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RESUMO

INTRODUCAO: Pacientes com cardiopatia congénita (CC) sdo menos ativos
quando comparados com individuos saudaveis e apresentam limitacdo da
capacidade funcional, relacionada com a presenca de fraqueza e fadiga muscular.
Em criancas com CC ou algum déficit de desenvolvimento, a forca muscular
costuma estar diminuida, afetando as habilidades motoras e funcionais na pratica
das atividades de vida diaria, estando relacionada diretamente com a reducao da
capacidade de exercicio. OBJETIVO: O objetivo do presente estudo foi avaliar a
forca muscular periférica de criancas e adolescentes com CC por meio de uma
revisdo sistematica com metanalise. METODOS: A revisdo sistematica incluiu
estudos observacionais que avaliaram a forgca muscular periférica em criancas e
adolescentes menores de 18 anos com CC, bem como controles saudaveis para
comparacdo. A avaliacdo quantitativa foi realizada por meio de metanalise,
comparando-se a dinamometria isocinética e a dinamometria de preensdo palmar
das criancas e adolescentes com CC e seus respectivos controles.
RESULTADOS: Um total de 5.512 artigos identificados na busca preencheram os
critérios de elegibilidade e quatro foram incluidos para metandlise nesta reviséo.
Trés estudos avaliaram a forca muscular isocinética (FMI) e encontraram reducao
significativa de 44.63Nm quando comparados com controles saudaveis (95% ClI,
—75.03 a-14.23; 12 82%, P para heterogeneidade =0.004). Dois estudos avaliaram
a forca de preensdo palmar (FPP) e mostraram que ndo houve diferenca
significativa entre pacientes com CC e controles saudaveis, com o valor de
0,08Nm (IC 95%, —6,39 a -6,55; 12 98%, P para heterogeneidade <0,00001).
CONCLUSAO: Criancas e adolescentes com CC apresentaram diminuicdo da
forca muscular de membros inferiores, entretanto na forca de preensédo palmar

esse resultado ndo foi confirmado e os dois grupos foram semelhantes.

PALAVRAS-CHAVE: Defeitos Cardiacos, Congénitos. Forca Muscular. Crianca.

Adolescente. Revisdo. Metandlise.



ABSTRACT

INTRODUCTION: Patients with congenital heart disease (CHD) are less active if
compared with pairs control and have limited functional capacity, related with muscle
weakness and fatigue. Children with CHD or some type of developmental deficit,
muscle strength is usually decreased, affecting motor and functional skills in daily life
activities, being related with reduction in exercise capacity. OBJECTIVE: The aim of
the present study was to evaluate the peripheral muscle strength of children and
adolescents with CHD with systematic review and meta-analysis. METHODS: The
review included observational studies which evaluated peripheral muscle strength in
children and adolescents with CHD under 18 years old and comparison with healthy
controls. The quantitative assessment was performed by meta-analysis, comparing
isokinetic dynamometry and handgrip dinamometry of children and adolescents with
CHD and respective control groups. RESULTS: A total of 5.512 articles identified in
the search met the criteria of eligibility and four were included for metanalysis in this
review. Three studies evaluated isokinetic muscle strength and found -44.63Nm lower
in patients with CHD compared with healthy controls (95% CI, —75.03 to —14.23; 12
82%, P for heterogeneity =0.004). Two studies evaluated handgrip strength and
showed that there was no significant difference between patients with CHD and healthy
controls, with the value 0,08Nm (95% CI, —6.39 to -6.55; 12 98%, P for
heterogeneity<0.00001). CONCLUSION: Children and adolescents with CHD have
decrease in muscle strength of the lower limbs and in handgrip strength this result was

not confirmed and both groups were similar.

KEYWORDS: Heart Defects, Congenital. Muscle Strength. Child. Adolescent. Review.

Meta-Analysis.
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1. INTRODUCAO

As cardiopatias congénitas (CC) foram descritas no século XVII, sendo
consideradas anomalias na estrutura e funcdo cardiocirculatérias. Na maioria dos
casos sdo oriundas de alteracdes no desenvolvimento embrionario, estando presentes
desde o nascimento (CERNACH, 2012; PINTO-JUNIOR, 2015). As anomalias
cardiacas estdo entre os defeitos mais frequentes ao nascimento, ocorrendo em
aproximadamente 1% de todos os nascidos vivos (RUSSEL, 2018), sendo
responsaveis por 7% dos O6bitos neonatais, 25% destes devido a malformacdes
consideradas graves (CHANGLANI, 2015).

As CC estéao relacionadas a alteragdes em diversos sistemas, tanto antes como
apos a correc¢do cirdrgica. As alteracdes nutricionais estao relacionadas ao aumento
do sobrepeso e obesidade apds a cirurgia, que ocorre na maioria das vezes pelos
habitos alimentares inadequados, associados ao comportamento por parte dos pais
em ceder aos desejos alimentares devido ao historico da doenca (COHEN, 2012).
Esse comportamento pode ser caracterizado como superprotecdo e interfere
diretamente na pratica de atividade fisica, que na maioria das vezes é prejudicada
nessas criangas, levando a uma reducéo da capacidade de exercicio. Essa limitacdo
na capacidade de exercicio pode estar relacionada a alteracdes hemodinamicas,
cardiolégicas, musculoesqueléticas e até psicossociais decorrentes do procedimento
cirargico, o0 que em alguns casos, interfere no desenvolvimento e predispde ao
sedentarismo (FELTEZ, 2013; MCCRINDLE, 2007).

A forca muscular pode ser considerada uma variavel relacionada com a aptidédo
fisica e o estado de saude, sendo que a reducao da forca pode ocasionar limitacdes
funcionais significativas. Em adultos com CC, a forca muscular periférica (FMP) pode
ser considerada um preditor da forca geral, contudo, tais achados ndo podem ser
extrapolados para a populagédo pediatrica (SAVAGE, 2011). A forga muscular nas
criancas esta relacionada diretamente com idade, sexo, altura e peso, apresentando
aumento nos valores de acordo com o crescimento e amadurecimento (FELTEZ,
2015).

Em criancas com doencas congénitas ou algum tipo de déficit de
desenvolvimento, a forca muscular costuma estar diminuida, gerando fraqueza e
fadiga muscular que comprometem as habilidades motoras e funcionais nas

atividades de vida diarias (WEST, 2019). A reducéo da forgca pode estar presente em
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diferentes patologias além das cardiopatias, como por exemplo em sindromes
genéticas e metabdlicas (RUSSEL, 2018), na Distrofia Muscular de Duchenne
(POSNER, 2016), doencas reumatologicas (RASHED, 2018), bem como em pacientes
submetidos a transplante pulmonar ou cardiaco (DELIVA, 2012).

Para mensuracao da forca muscular sdo utilizadas a dinamometria isocinética
e manual, sendo a isocinética utilizada para mensuracdo da forca, poténcia e
resisténcia muscular, considerada o padrdo-ouro de mensuragdo e segura para
utilizacdo em populacdo pediatrica (TSIROS, 2011). Ja a dinamometria manual é
utilizada para mensurar a forca muscular dos membros superiores, sendo considerada
um preditor de forca global em adultos por estar relacionada com a forca de bracos e
costas, entretanto, ainda sem poder ser extrapolado na populacao pediatrica devido a
escassez de estudos que abordem essa relagéo. (WIND, 2010).

Diante da crescente importancia da avaliacdo e acompanhamento das criancas
e adolescentes submetidos a cirurgia cardiaca, torna-se fundamental conhecer os
aspectos que estao relacionados diretamente com esse evento, principalmente as
alteracdes na funcéo e capacidade de exercicio. Sendo assim, € de fundamental
importancia realizar a sumarizacdo dos estudos sobre forca muscular nos pacientes
cardiopatas, bem como identificar a relacdo dessa variavel com a capacidade de
exercicio e, assim, proporcionar um atendimento de melhor qualidade para essa

populacao.
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2. REVISAO DE LITERATURA

2.1 Cardiopatias Congénitas:

As cardiopatias congénitas comecaram a ser identificadas no século XVII
através de relatos que correlacionavam sintomas clinicos com achados anatémicos
em autdpsias. S&o consideradas anormalidades na estrutura e funcéo
cardiocirculatoria, presentes desde o nascimento ou algumas vezes, oriundas de
alteracbes no desenvolvimento embrionario (CERNACH, 2012; PINTO-JUNIOR,
2015). A incidéncia das cardiopatias congénitas atualmente € de 9:1000 nascidos
vivos, com uma ocorréncia de 3329 casos/ano na Regido Sul do Brasil (PINTO-
JUNIOR, 2015). Segundo estudo realizado por Van Der Linde et al. (2011), as
cardiopatias congénitas mais frequentes encontradas foram a comunicagao
interventricular, comunicacdo interatrial, persisténcia do canal arterial, estenose
pulmonar, tetralogia de Fallot, coarctacdo da aorta, transposicdo das grandes artérias
e estenose aortica.

Entre os defeitos do nascimento, as anomalias cardiacas despontam como as
mais frequentes, afetando aproximadamente 1% de todos os nascidos vivos. As
principais causas dos defeitos cardiacos congénitos (DCC) sdo divididas em dois
grupos: os agentes ambientais e as causas genéticas. A exposicdo ambiental a
agentes teratogénicos, infecciosos e doencas maternas sao responsaveis por 2% de
todas as anomalias cardiacas. As causas genéticas para o desenvolvimento de DCC
podem ser divididas em 3 categorias: anomalias cromossémicas, doencas
monogénicas e herancas complexas ou multifatoriais, sendo estas causas as
responsaveis pela maior incidéncia de malformacdes congénitas em recém nascidos.
Assim, torna-se importante analisar a interacdo entre agentes ambientais e fatores
genéticos para definir a origem das cardiopatias congénitas (CERNACH, 2012).

As cardiopatias congénitas podem ser classificadas em dois grandes grupos:
cianoticas e acianoticas, sendo diferenciadas pela presenca de cianose na pele e
mucosas em virtude da oxigenacdo insuficiente do sangue e a vascularizagcao
pulmonar. Dentro da classificagdo das cardiopatias, as mais frequentes sédo as
descritas abaixo (BELO, 2016; FELTEZ, 2013):

» Ciandticas: Tetralogia de Fallot, Transposicdo de grandes vasos, Atresia
tricispide, Dupla via de entrada ventricular, Dupla via de saida ventricular, Drenagem

venosa andmala total, Drenagem venosa anémala parcial.
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» Aciandticas: Comunicacdo interatrial, Comunicacdo interventricular,
Persisténcia do canal arterial, Defeito do septo atrioventricular, Coartacdo da aorta,
Estenose aortica, Estenose pulmonar.

Sao diversos os sinais e sintomas que estdo relacionados as cardiopatias
congénitas sendo importante a identificacdo dos mesmos, independentemente da
idade em gue se manifestam. Sinais e sintomas mais frequentes sdo sopro, cianose,
dificuldade na alimentac&o, baixo ganho de peso, cansaco, sudorese, taquicardia,
cardiomegalia, valores anormais de pressao arterial, alteragbes de pulso,
baqueteamento digital, infeccbes pulmonares de repeticdo, dor toracica e sincope
(GRAU, 2012).

A maioria das cardiopatias congénitas necessita de correcdo cirlrgica em
algum momento ao longo da vida, sendo o campo da cirurgia cardiaca considerado
um dos mais complexos dentro da medicina. A primeira cirurgia cardiaca foi realizada
ha aproximadamente seis décadas pelo Dr. Robert E. Gross, sendo uma corre¢ao da
persisténcia de canal arterial em uma crianca que, desde entdo, tornou-se um
procedimento bastante utilizado com baixas taxas de morbidade e mortalidade.
(PRATES, 1999). Na Tetralogia de Fallot, a primeira abordagem paliativa foi realizada
no ano de 1944 pela Dra. Helen Taussig e Dr. Alfred Blalock. Essas novas descobertas
no campo da cirurgia cardiaca levaram a novos estudos com aprimoramento e criagao
de novas técnicas, bem como uso da hipotermia e circulagédo extracorpérea (BRAILE,
1996; PRATES, 1999).

O conhecimento adquirido nas ultimas décadas sobre cardiopatias congénitas
e intervencles cirlrgicas, aliado aos avancos tecnolégicos nessa area, tem
possibilitado a corre¢do cirargica de grande parte das cardiopatias, tanto as de baixa
como as de média complexidade, que eram consideradas inoperaveis até algum
tempo atras. Dessa forma, foi possivel obter uma reducédo consideravel da morbidade
e mortalidade nessa populacdo (RUSSEL, 2018; ATIK, 2004). Apesar dos avangos na
cirurgia cardiaca, ainda sdo frequentes os casos de insucesso devido a grande
complexidade desses pacientes, a falha no reconhecimento precoce dos sintomas, as
distintas fisiopatologias e a grande variedade de doencas associadas. Sendo assim,
muitos sdo os profissionais envolvidos no cuidado dessas criancas desde a
investigacdo diagnodstica até o tratamento adequado e acompanhamento a longo
prazo (ATIK, 2004).
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2.2 Complicacfes das Cardiopatias Congénitas:

As cardiopatias congénitas estdo relacionadas com o0 aparecimento de
alteracdes sistémicas pré e pos correcdo cirdrgica, entre as quais se destacam as
alteracdes nutricionais, de peso, altura e também a reducdo da capacidade de
exercicio. Essa condicédo limitada da capacidade de exercicio é multifatorial, podendo
estar relacionada a alteracbes hemodinamicas, cardiologicas, musculoesqueléticas e
reducgéo da funcéo pulmonar, geralmente refletindo a complexidade da cardiopatia de
base (FELTEZ, 2013; WEST, 2019).

Dentre as alteracBes relacionadas as cardiopatias congénitas, € importante
citar a predisposicéo a obesidade, tanto na infancia quanto ao longo da vida adulta. A
ocorréncia de obesidade nesses pacientes € multifatorial, podendo estar relacionada
com problemas de crescimento desde a primeira infancia (PINTO, 2007). O risco de
obesidade é maior em cardiopatas do que em criangcas saudaveis e isso pode ser
explicado pelo fato de que, em alguns casos, a ingesta caldrica € aumentada como
forma de compensacao ao gasto energético demandante da doenca, assim como a
restricdo na prética de atividade fisica que ocorre nesses pacientes (COHEN, 2012;
BAKER, 2007).

Da mesma forma que a obesidade, € importante citar como fator complicador
relacionado as CC o impacto psicossocial dessa doenca, que pode ser refletido
através das dificuldades comportamentais, no baixo desempenho escolar e também
na ocorréncia de atrasos no desenvolvimento neuropsicomotor. Esses fatores sao
determinantes para a integracao social das criancas e adolescentes cardiopatas tanto
antes como ap0s a correcao cirurgica, podendo, se ndo bem administradas, afetar a
qualidade de vida desses pacientes (WERNOVSKY, 2006).

Além disso, os cardiopatas usualmente sao criados em um ambiente protegido,
principalmente em relacdo aos possiveis riscos relacionados com o exercicio e a
pratica de atividade fisica. Isso ocorre em decorréncia dos medos e preocupacgdes
vindos dos pais, educadores e até equipe médica, sendo que essa superprotecao
pode influenciar negativamente no desenvolvimento dessas criancas principalmente
no pés-operatério, fazendo com que as mesmas se tornem sedentarias (MCCRINDLE,
2007; COHEN, 2012).

2.3 Exercicios nas Cardiopatias Congénitas:
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A intolerancia ao exercicio € comumente encontrada em pacientes cardiopatas,
sendo o grau de intolerancia relacionado ao tipo de cardiopatia ou malformacéao,
complexidade e gravidade do caso, assim como ao tipo de cirurgia e reparo realizado
e as comorbidades associadas no pdés-operatério. A reducdo da capacidade de
exercicio é considerada multifatorial, entretanto a literatura descreve alguns fatores
de maior impacto tais como: alteragcbes hemodinamicas residuais, incompeténcia
cronotropica, presenca de cianose, hipertensdo pulmonar, reducdo do débito
cardiaco, arritmias e limitac6es ventilatérias, além da inatividade fisica (PIANOSI,
2009; RHODES, 2005).

Em um estudo realizado por Ray et al. (2011), criancas e adolescentes
cardiopatas apresentaram escores de atividade fisica muito inferiores aos
referenciados na literatura para populacdo saudavel, sendo que aqueles com defeitos
cardiacos menos complexos apresentaram maior nivel de atividade fisica quando
comparados aos cardiopatas com defeitos graves. Outro estudo traz que a reducéo
da préatica de atividade fisica em pacientes submetidos a procedimento de Fontan
pode ser relacionada a baixa capacidade funcional cardiorrespiratoria, a restricdo e
limitac&o imposta pelos pais, bem como a fatores psicossociais (MCCRINDLE, 2007).

Mesmo com todos os fatores que interferem na capacidade de exercicio, 0s
beneficios e indicacdes da pratica de atividade fisica nos cardiopatas ja se encontram
bem estabelecidos. Estudos tém demonstrado que a pratica de exercicio
supervisionado e a inser¢cdo em programas de reabilitacdo cardiaca levam a melhora
da capacidade funcional, cardiovascular e musculoesquelética, estando associados
também a um aumento na autoestima e qualidade de vida (MOOLA, 2009).

A pratica de atividade fisica nas criancas e adolescentes promove melhora da
coordenacdo motora, autoestima e também do convivio social. Nao existem
evidéncias na literatura sobre a necessidade de restricdo da pratica de atividade fisica,
entretanto deve-se atentar para aqueles pacientes com disturbios no ritmo cardiaco,
sendo indicado o acompanhamento com equipe multiprofissional. Segundo as
diretrizes da American Heart Association (AHA) a maioria das criangas com
cardiopatias congénitas tem menor probabilidade de atender as recomendagfes de
atividade fisica quando comparadas a individuos saudaveis da mesma faixa etéria,
embora a pratica segura de atividade fisica seja recomendada (LONGMUIR, 2013;
PEMBERTON, 2010).
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Diferentes tipos de atividade e exercicio fisico podem ser realizados, entretanto,
deve-se seguir algumas recomendacdes ao avaliar um paciente cardiopata em
relagdo a capacidade ou ndo de realizar exercicios. As seis etapas recomendadas
para avaliacdo e recomendacado da prética de exercicio sdo (BUDTS, 2013):

e Histdria clinica e exame fisico

e Avaliacdo de cinco parametros basicos - funcéo ventricular, pressao da
artéria pulmonar, dimenséo da aorta, arritmias e saturacao arterial de
oxigénio em repouso e durante o exercicio

e Deciséo sobre o tipo de exercicio

e Teste de exercicio cardiopulmonar

e Recomendacéo da intensidade

e Acompanhamento

2.4 Forca Muscular nas Cardiopatias Congénitas:

Nas cardiopatias congénitas, a forca muscular esta diretamente relacionada
com a aptidao fisica e o estado de saude e normalmente encontra-se reduzida tanto
no pré como no pos operatdrio, podendo ocasionar limitagdes funcionais significativas.
A forca muscular nas criangas pode ser alterada em funcao de diversos fatores como
idade, sexo e altura, de acordo com a curva de crescimento e desenvolvimento, ou
ainda decorrente de altera¢cdes na massa e fibras musculares (FELTEZ, 2015). Sendo
assim, para avaliacdo em criancas ou adolescentes com alguma patologia, preconiza-
se a utilizacdo de valores de referéncia obtidos em seus pares saudaveis e ndo os
valores advindos da populagéo adulta (WIND, 2010).

A forca muscular é reduzida em criancas com diversas patologias, entre elas
algumas sindromes genéticas (RUSSEL, 2018), Sindrome de Barth (HORNBY, 2019)
e Sindrome de Noonam (CROONEN, 2017), pacientes com Distrofia Muscular de
Duchenne (POSNER, 2016) e algumas doencas reumatoldgicas (RASHED, 2018),
além daqueles submetidos a transplante pulmonar ou cardiaco (DELIVA, 2012). Em
criangas com doencas congénitas ou algum tipo de déficit de desenvolvimento, a forca
muscular normalmente encontra-se diminuida, gerando uma fraqueza e fadiga
muscular que comprometem o desempenho de habilidades motoras funcionais nas
atividades diarias (HOLM, 2008). Sendo assim, torna-se importante a avaliacdo da

forca muscular periférica nos cardiopatas por se tratar de uma populacdo com



19

necessidades e demandas especificas para seu tratamento e acompanhamento
clinico.

A forga muscular periférica € uma variavel que pode ser intimamente
relacionada a limitagBes funcionais, a reducdo da capacidade de exercicio e a
qualidade de vida em pacientes com doencas cardiacas. A musculatura periférica
esta relacionada com a capacidade funcional, sendo que a baixa oferta de oxigénio
para 0os musculos periféricos nos cardiopatas, que ocorre em decorréncia das
alteracdes cardiocirculatorias caracteristicas da doenca, pode contribuir para a
intolerancia ao exercicio e, consequentemente para fadiga muscular (MOALLA, 2012;
GREUTMANN, 2011).

Em adultos com doenca cardiaca, a FMP pode ser considerada um preditor de
forga global (SAVAGE, 2011), no entanto em criangas ainda séo poucos o0s estudos
gue trazem essa informacédo. O estudo realizado por Wind et al. (2010) com criancas,
adolescentes e jovens adultos saudaveis afirma que existe uma associacao entre a
forca de preensao palmar e a forca muscular total, podendo a FPP ser um indicativo
da forga geral.

A literatura traz que a forca muscular isocinética de membros inferiores na
populacdo pediatrica se encontra reduzida quando comparada com individuos
saudaveis (MOALLA, 2006; HOLM, 2007; SANDBERG, 2020). Em relacao a forca de
preensao palmar, alguns estudos mostram uma semelhanca dos valores em pacientes
cardiopatas e saudaveis (LONGMUIR, 2015), assim como outros estudos mostram
uma reducdo da FPP apds cirurgia cardiaca (TURQUETTO, 2018). Entretanto, a
maioria dos estudos cita a relacédo dos valores de forgca muscular com idade e género,
sendo que a ampla faixa etaria que compreende criancas e adolescentes torna dificil
a padronizacdo dessa variavel. Assim, tornam-se necessarios mais estudos nessa
area para melhor embasamento e seguranca na abordagem, tanto terapéutica como

preventiva.

2.5 Avaliacéo da Forga Muscular:

A forca muscular (FM) pode ser considerada um preditor da forga global. Os
métodos mais utilizados atualmente para avaliacdo da forga muscular sdo a
dinamometria isocinética e manual. A dinamometria isocinética é considerada o
padrdo-ouro para mensuracao da forca muscular, sendo realizada através de um

dinambmetro isocinético que pode obter medidas como for¢a de pico, resisténcia,
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poténcia e angulo de forca maxima de diferentes grupos musculares. Entretanto, por
ser um método de alto custo, costuma-se utilizar como alternativa a dinamometria de
preensdo palmar, considerada um método simples e de baixo custo que fornece uma
medida quantitativa de forca muscular, sendo a mais utilizada na prética clinica. As
avaliacdes da dinamometria isocinética e dinamometria manual séo realizadas através
da contragcdo maxima da musculatura de membros inferiores e membros superiores
(STARK, 2011; TURQUETTO, 2017). A seguir sdo descritos os métodos de avaliacéo
da for¢ca muscular e sua aplicabilidade clinica.

2.5.1 Dinamometria Isocinética:

Os dinamémetros isocinéticos sao instrumentos de medida que proporcionam
informacdes quanto a dindmica e performance dos grupos musculares, assumindo
assim que a articulacdo se move a uma velocidade angular constante (movimento
isocinético). Os sistemas isocinéticos sdo baseados no principio de que o braco da
alavanca se move a uma velocidade angular predeterminada, por maior que seja a
forca aplicada pelo usuario no giro ou no momento. Ou seja, Se 0 usuario aumentar a
forca, a maguina aumenta sua resisténcia de forma a manter a velocidade constante.
Além da avaliacdo da forca, também é possivel avaliar a fadiga e a resisténcia
muscular através de uma série de contracdes repetitivas realizadas a uma velocidade
angular preestabelecida (DVIR, 2002).

A dinamometria isocinética é amplamente utilizada em pesquisas e na pratica
clinica para testar, comparar e também treinar grupos musculares especificos,
obtendo assim uma avaliacao objetiva da forca, poténcia e resisténcia muscular (JEE,
2015). A obtencdo desses parametros € importante para avaliacdo do impacto do
treinamento fisico, dos programas de reabilitacdo, bem como em lesdes
musculoesqueléticas e algumas condi¢cdes de saude, tendo em vista que proporciona
avaliacdo da maturacio e envelhecimento muscular. E uma avaliagdo amplamente
descrita no publico adulto, e recentemente vem sendo utilizada também em criancas,
mostrando-se um método seguro e viavel (TSIROS, 2011; JOHNSEN, 2015).

Desde o inicio das pesquisas na &rea da isocinética, a articulacdo do joelho
vem sendo priorizada em diversos estudos, podendo ser utilizada tanto na
musculatura de membros superiores como inferiores. Os principais grupos musculares
avaliados com a dinamometria isocinética sdo os extensores e os flexores de joelho,
bem como flexores plantares do tornozelo (HOLM, 2007; SANDBERG, 2020). Para
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avaliacao através da dinamometria isocinética, deve-se seguir algumas diretrizes de
posicionamento e execucdo do teste (DVIR, 2002) bem como a comparacdo com
valores de referéncia para a populacéo pediatrica como os descritos por Wiggin et al.
(2006) baseados em populagédo saudavel.

A execucdo do teste deve seguir alguns protocolos, sendo realizado com os
pacientes sentados em uma cadeira com quadril e joelho a 90° de flexdo. O eixo
rotacional do brago da alavanca deve ser alinhado com o eixo rotacional da articulagéo
do joelho no condilo femoral lateral, sendo o ponto de resisténcia fixado
aproximadamente a 3 centimetros acima do maléolo medial. Sempre com uso de
feedback visual e auditivo, os pacientes sao orientados a realizar os movimentos com
forca maxima. (BIODEX, 2002; SANTOS, 2013). S&o consideradas contra indicacdes
para realizacéo do teste as restricdes na cicatrizacao de tecidos moles, presenca de
dor ou amplitude de movimento limitada, instabilidade articular e distensdes
musculares (DAVIES, 2012).

Figura 1 - Dinambmetro Isocinético

Fonte: https://www.biodex.com/physical-
medicine/products/dynamometers/system-4-pro

2.5.2 Dinamometria Manual:
A dinamometria manual é utilizada para avaliacao da for¢ca de preenséo palmar,
sendo considerada um instrumento simples, objetivo, pratico e de facil utilizacdo. Tem

sido amplamente utilizada para avaliagdo da forca de preensdo em pacientes com
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doencas e desordens nas extremidades dos membros superiores como artrite
reumatoide, sindrome do tunel do carpo, epicondilite lateral, acidente vascular
cerebral, lesbes traumaticas, doencas neuromusculares, entre outras. Como em
adultos a forca de preenséo esta associada com a forca do braco, costas e pernas,
podendo ser esta variavel considerada indicativa da forca muscular generalizada
(REIS, 2011; FIGUEIREDO, 2019; WIND, 2010).

Na pediatria, a dinamometria manual vem conquistando espaco e sendo cada
vez mais utilizada. Alguns estudos mostram que a mensuracao da forga muscular
através desse instrumento pode ser correlacionada com a for¢ca muscular total em
criancas e adolescentes (WIND, 2010), ja estando disponiveis na literatura valores de
normalidade e referéncia para a populacdo pediatrica saudavel, como descrito por
McQuiddy et al. (2015).

Dentre os aparelhos disponiveis para avaliacdo, o dinamdmetro Jamar tem sido
considerado o instrumento mais aceito de acordo com as recomendacfes da
American Society of Hand Therapists (ASHT). Seu uso teve inicio em meados da
década de 50, sendo até os dias atuais amplamente utilizado na prética clinica para
avaliacao e reabilitacdo (MCQUIDDY, 2015). Este instrumento tem sido considerado
padrdo-ouro para essa avaliacdo devido a alta validade e confiabilidade apresentada
guando comparado com outros métodos de avaliacdo da forca muscular (REIS, 2011;
FIGUEIREDO, 2019).

Figura 2 - Dinamdmetro Hidraulico Jamar

Fonte: https://www.jlwinstruments.com/search/?query=isokin
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O dinambdmetro possui duas alcas paralelas, uma fixa e outra mével com opcao
de ajuste em 5 posicdes de acordo com o tamanho da mao do paciente. E composto
por um sistema hidraulico fechado que mede a quantidade de for¢a produzida por uma
contracao isométrica (movimento de preensao) sobre as al¢as, como demonstrado na
figura 2. Para validacéo do teste € recomendado que sejam realizadas trés medidas,
considerando a média entre elas para verificagcdo da forca maxima de preensao
palmar (FIGUEIREDO, 2019).

A execucado do teste deve seguir as recomendacdes propostas pela ASHT.
Recomenda-se que o paciente esteja sentado em uma cadeira com o0s pés apoiados
no chao, ombro aduzido e neutramente rodado, cotovelo flexionado a 90°, antebraco
em posicao neutra e punho posicionado entre 0° e 30° de extenséo e entre 0° e 15°
de desvio ulnar. Com uso de incentivo verbal, os pacientes sao orientados a realizar
preensdo com forca maxima para mensuracdo da forca de membros superiores
(FESS e MOORAN, 1981).
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3. JUSTIFICATIVA

As cardiopatias congénitas apresentam uma incidéncia cada vez maior na
populacdo, sendo que as alteragBes cardiovasculares, respiratérias e musculares
decorrentes dessas doencas séo responsaveis por um declinio funcional mesmo apés
correcdo cirdrgica. Em criangcas com doencas congénitas, a forca muscular
normalmente encontra-se diminuida, gerando uma fraqueza e fadiga muscular que
compromete seu desempenho das habilidades motoras funcionais nas atividades
diarias. Face ao exposto, em virtude da dificuldade na determinacdo dos melhores
meétodos para avaliar a forca muscular em criancas e adolescentes com cardiopatia
congénita e a necessidade de extrapolar estes dados para a pratica clinica diaria, a
maneira mais adequada de avaliar criticamente as informacgfes disponiveis na
literatura é através da realizacdo de uma revisao sistematica. A realizacdo desta
revisdo sistematica e metanalise serd de suma importancia para auxiliar aos
profissionais da saude na determinacao da fraqueza muscular do paciente pediatrico
cardiopata bem como estabelecer futuras estratégias de reabilitacao.
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4. OBJETIVOS

4.1 Objetivo Geral
Revisar sistematicamente a forca muscular periférica de criancas e

adolescentes com cardiopatia congénita.

4.2 Objetivos Especificos:

- Revisar sistematicamente a forca muscular periférica nas diferentes
cardiopatias congénitas.

- Revisar sistematicamente a forca muscular periférica e sua associacdo com a
capacidade funcional.

- Revisar sistematicamente a for¢ca muscular periférica relacionada ao sexo e

as diferentes faixas etarias.
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5. HIPOTESES

5.1 Hipotese Nula:
Criancas e adolescentes com cardiopatia congénita ndo apresentam forca

muscular periférica reduzida quando comparados a individuos saudaveis.

5.2 Hipotese Alternativa:
Criancas e adolescentes com cardiopatia congénita apresentam forca muscular

periférica reduzida quando comparados a individuos saudaveis.
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6. METODOS

6.1 Protocolo e Registro

Este estudo segue as recomendagbes propostas pela Cochrane (HIGGINS,
2021), sendo apresentado conforme sugerido pelo PRISMA Statement (PAGE, 2021).
O estudo esta registrado no PROSPERO - Internacional Prospective Register of
Systematic Reviews (http://www.crd.york.ac.uk/PROSPEROY/), sob nimero de registro
CRD42021225172.

6.2 Critérios de elegibilidade

Foram incluidos estudos observacionais (coorte e transversal) com amostra
composta por criancas e adolescentes menores de 18 anos com cardiopatia
congénita, entre elas Defeitos do Septo Cardiaco (DSC), Coarctacéo da Aorta (CoA0),
Transposicdo dos Grandes Vasos (TGV), Tetralogia de Fallot (TOF) e aquelas
submetidas a cirurgia de Fontan, além de individuos saudaveis para compor 0 grupo
controle. O desfecho priméario foi a forca muscular periférica (dinamometria de
preensdo palmar e dinamometria isocinética) e o desfecho secundario a capacidade
de exercicio, considerando os valores de VO2méx para a analise. Foram incluidos os
estudos que apresentassem os desfechos primarios preencheram todos critérios de
inclusdo, sendo todos em lingua inglesa. Foram excluidos os estudos publicados
antes de 1990, cartas ou resenhas, teses ou artigos publicados apenas na forma de

resumos, incluindo anais de congressos.

6.3 Fontes de informacao

Foram realizadas buscas nas bases de dados: MEDLINE acessado via
Pubmed, Embase, PEDro e Cochrane, além de referéncias de estudos publicados na
area entre o ano de 1990 e setembro de 2020. Para cada portal de pesquisa, foi
elaborada uma estratégia especifica de cruzamento dos descritores ou das palavras-
chaves para recuperacdo dos assuntos da literatura cientifica. Foi realizada uma
estratégia de busca utilizando os seguintes descritores em inglés: Child ou Adolescent
combinadas com Heart Defects, Congenital, Heart Septal Defects, Aortic Coarctation,
Transposition of Great Vessels, Tetralogy of Fallot, Fontan Procedure, além de Muscle
Strength, Maximal Respiratory Pressures e Exercise. A estratégia de busca utilizada

para o PubMed esta descrita como material suplementar.
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6.4 Selecdo dos estudos

Os titulos e resumos de todos os artigos identificados pela estratégia de busca
foram avaliados independentemente por dois autores (CCN e MLYS) em duplicata,
sendo utilizada uma lista de verificacdo de rastreamento padrdo com base nos
critérios de elegibilidade. Os resumos que ndo forneciam informacgdes suficientes
sobre os critérios de incluséo e exclusdo foram selecionados para avaliagdo do texto
completo. Na segunda fase, os mesmos revisores avaliaram de forma independente
0s textos completos dos artigos e fizeram a selecdo de acordo com os critérios de
elegibilidade especificados anteriormente. Um terceiro revisor (JLL) resolveu todas as
discordancias relacionadas a elegibilidade do estudo e ajudou na decisao de incluir

ou excluir estudos.

6.5 Processo de coleta de dados

A extracdo dos dados foi realizada pelos mesmos revisores de forma
independente, utilizando um formulério de aquisicao de dados padronizado contendo
informacBes sobre: desenho do estudo (transversal, caso-controle, coorte),
participantes (idade da populacéo e sexo) e desfechos. O desfecho primario avaliado
foi a forca muscular periférica mensurada por dinamometria isocinética e
dinamometria de preensdo palmar. O desfecho secundario foi a capacidade de
exercicio, considerando os valores de consumo maximo de oxigénio (VO2max) para a

analise.

6.6 Avaliacédo do risco de viés

A avaliacdo da qualidade metodoldgica dos estudos foi realizada de forma
independente pelos mesmos dois revisores (CCN e MLYS) através da Escala
Newcastle-Ottawa, utilizada para estudos de caso-controle e coorte (WELLS, 2021).
Os estudos transversais foram avaliados com uma adaptacdo da mesma escala
(PATRA, 2015). A escala avalia os estudos de acordo com critérios especificos:
definicdo dos grupos expostos e néo expostos, selecado e representatividade dos
grupos, comparabilidade e variaveis de resultado de interesse. A pontuacdo da
qualidade metodoldgica dos estudos de coorte e caso-controle foi calculada em trés
componentes: selecdo dos grupos, qualidade de ajuste para confusao e avaliacdo da

exposicdo apds desfecho, sendo a pontuacdo também adaptada nos casos dos
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estudos transversais. Os estudos foram classificados individualmente como “boa”,
‘razoavel” ou “ma” qualidade pelos critérios estabelecidos pela escala
(MCPHEETERS, 2012). Discordancias entre os revisores foram resolvidas por

consenso.

6.7 Analise dos dados

Para sintese quantitativa, as estimativas de efeito agrupado foram obtidas
comparando-se a forca isocinética e a forca de preensdo manual de criancas e
adolescentes com DCC e respectivos grupos de controle de saude. Estimativas
combinadas de efeitos foram geradas por meio dos valores maximos obtidos nos
estudos revisados e os resultados apresentados como diferenca de média ponderada
com intervalo de confianca de 95% (IC95%). A heterogeneidade estatistica entre os
estudos foi avaliada por meio do teste Cochrane Q e do teste de inconsisténcia (12),
em que valores abaixo de 25% foram considerados indicativos de baixa
heterogeneidade, entre 25% e 50% de heterogeneidade moderada e acima de 50%
de alta heterogeneidade. Os calculos foram realizados usando o método de efeitos
aleatdrios. Um valor de p < 0,05 foi considerado estatisticamente significativo. Todas
as andlises foram realizadas com o software Review Manager 5.1 (Cochrane

Collaboration).
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7. CONCLUSAO

A presenca de cardiopatias congénitas em criancas e adolescentes esta
relacionada com a diminuicdo da forca muscular de membros inferiores, o que pode
ser um preditivo de reduzida capacidade funcional. Entretanto, pode-se perceber com
essa revisdo que pacientes cardiopatas e saudaveis da mesma faixa etaria
apresentam forgca muscular de preensédo palmar semelhantes. A literatura ainda é
escassa no que se refere a avaliacdo de forca muscular na populagéo pediatrica com
cardiopatias congénitas, embora essa populacdo especifica venha apresentando
demanda crescente por atencdo e melhor avaliacdo clinica e funcional. Diante disso,
s8o necesséarios mais estudos nesta area, bem como revisfes sistematicas bem
estruturadas a fim de reunir as informacdes disponiveis e, dessa forma, estabelecer

uma melhor fundamentacéo da pratica clinica baseada em evidéncias cientificas
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ABSTRACT

Patients with congenital heart disease (CHD) are less active if compared with
pairs control and have limited functional capacity, related with muscle weakness and
fatigue. Children with CHD or some type of developmental deficit, muscle strength is
usually decreased, affecting motor and functional skills in daily life activities, being
related with reduction in exercise capacity. The aim of the present study was to
evaluate the peripheral muscle strength of children and adolescents with CHD with
systematic review and meta-analysis. The review included observational studies which
evaluated peripheral muscle strength in children and adolescents with CHD under 18
years old and comparison with healthy controls. The quantitative assessment was
performed by meta-analysis, comparing isokinetic dynamometry and handgrip
dinamometry of children and adolescents with CHD and respective control groups. A

total of 5.512 articles identified in the search met the criteria of eligibility and four were
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included for metanalysis in this review. Three studies evaluated isokinetic muscle
strength and found -44.63Nm lower in patients with CHD compared with healthy
controls (95% CI, —75.03 to —14.23; 12 82%, P for heterogeneity =0.004). Two studies
evaluated handgrip strength and showed that there was no significant difference
between patients with CHD and healthy controls, with the value 0,08Nm (95% ClI, —
6.39 to —6.55; 12 98%, P for heterogeneity<0.00001). Children and adolescents with
CHD have decrease in muscle strength of the lower limbs and in handgrip strength this

result was not confirmed and both groups were similar.

KEYWORDS: Heart Defects. Congenital. Muscle Strength. Child. Adolescent. Review.
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INTRODUCTION

Congenital heart diseases (CHDs) are the most common congenital
malformations present from birth, with defects in structure or cardiocirculatory function
[1, 2]. Most patients are less active, have a decrease in functional capacity and
exercise is limited, as already observed in previous meta-analysis in which patients
with CHDs had 9.31 ml/kg/min lower maximal oxygen consumption (VO2max)
compared with healthy control group [3]. These conditions are related to muscle
weakness and fatigue [4]. The majority of heart defects require surgical intervention
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and some factors remain present even after surgical correction, such as changes in
nutritional status, height, and weight [5].

Muscle strength can be considered a variable that is related to physical fithess
and health status, and a decrease in this variable can be associated with significant
functional limitations. In adults with CHDs, peripheral muscle strength can be
considered a predictor of overall strength; however, there are a few reports in pediatric
patients [6]. Strength in children is directly related to age, sex, height and weight, with
an increase in values according to growth and maturity [5], and can be reduced in
different pathologies [7, 8, 9] as well as in patients after lung or heart transplantation
[10]. In children with CHDs or some type of developmental deficit, muscle strength is
usually decreased, generating muscle weakness and fatigue that compromises motor
and functional skills in activities in daily living [11].

Isokinetic dynamometry is used in research and clinical practice to measure
strength, power and muscular endurance. Isokinetic tests have been considered safe
to use in pediatric populations [12]. Handgrip strength is an adequate instrument with
which to measure generalized muscle strength in adults, representing the association
of arm, back, and leg strength. There are few studies in the pediatric population, mostly
with children with congenital heart disease, so it is difficult to confirm that handgrip can
be used as a predictor of general muscle strength [13].

Patients with congenital heart disease (CHD) also have impaired aerobic
capacity compared to age and gender-matched healthy controls. These impairments
are multifactorial and result from internal and external influences, such as the severity
of CHD, number of surgical procedures, hypoactivity, hemodynamic limitations, and
pulmonary and musculoskeletal disorders [11]. This reduction in exercise capacity has
been widely associated with increased morbidity and mortality in adults [14].

Peripheral muscle strength may be related to exercise capacity and the
presence of functional limitations in patients with CHD. Cardiocirculatory changes in
cardiac patients are responsible for the low supply of oxygen to muscle groups, which
contributes to exercise intolerance and muscle fatigue. The relationship between
muscle strength and exercise capacity in children and adolescents with heart disease
is still poorly explored in the literature, however, some studies have already shown an
association between strength and muscle endurance in training programs [15, 16].

To the best of our knowledge, there have been no systematic reviews of muscle

strength in pediatric populations with CHDs. Thus, this systematic review and meta-
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analysis aimed to evaluate the peripheral muscle strength of children and adolescents
with CHD, and secondly to assess exercise capacity and the relationship with muscular

strength.

METHODS
Protocol and Registration

This study was conducted in accordance with the Cochrane Collaboration [17]
and is presented as suggested by the Preferred Reporting Items for Systematic Review
and Meta-Analyses: The PRISMA Statement [18]. This meta-analysis was registered
in the PROSPERO - International prospective register of systematic reviews, number
CRD42021225172.

Eligibility criteria

We included observational studies (cohort and cross-sectional) that investigated
children and adolescents under 18 years with CHD, including cardiac septum defects
(CSD), aortic coarctation (CoA0), transposition of the great vessels (TGV), tetralogy of
Fallot (TOF), patients submitted to Fontan procedure, and a healthy control group. The
primary outcome was peripheral muscle strength (isokinetic dynamometry and
handgrip dynamometry). Only studies in English were selected, and those with an
analysis of primary outcome were included. We excluded studies that were published
before to 1990, letters or reviews, theses or articles published only as abstracts, and

conference proceedings.

Strategy of search and selection of studies

We conducted an electronic search in four databases: MEDLINE accessed via
PubMed, Embase, PEDro and Cochrane, to obtain all studies published in the area
between 1990 and September 2020. For each database, a specific strategy of
descriptors and keywords was applied. A search strategy was performed using the
following descriptors in English: Child or Adolescent combined with Heart Defects,
Congenital, Heart Septal Defects, Aortic Coarctation, Transposition of Great Vessels,
Tetralogy of Fallot, Fontan Procedure, in addition to Muscle Strength, Maximal
Respiratory Pressures and Exercise. Terms were combined using the Boolean
operators “OR” and “AND”. The complete search strategy used for PubMed database

is shown in the supplementary material.
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Two independent authors (CCN and MYS) screened the titles and abstracts of
all articles identified by the search strategy. A standard screening checklist based on
the eligibility criteria was used. Abstracts that did not provide enough information on
the inclusion and exclusion criteria were selected for evaluation of the full text. In this
second phase, the same reviewers independently evaluated the full text articles and
made the selection according to the eligibility criteria. A third reviewer (JLL) assessed
the studies in cases of disagreement related to the trial eligibility and assisted in the
decision to include or exclude studies.

Data extraction

Data extraction was carried out by the same independent reviewers, using a
standardized data acquisition form containing information about: study design (cross-
sectional, case-control, cohort), participants (population age and gender) and
outcomes. The primary outcome was overall muscle strength measured by isokinetic
dynamometry and handgrip dynamometry. The secondary outcome evaluated was the
exercise capacity considering the values of maximal oxygen consumption (VO2max)

for the analysis.

Risk of bias assessment

The same two reviewers also independently assessed the risk of bias of studies
using the Newcastle-Ottawa Scale (NOS) for case-control and cohort studies [19].
Cross-sectional studies were evaluated with an adaptation of the same scale [20]. The
NOS evaluates the studies on several design-specific criteria: the definition of the
exposed and unexposed groups, selection and representativeness of groups,
comparability, and outcome variables of interest. The studies were rated individually

as “good,” “fair,” or “poor” quality by the criteria established by NOS [21].

Disagreements between reviewers were resolved by consensus.

Data analysis

For quantitative synthesis, pooled-effect estimates were obtained by comparing
the isokinetic strength and handgrip strength of children and adolescents with CHD
and respective control health groups. Combined estimates of effects were generated
through the maximum values obtained in the studies reviewed and the results were

presented as weighted mean differences (WMD) with 95% confidence intervals (95%
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Cls). Statistical heterogeneity between the studies was assessed using the Cochrane
Q test and the inconsistency test (1?), in which values below 25% were considered
indicative of low heterogeneity, between 25% and 50% moderate heterogeneity and
above 50% high heterogeneity. Calculations were performed using the random effects
method. A p-value <0.05 was considered statistically significant. All analyses were

performed using the Review Manager 5.1 software (Cochrane Collaboration).

RESULTS

A total of 5,512 articles identified in the search met the eligibility criteria; 752
were included to full text review and after this stage, four studies were included in this
review. Figure 1 shows the flow diagram.

Three cross-sectional studies and one cohort study were included, with a total
of 1202 individuals; of these, 238 had CHDs and 964 were healthy controls. The age
of participants ranged from 0 to 18 years. The characteristics of the studies are
presented in Table 1. The most frequent cardiac diseases in the studies were TOF,
TGA, hypoplastic right ventricle (HRV), hypoplastic left ventricle (HLV), tricuspid
atresia (TA), pulmonary atresia (PA), atrial septal defect (ASD), ventricular septal
defect (VSD) and CoA. Only one study included patients after the Fontan procedure.
In methodological analysis, the majority were classified as “fair’ by the quality analysis

using the NOS scale, representing a medium risk of bias [21] (Table 2).

Peripheral Muscle Strength

The isokinetic muscle strength of the lower limbs was assessed using an
isokinetic dynamometer by three studies (n=616). Moalla et al. [4] assessed the
strength of the knee extensor muscles using maximal voluntary contraction (MVC) with
a gradual increase in strength lasting 2—3s; Holm et al. [22] evaluated knee flexors and
extensors muscle strength by using five repetitions at an angular speed of 60° per
second; and Sandberg et al. [23] evaluated two muscle groups, namely the knee
extensors through the maximum extension with maintenance of contraction for 5s and
the plantar flexors of the ankle with the strongest possible flexion for 5s. In the last
study, values of isometric muscle strength in knee extensors and ankle plantar flexors
were shown; however, for our meta-analysis, we only used the values of knee extensor
muscular strength to allow the comparison between the other studies included in this

review.
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The meta-analysis of isokinetic muscular strength included three studies,
showing a reduction of -44.63 Nm in patients with CHDs compared with the control
group (95% ClI, —75.03 to —14.23; 12 82%; P for heterogeneity = 0.004) (Figure 2).

Two studies evaluated handgrip strength using manual dynamometry (n=1093).
Holm et al. [22] performed an assessment on the dominant and non-dominant hand,
using one repetition for each. The study by Zagout et al. [24] evaluated upper limb
strength using the right and left hands. The meta-analysis of the handgrip muscle
strength showed no significant difference between patients with CHD and healthy
controls, with the value of 0.08 Nm (95% ClI, —6.39 to 6.55; |12 98%; P for heterogeneity
<0.00001) (Figure 3).

Exercise test

The exercise capacity was evaluated by one study only. Zaqout et al. [23]
assessed the exercise capacity through the progressive 20-m shuttle run test, in which
the number of shuttles was converted to stages to calculate maximal oxygen
consumption (VO2max). The VO2max values of children and adolescents with CHDs
and healthy controls were 45.4+3.7 and 46.3%3.4 mL/kg~'/min~" (p = 0.055),
respectively, showing that there was no difference in cardiorespiratory fithess between

children with repaired CHD and healthy controls.

DISCUSSION

This systematic review with meta-analysis of observational studies showed that
children and adolescents with CHDs present a lower isokinetic muscle strength of the
lower limbs. However, in handgrip muscle strength, there was no difference between
groups.

The evaluation of muscle strength in healthy adults is already well established,
as a predictor of global strength and as a parameter related to functional capacity and
global health status. In the pediatric population, this evaluation is increasingly used,
especially in cardiac patients, patients with genetic and neurological syndromes, and
patients with asthma and cystic fibrosis [13, 25].

The main finding of this systematic review with meta-analysis is that children
and adolescents with CHD had lower isokinetic strength in comparison with healthy
children. This reduction can be related to a lower level of physical activity and a

decrease in exercise capacity, which is already known in these patients and may
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happen due to a number of factors, including nutritional problems related to obesity,
and hemodynamic, musculoskeletal and psychosocial changes resulting from the
surgical procedure, as well as overprotection by parents because of the disease [26,
27].

Regarding the isometric strength of the lower limbs, studies included in our
analysis [4, 22, 23] showed reduced values in comparison with healthy controls.
However, Brassard et al. [28] did not find any difference in the muscular strength of
children and adolescents submitted to Fontan procedure and healthy controls. Another
study [15] evaluated isokinetic strength in cardiac patients before and after a
rehabilitation program and showed that physical training improved the muscle strength
in the lower limb, which may be related to the increased oxygenation of peripheral
muscles. However, this study evaluates only cardiac patients without any comparison
with healthy controls.

A study conducted in 2006 with adolescents with CHDs showed that there was
no difference in the strength and endurance of the quadriceps muscles in comparison
to healthy patients. Nevertheless, a significant relationship was identified between the
maximal voluntary contraction of the quadriceps with VO2 peak in both groups,
demonstrating that muscle weakness is related to exercise tolerance [28]. In our study,
it was not possible to analyze VOzmax and its relationship with muscular strength
because only one study was included.

Regarding handgrip strength, our meta-analysis did not find any differences
between CHD patients and healthy controls, suggesting that these patients perform
more activities with their upper limbs and that this variable would not be appropriate to
represent global force in this population.

A study carried out by Longmuir in 2015 [29] with Fontan patients of the same
age as in our study found that muscle strength and body composition were similar
between cardiac patients and healthy controls; this corroborates the data found in our
review. On the other hand, Turquetto et al. [30] evaluated patients between 12 and 30
years with a 5-year follow-up after Fontan operation and observed that handgrip
strength was reduced in cardiac patients, along with variables related to exercise
capacity. This can be explained because the period during which handgrip was
evaluated and the age range were both different from those in our study. Moreover,
Rego et al. [31] evaluated muscle strength in hospitalized cardiac children before

surgery through handgrip dynamometry and revealed that this variable was reduced in



45

96.6% of cases. When compared with our study, this difference in results can be
explained by the fact that most of the studies included in our meta-analysis were
conducted in patients after surgery.

To date, little evidence has been found evaluating muscle strength in different
types of CHDs, which makes it difficult to extrapolate the data obtained in this study to
the entire cardiac population. In addition, we found some studies in the literature using
reference values from healthy populations for the evaluation of muscle strength. This
can be seen in the study by Fricke et al. [32], with adolescents and young adults with
heart disease showing reduced handgrip strength in comparison with the predicted
values. The reference values and predictive equations for isokinetic strength and
handgrip strength in a healthy pediatric population were described by Wiggin et al. [33]
and McQuiddy et al. [34]. However, there have still been few studies that make
comparisons between sick and healthy individuals, which is an important and
necessary method of assessment to establish a more reliable standard for different
populations, requiring more studies to adopt this methodology.

The assessment of exercise capacity in CHD is well established in the literature.
A study carried out in 2019 showed that children and adolescents with congenital heart
disease have decreased functional capacity and anaerobic thresholds compared to
healthy individuals of the same age group [35]. The benefits of training programs are
also well established, as is the increase in exercise capacity and muscle strength in
pediatric patients with CHD after cardiac rehabilitation [36, 15]. However, the
relationship between muscle strength and exercise capacity in this population is still
poorly explored in the literature. Our systematic review did not find any data to evaluate
this relationship, and further research with larger sample sizes is necessary to confirm
this association.

A major strength of this review is that, despite the scarcity in the literature of
studies that evaluate muscle strength in children and adolescents with CHD, we found
some data about isokinetic muscle strength and handgrip strength in this population
that provided significant results in our meta-analysis. This provides greater knowledge
about this variable and, consequently, greater safety and reliability to stipulate
interventions that are beneficial to this population.

We have some limitations. First, there is a scarcity of articles that assess muscle
strength in the pediatric CHDs. Even though this is a predictor of morbidity and

mortality in adults, the same cannot be said in the pediatric population. Secondly, in
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relation to isometric muscle strength, there are many divergences between the
protocols used. Future research is needed to identify potential methodological aspects.
Thirdly, the presence of different congenital heart diseases and surgical procedures,
which were not stratified by specific type and severity, could explain the results for
muscle strength. Fourthly, a publication bias was possibly caused by the exclusion of
studies published in other languages (included only studies in English) and grey

literature.

CONCLUSION

This systematic review with meta-analysis showed that children and
adolescents with congenital heart disease had lower limb muscle strength evaluated
by isokinetic dynamometer. Further research with increased methodological quality
and larger sample size are still necessary to clarify muscle strength not only in the

lower limbs, and the possible relation with exercise capacity.
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Table 1. Characteristics of the studies included in the systematic review:
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Mean
CHD Mean Muscle  Muscle VO, VO
Study CHD CG age of Male/Fem Male/Fem Outcomes and i i
Author (date) subtype age of ) strength strength max max
type n) (") CHD ale CHD ale CG Evaluation methods
CG (SD) CHD CG CHD CG
(SD)
Isokinetic dynamometer
(Dynamometer Cybex
TGA (4), PA Norm IlI) — Measure of
Cross- 13.5+1.8 12.8+1.3 101.0£6. 125.5%7.
Moalla[3] ] (2), TOF (2), 9 14 6/3 9/5 strength of the knee - -
sectional a 4a
ASD (1) extensors through MVC
(Gradual increase in force
lasting 2—3s)
Isokinetic dynamometer
TOF (29), (Dynamometer Cybex
TGA (32), 6000) — Measure of
14.8+4.8
HRV/HLV 188/199 strength of the knee 18.045,2
Holm[21] Cohort 120 387 10.3x1.7 10.2+1.7 74/46 32 - -
(18), TA (3) extensors and flexors 22
and others through 5 repetitions at an
(38) angular velocity of 60° per
second.
Grip strength
(Dynamometer Jamar) —
Measure of grip strength of 219+106 278.8+1
the dominant and .3b 12.6°

nondominant hands with 1

repetition for each hand.



VSD (19),
COA (10),
Cross-
Zaqout[23] ) TOF (22),
sectional
and TGA
(15)
Cross-
Sandberg[22] ] Fontan
sectional

66

43

520 10.5+1.9

43

12.2+3.9

Grip strength
(Dynamometer TKK 5101
Grip D (Tokio) — Measure
of the upper limb through

8.3+1.5

the average of right and
left handgrip strength.

Isokinetic dynamometer

(Dynamometer Anyload
VETEK 0-5000 N) —

12.3+4 Measure of strength of the

24/19 24119

knee extensors through the
maximum contraction for 5

seconds.

52

16.0+5.9
12.6x3.0 454
b +3.7
221.8+1 286.2+1
00.72 60.72

46.3
+3.4

CHD: congenital heart disease; CG: control group; TGA: transposition of the great arteries; PA: pulmonary atresia; TOF: tetralogy of Fallot; ASD: atrial septal

defect; VSD: ventricular septal defect; COA: coarctation of aorta; HRV: hypoplastic right ventricle; HLV: hypoplastic left ventricle; TA: tricuspid atresia; MVC:
maximal voluntary contraction; VO2max: maximal oxygen consumption; @ Nm: newton meters; ® N: newton.



Table 2. Evaluation of methodologic quality of studies and risk of bias with

Newcastle-Ottawa Scale:
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NEWCASTLE-OTTAWA QUALITY ASSESSMENT SCALE

COHORT STUDIES

Selection Comparability Outcome Total Stars
Holm, 2007 *x * ok 6
CROSS-SECTIONAL STUDIES
Selection Comparability Outcome Total Stars
Moalla, 2006 *x * *x
Zagout, 2017 ok * *x

Sandberg, 2020 *kk * o




FIGURES:

Fig 1 Prisma flow diagram of studies evaluated for meta-analysis
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CHOD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% C1  Year IV, Random, 95% CI
Moalla, 2006 101 62 9 1255 74 14 453% -245013011,-1889]) 2008 E
Hoim, 2007 219 1063 120 2788 1126 387 370% -5980}181886,-37.72] 2007 —
Sandberg, 2020 2218 1007 43 2862 1607 43 177% -6440F12108,-7.72] 2020 — —
Total (95% CI) 172 444 100.0% 4463[-75.03,-1423] P
Heterogeneity Tau®=52310,Chi*=1091, df=2(P=0004), F= 82% 100 .20 ; %0 100

Testfor overall efact Z= 2.88 (P = 0.004)

Favours [CHD] Favours fconfrol]

Fig 2 Meta-analysis of isokinetic muscle strength in children and adolescents with

CHDs and controls.
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CHD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% C1 Year IV, Random, 95% CI
Holm, 2007 148 48 120 18 52 387 503% -3.2014.20,-220] 2007 o
Zagout, 2017 16 58 66 126 3 520 497% 340(1.95,485 2017 =
Total (95% C1) 186 907 1000%  0.08 [-6.39, 6.55]
= = = « P ¢ 4 4+ 4
Heterogenelty Tau®= 21.38, Chi*= 54 00, df= 1 (P < 0.00001), = 98% 20 B ) 1% 20

Testfor overall effect Z=0.02 (P = 0.98) Favours [CHD] Favours [control]

Fig 3 Meta-analysis of handgrip strength in children and adolescents with CHD and
controls.



ANEXOS:
ANEXO A — Material Suplementar (Search strategy used for PubMed database):

#1

“Child’[Mesh] OR “Children”

#2

“Adolescent’[Mesh] OR “Adolescents” OR “Adolescence” OR “Teens”
OR “Teen” OR “Teenagers” OR “Teenager”’ OR “Youth” OR “Youths”
OR “Adolescents, Female” OR “Adolescent, Female” OR “Female
Adolescent” OR “Female Adolescents” OR “Adolescents, Male” OR
“Adolescent, Male” OR “Male Adolescent” OR “Male Adolescents”

#3

#1 OR #2

#4

“Heart Defects, Congenital’[Mesh] OR “Congenital Heart Defect” OR
“‘Defect, Congenital Heart” OR “Heart, Malformation Of’ OR “Defects,
Congenital Heart” OR “Heart Abnormalities” OR “Heart Defect,
Congenital” OR “Abnormality, Heart” OR “Abnormalities, Heart” OR
“Heart Abnormality” OR “Congenital Heart Defects”

#5

“‘Heart Septal Defects’[Mesh] OR “Defect, Heart Septal” OR “Defects,
Heart Septal” OR “Heart Septal Defect” OR “Septal Defect, Heart” OR
“Septal Defects, Heart” OR “Cardiac Septal Defects”

#6

“Aortic Coarctation”[Mesh] OR “Aortic Coarctations” OR “Coarctation,
Aortic” OR “Coarctations, Aortic” OR “Coarctation of the Aorta” OR
“Coarctation of Aorta” OR “Aorta Coarctation” OR “Aorta Coarctations”
OR “Coarctation of Aorta Dominant” OR “Aorta Dominant Coarctation”

OR “Aorta Dominant Coarctations”

#7

“Transposition of Great Vessels’[Mesh] OR “Great Vessels
Transposition” OR “Great Vessels Transpositions” OR “Dextro-Looped
Transposition of the Great Arteries” OR “Dextro Looped Transposition of
the Great Arteries” OR “Transposition of Great Arteries” OR “Great

Arteries Transposition” OR “Great Arteries Transpositions”

#8

“Tetralogy of Fallot"[Mesh] OR “Tetralogy, Fallot's” OR “Tetralogy, Fallot”
OR “Tetralogy, Fallots” OR “Fallot's Tetralogy” OR “Fallot Tetralogy” OR
“Fallots Tetralogy”

#9

“Fontan Procedure”[Mesh] OR “Procedure, Fontan” OR “Stage 3
Norwood Procedure” OR “Fontan Palliation” OR “Palliation, Fontan” OR

“Norwood Procedure, Stage 3” OR “Norwood Procedure, Stage IlI” OR
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“Fontan Operation” OR “Operation, Fontan” OR “Stage Il Norwood
Procedure” OR “Fontan Circulation” OR “Circulation, Fontan” OR
“Fontan Circuit” OR “Circuit, Fontan” OR “Hemi-Fontan Procedure” OR
“‘Hemi Fontan Procedure” OR “Procedure, Hemi-Fontan” OR “Norwood
Procedure, Stage 2” OR “Bidirectional Glenn Shunt” OR “Bidirectional
Glenn Shunts” OR “Glenn Shunt, Bidirectional” OR “Stage Il Norwood
Procedure” OR “Bidirectional Glenn Procedure” OR “Bidirectional Glenn
Procedures” OR “Glenn Procedure, Bidirectional” OR “Procedure,
Bidirectional Glenn” OR “Bidirectional Cavopulmonary Shunt” OR
“Bidirectional Cavopulmonary Shunts” OR “Cavopulmonary Shunt,
Bidirectional” OR “Shunt, Bidirectional Cavopulmonary” OR “Norwood

Procedure, Stage II” OR “Stage 2 Norwood Procedure”

#10

#4 OR #5 OR #6 OR #7 OR #8 OR #9

#11

“Muscle Strength’[Mesh] OR “Strength, Muscle” OR “Arthrogenic Muscle
Inhibition” OR “Arthrogenic Muscle Inhibitions” OR “Inhibition,
Arthrogenic Muscle” OR “Muscle Inhibition, Arthrogenic”

#12

“Maximal Respiratory Pressures”’[Mesh] OR “Pressure, Maximal
Respiratory” OR “Pressures, Maximal Respiratory” OR “Respiratory
Pressure, Maximal” OR “Respiratory Pressures, Maximal” OR “Maximal
Respiratory Pressure” OR “Maximum Respiratory Pressure” OR
“‘Maximum Respiratory Pressures” OR “Pressure, Maximum
Respiratory” OR “Pressures, Maximum Respiratory” OR “Respiratory
Pressure, Maximum” OR “Respiratory Pressures, Maximum” OR
“Maximal Inspiratory Pressure” OR “Inspiratory Pressure, Maximal” OR
“Inspiratory Pressures, Maximal” OR “Maximal Inspiratory Pressures”
OR “Pressure, Maximal Inspiratory” OR “Pressures, Maximal Inspiratory”
OR “Maximum Inspiratory Pressure” OR “Inspiratory Pressure,
Maximum” OR “Inspiratory Pressures, Maximum” OR “Maximum
Inspiratory Pressures” OR “Pressure, Maximum Inspiratory” OR
“Pressures, Maximum Inspiratory” OR “Maximal Expiratory Pressure”
OR “Expiratory Pressure, Maximal” OR “Expiratory Pressures, Maximal”
OR “Maximal Expiratory Pressures” OR “Pressure, Maximal Expiratory”

OR “Pressures, Maximal Expiratory” OR “Maximum Expiratory Pressure”
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OR “Expiratory Pressure, Maximum” OR “Expiratory Pressures,
Maximum” OR “Maximum Expiratory Pressures” OR “Pressure,

Maximum Expiratory” OR “Pressures, Maximum Expiratory”

#13

“Exercise’[Mesh] OR “Exercises” OR “Physical Activity” OR “Activities,
Physical” OR “Activity, Physical” OR “Physical Activities” OR “Exercise,
Physical” OR “Exercises, Physical” OR “Physical Exercise” OR “Physical
Exercises” OR “Acute Exercise” OR “Acute Exercises” OR “Exercise,
Acute” OR “Exercises, Acute” OR “Exercise, Isometric” OR “Exercises,
Isometric” OR “Isometric Exercises” OR “Isometric Exercise” OR
“Exercise, Aerobic” OR “Aerobic Exercise” OR “Aerobic Exercises” OR
“Exercises, Aerobic” OR “Exercise Training” OR “Exercise Trainings” OR

“Training, Exercise” OR “Trainings, Exercise”

#14

#11 OR #12 OR #13

#15

#3 AND #10 AND #14
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ANEXO B — Normas de submissao do periodico Pediatric Cardiology

SUBMISSION GUIDELINES (PEDIATRIC CARDIOLOGY)

Instructions for Authors

Types of Papers

Specific instructions for:

Pediatric Cardiology no longer accepts Case Reports or Images in Pediatric
Cardiology for publication, except as noted below.

Original Articles

Original articles must reflect an original study in a field relevant to heart diseases in
children (including fetal cardiology) or adult congenital heart diseases. Original
articles must include the following components: Title, Key words, List of authors,
Abstract, Introduction, Material and methods, Results, Discussion

Study limitations and acknowledgement sections should be provided when relevant.
The abstract section must include a hypothesis when indicated, a brief review of
material and methods, results and conclusion. There is no specific limitation on
number of authors, however, it is expected that authors listed must have all been
active participants in the research. There is no specific word count limitation;
however, manuscripts must be as concise as possible.

Review Articles

Authors may submit manuscripts reviewing a topic relevant to heart diseases in
children. Review articles do not have a specific format, however, in addition to
appropriate sections, the manuscript should include a title, list of authors and an
abstract.

Letters to the Editor

The editor welcomes letters for publication. These may be 1) comment on or addition
to work recently published in the journal; 2) observations or findings too limited for
submission as article or case report; or 3) opinion or discussion on matters likely to
be of interest to readers. Such letters should not be longer than 400 words, but may
be accompanied by a simple table or diagram. The number of authors on the title
page should be limited to two authors.

Case Reports
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Case reports may be submitted to present a rare finding, novel diagnostic or
therapeutic approach or an unusual complication. A limited number of Case Report
manuscripts are accepted for publication. The manuscript should be as brief as
possible, unnecessary details should not be included and review of literature must be
minimized, the emphasis should be on the case presented with brief review of the
literature. Images, figures, tables, etc. should be restricted to those which are highly
relevant. Case reports should include the following headings: abstract, key words,
case report, discussion and references.

Images in Pediatric Cardiology

Interesting images not available in the medical literature may be presented as
Images in Pediatric Cardiology manuscript. These manuscripts focus on images of
interest with an extremely brief text describing the images, images may include video
clips. Images in Pediatric Cardiology should not include review of the literature. A
limited number of Images in Pediatric Cardiology manuscripts are accepted for
publication. Images in Pediatric Cardiology should include the following headings:
abstract, key words, a paragraph or 2 describing the images presented and
references.

Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published
before; that it is not under consideration for publication anywhere else; that its
publication has been approved by all co-authors, if any, as well as by the responsible
authorities — tacitly or explicitly — at the institute where the work has been carried out.
The publisher will not be held legally responsible should there be any claims for
compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been
published elsewhere are required to obtain permission from the copyright owner(s)
for both the print and online format and to include evidence that such permission has
been granted when submitting their papers. Any material received without such
evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit manuscript” on the right and upload all of your

manuscript files following the instructions given on the screen.
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Please ensure you provide all relevant editable source files. Failing to submit these
source files might cause unnecessary delays in the review and production process.
Title page
Title Page
Please make sure your title page contains the following information.
Title
The title should be concise and informative.
Author information

e The name(s) of the author(s)

« The affiliation(s) of the author(s), i.e. institution, (department), city, (state),

country

e A clear indication and an active e-mail address of the corresponding author

o If available, the 16-digit ORCID of the author(s)
If address information is provided with the affiliation(s) it will also be published.
For authors that are (temporarily) unaffiliated we will only capture their city and
country of residence, not their e-mail address unless specifically requested.
Abstract
Please provide an abstract of 150 to 250 words. The abstract should not contain any
undefined abbreviations or unspecified references.
For life science journals only (when applicable)
Trial registration number and date of registration
Trial registration number, date of registration followed by “retrospectively registered”
Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.
Declarations
All manuscripts must contain the following sections under the heading 'Declarations’.
If any of the sections are not relevant to your manuscript, please include the heading
and write 'Not applicable’ for that section.
To be used for all articles, including articles with biological applications
Funding (information that explains whether and by whom the research was
supported)
Conflicts of interest/Competing interests (include appropriate disclosures)
Availability of data and material (data transparency)

Code availability (software application or custom code)
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Authors' contributions (optional: please review the submission guidelines from the
journal whether statements are mandatory)
Additional declarations for articles in life science journals that report the results of
studies involving humans and/or animals
Ethics approval (include appropriate approvals or waivers)
Consent to participate (include appropriate statements)
Consent for publication (include appropriate statements)
Please see the relevant sections in the submission guidelines for further information
as well as various examples of wording. Please revise/customize the sample
statements according to your own needs.
Text
Text Formatting
Manuscripts should be submitted in Word.
e Use a normal, plain font (e.g., 10-point Times Roman) for text.
o Use italics for emphasis.
e Use the automatic page numbering function to number the pages.
« Do not use field functions.
o Use tab stops or other commands for indents, not the space bar.
« Use the table function, not spreadsheets, to make tables.
e Use the equation editor or MathType for equations.
e Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).
Manuscripts with mathematical content can also be submitted in LaTeX. LaTeX

macro package (Download zip, 188 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes

Footnotes can be used to give additional information, which may include the citation
of a reference included in the reference list. They should not consist solely of a
reference citation, and they should never include the bibliographic details of a
reference. They should also not contain any figures or tables.


https://static.springer.com/sgw/documents/468198/application/zip/LaTeX_DL_468198_240419.zip
https://static.springer.com/sgw/documents/468198/application/zip/LaTeX_DL_468198_240419.zip
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Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values and
other statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.
Always use footnotes instead of endnotes.
Acknowledgments
Acknowledgments of people, grants, funds, etc. should be placed in a separate
section on the title page. The names of funding organizations should be written in full.
A note on References
References should be listed in the order they were cited in the text. Please note that
we have recently changed the style of reference listing. Pediatric Cardiology no
longer requests listing references in alphabetical order.
References
Citation
Reference citations in the text should be identified by numbers in square brackets.
Some examples:
1. Negotiation research spans many disciplines [3].
2. This result was later contradicted by Becker and Seligman [5].
3. This effect has been widely studied [1-3, 7].
Reference list
The list of references should only include works that are cited in the text and that
have been published or accepted for publication. Personal communications and
unpublished works should only be mentioned in the text.
The entries in the list should be numbered consecutively.
If available, please always include DOlIs as full DOI links in your reference list (e.qg.
“https://doi.org/abc’).
e Journal article
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L
(2009) Effect of high intensity intermittent training on heart rate variability in
prepubescent children. Eur J Appl Physiol 105:731-738.
https://doi.org/10.1007/s00421-008-0955-8
Ideally, the names of all authors should be provided, but the usage of “et al” in
long author lists will also be accepted:
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Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N
Engl J Med 965:325-329

Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. J Mol Med. https://doi.org/10.1007/s001090000086

Book

South J, Blass B (2001) The future of modern genomics. Blackwell, London
Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of
modern genomics, 3rd edn. Wiley, New York, pp 230-257

Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007
Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of

California

Always use the standard abbreviation of a journal’s name according to the ISSN List
of Title Word Abbreviations, see ISSN.org LTWA

If you are unsure, please use the full journal title.

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which

is included in Springer’s LaTeX macro package.
Tables

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components
of the table.

Identify any previously published material by giving the original source in the
form of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included
beneath the table body.

Artwork and lllustrations Guidelines

Electronic Figure Submission

Supply all figures electronically.


http://www.issn.org/services/online-services/access-to-the-ltwa/

Indicate what graphics program was used to create the artwork.
For vector graphics, the preferred format is EPS; for halftones, please use

TIFF format. MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art
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Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering
within the figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a

minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.
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Halftone Art

« Definition: Photographs, drawings, or paintings with fine shading, etc.
« If any magnification is used in the photographs, indicate this by using scale
bars within the figures themselves.
« Halftones should have a minimum resolution of 300 dpi.
Combination Art
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« Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.

o Combination artwork should have a minimum resolution of 600 dpi.
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Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one
another when converted to black and white. A simple way to check this is to
make a xerographic copy to see if the necessary distinctions between the
different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the
captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually
about 2—3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use
8-pt type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures,
continue the consecutive numbering of the main text. Do not number the
appendix figures,"Al, A2, A3, etc." Figures in online appendices

[Supplementary Information (SI)] should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the
figure depicts. Include the captions in the text file of the manuscript, not in the
figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be

placed at the end of the caption.
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« ldentify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.
« Identify previously published material by giving the original source in the form
of a reference citation at the end of the figure caption.
Figure Placement and Size
o Figures should be submitted separately from the text, if possible.
« When preparing your figures, size figures to fit in the column width.
e For large-sized journals the figures should be 84 mm (for double-column text
areas), or 174 mm (for single-column text areas) wide and not higher than 234
mm.
e For small-sized journals, the figures should be 119 mm wide and not higher
than 195 mm.
Permissions
If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please
be aware that some publishers do not grant electronic rights for free and that
Springer will not be able to refund any costs that may have occurred to receive these
permissions. In such cases, material from other sources should be used.
Accessibility
In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that
« All figures have descriptive captions (blind users could then use a text-to-
speech software or a text-to-Braille hardware)
« Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)
e Any figure lettering has a contrast ratio of at least 4.5:1
Supplementary Information (SI)
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and
other supplementary files to be published online along with an article or a book
chapter. This feature can add dimension to the author's article, as certain information
cannot be printed or is more convenient in electronic form.
Before submitting research datasets as Supplementary Information, authors should
read the journal’s Research data policy. We encourage research data to be archived

in data repositories wherever possible.
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Submission

o Supply all supplementary material in standard file formats.

e Please include in each file the following information: article title, journal name,
author names; affiliation and e-mail address of the corresponding author.

e To accommodate user downloads, please keep in mind that larger-sized files
may require very long download times and that some users may experience
other problems during downloading.

Audio, Video, and Animations

e Aspectratio: 16:9 or 4:3

e Maximum file size: 25 GB

e Minimum video duration: 1 sec

o Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf,
mts, m4v, 3gp

Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-
term viability.

e A collection of figures may also be combined in a PDF file.

Spreadsheets
e Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).
Specialized Formats
e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.
Collecting Multiple Files
e ltis possible to collect multiple files in a .zip or .gz file.
Numbering
o If supplying any supplementary material, the text must make specific mention

of the material as a citation, similar to that of figures and tables.

o Refer to the supplementary files as “Online Resource”, e.g., "... as shown in
the animation (Online Resource 3)", “... additional data are given in Online
Resource 4”.

« Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
Captions
e For each supplementary material, please supply a concise caption describing

the content of the file.
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rocessing of supplementary files

e Supplementary Information (SI) will be published as received from the author

without any conversion, editing, or reformatting.
Accessibility
In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

e The manuscript contains a descriptive caption for each supplementary
material

« Video files do not contain anything that flashes more than three times per
second (so that users prone to seizures caused by such effects are not put at
risk)

Color illustrations
Publication of color illustrations is free of charge.
Scientific style

o Please always use internationally accepted signs and symbols for units (Sl
units).

o Nomenclature: Insofar as possible, authors should use systematic names
similar to those used by Chemical Abstract Service or IUPAC.

e Genus and species names should be in italics.

« Generic names of drugs and pesticides are preferred; if trade names are used,
the generic name should be given at first mention.

o Please use the standard mathematical notation for formulae, symbols,
etc.:ltalic for single letters that denote mathematical constants, variables, and
unknown quantities Roman/upright for numerals, operators, and punctuation,
and commonly defined functions or abbreviations, e.g., cos, det, e or exp, lim,
log, max, min, sin, tan, d (for derivative) Bold for vectors, tensors, and
matrices.

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a
member of the Committee on Publication Ethics (COPE) the journal will follow the
COPE guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage

the trust in the journal, the professionalism of scientific authorship, and ultimately the
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entire scientific endeavour. Maintaining integrity of the research and its presentation

is helped by following the rules of good scientific practice, which include*:

The manuscript should not be submitted to more than one journal for
simultaneous consideration.

The submitted work should be original and should not have been published
elsewhere in any form or language (partially or in full), unless the new work
concerns an expansion of previous work. (Please provide transparency on the
re-use of material to avoid the concerns about text-recycling (‘self-plagiarism’).
A single study should not be split up into several parts to increase the quantity
of submissions and submitted to various journals or to one journal over time
(i.e. ‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is
intended for a different group of readers.

Results should be presented clearly, honestly, and without fabrication,
falsification or inappropriate data manipulation (including image based
manipulation). Authors should adhere to discipline-specific rules for acquiring,
selecting and processing data.

No data, text, or theories by others are presented as if they were the author’s
own (‘plagiarism’). Proper acknowledgements to other works must be given
(this includes material that is closely copied (near verbatim), summarized
and/or paraphrased), quotation marks (to indicate words taken from another
source) are used for verbatim copying of material, and permissions secured

for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software,
guestionnaires/(web) surveys and scales in their studies (if appropriate).
Research articles and non-research articles (e.g. Opinion, Review, and
Commentary articles) must cite appropriate and relevant literature in support
of the claims made. Excessive and inappropriate self-citation or coordinated
efforts among several authors to collectively self-cite is strongly discouraged.
Authors should avoid untrue statements about an entity (who can be an

individual person or a company) or descriptions of their behavior or actions
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that could potentially be seen as personal attacks or allegations about that
person.

e Research that may be misapplied to pose a threat to public health or national
security should be clearly identified in the manuscript (e.g. dual use of
research). Examples include creation of harmful consequences of biological
agents or toxins, disruption of immunity of vaccines, unusual hazards in the
use of chemicals, weaponization of research/technology (amongst others).

o Authors are strongly advised to ensure the author group, the Corresponding
Author, and the order of authors are all correct at submission. Adding and/or
deleting authors during the revision stages is generally not permitted, but in
some cases may be warranted. Reasons for changes in authorship should be
explained in detail. Please note that changes to authorship cannot be made
after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third
parties rights such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in
order to verify the validity of the results presented. This could be in the form of raw
data, samples, records, etc. Sensitive information in the form of confidential or
proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will
carry out an investigation following COPE guidelines. If, after investigation, there are
valid concerns, the author(s) concerned will be contacted under their given e-mail
address and given an opportunity to address the issue. Depending on the situation,
this may result in the Journal’s and/or Publisher’s implementation of the following
measures, including, but not limited to:

« If the manuscript is still under consideration, it may be rejected and returned to
the author.

o If the article has already been published online, depending on the nature and
severity of the infraction:

- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article
- Or in severe cases retraction of the article may occur.
The reason will be given in the published erratum/correction, expression of concern

or retraction note. Please note that retraction means that the article is maintained on
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the platform, watermarked “retracted” and the explanation for the retraction is
provided in a note linked to the watermarked article.

e The author’s institution may be informed

e A notice of suspected transgression of ethical standards in the peer review

system may be included as part of the author’s and article’s bibliographic
record.

Fundamental errors
Authors have an obligation to correct mistakes once they discover a significant error
or inaccuracy in their published article. The author(s) is/are requested to contact the
journal and explain in what sense the error is impacting the article. A decision on how
to correct the literature will depend on the nature of the error. This may be a
correction or retraction. The retraction note should provide transparency which parts
of the article are impacted by the error.
Suggesting / excluding reviewers
Authors are welcome to suggest suitable reviewers and/or request the exclusion of
certain individuals when they submit their manuscripts. When suggesting reviewers,
authors should make sure they are totally independent and not connected to the work
in any way. It is strongly recommended to suggest a mix of reviewers from different
countries and different institutions. When suggesting reviewers, the Corresponding
Author must provide an institutional email address for each suggested reviewer, or, if
this is not possible to include other means of verifying the identity such as a link to a
personal homepage, a link to the publication record or a researcher or author ID in
the submission letter. Please note that the Journal may not use the suggestions, but
suggestions are appreciated and may help facilitate the peer review process.
Authorship principles
These guidelines describe authorship principles and good authorship practices to
which prospective authors should adhere to.
Authorship clarified
The Journal and Publisher assume all authors agreed with the content and that all
gave explicit consent to submit and that they obtained consent from the responsible
authorities at the institute/organization where the work has been carried
out, before the work is submitted.
The Publisher does not prescribe the kinds of contributions that warrant authorship. It

is recommended that authors adhere to the guidelines for authorship that are
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applicable in their specific research field. In absence of specific guidelines it is
recommended to adhere to the following guidelines*:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data; or the creation of new software used in
the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in
scientific publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding,
financial or non-financial interests, study-specific approval by the appropriate ethics
committee for research involving humans and/or animals, informed consent if the
research involved human participants, and a statement on welfare of animals if the
research involved animals (as appropriate).

The decision whether such information should be included is not only dependent on
the scope of the journal, but also the scope of the article. Work submitted for
publication may have implications for public health or general welfare and in those
cases it is the responsibility of all authors to include the appropriate disclosures and
declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software
application or custom code support their published claims and comply with field
standards. Please note that journals may have individual policies on (sharing)

research data in concordance with disciplinary norms and expectations.


http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://doi.org/10.1073/pnas.1715374115
https://doi.org/10.1073/pnas.1715374115
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Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-
authors and ensures that questions related to the accuracy or integrity of any part of
the work are appropriately addressed.

The Corresponding Author is responsible for the following requirements:

e ensuring that all listed authors have approved the manuscript before
submission, including the names and order of authors;

e managing all communication between the Journal and all co-authors, before
and after publication;*

e providing transparency on re-use of material and mention any unpublished
material (for example manuscripts in press) included in the manuscript in a
cover letter to the Editor;

o making sure disclosures, declarations and transparency on data statements
from all authors are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-
authors during submission and proofing may be delegated to a Contact or Submitting
Author. In this case please make sure the Corresponding Author is clearly indicated
in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to
describe discrete efforts, the Publisher recommends authors to include contribution
statements in the work that specifies the contribution of every author in order to
promote transparency. These contributions should be listed at the separate title
page.

Examples of such statement(s) are shown below:

* Free text:

All authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by [full name], [full name] and [full name].
The first draft of the manuscript was written by [full name] and all authors commented
on previous versions of the manuscript. All authors read and approved the final
manuscript.

Example: CRediT taxonomy:

» Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis

and investigation: [full name], ...; Writing - original draft preparation: [full name, ...];


http://credit.niso.org/
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Writing - review and editing: [full name], ...; Funding acquisition: [full name], ...;
Resources: [full name], ...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement
should be included who had the idea for the article, who performed the literature
search and data analysis, and who drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is
recommended that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order,
APA Science Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the majority of
their work was done. If an author has subsequently moved, the current address may
additionally be stated. Addresses will not be updated or changed after publication of
the article.
Changes to authorship
Authors are strongly advised to ensure the correct author group, the Corresponding
Author, and the order of authors at submission. Changes of authorship by adding or
deleting authors, and/or changes in Corresponding Author, and/or changes in the
sequence of authors are not accepted after acceptance of a manuscript.

e Please note that author names will be published exactly as they appear

on the accepted submission!

Please make sure that the names of all authors are present and correctly spelled,
and that addresses and affiliations are current.
Adding and/or deleting authors at revision stage are generally not permitted, but in
some cases it may be warranted. Reasons for these changes in authorship should be
explained. Approval of the change during revision is at the discretion of the Editor-in-
Chief. Please note that journals may have individual policies on adding and/or
deleting authors during revision stage.
Author identification
Authors are recommended to use their ORCID ID when submitting an article for
consideration or acquire an ORCID ID via the submission process.
Deceased or incapacitated authors
For cases in which a co-author dies or is incapacitated during the writing,

submission, or peer-review process, and the co-authors feel it is appropriate to


https://www.apa.org/science/leadership/students/authorship-paper.pdf
https://www.apa.org/science/leadership/students/authorship-paper.pdf
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include the author, co-authors should obtain approval from a (legal) representative
which could be a direct relative.
Authorship issues or disputes
In the case of an authorship dispute during peer review or after acceptance and
publication, the Journal will not be in a position to investigate or adjudicate. Authors
will be asked to resolve the dispute themselves. If they are unable the Journal
reserves the right to withdraw a manuscript from the editorial process or in case of a
published paper raise the issue with the authors’ institution(s) and abide by its
guidelines.
Confidentiality
Authors should treat all communication with the Journal as confidential which
includes correspondence with direct representatives from the Journal such as
Editors-in-Chief and/or Handling Editors and reviewers’ reports unless explicit
consent has been received to share information.
Compliance with Ethical Standards
To ensure objectivity and transparency in research and to ensure that accepted
principles of ethical and professional conduct have been followed, authors should
include information regarding sources of funding, potential conflicts of interest
(financial or non-financial), informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section
entitled “Compliance with Ethical Standards” when submitting a paper:

« Disclosure of potential conflicts of interest

e Research involving Human Participants and/or Animals

e Informed consent
Please note that standards could vary slightly per journal dependent on their peer
review policies (i.e. single or double blind peer review) as well as per journal subject
discipline. Before submitting your article check the instructions following this section
carefully.
The corresponding author should be prepared to collect documentation of
compliance with ethical standards and send if requested during peer review or after

publication.
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The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or
failure to fulfill the above-mentioned guidelines.

Conflicts of Interest / Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the
work submitted for publication. Interests within the last 3 years of beginning the work
(conducting the research and preparing the work for submission) should be reported.
Interests outside the 3-year time frame must be disclosed if they could reasonably be
perceived as influencing the submitted work. Disclosure of interests provides a
complete and transparent process and helps readers form their own judgments of
potential bias. This is not meant to imply that a financial relationship with an
organization that sponsored the research or compensation received for consultancy
work is inappropriate.

Interests that should be considered and disclosed but are not limited to the following:
Funding: Research grants from funding agencies (please give the research funder
and the grant number) and/or research support (including salaries, equipment,
supplies, reimbursement for attending symposia, and other expenses) by
organizations that may gain or lose financially through publication of this manuscript.
Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication
of this manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse
and/or children) that may gain or lose financially through publication of this
manuscript; consultation fees or other forms of remuneration from organizations that
may gain or lose financially; patents or patent applications whose value may be
affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant,
any such figure is necessarily arbitrary, so one possible practical guideline is the
following: "Any undeclared financial interest that could embarrass the author were it
to become publicly known after the work was published."”

Non-financial interests: In addition, authors are requested to disclose interests that
go beyond financial interests that could impart bias on the work submitted for
publication such as professional interests, personal relationships or personal beliefs

(amongst others). Examples include, but are not limited to: position on editorial
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board, advisory board or board of directors or other type of management
relationships; writing and/or consulting for educational purposes; expert witness;
mentoring relations; and so forth.
Primary research articles require a disclosure statement. Review articles present an
expert synthesis of evidence and may be treated as an authoritative work on a
subject. Review articles therefore require a disclosure statement.Other article types
such as editorials, book reviews, comments (amongst others) may, dependent on
their content, require a disclosure statement. If you are unclear whether your article
type requires a disclosure statement, please contact the Editor-in-Chief.
Please note that, in addition to the above requirements, funding information (given
that funding is a potential conflict of interest (as mentioned above)) needs to be
disclosed upon submission of the manuscript in the peer review system. This
information will automatically be added to the Record of CrossMark, however it is not
added to the manuscript itself. Under ‘summary of requirements’ (see below) funding
information should be included in the ‘Declarations’ section.
Summary of requirements
The above should be summarized in a statement and placed in a ‘Declarations’
section before the reference list under a heading of ‘Funding’ and/or ‘Conflicts of
interests’/’Competing interests’. Other declarations include Ethics approval, Consent,
Data, Material and/or Code availability and Authors’ contribution statements.
Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.
When all authors have the same (or no) conflicts and/or funding it is sufficient to use
one blanket statement.
Examples of statements to be used when funding has been received:

o Partial financial support was received from [...]

e The research leading to these results received funding from [...] under Grant

Agreement Nof...].

e This study was funded by [...]

e This work was supported by [...] (Grant numbers [...] and [...]
Examples of statements to be used when there is no funding:

e The authors did not receive support from any organization for the submitted

work.

« No funding was received to assist with the preparation of this manuscript.
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« No funding was received for conducting this study.

o No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

« Financial interests: Author A has received research support from Company
A. Author B has received a speaker honorarium from Company Wand owns
stock in Company X. Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.

« Financial interests: The authors declare they have no financial interests.
Non-financial interests: Author A is on the board of directors of Y and
receives no compensation as member of the board of directors.

« Financial interests: Author A received a speaking fee from Y for Z. Author B
receives a salary from association X. X where s/he is the Executive Director.
Non-financial interests: none.

o Financial interests: Author A and B declare they have no financial interests.
Author C has received speaker and consultant honoraria from Company M
and Company N. Dr. C has received speaker honorarium and research
funding from Company M and Company O. Author D has received travel
support from Company O.

Non-financial interests: Author D has served on advisory boards for
Company M, Company N and Company O.
Examples of statements to be used when authors have nothing to declare:

« The authors have no relevant financial or non-financial interests to disclose.

« The authors have no conflicts of interest to declare that are relevant to the
content of this article.

« All authors certify that they have no affiliations with or involvement in any
organization or entity with any financial interest or non-financial interest in the
subject matter or materials discussed in this manuscript.

e The authors have no financial or proprietary interests in any material
discussed in this article.

Authors are responsible for correctness of the statements provided in the manuscript.
See also Authorship Principles. The Editor-in-Chief reserves the right to reject

submissions that do not meet the guidelines described in this section.
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Research involving human participants, their data or biological material

Ethics approval

When reporting a study that involved human participants, their data or biological
material, authors should include a statement that confirms that the study was
approved (or granted exemption) by the appropriate institutional and/or national
research ethics committee (including the name of the ethics committee) and certify
that the study was performed in accordance with the ethical standards as laid down
in the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards. If doubt exists whether the research was conducted in accordance with
the 1964 Helsinki Declaration or comparable standards, the authors must explain the
reasons for their approach, and demonstrate that an independent ethics committee
or institutional review board explicitly approved the doubtful aspects of the study. If a
study was granted exemption from requiring ethics approval, this should also be
detailed in the manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing,
retrospective ethics approval usually cannot be obtained and it may not be possible
to consider the manuscript for peer review. The decision on whether to proceed to
peer review in such cases is at the Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological
material (for which formal consent may not be needed or is difficult to obtain) ethics
approval may be required dependent on the law and the national ethical guidelines of
a country. Authors should check with their institution to make sure they are complying
with the specific requirements of their country.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on
this subject. Authors should check with their institution to make sure they are
complying with the specific requirements of their institution and seek ethics approval
where needed. Authors should be aware to secure informed consent from the
individual (or parent or guardian if the participant is a minor or incapable) See also

section on Informed Consent.



83

Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were
used by describing the source of the cell line, including when and from where it was
obtained, whether the cell line has recently been authenticated and by what method.
If cells were bought from a life science company the following need to be given in the
manuscript: name of company (that provided the cells), cell type, number of cell line,
and batch of cells.

It is recommended that authors check the NCBI database for misidentification and

contamination of human cell lines. This step will alert authors to possible problems
with the cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication
Committee (ICLAC).

Authors should include a statement that confirms that an institutional or independent
ethics committee (including the name of the ethics committee) approved the study
and that informed consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively
similar to a DOI) for research resources. This journal encourages authors to adopt
RRIDs when reporting key biological resources (antibodies, cell lines, model
organisms and tools) in their manuscripts.

Examples:

Organism: FilipltmlakoMP)Wisi RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used

research resources already have designated RRIDs. The portal also provides
authors links so that they can quickly reqgister a new resource and obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research
study that prospectively assigns human participants or groups of humans to one or
more health-related interventions to evaluate the effects on health outcomes". The

WHO defines health interventions as “A health intervention is an act performed for,


https://www.ncbi.nlm.nih.gov/biosample/?term=cell%20line%20status%20misidentified%5bAttribute%5d
http://iclac.org/about-iclac/
http://iclac.org/about-iclac/
https://scicrunch.org/resources
https://scicrunch.org/resources/about/resource
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with or on behalf of a person or population whose purpose is to assess, improve,
maintain, promote or modify health, functioning or health conditions” and a health-
related outcome is generally defined as a change in the health of a person or
population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must

register prospective clinical trials (phase Il to IV trials) in suitable publicly available

repositories. For example www.clinicaltrials.gov or any of the primary registries that

participate in the WHO International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the
last line of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged
to register retrospectively to ensure the complete publication of all results. The trial
registration number (TRN), date of registration and the words 'retrospectively
registered’ should be included as the last line of the manuscript abstract.

Standards of reporting

Springer Nature advocates complete and transparent reporting of biomedical and
biological research and research with biological applications. Authors are
recommended to adhere to the minimum reporting guidelines hosted by

the EQUATOR Network when preparing their manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s
Instructions for Authors.

Checklists are available for a number of study designs, including:
Randomised trials (CONSORT) and Study protocols (SPIRIT)
Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)
Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SROR) and (COREQ)

Animal pre-clinical studies (ARRIVE)

Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)



http://www.clinicaltrials.gov/
http://www.who.int/ictrp/network/primary/en/
http://www.equator-network.org/
http://www.equator-network.org/reporting-guidelines/consort/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/strobe/
http://www.equator-network.org/reporting-guidelines/prisma/
http://www.equator-network.org/reporting-guidelines/prisma-protocols/
http://www.equator-network.org/reporting-guidelines/stard/
http://www.equator-network.org/reporting-guidelines/tripod-statement/
http://www.equator-network.org/reporting-guidelines/care/
http://www.equator-network.org/reporting-guidelines/the-agree-reporting-checklist-a-tool-to-improve-reporting-of-clinical-practice-guidelines/
http://www.equator-network.org/reporting-guidelines/right-statement/
http://www.equator-network.org/reporting-guidelines/srqr/
http://www.equator-network.org/reporting-guidelines/coreq/
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/
http://www.equator-network.org/reporting-guidelines/squire/
http://www.equator-network.org/reporting-guidelines/cheers/
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Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’
section before the reference list under a heading of ‘Ethics approval'.

Examples of statements to be used when ethics approval has been obtained:

* All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The study was approved by the Bioethics Committee
of the Medical University of A (No. ...).

* This study was performed in line with the principles of the Declaration of Helsinki.
Approval was granted by the Ethics Committee of University B (Date.../No. ...).

» Approval was obtained from the ethics committee of University C. The procedures
used in this study adhere to the tenets of the Declaration of Helsinki.

* The questionnaire and methodology for this study was approved by the Human
Research Ethics committee of the University of D (Ethics approval number: ...).
Examples of statements to be used for a retrospective study:

« Ethical approval was waived by the local Ethics Committee of University A in view
of the retrospective nature of the study and all the procedures being performed were
part of the routine care.

* This research study was conducted retrospectively from data obtained for clinical
purposes. We consulted extensively with the IRB of XYZ who determined that our
study did not need ethical approval. An IRB official waiver of ethical approval was
granted from the IRB of XYZ.

* This retrospective chart review study involving human participants was in
accordance with the ethical standards of the institutional and national research
committee and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The Human Investigation Committee (IRB) of
University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption
granted:

* This is an observational study. The XYZ Research Ethics Committee has confirmed
that no ethical approval is required.

» The data reproduced from Article X utilized human tissue that was procured via our

Biobank AB, which provides de-identified samples. This study was reviewed and
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deemed exempt by our XYZ Institutional Review Board. The BioBank protocols are in
accordance with the ethical standards of our institution and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript.
See also Authorship Principles. The Editor-in-Chief reserves the right to reject
submissions that do not meet the guidelines described in this section.

Informed consent

All individuals have individual rights that are not to be infringed. Individual
participants in studies have, for example, the right to decide what happens to the
(identifiable) personal data gathered, to what they have said during a study or an
interview, as well as to any photograph that was taken. This is especially true
concerning images of vulnerable people (e.g. minors, patients, refugees, etc) or the
use of images in sensitive contexts. In many instances authors will need to secure
written consent before including images.

Identifying details (hames, dates of birth, identity numbers, biometrical characteristics
(such as facial features, fingerprint, writing style, voice pattern, DNA or other
distinguishing characteristic) and other information) of the participants that were
studied should not be published in written descriptions, photographs, and genetic
profiles unless the information is essential for scholarly purposes and the participant
(or parent/guardian if the participant is a minor or incapable or legal representative)
gave written informed consent for publication. Complete anonymity is difficult to
achieve in some cases. Detailed descriptions of individual participants, whether of
their whole bodies or of body sections, may lead to disclosure of their identity. Under
certain circumstances consent is not required as long as information is anonymized
and the submission does not include images that may identify the person.

Informed consent for publication should be obtained if there is any doubt. For
example, masking the eye region in photographs of participants is inadequate
protection of anonymity. If identifying characteristics are altered to protect anonymity,
such as in genetic profiles, authors should provide assurance that alterations do not
distort meaning.

Exceptions where it is not necessary to obtain consent:

* Images such as x rays, laparoscopic images, ultrasound images, brain scans,
pathology slides unless there is a concern about identifying information in which

case, authors should ensure that consent is obtained.
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* Reuse of images: If images are being reused from prior publications, the Publisher
will assume that the prior publication obtained the relevant information regarding
consent. Authors should provide the appropriate attribution for republished images.
Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family
or guardian if the deceased has not made a pre-mortem decision) must have given
prior written consent. The aspect of confidentiality as well as any wishes from the
deceased should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research
project authors should ensure, as part of the informed consent procedure, that the
participants are made aware what kind of (personal) data will be processed, how it
will be used and for what purpose. In case of data acquired via a
biobank/biorepository, it is possible they apply a broad consent which allows
research participants to consent to a broad range of uses of their data and samples
which is regarded by research ethics committees as specific enough to be
considered “informed”. However, authors should always check the specific
biobank/biorepository policies or any other type of data provider policies (in case of
non-bio research) to be sure that this is the case.

Consent to Participate

For all research involving human subjects, freely-given, informed consent to
participate in the study must be obtained from participants (or their parent or legal
guardian in the case of children under 16) and a statement to this effect should
appear in the manuscript. In the case of articles describing human transplantation
studies, authors must include a statement declaring that no organs/tissues were
obtained from prisoners and must also name the institution(s)/clinic(s)/department(s)
via which organs/tissues were obtained. For manuscripts reporting studies involving
vulnerable groups where there is the potential for coercion or where consent may not
have been fully informed, extra care will be taken by the editor and may be referred
to the Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data
published in a journal article. Authors should make sure to also seek consent from

individuals to publish their data prior to submitting their paper to a journal. This is in
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particular applicable to case studies. A consent to publish form can be found here.
(Download docx, 36 kB)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’
section before the reference list under a heading of ‘Consent to participate’ and/or
‘Consent to publish’. Other declarations include Funding, Conflicts of
interest/competing interests, Ethics approval, Consent, Data and/or Code availability
and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

Sample statements for "Consent to participate":

Informed consent was obtained from all individual participants included in the study.
Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for
publication of the images in Figure(s) 1a, 1b and 1c.

The participant has consented to the submission of the case report to the journal.
Patients signed informed consent regarding publishing their data and photographs.
Sample statements if identifying information about participants is available in the
article:

Additional informed consent was obtained from all individual participants for whom
identifying information is included in this article.

Authors are responsible for correctness of the statements provided in the manuscript.
See also Authorship Principles. The Editor-in-Chief reserves the right to reject
submissions that do not meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed
consent or the paper may be removed and replaced with a notice explaining the
reason for removal.

Research Data Policy

This journal operates a type 1 research data policy. The journal encourages authors,

where possible and applicable, to deposit data that support the findings of their

research in a public repository. Authors and editors who do not have a preferred


https://static.springer.com/sgw/documents/1670615/application/docx/SN_Consent%20form%20for%20publication.docx
https://static.springer.com/sgw/documents/1670615/application/docx/SN_Consent%20form%20for%20publication.docx
https://www.springernature.com/gp/authors/research-data-policy/research-data-policy-types
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repository should consult Springer Nature’s list of repositories and research data

policy.
List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may
also be used.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may
be cited in the reference list. Data citations should include the minimum information
recommended by DataCite: authors, title, publisher (repository name), identifier.
Authors who need help understanding our data sharing policies, help finding a
suitable data repository, or help organising and sharing research data can access

our Author Support portal for additional guidance.

After Acceptance

Upon acceptance, your article will be exported to Production to undergo typesetting.
Once typesetting is complete, you will receive a link asking you to confirm your
affiliation, choose the publishing model for your article as well as arrange rights and
payment of any associated publication cost.

Once you have completed this, your article will be processed and you will receive the
proofs.

Article publishing agreement

Depending on the ownership of the journal and its policies, you will either grant the
Publisher an exclusive licence to publish the article or will be asked to transfer
copyright of the article to the Publisher.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in
content, e.g., new results, corrected values, title and authorship, are not allowed
without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum,

which will be hyperlinked to the article.


https://www.springernature.com/gp/authors/research-data-policy/recommended-repositories
https://www.springernature.com/gp/authors/research-data-policy/data-policy-faqs
https://support.springernature.com/en/support/solutions/folders/6000238326
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Online First

The article will be published online after receipt of the corrected proofs. This is the
official first publication citable with the DOI. After release of the printed version, the
paper can also be cited by issue and page numbers.

Open Choice

Open Choice allows you to publish open access in more than 1850 Springer Nature
journals, making your research more visible and accessible immediately on
publication.

Article processing charges (APCs) vary by journal — view the full list

Benefits:

e Increased researcher engagement: Open Choice enables access by anyone
with an internet connection, immediately on publication.

o Higher visibility and impact: In Springer hybrid journals, OA articles are
accessed 4 times more often on average, and cited 1.7 more times on
average*.

o Easy compliance with funder and institutional mandates: Many funders require
open access publishing, and some take compliance into account when
assessing future grant applications.

It is easy to find funding to support open access — please see our funding and
support pages for more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact
analysis, 2018.

Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains
with the author. In opting for open access, the author(s) agree to publish the article
under the Creative Commons Attribution License.

English Language Editing

For editors and reviewers to accurately assess the work presented in your
manuscript you need to ensure the English language is of sufficient quality to be
understood. If you need help with writing in English you should consider:

o Asking a colleague who is a native English speaker to review your manuscript
for clarity.

« Visiting the English language tutorial which covers the common mistakes

when writing in English.


https://www.springernature.com/de/open-research/journals-books/journals
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« Using a professional language editing service where editors will improve the
English to ensure that your meaning is clear and identify problems that require
your review. Two such services are provided by our affiliates Nature Research
Editing Service and American Journal Experts. Springer authors are entitled to
a 10% discount on their first submission to either of these services, simply
follow the links below.

English lanquage tutorial

Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for
publication in this journal and does not imply or guarantee that the article will be
selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and
formal style before publication.

Color Art

Color art is now free of charge for both online and print publication.

Open access publishing

Pediatric Cardiology publishes open access articles. Authors of open access articles
published in this journal retain the copyright of their articles and are free to reproduce
and disseminate their work.

Visit our Open access publishing page to learn more



http://www.springer.com/gp/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
http://www.aje.com/c/springer
https://www.springer.com/journal/246/open-access-publishing

92

ANEXO C - Certificado de Revisdo Profissional da Lingua Inglesa

Proof-Reading-Service.com Ltd, Devanshire
Business Centre, Works Road, Letchworth Garden
City, Hertfordshire, 566 1G), United Kingdom

PrO Of . N Office phone: +44(0)20 31500 431
'[{Eadlng'SEl‘VICE.COm E-mail: enquiries@proof-reading-service.com

Internet: http://www.proof-reading-service.com
VAT registration number: 9114788 21
Company registration number: 8391405

PhD theses, journal papers, books and other professional documents

23 June 2021

To whom it may concern,
RE: Proof-Reading-Service.com Editorial Certification

This is to confirm that the document described below has been submitted to Proof-
Reading-Service.com for editing and proofreading.

We certify that the editor has corrected the document, ensured consistency of the spelling,
grammar and punctuation, and checked the format of the sub-headings, bibliographical
references, tables, figures etc. The editor has further checked that the document is
formatted according to the style guide supplied by the author. If no style guide was
supplied, the editor has corrected the references in accordance with the style that
appeared to be prevalent in the document and imposed internal consistency, at least, on
the format.

It is up to the author to accept, reject or respond to any changes, corrections, suggestions
and recommendations made by the editor. This often involves the need to add or complete
bibliographical references and respond to any comments made by the editor, in particular
regarding clarification of the text or the need for further information or explanation.

We are one of the largest proofreading and editing services worldwide for research
documents, covering all academic areas including Engineering, Medicine, Physical and
Biological Sciences, Social Sciences, Economics, Law, Management and the Humanities.
All our editors are native English speakers and educated at least to Master’s degree level
(many hold a PhD) with extensive university and scientific editorial experience.

Document title: Peripheral Muscle Strength in Children and Adolescents With
Congenital Heart Disease: Systematic Review And Meta-Analysis

Author(s): Camila da Cunha Niedermeyer; Maria Luiza Yumi Shizukuishi;
Camila Wolgenmuth Schaan; Janice Luisa Lukrafka

Format: American English

Style guide: Pediatric Cardiology at
http://www.springer.com/medicine/cardiology/journal/246




