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RESUMO

Pereira ENS. Estudo da avaliagdo do eletrocardiograma durante o teste de inclinagdo com
derivagdes superiores em pacientes com Sindrome de Brugada. [tese]. Sao Paulo: Faculdade de

Medicina, Universidade de Sao Paulo; 2026

Introduc¢do: O padrdo eletrocardiografico tipo 1 de Brugada (PBrl) varia de acordo com
influéncias autondmicas. O teste de inclinagdo (TI) induz alteragdes tanto na atividade
simpatica quanto parassimpatica, podendo fornecer informagdes sobre o comportamento
dinamico do PBrl quando combinado com o posicionamento de derivagdes precordiais
superiores. A capacidade de desmascarar o PBrl durante o estimulo vagal no TI e o significado
clinico da variabilidade do PBr1 durante o TI permanecem pouco definidos.

Métodos: Este estudo transversal avaliou pacientes com Sindrome de Brugada, previamente
confirmada, submetidos ao TI com monitoramento continuo do eletrocardiograma por meio de
derivagdes precordiais superiores. O comportamento do PBrl foi avaliado durante fases
predefinidas: posi¢do supina basal, inclinag¢@o ortostatica, administragao de nitrato, recuperagao
e sincope quando presente. Posteriormente, as caracteristicas clinicas e os resultados do teste
foram analisados quanto as associagdes com a expressdo dindmica do PBrl.

Resultados: Quarenta e quatro pacientes (idade média de 49 anos; 72,7% homens) foram
incluidos. Trinta e cinco pacientes (79,5%) apresentavam PBrl espontaneo e nove (20,5%)
apresentavam a PBrl farmaco-induzido. A expressdo do PBrl variou de forma dindmica e
heterogénea durante o TI. Nenhum paciente sem PBrl a admissao desenvolveu o padrao em
qualquer fase do teste. Trinta pacientes (68,2%) permaneceram negativos ao longo de todo o
teste, cinco perderam o padrdo durante o exame (11,4%) e nove (20,5%) apresentaram PBrl
persistente em todas as fases. O PBrl persistente e transitdrio foi associado a maior frequéncia
de sincope presumivelmente arritmica e o PBrl persistente foi associado ao implante de
cardioversor-desfibrilador implantavel (p<0,05). Nao ocorreram arritmias atriais ou
ventriculares, nem complicagdes relacionadas ao dispositivo.

Conclusdes: O TI com derivagdes precordiais superiores ndo desmascarou o PBrl e ndo deve
ser utilizado como ferramenta de provocacao diagndstica. No entanto, permite a caracterizagao
da modulagdao autondmica e da estabilidade fenotipica na sindrome de Brugada. Qualquer
relevancia progndstica potencial do comportamento dinamico do PBr1 permanece especulativa

e requer avaliagdo em estudos prospectivos com poder estatistico adequado.



Palavras-Chave: Sindrome de Brugada. Teste da mesa inclinada. Sistema nervoso

autonomo.



Abstract

Pereira ENS. Electrocardiographic evaluation during tilt table testing using superior leads in
patients with Brugada Syndrome [thesis]. S3o Paulo: “Faculdade de Medicina, Universidade de

Sdo Paulo™; 2026.

Introduction: The Brugada type 1 electrocardiographic pattern (BrP1) varies according to
autonomic influences. Tilt table testing (TTT) induces changes in both sympathetic and
parasympathetic activity, potentially providing information about the dynamic behavior of
BrP1 when combined with high precordial lead positioning. The ability to unmask BrP1 during
vagal stimulation in TTT, and the clinical significance of BrP1 variability during TTT, remain
poorly defined.

Methods: This cross-sectional study evaluated patients with previously confirmed Brugada
Syndrome who underwent TTT with continuous electrocardiographic monitoring using high
precordial leads. BrP1 behavior was assessed during predefined phases: baseline supine
position, orthostatic tilt, nitrate administration, recovery, and syncope when present.
Subsequently, clinical characteristics and test results were analyzed for associations with the
dynamic expression of BrP1.

Results: Forty-four patients (mean age 49 years; 72.7% men) were included. Thirty-five
patients (79.5%) had spontaneous BrP1, and nine (20.5%) had drug-induced BrP1. BrP1
expression varied dynamically and heterogeneously during TTT. No patient without BrP1 at
admission developed the pattern at any phase of the test. Thirty patients (68.2%) remained
negative throughout the entire test, five lost the pattern during the exam (11.4%), and nine
(20.5%) exhibited persistent BrP1 across all phases. Persistent and transient BrP1 were
associated with a higher frequency of presumably arrhythmic syncope, and persistent BrP1 was
associated with implantable cardioverter-defibrillator implantation (p<0.05). No atrial or
ventricular arrhythmias occurred, nor were there any device-related complications.
Conclusions: TTT with high precordial leads did not unmask BrP1 and should not be used as
a diagnostic provocation tool. However, it allows for the characterization of autonomic
modulation and phenotypic stability in Brugada syndrome. Any potential prognostic relevance
of the dynamic behavior of BrP1 remains speculative and requires evaluation in prospective,
adequately powered studies.

Keywords: Brugada syndrome. Tilt-table Test. Autonomic nervous system.
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INTRODUCAO

1.1 Sindrome de Brugada

A sindrome de Brugada (SBr) ¢ uma doenca de heranga autossomica dominante, mais
frequentemente observada em homens adultos (1), especialmente em paises da Asia, sendo sua
prevaléncia aproximada de um para 1.000 a um para 10.000 individuos na populacdo geral (2).

O padrao de Brugada tipo 1 (PBrl) ¢é caracterizado pelo supra desnivelamento do
segmento ST e ondas T negativas nas derivagdes precordiais V1 a V2 do eletrocardiograma,
associado a predisposi¢ao de fibrilagao ventricular espontanea e morte subita. Primeiramente
descrita por Martini em 1989 (3), a partir de 1992, apds a publica¢do de uma série de pacientes
com essas caracteristicas pelos irmaos Pedro e Ramon Brugada, passou a ser conhecida como
SBr (4).

Mutagdes no gene SCNSA, que codifica a subunidade alfa no canal de sédio cardiaco
(Navl.5), sdo as mais comumente associadas a doenca, embora tenham sido identificadas em
apenas 11 a 35% dos pacientes (5,6). Até o momento, foram descritas mais de 300 mutacdes
no gene SCN5SA que cursam com alteragao da fase zero e um do potencial de agdo cardiaco
(7,8).

O PBrl1 ¢ caracterizado pela elevacao de 2 mm ou mais do ponto J nas derivagdes V1 e
V2, seguido de um descenso lento do segmento ST com convexidade superior e terminando
com a inversdo da onda T (9,10). E atualmente o tinico padrio eletrocardiografico aceito como
diagnostico de certeza. Os padrdes antes denominados de tipo 2 e 3, agora sdo considerados um
unico grupo como “ndo tipo 17 e sdo caracterizados pela elevagdo do segmento ST de 1 a2mV,
com morfologia em sela e onda T positiva (9—-11).

Essa sindrome costuma se manifestar em individuos sem cardiopatia estrutural aparente,
porém associada a um alto risco de arritmias ventriculares malignas e morte stbita (4,12).
Apesar de inicialmente descrito nas derivagdes convencionais V1 a V3, o PBrl pode ser obtido
por meio de modificagdo da posicdo dos eletrodos, o que provoca sensibilizagdo do
eletrocardiograma: os eletrodos sao alocados em regides paraesternais direita (D) e esquerda
(E) mais altas no torax, ou seja, no segundo, terceiro e quarto espagos intercostais (EIC) (13,14).

Um dos grandes desafios na abordagem diagnostica e terapéutica dos pacientes com SBr

¢ o fato de que as alteracdes classicas eletrocardiograficas nem sempre sao persistentes (15,16).



17

Assim, ¢ de fundamental importancia compreender a natureza dinamica da doenca. Outros
métodos diagnosticos complementares podem auxiliar neste aspecto (16—19).

Quando um paciente apresenta o eletrocardiograma (ECG) com PBrl algumas questdes
precisam ser resolvidas, em especial as relacionadas ao real diagnostico (afastar fenocopias) e
ao prognostico, uma vez que a confirmagdo da SBr implica em risco potencial de morte subita
em individuos aparentemente saudaveis. A histéria de sincope inexplicada ou evento arritmico
prévio caracteriza um dos principais fatores de risco, além de caracterizar os pacientes com
maior beneficio do desfibrilador cardiaco implantavel (DCI) (20). Além disso,
aproximadamente 12% dos pacientes com SBr que ndo apresentam inicialmente o PBrl, ou
seja, aqueles com o outrora padrdo tipo 2 ou 3 ou um ECG normal, podem desenvolver o PBrl
em algum momento, seja espontaneamente ou apds a provocacao com medicamentos, sendo
em geral o padrao espontaneo confirmado apos uma média de 17 meses de seguimento (21). O
PBrl espontaneo representa maior risco em relacdo ao induzido por farmacos (22). Além da
sensibilizacdo farmacoldgica, outros fatores podem deflagrar o PBrl, tais como febre e alguns
medicamentos, principalmente os bloqueadores do canal de sodio (23).

Entretanto, para os pacientes sem historia de sincope ou evento arritmico, ainda nao esta
bem definida a melhor forma de estratificacdo de risco (10). O estudo eletrofisiologico (EEF)

tem sido utilizado, porém o valor preditivo desta ferramenta ainda € controverso (24,25).

1.2 Teste de ajmalina

A infusao de ajmalina € aplicada na avaliacdo de pacientes com suspeita de SBr pela
sua propriedade de desmascarar o PBr1. E capaz de diagnosticar em 30 a 50% dos casos (20,26),
assim como outros antiarritmicos da classe 1, por acentuarem a elevagdo do segmento ST (27—
29).

A ajmalina endovenosa tem meia vida curta e alto poder de bloqueio dos canais de sddio
(27,28,30,31). Sua infusdo ¢ considerada segura, porém pode desencadear arritmias
ventriculares em 0,3 a 15% dos casos, sendo a maioria autolimitada (28,32-35).

No caso das fenocdpias, o teste de ajmalina é sempre negativo (36).

E importante ressaltar que este farmaco nido é amplamente disponivel no Brasil, exceto

por importagao.
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1.3 Sistema nervoso autonomo e a Sindrome de Brugada

A ocorréncia de fibrilagdo ventricular e morte subita cardiaca na SBr ocorre com mais
frequéncia no periodo noturno (37—40). A modulacdo do sistema nervoso auténomo,
particularmente o aumento do tonus vagal ¢ considerado um dos gatilhos responsaveis pelos
eventos arritmicos nesses pacientes (39,41,42). Por esse motivo, a estimulacdo do sistema
nervoso parassimpatico tem sido utilizada para sensibilizagdo e estratificagdo de risco quando
induz o PBrl.

Considerando que o aumento do tonus vagal pode desmascarar o PBrl, os métodos
diagnésticos empregados para esta finalidade sdo a monitorizacdo eletrocardiografica com
Holter de 24 horas (para observacdo das alteragdes dindmicas do ECG durante periodos de
maior vagotonia, como o noturno ou o pos prandial) e a fase de recuperacao do teste
ergométrico, a qual com a interrup¢ao do exercicio, faz com que a atividade vagal seja

exacerbada e o PBrl possa ser desmascarado (16—18).

1.4 Teste de inclinacao

Desde o estudo inicial de Kenny e colaboradores em 1986 (43), o teste de inclinagdo
(TT) tem demonstrado seguranca e efetividade para identificar pacientes susceptiveis a sincopes
vasovagais entre aqueles com sincopes de origem inexplicada. A postura ortostatica passiva
promove reducdo do retorno venoso, com consequente estimulagdo do arco barorreflexo e
aumento da atividade simpatica sobre o sistema cardiovascular. A liberagdo de norepinefrina
pelo sistema nervoso central provoca aumento do inotropismo e cronotropismo cardiaco e da
resisténcia vascular periférica. A ndo compensagao da volemia central observada em individuos
susceptiveis, origina-se na maioria das vezes de uma deficiéncia da vasorreatividade periférica.
O incremento da frequéncia e inotropismo cardiacos, numa cavidade ventricular “vazia” pelo
retorno venoso insuficiente, estimula os receptores mecanicos intramiocardicos, cuja resposta
eferente ¢ a exacerbagdo da atividade vagal e a supressdo da atividade simpatica sobre o sistema
cardiovascular, com consequente hipotensdo e bradicardia, caracterizando o reflexo vasovagal
(43).

Mesmo quando o TI ¢ negativo, quando o reflexo vagal ndo ¢ deflagrado, o

reposicionamento da maca da postura ortostatica para horizontal ou de Trendelenburg provoca
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aumento subito da volemia central e uma importante modificagdo do balanco autonémico do
paciente, com supressao simpatica e aumento da atividade vagal (44,45).

Esses sdo os dois momentos (sincope e reposicionamento da maca para horizontal) do
TI nos quais o surgimento ou exacerbagdao do PBrl podem ser observados.

Y okokawa e colaboradores (46), avaliando 46 pacientes portadores do PBr1 espontaneo
no ECG convencional e 35 individuos controles, observaram que a ocorréncia de sincope
vasovagal foi mais comum em pacientes com SBr e que houve elevacao do segmento ST em

derivacdes precordiais direitas em 69% dos pacientes durante o TL.

1.5 Racional

Embora pouco tenha sido estudado na literatura até o momento, por ser um método nao
invasivo, pouco oneroso ¢ de facil execucdo, o TI pode ser mais uma ferramenta a ser
empregada na confirmacdo diagndstica da SBr. Nao hd também estudos avaliando essas
possiveis alteragdes dindmicas do eletrocardiograma com a colocagdo de eletrodos em posi¢des
superiores nas derivagdes precordiais, durante o teste de inclinagdo, bem como a associacao
desses achados com eventos arritmicos.

Consideramos que a monitorizacao do ECG de pacientes com suspeita de SBr durante
as diversas fases do TI, utilizando derivagdes precordiais superiores, poderia facilitar o
aparecimento do PBrl e suas alteragdes eletrocardiograficas durante os varios momentos do

teste.
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2. OBJETIVOS

2.1 Objetivo primario

e Avaliar se o TI com monitorizagao eletrocardiografica utilizando derivagdes precordiais

superiores resulta no aparecimento do PBrl.

2.2 Objetivos secundarios

e Avaliar a relagdo entre os achados eletrocardiograficos do PBrl e a temporalidade no
exame;
e Avaliar a relagdo entre o surgimento do PBrl no TI e caracteristicas clinicas, teste

genético, estudo eletrofisiologico.
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3. METODOLOGIA

3.1 Desenho do Estudo

Trata-se de um estudo de natureza exploratdria, prospectivo, transversal, com analise de
associacdo de dados, cuja principal hipotese ¢ a de que o TI com monitorizagdo
eletrocardiografica utilizando derivagdes precordiais superiores resulta no aparecimento do
PBrl.

O estudo foi aprovado pelo Comité de Etica em Pesquisa do Hospital das Clinicas da

Universidade de Sao Paulo (protocolo n® 54223421.8.0000.0068)

3.2 Selecio dos participantes

Foram selecionados participantes com SBr tipo 1 espontaneo ou farmaco induzido a
partir de um banco de dados do Ambulatério da Unidade Clinica de Arritmias Cardiacas do
Instituto do Coragdo do Hospital das Clinicas da Faculdade de Medicina da Universidade de

Sao Paulo (InCor-HCFMUSP).

3.3 Critérios de inclusao

e Foram incluidos pacientes com idade superior ou igual a 18 anos e com PBrl em
uma ou mais derivagdes precordiais direitas, espontaneo ou induzido por
bloqueadores dos canais de soédio (ajmalina, flecainida, procainamida ou

pilsicainide), com eletrodos alocados no 2°, 3° ou 4° EIC (19);

e Todos os pacientes assinaram o Termo de Consentimento Livre e Esclarecido

(Anexo A) no momento da inclusao.

3.4 Critérios de exclusao

e Pacientes que ja tivessem realizado ablacdo para prevencao de arritmias em SBr;

e Arritmias ventriculares malignas nos tltimos 6 meses
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3.5 Dados demograficos e historia clinica

a. Dados de anamnese:

Foram coletados os seguintes dados: idade, género, historia familiar de morte subita
precoce (<45 anos), sincope arritmica ou ndo arritmica, outras arritmias associadas, morte
subita abortada, respiracdo agonica noturna, presenga de DCI e se foi indicado como profilaxia
primaria ou secundario, choque prévio e se o choque foi apropriado ou inapropriado.

b. Exames subsidiarios nao obrigatorios obtidos através de coleta de dados quando disponivel:

Teste genético

Teste de ajmalina

Estudo eletrofisioldgico

3.6 Teste de inclinacao

Os pacientes foram submetidos ao TI em jejum, em um ambiente com pouca
luminosidade e com o minimo de ruidos ambientais. Os medicamentos usados em nivel
ambulatorial foram mantidos.

Para a realizacdo do TI, foi utilizada uma maca inclinavel motorizada (prancha
ortostatica - Carci Ind. e Com. - Sdo Paulo), com cintos de seguranga, plataforma para os pés e
inclinagdo ortostatica maxima de 70° e minima de 30°.

Em decubito dorsal horizontal, os pacientes foram monitorizados de forma continua e
ndo invasiva quanto a pressao arterial, com monitor digital e quanto ao eletrocardiograma, com

eletrodos alocados no segundo, terceiro e quarto EIC direito e esquerdo (Figura 1).
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Figura 1 - Posicionamento dos eletrodos para registro de derivacdes superiores.

Fonte: Gentilmente cedida por Luciana Sacilotto(8)

Os pacientes permaneceram em repouso por 5 minutos, em decubito dorsal horizontal.
Na sequéncia do procedimento foi feita a inclinagdo da maca, em aproximadamente 10 a 15
segundos, até 70° em ortostase, posicdo na qual os pacientes foram observados por mais 20
minutos. Caso ndo fosse administrado o nitrato, o paciente permanecia nessa posicao por 40
minutos.

Caso nao houvesse sintomas, poderia ser administrado comprimido de 1,25mg de
dinitrato de isossorbida via sublingual e mantida a monitorizagdo em ortostase por mais 20
minutos ou até a ocorréncia de critérios de positividade do exame: queda da pressdo arterial
sistolica >30 mmHg com ou sem queda da frequéncia cardiaca, associada a sintomas pré
sincopais, ou sincope/ou arritmia ventricular. A maca era imediatamente reposicionada em
Trendelenburg e, se necessario, o paciente era submetido a medidas para corre¢ao das
alteracdes hemodinamicas ou reversao de arritmias.

De acordo com o comportamento da pressao arterial e frequéncia cardiaca, as respostas
hemodinamicas positivas foram classificadas, de acordo com European Federation of
Autonomic Societies (47), em:

e vasodepressora: queda da pressao arterial sem alteragdo significativa da frequéncia

cardiaca;

e mista: hipotensdo arterial com concomitante queda da frequéncia cardiaca;

e cardioinibitoria: queda da frequéncia cardiaca acentuada podendo ser dividido em

duas apresentagdes. 2a: queda da frequéncia cardiaca abaixo de 40
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batimentos/minuto por mais de 10 segundos, sem que ocorra assistolia maior que 3
segundos e 2b: assistolia maior que 3 segundos;

sindrome postural ortostatica taquicardizante: aumento da FC superior a 30% em
relagdo a basal, durante o periodo de monitorizagdo em decubito ortostatico, ou
frequéncia cardiaca >120 batimentos/ minuto nos primeiros 10minutos de ortostase
passiva, com sintomas de intolerancia postural, porém sem queda significativa da

PA nem ocorréncia do reflexo vasovagal.

3.7 Avaliacao eletrocardiografica durante o teste de inclinagao

Durante o teste de inclinacdo (TI), foram incluidas e definidas as seguintes fases na

avaliagdo eletrocardiografica:

T1: 5 minutos de repouso em decubito dorsal;

T2: 20 minutos iniciais de inclinag@o ortostatica se usar nitrato e 40 minutos se nao
utilizar nitrato;

T3: 20 min apds administracdo de medicacao sensibilizante SL;

T4: imediatamente depois do reposicionamento da maca em decubito horizontal
em Trendelenburg;

TS: ocorréncia do reflexo vasovagal e/ou sincope. (figura 2).

As alteragdes eletrocardiograficas foram consideradas positivas em caso de elevagao de

2 mm ou mais do ponto J em qualquer uma das derivagdes superiores, seguido de um descenso

lento do segmento ST com convexidade superior e terminando com a inversdo da onda T. Foi

também feita a avaliagcdo caso houvesse o desaparecimento do PBrl durante algum momento

do teste. As alteragdes eletrocardiograficas foram avaliadas por dois arritmologistas de forma

independente e nao cega. Em caso de discordancia, um terceiro arritmologista avaliava o

eletrocardiograma de forma cega.
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Figura 2 - Protocolo do teste de inclinagao.

PROTOCOLO DO TESTE DE INCLINAGCAO

Inclinagao Nitrato Trendelenburg

5 minutos 20 minutos 20 minutos 5 minutos

T2

Sincope

Até melhora dos sintomas

Se ocorrer sincope

T2o0uT3

3.8 Analise estatistica

Foram descritas as caracteristicas qualitativas avaliadas com uso de frequéncias
absolutas e relativas e as caracteristicas quantitativas foram descritas com uso de medidas
resumo (média, desvio padrdo, mediana e quartis). As caracteristicas pessoais, clinicas e
historico da doenga foram descritas segundo grupos de comportamento do padrao de Brugada
apos o T e verificada a associagdo com uso de testes da razao de verossimilhangas, exceto para
as idades dos pacientes que foram comparadas segundo os grupos com uso de analise de
variancias (ANOVA) (Kirkwood e Sterne, 2006).

Considerando a natureza exploratdria do dado, um niimero minimo de 40 pacientes foi
considerado para o estudo.

Para realizagao das analises foi utilizado o software IBM-SPSS for Windows versao 22.0
e para tabulacdo dos dados foi utilizado o software Microsoft Excel 2013. Os testes foram

realizados com nivel de significancia de 5%.
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4. RESULTADOS

4.1 Dados clinicos

Foram realizados TI em 44 pacientes no periodo de maio/2022 até setembro/2025. Os
dados gerais dos pacientes estao descritos na tabela 1. A idade média foi de 49,1 £14,7 anos. O
sexo masculino foi mais frequente em 32 pacientes (72,7%). A historia familiar positiva para
morte subita estava presente em 29 (65,9%) pacientes.

Em relacdo a doenga, a SBr era espontanea em 35 casos (79,5%) e farmaco-induzida em
9 pacientes (20,5%). A presenca de sincope presumidamente arritmica prévia estava presente
em 3 pacientes (6,8%) e sincopes ndo arritmicas em 7 pacientes (15,9%). Morte subita abortada
estava presente em 2 pacientes (4,5%) e respiragdo agonica noturna em 9 pacientes (20,5%).

Em relacdo a presenca de dispositivos implantdveis, 17 pacientes (38,6%) possuiam um
DCI, sendo 13 (29,5%) para profilaxia priméaria e 4 (9,1%) para profilaxia secundéria. Entre os
portadores de DCI, 8 (47,1%) tiveram pelo menos um choque, sendo 3 choques apropriados e
6 choques ndo apropriados (um paciente teve os dois eventos). O motivo dos choques
inapropriados foram: oversensing de onda T, fibrilacdo atrial, taquicardia paroxistica supra

ventricular (n=2) e disfunc¢do de eletrodo (n=2).

4.2 Teste de ajmalina, teste genético e estudo eletrofisiologico

Foram realizados 14 testes de ajmalina. Todos foram positivos, uma vez que se fosse
negativo o paciente ndo entraria no estudo (critério de inclusdo era PBrl espontaneo ou
farmaco-induzido). Cinco desses pacientes eventualmente apresentam o PBrl de forma
espontanea sendo reclassificados como SBr espontaneo.

O teste genético foi realizado em 30 (68,1%) pacientes, sendo encontrada uma variante
provavelmente patogénica ou patogénica em 9 (30%) e de significado incerto ou ndo presente
em 21 (70%) pacientes.

O EEF foi realizado em 26 pacientes (59,1%). A avaliacdo do periodo refratario
ventricular foi avaliada e descrita em 17 exames, sendo essa medida menor que 200ms em 4/17
(23,5%) pacientes e acima de 200ms em 13/17 (76,5%) pacientes. A presenca de arritmia

ventricular induzida esteve presente em 11/26 (42,3%) casos e ausente em 15/26 (57,7%) casos.



Variaveis

Descri¢ao (n=44)

Idade média + Desvio padrao

Sexo masculino, n (%)

SBr espontaneo, n (%)

SBr farmaco-induzido, n (%)

Historia familiar de morte stbita, n (%)
Sincope arritmica, n (%)

Sincope nao arritmica, n (%)

Morte subita abortada, n (%)
Respiracgao agdnica noturna, n (%)
Teste genético positivo*, n/N (%)
Implante de DCI, n (%)

DCI para prevengao primaria, n (%)
DCI para prevengao secundaria, n (%)
Choque de DCI, n/N (%)

Choque de DCI apropriado, n/N (%)
Choque de DCI inapropriado, n/N (%)
Estudo eletrofisiolégico, n (%)

PRF<200 ms, n/N (%)

Arritmia ventricular induzida no EEF, n/N (%)

49.1+14,7
32 (72,7)
35 (79,5)
9 (20,5)
29 (65,9)
3(6,38)
7 (15,9)
2 (4,5)
9 (20,5)
9/30 (30)
17 (38,6)
13 (29,5)
4(9,1)
8/17 (47,1)
3/17 (17,6)
6/17 (35.3)
26 (59,1)
4/17 (23,5)
11/26 (42,3)
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Tabela 1: Descrigdo das caracteristicas clinicas dos 44 pacientes, teste de ajmalina, teste
genético e estudo eletrofisioldgico. DCI: desfibrilador cardiaco implantavel; PRF: periodo refratario
ventricular. *Teste genético foi considerado positivo quando o resultado foi patogénico ou

provavelmente patogénico.

4.3 Achados eletrocardiograficos durante o teste de inclinagao

Foram analisados os comportamentos eletrocardiograficos dindmicos durante o TI. O

padrao foi positivo nas derivagdes precordiais superiores (DPS) em 14 (31,8%) pacientes, sendo

que 5 pacientes também tinham o PBrl em derivagdes precordiais inferiores (DPI). Nenhum

paciente apresentou o PBrl somente em DPI (tabela 2).
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Presenca do PBr1 durante o teste

Todos os pacientes n=44
TIDPSn (%) T2DPSn (%) T3 DPSu/N (%) T4DPSn/N (%) TS DPS /N (%)

14 (31,8) 9 (20,5) 4/21 (19) 10/36 (27,8) 2/8 (25)
TIDPIn (%) T2DPIn(%) T3DPIn/N (%) T4DPIn/N (%) TS DPIn/N (%)
5(11,4) 4(9,1) 1/21(4.8) 5/36 (13.,9) 0/8 (0)

Grupo A (%): 30 (68,2) / Grupo B (%): 5 (11,4) / Grupo C (%): 9 (20,3)

Protocolo COM nitrato n=21
TIDPSn (%) T2DPSn(%) T3DPSn(%) T4DPSn/N (%) TS DPS n/N (%)

7(33,3) 4 (19) 4 (19) 4/15 (26,7) 1/6 (16,7)
TIDPIn (%) T2DPIn(%) T3DPIn(%) T4DPIn/N(%) TSDPIwN (%)
1 (4,8) 1 (4,8) 0 (0) 1/15 (6,7) 0/6 (0)

Grupo A (%): 14 (66,7) / Grupo B (%): 3 (14,3) / Grupo C (%): 4 (19)

Protocolo SEM nitrato n=23

TIDPSn (%) T2DPSn (%) T3 DPS T4 DPS /N (%) TS DPS n/N (%)
7 (30.4) 5217 - 6/21 (28.6) 1/2 (50)

TIDPIn (%) T2DPIn (%) T3 DPI T4 DPIn/N (%) TS DPLu/N (%)
4(174) 3 (13) 4/21 (19,0) 0/2 (0)

Grupo A (%): 16 (69.6)7 Grupo B (%): 2 (8.7)/ Grupo C (%) 5 (21.7)

Protocolo nos quais os pacientes tiveram sincope n=8
T1DPSn (%) T2DPSn (%) T3DPSn/N (%) T4DPSn/N (%) TSDPSn (%)

3 (37,5) 1(12,5) 1/6 (16,7) 2/8 (25)
TIDPIn (%) T2DPIn (%) T3DPIWN (%) T4DPIwN (%) TS DPIn (%)
0 (0) 0 (0) 0 (0) ; 0 (0)

Grupo A (%): 5 (62,5) / Grupo B (%): 2 (25) / Grupo C (%): 1 (12,5)

Protocolo nos quais os pacientes NAO tiveram sincope n=36
T1DPSn (%) T2DPSn (%) T3IDPSn/N (%) T4DPSn (%) TS DPS n (%)

11 (30.5) 8 (22,2) 3/15 (20) 10 (27.8) :
TIDPIn (%) T2DPIn(%) T3DPIn/N(%) T4DPIn(%) TS DPIn (%)
5(13,9) 4(1L,1) 0/15 (0) 5(13,9) :

Grupo A (%): 25 (69,4) / Grupo B (%): 3 (8,3) / Grupo C (%): 8 (22,2)

Tabela 2. Avaliagdo da presenga do PBrl nas derivagdes superiores e inferiores durante o teste
de inclinagdo. Grupo A: Auséncia do PBrl na admissdo e se manteve sem o PBr1 durante todo o exame;
Grupo B: Presen¢a do PBrl na admissdo, porém com desaparecimento do PBrl durante a inclinagao;
Grupo C: Presenga do PBrl e que se manteve durante todo o teste; PBrl: Padrao de Brugada tipo 1; T1:
repouso em decubito dorsal; T2: 20 ou 40 minutos iniciais de inclinagdo ortostatica; T3: Apos
administracdo de nitrato durante 20 minutos; T4: Apos reposicionamento da maca em decubito
horizontal em Trendelenburg; TS: ocorréncia do reflexo vasovagal e/ou sincope.

Durante o T2, quando os pacientes eram inclinados antes do uso do nitrato ou inclinados
sem o uso do nitrato, a presenga do PBrl em DPS ocorreu em 9 (20,5%) e em DPI em 4 desses
pacientes. O desaparecimento do PBrl durante o T2 em derivagdes superiores e inferiores
ocorreu em 5 (35,7%) pacientes e em 1 (20%) paciente, respectivamente.

O protocolo com nitrato foi realizado em 21 dos TI (47,7%). Primeiro tentamos fazer os

TI sem o nitrato para desmascarar o PBrl, porém como ndo tivemos sucesso, incorporamos o
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nitrato no protocolo. Entre os pacientes submetidos a0 exame com administra¢do de nitrato
(n=21), sete apresentavam o PBr1 na DPS e um na DPI no T1. Na fase T2, quatro apresentavam
o PBrl (em trés pacientes o PBrl desapareceu) na DPS e um na DPI no T1. Na fase T3
(avaliagao eletrocardiografica com o paciente inclinado apds o uso do farmaco), observou-se
manutencdo do padrdo PBrl nas DPS em comparagdo a fase T2. Por outro lado, houve
desaparecimento do PBrl na DPI no unico paciente que tinha o PBrl presente. Desses
pacientes, 6 apresentaram sincopes. Na fase T4/TS 5 apresentavam o PBr1 na DPS e um na DPI
(reapareceu o PBrl em um paciente na DPS e um na DPI).

Durante o TI, 8 pacientes (18,2%) apresentaram sincope. Dentre eles, trés exibiam o
padrao PBrl em DPS, e nenhum em DPI. Durante a fase de inclinagdo, somente um desses
manteve o padrao PBrl. Apds a ocorréncia da sincope e o retorno para a posi¢ao de
Trendelenburg, esse paciente manteve o PBrl, enquanto outro paciente passou a apresentar
novamente o PBrl. Das 8 sincopes ocorridas durante os TI, uma foi mista, duas foram
cardioinibitorias, quatro vasodepressoras e uma foi considerada como resposta exagerada ao
nitrato.

Nos pacientes que ndo tiveram sincope (n= 36; 81,8%), durante T4 (posicdo de
Trendelenburg apés final do teste), 10 pacientes (27,8%) mantiveram/retornaram o PBrl em
DPS e, desses dez pacientes, cinco também tinham o PBrl em DPI.

ApoOs estes resultados iniciais, em relacdo a mudanca do PBrl durante o teste, os
pacientes foram divididos em 3 grupos (tabela 3):

Grupo A: Auséncia do PBrl na admissdo e se manteve sem o PBrl durante todo o
exame (n=30; 68,2%); Apesar de ndo ter o PBrl no inicio do teste, todos os pacientes ja tinha
o diagndstico de SBr confirmado, seja espontaneo ou farmaco-induzido;

Grupo B: Presenca do PBrl na admissao, porém com desaparecimento do PBr1 durante
a inclinacdo (n=5; 11,4%);

Grupo C: Presenga do PBrl na admissao e que se manteve durante todo o teste (n=9;
20,5%);

Nenhum paciente foi admitido sem o PBrl e desmascarado durante o TL
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Grupo

. Grupo A Grupo B Grupo C
Variavel N=30 N=5 N=9 P
Idade em anos média = DP 51,L1£158 528+6 40,2+11,4 0.126
Sexo feminino, n (%) 11 (36,7) 0(0) 1(11,1) 0.054
Morte subita familiar, n (%) 19 (63,3) 3 (60) 7(77,8) 0.681
Sincope arritmica, n (%) 0(0) 1 (20) 2(22,2) 0.025
Sincope nao-arritmica, n (%) 6 (20) 1 (20) 0(0) 0.171
Morte subita abortada, n (%) 2 (6,7) 0(0) 0 (0) 0.455
Respiragdo agdnica noturna, n (%) 7(23,3) 0(0) 2(22,2) 0.293
Implante de DCI, n (%) 8 (26,7) 1 (20) 8 (88,9) 0.010
DCI profilaxia primaria, n (%) 6 (20) 1 (20) 6 (66,7) -
DCI profilaxia secundaria, n (%) 2(6,7) 0(0) 2(22,2) -
Choque pelo DCI, n/N (%) 3/8 (37,5) 0/1 (0) 5/8(62,5) 0,448
Choque pelo DCI apropriado, n/N (%) 2/8 (25) 0/1 (0) 1/8 (12,5) 0,639
Choque pelo DCI nao apropriado, n/N (%) 2/8 (25) 0/1 (0) 4/8 (50) 0,560
Teste genético, n/N (%) 3/17 (17,6)  2/5 (40) 4/8 (50) 0,225
EEF, n (%) 18 (60) 2 (40) 6 (66,7) 0,617
PRV, n/N (%) 3/11 (27,3) 0/1 (0) 1/5 (20) 0,721
?A)rr)ltmla ventricular induzida no EEF, n/N 6/18 (33.3)  1/2(50) 406 (66,7) 0,404
Sincope durante o T1, n (%) 5(16,7) 2 (40) 1(11,1) 0,289
Tipo de sincope 0,191
Mista, n/N (%) 1(25) 0(0) 0 (0)
Cardioinibitéria, n/N (%) 0(0) 1 (50) 1 (100)
Vasodepressora, n/N (%) 3(75) 1 (50) 0(0)
Resposta exagerada ao nitrato n/N 1/14 (7,1) 0/3 (0) 0/4 (0) 0,658

Tabela 3. Correlacdo entre os dados clinicos, teste genético, estudo eletrofisiologico, comportamento da
pressdo arterial, frequéncia cardiaca e as respostas hemodindmicas com a presenga ou ndo e sua
manutencdo ou ndo do PBrl durante o teste de inclinacdo. O tnicos achados com diferenca
estatisticamente significativa foram a presenca de sincope arritmica, mais comum nos pacientes do
grupo C, e a presenca de DCI mais comum nos pacientes do grupo C. DCI: Desfibrilador cardiaco
implantavel; EEF: Estudo eletrofisiologico; Grupo A: Auséncia do PBrl na admisséo e se manteve sem
o PBr1 durante todo o exame; Grupo B: Presenca do PBrl na admissao, porém desaparecendo o PBrl
durante algum tempo do teste de inclinagdo; Grupo C: Presen¢a do PBrl ¢ que se manteve durante todo
o teste; PBrl: Padrdo de Brugada tipo 1; PRF: periodo refratario ventricular; TI: Teste de inclinacao.

Foi feita uma correlacdo dos dados clinicos e outros testes com a variagdo do PBrl
durante o T1. A tabela 3 mostra que houve associagdo estatisticamente significativa na presenca
de sincope arritmica, de forma que no grupo A nao houve sincope arritmica e no grupo Be C a
prevaléncia de sincope arritmica foi de 20% e 22,2% respectivamente (p = 0,025). A presenca
de DCI foi menos presente nos grupos A e B em relagdo com o grupo C (26,7% x 20% x 88,9%

respectivamente com p = 0,010).
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Podem ser vistos nas figuras 3, 4 e 5 os exemplos de padrao do ECG do grupo A,Be C
respectivamente. Na figura 3, o paciente ndo apresentou o PBrl no TI. Na figura 4, o paciente
apresentou o PBrl em 5 derivagdes (2° EIC D, 3° EIC D, 4° EIC D, 2° EIC E e 3° EIC E), porém
na fase de inclinagdo o PBrl desapareceu em todas as derivagdes e na fase de recuperacao o
PBrl retornou nas mesmas derivagdes. Na figura 5, o paciente apresentava o PBrl nas seis

derivagdes e manteve o PBrl em todos os tempos do TI.

Figura 3 - Paciente representando o Grupo A. Apesar de ser portador da Sindrome de Brugada,
durante o teste de inclinagdo o padrao de Brugada tipo 1 ndo foi evidenciado. D: Direito; E: Esquerdo;
EIC: Espago intercostal.
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Figura 4: Paciente representando o Grupo B. O paciente apresenta o padrao de Brugada tipo 1
em 5 derivagdes (2° EIC D, 3° EIC D, 4° EIC D, 2° EIC E e 3° EIC E), porém na fase de inclinagdo o
padrdo desapareceu em todas as derivacdes e na fase de recuperagdo retornou nas mesmas derivagdes.
D: Direito; E: Esquerdo; EIC: Espaco intercostal.
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Figura 5: Paciente representando o Grupo C. O paciente apresentava o padrao de Brugada tipo 1 nas seis
derivagdes e manteve em todos os momentos do teste. D: Direito; E: Esquerdo; EIC: Espago intercostal.
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Nao houve nenhuma complicagdo durante os 44 exames de TI. Nos episddios de sincope

ndo houve trauma. Nenhum paciente apresentou arritmia atrial ou ventricular. Nos pacientes

com DCI, também ndo houve complicagdes, sem ocorréncia de choque.
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5. DISCUSSAO

Este estudo fornece a primeira avaliagdo sistematica do comportamento
eletrocardiografico dinamico do PBrl durante o TI com o uso de derivagdes precordiais
superiores em uma coorte de pacientes com SBr. Ao expandir substancialmente esses dados
preliminares, o presente estudo reforga a interagdo entre a modulagdo autondmica e a expressao
fenotipica da SBr.

A expressdo do PBrl durante o TI mostrou-se altamente dindmica, com os pacientes
demonstrando respostas eletrocardiograficas variaveis ao longo das diferentes fases do exame.
O predominio da expressdo do PBrl nas derivagdes precordiais superiores reforga o valor
diagnéstico ja estabelecido do posicionamento das derivagdes precordiais altas na SBr e sugere
que o monitoramento isolado pelo ECG convencional de 12 derivagdes provavelmente
subestimaria a extensao dindmica da expressdao fenotipica durante a provocagdo autondmica
(14,48).

O TI ndo revelou o PBrl em nenhum paciente que ndo apresentasse o padrdo ja na
admissdo. Considerando que o teste foi incapaz de desmascarar o PBrl mesmo em pacientes
com diagnostico confirmado de SBr, a auséncia de um grupo controle de individuos sem SBr
ndo representa uma limitagao relevante nesse contexto, uma vez que o teste de inclinagao seria
virtualmente incapaz de induzir o PBrl em pacientes que ndo possuem o substrato subjacente.
Portanto, o principal achado deste estudo ¢ que o TI ndo deve ser utilizado nem recomendado
como ferramenta de provocagdo diagndstica para desmascarar a SBr. Isso possui particular
relevancia clinica, visto que pacientes com suspeita de SBr — seja por historia familiar da
sindrome ou por sintomas como sincope ou morte subita cardiaca abortada — requerem uma
investigacdo diagnostica criteriosa que inclui realizacdo de ECG com posicionamento de
derivagdes precordiais superiores em diferentes momentos e, quando necessario, provocacao
farmacoldgica com bloqueadores dos canais de sdédio, como a ajmalina (1,4). Além disso, o
teste ergométrico modificado com posicionamento de derivagdes precordiais superior também
tem emergido como uma estratégia potencial para desmascarar o padrao eletrocardiografico de
Brugada (19,49).

A administragdo de nitrato foi introduzida no decorrer do estudo, resultando em
heterogeneidade de protocolo entre os participantes. O achado principal deste estudo — de que
o teste de inclinagdo ortostatica nao foi capaz de desmascarar o PBrl — mostrou-se consistente
independentemente da administrag¢do de nitratos. No entanto, a mudanga de protocolo pode ter

introduzido variabilidade nas observagdes secunddrias, particularmente aquelas relacionadas ao
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comportamento dindmico do ECG durante as fases individuais do teste. Dado o tamanho
amostral limitado, analises de acordo com o uso de nitratos nao foram realizadas.

As alteragdes dinamicas na expressao do PBrl durante o TI provavelmente refletem
mudangas no equilibrio autonomico (39,42). A SBr ¢ fortemente influenciada pela atividade
parassimpatica, com elevagao do segmento ST e arritmias ventriculares malignas ocorrendo em
condi¢des de tonus vagal elevado (37,38). Nesse contexto, o desaparecimento do PBr1 durante
0 estresse ortostatico e seu reaparecimento durante a recuperacdo ou o posicionamento de
Trendelenburg corroboram a hipdtese de que a ativagdo simpatica pode atenuar a expressao
fenotipica, ao passo que a predominancia vagal pode intensificé-la.

Uma observagdo adicional foi a associacdo entre a expressdo persistente do PBrl
durante o teste de inclina¢do ortostatica e as caracteristicas clinicas basais. Os pacientes que
mantiveram o PBrl em todas as fases do teste apresentaram maior prevaléncia de sincope
presumivelmente arritmica e maior frequéncia de implante de DCI em comparacao aqueles nos
quais o padrdo estava ausente ou foi transitério. No entanto, esses achados devem ser
interpretados com consideravel cautela. Os subgrupos analisados eram pequenos, com alguns
compreendendo apenas cinco a nove pacientes, € o numero de eventos em determinadas
categorias — particularmente a sincope presumivelmente arritmica — foi extremamente baixo
em termos absolutos. Além disso, comparagdes multiplas entre subgrupos pequenos aumentam
ainda mais a probabilidade de resultados falso-positivos. Nessas condigdes, mesmo resultados
estatisticamente significativos carregam um risco substancial de erro tipo I. Adicionalmente, o
implante de DCI reflete primariamente decisdes clinicas prévias e a avaliag@o de risco basal, e
nao um desfecho arritmico direto.

Nesse contexto, nossos achados podem ser consistentes com o conceito de "carga de
Brugada", pelo qual a extensdo e a estabilidade da expressdo fenotipica eletrocardiografica
podem ter implicagcdes prognoésticas (16,50,51). Estudos anteriores demonstraram que a
expressao espontanea e persistente do PBrl estd associada a um pior progndstico em
comparagdo com padrdes intermitentes ou induzidos por farmacos (22). Nossos achados
também s3o consistentes com as observacdes de Veltmann et al. (52), que demonstraram
prospectivamente uma marcada flutuacdo espontanea entre ECG diagndsticos e nao
diagnodsticos em pacientes com SBr, com apenas 2% dos pacientes exibindo um PBrl
continuamente diagnoéstico durante o seguimento. De forma semelhante, no presente estudo, a
maioria dos pacientes com SBr previamente confirmada ndo apresentava o PBrl no momento
da admissdo do TI, reforcando ainda mais a natureza altamente dindmica da expressdo

fenotipica dessa condigdo. Vale ressaltar, contudo, que o estudo desses autores ndo empregou
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o posicionamento de derivagdes precordiais superiores, o que pode ter contribuido para uma
subestima¢do do PBrl em sua coorte. Notavelmente, Veltmann et al. também relataram que
pacientes com o PBrl presente no ECG em mais de 50% dos registros seriados apresentaram
taxas significativamente mais elevadas de arritmias ventriculares induziveis durante estudos
eletrofisiologicos (52).

Este estudo apresenta algumas limitacdes. Primeiro, apenas 44 pacientes de um unico
centro foram incluidos, o que pode restringir a generabilidade dos nossos achados. Além disso,
conforme discutido anteriormente, os tamanhos dos subgrupos resultantes foram pequenos,
com pouquissimos eventos em determinadas categorias, o que limita a robustez das
comparagdes entre subgrupos. Segundo, o desenho transversal ndo permitiu a avaliagdo de
desfechos a longo prazo nem a analise das implicagdes prognosticas do comportamento
dinamico do PBrl durante o TI. Terceiro, a administracdo de nitratos foi introduzida no decorrer
do protocolo do estudo em razdo do baixo rendimento diagndstico inicial, resultando em
condi¢des heterogéneas de teste entre os participantes. No entanto, isso reflete o carater
exploratorio e gerador de hipoteses do estudo, bem como o refinamento iterativo do protocolo
ao longo de sua condug¢do. Quarto, nem todos os participantes foram submetidos ao teste
genético, provocacdo com ajmalina ou estudo eletrofisiolégico, o que limitou a avaliagdo
abrangente das associacdes entre fatores clinicos ou genéticos € o comportamento dindmico do
PBrl. Quinto, a interpretacdo inicial do ECG foi realizada sem cegamento ao contexto do
procedimento, o que pode ter introduzido viés do observador na avaliagdo do comportamento
dindmico do PBr1, embora revisdo independente e adjudicag¢do cega nos casos de discordancia
tenham sido realizadas para mitigar essa limitacdo. Investigagdes futuras devem abordar essas
limitagdes por meio de estudos multicéntricos prospectivos de maior porte, com protocolos
padronizados, testagem complementar abrangente e seguimento prolongado, a fim de elucidar
o significado clinico e progndstico do comportamento dinamico do ECG de Brugada durante o
TL

Devido ao tamanho amostral limitado e ao pequeno numero de participantes em alguns
subgrupos, a analise multivariada ndo foi viavel sem um risco substancial de sobreajuste do
modelo e estimativas ndo confiaveis. Dessa forma, todas as comparacdes entre os subgrupos

baseiam-se em analises univariadas.
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6. CONCLUSOES

O teste de inclinagdo ortostatica com derivagdes precordiais superiores ndo desmascarou
o PBrl e ndo deve ser utilizado como ferramenta de provocagao diagndstica. No entanto, o teste
corrobora evidéncias prévias de que a modulacdo autonomica influencia o padrao
eletrocardiografico na sindrome de Brugada. A expressao persistente do PBr1 ao longo do teste
de inclinagdo ortostatica foi associada a sincope presumivelmente arritmica e ao implante mais

frequente de CDI.
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Brugada pattern changes during tilt table test with high precordial leads.
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Introduction: Brugada Syndrome (BrS) typically manifests with a dynamic type 1 Brugada pattern (BrlECGp) that
depends on the dominance of the sympathetic or parasympathetic nervous system. This pattern is more prom-
inent during activities that stimulate the vagus nerve, such as sleeping and after meals. By conducting the tilt
table test and adding high precordial leads to the standard protocol, it is possible to provoke sympathetic or
parasympathetic responses, providing valuable information.

Materials and methods: This was an observational, cross-sectional and hypothesis-generating pilot study. The tilt
table test was performed with high precordial leads on three Brugada patients to assess the BrIECGp during the
test. The ECG features were continuously recorded to analyze variations during all phases of the test.

Results: The first patient exhibited a significant BrlECGp that disappeared during the upward phase of the tilt
table test and reappeared during the recovery phase. The second patient had a BrlECGp in three leads that
persisted during both the upward and recovery phases of the tilt table test. The third patient displayed a BrlECGp
in three leads, which was maintained during the upward phase in two leads and recovered during the recovery
phase. The third patient was the only one to experience cardioinhibitory syncope.

Conclusion: This study provided insights into the dynamics of the Br1ECGp during the tilt table test when
enhanced by high precordial leads. It reaffirmed that the Brugada ECG pattern is influenced by sympathetic or
parasympathetic dominance.

Introduction pattern for increasing sensitivity when screening.” The authors hy-

pothesize that performing the tilt table test, which also tests the vagal

Brugada Syndrome (BrS) is an autosomic dominant inherited disease
more frequently affecting male adults.’ It is characterized by the pres-
ence of type 1 Brugada ECG pattern (Br1ECGp), which is defined as a
coved-shaped 2 mm ST-segment elevation in at least V1 or V2 on a
12-lead Electrocardiogram (ECG), in standard or High Precordial Leads
(HPL).”

Ventricular fibrillation and Sudden Death (SD) occur mainly during
sleep and rest.” The typical ECG patterns are dynamic and modulated by
exercise or pharmacologic interventions that interact with the auto-
nomic nervous system or the cardiac sodium channel (e.g. ajmaline,
flecainide, and prccainamide).‘

The pursuit of the BrlECGp is significant due to its prognostic
impact.” However, it is complicated by the variability in its pattern.””
High Precordial Leads (HPL) have been used to elicit the Brugada

* Corresponding author.
E-mail address: I

@hotmail.com (E.N.S. Pereira).

025.100647

https://doi.org/10.1016/j.clinsp

component, may provide a window of opportunity for potential
unmasking or augmentation of this BrS pattern.

The authors performed tilt table test on 3 patients with BrS using
high precordial leads to evaluate the dynamic changes during the test.
All patients signed a consent form, and this pilot protocol was approved
by the local ethics committee.

Material and methods

This study was performed in accordance with the principles of the
STROBE Statement. The patients signed an informed consent form, and
the study protocol was approved by the local ethics committee (CAE
5422,341.8.0000.0068, CAPPesq — HCFMUSP, on 05/01/2022).

The patients were randomly selected from the ambulatory clinic of a
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1807-5932/©@ 2025 HCFMUSP. Published by Elsevier Espaia,
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Fig. 1. High precordial leads using the respective second, third e fourth intercostal spaces. He presented a Br1ECGp in V2™R, V3™R, V4R, V2™L and V3™L (black
arrow). During table upward phase, all Br1ECGp disappeared, however, the Br1ECGp returned in the same derivations (blue arrow). Br1ECGp, type 1 Brugada

ECG pattern.
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Fig. 2. The ECG phases of the first patient’s exam. He presented a Br1ECGp in V2™R, V3™R, V4"R, V2L and V3"L (black arrow). During table upward phase, all
Br1ECGp disappear, however, the Br1ECGp returned in the same derivations (blue arrow). Br1ECGp, type 1 Brugada ECG pattern.
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Fig. 3. The ECG phases of the second patient’s exam. He presented a BrlECGp in V2™R, V2°L and V3“L (black arrow). No alteration was seen during the exam.

Brl1ECGp, type 1 Brugada ECG pattern.

tertiary hospital in Sao Paulo, Brazil. The inclusion criteria were the
presence of the BrlECGp pattern during the initiation of the test, being
over 18 years old, and signing the informed consent.

Due to the rarity of the disease, only three patients could be included
in this pilot study. The tilt table test was performed on the three BrS
patients using high precordial leads to assess the dynamic changes
during the test.

The tilt table test was conducted according to the local protocol, with
some adaptations, as follows. Blood pressure was measured every 2 min
and with continuous oximetry. The ECG was performed with high pre-
cordial leads (Fig. 1). The V1 lead is placed at V2", V2 is placed at
V3R, V3 s placed at V4R, V4 is placed at V2"IL, V5 is placed at V3™L,
and V6 is placed at V4"L. The patient remains in the supine position for
5 mins. The table is tilted up to 60°-80" When nitrate is used, the
passive tilt test lasts 20 mins, then the authors administer 1.25 mg of
sublingual dinitrate isosorbide, and the position is maintained for
another 20 mins. If nitrate is not used, the tilt test lasts 30 mins. If
symptomatic hypotension/bradycardia happens, the authors promptly
return the table to the supine position.

Fig. 1 High precordial leads using the respective second, third and
fourth intercostal spaces. (with permissiﬂn]."'

Results

The first patient was a 57-year-old male with Brugada syndrome. He
was asymptomatic and had lost multiple family members to SD,
including his father, uncle, cousins, and nephew during sleep. The ge-
netic test found no pathogenic mutations. He discovered his disease
during a consultation in the emergency department for other reasons.

The tilt test was done without nitrate. During the supine phase, the

i nd, rd.
patient had Br1ECGp from V2™R to V3'"L. In the table upward phase, he

had no Brl1ECGp. No nitrate was administered. He had no symptoms of
hypotension/bradycardia during the exam. During the recovery phase,
the pattern returned very similar to the first phase with the BriECGp
from V2™R to V3"L (Fig. 2).

The second patient was a 32-year-old male with Brugada syndrome.
He had an Implantable Cardioverter Defibrillator (ICD) due to an
arrhythmic syncope he suffered in 2006. His cousin had a sudden death
at the age of 23. He had inappropriate shocks, but never an appropriate
one. He carried a pathogenic mutation at the SNC5A gene (p.Y1009%).

The test was perfrormed without nitrate. During the supine phase,
the patient exhibited Br1ECGp in V2"R, v2"L and V3"L, and a first-
degree atrioventricular block as well. During the whole exam, he
maintained the same pattern (Fig. 3).

The third patient was a 59-year-old male with Brugada syndrome. He
also had an ICD due to an arrhythmic syncope and had received
appropriate shock therapy. There was no SD in his family, and the ge-
netic testing found no pathogenic mutation.

The test was performed with nitrate. During the supine phase, the
patient exhibited Br1ECGp from V2"'R to V4™R. However, In the table
upward phase, the BrlECGp disappeared in lead V4R due to ST
elevation no longer than 2 mm. He had a cardioinhibitory syncope, and
when he was laid down, the BrlECGp returned from V2"R to V4R
(Fig. 4).

Discussion

To the best of our knowledge, this is the first study involving patients
with BrS submitted to a modified tilt table testing with HPL. In these
three first cases, the exam was not able to augment the Brugada pattern,
however it showed the dynamic pattern of BrS. The most dynamic
Brugada pattern was observed in the first case, reaching no Brl1ECGp in
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Fig. 4. The ECG phases of the third patient’s exam. He presented a BriECGp in V2™R, V3"R, V4"R (black arrow). During table upward phase, V2"R and V3"R
maintained the Br1ECGp, however V4"R (red arrow) had a reduced ST elevation to a <2 mm. After the syncope, the Br1ECGp returned from V2™R to V4™R (blue

arrow). BrlECGp, type 1 Brugada ECG pattern.

the orthostatic position. One might argue that this could be the “worst™
Br1ECGp, however, it is extremely dynamic, and the patient was
asymptomatic. In the second case, only in the HPL was the Br1ECGp
seen, and a minimal variation of this pattern was observed. In the third
case, the variation was very subtle, however, the Br1ECGp disappeared
in V4™R due to an ST-elevation less than 2 mm. The two latter cases
were symptomatic, suggesting that maybe the absence of dynamicity
can be worse than the pattern itself. These issues still require futher case
studies to be validated.

A possible cause for the ST variation could be due to the positional
change. Indeed, Markendorf et al.” evaluated heart rate, QT interval,
QTec interval, T-wave vector and direction, and ST-segment deviation in
supine and upright positions from 1,028 patients. Positional change
from supine to upright resulted in an increased heart rate, reduced QT
interval, increased QTc interval, variation in T-wave direction, and
ST-segment elevation in 0.4 % and ST-segment depression in 0.2 %. Such
a small ST-segment deviation in this study, would make it improbable
that the changes seen in the present study would be due only to posi-
tional change. Another point is that the variations presented in this study
did not occur immediately after the positional change, they appeared
after a few minutes in the table's upward position.

The Br1ECGp disappearance during table upward was physiopa-
thology expected. During the upward position in the tilt table test, there
is a reduction in the ventricular filling causing an immediate fall in
arterial pressure. The carotid sinus and aortic arch baroreceptor induce

an increase in the heart rate and sympathetic tone."”

the Br1ECGp disappearance.

Mizumaki et al.” reported that augmentation of ST elevation (> 1.5
mm/20 min) occurred more frequently during 24-hour monitoring in
symptomatic Brugada patients. The maximum ST elevation was
accompanied by an increase in high-frequency power (HF 0.15-0.4 Hz)
and the RR interval, along with a decrease in the ratio of the
low-frequency component (LF 0.04-0.15 Hz) to the High-Frequency
component (LF/HF).

The ECG signs of BrS can be augmented by the selective stimulation
of alpha-adrenoceptors, muscarinic receptors, or IA antiarrhythmic class
drugs, but they can be reduced using drugs such as beta-adrenoceptors
stimulation or alpha-adrenoceptor blockade.'’ Indeed, isoproterenol
has been used to treat ventricular arrhythmias and electrical storms
associated with multiple ICD shocks in Brugada patients.'*!”

Bigi et al.'’ investigated the role of Cardiac Autonomic Neuropathy
(CAN) risk stratification in 28 patients with Br1ECGp and 87 non-type 1
BrS. Four standard cardiac autonomic tests were performed and the
presence of at least 2 were considered positive for CAN. None of the
non-type 1 patterns had CAN. Among the patients with BrlIECGp, CAN
was detected in 13 (46%). Of 13 patients with CAN, 11 (84%) had
previous cardiac events compared with only two of 15 patients (13%)
without CAN. This study found no difference in risk stratification based
on sex category.

Other situations involving the autonomic system have been tested.

This can explain
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Recently, a new treadmill exercise protocol to unmask the Br1ECGp
during the recovery phase and using HPL was tested. Pichara et al.’
reported that this test increased by 32.4% the diagnostic yield compared
to HPL alone. Another test evaluated is the “full stomach test”, using
large meals as a stimulation. These studies enhanced diagnostic accu-
racy in patients with Brugada syndrome. ™"

The first observations may generate new hypotheses regarding the
complexity of mechanisms and risk profiles in BrS. The authors will need
to extend the initial observations in patients with a suspicious BrS profile
and perhaps incorporate family members screened for this purpose into
the routine.

Conclusions

These findings strongly highlight the role of the autonomic nervous
system in the pathophysiology and potencial risk stratification of Bru-
gada syndrome. Parasympathetic tone can influence ECG patterns and
may play a significant role in the occurrence of arrhythmias. These
autonomic-focused tests may have the potential to become incremental
diagnostic tools, as they provide unmasking of the Br1ECGp, as well as
identification of patients who could benefit from an ICD.
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Abstract

Background/Objectives: The Type 1 Brugada ECG pattern (BrP1) fluctuates according to
autonomic influences. Tilt table testing induces changes in both sympathetic and parasym-
pathetic activity. It may provide insights into the dynamic behavior of BrP1 when combined
with high-precordial lead placement. However, the clinical significance of BrP1 variabil-
ity during tilt table testing remains poorly defined. Methods: This cross-sectional study
evaluated patients with confirmed Brugada syndrome who underwent tilt table testing
with continuous ECG monitoring using high-precordial leads. Br’1 behavior was assessed
during predefined phases: baseline supine position, orthostatic tilt, nitrate administration,
recovery, and syncope when present. Subsequently, clinical characteristics and test results
were analyzed for associations with dynamic BrP1 expression. Results: Forty-four pa-
tients (mean age 49 years; 72.7% men) were included. Thirty-five patients (79.5%) had a
spontaneous type 1 Brugada ECG pattern, and nine (20.5%) had a drug-induced pattern.
BrP’1 expression varied dynamically /heterogeneously during tilt table testing. No patient
without BrP1 at admission developed the pattern during tilt phases. Thirty patients (68.1%)
remained negative throughout testing, while five lost the pattern during the test (11.3%),
and nine (20.4%) showed persistent BrP1 in all phases. Persistent BrP1 was associated with
more frequent presumed arrhythmic syncope and implantable cardioverter defibrillator
implantation (p < 0.05). No atrial or ventricular arrhythmias or device-related complica-
tions occurred. Conclusions: Tilt table testing with high precordial leads does not unmask
BrP1 and should not be used as a diagnostic provocation tool. However, it allows for the
characterization of autonomic modulation and phenotypic stability in Brugada syndrome.
Any potential prognostic relevance of dynamic BrP1 behavior remains speculative and
requires evaluation in adequately powered prospective studies.

Keywords: Brugada syndrome; Brugada type-1 ECG pattern; tilt table test; high precordial

leads; autonomic modulation

1. Introduction

Brugada syndrome (BrS) is an autosomal dominant inherited disorder characterized
by coved-type ST-segment elevation in the right precordial leads and an increased risk

Diagnostics 2026, 16, 1718
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of ventricular arrhythmias [1,2]. Both arrhythmic events and the type 1 Brugada pattern
(BrP1) are known to occur preferentially under conditions of heightened vagal tone [3,4].
High right-precordial lead placement is also an established technique to enhance detection
of BrP1 [5,6]. Tilt table testing can induce marked vagal stimulation, particularly during
the recovery phase and following syncope [7,8]. Nevertheless, the characteristics of the
electrocardiographic phenotype during tilt table testing with high precordial lead placement
in patients with Brugada syndrome are not yet well defined.

2. Materials and Methods
2.1. Study Design

This is a cross-sectional study with data analysis aimed at evaluating electrocardio-
graphic pattern in high right-precordial leads of patients with BrS throughout all phases of
the tilt table test and determining whether the test can unmask BrP’1.

The study was approved by the Institutional Ethics Committee of Hospital das Clinicas
da Universidade de Sao Paulo (protocol number 54223421.8.0000.0068), ensuring compli-
ance with the ethical principles outlined in the Declaration of Helsinki.

Inclusion criteria: All patients were >18 years old and had a confirmed diagnosis
of BrS, documented by at least one ECG demonstrating a BrP1, either spontaneously
or drug-induced. BrP1 was defined as a J-point elevation >2 mm in high right or left
precordial leads (2nd, 3rd, or 4th intercostal spaces), accompanied by a coved-type ST-
segment elevation and negative T waves. Written informed consent was obtained from
all participants.

Exclusion criteria: Prior BrS ablation and ventricular arrhythmic events within the
previous 6 months.

Clinical data were obtained from all patients, including demographic and relevant
medical history information. Genetic testing, ajmaline provocation, and electrophysiologi-
cal study (EPS) when available were also reviewed.

2.2. Tilt Test Protocol

The test was conducted in a quiet, dimly lit room. Patients underwent continuous
noninvasive blood pressure monitoring and continuous electrocardiographic recording
using electrodes placed in the 2nd, 3rd, and 4th right and left intercostal spaces. When
nitrate was administered, a dose of 1.25 mg of sublingual isosorbide dinitrate was used.

During the tilt table test, electrocardiographic evaluation followed the predefined
phases below (Figure 1).

Electrocardiographic changes were considered positive when a J-point elevation
>2mm appeared in any high precordial lead (2nd, 3rd, or 4th intercostal spaces, right
or left), accompanied by coved-type ST-segment elevation with negative T waves. Dis-
appearance of a pre-existing BrP1 at any phase of the test was also recorded. All ECGs
were independently reviewed by two electrophysiologists without blinding. In cases of
disagreement, a third electrophysiologist provided blinded adjudication.

2.3. Statistical Analysis

Analyses were performed using IBM SPSS for Windows, version 22.0. Qualitative
variables were summarized as absolute and relative frequencies, whereas quantitative
variables were described using standard summary measures (mean, standard deviation,
median, and quartiles). Patients were categorized according to the electrocardiographic
behavior of the BrP1 throughout the tilt test, and clinical, demographic, and disease-related
characteristics were compared across groups. Associations between categorical variables
and BrP1 behavior were evaluated using likelihood-ratio tests, except for age, which

https: / /doi.org/10.3390/ diagnostics16111718
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was compared using analysis of variance (ANOVA), following the recommendations of
Kirkwood and Sterne. All analyses adopted a two-tailed alpha level of 0.05. Data tabulation
was performed using Microsoft Excel 2013.

5 minutes

Without nitrate

If syncope occurs

Upright tilt 'fl't_"m i Trendelenburg
administration

Tilt table testing protocol

5 minutes

20 minutes 20 minutes

T2

Until symptom resolution

T2orT3

Figure 1. Tilt table testing protocol. Schematic representation of the tilt table test phases, including
baseline supine position (T1), upright tilt (T2), nitrate administration when used (T3), and recovery
in Trendelenburg position (T4). Alternative pathways are shown for protocols performed without
nitrate and for tests interrupted due to syncope. High precordial leads were utilized throughout the
protocol. T1: resting supine baseline. T2: first 20 min of orthostatic tilt or 40 min if no nitrate was
administered. T3: 20 min after sublingual nitrate administration. T4: immediately after returning
the table to the horizontal position in the Trendelenburg posture. TS: occurrence of vasovagal reflex

and/or syncope.

3. Results
3.1. Clinical Characteristics

A total of 44 patients underwent tilt table testing between May 2022 and September
2025. Baseline clinical characteristics and medical history are summarized in Table 1. The
mean age was 49.1 years, and 32 patients (72.7%) were male. A positive family history of
sudden cardiac death was observed in 29 patients (65.9%).

A spontaneous BrS pattern was identified in 35 patients (79.5%), whereas nine patients
(20.5%) exhibited a drug-induced pattern. Presumed arrhythmic syncope was documented
in three patients (6.8%), while non-arrhythmic syncope occurred in seven patients (15.9%).
Two patients (4.5%) had a history of aborted sudden cardiac death, and nocturnal agonal
respiration was reported in nine patients (20.5%).

Regarding device therapy, 17 patients (38.6%) had an implantable cardioverter defib-
rillator (ICD), implanted for primary prevention in 13 patients (29.5%) and for secondary
prevention in four patients (9.1%). Among ICD recipients, eight patients (47.1%) experi-
enced at least one shock. Three shocks were appropriate, whereas six were inappropriate
(one patient experienced both). Causes of inappropriate shocks included T wave oversens-
ing, atrial fibrillation, supraventricular tachycardia (n = 2), and lead dysfunction (n = 2).

https: / /doi.org/10.3390/ diagnostics16111718

52



Diagnostics 2026, 16, 1718 40f12
Table 1. Baseline characteristics of the patients.

Variable Descriptive (n = 44)
Age, years, mean + SD 491+147
Male sex, n (%) 32(72.7)
Spontaneous BrS, n (%) 35 (79.5)
Drug-induced BrS, n (%) 9(20.5)
Family history of SCD, n (%) 29 (65.9)
Arrhythmic syncope, 1 (%) 3(6.8)
Non-arrhythmic syncope, 1 (%) 7 (15.9)
Aborted sudden cardiac death, n (%) 2 (4.5)
Nocturnal agonal respiration, n (%) 9 (20.5)
Positive genetic test *, n/N (%) 9/30 (30)
ICD implantation, 1 (%) 17 (38.6)
Primary prevention ICD, 1 (%) 13 (29.5)
Secondary prevention ICD, 1 (%) 4(9.1)
ICD shock, /N (%) 8/17 (47.1)
Appropriate ICD shock, 1/N (%) 3/17 (17.6)
Inappropriate ICD shock, /N (%) 6/17 (35.3)
EPS, n (%) 25 (56.8)
VRP < 200 ms, n/N (%) 4/17 (23.5)
Inducible ventricular arrhythmias, /N (%) 11/25 (44)

* Genetic test was considered positive when a pathogenic or likely pathogenic variant was identified. BrS = Brugada
syndrome; EPS = electrophysiological study; ICD = implantable cardioverter defibrillator; VRP = ventricular
refractory period.

3.2. Ajmaline Test, Genetic Testing, and Electrophysiological Study

An ajmaline challenge was performed in 14 patients, confirming the diagnosis in
nine individuals with a drug-induced Brugada pattern. In five patients, although the
ajmaline test was positive, the ECG pattern was later reclassified as spontaneous BrP1 after
subsequent documentation of spontaneous ST-segment elevation.

Genetic testing was conducted in 30 patients (68.1%). Pathogenic or likely pathogenic
variants were identified in nine patients (30%), while variants of uncertain significance or
negative results were observed in 21 patients (70%).

An electrophysiological study was performed in 25 patients (56.8%). Ventricular re-
fractory period assessment was available in 17 studies, with a refractory period <200 ms
in four patients (23.5%) and >200 ms in 13 patients (76.5%). Inducible ventricular ar-
rhythmias were identified in 11 patients (44%), while 14 patients (56%) did not exhibit
inducible arrhythmias.

3.3. Dynamic Electrocardiographic Behavior During Tilt Table Testing

Dynamic electrocardiographic changes during tilt table testing were analyzed. At
baseline (T1), a BrP1 was present in superior precordial leads (SPL) in 14 patients (31.8%), of
whom five also exhibited a BrP1 in inferior precordial leads (IPL). No patient demonstrated
a BrP1 exclusively in IPL (Figure 2).

During the upright phase before nitrate administration (T2), a BrP1 was observed in
SPL in nine patients (20.5%), with concomitant involvement of IPL in four of these patients.
Disappearance of the BrP1 during T2 occurred in five patients (35.7%) in SPL and in one
patient (20%) in IPL.

The nitrate protocol was performed in 21 tilt table tests (47.7%). Initially, nitrates
were omitted from the protocol. Due to the low diagnostic yield for unmasking the type 1
Brugada ECG pattern, nitrates were later incorporated into the protocol. Among patients
who underwent tilt table testing with nitrate administration (1 = 21), four exhibited BrP1 in
SPL and one in IPL during phase T2. During phase T3 (electrocardiographic assessment in
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the upright position after nitrate administration), BrP1 persisted in superior leads in all
four patients, whereas the pattern disappeared in inferior leads in the patient who had
previously exhibited IPL involvement. The remaining three patients with IPL involvement
during T2 belonged to the group that did not receive nitrate.

T1 phase /n = 44 T2 phase /n=44 ¥
BrP1 SPL: 14 (31.8) BrP1 SPL: 9 (20.5)
BrP1IPL:5(11.4) BrP1 IPL: 4 (9.1)

No BrP1: 30 (68.2) No BrP1: 35 (79.5)

T4 phase /n=36
BrP1SPL: 10 (27.8)
BrP1 |PL: 5 (13.9)
No BrP1: 26 (72.2)

T3 phase/n=21
BrP1 SPL: 4 (19)
BrP1IPL: O

No BrP1:17 (81)

TS phase/n=8
BrP1 SPL: 2 (25)
BrP1IPL: O

No BrP1: 6 (75)

Figure 2. Dynamic behavior of the type 1 Brugada ECG pattern during tilt table testing. Distribution
of BrP1 expression across tilt table test phases. SPL = superior precordial leads; IPL = inferior
precordial leads; BrP1 = type 1 Brugada pattern; n = number of patients. T1 = resting supine baseline;
T2 = first 20 min of upright tilt or 40 min when nitrate was not administered; T3 = upright tilt after
nitrate administration; T4 = recovery in Trendelenburg position; TS = syncope phase.

During tilt table testing, syncope occurred in eight patients (20.5%). Among them,
three patients exhibited a BrP1 pattern in SPL, and none in IPL during the T1 phase. During
the upright phase, only one patient maintained the BrP1. After syncope and repositioning
to the Trendelenburg position, this patient continued to exhibit the BrP’1, whereas another
patient demonstrated reappearance of the pattern. Of the eight syncopal events, one
was classified as mixed, two as cardioinhibitory, four as vasodepressor and one as an
exaggerated response to nitrate administration.

During phase T4, corresponding to the Trendelenburg position in the absence of
syncope (1 = 36; 81.2%), 10 patients (27.8%) maintained or exhibited reappearance of a BrP1
in SPL. Among these patients, five also demonstrated the pattern in IPL.

Based on changes in the BrP1 during tilt table testing, patients were classified into
three groups (Table 2).

Group A comprised patients without a BrP’1 at admission who remained negative
throughout the test (17 = 30; 68.2%). Although no BrP1 was present on the admission ECG,
all patients in this group had a previously confirmed diagnosis of Brugada syndrome based
on prior spontaneous or drug-induced documentation of a type 1 Brugada pattern.

Group B included patients with a BrP1 at admission who exhibited transient disap-
pearance of the pattern during tilt table testing (1 = 5; 11.4%).

Group C consisted of patients with a BrP1 at admission that persisted throughout the
entire test (n = 9; 20.4%).
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Table 2. Comparison of clinical characteristics according to BrP’1 behavior during tilt table testing.

Variable i P
A B C
Number of patients, 1 (%) 30 (68.1) 5(11.3) 9(204) NA
Age, years, mean + SD 51.1+158 528+ 6 402+114 0.126
Female sex, 1 (%) 11(36.7) 0(0) T0s g 0.054
Family history of SCD, n (%) 19 (63.3) 3 (60) 7 (77.8) 0.681
Syncope during tilt test, 1 (%) 5(16.6) 2 (40) 1(11.1) 0.380
Syncope type during tilt test 0.191

- Mixed, n/N (%) 1(20) 0(0) 0(0) -

- Cardioinhibitory, n/N (%) 0(0) 1(50) 1 (100) -

- Vasodepressor, n/N (%) 3 (60) 1(50) 0(0) o

- Exaggerated response to nitrate administration, n/N (%) 1(20) 0(0) 0(0) -
Aborted sudden cardiac death, 1 (%) 2(6.7) 0(0) 0(0) 0.455
Nocturnal agonal respiration, i (%) 7(23.3) 0(0) 2(22.2) 0.293
Atrhythmic syncope, 1 (%) ) 0(0) 1(20) 2(222) 0.025
Non-arrhythmic syncope, 1 (%) 6(20) 1(20) 0(0) 0171
Positive genetic test *, /N (%) 3/17 (17.6) 2/5(40) 4/4 (50} 0.225
ICD implantation, 1 (%) 8(26.7) 1(20) 7 (87.5) 0.010

- Primary prevention ICD, n/N (%) 6(20) 1(20) 6 (66.7) -

- Secondary prevention ICD, n/N (%) 2(6.7) 0(0) 2(22.2) -
ICD shock, #/N (%) 3/8(37.5) 0/1(0) 5/8(62.5) 0.311
Appropriate ICD shock, n/N (%) 2/8(25) 0/1(0) 1/8 (12.5) 0.664
Inappropriate ICD shock, 1n/N (%) 2/8(25) 0/1(0) 4/8 (50) 0.370
EPS, 1 (%) 18 (60) 2 (40) 6 (66.7) NA
VRP <200 ms, n/N (%) 3/11 (27.3) 0/1 (0) 1/5 (20) 0.721
Inducible ventricular arrhythmias, /N (%) 6/17 (35.3) 1/1 (50) 4/6 (66.7) 0.404

Values are presented as mean + 5D or 1 (%). p values refer to comparisons across groups A, B, and C using
likelihood-ratio tests for categorical variables and analysis of variance for continuous variables. p values < 0.05
are shown in bold. NA indicates not applicable for descriptive sample size. * Genetic test was considered
positive when a pathogenic or likely pathogenic variant was identified. EPS = electrophysiological study;
ICD = implantable cardioverter defibrillator; VRP = ventricular refractory period.

No patient was admitted without a BrP1 pattern that was subsequently unmasked
during tilt table testing.

Representative ECG examples of Groups A, B, and C are shown in Figure 3, Figure 4,
and Figure 5, respectively. In Figure 3, the patient did not exhibit a BrP’1 pattern at any
time during tilt table testing. In Figure 4, the patient exhibited a BrP1 in five leads (right
2nd, 3rd, and 4th intercostal spaces; left 2nd and 3rd intercostal spaces), which disappeared
during the upright phase and reappeared during recovery in the same leads. In Figure 5,
the patient exhibited a BrP1 in all six leads, which persisted throughout all phases of the
tilt table test.

Clinical characteristics and ancillary test results were correlated with dynamic changes
in the BrP1 pattern during tilt table testing. As shown in Table 2, the presence of presumed
arrhythmic syncope was significantly associated with ECG pattern variability: no arrhyth-
mic syncope occurred in Group A, whereas its prevalence was 20% in Group B and 22%
in Group C (p = 0.025). Implantable cardioverter defibrillator (ICD) implantation was less
frequent in Groups A and B compared with Group C (26.7%, 20%, and 88.9%, respectively;
p = 0.010).
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Figure 3. Representative patient from Group A. Despite a diagnosis of Brugada syndrome, the type 1
Brugada ECG pattern was not observed during any phase of the tilt table test. ICS = intercostal space;
L = left; R = right.
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Figure 4. Representative patient from Group B. The patient exhibits a type 1 Brugada ECG pattern in
five leads (2nd, 3rd, and 4th right intercostal spaces and 2nd and 3rd left intercostal spaces). During
the upright tilt phase, the Brugada pattern disappeared in all leads and reappeared in the same leads
during the recovery (Trendelenburg) phase. ICS = intercostal space; L = left; R = right.
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Figure 5. Representative patient from Group C. The patient exhibited a type 1 Brugada ECG pattern
in all six leads, which persisted throughout all phases of the tilt table test. ICS = intercostal space;
L = left; R = right.

3.4. Complications

No complications occurred during the 44 tilt table tests. Syncope episodes were not
associated with trauma. No atrial or ventricular arrhythmias were observed. Among
patients with ICD, no device-related complications or ICD shocks occurred during testing.

4, Discussion

This study provides the first systematic evaluation of the dynamic electrocardiographic
behavior of the type 1 Brugada pattern (BrP1) during tilt table testing using high precordial
leads in a cohort of patients with BrS. Previous observations addressing this topic were
limited to very small samples, including an initial exploratory report from our group
involving only three patients [9]. By substantially expanding these preliminary data,
the present study further supports the interaction between autonomic modulation and
phenotypic expression of BrS.

BrP1 expression during tilt table testing was highly dynamic, with patients demonstrat-
ing variable electrocardiographic responses across different test phases. The predominance
of BrP1 expression in superior precordial leads reinforces the established diagnostic value
of high precordial lead positioning in BrS and suggests that conventional 12-lead ECG
monitoring alone would likely underestimate the dynamic extent of phenotypic expression
during autonomic provocation [10].

Tilt table testing failed to reveal BrP1 in any patient who did not display the pattern
upon initial admission. Given that the test was unable to unmask BrP’1 even in patients with
a confirmed diagnosis of BrS, the absence of a control group of individuals without BrS does
not represent a meanjngful limitation in this context, as tilt table testing would be virtually
unable to induce BrP1 in patients who do not carry the underlying substrate. Therefore,
the main finding of this study is that tilt table testing should not be used or recommended
as a diagnostic provocation tool to unmask BrS. This is of particular clinical relevance,
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since patients with suspected BrS—whether due to a family history of the syndrome
or presenting symptoms such as syncope or aborted sudden cardiac death—require a
thorough diagnostic workup that includes serial ECG recordings with high precordial lead
positioning at different time points, and, when necessary, pharmacological provocation
with sodium-channel blockers such as ajmaline [1,2]. Furthermore, modified treadmill
exercise testing with high precordial lead positioning has also emerged as a potential
strategy for unmasking the Brugada ECG pattern [11,12].

Nitrate administration was introduced midway through the study, resulting in pro-
tocol heterogeneity across participants. The primary finding of this study—that tilt table
testing failed to unmask BrP1—was consistent regardless of whether nitrates were adminis-
tered. Nevertheless, the change in protocol may have introduced variability in secondary
observations, particularly those related to dynamic ECG behavior during individual test
phases. Given the limited sample size, stratified analyses according to nitrate use were
not performed.

Dynamic changes in BrP1 expression during tilt table testing likely reflect shifts in
autonomic balance [13,14]. BrSis strongly influenced by parasympathetic activity, with both
ST-segment elevation and malignant ventricular arrhythmias occurring under conditions
of heightened vagal tone [3,4]. In this context, the disappearance of BrP’1 during orthostatic
stress and its reappearance during recovery or Trendelenburg positioning support the
hypothesis that sympathetic activation may attenuate phenotypic expression, whereas
vagal predominance may enhance it.

An additional observation was the association between persistent BrP1 expression
during tilt table testing and baseline clinical features. Patients who maintained BrP1 across
all phases of the test exhibited a higher prevalence of presumed arrhythmic syncope and
more frequent ICD implantation than those in whom the pattern was absent or transient.
However, these findings should be interpreted with considerable caution. The subgroups
analyzed were small, with some comprising as few as five to nine patients, and the number
of events in certain categories—particularly presumed arrhythmic syncope—was extremely
low in absolute terms. Moreover, multiple comparisons across small subgroups further
increase the probability of false-positive findings. Under these conditions, even statistically
significant results carry a substantial risk of type I error. In addition, ICD implantation
primarily reflects prior clinical decision-making and baseline risk assessment rather than a
direct arrhythmic endpoint.

Within this context, our ﬁndings may be consistent with the concept of a “Brugada bur-
den,” whereby the extent and stability of ECG phenotypic expression may carry prognostic
implications [15-17]. Previous studies have demonstrated that spontaneous and persistent
expression of the BrP’1 is associated with a worse prognosis compared with intermittent
or drug-induced patterns [18]. Our findings are also consistent with the observations of
Veltmann et al. [19], who prospectively demonstrated marked spontaneous fluctuation
between diagnostic and non-diagnostic ECGs in patients with BrS, with only 2% of patients
exhibiting a continuously diagnostic BrP1 during follow-up. Similarly, in the present study,
most patients with previously confirmed BrS did not exhibit BrP’1 at the time of tilt test
admission, further underscoring the highly dynamic nature of phenotypic expression of
this condition. It is worth noting, however, that their study did not employ high precordial
lead positioning, which may have contributed to an underestimation of BrP1 prevalence
in their cohort. Notably, Veltmann et al. also reported that patients with diagnostic type
1 ECGs in more than 50% of serial recordings had significantly higher rates of inducible
ventricular arrhythmias during electrophysiological studies [19].

This study has some limitations. First, only 44 patients from a single center were in-
cluded, which may restrict the generalizability of our findings. Furthermore, as previously
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discussed, the resulting subgroup sizes were small, with very few events in certain cate-
gories, which limits the robustness of subgroup comparisons. Second, the cross-sectional
design did not allow for assessment of long-term outcomes or evaluation of the prognostic
implications of dynamic BrP1 behavior during tilt table testing. Third, nitrate admin-
istration was introduced partway through the study protocol because of the low initial
diagnostic yield, resulting in heterogeneous test conditions across participants. However,
this reflects the exploratory and hypothesis-generating nature of the study and the itera-
tive refinement of the protocol during its course. Fourth, not all participants underwent
genetic testing, ajmaline provocation, or electrophysiological studies, thus limiting the
comprehensive assessment of associations between clinical or genetic factors and dynamic
BrP1 behavior. Fifth, the initial ECG interpretation was performed without blinding to
the procedural context, which may have introduced observer bias in the assessment of
dynamic BrP’1 behavior, although independent review and blinded adjudication in cases
of disagreement were performed to mitigate this limitation. Future investigations should
address these limitations by adopting larger prospective multicenter studies, with stan-
dardized protocols, comprehensive ancillary testing, and extended follow-up, to clarify
the clinical and prognostic significance of dynamic Brugada ECG behavior during tilt
table testing.

Due to the limited sample size and small subgroup distribution, multivariate analysis
was not feasible without a substantial risk of model overfitting and unreliable estimates.

Accordingly, all subgroup comparisons are based on univariate analyses.

5. Conclusions

Tilt table testing with high precordial leads does not unmask BrP’1 and should not be
used as a diagnostic provocation tool. However, the test corroborates previous evidence that
autonomic modulation influences the electrocardiographic pattern in Brugada syndrome.
Persistent BrP1 expression throughout tilt table testing was associated with presumed
arrhythmic syncope and more frequent ICD implantation.
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EPS  FElectrophysiological study

ICD  Implantable cardioverter defibrillator
ICS  Intercostal space

IPL Inferior precordial leads

SPL  Superior precordial leads

VRP  Ventricular refractory period
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