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Abstract

Background: Brugada syndrome (BrS) has diagnostic challenges and controversial risk assessment. We aimed to investigate

invasive and non-invasive parameters in symptomatic and asymptomatic patients from a Brazilian cohort of type-1 BrS. Methods

Patients with spontaneous and drug-induced type-1 BrS were classified in two groups, asymptomatic (n=116, 84.1%) and

symptomatic (n=22, 15.9%, 13 with arrhythmogenic syncope, 9 with aborted sudden cardiac death). Genetic testing, EPS

parameters, and ECG parameters were analysed. Results: 138 consecutive patients were eligible, 101 men (73.2%), mean

41.4 years, mostly probands (79%). Spontaneous pattern, observed in 77.5% of the patients, was associated to symptoms

only if expressed in V1 and V2 standard position (not high precordial leads) (p=0.014). All symptomatic patients were

probands. The presence of RV outflow tract conduction delay (RVOTcd) signs, positive EPS and SCN5A status was similar

between symptomatic and asymptomatic subjects. During mean 75-month follow-up, 8 patients had appropriate therapies. All

had spontaneous type-1 ECG pattern and 2/8 (25%) were asymptomatic, with positive EPS. The overall LAE incidence of

1.1%/year dropped to 0.27% in asymptomatic patients. RVOTcd occurred more frequently in SCN5A carriers (QRS-f 33.3% vs

7.7%, p=0.005; AVR sign 58.3% vs 13.6%, p<0.001; deep S in lead I 75% vs 48.5%, p=0.025%), as well as longer HV interval

(66ms vs 49ms, p<0.001). Conclusions: Spontaneous type-1 Brugada pattern in standard leads and proband status were more

frequent in symptomatic subjects. RVOTcd, more common in SCN5A carriers, did not predict symptoms in BrS patients. EPS

exhibited limited prognostic value for this low risk population.

Low rate of life-threatening events and limitations in predicting invasive and non-invasive
markers of symptoms in a cohort of type 1 Brugada syndrome patients. Data and insights
from the GenBra Registry.

Brief title: Predictors of symptoms in Type-1 Brugada Patients.
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Tweet : This study intended to describe markers of symptoms in a type-1 BrS cohort and to explore its
association with invasive and non-invasive markers of risk.

INTRODUCTION

Brugada syndrome (BrS) is an inherited arrhythmogenic disorder, characterized by ST-segment elevation
with typical ECG type-1 pattern in the right precordial leads and an increased risk of ventricular fibrillation
(VF).1 The prevalence of BrS is estimated to be 1–5 per 10,000 inhabitants worldwide, but the real incidence
of sudden cardiac death (SCD) in these patients remains uncertain.2 The electrocardiographic (ECG) pattern
is dynamic and high precordial leads (HPL) increase BrS recognition.3

Recent studies have shown that the absolute risk of asymptomatic patients who develop ventricular tachycar-
dia or fibrillation (VT/VF) might have been overestimated in the past.4{Casado-Arroyo, 2016, Long-Term
Trends in Newly Diagnosed Brugada Syndrome: Implications for Risk Stratification}{Casado-Arroyo, 2016,
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Long-Term Trends in Newly Diagnosed Brugada Syndrome: Implications for Risk Stratification}{Casado-
Arroyo, 2016, Long-Term Trends in Newly Diagnosed Brugada Syndrome: Implications for Risk Stratificati-
on}{Milman, 2017, Age of First Arrhythmic Event in Brugada Syndrome: Data From the SABRUS (Survey
on Arrhythmic Events in Brugada Syndrome) in 678 Patients}{Casado-Arroyo, 2016, Long-Term Trends
in Newly Diagnosed Brugada Syndrome: Implications for Risk Stratification}{Casado-Arroyo, 2016, Long-
Term Trends in Newly Diagnosed Brugada Syndrome: Implications for Risk Stratification}Symptomatic BrS
subjects who once experienced cardiac syncope or aborted SCD (aSCD) have a known high risk of VF recur-
rence. Currently, guidelines provide recommendations for the management of symptomatic patients. On the
contrary, there is no consensus for the asymptomatic patients and the management depends on evaluation
of different parameters and the decision is usually personalized. The risk stratification of these patients has
still been one of the most challenging and unresolved clinical questions. Several clinical, ECG and electro-
physiological markers have been proposed to provide optimal risk stratification.5 However, differences in
life-threatening events rates among studies and the lower risk profile demonstrated nowadays might impact
these observations.6

The implantable cardioverter defibrillator (ICD) remains the most effective therapy for SCD prevention,7

however ICD complications should be considered, especially in young subjects.8

Registries assessing clinical aspects and long-term outcomes of patients with BrS are still needed to confirm
data from the prior studies to identify patients at risk of SCD. In addition, the Brazilian population is not
well represented in worldwide studies. The aim of the present study was to explore the association of invasive
and non-invasive parameters such as ECG markers, EPS data and genetic testing with symptoms, in a cohort
of type-1 BrS patients.

METHODS

Study population

From 1999 to 2020, a total of 138 consecutive patients with type-1 BrS were included and followed-up
prospectively at Instituto do Coração, Faculdade de Medicina, Universidade de Sao Paulo, in Brazil.

All the patients signed an informed consent to the study, which was conducted in accordance with the
Declaration of Helsinki and had the approval of our Institutional Review Board (Protocol #404214022).

A governmental funding (FAPESP) provided financial support for the genetic testing. A multicenter national
survey on Inherited Channelopathy and Right Ventricular Cardiomyopathy was organized to provide genetic
testing for patients from our and other institutions (Genetic of Brazilian Arrhythmias - GenBrA registry).
All patients signed specific consent forms for genetic testing.

Patients were considered eligible if they presented with ST-segment elevation with type-1 morphology [?]2
mm in one or more standard precordial leads (SPL), V1 and/or V2 in the fourth intercostal space or
high precordial leads (HPL), V1 and/or V2 in the second and third intercostal space, occurring either
spontaneously or after provocative drug test with intravenous administration of sodium channel blockers
(Ajmaline), according to the 2015 BrS Consensus.1

Subjects were classified into two groups: symptomatic (22 subjects) or asymptomatic (116 subjects), accord-
ing to symptoms at the initial visit to the hospital. Symptoms were considered in cases of aborted SCD (9
subjects) or severe syncope (13 subjects). Severe syncope, presumably considered to be of arrhythmic origin,
was defined as an abrupt loss of consciousness occurring without specific prodromes, syncope with seizures
or a loss of consciousness during sleep with nocturnal agonal respiration. Asymptomatic group included
all patients who had a non-phenocopy type-1 ECG pattern during routine examination or who underwent
family screening. Seven patients were initially classified as symptomatic, but a vasovagal mechanism was
evidenced during follow-up and then they were allocated in the asymptomatic group.

Baseline characteristics were obtained by periodic medical visits. The clinical variables of interest were
age, gender, self-declared race, proband status, spontaneous or induced type-1 Brugada ECG pattern and
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clinical presentation at first diagnosis (symptomatic versus asymptomatic). A family history of early SCD
was defined as an unexpected death before 45 years of age in the absence of known heart disease.

The following ECG parameters were accessed: PR and QRS intervals, early repolarization pattern in pe-
ripheral leads. Right ventricular outflow tract conduction delay (RVOTcd) signs were tested, including QRS
fragmentation (QRS-f), aVR sign and deep S wave in lead 1. The PR and QRS intervals were measured
in lead II and QRS duration was also measured in lead V2.9 QRS fragmentation was defined as 2 or more
spikes within the QRS complex in leads V1 to V3.10 A positive aVR sign was defined with R wave [?] 3mm
or R/q [?] 0.75, and a deep S wave in lead DI was considered if >0.1mV and/or duration > 40ms (Figure
1).11-13 The ECG was reviewed by L.S. and F.D. to ensure the presence of a type-1 ECG and to define de
ECG parameters. Occasional disagreements were solved by consensus.

All the patients underwent exercise stress testing, transthoracic echocardiogram, and most underwent elec-
trophysiology test. Cardiac magnetic resonance imaging, coronary angiography and cardiac tomography
were performed according to medical judgement.

Follow-up visits were scheduled every 6 months. Follow-up time was defined from the first diagnostic ECG
to the last evaluation or death. Patients were considered to have life-threatening arrhythmic events (LAE)
if they presented with sustained VT/FV, aborted SCD and appropriate ICD therapies during the follow-up
period (8 subjects).

Drug challenge

The sodium channel blocker drug of choice was Ajmaline, which was administered intravenously. The protocol
infusion was 10mg every two minutes up to a target dose of 1mg/kg. The test was considered positive if the
abnormal coved type-1 ECG pattern appeared in the right precordial leads V1 and/or V2 positioned in the
second, third or fourth intercostal space. Ajmaline challenge was interrupted before reaching the target dose
in the following situations: QRS prolongation exceeding 30% compared to baseline interval, an early typical
Brugada type-1 ECG aspect, and in case of premature ventricular beats and/or high-degree atrioventricular
block occurrence.1

Electrophysiology Study

The electrophysiology study (EPS) was performed in 92 out of 138 patients (66.7%). Baseline measurements
of conduction intervals and programmed ventricular stimulation were recorded. The programmed ventricular
stimulation (PVS) was performed on two sites (right ventricular apex and right ventricular outflow tract,
unless the patient had inducible ventricular tachycardia at the first location), with energy of twice the
diastolic threshold, using two drive cycles (S1: 600 and 430 ms) up to 3 extra stimuli (S2 to S4) with 200ms
as the shortest coupling time. The EPS result was considered positive if sustained VF or VT was induced.14

Ventricular effective refractory period (VERP) was defined as the longest S1-S2 interval that fails to achieve
ventricular capture. If there was conduction under 200ms, VERP was defined as “less than 200ms”.10

Implantable cardioverter defibrillator

Implantable cardioverter defibrillator (ICD) was indicated in type-1 BrS patients with syncope presumed to
be of arrhythmic origin, aborted sudden cardiac death or induced sustained VT/VF in EPS.7 In this sample,
visits after ICD were scheduled for 1, 3 and 6 months, and every 6 months after that.

Genetic testing

Genetic testing with next generation sequence analysis was performed for probands with diagnosis of
BrS type-1 ECG. The panel of 14 genes included: SCN5A, GPD1L, SCN10A, SCN1B, SCN2B, SCN3B,
CACNA1C, CACNB2, KCND3, CACNAD2, KCNJ8, KCNE3, SLMAP, RANGRF.15 Sanger sequencing
was performed for confirmation of pathogenic or likely-pathogenic variants and for genetic screening. Vari-
ants classification was based on American College of Medical Genetics (ACMG) Guidelines.16

Statistical Analysis

4
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Categorical variables were presented as absolute values and percentages and were compared using chi-square
test; Fisher test was applied as appropriate. Continuous variables were analyzed as means and standard
deviations if they presented normal distribution, and as medians and interquartile intervals if abnormal. The
mean differences between study groups were evaluated by calculating Student’s t-test after controlling for
equality of variances with the Levene’s statistic.

Logistic regression was used to detect predictors of symptoms. Odds ratio and 95% confidence interval
were calculated for multivariate analysis. Classical variables such as male gender, spontaneous type-1 ECG
pattern and VF/VT induction were allocated in a multivariate model using a backward stepwise selection.
The number of variables that could enter the multivariate analysis was limited using the P,m/10 rule to
prevent over-fitting the model.

The mean event rate per year was evaluated by the number of events occurring during the follow-up divided
by the number of patients multiplied by the average duration of follow-up.

Data were analyzed with SPSS statistical package (version 20.0, SPSS, Chicago, Illinois). Significance was
defined as p values <0.05.

RESULTS

Study population

A total of 138 patients were enrolled and their demographic characteristics are summarized in Table 1.
Overall patients had a mean age at enrolment of 41.4 +- 15 years; most patients were men (n=101; 73.2%)
and probands (n=109; 79%). Spontaneous type-1 Brugada pattern was observed in 107 (77.5%) patients;
among overall patients, 87 out of 130 patients (66.9%) were diagnosed using the HPL.

Programmed electrical stimulation was performed in 92 patients, 81/116 (69.8%) in the symptomatic group
and 11/22 (50%) in the asymptomatic group (p=0.070); 29 out of 92 patients (31.5%) met the criteria for
inducibility.

Next generation sequencing was performed in 67 out of 109 probands (61.5%). Fifteen probands (22.4%)
were carriers of a SCN5A variant (10 pathogenic and 5 likely-pathogenic variants). There were also 7 other
probands carriers of SCN5A variants classified as of uncertain significance and 1 of SCN1B variant classified
as of uncertain significance.

Treatment

ICD implantation was performed in 20 of 22 (90.9%) from the symptomatic group, and 27 of 116 from the
asymptomatic group (23.3%). An ICD was implanted in 20 of 27 (74.1%) of the asymptomatic patients due
to a positive EPS. In the seven remaining asymptomatic patients, ICD had other reasons for indication, like
family history of sudden cardiac death, anxiety or dubious syncope at initial evaluation.

Follow-up Data

The mean follow-up period for the entire study population was 75 (range 1 to 215) months. LAE occurred
in 9 non-related patients and 8/9 (88.9%) were due to appropriate ICD shocks, comprising 2 of 116 from
the asymptomatic group and 7 of 22 from the symptomatic group (p<0.001). Death occurred because of
prolonged cardiac arrest in 1/9 (11.1%) patient in a febrile state. Therefore, the overall mean rate of LAE per
year was 1.1%, 5.1% in the symptomatic group, which dropped to 0.27% in the asymptomatic group. Follow-
up was significantly longer in the symptomatic patients (90 [26 to 168] months) than in the asymptomatic
group (63.7 [6 to 172] months; P=0.021). Two patients died during the follow-up period, the first 7 years
after diagnosis, following a gunshot injury, and the second of a cholangiocarcinoma.

Univariate and Multivariate Analysis

Symptoms

5
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According to the univariate analysis, proband status was more frequent in the symptomatic group (100% vs
75%, p=0.004). Spontaneous type-1 classification was not different between groups (90.9 vs 75%, p = 0.161),
but considering only standard leads, spontaneous pattern was more prevalent in the symptomatic than in
the asymptomatic group (54.5% vs 27.8; p=0.014). The ECG parameters were not different between groups.
Inducibility tended to be more frequent among symptomatic subjects (54.5 vs 28.5; p = 0.094). Invasive and
non-invasive parameters are described in Table 2.

In the multivariate analysis, parameters like VT/FV induction (p=0.173), male gender (p=0.363) and spon-
taneous type-1 ECG pattern (p=0.459) showed no independent predictive value, regardless of symptoms.
(Table 3)

Genetic Data

A total of 25 type-1 BrS patients (probands and relatives) carried SCN5A pathogenic or likely pathogenic
variants. There was no difference in the clinical presentation between SCN5A mutation carriers and noncar-
riers (p=0.770). Otherwise, SCN5A carriers had a higher frequency of aVR sign (58.3% vs 13.6%; p <0.001),
S wave (75% vs 48.5%, p = 0.013) and QRS-f (29.2% vs 7.5%; p = 0.025). The HV interval was longer in
SCN5A carriers (66ms vs 49ms; p<0.001). These genotype-phenotype associations are shown in Table 4.

DISCUSSION

In a preliminary Brazilian long-term follow-up cohort of 138 Brugada syndrome patients, we did not find
any variable with high sensitivity, specificity and accuracy to predict severe symptoms. Association with
life threatening event might be underpowered due to the low risk profile of our population. This was the
first Brazilian registry of long-term follow-up of patients with either a spontaneous or drug-induced type-1
Brugada ECG pattern. The overall characteristics of our middle-aged men population were similar to the
usual presentation of BrS in the literature.17, 18 It is expected that proband, the first family member to look
for medical assistance, might be more prevalent in the symptomatic group, which was demonstrated in our
study and by other authors.19

Precise definition of spontaneous type-1 ECG pattern is somewhat dubious and has changed overtime.
Curiously, in our study we demonstrated that symptoms were associated with the spontaneous pattern only
if expressed in standard leads (p=0.004). In our registry, there is a high frequency of spontaneous type-
1 Brugada ECG pattern detected only when using HPL ECG technique (˜70%), which is a maneuver to
improve sensitivity, widely used since 2005. Despite a previous clinical comparison between with type-1 BrS
detection in conventionalversus HPL ECG showed similar risk profile,20Curcio et al observed a decreased
risk of arrhythmic events when type-1 Brugada pattern is defined in the HPL.21 An important limitation
to this analysis is defining the real high-risk group, as we intended to refine in our methods. Traditional
international registries have pointed out the symptomatic group as at higher risk, but syncope interpretation
is challenging as well.22 Therefore, grouping these patients only with the category of “severe syncope” might
support the high-risk profile of the group.

Many efforts have been conducted to define non-invasive and invasive markers of risk, and there is a default
of reproducibility in large scale. There is some evidence that RVOTcd is the main mechanism underlying
ventricular arrhythmia in BrS and this conduction abnormality can be expressed in the 12-lead ECG as AVR
sign, deep S wave in lead I and QRS-f. Several reports showed its association with arrhythmic events,9,11,23

however when we analyzed these ECG parameters we found no association with symptoms.

Early repolarization in inferior leads and QRS-f had a low prevalence in our population, precluding association
analysis. Even in the multicenter Prelude Study, the prevalence of QRS-f was low, although a possible
marker of risk (˜8%).10 Differently, Morita et al pointed out QRS fragmentation as a risk factor for VF in
both symptomatic and asymptomatic patients, while early repolarization was an important marker of VF
risk recurrence. In this cohort they found a high prevalence of this ECG finding (˜50%).24

Of note, the natural history of patients with BrS has changed over time.4 Active familiar screening and
improvements in electrocardiographic recognition may contribute to the growing number of low risk patients.

6
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These findings could partially explain the low annual event rate of our long-term registry as compared to
other groups.10,18

Patients in our study who had SCD as the first event totalized 6.5% of the overall population. Even in
this group, recurrence of LAE during follow-up was not as remarkable (22.2%) as previously described in
long-term follow-up (nearly 50%).22 The increased medical diagnosis, and the progressive improvement in
survival might also be consequence of the recently introduced lifestyle change support, regularly standardized
in our Institution (awareness of drugs to be avoided, exercise orientation, prompt treatment of fever, and
regular visits to reinforce educational measures).1 Comparison of our profile with larger series is summarized
in Table 5.

Few symptomatic patients underwent EPS at our institution and nevertheless, our rate of inducible VF/VT
was similar to the Finger Brugada registry findings, when comparing symptomatic and asymptomatic patients
(46 vs 37%, p = 0.02).18 Heterogeneity in the EPS protocol among registries, use of anesthetic drugs or
sodium channel blockers during procedure could be a confounding factor to a powerful analysis. Lack of
inducibility at EPS could be considered a predictor of low risk in asymptomatic subjects. In our cohort,
negative predictive value in asymptomatic patients achieved 100%, similar to the observations described by
Sieira et al (98.3%).25However, if we combine the groups with and without symptoms, the negative predictive
value drops to 91.8% in our casuistic and is as high as 97.5% in the FINGER registry.18 On the other hand,
the positive predictive value was low (11.5%), in agreement with other larger series.25 PRELUDE was a
prospective multicenter study with homogenous enrolment criteria and has shown no predictive accuracy of
sustained VT/VF inducibility by the EPS.10 The low event rate in this elegant publication also limited the
accuracy and predictive value.

We also analyzed some aspects of the genotype-phenotype association. The majority of pathogenic variants
reported in BrS were located in SCN5A locus, a gene that encodes the α subunit of the cardiac sodium
channel, which accounts for less than 30% of clinically diagnosed BrS patients. Although we understand
that this prevalence might be reviewed after the emerging concepts toward variants classification,26 we found
pathogenic or likely pathogenic SCN5A variants in 22% of our patients, according to the ACMG criteria.16

Despite recent controversies, SCN5A is still the main gene associated with BrS.26 Studies were not elucidative
to identify new variants in minor genes.27

SCN5A mutations in BrS cause loss of function of the sodium channel, resulting in delayed conduction.
Slowed and discontinuous conduction has been found in computer models simulating decreased sodium
current.28 The aVR sign, deep S-wave in lead 1 and QRS-f might be signals of conduction delay in the right
ventricular anterior wall and these aspects were more frequent in SCN5A carriers in our registry.13, 29

Besides, patients with SCN5A variants showed a longer HV interval; PR and QRS also tended to be longer,
but they were not statistically significant. These findings are also in line with data from other previous
reports.29 We could not establish the association of SCN5A variants and symptoms.

Classical registries did not explore the association of SCN5A variants with these conduction delay markers,
somehow related to risk. One group showed a higher aVR sign in subjects with H558R polymorphism in
SCN5A.30 However, H558R polymorphism was once related to better outcomes.31

Conclusions

In summary, according to our study, patients with type-1 BrS had a low rate of life-threatening events.
Proband status and spontaneous type 1 ECG in conventional leads were more common in the symptomatic
group. Gender, family history of SCD, inducibility of ventricular tachyarrhythmias during EPS, and presence
of a SCN5A variant were not predictors of symptoms. Patients with SCN5A-mediated BrS exhibited more
conduction abnormalities. More studies are still necessary to better understand the gaps and to improve
risk assessment in these challenging patients with Brugada Syndrome.

Study limitations
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The small sample size and a low rate of LAE are important limitations to obtain robust conclusions in our
cohort study for this rare disorder. Not all asymptomatic patients underwent EPS; therefore, a selection
bias cannot be completely excluded. Genotype-phenotype association was studied in related subjects, also to
analyze a higher number of patients, since there was a small amount of probands carrying SCN5A variants.
We cannot exclude the causality findings of spontaneous type-1 BrS being associated with severe symptoms
only when ECG pattern was defined in standard precordial leads position and these data need to be confirmed
by other future studies aimed at this association. The mechanisms to explain this finding also deserve future
considerations.

Group/Consortium Members: Author 11: Pedro Veronese, MD, PhD; Author 12: Ximena Ferrugem,
MD; Author 13: Martina Pinheiro, MD; Author 14: Tan C. Wu, MD, PhD; Author 15: Muhieddine Omar
Chork MD, Author 16: Cristiano Pisani, MD, PhD, Author 17: Gabriela Miana MD,; Author 18: Sissy L.
Melo, MD, PhD; Author 19: Théo G. M. de Oliveira, BsC, MsC, Author 20: Carina A. Hardy, MD; Author
21: Martino Martinelli Filho, MD, PhD; Author 22: Carlos A. Pastore, MD, PhD; Author 23: Ludhmila A.
Hajjar, MD, PhD; Author 24: Roberto Kalil Filho, MD, PhD;;
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FIGURE LEGENDS

Figure 1. Example of standard ECG in a type-1 BrS patient (# 118), presenting with de-
ep/large S wave in lead I and AVR sign.

TABLES

Table 1 Baseline Characteristics of the entire population.

Variable TOTAL (N = 138)
Age at enrollment (years), mean ± SD Proband, n
(%) Male, n (%) Ethnicity White
Black
Yellow
Brown

41.4+/- 14.8 109 (79) 101 (73.2) 97 (70.3) 2 (1.4)
10 (7.2) 29 (21)

Family history of SCD, n (%) 67 (48.6)
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Spontaneous type-1 BrS pattern, n (%) 107 (77.5)
In standard leads, n/N (%) 43/130 (33.1)
Symptoms, n (%) 22 (15.9)
Syncope, n/N (%) 13/22 (59.1)
aSCD, n/N (%) 9/22 (40.9)
EPS, n (%) 92 (66.7)
Inducibility rate, n/N (%) 29/92 (31.5)

aSCD: aborted sudden cardiac death, BrS: Brugada syndrome; EPS: electrophysiological study, ICD:
implantable cardiac defibrillator, SCD: sudden cardiac death;,SD: standard deviation.

Table 2 Invasive and non-invasive parameters according to symptoms

Variable Groups Groups p

Asymptomatic Symptomatic
n=116 n=22

Age at enrollment (years), mean ± SD 41.4±15 41.7±14 0.910**
Male gender 81 (69.8) 20 (90.9) 0.063*
Proband 87 (75) 22 (100) 0.004*
FH of SCD 55 (47.4) 12 (54.5) 0.539
Spontaneous pattern 87 (75) 20 (90.9) 0.161*
Conventional ECG 30/108 (27.8) 12/22 (54.5) 0.014
QRS width in V2 104±19 108±19 0.286**
QRS-F 11/107 (10.3) 4/22 (18.2) 0.286*
AVR sign 22/108 (20.4) 7/22 (31.8) 0.265*
S in lead I 63/108 (58.3) 16/22 (72.7) 0.208
Inferior ER 9/107 (8.4) 1/22 (4.5) 1.000*
VF/VT induction 23/81 (28.4) 6/11 (54.5) 0.094*
eVRP < 200ms 12/70 (17.1) 1/8 (12.5) 1.000*
Appropriate ICD shocks 2/27 (7.4) 6/20 (30) 0.057*
LAE during follow-up 2 (1.7) 7 (31.8) <0.001*
SCN5A+ 20/76 (26.3) 5/17 (29.4) 0.770*
Mean event rate per year, % 0.27 5.1

Chi-square test, * Fisher’s exact test, ** Student’s t-test;

ER : early repolarization; eVRP : effective ventricular refractory period; QRS-f : QRS fragmentation in
precordial leads; FH of SCD : family history of sudden cardiac death,LAE : life-threatening arrhythmic
event, SCN5A+ carriers of pathogenic or likely pathogenic variants.

Table 3 Multivariate model for symptoms and clinical signs

Variable OR 95% confidence interval 95% confidence interval P

Lower Upper
Male 1.12 0.042 3.311 0.375
Spontaneous type 1 1.11 0.050 3.913 0.465
VT/VF inducibility 0.68 0.101 1.465 0.160

Multivariate analysis according to symptoms.
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Table 4 Genotype-phenotype association in probands and relatives according to SCN5A vari-
ants identified.

Variable Genetic testing Genetic testing p

No (N = 68) Yes (N = 25)
Spontaneous type-1, n (%) 51 (75) 16 (66.7) 0.430
Symptoms 12 (17.6) 5 (20.8) 0.764*
Syncope, n (%) 5 (7.4) 5 (20.8) 0.120*
SCD, n (%) 7 (10.3) 0 (0) 0.184*
FH of SCD, n (%) 36 (52.9) 18 (72) 0,090
PR (ms), mean ± SD 168 ± 26 182 ± 42 0.049**
QRS duration DII (ms), mean ± SD 105 ± 18 110 ± 21 0.336**
QRS duration in V2 (ms), mean ± SD 105 ± 18.4 107 ± 20.7 0.696**
aVR sign, n/N (%) 9/66 (13.6) 13/23 (56.5) <0.001
S-wave in lead I, n/N (%) 32/66 (48.5) 18/23 (78.3) 0.015
ER peripheral leads, n/N (%) 7/65 (10.8) 1/23 (4.3) 0.675
QRS-f, n/N (%) 5/65(7.7) 7/23 (30.4) 0.012*
Inducible VT/VF, n/N (%) 18/48 (37.5) 6/16 (37.5) 1.000
HV interval, mean ± SD 49 ± 7 67 ± 16 <0.001**
eVRP<200ms, n/N (%) 7/38 (18.4) 2/16 (12.5) 0.709*
LAE, n/N (%) 3/27 (11.1) 3/10 (30) 0.313*

Chi-square test, * Fisher’s exact test, ** Student’s t-test;ER= early repolarization; eVRP= effective ven-
tricular refractory period; FH of SCD: family history of sudden cardiac death; QRS-f : QRS fragmentation
in precordial leads;SCN5A+ carriers of pathogenic or likely pathogenic variants.

Table 5. Comparative data from large registries and GenBrA.

Brugada et al16 FINGER11 PRELUDE17 Sieira et al18 Letsas et al15 GenBrA
Type of study SC MC MC SC SC SC
Year of publication 2003 2010 2012 2015 2019 -
Total patients 547 1029 308 404 111 138
Mean follow-up (mo) 24 31.9 36 74 55.2 67.9
Male, n (%) 408 (74.6) 745 (72) 247 (80) 235 (58.2) 86 (77.5) 101 (73.2)
Mean Age 41 45 47 43.2 45.3 41
Probands status, n (%) NA 808 (78) NA 129 (31.9) 109 (73.2)
Spontaneous type-1, n (%) 391 (71.5) 468 (45) 171 (56) 75 (18.6) 49 (44.14) 107 (77.5)
Symptoms, n (%) Syncope SCD 124 (22.7) 0 313 (30) 62 (6) 65 (21) 0 114 (28.6) 17 (4.2) 37 (33.3) - 13 (9.4) 9 (6.5)
Inducible VF/VT, n/N (%) 163/245 (66.5) 262/638 (41.1) 126/308 (41) 73/404 (18.1) 32/59 (54.2) 29/92 (31.5)
ICD, n (%) 177 (32.4) 551 (53.5) 137 (44) 168 (41.6) 34 (30.6) 47 (34.1)
Annual event rate, % 4.1 1.6 1.5 0.9 1.4 1.1

ICD : implantable cardiac defibrillator, MC : multicenter study, NA : not available, SC : single center,
SCD : sudden cardiac death, VF/VT : ventricular fibrillation or tachycardia.
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