following are the main differential
diagnoses:

1. Exercise-related syncope in LQTS. LQTS can be present in patients
with normal QTc interval at rest, also called concealed form
(=40% of cases), even in the presence of an unequivocally
pathogenic mutation (silent mutation carrier). TST can unmask
patients with concealed LQTS, particularly LQT1, with good
diagnostic accuracy measuring the QTc at peak exercise and
at 1, 2, 3, 4, and 5 minutes of recovery phase. An absolute
QTc 2460 ms during the recovery phase or a maladaptive, par-
adoxical increase in QTc, defined as QTc recovery-QTc baseline
230 ms (AQTc), distinguished patients with either manifest or
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FIGURE 2 Female, Caucasian, 20-year- i % :
old patient with recurrent syncope of L
uncertain etiology after physical and
emotional stress; carrier of familial CPVT. oA
QRS complexes alternans are observed
with alternating RBBB and RBBB patterns

The QRS axis shifts in a beat-to-beat avE ?1{4 i

alternation from -60 to +120°
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FIGURE 3 Typical BVT in a 7-year-old female carrier of CPVT-1
(RyR2 gene mutation). The diagnosis was made by isoproterenol
infusion. Note alternant QRS complexes (RBBB and LBBB patterns)

2.

concealed LQT1 from all other subsets. The presence of $-block-
ers did not blunt these abnormal repolarization profiles (Horner,
Horner, & Ackerman, 2011). Co-existence of other pathological
conditions in these silent mutation carriers may trigger a ma-
lignant form of PVT, the so-called TdP that is most commonly
brought about by drugs. Patients with CPVT and LQTS are
susceptible to cardiac events during sympathetic nervous system
activation. The QT interval in patients with CPVT is typically
normal. However, CPVT patients are sometimes misdiagnosed
as concealed LQTS, because patients with LQTS also manifest
with syncope or SCD following periods of exertion or extreme
emotion.

ATS classified as LQT?7 is characterized by the triad: QT interval pro-
longation, episodic flaccid paralysis and dysmorphic facial features.
The phenotypes are highly variable and the penetrance is not high.
Patients with KCNJ2 mutations are designated as ATS type 1;

5.

while patients who test negative as ATS type 2. A mutation has
also been reported in the KCNJ5 gene which encodes the
G-protein-activated inwardly rectifying potassium channel 4
(Kir3.4) protein, causing a similar phenotype (Kokunai et al., 2014).
Patients with this condition may also develop BVT. It is a pheno-
copy of CPVT, and both conditions appear to respond well to Na*
channel antagonists, suggesting the possibility of a shared mecha-
nism. Currently, ATS is better defined by its characteristic T-U
wave patterns than by QT prolongation, which is usually absent
(Zhang et al., 2005).

. Isolated coronary abnormalities: It refers to a wide range of congeni-

tal abnormalities involving the origin, course, and structure of epi-
cardial coronary arteries. By definition, these abnormalities occur
in <1% of the general population. These entities, such as CPVT,
may be associated with SCD during physical activities. In older
children or adolescents, anginal chest pain, syncope or SCA associ-
ated with activity is suggestive of coronary artery disease (CAD).
Table 1 summarizes the main differences between CPVT and iso-

lated coronary anomalies.

. ARVC: ARVC and CPVT are rare inheritable SCD syndromes ex-

pressed in younger individuals. ARVC is characterized by a pro-
gressive fibrofatty replacement of the myocardium that
predisposes to monomorphic VT with LBBB pattern while CPVT is
characterized by exercise induced BVT/PVT and a structurally nor-
mal heart. A mutation in different genes causes these syndromes
but, a mutation in a common gene RyR2 has been associated with
both disorders and it has been suggested that CPVT and ARVC
represent a phenotypic spectrum (Patel, Shah, Rampal, Shamoon,
& Tiyyagura, 2015). Some mutations in the RyR2 gene have also
been identified in patients with ARVC (Bhuiyan et al., 2007). In
about 40% of patients with both ARVC and CPVT, disease-specific
mutations are not identified.

with  similar

Hypertrophic cardiomyopathy might present

symptoms.
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CPVT Isolated coronary anomalies

Precordial pain Absent

TABLE 1 Main differences between
CPVT and isolated coronary anomalies

Frequent. In infants crying or sweating

during feeding it is considered an

Possible: secondary to papillary muscle

Tendency to extreme shift to the left

Present in =80% of the cases

equivalent
Pansystolic murmur Absent
rupture
Left atrial enlargement Absent Possible
QRS axis in basal ECG Nondeviated
Left ventricular hypertrophy Absent Frequent
Pattern of myocardial infarction Absent Frequent
QRS duration Normal Mild prolongation for age
QR pattern in lead | Absent
64-Multislice computed tomogra- Normal Always abnormal

phy coronary angiography

3.2 | Electrocardiographic characterization of BVT

1. Regular VT

2. HR between 140-200 bpm

3. Sudden change of QRS morphology by change of SAQRS, succes-
sively from beat to beat

4. SAQRS in the frontal plane with differences close to 180°: one
beat presents AQRS between -60° and -90° (right bundle branch
block (RBBB) + left anterior fascicular block) and the following be-
tween +120° and +130° (RBBB + left posterior fascicular block).

5. Occasionally alternating RBBB and LBBB morphology. The origin of
the tachycardia is located near the His bundle bifurcation. This sug-
gested a single focus at the interventricular septum with two exit
sites, depolarizing the right and left ventricle in an alternate fashion.
The tachycardia is due to macroreentry involving the two fascicles of
the left branch. Reentry may be a possible mechanism in some cases.

3.2.1 | The diagnostic criteria (Priori et al., 2013)

1. Presence of a structurally normal heart, normal ECG, and un-
explained exercise or catecholamine-induced BVT, polymorphic
PVCs or VT in individuals <40 years of age.

2. Patients (proband or family member) who have a pathogenic
mutation.

3. Family members of a CPVT index case with a normal heart who
manifests exercise-induced PVCs or BVT/PVT.

4. Presence of a structurally normal heart and coronary arteries, nor-
mal ECG, and unexplained exercise or catecholamine-induced BVT,

polymorphic PVCs or VT in individuals >40 years of age.

3.2.2 | Prognosis

The mortality rate in untreated individuals is 30%-50% by age 40. Even
after initiation of medical treatment, high-risk ventricular arrhythmias

were induced during exercise stress test in most RyR2-positive CPVT

patients. Most fatal recurrent cardiac events occurred in patients who
were noncompliant with exercise restriction and/or medical therapy.
Medical management including strict exercise restriction should be
emphasized to prevent recurrent cardiac event in most RyR2-positive
CPVT patients. Implantable cardioverter defibrillator (ICD) is neces-
sary for prophylaxis of SCD because =30% of patients still experience

VTs that may arise in certain specific areas but the prognosis is poor.

3.2.3 | Animal genetic treatment

Kujala et al. using a cell model of CPVT reveals early afterdepolariza-
tions (EADs) and delayed afterdepolarizations (DADs). This cell model
shows aberrant Ca?* cycling characteristic of CPVT and in addition
to DAD:s, it displays EADs. This cell model for CPVT provides a plat-
form to study basic pathology, to screen drugs, and to optimize drug
therapy (Kujala et al., 2012).

3.2.4 | Postmortem genetic testing

Postmortem genetic testing of RyR2 should be considered as a part of
the comprehensive medicolegal autopsy investigation of a sudden un-
explained death case and that this potentially heritable and often elu-
sive arrhythmia syndrome be scrutinized carefully in family members
of those who experience sudden unexplained death (Tester, Spoon,
Valdivia, Makielski, & Ackerman, 2004).

3.2.5 | Treatment

Patients who have had an episode of VF and those who have sustained
or are in hemodynamically unstable VT whilst receiving $-blockers are
considered at highest risk. Younger age at CPVT diagnosis is a predic-
tor of future events.

Electrophysiological studies are not helpful (Priori et al., 2002).

3.2.6 | Removal of triggers

Patients should be cautioned against virtually all forms of vigorous
physical activity. All competitive sports are prohibited for sympto-

matic and asymptomatic patients with typically effort-induced ECG
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features. In genotype-positive, asymptomatic patients without any
effort-induced ECG manifestation: recreational sports with only low

intensity may be allowed.

3.2.7 | Drugs

1. B-blockers are an effective pharmacological approach.
Unfortunately, =30% of patients have recurrences, and an ICD
may be required. The long acting p-blocker, nadolol is preferred
for prophylactic treatment of CPVT. Propranolol is also an
effective medication. Carvedilol is reported to inhibit the SOICR
in an HEK 293 cell culture model. Additionally, among various
B-blockers, only carvedilol inhibits RyR2 activity (Zhou et al.,
2011).

2. Verapamil has shown beneficial effects in some CPVT patients
(Rosso etal., 2007). The long-term efficacy of verapamil is
controversial.

3. Flecainide reduced exercise-induced ventricular arrhythmias in
patients with CPVT not controlled by conventional drug therapy.
Watanabe discovered that flecainide directly inhibits RyR2 chan-
nels and prevents events in CPVT. Among the Class | anti-ar-
rhythmic medications, only flecainide and propafenone

inhibit RyR2 activity. A recent report denies the direct suppres-

sion of RyR2 by flecainide (Bannister et al., 2015). That suggests
another mechanism of flecainide, such as inhibition of The Na(+)/

Ca(2+) exchanger (NCX). Flecainide was effective in patients with

genotype-negative CPVT, suggesting that spontaneous Ca?" re-

lease from ryanodine channels plays a role in arrhythmia suscep-
tibility, similar to that in patients with genotype-positive CPVT

(Watanabe et al., 2013). Flecainide can completely prevent ven-

tricular arrhythmia during exercise and partially prevent recur-

rent ICD shocks in high-risk patients with CPVT2. Flecainide can
be added for primary prevention of an SCA when f-blockers
alone cannot control the onset of arrhythmias during TST.

Flecainide suppresses cardiac tachyarrhythmias including parox-

ysmal AF, supraventricular tachycardia and arrhythmic LQTS, as

well as the Ca®*-mediated CPVT. The antiarrhythmic effects of
flecainide that reduce triggering in CPVT models mediated by
sarcoplasmic reticular Ca?* release could arise from its primary

actions on Na*V channels indirectly decreasing Ca2+i through a

reduced Na*i and/or direct open-state RyR2-Ca®* channel an-

tagonism. The consequent Ca12+i alterations could also modify ac-
tion potential propagation velocity and therefore the arrhythmic
substrate through its actions on Na, 1.5 channel function.

Flecainide proved to exhibit potential therapeutic efficacy in the

Ca?*-mediated CPVT. CPVT is predominantly associated with ge-

netic abnormalities involving the cardiac ryanodine receptor type

2 sarcoplasmic reticular (SR) Ca?* release channel (RyR2) and the

SR binding protein calsequestrin type 2 respectively. CPVT re-

sults in aberrant RyR2-mediated SR Ca?* release precipitated by

adrenergic stress. The leaky RyR2-Ca2+ release initiates DADs

that might trigger PVT. Initial findings that flecainide prevented

WILEY-7

ventricular arrhythmia in two patients with respective CASQ2
and RyR2 mutations in TSTs suggested a mechanism involving
reduced triggering activity. These clinical effects were corrobo-
rated by further case reports in which flecainide was added to
prior conventional p-adrenergic antagonist therapy. Recently, in
a randomized multicenter, single-blind, placebo-controlled cross-
over clinical trial of patients with CPVT. Patients with a clinical
diagnosis of CPVT and an ICD underwent a baseline TST while
receiving maximally tolerated p-blocker therapy that was contin-
ued throughout the trial. Patients were then randomized to treat-
ment A (flecainide or placebo) for 3 months, followed by exercise
testing. After a 1-week washout period, patients crossed over to
treatment B (placebo or flecainide) for 3 months, followed by ex-
ercise testing. Flecainide plus B-blocker significantly reduced
PVCs during exercise compared with placebo plus p-blocker and
B-blocker alone (Kannankeril et al., 2017).

3.3 | Left cardiac sympathetic denervation

(LCSD) and bilateral thoracoscopic sympathectomy
via a minimally invasive Video-Assisted Thoracoscopic
Surgery (VATS-LCSD)

With the advent of p-blocking drugs in 1964, the popularity of the
procedure waned as a “medical sympathectomy” could be performed
without the need for open surgery. VATS-LCSD is indicated in the
management of electrical storms and VT refractory to medical drugs,
especially in the setting of LQTS (Schwartz et al., 2004) and CPVT.
VATS-LCSD is a safe and effective procedure for patients with he-
reditary VT syndrome, with no serious adverse events and with short
hospital stay (Jang et al., 2017).

VATS-LCSD has been shown to have an antiarrhythmic and
antifibrillatory effect. Evidence indicating its antiarrhythmic effect
has been available for over 100 years. The procedure consists of
the removal of the lower half of the stellate ganglion and T2-T4 of
the sympathetic ganglia and is carried out as either a unilateral or
bilateral procedure. It can be safely performed via a minimally inva-
sive VATS-LCSD approach resulting in significantly less morbidity
and a shortened patient stay. VATS-LCSD provides a critical adjunct
to existing medical therapies and should be considered for all pa-
tients with life-threatening refractory arrhythmias especially those
patients on maximal medical therapy. In patients with uncontrolla-
ble VTs (electrical storm), VATS-LCSD is highly useful in controlling
the events. VATS-LCSD is indicated in recurrent VTs for congenital
LQTS and CPVT. There are studies suggesting an improvement in
symptoms and survival for VATS-LCSD in a diverse range of un-
derlying cardiac pathologies. Some evidence supports that bilateral
cardiac sympathetic denervation may be more effective at prevent-
ing recurrent VT compared to left sided alone. Rigorous clinical
trials demonstrating the effectiveness and safety of VATS-LCSD
surgery are lacking. However, individuals with recurrent VT have a
poor prognosis and a low quality of life, and surgical treatment may
be justified.
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3.3.1 | Side effects of VATS-LCSD

Dryness on left side (59%)
Harlequin-type (unilateral) facial flush (55%)
Contralateral hyperhidrosis (39%)
Differential hand temperatures (11%)
Permanent (9%) or transient ptosis (11%)
Thermoregulation difficulties (9%)

Left arm paresthesia (7%)

© NOo LA WNR

Sympathetic flight/fright response loss

3.3.2 | Summary of VATS-LCSD indications

1. When B-blockers are contraindicated or not tolerated: history of
asthma; moderate to severe chronic obstructive pulmonary dis-
ease, i.e., with forced expiratory volume reduction <50% of
the predicted value; patients on chronic bronchodilator treatment;
and chronic airflow limitation with evidence of 220% reversibility
in airway obstruction in response to inhaled salbutamol.

2. Syncope recurrence despite maximum-dose f-blockade +
flecainide;

3. ICD shocks recurrence or electrical storms;

4. High risk of SCD despite being asymptomatic on p-blocker therapy
(Schwartz, 2014).

ICD

Implantation of an ICD should be considered in patients in the ab-
sence of controlled optimal therapy. However, implantation of an
ICD in children still has several technical problems. Moreover, inap-
propriate or painful shocks may increase the risk of further VTs, and
electrical storms that may result in lethal events. The effectiveness of
ICD shock therapy in CPVT depends on the mechanism of the rhythm
treated. Shocks delivered to initiating triggered arrhythmias nearly al-

ways fail, whereas those for subsequent VF are usually effective.

3.4 | Catheter ablation

Pulmonary vein isolation is reported to be effective in some CPVT
patients with AF. Purkinje cells are reported to be more arrhythmo-
genic than ventricular myocytes in a mutant knockout mouse model
of CPVT (Kang et al., 2010). The onset of CPVT may be initiated from

Purkinje cells.

4 | CONCLUSION
The opportunity to perform an extensive genetic analysis allows phy-
sicians to make the correct diagnosis and to optimize clinical man-

agement. The CPVT population describes contemporary challenges

related to the diagnosis and prognosis of CPVT patients. Utilizing
predictive homology modeling, areas of key structural importance in
the RyR2 channel are elucidated and supported by clinical outcome
data. Modeling RyR2 variants may be especially helpful for patients
and families facing genetic uncertainty. Life-threatening events often
occur during resting wakeful activities, highlighting the unpredictable
nature of CPVT arrhythmias. The genetic expressivity of CPVT1 is
variable among relatives, which suggests that a family history of SCD
is an unreliable prognosticator. Challenges still exist in CPVT, such as
determining arrhythmic risk, and interpreting positive family histories
and equivocal genetic results. Flecainide plus B-blocker significantly
reduced PVCs during exercise compared with placebo, plus p-blocker
and f-blocker alone. VATS-LCSD or ICD should be considered in spe-
cial cases.
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Abstract

The left septal fascicular block (LSFB) or blockage of the middle fibers of the left bundle branch is

probably caused mainly by - in the developed world - the proximal obstruction of the left anterior
descending artery (LAD) before its first anterior septal perforator branch (S;). The association of
transient LSFB and left anterior fascicular block (LAFB) - left bifascicular block - and the
electrocardiographic type 1 Brugada pattern (BrP) has not been described in the literature yet.

© 2017 Elsevier Inc. All rights reserved.

Keywords:

Type 1 electrocardiographic Brugada pattern; Left anterior fascicular block; Left septal fascicular block;

Left bifascicular block; Transient blocks; Proximal left anterior descending artery obstruction

Case report

Male Asian patient, 58 years old, reported that approximately
72 h previously he had experienced several episodes of
constrictive precordial pain, each of short duration (<10 min)
that ceased with rest, and some of them radiated to the mandible
and the inner part of the left upper arm to the wrist. Personal
pathological history: hypertension diagnosed five years ago.
Familial type II dyslipidemia controlled by rosuvastatin.
Smoking since adolescence that stopped two years ago. Family
history: A brother and a first-degree cousin (29 and 35 years old
respectively) from his father’s side both experienced sudden
death during nighttime sleep. In both, a molecular autopsy was
performed with the new next generation sequencing Illumina
HiSeq 2500 system that revealed a novel mutation, R376H, in
the first pore segment in the SCN5A gene. The genetic screening
of the patient showed the same mutation. An electrocardiogram
was performed on admission (April 18, 2017 at 10:00 AM) in
the emergency room (Fig. 1| — ECG-1) and the next day another
one (Fig. 2 — ECG-2). Only the second one with the electrodes in
higher intercostal location (Viy, Vo and Vi) spontaneously
showed ST-segment elevation (“coved type”) =2 mm in >1
right precordial lead (V1-V3) followed by negative symmetrical
T wave (type-1 electrocardiographic Brugada pattern (BrP)),

* Corresponding author at: Rua Sebastido Afonso 885, 04417-100 Jardim
Miriam, Sdo Paulo-SP, Brazil.
E-mail address: riera@uol.com.br (A.R. Pérez-Riera).
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extreme left QRS axis deviation (SAQRS ~ —45°: left anterior
fascicular block (LAFB)), initial q wave in V2—V3 (suggesting
inactive electric septal area), prolonged QRS duration in the right
precordial leads (124 ms), disappearance of the initial g waves in
I and aVL and prominent anterior QRS forces (PAF) caused by
left septal fascicular block (LSFB): Left bifascicular block
(LAFB + LSFB).

Table 1 summarizes the main differences found between
ECG-1 and ECG-2.

Lab: Normal hemogram, cardiac enzymes and troponin.
Transthoracic Two-dimensional Doppler Echocardiogram:
Normal. Multi-slice Coronary computed tomography
(MSCT) examination for evaluation of acute chest pain: it
showed a proximal critical obstruction of the left anterior
descending artery (LAD) before the first septal perforator
branch (S;) (Fig. 3). Note: The reason for having initially
performed the MSCT was the patient’s refusal to undergo
invasive coronary angiography.

Discussion

The interventricular septum is the most densely vascular-
ized portion of the heart containing important elements of the
cardiac conduction system and providing mechanical
support for both right and left ventricular function. This
structure receives blood from LAD as well as posterior
descending artery (PDA). This latter artery runs in the
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Fig. 1. Sinus rhythm, normal P-wave parameters, normal PR interval duration (148 ms), prolonged QRS duration (124 ms), QRS axis at —25°, QT-QTc 372—
383 ms, and typical type-2 BrP: wide  angle (angle formed by the ascending ramp of S and the descending of r’ in V2), ST segment with saddle-back

appearance followed by plus-minus biphasic T wave.

posterior interventricular sulcus to the apex where it meets
with the LAD [1]. The artery that supplies the posterior third
of interventricular septum (PDA) determines the coronary
dominance. If the PDA is supplied by the right coronary
artery (RCA), then the coronary circulation is called
“right-dominant”. If the PDA is supplied by the left
circumflex artery (LCx), a branch of the left main artery,
then the coronary circulation is called “left-dominant”. If the
PDA is supplied by both the RCA and the LCx, then the
coronary circulation is called “co-dominant”.

Anterior septal perforator branches-arteries originate from the
LAD and irrigate 2/3 of the upper portion of the interventricular
septum (IVS). Through this area runs the left septal fascicle
(LSF) of the left bundle branch (LBB). Septal perforator
branches originate in the LAD with an angle of nearly 90°.

Percutaneous coronary intervention (PCI) was immedi-
ately performed with drug-eluting stent deployment in the

LAD successfully. Sequential ECGs showed constant type 1
BrP, but prominent anterior QRS forces disappeared
immediately after PCI (Fig. 4). Several days later, we
performed an exercise stress testing associated with
myocardial perfusion scintigraphy, which was normal.
Then we followed the recommendation from HRS/EHRA/
APHRS expert consensus statement on the diagnosis and
management of patients with inherited primary arrhythmia
syndromes [2] for the patients with asymptomatic Brugada
patients with spontaneous type 1 BrP. Consequently, we
performed an electrophysiological study (EPS) using the
recommended protocol [3]. The EPS result was positive
because sustained ventricular tachycardia was observed.
The patient is waiting for implantable cardioverter defibril-
lator implantation. Note: Currently, the role of EPS for risk
stratification is accepted only as a Class IIb (‘may be
considered’) indication.

1 aVR AL ' V4
yal g FAN g /\‘_ Vi N 7 a1 lr l'l\ l[\ - J
| ik | | | r £
f I | ' f .
Il aVL y2 V3
- - STl : sl o T ol i
\JM- \..._..M,i"r \‘.....p-«/'\.qr‘ % SRR 0 AP e G N D v g | A ] =] r— LN SRR Y [P EZ N I EEme | 9 LI
h Al
I : ; | aMF 3 V6
i o o ] A AL T 1 1
1 i

Fig. 2. Sinus rhythm, heart rate 75 bpm, normal P wave, PR interval duration 144 ms, QRS axis - 45°, SIII > SII, absence of initial q wave in the lateral leads I,
aVL, V5-V6. In the precordial leads, type-1 BrP, wide initial Q wave and prominent QRS anterior forces in V2—-V3 and absence of q wave in V5-V6.
Conclusion: LAFB + LSFB (left bifascicular block) + type-1 BrP + probable electrically inactive forces in the septal wall.
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Table 1
Main differences found between ECG-1 and ECG-2.
ECG-1 ECG-2 Origin of differences

QRS duration in right 120 ms 124 ms LAFB + LSFB

precordial leads
Repolarization pattern in V2 rSr’ pattern with wide p-angle 62 + 20°

right precordial leads and saddleback appearance of repolarization
Type-2 BrP The ST segment is convex upward followed Changes secondary to high

by negative T wave: Type-1 BrP precordial right leads position
in ECG-2
QRS axis —25° —45° LAFB
Wide Q wave in V2-V3  Absent Present Suggestive of electrically inactive septal area
q wave in I and aVL Present Absent Loss of the initial QRS vector by absence
of first vector: LSFB

V2/V3 R voltage 4/7 mm 22/14 mm PAF probably consequence of LSFB

PAF: Prominent Anterior QRS forces; 3-angle: the angle between the upslope of the S-wave in V2 and the downslope of the r’ wave.

Blood supply to the left fascicles of the left bundle branch
Left anterior fascicle (LAF)

In 50% of cases, the blood supply to the LAF of the LBB
originates not only from the anterior septal branch of the
LAD, but also from the atrioventricular (AV) nodal artery, a
branch of the RCA in 90% of the cases and of the LCx in
10% [4]. Thus, anatomic data support the observation that
occlusion of the proximal segment of the LAD is not a
prerequisite for the occurrence of LAFB. The appearance of
LAFB during acute myocardial infarction is not necessarily a
sign of a coexistent significant stenosis of the LAD or of
more severe or extensive coronary artery disease (CAD). In
these patients, other mechanisms such as the degree of the
coronary collateral circulation may play a role in the
occurrence of this conduction disturbance and supports
experimental and clinical reports that LAFB may be due to
lesions involving the His bundle by means of a longitudinal
dissociation of this structure [5].

Fig. 3. Multi-slice Coronary Computed Tomography (MSCT) examination.
Atherosclerotic plaques with critical obstruction located in the first third of
LAD before the first anterior septal perforator branch (S;); S,: second
Anterior Septal Perforator Branch; S;: third Anterior Septal Perforator
Branch; S4: fourth Anterior Septal Perforator Branch; LAD: Left Anterior
Descending Artery.

Left posterior fascicle (LPF)

The broad nature of the LPF, its protected location in the
left ventricular inflow tract as well as its dual blood supply
[6] makes isolated left posterior fascicular block (LPFB)
very rare [7]. The posteromedial papillary muscle, where
LPF ends, is supplied by those arteries that terminate on the
diaphragmatic surface of the LV, and most commonly by a
junction of terminal branches of the LCx and of the RCA.
When the LCx supplies nearly all the diaphragmatic surface of
the LV (10% of human hearts), its branches provide the entire
blood supply for the posteromedial papillary muscle. In 10%
of cases, the LPF is irrigated by LAD only, in 40% of cases by
LAD and RCA and in 50% of cases by RCA only [4,8].

Left septal fascicle (LSF)

It is irrigated exclusively by the septal perforator arteries
from the LAD. Septal perforator branches from the LAD
supply the upper 2/3 superior portion of IVS at this site. Most
of the blood supply to the IVS is provided by the LAD.
Branches into the septum from the PDA rarely penetrate
>10 mm from the epicardium (slightly more than the normal
thickness of the free wall of the left ventricle), so that for
practical purposes one may consider the entire blood supply
of the IVS to be derived from anterior septal perforator
branches of the LAD. Ceritical lesions of the LAD before the
S; constitute probably the main cause of LSFB in the
developed world. It is a major determinant of high R-wave
voltage during acute myocardial ischemia [9]. The LSFB
may be exercise-induced, transient or intermittent, and may
be the cause of large anterior precordial R waves [10—12]. The
appearance of LSFB in critical LAD lesions speaks in favor of
the proximal lesion, and therefore of a worse prognosis.
Intermittent or transient LSFB, secondary to critical obstruc-
tion of LAD, was observed during exercise stress testing [13],
intermittently in acute coronary syndrome scenarios including
the so-called Wellens’ syndrome [14] (Fig. 5).

Conclusion

We presented the first case in the literature of the
association of type 1 BrP and transient LAFB and LSFB: left
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Fig. 4. ECG performed 3 h after stent deployment. Type 1 Brugada ECG pattern, absence of prominent anterior QRS forces and appearance of small q waves in

the left leads (septal vector dependent of left septal fascicle).

bifascicular block. The transient prominent anterior QRS
forces in V2—V3 and the disappearance of the initial q wave
in I and aVL on the ECG-2 (indicating absence of the first
vector of ventricular activation due to LSFB) reinforce the
diagnosis of this dromotropic disturbance. The strong family
history of sudden death during nocturnal sleep associated
with the spontaneous type-1 BrP in the absence of apparent
structural heart disease and positive molecular autopsy for
mutation in the SCN5A gene in one brother and first-degree
cousin reinforces the diagnosis of Brugada syndrome
associated with CAD with proximal critical obstruction of
the LAD before the S; branch.
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Congenital long QT syndrome type 3 (LQT3) is the third in frequency compared to the 15 forms known
currently of congenital long QT syndrome (LQTS). Cardiac events are less frequent in LQT3 when
compared with LQT1 and LQT2, but more likely to be lethal; the likelihood of dying during a cardiac
event is 20% in families with an LQT3 mutation and 4% with either an LQT1 or an LQT2 mutation. LQT3 is
consequence of mutation of gene SCN5A which codes for the Nav1.5 Na™ channel a-subunit and elec-
trocardiographically characterized by a tendency to bradycardia related to age, prolonged QT/QTc interval
(mean QTc value 478 + 52 ms), accentuated QT dispersion consequence of prolonged ST segment, late
onset of T wave and frequent prominent U wave because of longer repolarization of the M cell across left
ventricular wall.
Copyright © 2017, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

LQT3 Romano-Ward (OMIM number #600163) is an autosomal
dominant channelopathy (exceptionally can be with autosomal
recessive inheritance) responsible for 7—10% of total LQTS that
affect the chromosome 3(3 (3p21-24)) consequence of mutation of
gene SCN5A which codes for the Nav1.5 Na* channel a-subunit, and
electrocardiographically characterized by a tendency to brady-
cardia related to age, prolonged QT/QTc interval (mean QTc value
478 + 52 ms), accentuated QT dispersion consequence of prolonged
ST segment, late onset of T wave and frequent prominent U wave
because of longer repolarization of the M cell across left ventricular
wall. The late Na*tcurrent (INa+) is due to the failure of the channel
to remain inactivated. Therefore, it can enter a bursting mode,
during which significant current enters abruptly when it should
not. Transmural dispersion of repolarization is greatly amplified in
LQTS. Disproportionate prolongation of the M-cell action potential
(AP) contributes to the development of long QT intervals, wide-
based or notched T waves, and a large transmural dispersion of

* Corresponding author. Rua Sebastido Afonso 885, Zip code: 04417-100 Jd.
Miriam, Sao Paulo, Brazil.
E-mail address: riera@uol.com.br (A.R. Pérez-Riera).
Peer review under responsibility of Indian Heart Rhythm Society.
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repolarization, which provides the substrate for the development
of a polymorphic ventricular tachycardia (PVT) closely resembling
Torsade de Pointes (TdP). An early afterdepolarization (EAD)-
induced triggered beat is thought to provide the premature ven-
tricular contraction (PVC) that precipitates TdP. The T waves in-
creases in bradycardias and in pauses and it may present
alternating polarity with augmented risk of cardiac events (CEs)
(mean 46%) of a bradycardia-triggered PVT called TdP by the French
researcher Frangois Dessertenne as well as for atrial fibrillation
(AF). These CEs may result in recurrent, palpitation, syncope,
seizure, sudden cardiac arrest (SCA) or sudden cardiac death (SCD),
which occur predominantly at rest or during sleep without
emotional arousal (=65% of cases). These events can be treated
gene-specific therapy for LQT3 with Na™ channel blocking agents of
Class IB (mexiletine, lidocaine); Class IC (flecainide) and the
piperazine derivate ranolazine (Ranexa®) that may provide pro-
tection from the induction of TdP by inhibition persistent or late
inward Na* current (Iy,) of a gain of function in the cardiac voltage-
gated Na™. In symptomatic patients receiving therapy, even after
excluding patients who had a SCA before therapy, presence of
macro-wave T alternans especially when present despite proper 3-
blocker therapy, and biallelic pathogenic variants or heterozygosity
variants have indication for ICD implantation.

LQTS prevalence: The estimated prevalence of LQTS is

0972-6292/Copyright © 2017, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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approximately 1:2000 (0.05%) to 1:5000 in the general population
[1]. This prevalence may be higher because 37% of genotype-
confirmed LQTS patients may have concealed form (a normal-
range QTc). LQT3, which is the third most common LQTS (7—10%
of all cases of LQTS) represents =100 to 200 in general population.

LQTS incidence: In the United States, the incidence of congen-
ital LQTS is estimated to be one in 7000—10,000 [2]. Consequently;
if LQT3 represents 7—10% of all LQTS cases, this variant has an
incidence of =720.

Sex: risk is higher among male LQT3 patients with a mutation
than among female. Among LQTS patients, the risk of CEs is higher
in males until puberty and higher in females during adulthood. The
annual incidence of a first SCAUDDEN or SCD is highest among male
patients with a mutation at the LQT3 locus (0.96 per year). Pro-
longed QTc and syncope predispose patients with LQT3 to life-
threatening CEs. B-blocker therapy reduces the risk in females. Ef-
ficacy in males could not be determined conclusively yet [3]. This
pattern is observed in both boy and girl. Wilde et al. described that
there is not much difference and actually the number of lethal
events is very small. According to the authors, that is the reason
that the efficacy of beta blockers could not be found. Therefore,
there is not a consensus about it yet.

Age: For patients older than 40 years, LQT3 patients have
significantly more cumulative lethal arrhythmic events (35%) than
LQT1 (14%), LQT2 (24%) and genotype-negative patients (10%) [4].
LQT3 carriers have infrequent CEs below age of 10 years. Murphy
et al. [5] presented a SCN5A splice variant potentiates dysfunction
of a novel mutation associated with severe fetal arrhythmia. The
fetus presented with episodes of ventricular ectopy progressing to
incessant VT and hydrops fetalis. Genetic analysis disclosed a novel,
de novo heterozygous mutation in SCN5A (L409P) and a homozy-
gous common variant (R558).

Electrocardiographically concealed LQTS (ecLQTS): this term
is used to indicate individuals with genotype of LQTS and a
phenotype with normal QT interval (corrected QT
interval < 440 ms). They are usually detected on family screening of
those with manifest LQTS [6]. ecLQTS represents =20—40% of all
cases of LQTS. The risk of SCD or ACA is ten times higher in those
with ecLQTS than the unaffected family members (4% vs four tenths
of a percent). This is not withstanding the finding that those with
manifest LQTS had a much higher risk of SCD or ACA at 15%. In
ecLQTS, the risk of SCD or ACA is higher in those in LQT1 and LQT3
genotypes than in LQT2 genotype [7]. But unlike in manifest LQTS,
females were not shown to be at higher risk in concealed LQTS.

Mechanism: The basic defect in LQT3 or LQTS-type-3 - which is
the third most common LQTS - is caused by an excessive inflow of
late Na™ current during the plateau, dome or phase 2 of the AP
caused by gain-of-function mutations in the SCN5A cardiac Na™*
channel gene which mediates the fast Nav1.5 current during AP
initiation and also late in phase 2 of AP causing an accelerated re-
covery from inactivation of Na™ current as well as AP prolongation,
especially at low stimulation rates. and for improving treatment
efficacies. Late inward Na™ current (In,). It is an integral part of the
Na™ current, which persists long after the fast-inactivating
component: the larger and transient peak In,. The magnitude of
the late I, is relatively small in all species and in all types of car-
diomyocytes as compared with the amplitude of the fast Na™ cur-
rent of phase 0, but it contributes significantly to the shape and
duration of the AP and surface ECG. This late component had been
shown to increase in several acquired or congenital conditions,
including hypoxia, oxidative stress, and heart failure, or due to
mutations in SCN5A, which encodes the a-subunit of the Na*
channel, as well as in channel-interacting proteins, including four
B-subunits and anchoring proteins. Patients with enhanced late I §,
exhibit the LQT3 variant characterized by high propensity for the

life-threatening ventricular arrhythmias, such as TdP, as well as for
AF. There are several distinct mechanisms of arrhythmogenesis due
to abnormal late INa" including abnormal automaticity, induced
trigger activity both early and delayed after depolarization (EAD
and DAD), and dramatic increase of transmural ventricular
dispersion of repolarization. Many local anesthetic and antiar-
rhythmic agents have a higher potency to block late Inay as
compared with fast. In summary, Na* channels open and inactivate
rapidly during depolarization (phase 0 of AP) and reopen during
the phase 2 plateau/dome phase, carrying ‘persistent’ or ‘late’ in-
ward current (late INa). Maltsev et al. found Iy, was activated at a
membrane potential of —60 mV with maximum density at —30 mV
in cardiomyocytes of both normal and failing hearts. The steady-
state availability was sigmoidal, with an averaged midpoint po-
tential of —94 + 2 mV and a slope factor of 6.9 + 0.1 mV. The current
was reversibly blocked by the Na™ channel blockers tetrodotoxin
and saxitoxin in a dose-dependent manner. Both inactivation and
reactivation of Iy, had an ultraslow time course (0.6 s) and were
independent of voltage. The amplitude of Iy, was independent of
the peak transient Na™ current.

Malan et al. [8] observed in LQT3 hiPSC models, a high incidence
of EADs which is a trigger mechanism for arrhythmia in LQT3. EADs
predisposes to ventricular arrhythmias by exaggerating the
dispersion of refractoriness throughout the myocardium and
increasing the probability of EAD, a phenomenon caused largely by
reactivation of calcium channels during the AP plateau. Adminis-
tration of specific Na* channel inhibitors was found to shorten AP
durations in a dose-dependent manner. These findings were in full
agreement with the pharmacological response profile of the un-
derlying patient and of other patients from the same family. Thus,
these observations demonstrate the utility of patient-specific LQT3
hiPSCs for assessing pharmacological responses to putative drugs.
Brugada syndrome mutations cause a reduced Na' current, while
LQT3 mutations are associated with a gain of function (mirror im-
age) consequently these allelic syndromes result from opposite
molecular effects. Phenotypic overlap may exist between the BrS
and LQT3. Na™ channel blockade by antiarrhythmic drugs improves
the QT interval prolongation in LQT3 but worsens the BrS ST-
segment elevation. Although Na* channel blockade has been pro-
posed as a treatment for LQT3, flecainide also evokes “Brugada-
like” ST-segment elevation in LQT3 patients.

Using noninvasive mapping with electrocardiographic imaging
(ECGI) to map the cardiac electrophysiological substrate LQTS pa-
tients display regions with steep repolarization dispersion caused
by localized AP duration (APD) prolongation. This defines a sub-
strate for reentrant arrhythmias, not detectable by surface ECG.
Steeper dispersion in symptomatic patients suggests a possible role
for ECG imaging in risk stratification.

Intracellular Ca2* contributes to the regulation of Iy, conducted
by NaV15 mutants and, during excitation-contraction coupling,
elevated intracellular Ca%* suppresses mutant channel Iy, and
protects cells from delayed repolarization. This is a plausible
explanation for the lower arrhythmia risk in LQT3 subjects during
sinus tachycardia.

Iyer et al. present the first direct experimental evidence that
Purkinje cells are uniquely sensitive to LQT3 mutations, displaying
electrophysiological behavior that is highly pro-arrhythmic. Addi-
tionally, abnormalities in Purkinje cell repolarization were reversed
with exposure to mexiletine [9].

Mutations in SCN5A gene can originate numerous cardiac Na™
channelopathies phenotypes (Fig. 1).

2. Clinical presentation

Manifest with syncope, seizures or SCD. In LQT3, majority of
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Fig. 1. BrS1: Brugada Syndrome 1; CAS: Congenital Atrial Standstill; DCM: Dilated
Cardiomyopathy; ERS: Early Repolarization Syndrome; FAF: Familial Atrial Fibrillation;
IVF: Idiopathic Ventricular Fibrillation; LQT3: Long QT syndrome 3; MEPPC: Multifocal
Ectopic Purkinje Premature Contraction; OSs: Overlapping Syndromes; PCCD: Pro-
gressive Cardiac Conduction Defect; PVT: Polymorphic Ventricular Tachycardia; SIDS:
Sudden Infant Death Syndrome; SSS: Sick Sinus Syndrome; SUNDS: Sudden Unex-
plained Nocturnal Death Syndrome.
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AS
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induced PVT

arrhythmic events occur during sleep or rest in =65% of cases
(bradycardia-triggered arrhythmias) (Fig. 2).

Excessive APDs at low heart rates (HRs) predisposes individuals
with LQT3 to fatal arrhythmias, typically at rest or during sleep
without emotional arousal. Approximately 30% experienced at least
one CE: syncope, ACA, or SCD related 25% suffered from LQT3-
related ACA/SCD at rest or during sleep, and usually without
warning. In some instances, TdP degenerates to ventricular fibril-
lation (VF) and causes ACA (if the individual is defibrillated) or SCD.
Murine hearts bearing an LQT3 mutation show abnormalities in
atrial electrophysiology and subtle changes in atrial dimension,
including an atrial arrhythmogenic phenotype on provocation.

3. Diagnosis

Genetic testing for common mutations can confirm suspected
cases. These testing are considered the gold standard for LQTS
diagnosis, unfortunately they are time-consuming and costly when

(=3
=]

4~
(=1

Percent of triggers

o
(=

0

(] Exercise [J Emotion
B At rest, sleep without arousal

Fig. 2. Triggers for lethal events in LQT3.

all the 15 candidate genes are screened [10] specific genetic testing
for KCNQ1, KCNH2 and SCN5A be performed for any patient who
fulfills the following criteria: where a cardiologist has established a
strong suspicion for LQTS based on clinical examination, where a
patient has asymptomatic QT prolongation in the absence of other
clinical conditions that may prolong the QT interval, where a pa-
tient is asymptomatic, with QTc values > 460 ms (prepuberty) or
>480 ms (adults) on serial 12-lead ECGs and when an LQTS-
causative mutation is identified in an index case, mutation-
specific genetic testing is recommended for the family members.

4. Electrocardiographic features

They have Long QT interval by ST segment prolongation corre-
spondent plateau, dome or phase 2 of AP by persistent Na™ inflow
(gain of function) and delayed onset of T-wave and peaked.

Heart rate: tendency to bradycardia related to age and in some
cases, decrease during rising efforts has been observed. When HR
increases, the QT interval shortens more in LQT3 than in LQT1 and
LQT2. Na' channel mutations displaying a persistent inward cur-
rent or a negative shift in inactivation may account for the brady-
cardia seen in LQT3 patients, whereas SA node pauses or SCA may
result from failure of sinoatrial (SA) node cells to repolarize under
conditions of extra net inward current [11].

ST segment/T wave: significant prolongation. Consequence: late
appearance of T wave. The deltaKPQ mutation causes a small and
persistent inflow of Na' in phase 2 with late reopening, which
explains QT interval prolongation. Overlapping existed among the
repolarization patterns of 3 genotypes, and one third of LQT3 gene
carriers had repolarization patterns similar to those of LQT1 gene
carriers. The sensitivities and specificities were higher with family-
grouped analysis.

QT interval: In the LQT3 variant it is usually longer than in LQT1
and LQT2. Additionally, it is observed a significant QT interval
dependence of the heart rate. The HR increases, the QT interval
shortens more in LQT3 than in LQT1 and LQT2 (Fig. 3). Sinus
bradycardia with sinus pauses has been reported in up to one third
of the patients especially in patients with LQT3 variant [12]. In
newborn with a very prolonged QT interval and 2:1 atrioventricular
block is frequently caused by V411M, in a voltage-dependent
manner. Incorporation of V411M kinetics into atrial and ventricu-
lar AP models reproduced prolonged AP repolarization [13]. Un-
fortunately, there are many examples with 2:1 block in neonates
with many other mutations [14]. Zhou et al. firstly reported a het-
erozygote missense mutation (SCN5A-V411M) in a Chinese family.
V411M induced “gain of function” of sodium channel and formed
the basis of LQT3. Genetic testing could help to increase the diag-
nostic accuracy, and facilitate clinical assessment and appropriate
therapy to prevent SCD of individuals with SCN5A-V411M mutation
[15].

5. Polymorphic/polymorphous ventricular tachycardia
Torsade de Pointes type characteristic

PVT is a form of VT in which there are multiple ventricular foci
with the resultant QRS complexes varying in amplitude, axis,
morphology and duration. The common cause of PVT is myocardial
ischemia.

TdP is a specific form of PVT occurring in the context of pro-
longed QT interval (rarely in normal QT interval) recognized by a
continuously changing QRS configuration form beat to beat, indi-
cating a changing ventricular activation sequence. The “poly-
morphic” nature does not define an arrhythmia mechanism. In the
TdP the coupling of the initial PVC is belatedly or telediastolic, the
heart rate is high (from 200 to 250 bpm) and characteristically the
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Fig. 3. Normal (A) and LQT3 (B) ECG and action potential.

QRS axis of VT changes suddenly 180° “twisting” around the iso-
electric line.

TdP is often short lived and self-terminating, however can be
associated with hemodynamic instability and collapse. TdP may
also degenerate into may precede development of ventricular
fibrillation. This may occur as part of the congenital or acquired
LQTS. The last one is usually consequence of drug and/or electrolyte
abnormalities, or may be because of reentry in a patient with
structural heart disease diagnosed, the patient has to have evidence
of both PVT and QT prolongation.

Finally, there is another PVT called bidirectional polymorphic VT,
most commonly associated with digoxin toxicity or catecholamin-
ergic polymorphic ventricular tachycardia (CPVT) (Table 1).

Echocardiogram: Increasing evidence supports the notion that
LQTS is not purely an “electrical” disease but rather an “electro-
mechanical” disease with regionally heterogeneously impaired
electrical and mechanical cardiac function. Subclinical car-
diomyopathic changes were found in nearly 20% of LQTS patients.
Left atrial enlargement is the most common finding and is associ-
ated with prolonged QTc and CEs. These changes may stem from
underlying contraction abnormalities caused by ion channel
dysfunction, structurally normal heart on echocardiography [18],
DCM was observed in missense mutation-p.Q371E [19].

Exercise stress testing: Takahashi et al. [20] investigated QT
dynamics during exercise testing in LQT3. The study included 37
subjects, comprising 16 genotyped LQTS patients and 21 unrelated
healthy subjects without QT prolongation. LQTS patients were
divided into LQT3 and non-LQT3 groups. During exercise tests using
a modified Bruce protocol, 12-lead ECG monitoring was performed
using a novel multifunctional electrocardiograph. QT intervals were
automatically measured. The QT/HR relationship was visualized by

Table 1

plotting the beat-to-beat confluence of the recorded data. A linear
regression analysis was performed to determine the QT/HR slope
and intercept. Estimated QT intervals at HR 60 bpm (QT60) were
calculated by the regression line formula. QT/HR slopes were
steeper for each LQTS group than for the control group. QT60 values
demonstrated a moderate correlation with QT intervals at rest for
both groups. The QTc at 4 min of recovery were significantly longer
in the non-LQT3 group than in the control group but were not
different between the LQT3 and the control groups. Abnormal QT
dynamics during exercise testing were observed in both LQT3 pa-
tients and other LQTS subtypes. This method may be useful for
directing genetic testing in subjects with minimal prolonged QT
intervals.

6. Ajmaline challenge

Structural heart disease in association: Kimura et al. [19]
described a 16-year-old boy with LQT3 admitted for decom-
pensated heart failure resulting from dilated cardiomyopathy
(DCM). His brother was also diagnosed with LQT3 and DCM. A
comprehensive genetic analysis identified a novel SCN5A missense
mutation-p.Q371E-in these 2 affected living family members. It
might be important to suspect the coexistence of DCM and LQT3.

Genotype-specific risk factors for arrhythmic cardiac events:
constellation of clinical, electrocardiographic, and genetic factors.

1. Sex: The risk of syncope during p-blocker therapy is higher in
women than in men.

2. Age (time dependence): pre-specified age groups, including
the fetus, infant, childhood, adolescence, adulthood, and
post-40 periods. The risk of syncope during p-blocker

Differential diagnosis between Torsade de Pointes and true polymorphic ventricular tachycardia/polymorphous ventricular tachycardia.

Torsade de Pointes

True polymorphic ventricular tachycardia (PVT)

(TdP)
Etiology Congenital or acquired
Related to Sinus Bradycardia Yes
Pauses prior to events Yes

Electrolytic Disorders

Coupling of the first triggering PVC
QT/QTc interval

U wave

Frequent

Prolonged rare normal
Frequent great voltage

Delayed or telediastolic. Very rarely short coupled variant is observed [16]

Congenital or acquired

No

No

No

Initiated by closely coupled beats
Normal [17]

Normal voltage
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therapy is high during childhood and highest in young chil-
dren. Additionally, no trend toward age and gender de-
pendency of the risk for CEs in patients with LQT3. The
lethality of CEs in LQT3 genotype carriers is higher before age
40 years [22]. In genetically tested individuals, the LQT3
genotype is the most powerful predictor of fatal or near-fatal
CEs after age 40 [23]. LQT3 genotype carriers exhibited nearly
a 5-fold increase in the risk of ACA or death compared with
genotype-negative subjects. Clearly, patients with LQTS
remain at increased risk of lethal events after 40 years of age,
indicating that continuous, age-independent awareness for
QT prolongation is essential, and LQTS-3 were found to be
the most important predictors of death from any cause or
SCA.
. Clinical manifestation:
> The patients in the very high-risk group (5-year Kaplan-
Meier cumulative estimate rate of ACA/SCD of 14%) are
those with a history of ACA/SCD and/or spontaneous TdP.
These patients require an ICD implantation for secondary
prevention of SCD.
> The lowest risk was found in patients with only 1 syncopal
episode occurring before the start of f-blocker therapy.
Patients experiencing syncope after starting B-blocker
therapy had a 3.6-fold increase in the risk of severe CEs.
Multiple syncopal episodes occurring before initiation of
B-blocker therapy were associated with an intermediate
risk [24].
> Asthma comorbidity: Asthma Is an independent associ-
ated significant increased risk of CEs in affected LQTS.
Longer QTc duration was associated with higher incidence
of asthma. CEs is diminished after initiation of f-blocker
therapy, suggesting a possible role of p-receptor modu-
lation underlying asthma-LQTS association [25].
. Resting heart rate (HR): The QT interval in LQT3 is pro-
longed during bradycardia. In all age groups, HR at rest
tended to be lower in carriers than in non-carriers, and QT is
longer in carriers than in non-carriers. Both electrocardio-
graphic characteristics of LQT3 and BrS show age-dependent
penetrance. Good tools for clinical diagnosis of LQT3 in this
family are QTc at the lowest HR and DeltaQT after a pause in a
Holter, even at very young age [26].
. QTc for heart rate: The high-risk group 5- year Kaplan-Meier
cumulative estimate rate of ACA/SCD of 3% includes subjects
with QTc of over> 500 ms
. QTc variations mutations: LQTS patients with a wider
variation in QTc duration are associated with increased risk
of CEs. These findings appear to be genotype-specific, with a
pronounced effect among patients with the LQT1 genotype
[27].

7. Vectorcardiographic (VCG) parameters: ECG-derived VCG

repolarization parameters have significant diagnostic and
prognostic value in patients with LQTS with prolonged QTc
values [28]. For SCD risk assessment we use the spatial mean
QRS-T angle (degrees), spatial peaks QRS-T angle (degree),
QT-peak, Tpeak-Tend, and T-wave Eigenvalues (TwEVs).
Symptomatic ecLQTS patients are differentiated from
asymptomatic patients by the 4th TEV4. QT peak signifi-
cantly. The optimum QT-peak cut-off value distinguishing all
ecLQTS patients from controls is 364.5 ms with a low
sensitivity and high specificity. The 2nd-4th TwEVs signifi-
cantly differentiated the ecLQTS patients from controls. VCG
may facilitate not only pregenetic test anticipation regarding
status of family members with normal QTc values but also
the selection of ecLQTS patients who may most benefit from
prophylactic beta blocker therapy.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Holter recording: this method adequately quantifies the
complexity of ventricular repolarization in the case of LQT3
variant the very prolonged ST segment and delayed (Fig. 4)T
wave and may become a useful noninvasive diagnostic tool
in LQTS and risk stratification [28]. Continuous Holter
monitoring in LQT3 with A1180V cardiac Na* channel mu-
tation showed prolonged QTc and biphasic T waves, multiple
episodes of TdP (Fig. 5) [29].

. Prior syncope: The high-risk group includes subjects with

history of prior syncope.

Events lethality: The lethality of CEs was highest in LQT3
males and females (19% and 18%) The lethality of CEs was
highest in LQT3 males and females [30].

Pregnancy: the pregnancy time is associated with a reduced
risk of CEs in LQTS individuals [31].

The postpartum period: the 9-month postpartum time had
an increased ris. especially among women with the LQT2
genotype. After the 9-month postpartum period, the risk was
like the period before the first conception [31]. The cardiac
event risk during the high-risk postpartum period was
reduced among women using —blocker therapy.

Mutation location: biophysical function, type, and location
of the ion-channel mutation.

Mutation number: mutations involving two functional de-
fects (i.e., mutations leading to both late Na™ currents and
window Na™ currents) had a 2.5- fold increased risk for ACA/
SCD as compared with mutations involving only one func-
tional defect.

Mutation type: Patients with the KPQ mutation had a 2.4-
fold higher risk for CEs from birth through age 40 years
compared to patients with the D1790G mutation, and this
effect is independent of QTc duration, demonstrating the
importance of knowing the specific mutation in risk strati-
fication of LQT3 patients [32].

The biophysical function of the mutation: The LQT3-like
biophysical phenotype for S1787N depends on both the
SCN5A splice variant and on the intracellular pH. The splice
variant and environmental factors affect the molecular
phenotype of LQT3, with implications for the clinical
phenotype, and may provide insight into acidosis-induced
arrhythmia mechanisms [33]. The phenotype of LQT3 mu-
tation is dependent on the biophysical alteration induced as
well as tissue type. The canonical AKPQ mutation causes
severe AP prolongation in both tissue types. For LQT3 mu-
tation F1473C, characterized by shifted channel availability, a
more severe phenotype is seen in Purkinje fiber cells with AP
prolongation and EADs. The LQT3 mutation S1904L demon-
strated striking effects on AP duration restitution and more
severe AP prolongation in Purkinje fiber cells at higher heart
rates [34].

Response to 3-blockers: -blocker therapy in LQT3 patients
reduces the risk in females; efficacy in males could not be
determined conclusively [3]. B-blockers have greater benefit
among patients with LQT1 with the greatest benefit among
those with cytoplasmic loops mutations. Specific f-blocker
agents may provide greater protection than other agents in
specific LQTS genotypes.

Sodium channel blockers: mexiletine, lidocaine flecainide,
and ranolazine are treatment options only for LQT3.

7. Treatment

The approach of LQTS has genotype-specific treatment strate-
gies, however most of works are based on QTc [35]. The duration of
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Fig. 4. ECG example of LQT3. This ECG belongs to a newborn baby with LQT3. Clear ST segment prolongation and delayed appearance of T wave. Affected gene: SCN5A, 3p21-24
mutation in chromosome 3, AP phase: plateau, dome or phase 2 by persistent sodium Na™ inflow (gain-of-function mutations in the SCN5A cardiac Na* channel gene).

Fig. 5. Congenital LQT3 QTc: 670 ms Run of TdP after macro wave T alternans. T-wave alternans is a diagnostic feature of the LQT and reflects an enhanced electrical instability

during repolarization [21].

the QT interval is only a gross estimate of repolarization. Besides, its
limited accuracy and reproducibility does not provide information
about the T-wave morphology; thus, T shape alterations such as
notches, T-wave macro alternans, Tp/Tend, can be only qualitatively
described but not objectively quantified.

Triggers and therapeutic management of LQTS arrhythmias have
been shown to differ in a manner that depends strikingly on the
gene that is mutated. Additionally, B-blockers, effective in the
management of LQT1, have been thought to be potentially proar-
rhythmic in the treatment of LQT3 because of concomitant slowing
of heart rate that accompanies decreased adrenergic activity.

7.1. Drugs

B-blocker therapy: these drugs are clinically indicated in all
asymptomatic individuals meeting diagnostic criteria, including
those who have a pathogenic variant on molecular testing and a
normal QTc interval. Although B-blockers are the primary treat-
ment modality for patients with LQTS, these drugs are not
completely effective in some patients. CEs continue to occur while

patients are taking the prescribed B-blockers, especially in symp-
tomatic patients; 32% of symptomatic patients will have a cardiac
event over 5 years, and 14% of patients with a prior SCA will have a
recurrence within 5 years [36] are the mainstay of therapy for LQTS,
including asymptomatic individuals with prolonged QT intervals
and individuals who have a pathogenic variant on molecular testing
with a normal QTc interval [37]. Inadequate B-blocker dosing is
prevented by regular adjustments in growing children with eval-
uation of the efficacy of dose by assessment of the exercise ECG or
ambulatory ECG. B-blocker propranolol interacts with wild type
(WT) and LQT3 mutant Na* channels in a manner that resembles
the actions of local anesthetic drugs. Propranolol blocks Na*
channels in a use-dependent manner; that propranolol efficacy is
dependent on the inactivated state of the channel; that propranolol
blocks late non-inactivating current more effectively than peak Na™*
current; and mutation of the local anesthetic binding site greatly
reduces the efficacy of propranolol block of peak and late Na™
channel current. In both the F1473C LQT3 mutation and canonical
LQT3 mutation (AKPQ), propranolol also shares this important
hallmark of local anesthetic (LA) family of drugs due to preferential
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inhibition of Iy [38]. On the other hand, recent study of Wilde
etal. [3] suggest that B-blockers are not effective at all and is clearly
in contrast with previous studies.

o B-blockers are less effective clinically in LQT3 than in other LQTS
variants [37]. Prolonged QTc and syncope predispose patients
with LQT3 to life-threatening CEs. However, B-blocker therapy
reduces this risk in females; efficacy in males could not be
determined conclusively because of the low number of events
[3]. Individuals with LQT3 are most likely to have symptoms at
rest. LQT3 is less well treated with B-blocker therapy than other
types of LQTS, but B-blocker therapy is still effective in many
LQT3 patients, and its use is recommended. LQT3 patients with
symptoms may need to take another medication such as mex-
iletine, flecainide and ranolazine in addition to B-blockers. Na™
channel blockers such as mexiletine, flecainide, ranolazine and
the experimental novel late Na* current inhibitor, GS-6615
(eleclazine) could be treatment options in LQT3. In a large
LQT3 population B-blocker therapy was associated with an 83%
reduction in cardiovascular events in females but not in males
(who had many fewer events), with a significant sex x B-blocker
interaction. Each 10-ms increase in QTc duration up to 500 ms
was associated with a 19% increase in CEs. Prior syncope
doubled the risk for life-threatening events. Prolonged QTc and
syncope predispose patients with LQT3 to life-threatening CEs.
However, B-blocker therapy reduces this risk in females; efficacy
in males could not be determined conclusively because of the
low number of events [3]. Preliminary data from the Interna-
tional LQT3 group has shown that B-blockers reduce the risk for
CEs in LQT3.

Some patients may also need an ICD.

QT-prolonging drugs are not administered to persons with LQT3
without careful consideration of risk versus benefit by the in-
dividual(s) and physician(s).

B-blockers should be given to patients who have QTc-interval
prolongation (>460 ms in women and >440 ms in men) and
are recommended (class Ila) for patients with a normal QTc
interval.

Mexiletine: is a non-selective voltage-gated sodium channel
which belongs to the Class IB antiarrhythmic group. Mexiletine
blocks the rapid inward Na™ current responsible for phase 0 of
cardiac AP. Mexiletine in the mutant Na* channel the gating is
affected which permits abnormal repetitive reopening leading to a
sustained “late” inward current and prolonged cardiac AP. Na*
channel blockers can be useful as additional pharmacologic therapy
for patients with a QTc interval >500 ms. Mexiletine significantly
shortened QTc and reduced the percentage of patients with
arrhythmic events (from 22 to 3%), the mean number of arrhythmic
events per patient, and the annual rate of arrhythmic events (from
10.3 to 0.7%). Besides shortening QTc interval, mexiletine caused a
major reduction of life-threatening arrhythmic events in LQT3 [39].
Ruan et al. provided evidence that mexiletine may facilitate traf-
ficking of mutant proteins, thus producing QT prolongation. These
data suggest that caution should be used when recommending this
class of drugs to carriers of mutations with undefined electro-
physiological properties [40].

Mexiletine infusion test/lidocaine: Funasako et al. analyzed
response in ECG parameters measured in Il or V5 with i.v. mex-
iletine infusion (2 mg/kg) during sinus rhythm among 31 genotype-
positive LQTS patients. Change in QTc interval after mexiletine was
compared between LQT3 LQT1 and LQT2. QTc interval was short-
ened with mexiletine, degree of QTc shortening (AQTc) was
significantly larger in LQT3 than in LQT1/LQT2 patients. The
sensitivity, specificity and predictive accuracy of mexiletine

infusion test for differentiating LQT3 from LQT1/LQT2 were 86.7%,
81.3% and 81.3%, respectively, and the optimal cut-off for AQTc was
69 ms on receiver operating characteristic analysis. The authors
concluded that pronounced shortening of QT interval with mex-
iletine may facilitate genetic testing in patients with LQT3variant
[41]. In neonates with bradycardia, 2:1 atrioventricular block,
prolonged QT interval, and T wave alternans we can begin with IV
lidocaine infusion with progressive shortening of the QT interval.
This positive lidocaine challenge prompted clinical suspicion of
LQT3 and early initiation of mexiletine therapy in cases suspected
or confirmed of LQT3 [42]. D1790G (DG), mutation in LQT-3 variant
has higher sensitivity to lidocaine EC(50). The combined lidocaine/
K+ infusion had a sensitivity, specificity, and accuracy of 88%, 100%,
and 94%, respectively, in diagnosing LQTS. When the QTc interval is
mildly prolonged. A simplified sequential lidocaine/K™ challenge is
accurate in diagnosing LQTS among patients with borderline QTc
prolongation. Mexiletine significantly shortened the QT interval in
LQT3 patients but not in LQT2 patients. When examined the
response to an increase in heart rate, we found that LQT3 patients
have a more shortened QT interval in response to heart rate
changes than LQT2 patients, and than healthy controls [43].

Flecainide: Low-dose, oral flecainide consistently shortened the
QTc interval and normalized the repolarization T-wave pattern in
five LQT3 patients with SCN5A:DeltaKPQ mutation. Low-dose fle-
cainide is a promising therapeutic agent for LQTS patients with the
SCN5A:DeltakKPQ Na* channel mutation [44].

Flecainide may induce ST segment elevation in LQT3 patients,
raising concerns about the safety of flecainide therapy and
demonstrating the existence of an intriguing overlap between LQT3
and BrS [45]. In a Danish family with LQTS, a novel missense mu-
tation in SCN5A, 1786 (L1786Q), was found to be present in het-
erozygous form co-segregating with long QT interval. Oral
Flecainide treatment showed type 1 Brugada ECG pattern in all
mutation carriers. Electrophysiological investigations of the mutant
in HEK293 cells indicated a reduced peak current, a negative shift in
inactivation properties and a positive shift in activation properties,
compatible with BrS. Furthermore, the sustained INaL tetrodotoxin-
sensitive Na® current was found to be drastically increased,
explaining the association between the mutation and LQTS. The
L1786Q mutation is associated with overlapping syndrome LQT3
and concealed BrS phenotype explained by gating characteristics of
the mutated ion channel protein. Hence, Na* channel blockade
should be considered in clinical evaluation of apparent LQT3
patients.

Note: functional heterogeneity accounts for the variable
response of mutations to the administration of Na' channel
blockers and explains why not all LQT3 patients benefit from
treatment with these drugs. SCN5A mutation (D1790G) signifi-
cantly responded to flecainide therapy yet did not respond to
lidocaine.

Ranolazine (Ranexa®): Ranolazine is a piperazine derivative
clinically approved for treatment of angina pectoris and is a po-
tential candidate for antiarrhythmic, antiepileptic, and analgesic
applications. The drug inhibits persistent or late inward Na™ cur-
rent (In,) in heart muscle in a variety of voltage-gated Na* channels.
Inhibiting that current leads to reductions in elevated intracellular
calcium levels. The drug exerted a concentration-dependent block
of InaL of the SCN5A-D1790G channel without reducing peak INa
significantly. In the clinical study, among 8 patients with LQT3 and
confirmed D1790G mutation, ranolazine had no effects on the sinus
rate or QRS width but shortened the QTc from 509 + 41 to
451 + 26 ms, a mean decrease of 56 + 52 ms (10.6%; P = 0.012). The
QT-shortening effect of ranolazine remained effective throughout
the entire study period of 22.8 + 12.8 months. Ranolazine reduced
the QTc at all heart rates but less so during extreme nocturnal
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bradycardia. The novel antianginal agent ranolazine, which shows a
marked selectivity for late versus peak Na™ current, may represent
a novel drug archetype for targeted reduction of [(NaL). Ranolazine
at therapeutic concentrations shortened a prolonged QTc interval
and improved diastolic relaxation in patients with the LQT3-Delta
KPQ mutation, a genetic disorder that is known to cause gain-of-
function mutations in the SCN5A in late Nat current. LQT3 pa-
tient carried a mutation in the SCN5A gene in which the cysteine
was substituted for a highly-conserved tyrosine (Y1767C) located
near the cytoplasmic entrance of the Na(v)1.5 channel pore is
blocked by ranolazine but not by many class I antiarrhythmic drugs
[46].

8. Experimental drugs

The novel late Na™* current inhibitor, 4 GS-6615 (eleclazine):
The novel, potent phase 2 agent with demonstrated preclinical
anti-ischemic and antiarrhythmic properties and selective late Na™
current inhibitor, GS-6615 with potential to use for the treatment of
LQT3 hypertrophic cardiomyopathy (HCM), and ventricular
tachycardia-ventricular fibrillation (VT-VF) [47]. This drug shortens
the ventricular APD, monophasic APD (MAPD) and QT/QTc in-
tervals, and decrease to the incidence of PVT/TdP type. To mimic the
electrical phenotype of LQT3, late INa was increased using the sea
anemone toxin (ATX-II). This drug induced prolongation of APD,
MAPD, QT interval, and decreased spatiotemporal dispersion of
repolarization and ventricular arrhythmias. Inhibition by GS-6615
of ATX-II enhanced late Ifj; was strongly correlated with short-
ening of myocyte APD and isolated heart MAPD. In contrast to
flecainide, GS-6615 had the minimal effects on peak INa. GS-6615
did not decrease the maximal upstroke velocity of the AP in
phase 0 (Vmax) nor widen QRS intervals. GS-6615 is a selective
inhibitor of late In,+, stabilizes the ventricular repolarization and
suppresses arrhythmias in a model of LQT3. The concentrations at
which the electrophysiological effects of GS-6615 are observed are
comparable to plasma levels associated with QTc shortening in
patients with LQT3, indicating that these effects are clinically
relevant. Additionally, eleclazine, a new selective cardiac late Na™
current inhibitor, confers concurrent protection against autonom-
ically induced atrial premature beats, T-wave repolarization alter-
nans and heterogeneity, and AF in an intact porcine model.

Triazolopyridine 4 h GS-458967: a recently introduced Gilead
Sciences compound, is a selective late Iy, inhibitor with an ICsg of
200 nM. 4 h improved anti-arrhythmic activity relative to ranola-
zine. Compound 4 h represents initial foray into a 2nd generation
Late Iy, inhibitor program that improved efficacy and potency
relative to ranolazine and is an important proof-of-concept com-
pound. The 4 h compound was shown to cause modest abbrevia-
tion of APD and to prevent or abolish both ATX-II and E-4031-
induced (i.e., models of LQT3 and LQT2, respectively) VTss in rabbit
hearts.

4 h GS-458967 abolish EADs and EAD-induced triggered activity
elicited by exposure of canine Purkinje fibers to ATX-II, increased
extracellular calcium, and isoproterenol. GS-458967 may be useful
to confirm the pathologic roles of late Iy, and to investigate phys-
iologic and pathologic effects of inhibiting late Iy, in other excitable
tissues.

8.1. Video-assisted thoracoscopic left cardiac sympathetic
denervation (LCSD)

LCSD is recommended for high-risk patients with LQTS in whom
ICD therapy is refused or contraindicated and/or in whom -
blockers are either not effective, not tolerated, not accepted, or
severe asthma, orthostatic hypotension, depression, and diabetes

mellitus because these entities may be exacerbated by treatment
with B-blockers. LCSD can be useful in individuals who experience
events while on therapy with -blockers or ICD. Despite significant
morbidity (dryness on left side, harlequin-type unilateral facial
flush, contralateral hyperhidrosis, differential hand temperatures,
permanent and transient ptosis, thermoregulation difficulties,
sensation of left arm paresthesia and sympathetic flight/fright
response loss) resulting from LCSD, patients with LQTS and CPVT
have high levels of postoperative satisfaction. Additionally, the
recently introduced procedure video-assisted thoracoscopic LCSD
is associated with short hospital stays and low morbidity. In-
dications for LCSD included B-blocker intolerance, nonadherence,
symptoms on therapy, QTc>520 ms, competitive sports participa-
tion, family history of SCD. LCSD may reduce the wide gap between
life-long B-blocker medication and ICD implantation. Although
LCSD is highly effective in prevention of CEs in patients with LQTS
and CPVT, it is rarely used.

8.2. Implantable cardioverter-defibrillator (ICD) placement

The international guidelines are not always followed, and risk
stratification may be based on genotype rather than individual risk
profile. In the Swedish ICD & Pacemaker Registry 70% of patients
who received ICD treatment met the 2006 Class I or Class Ila rec-
ommendations for LQTS treatment. 31% of the LQT3 patients
received ICD treatment despite being asymptomatic. Recommen-
dations by the American College of Cardiology, American Heart
Association, and Heart Rhythm Society for ICD placement in pa-
tients with LQTS include:

1) Survival of a cardiac arrest (class I)

2) Patients with syncope despite f-blocker therapy (class Ila; ICD is
reasonable)

3) High-risk categorization, such as LQT3 (class IIb; ICD may be
considered): individuals with a QTc interval >500 ms; in-
dividuals with QTc interval >600 ms are at extremely high risk.
Overt T-wave alternans with short-long cardiac sequences,
especially when present despite proper B-blocker therapy, is
also associated with a higher risk of CEs; LQTS associated with
biallelic pathogenic variants or heterozygosity for pathogenic
variants in two different genes (i.e., digenic pathogenic variants)
is generally associated with a more severe phenotype with
longer QTc interval and a higher incidence of CEs.

4) Possible ICD and/or LCSD for those with B-blocker-resistant
symptoms, inability to take B blockers, severe asthma. In gen-
eral, ICD implantation is not indicated for individuals with LQTS
who are asymptomatic and who have not been tried on B-
blocker therapy.

5) Prophylactic ICD therapy can be considered for individuals with
LQTS who are asymptomatic but suspected to be at very high
risk (e.g., those with >2 pathogenic variants on molecular
testing). Appropriate ICD therapies were predicted by age
<20 years at implantation, a QTc >500 ms, prior CA, and CEs
despite therapy; within 7 years, appropriate shocks occurred in
no patients with none of these factors and in 70% of those with
all factors. Refined criteria for implantation, reassessment of
pros and cons, ICD reprogramming, and consideration for other
existing therapeutic options are necessary [48].

6) Schwartz et al. [48] showed that the majority of adverse effects
related to ICD implant occurred in LQT3 patients.

Catheter ablation was the effective method to eliminate the
fatal arrhythmias through ablation of the triggering PVCs in the
present LQT3 patient with CDI implanted.
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8.3. Pacemakers/pacing

Patients with LQT3 are at higher risk at lower heart rates and
potentially may benefit from pace maker therapy. LQT3 patients
may be more likely to benefit from Na™ channel blockers and from
cardiac pacing because they would be at higher risk of arrhythmia
at slow heart rates. The usefulness of implanted cardiac pace-
makers is based on the premise that pacing eliminates arrhyth-
mogenic  bradycardia, decreases heart-rate irregularities
(eliminating short-long-short sequences), and decreases repolari-
zation heterogeneity, diminishing the risk of TdP. Pacemakers are
particularly helpful in patients with documented pause-brady-
cardia—induced TdP and in patients with LQT3.

However, data indicate that CEs continue to occur in high-risk
patients with cardiac pacing. Because newer models of ICDs
include a cardiac pacing function, cardiac pacing (without de-
fibrillators) is unlikely to be used in patients with LQTS. Pacing
alone may be used in low-risk patients with LQT3. Cardiac pace-
makers may be beneficial for patients with LQT2 or LQT3 and for
those with pause-dependent TdP. More important is to recognize
that device programming for preventing tachyarrhythmias in pa-
tients with long QT differs from the standard pacemaker pro-
gramming. Prolongation of repolarization also acts as a primary
step for the generation of EADs. The focal EAD induced triggered
beat(s) can infringe on the underlying substrate of inhomogeneous
repolarization to initiate polymorphic reentrant VT, sometimes
having the characteristic twisting QRS configuration known as TdP.

Table 2
Summary of LQT3 variant characteristics.

Both pacing and treatment with mexiletine may reduce TdP in
patients with LQT3, but it is not fully understood how these in-
terventions could prevent TdP. Bradycardia, increased dispersion of
APD and EADs provoke ventricular ectopy and PVT in deletion
SCN5A-Tg hearts. Ventricular pacing reduces APD dispersion, sup-
presses EADs and prevents PVT in deletion SCN5A-Tg hearts. These
effects provide a pathophysiological rationale for pacing in LQT3.

Management of Athletes with LQTS: Prohibition of competitive
exercise is considered a strict contraindication to athletic partici-
pation. Detection and management of LQTS in the athletes is crucial
given the possibility of adverse outcomes with the physical stress.
Preparticipation screening examinations should include a thorough
clinical and family history, screening ECGs may display key findings
consistent with LQTS and genetic testing (can confirm the diag-
nosis). Additionally, avoidance of QT-prolonging drugs are impor-
tant issues in life-style modification. All patients with LQTS should
avoid drugs that prolong the QT interval or that reduce their serum
potassium or magnesium level. Potassium and magnesium defi-
ciency should be corrected. Drugs that cause further prolongation
of the QT interval or provoke TdP; competitive sports/activities
associated with intense physical activity and/or emotional stress for
most individuals.

Patients who have history of LQTS-related symptoms, have QTc
>470 ms (males) or 480 (females) or who have an ICD should be
limited to Class 1A sports. Asymptomatic genotype-positive/
phenotype-negative patents can play, but are not at zero-risk.

Screening for a family history of premature (<40 years)

Effect of the mutation in the SCN5A cardiac Na™ channel gene

Gain-of-function mutations in the SCN5A cardiac Na™ channel gene which mediates the fast Nav1.5
current during AP initiation and also late in phase 2 of AP causing an accelerated recovery from
inactivation of Na* currents as well as AP prolongation, especially at low stimulation rates

Chromosome affected locus
Inheritance
OMIM number

Gene/Locus MIM number

Relative frequency to other variants
Phenotype mapping key

Mean penetrance

Events

Event numbers

Lethality of events

Life-threatening events at perinatal periods
Trigger mechanism for arrhythmia
Gene affected

Predominant moment of the events
Triggers characteristics

Heart rate (HR)

Response to HR increase

QTc mean value

QT interval dependence to HR
QTc interval duration

QT dispersion

LQT3 gene carriers

U wave

Gene-specific therapy for LQT3 with Na* channel blocking agents

Class Ib antiarrhythmic lidocaine/mexiletine and RSD1235

Gene-specific therapy for LQT3 with Na* channel blocking agents of
Class IC (flecainide) and IB (mexiletine and lidocaine)

Ranolazine

High risk patient for events (CA or SCD)
In these patients, ICD is indicated.

3 (3p21-24)

Autosomal dominant. Very rarely recessive

(OMIM#600163) A number sign (#) is used with this entry because LQT3 is caused by mutation in
the gene encoding the a-polypeptide of voltage-gated Na* channel type V.

600163

7-10% of total

3

79%

46%

Fewer than LQT1 and LQT2

Highest in LQT3 males and females (19% and 18%) than LQT2/LQT3

Mostly those with LQT2, LQT3, or no known mutations

Early After Depolarizations (EADs)

SCN5A which codes for the Nav1.5 Na* channel o -subunit

=65 at rest or during sleep without arousal

Bradycardia-triggered arrhythmias. Excessive prolongation of the AP and QTc at low heart rates
Tendency to bradycardia related to age and in some cases. Highest risk of arrhythmia during sleep
or during periods of slow HR.

The QTc interval shortens more than in LQT1 and LQT2 variants.

478 + 52 ms

Significant

It is usually longer than in LQT1 and LQT2.

Accentuated. It is a risk marker for the appearance of arrhythmias

have repolarization patterns similar to those of LQT1 gene carriers

It could be prominent in many cases because of longer repolarization of the M cell. It increases in
bradycardias and in pauses and it may present alternating polarity.

In severe forms of LQT3 (Missense mutation, M1766L) in infants, mexiletine partially 'rescued' the
defective expression. Higher sensitivity to lidocaine.

SCN5A mutation (D1790G) significantly responded to flecainide therapy yet did not respond to
lidocaine.

May provide protection from the induction of TdP by inhibition of a gain of function in the cardiac
voltage-gated Na™

QTc interval >500 ms in patients receiving therapy

Macro-wave T alternans, mainly when present despite proper p-blocker therapy

Patient who had CA

Biallelic pathogenic variants

Heterozygosity for pathogenic variants
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cardiovascular disease and SCD should occur at a young age,
because most SCDs in young athletes are caused by inherited car-
diac disease.

Unexplained syncope/near-syncope judged not to be of neuro-
cardiogenic (vasovagal) origin; of particular concern when occur-
ring during or after physical exertion.

Premature death (sudden and unexpected or otherwise) before
50 y of age attributable to heart disease in 1 relative.

All patients who have LQTS, symptomatic or asymptomatic, are
disqualified from all competitive sports.

Recommended using QTc values of >440 ms (males) or > 460 ms
(females) as a trigger for further evaluation. Schnell et al. consid-
ered a corrected QT interval >500 ms as dangerous [49].

Johnson and Ackerman [50] presented the largest published
cohort of athletes with LQTS (130 athletes with LQTS) who have
chosen to remain engaged in competitive sports and observed only
one athlete experiencing CEs. Guidelines for competitive athletic
participation, particularly those disqualifying genotype-positive/
phenotype-negative patients (the European Society of Cardiology
guidelines), may be excessive for LQTS patients. Comprehensive
evaluation, counselling, risk stratification, medical management
and preparation must take place prior to allowing. Table 2 sum-
marizes the LQT3 variant characteristics.

Abnormal QT dynamics during exercise testing are observed in
both LQT3 patients and other LQTS subtypes. Exercise stress testing
may be useful for directing genetic testing in subjects with
borderline prolonged QT intervals.

9. Conclusion

Congenital LQT3 variant of LQTS is responsible of 7—10% of all
cases of LQTS. It is caused by SCN5A gene defect. LQT3 variant has
high propensity for the TdP, as well as for atrial fibrillation. LQT3 is
the third most common LQTS with 7—10% of all cases. The variant
has a genotype-specific risk stratification and management with
efficacy of class IB (mexiletine/lidocaine) and IC (flecainide) anti-
arrhythmic and the specific inhibitor of late sodium channel late
I(Na) during the phase 2 of AP ranolazine. An ICD should be used in
survivors of SCA/SCD and is recommended (class Ila) for patients
with syncope while receiving B-blockers; ICD therapy can be
considered (class IIb) for primary prevention in patients with
characteristics that suggest high risk such as QTc interval >500 ms
T-wave alternans, especially when present despite proper 3-blocker
therapy or patients with biallelic pathogenic variants or heterozy-
gosity for pathogenic variants in two different genes. The interna-
tional guidelines are not always followed, and risk stratification
may be based on genotype rather than individual risk profile. Are
considered high at risk for SCA or SCD: QTc >500 ms in patients
receiving therapy, even after excluding patients who had a cardiac
arrest before therapy; presence of macro-wave T alternans espe-
cially when present despite proper B-blocker therapy, biallelic
pathogenic variants or heterozygosity for pathogenic variants in
two different genes (i.e., digenic pathogenic variants). These groups
have indication for ICD implantation.
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Anexo A

FACULDADE DE CIENCIAS E
TECNOLOGIA - UNESP/ wm il g
CAMPUS DE PRESIDENTE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Alteracdes de um programa de atividade fisica com base em protocolo de treinamento
funcional sobre as capacidades funcionais, composi¢cao corporal e gqualidade de vida
de mulheres na menopausa.

Pesquisador: Lucas Melo Neves

Area Tematica:

Versao: 2

CAAE: 11547013.2.0000.5402

Instituicdo Proponente: UNIVERSIDADE ESTADUAL PAULISTA JULIO DE MESQUITA FILHO

Patrocinador Principal: Financiamento Proprio
UNIVERSIDADE ESTADUAL PAULISTA JULIO DE MESQUITA FILHO

DADOS DO PARECER

Namere do Parecer: 388.070

Data da Relatoria: 06/09/2013

Apresentagao do Projeto:

Adequada.

Objetivo da Pesquisa:

Adequados.

Avaliagao dos Riscos e Beneficios:

Adequados.

Comentarios e Consideragdes sobre a Pesquisa:

As alteracdes sugeridas foram realizadas.

Consideragoes sobre os Termos de apresentagio obrigatéria:
Adequados.

Recomendagdes:

N&o ha.

Conclusoes ou Pendéncias e Lista de Inadequacgoes:

O presente estudo ndo fere preceitos éticos segundo a resolucdo CNS 466/2012.

Endereco: Rua Roberto Simonsen, 305
Bairro: Centro Educacional CEP: 19.060-900
UF: 5P Municipio: PRESIDENTE PRUDENTE

Telefone: (18)3229-5315 Fax: (18)3229-5353 E-mail: cep@fctunesp.br
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FACULDADE DE CIENCIAS E
TECNOLOGIA - UNESP/ W““‘
CAMPUS DE PRESIDENTE

Continuagio do Parecer: 388.070

Situagdo do Parecer:
Aprovado

Necessita Apreciagido da CONEP:

Nao

Consideragoes Finais a critério do CEP:

Em reunido realizada no dia 06.09.2013, o Comité de Etica em Pesquisa da Faculdade de Ciéncias e

Tecnologia - Unesp - Presidente Prudente, referendou a aprovacao.
Obs: Lembramos que ao finalizar a pesquisa, o (a) pesquisador (a) devera apresentar o relaténo final.

PRESIDENTE PRUDENTE, 09 de Setembro de 2013

Assinador por:
Edna Maria do Carmo

({Coordenador)
Enderego: Rua Roberto Simonsen, 305
Bairro: Centro Educacional CEP: 19.080-900
UF: SP Municipio: PRESIDENTE PRUDENTE
Telefone: (18)3229-5315 Fax: (18)3228-5353 E-mail: cep@fct.unasp.br
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Anexo B
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da Pesquisa: “AlteragBes de um programa de atividade fisica com
base em protocolo de treinamento funcional sobre as capacidades funcionais,
composicao corporal e qualidade de vida de mulheres na menopausa”.

Nome do (a) Pesquisador (a): Lucas Melo Neves

Nome do (a) Orientador (a): Ismael Forte Freitas Janior

1. Natureza da pesquisa: a sra esta sendo convidada a participar desta
pesquisa que tem como finalidade verificar as “Alteragcdes de um programa
de atividade fisica com base em protocolo de treinamento funcional sobre
as capacidades funcionais, composicdo corporal e qualidade de vida de
mulheres na menopausa’.

2. Participantes da pesquisa: 50 mulheres aptas a realizarem atividades
fisicas que estejam na menopausa.

3. Envolvimento na pesquisa: ao participar deste estudo a sra (sr) permitira
que o (a) pesquisador (a) prescreva as atividades fisicas com base em um
protocolo de treino funcional e realize as avaliacbes relacionadas a
modulacdo autonémica e aos parametros cardiorrespiratorios. A sra (sr.)
tem liberdade de se recusar a participar e ainda se recusar a continuar
participando em qualquer fase da pesquisa, sem qualquer prejuizo. Sempre
que quiser podera pedir mais informacfes sobre a pesquisa através do
telefone do (a) pesquisador Lucas Melo Neves (a) do projeto e, se
necessario através do telefone do Comité de Etica em Pesquisa.

4. Riscos e desconforto: a participagdo nesta pesquisa nao infringe as
normas legais e éticas, podendo haver os desconfortos gerados em uma
sessdo de atividade fisica. Os procedimentos adotados nesta pesquisa
obedecem aos Critérios da Etica em Pesquisa com Seres Humanos
conforme Resolugdo no. 196/96 do Conselho Nacional de Saude. Nenhum
dos procedimentos usados oferece riscos a sua dignidade.

5. Confidencialidade: todas as informagcdes coletadas neste estudo sé&o
estritamente confidenciais. Somente o0 (a) pesquisador (a) e seu
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(sua) orientador (a) (e/ou equipe de pesquisa) terdo conhecimento de sua
identidade e nos comprometemos a manté-la em sigilo ao publicar os
resultados dessa pesquisa.

Beneficios: ao participar desta pesquisa a sra (sr.) ndo ter& nenhum
beneficio direto. Entretanto, esperamos que este estudo traga informacdes
importantes sobre suas condicfes de saude e as alteracdes que o
programa de atividades fisicas causara de forma que o conhecimento que
sera construido a partir desta pesquisa possa contribuir também para
esclarecimentos sobre as respostas que mulheres na menopausa
apresentam em tal protocolo, onde pesquisador se compromete a divulgar
os resultados obtidos, respeitando-se o sigilo das informacdes coletadas,
conforme previsto no item anterior.

Pagamento: a sra (sr.) ndo terd nenhum tipo de despesa para participar
desta pesquisa, bem como nada sera pago por sua participacao.

Apos estes esclarecimentos, solicitamos o seu consentimento de forma

livre para participar desta pesquisa. Portanto preencha, por favor, os itens que

se seguem: Confiro que recebi copia deste termo de consentimento, e autorizo

a execucao do trabalho de pesquisa e a divulgacdo dos dados obtidos neste

estudo.

Obs: Nao assine esse termo se ainda tiver duvida a respeito.

Consentimento Livre e Esclarecido
Tendo em vista os itens acima apresentados, eu, de forma livre e

esclarecida, manifesto meu consentimento em participar da pesquisa

Nome do Participante da Pesquisa

Assinatura do Participante da Pesquisa

Assinatura do Pesquisador

Assinatura do Orientador
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Pesquisador: Lucas Melo Neves 18 3229 5828
Orientador: Ismael Forte Freitas Junior 3229 5711
Coordenadora do Comité de Etica em Pesquisa: Profa. Dra. Edna Maria do
Carmo
Vice-Coordenadora: Profa. Dra. Renata Maria Coimbra Liborio
Telefone do Comité: 3229-5315 ou 3229-5526
E-mail cep@fct.unesp.br
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Andrés Ricardo Pérez Riera

Endereco para acessar este CV: http://lattes.cnpq.br/0649502945770961
Ultima atualizagéo do curriculo em 06/12/2016

Graduado em Medicina pela Universidade Nacional de Cordoba (1973). Residéncia em Cardiologia no Instituto
Dante Pazzanese de Cardiologia (1976-1977). Curso de Especialista em Cardiologia no INCOR-SP (1978).
Diploma de Especialista em Cardiologia pela SBC (1980). Revalidacdo do Diploma de Médico na Universidade
Federal de Goias. Mestre em Cardiologia pela Faculdade de Medicina do ABC (2007). Doutor em Ciéncias da
Saude pela Faculdade de Medicina do ABC (2011). Encarregado do Setor de Eletro-Vetorcardiografia na disciplina
de Cardiologia na Faculdade de Medicina do ABC de 2006 a 2015. Desde 2015, professor associado no
Departamento de Salude da Coletividade (Laboratério de Delineamento de Estudos e Escrita Cientifica) da

Faculdade de Medicina do ABC, onde se desempenha como orientador da Pos-Graduagdo. (Texto informado pelo

autor)

Identificacéo
Nome
Nome em citagdes bibliograficas

Endereco

Endereco Profissional

Andrés Ricardo Pérez Riera"#

PEREZ RIERA, AR;Ricardo Perez Riera A;Riera AR;Riera, Andrés Pérez;PEREZ-RIERA,
ANDRES R.;PEREZ-RIERA MD PHD, ANDRES RICARDO;PEREZ-RIERA, ANDRES
RICARDO;RIERA, ANDRES RICARDO PEREZ;PEREZ RIERA, ANDRES RICARDO;PEREZ-
RIERA, ANDRES RICARDO;PEREZ RIERA, ANDRES RICARDO;Pérez-Riera AR;ANDRES
RICARDO PEREZ RIERA;PEREZ RIERA AR;A.R. PEREZ RIERA;PEREZ-RIERA, ANDRES
R.;PEREZ-RIERA, AR

Faculdade de Medicina do ABC - Fundagdo Santo André.
Rua Sebastido Afonso, 885

Jardim Miriam

04417-100 - Sao Paulo, SP - Brasil

Telefone: (11) 56232190

Formacdo académica/titulacao

2010 - 2011

2004 - 2007

1979 - 1979

1979 - 1979

1976 - 1977

1974 - 1975

Doutorado em Medicina.

Faculdade de Medicina do ABC - Fundagdo Santo André, FMABC, Brasil.

Titulo: 20 VECTORCARDIOGRAMA DO PADRAO BRUGADA TIPO 1: ESTUDO
COMPARATIVO COM VECTORCARDIOGRAMAS DE SUJEITOS HIGIDOS PORTADORES DE
BLOQUEIO INCOMPLETO E COMPLETO DO RAMO DIREITO"., Ano de obtengao: 2011.

Orientador: @ Prof. Dr. Celso Ferreira.

Palavras-chave: Brugada electrocardiographic-like pattern; brugada syndrome; bloqueio de
ramo direito.

Mestrado em Mestrado.

Faculdade de Medicina do ABC - Fundagao Santo André, FMABC, Brasil.

Titulo: ESTUDO DO GRAU DE INFORMAQAO DOS CARDIOLOGISTAS DA CIDADE DE SAO
PAULO EM RELACAO A ENTIDADE CARDIOLOGICA DE BAIXA PREVALENCIA ASSOCIADA A
MORTE SUBITA: A SINDROME DE BRUGADA,Ano de Obteng&o: 2007.

Orientador: @ Celso Ferreira.

Especializag¢do - Residéncia médica.

Universidade Federal de Goias, UFG, Brasil. Residéncia médica em:

Numero do registro: .

Especializagéo - Residéncia médica.

Instituto do Coracgao (InCor), FMUSP-INCOR, Brasil. Residéncia médica em: Setores de
métodos graficos do InCor:eletrocardigrafia, vetorcardiografia, reabilitacédo e
ergometria,ecocardiografia e medicina nuclear.

NUmero do registro: .

Especializagdo - Residéncia médica.

Instituto Dante Pazzanese de Cardiologia, IDPC, Brasil. Residéncia médica em: Cardiologia
Ndamero do registro: .
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Luiz Carlos de Abreu

Endereco para acessar este CV: http://lattes.cnpq.br/6796970691432850
Ultima atualizagéo do curriculo em 18/03/2018

da Pesquisa e Escrita Cientifica, Pesquisador 1B do CNPq

(luiz.abreu@pesquisador.cnpg.br) e Orientador de Programas de Poés-graduacdo recomendado pela Capes em
Ciéncias da Saude, Politicas Publicas e Saude Coletiva. Visiting Scientist Department of Environmental Health,
Harvard T.H. Chan School of Public Health (https://www.hsph.harvard.edu/faculty/). Coordenador do Projeto
Saude na Amazobnia Ocidental, para formacdo de Professores e Cientistas (Convénio Acre / FMABC 007/2015).
Chefe do Laboratério de Delineamento de Estudos e Escrita Cientifica da Faculdade de Medicina do ABC (Santo
André, SP, Brasil). (Texto informado pelo autor)

Identificacéo
Nome
Nome em citagdes bibliograficas

Endereco

Endereco Profissional

Luiz Carlos de Abreu

Abreu LC;Abreu, LC;ABREU, Luiz Carlos de;de Abreu, Luiz Carlos;de Abreu, L. C.;de Abreu,
Luiz;Carlos de Abreu, Luiz;Luiz C de Abreu;DEABREU, LUIZ CARLOS;ABREU, LUIZ
CARLOS;Luiz Carlos de Abreu;ABREU, LUIZ C;DE ABREU, LUIZCARLOS;ABREU, LUIZ
CARLOSDE;de Abreu L.C.;DE ABREU, L.C.;DE ABREU, LUIZ C;DE ABREU, LUIZ C.;ABREU,
LUIZ CARDOS DE;ABREU, LUIZ C.;ABREU, L. C.;ABREU, LUIZ

Faculdade de Medicina do ABC, Faculdade de Medicina do ABC.
Avenida Principe de Gales, 821

Principe de Gales

09060870 - S&o Paulo, SP - Brasil

Telefone: (11) 49937256

Fax: (11) 49937256

URL da Homepage: www.fmabc.br

Formacdo académica/titulacao

1999 - 2003

2001 - 2001

1996 - 1998

2005 - 2007

Doutorado em Ciéncias.

Universidade Federal de S&o Paulo, UNIFESP, Brasil.

Titulo: Impacto da fisioterapia neonatal em recém-nascidos pré-termo com doenca
pulmonar das membranas hialinas em ventilagdo pulmonar mecanica e pés-reposicéo de
surfactante exégeno, Ano de obtencao: 2003.

Orientador: @ Paulo Hilario Nascimento Saldiva.

Bolsista do(a): Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico, CNPq,
Brasil.

Doutorado em Ciéncias.

Universidade Federal de Sdo Paulo, UNIFESP, Brasil.

com periodo sanduiche em Harvard School of Public Health (Orientador: John Godleski).
Titulo: Impacto da fisioterapia neonatal em recém-nascidos pré-termo com doenca
pulmonar das membranas hialinas em ventilagdo pulmonar mecanica e pés-reposicéo de
surfactante exégeno, Ano de obtencao: 2003.

Orientador: @ Paulo Hilario Nascimento Saldiva.

Mestrado em Reabilitagéo.

Universidade Federal de S&o Paulo, UNIFESP, Brasil.

Titulo: Efeitos terapéuticos da fisioterapia pulmonar e motora em recém-nascidos pré-
termo com hemorragia periventricular-intraventricular,Ano de Obtenc&o: 1998.

Orientador: @ Benjamin Israel Kopelman.

Bolsista do(a): Fundacao de Amparo a Pesquisa do Estado de S&o Paulo, FAPESP, Brasil.
Palavras-chave: Recém-nascido, hemorragia, fisioterapia, ultrasson.

Grande area: Ciéncias da Saude

Setores de atividade: Cuidado A Satde das Populagdes Humanas.

Mestrado profissional em Terapia Intensiva.

Instituto Brasileiro de Terapia Intensiva, IBRATI, Brasil.

Titulo: Avaliagdo dos parametros da ventilagdo mecanica em recém-nascidos pré-termo
criticamente enfermos ap6s a reposi¢ao do surfactante exdgeno por via respiratéria, Ano
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Luiz Carlos Marques Vanderlei
Bolsista de Produtividade em Pesquisa do CNPq - Nivel 2

Enderego para acessar este CV: http://lattes.cnpq.br/5860525135106995
Ultima atualizagio do curriculo em 13/01/2018

Possui graduacdo em Fisioterapia pelo Instituto Municipal de Ensino Superior de Presidente Prudente (1982),
mestrado em Odontologia (Fisiologia e Biofisica do Sistema Estomatognatico) [Piracicaba] pela Universidade
Estadual de Campinas (1992) e doutorado em Odontologia (Farmacologia) pela Universidade Estadual de
Campinas (1996). Atualmente é professor assistente doutor da Universidade Estadual Paulista Julio de Mesquita
Filho. Tem experiéncia na area de Fisioterapia e Terapia Ocupacional, com énfase em cardiologia, atuando
principalmente nos seguintes temas: fisioterapia cardiorrespiratéria, prevengao e fatores de risco e variabilidade
da frequéncia cardiaca. (Texto informado pelo autor)

Identificacéo

Nome Luiz Carlos Marques Vanderlei

Nome em cita¢des bibliograficas VANDERLEI, L. C. M.;Vanderlei, Luiz Carlos Marques;Vanderlei, Luiz Carlos M.;Vanderlei,
Luiz Carlos M;M. Vanderlei, Luiz Carlos;Vanderlei LC;VANDERLEI, LUIZ
CARLOS;VANDERLEI, LC;VANDERLEI, LUIZ;MARQUES VANDERLEI, LUIZ
CARLOS;VANDERLEI, LUIZ C. M.;CARLOS MARQUES VANDERLEI, LUIZ;Vanderlei
LCM;CARLOS M VANDERLEI, LUIZ;VANDERLE, LUIZ CARLOS M.;VANDERLEI, LUIZ CARLO
MARQUES;VANDERLEI, LUIZ C.M.

Endereco

Endereco Profissional Universidade Estadual Paulista Julio de Mesquita Filho, Faculdade de Ciéncias e Tecnologia

de Presidente Prudente, Departamento de Fisioterapia.

Rua Roberto Simonsen, 305

Centro Educacional

19060-900 - Presidente Prudente, SP - Brasil - Caixa-postal: 957
Telefone: (18) 32295388

Ramal: 5365

Fax: (18) 32295388

URL da Homepage: http://

Formacgéao académica/titulacao

1993 - 1996 Doutorado em Odontologia.
Universidade Estadual de Campinas, UNICAMP, Brasil.
Titulo: Influéncia do ciclo estral e do estresse sobre a sensibilidade as catecolaminas em
atrios de ratas, Ano de obtencao: 1996.

Orientador: @ Dra Regina Celia Spadari.
Bolsista do(a): Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior, CAPES,
Brasil.
Palavras-chave: ciclo estral; estresse; estro; diestro; sensibilidade; choque nas patas.
Grande area: Ciéncias Bioldgicas

1990 - 1992 Mestrado em Odontologia (Fisiologia e Biofisica do Sist. Estomatognatico) [Piracicaba].
Universidade Estadual de Campinas, UNICAMP, Brasil.
Titulo: Estudo comparativo das dietas a base de soja e deficiente em zinco sobre o
crescimento, alteracGes histolégicas (glandulas salivares e testiculos) e hematoldgicas em
ratos,Ano de Obtengdo: 1992.
Orientador: Dra Maria Cecilia Ferraz de Arruda Veiga.
Bolsista do(a): Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior, CAPES,
Brasil.
Palavras-chave: deficiéncia de zinco; glandulas salivares; soja.
Grande area: Ciéncias da Saude

1980 - 1982 Graduacdo em Graduacgdo Em Fisioterapia.

Instituto Municipal de Ensino Superior de Presidente Prudente, IMESPP, Brasil.
1976 - 1978 Ensino Médio (2° grau).

Escola de Primeiro e Segundo Graus Esquema, EPSGE, Brasil.
1972 - 1975 Ensino Fundamental (1° grau).

Segundo Ginasio Estadual de Presidente Prudente, SGEPP, Brasil.
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Marianne Penachini da Costa de Rezende Barbosa

Endereco para acessar este CV: http://lattes.cnpq.br/6439780696203120
Ultima atualizagéo do curriculo em 16/03/2018

Possui Graduacao (2012) e Mestrado (2014) em Fisioterapia pela Faculdade de Ciéncias e Tecnologia da
Universidade Estadual Paulista (UNESP), Campus de Presidente Prudente e Doutorado (2018) em Ciéncias da
Saude na Faculdade de Medicina do ABC (FMABC). Atuando principalmente nos seguintes temas: variabilidade da

frequéncia cardiaca (VFC), sistema nervoso autdénomo (SNA), fatores de risco e prevencdo de doencas

cardiovasculares, menopausa e treinamento funcional. (Texto informado pelo autor)

Identificacéo
Nome
Nome em citagdes bibliograficas

Endereco

Marianne Penachini da Costa de Rezende Barbosa'@'

COSTA, M. P.;Marianne Penachini da Costa;Costa, Marianne Penachini da;Barbosa,
MCPR;Marianne Penachini da Costa de Rezende Barbosa;Barbosa, Marianne Penachini da
Costa de Rezende;BARBOSA, MARIANNE PENACHINI DA COSTA DE R.;BARBOSA,
MARIANNE PENACHINI DA C. DE REZENDE;Rezende Barbosa, Marianne Penachini da
Costa de;DE REZENDE BARBOSA, MARIANNE P.C;BARBOSA, MARIANNE P. C. R.;DE
REZENDE BARBOSA, MARIANNE P.C.;PENACHINI DA COSTA DE REZENDE BARBO,
MARIANNE;DE REZENDE BARBOSA, MARIANNE P. DA C.;RESENDE BARBOSA, MARIANNE
P. C.;DE REZENDE BARBOSA, MARIANNE P. C.;DA COSTA DE REZENDE BARBOSA,
MARIANNE PENACHINI;PENACHINI DA COSTA DE REZENDE BARBOSA, MARIANNE

Formacao académica/titulacéo

2015 - 2018

2013 - 2014

2009 - 2012

Doutorado em Ciéncias da Saude (Conceito CAPES 4).

Faculdade de Medicina do ABC, FMABC, Brasil.

Titulo: MPACTO DO TREINAMENTO COMBINADO (FUNCIONAL E AEROBIO) SOBRE A
MODULAGCAO AUTONOMICA E PARAMETROS CARDIORRESPIRATORIOS EM MULHERES NA
POS-MENOPAUSA., Ano de obtengdo: 2018.

Orientador: @ Andrés Ricardo Pérez Riera.

Palavras-chave: menopausa; Treinamento de resisténcia; Sistema nervoso auténomo;
sistema nervoso parassimpatico; treinamento funcional.

Grande area: Ciéncias da Saude

Grande Area: Ciéncias da Salde / Area: Fisioterapia e Terapia Ocupacional / Subérea:
medicina.

Mestrado em Fisioterapia.

Faculdade de Ciéncias e Tecnologia Julio de Mesquita Filho, UNESP, Brasil.

Titulo: Influéncia de um treinamento resistido funcional sobre a modulagao autondmica,
forca muscular , parametros cardiorrespiratérios e qualidade de vida em mulheres jovens
saudaveis.,Ano de Obtencéo: 2014.

Orientador: @ Luiz Carlos Marques Vanderlei.

Bolsista do(a): Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior, CAPES,
Brasil.

Palavras-chave: treinamento resistido; Sistema nervoso autdbnomo; sistema nervoso
parassimpatico; qualidade de vida; atividades de vida diaria; frequéncia cardiaca.
Grande area: Ciéncias Bioldgicas

Graduacéo em Fisioterapia.

Universidade Estadual Paulista Julio de Mesquita Filho, UNESP, Brasil.

Titulo: COMPARAGCAO DO MONITOR POLAR® RS800G3? COM O POLAR® S810i? E O ECG
PARA OBTENGAO DA SERIE RR E ANALISE DA VARIABILIDADE DA FREQUENCIA
CARDIACA EM REPOUSO.

Orientador: Luiz Carlos Marques Vanderlei.
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