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Brugada syndrome (BrS) remains one of the most common inherited channelopathies
associated with an increased risk of sudden cardiac death (SCD), with a worldwide
prevalence of approximately 0.05% (1-3). It is accepted that appropriate utilization of
the ICD in high-risk patients with aborted SCD and haemodynamically compromising
arrhythmias is life saving. However, there remains a lack of consensus on the
management of patients with BrS and no history of ventricular arrhythmias or aborted
SCD especially in the context of a resting Type 1 coved ECG pattern. The current
guidelines (4) and consensus statement (5) recommend ICD implantation in patients
with BrS with spontaneous type 1 ECG pattern and probable arrhythmic-related
syncope, the latter being heavily dependent on the quality of the syncope history. This
recommendation is based on several studies having demonstrated a higher risk of
arrhythmic events in such patients compared to those without these factors present (2,
3, 6, 7). However, whether other clinical factors are better predictors or facilitate more
refined risk stratification before any arrhythmic event is still up for debate. This is
especially important, as the first clinical event may be cardiac arrest. Indeed, the
recent SABRUS study that specifically evaluated patients presenting with a lethal
arrhythmic event found 25% of patients did not reach the current ICD implantation

criteria (8).

i) Brugada ECG pattern or BrS

Before refining risk stratification strategies, it is important to clarify what establishes
a diagnosis of BrS. Guidelines recommend that the presence of a type 1 Brugada ECG
pattern whether drug-induced or spontaneous (4, 5). However, others argue that
without the presence of symptoms the ECG features only indicate the presence of a

Brugada pattern ECG and not the syndrome itself. This argument stems from the



yearly cardiac event only being 0.5% in these patients compared to a yearly cardiac
event rate of 1.9% in patients with a history of syncope (3). With the annual risk of
death from any cause being around 0.4% in the middle aged male population most
commonly affected (9), the additional risk of BrS induced cardiac arrest appears
minimal in the asymptomatic population (10). Therefore it can be argued that labeling
patient with only a type 1 Brugada ECG pattern and no symptoms with a syndrome
and proposing that they are at a significant enhanced risk of SCD might be
inappropriate. Offering advise on the aggressive treatment of a fever, avoidance of
type 1 ECG pattern provoking drugs and offering review in the presence of symptoms
may be sufficient for this cohort of patients. This is supported by the up-to-date
guidelines that provide a class | recommendation for observation without therapy in
these patients (4). However, there is a spectrum of risk. Sacher F et al. (10) showed
that 12% of BrS patients that were asymptomatic at ICD implantation had appropriate
ICD therapy during a 10-year follow-up period. Further to this, the presence of
spontaneous type 1 ECG pattern alone has been shown to be associated with a lower
cumulative survival (2), twice the risk of arrhythmic events (3, 11, 12) and shorter
time to first arrhythmic event (3) compared to drug-induced type 1 ECG pattern.
Therefore, the diagnosis of an isolated Brugada ECG pattern should potentially be
restricted to those patients with only drug-induced type 1 ECG pattern and exclude
those with a spontaneous type 1 ECG pattern. Furthermore, as the presence of both
spontaneous type 1 ECG pattern and syncope has been shown to be associated with a
significantly higher risk of cardiac arrest compared to spontaneous type 1 ECG
pattern alone, those with the former should potentially be labeled as a high-risk group

whilst the latter an intermediate-risk group (3).



i) Ajmaline testing

Another area that requires clarification is the use of Ajmaline testing. Ajmaline is
used to provoke the presence of a type 1 Brugada ECG pattern. Along the same lines
as already discussed, the presence of a provoked type 1 ECG pattern in the absence of
symptoms is not associated with a significant risk of SCD-0.3%/3 years (3). This
raises the question of whether performing this investigation is appropriate if it will not
result in a change in patient management and might not only lead to enhanced patient
anxiety but also unnecessary risk associated with ajmaline testing. This is of
particularly importance as studies have reported high rates of concealed type 1
Brugada ECG pattern in asymptomatic patients (13) and should thereby all of these

patients be labeled with a syndrome that has life-long implications?

However, if patients are symptomatic, ajmaline testing should be warranted due to the
increased risk of SCD seen in these patients with BrS (10). Further to this, in those
with a family history of SCD in first-degree relatives, ajmaline testing can help to
explain the cause of death in the proband but also if positive allows the identification

of family members with potential high-risk features (5).

1) Risk Stratification in BrS

Identifying factors that are associated with an increased risk of ventricular
arrhythmias and SCD in BrS is now a significant challenge. With ICDs being
associated with a life-long complication risk of up-to 45% (14) it is essential that the
decision to implant these devices be not taken lightly. Indeed, although the advent of

subcutaneous ICDs could reduce the risk of transvenous lead problems long-term;



there still remains the morbidity of inappropriate device therapies and risks of

infection with multiple generator changes over time.

Several risk factors have been proposed over the years. The FINGER registry, the
largest international cohort to date assessed the role of 6 proposed risk factors:
syncope, spontaneous type 1 ECG, gender, family history of SCD, inducibility of
ventricular tachyarrhythmias during electrophysiological study and presence of an
SCN5A mutation in predicting ventricular arrhythmic events. Syncope and
spontaneous type 1 ECG pattern were the only significant predictors (3). These
factors are the only ones that continue to remain consistent in their predictive role as
shown in other studies (3, 6, 15, 16). Other markers however, either yield conflicting
data or have only been assessed in a small proportion of studies making it difficult to

evaluate their true role in the risk stratification of Brugada patients (Table 1).

a) Factors with conflicting evidence

A positive programmed electrical stimulation test is a good example of one of these
factors in this pool of conflicting evidence whereby it has been shown to be a strong
predictor of ventricular arrhythmias in BrS in some studies (15, 16) whilst many have
shown that it plays no role in BrS risk stratification (3, 6, 17, 18). Recent data from
the FINGER Registry suggests a positive study with up to 2 extrastimuli could have
prognostic significance, and a negative study has a high negative predictive value
(15). The presence of an SCN5A mutation (3, 6, 15, 17) and family history of SCD (3,
15, 17) are further factors which role in risk stratification of Brugada patients remains
conflicting. Based on these findings utilizing programmed electrical stimulation and

genetic mutation testing in the risk stratification of these patients would not be



strongly recommended on a population level unless there is a particularly malignant

family history or specific highly arrhythmogenic mutations.

b) ECG markers with promising predictive value

The presence of type 1 Brugada pattern in peripheral leads (18), early repolarization
(ER) (19-22), avR sign (23) and S wave in lead 1 (17), fragmented QRS (24) (Figure
1) have shown to be associated with an increased risk of ventricular arrhythmia
occurrence during follow-up. However, as these factors have not been consistently
assessed in a range of studies it is unclear whether their predictive value applies
across a general BrS population. The presence of ER has already been associated with
a higher risk of ventricular arrhythmic events in patients with idiopathic ventricular
fibrillation (25, 26) and it is thereby possible that its presence indicates an
arrhythmogenic predisposition. It is plausible that the presence of type 1 Brugada
pattern in peripheral leads is indicative of a higher “Brugada substrate burden” and as
a result associated with a greater risk of ventricular arrhythmia occurrence. Evaluating
all these factors together in a large BrS population is required to effectively establish

their importance.

¢) Risk scoring model in Brugada syndrome

A number of studies have combined risk factors to predict risk of sudden death (11,
16, 27). The initial study by Delise et al. (11) showed that no single risk factors was
able to identify Brugada patients at high risk of arrhythmic events and that a multi-
parametric approach was a more robust strategy. They showed that subjects at highest
risk were those with a spontaneous type 1 ECG pattern and at least 2 further risk

factors (including syncope, family history of SCD and positive programmed electrical



stimulation). The recent study by Sieira J et al. (16) evaluated several factors and
proposed a score that included the presence of 1) spontaneous type 1 ECG pattern, 2)
early familial SCD (<35 years old), 3) positive programmed electrical stimulation, 4)
presentation as syncope or as aborted SCD and 5) sinus node dysfunction and
demonstrated a predictive performance of 0.82 for this score. They showed that a
score greater than 2 conferred a 5-year event probability of 9.2%. However, it is
important to consider several points prior to implementing the use of this score. The
factors utilized in this risk score were derived only from univariate analysis. Since no
multivariate analysis was conducted, it is unclear whether all these factors have an
independent predictive role for ventricular events. Furthermore, the validation of the
risk score that established its predictive performance was undertaken in a cohort from
the same centre. Since this risk score has not yet been evaluated externally and the
baseline characteristics of the cohort used in this study showing several differences to
other larger studies it is unclear whether this predictive performance is applicable to a
general BrS population. Therefore, even though this approach of integrating risk
factors is promising, further validation in several BrS is warranted prior to its use in

clinical practise. There is clearly a role for combined risk factor scoring in BrS.

iv) The Future in BrS

Several studies have demonstrated prolonged RVOT activation with marked regional
conduction delay and fractionated late potentials in patients with BrS (17, 24, 28). As
well as utilizing clinical derived clinical risk factors in risk stratification, there may be
a role for more refined evaluation of the arrhythmogenic substrate. ECG imaging
(ECG-I) has demonstrated marked conduction delays in the right ventricular outflow

tract (RVOT) and this area of delay is expanded in the presence of ajamline (29). The



degree and/or area of delay may be another useful biomarker to predict risk-indeed an
ECG-I approach to risk has been proposed in a preliminary study utilizing exercise
stress (30). Although genetic factors are important, their role to date has been limited
to individual mutations-the burden of specific variants may also be utilized in the

future to refine risk scoring.

The current American College of Cardiology, American Heart Association, and Heart
Rhythm Society Guideline for Management of Ventricular Arrhythmias recommend
catheter ablation or quinidine for: a) patients experiencing recurring shocks for
ventricular arrhythmias, and b) for patients with spontaneous type 1 pattern and
symptomatic ventricular arrhythmias who either are not candidates for an ICD or
decline an ICD (class of recommendation: I; Level of evidence “B — non-randomized
for both”) (31). Two studies have shown that with epicardial catheter ablation
performed in the RVOT, with a view of eliminating this arrhythmogenic
electrophysiological substrate resulted in the normalization of the Brugada ECG in
majority of patients even after ajmaline (32, 33). In the study with the larger cohort of
patients (32) the current follow-up is less than a year therefore a longer follow-up
period is required to ensure that the ablation effect is permanent. Indeed a clinical trial
is now in progress to evaluate the role of prophylactic ablation in BrS (Clinical trial
registration- NCT02641431)- however, given the fact that the condition may be a
progressive disease issues relating to risk stratification even after ablation will remain

with us for the foreseeable future.
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Table 1- The studies that have evaluated factors in their role in predicting ventricular

arrhythmia occurrence and/or SCD during follow-up in patients with Brugada

syndrome.

Studies

Factors assessed

Predictive risk factors
HR (95% CI)"~

Follow-up
Median (range)
Mean = SD

Probst V et al. 2010 (3)

Priori SG et al. 2012 (6)

Sroubek J et al. 2016 (15)

Sieira J et al. 2017 (16)

Calo L et al. 2016 (17)

Syncope

Spontaneous type 1 ECG
Male gender

SCN5A mutation +ve
Family history of SCD"
PES" +ve

Spontaneous type 1 ECG
+Syncope

QRS fragmentation
VRPT<200ms

PES +ve
PES +ve

Syncope

Spontaneous type 1
Male gender

Sinus node dysfunction
PES +ve

Proband status

QRS duration >120ms
Family history of SCD
S wave pattern in lead 1

Presence of AF

Yes

3.4 (1.6-7.4), p=0.002
Yes

1.8 (1.03-3.33), p=0.04
No

No

No

No

Yes

4.20 (1.38-12.79), p=0.012
Yes

4.94 (1.54-15.8), p=0.007
Yes

3.91 (1.03-12.79), p=0.045
No

Yes

2.66 (1.44-4.92), p<0.001
Yes

3.7 (1.6-8.6), p<0.01
Yes

2.7 (1.3-5.4), p<0.01
Yes

2.7 (1.2-6.2), p=0.02
Yes

5.0 (1.5-16.3), p<0.01
Yes

4.7 (2.2-10.2), p<0.01
Yes

2.1 (1.0-4.200, p=0.04
Yes

1.03 (1.01-1.04), p<0.01
No

0.6 (0.3-1.3), p=0.20
Yes

39.1 (5.34-287.10), p<0.0001

Yes
3.70 (1.59-8.73), p=0.0024

31.9 months (14-54.4)

36 + 8 months

38 months (20.9-60.3)

80.7 £ 57.2 months

48 + 38.6 months
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Male gender
Family history of SCD

First degree heart block

QTc prolongation
Early repolarization
Epsilon wave present
QRS fragmentation
QRS duration >120ms
SCN5A mutation +ve
PES +ve

Kamakura S et al. 2009 (19)  Family history of SCD

Early repolarization

Spontaneous type 1 ECG

PES +ve
Tokioka K et al. 2014 (22) Syncope
QRS fragmentation

Early repolarization

No

No

No

No

No

No

No

No

No

No

Yes 48.7 + 14.9 months
3.28 (1.42-7.60), p=0.005
Yes

2.66 (1.06-6.71), p=0.03

No

No

Yes 45.1 + 44.3 months
28.57 (6.14-142.86), <0.001
Yes

5.21 (1.69-16.13), p=0.004
Yes

2.87 (1.16-7.14), p=0.023

““Multivariate analysis except Sieira J et al. (16)
which is univariate analysis

“SCD- sudden cardiac death

"PES- programmed electrical stimulation

TVRP- ventricular refractory period
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FIGURE LEGEND

Figure 1A-D- Demonstrates proposed ECG markers that have shown to have role in
predicting ventricular arrhythmias in Brugada syndrome A) Type 1 Brugada pattern in
peripheral leads B) avR sign (dominant R wave in avR) C) Early repolarization (ST

elevation in the inferolareral leads) D) S wave in lead I.

12



REFERENCES

1.

Mizusawa Y & Wilde AA. Brugada Syndrome. Circ Arrhythm Electrophysiol
2012;5:606-616. d0i:10.1161/CIRCEP.111.964577. PMID:22175240.

Priori SG, Napolitano C, Gasparini M, Pappone C, Della Bella P, Giodano U,
Bloise R, Glustetto C, De Nardis R, Grillo M, Ronchetti E, Faggiano G,
Nastoli J. Natural history of Brugada syndrome: insights for risk stratification
and management. Circulation 2002;05:1342-1347. PMID:11901046.

Probst V, Veltmann C, Eckardt L, Meregalli PG, Gaita F, Tan HL, Babuty D,
Sacher F, Giustetto C, Schulze-Bahr E, Borggrefe M, Haissaguerre M, Mabo
P, Le Marec H, Wolpert C, Wilde AAM. Long-term prognosis of patients
diagnosed with Brugada syndrome results from the FINGER Brugada
syndrome registry. Circulation 2010;121:635-643.
doi:10.1161/CIRCULATIONAHA.109.887026. PMID:20100972.

Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis
AB, Deal BJ, Dickfeld T, Field ME, Fonarow GC, Gills AM, Hlatky MA,
Granger CB, Hammill JA, Joglar JA, Kay GN, Matlock DD, Myerburg RJ,
Page RL. 2017 AHA/ACC/HRS guideline for management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death: Executive
summary: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice guidelines and the Heart Rhythm
Society. Circulation 2017. doi:10.1161/CIR.0000000000000548.
PMID:29097320.

Priori SG, Wilde AA, Horie M, Cho Y, Behr ER, Berul C, Blom N, Brugada J,
Chiang CE, Huikuri H. Executive summary: HRS/EHRA/APHRS expert

consensus statement on the diagnosis and management of patients with

13



inherited primary arrhythmia syndromes. Europace 2013:15:1389-1406. doi:
10.1093/europace/eut272. PMID:2399479.

6. Priori SG, Gasparini M, Napolitano C, Della Bella P, Ottonelli AG, Sassone
B, Giordano U, Pappone C, Mascioli G, Rossetti G, De Nardis R, Colombo M.
Risk stratification in Brugada syndrome; results of the PRELUDE
(Programmed Electrical stimulation predictive value) registry. J Am Coll
Cardiol 2012;59:37-45. doi: 10.1016/j.jacc.2011.08.064. PMID:22192666.

7. Eckardt L, Probst V, Smits JP, Bahr ES, Wolpert C, Schimpf R, Wichter T,
Boisseau P, Heinecke A, Breithardt G, Borggrefe M, Lemarex H, Bocker D,
Wilde AA. Long-term prognosis of individuals with right precordial ST
segment-elevation Brugada syndrome. Circulation 2005;111:257-63.
doi:10.1161/01.CIR.0000153267.21278.8D. PMID:14642768.

8. Milman A, Andorin A, Gourraud JB, Postema PG, Sacher F, Mabo P, Kim
SH, Juan JJ, Maeda S, Takahashi Y, Kamakura T, Aiba T, Conte G, Sarquella-
Brugada G, Leshem E, Rahkovich M, Hochstadt A, Mizusawa Y, Abelo E,
Huang Z, Deniov |, Guistetto C, Wiieveratne YD, Napolitano C, Michowitz
Y, Brugada R, Casado-Arroyo R, Champagne J, Calo L, Tfelt-Hansen J, Priori
SG, Takagi M, veltmann C, Delise P, Corrado D, Behr ER, Haita F, Yan GX,
Brugada J, Leenhardt A, Wilde AAM, Brugada P, Kusano KF, Hirao K, Nam
GB, Probst V, Belhassen B. Profile of Brugada syndrome patients presenting
with their first documented arrhythmic event. Data from the Survey on
Arrhythmic Events in BRUgada Syndrome (SABRUS). Heart Rhythm 2018.
doi:10.1016/jhrthm.2018.01.014. PMID:29325976.

9. Mortality statistics 2005. UK Gov National Statistics Series DH2 no.32

10. Sacher F, Probst V, Maury P, Babuty D, Mansourati J, Komatsu Y, Marquie

14



11.

12.

13.

14.

C, Rosa A, Diallo A, Cassagneau R, Loizeau C, Martins R, Field ME, Derval
N, Miyazaki S, Denis A, Nogami A, Ritter P, Gourraud B, Ploux S, Rollin A,
Zemmoura A, Lamaison D, Bordachar P, Pierre B, Jais P, Pasquie JL, Hocini
M, Legal F, Defaye P, Boveda S, lesaka Y, Mabo P, Haissaguerre M.
Outcome after implantation of a cardioverter-defibrillator in patients with
Brugada syndrome A multicentre study- part 2. Circulation 2013;128:1739-
1747. doi:10.1161/CIRCULATIONAHA.113.001941. PMID:23995538.
Delise P, Allocca G, Marras E, Giustetto C, Gaita F, Sciarra L, Calo L,
Proclemer A, Marziali M, Rebellato L, Berton G, Coro L, Sitta N. Risk
stratification in individuals with the Brugada type 1 ECG pattern without
previous cardiac arrest: usefulness of a combined clinical and
electrophysiologic ~ approach. Eur Heart J  2011;32:169-176.
doi:10.1093/eurheartj/ehq381. PMID:20978016.

Adler A, Rosso R, Chorin E, Havakuk O, Antzelevitch C, Viskin S. Risk
stratification in Brugada  syndrome: Clinical characteristics,
electrocardiographic parameters, and auxiliary testing. Heart Rhythm
2016;13:299-310. doi:10.1016/j.hrthm.2015.08.038. PMID:26341603.
Hasdemir C, Payzin S, Kocabas U, Sahin H, Yildirim N, Alp A, Aydin M,
Pfeiffer R, Burashnikov E, Wu Y, Antzelevitch C. High prevalence of
concealed Brugada syndrome in patients with atrioventricular nodal reentrant
tachycardia. Heart Rhythm 2015;12:1584-94.
doi:10.1016/j.hrthm.2015.03.015. PMID:25998140.

Hamilton RM. Implantable devices in young patients: Hitting the reset button
on risk  versus benefit. Heart Rhythm 2016;13:455-456.

D0i:10.1016/jhrthm.2015.10.002. PMID:26440551.

15



15.

16.

17.

18.

19.

Sroubek J, Probst V, Mazzanti A, Delise P, Hevia JC, Ohkubo K, Zorzi A,
Champagne J, Kostopoulou A, Yin X, Napolitano C, Milan DJ, Wilde A,
Sacher F, Borggrefe M, Ellinor PT, Theodorakis G, Nault I, Corrado D,
Watanabe I, Antzelevitch C, Allocca G, Priori S, Lubitz SA. Programmed
ventricular stimulation for risk stratification in Brugada syndrome: A pooled
analysis. Circulation 2016;133:622-30.
doi:10.1161/CIRCULATIONAHA.115.017885. PMID:26797467.

Sieira J, Conte G, Ciconte G, Battista-Gian C, Casado-Arroyo R, Baltogiannis
G, Giovanni G, Saitoh Y, Julia J, Mugnai G, La Meir M, Wellens F, Czapla J,
Pappaert G, de Asmundis C. A score model to predict risk of events in patients
with  Brugada syndrome. Eur Heart J 2017;38:1756-1763.
doi:10.1093/eurheartj/ehx119. PMID:28379344.

Calo L, Giustetto C, Martino A, Sciarra L, Cerrato N, Marziali M, Rauzino J,
Carlino G, de Ruvo E, Guerra D, Rebecchi M, Lanzillo C, Anselmino M,
Castro A, Turreni F, Penco M, Volpe M, Capucci A, Gaita F. A new
Electrocardiographic Marker of Sudden Death in Brugada Syndrome The S-
wave in lead I. J Am Coll Cardiol 2016;16:1427-40.
doi:10.1016/j.jacc.2016.01.024. PMID:27012403.

Rollin A, Sacher F, Gourraud JB, Pasquie JL, Raczka F, Duparc A, Mondoly
P, Cardin C, Delay M, Chatel S, Derval N, Denis A, Sadron M, Davy JM,
Hocini M, Jais P, Jesel L, Haissaguerre M, Probst V, Maury P. Prevalence,
characteristics, and prognosis role of type 1 ST elevation in the peripheral
ECG leads in patients with Brugada syndrome. Heart Rhythm 2013;10:1012-
1018. doi:10.1016/j.hrthm.2013.03.001. PMID:23499630.

Kamakura S, Ohe T, Nakazawa K, Aizawa Y, Shimizu A, Horie M, Ogawa S,

16



20.

21.

22.

23.

Okumura K, Tsuchihashi K, Sugi K, Makita N, Hagiwara N, Inoue H,
Atarashi H, Aihara N, Shimizu W, Kurita T, Suyama K, Noda T, Satomi K,
Okamura H, Tomoike H. Long-term prognosis of probands with brugada
pattern ST-elevation in leads V1-V3. Circ Arrhythm Electrophysiol
2009;2:495-503. d0i:10.1161/CIRCEP.108.816892. PMID:19843917.

Takagi M, Aonuma K, Sekiguchi Y, Yokoyama Y, Aihara N, Hiraoka M,
Japan Idiopathic Ventricular Fibrillation Study (J-IVFS) Investigators. The
prognostic value of early repolarization (J wave) and ST-segment morphology
after J wave in Brugada syndrome: a multicenter study in Japan. Heart Rhythm
2013;10:533-9. doi:10.1016/j.hrthm.2012.12.023. PMID:23274366.

Kawata H, Morita H, Yamada Y, Noda T, Satomi K, Aiba T, Isobe M, Nagase
S, Nakamura K, Kusano KF, Ito H, Kamakura S, Shimizu W. Prognostic
significance of early repolarization in inferolateral leads in Brugada patients
with documented ventricular fibrillation: A novel risk factor for Brugada
syndrome with ventricular fibrillation. Heart Rhythm 2013;10:1161-1168.
d0i:10.1016/j.hrhtm.2013.04.009. PMID:23587501.

Tokioka K, Kusano KF, Morita H, Miura D, Nishii N, Nagase S, Nakamura K,
Kohno K, Ito H, Ohe R. Electrocardiographic parameters and fatal arrhythmic
events in patients with Brugada Syndrome: Combination of depolarization and
repolarization abnormalities. J Am Coll Cardiol 2014;63:2131-2138.
doi:10.1016/j.jacc.2014.01.072. PMID:24703917.

Babai Bigi MA, Aslani A, Shahrzad S. aVR sign as a risk factor for life-
threatening arrhythmic events in patients with Brugada syndrome. Heart
Rhythm 2007;4:1009-1012. doi:10.1016/j.hrthm.2007.04.017.

PMID:17675073.

17



24,

25.

26.

217.

28.

Morita H, Kusano KF, Miura D, Nagase S, Nakamura K, Morita ST, Ohe T,
Zipes DP, Wu J. Fragmented QRS as a marker of conduction abnormality and
a predictor of prognosis of Brugada syndrome. Circulation 2008;118:1697—
704. doi:10.1161/CIRCULATIONAHA.108.770917. PMID:18838563.
Haissaguerre M, Derval N, Sacher F, Jesel L, Deisenhofer I, de roy L, Pasquie
JL, Nogami A, Babuty D, Yli-Mayry S, De Chillou C, Scanu P, Mabo P,
Matsuo S, Probst V, Le Scouarnec S, Defaye P, Schlaepfer J, Rostock T,
Lacroix D, Lamaison D, Lavergne T, Aizawa Y, Englund A, Anselme F,
O’Neill M, Hocini M, Lim KT, Knecht S, Veenhuyzen GD, Bordachar P,
Chauvin M, Jais P, Coureau G, Chene G, Klein GJ, Clementy J. Sudden
cardiac arrest associated with early repolarization. N Engl J Med
2008:358:2016-23. doi:10.1056/NEJM0a071968. PMID:18463377.
Honarbakhsh S, Srinivasan N, Kirkby C, Firman E, Tobin L, Finaly M, Hunter
RJ, Murphy C, Lowe MD, Schilling RJ, Lambiase PD. Medium-term
outcomes of idiopathic ventricular fibrillation survivors and family screening:
a multicenter experience. Europace 2017;19:1874-1880.
doi:10.1093/europace/euw251. PMID:27738067.

Conte G, de Asmundis C, Sieira J, Ciconte G, Di Giovanni G, Chierchia GB,
Casado-Arroyo R, Baltogiannis G, Stroker E, Irfan G, Pappaert G, Auricchio
A, Brugada P. Prevalence and clinical impact of early repolarization pattern
and QRS-fragmentation in high-risk patients with Brugada syndrome. Circ J
2016;80:2109-16. doi:10.1253/circCJ-16-0370. PMID:27558008.

Lambiase PD, Ahmed AK, Ciaccio EJ, Brugada P, Lizotte E, Chaubey S, Ben-
Simon R, Chow AW, Lowe MD, McKenna WJ. High-density substrate

mapping in Brugada syndrome: combined role of conduction and

18



29.

30.

31.

32.

33.

repolarization heterogeneities in arrhythmogenesis. Circulation 2009;120:106-
17. d0i:10.1161/CIRCULATIONAHA.108.771401. PMID:19564561.

Zhang J, Sacher F, Hoffmayer K, O’Hara T, Strom M, Cucilich P, Silva J,
Cooper D, Faddis M, Hocini M, Haissaguerre M, Scheinman M, Rudy Y.
Cardiac electrophysiological substrate underlying the ECG phenotype and
electrogram abnormalities in Brugada syndrome patients. Circulation
2015;131:1950-9. d0i:10.1161/CIRCULATIONAHA.114.013698.
PMID:25810336.

Leong KMW, Ng FS, Yao C, Roney C, Taranorrelli P, Linton NWF, Whinnett
Zl, Lefroy DC, Davies DW, Boon Lim P, Harding SE, Peters NS,
Kanagaratnam P, Varnava AM. ST-elevation magnitude correlates with right
ventricular outflow tract conduction delay in Type 1 Brugada ECG. Circ
Arrhythm Electrophysiol 2017. pii:e005107.
doi:10.1161/CIRCEP.117.005107. PMID:29038102.

Al-Khatib SM et al. 2017 AHA/ACC/HRS Guideline for Management of
Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac
Death Circulation. 2017; Oct 30. [EPub]).

Nademanee K, Veerakul G, Chandanamattha P, Chaothawee L,
Ariyachaipanich A, Jirasirirojanakorn K, Likittanasombat K, Bhuripanyo K,
Ngarmukos T. Prevention of ventricular fibrillation episodes in Brugada
syndrome by catheter ablation over the anterior right ventricular outflow tract
epicardium. Circulation 2011;123:1270-1279.
doi:10.1161/CIRCULATIONAHA.110.972612. PMID:21403098.

Pappone C, Brugada J, Vicedomini G, Ciconte G, Manguso F, Saviano M,

Vitale R, Cuko A, Giannelli L, Calovic Z, Conti M, Pozzi P, Natalizia A,

19



Crisa S, Borrelli V, Brugada R, Sarquella-Brugada G, Guazzi M, Frigiola A,
Menicanti L, Santinelli V. Electrical substrate elimination in 135 consecutive
patients with Brugada syndrome. Circ Arrhythm Electrophysiol

2017;10:e005053. doi:10.1161/CIRCEP.117.005053. PMID:28500178.

20



