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Abstract

Background: Brugada syndrome (BrS) is associated with sudden cardiac death (SCD).
Although implantable cardioverter-defibrillator (ICD) implantation is recommended,
the long-term outcomes and follow-up data with regard to ICD complications have
led to controversy.

Hypothesis: In the present study, we described the data assimilated in a total of
11 studies, analyzing the outcome in 747 BrS patients receiving ICD.

Methods: Data were performed and analyzed after a systematic review of literature
compiled from a thorough database search (PubMed, Web of Science, Cochrane
Library, and Cinahl).

Results: The mean age of patients receiving ICD was (43.1 + 13.4, 82.5% males,
46.6% spontaneous BrS type I). Around 15.3% of the patients were admitted due
to SCD and 10.4% suffered from atrial arrhythmia. Appropriate shocks were
documented in 18.1% of the patients over a mean follow-up period of
82.3 months (47.5-110.4). The following complications were recorded: lead fail-
ure and fracture (5.4%), lead perforation (0.7%), lead dislodgement (1.7%), infec-
tion (3.9%), pain (0.4%), subclavian vein thrombosis (0.3%), pericardial effusion
(0.1%), endocarditis (0.1%), psychiatric problems (1.5%), pneumothorax (0.7%).
Inappropriate shocks were documented in 18.1% of the patients. The manage-
ment of inappropriate shocks was achieved by pulmonary vein isolation (0.5%),
drug treatment with sotalol (1.3%) or sotalol with beta-blocker (0.3%) and hydro-
quinidine (0.1%).

Conclusions: ICD therapy in BrS is associated with relevant ICD-related complica-
tions including a substantial risk of inappropriate shocks more frequently in symp-

tomatic BrS patients.
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1 | INTRODUCTION

Type | Brugada syndrome (BrS) is presented by a right bundle branch
block (RBBB) and coved ST-segment elevation in precordial leads
(V1-V3), and its clinical relevance lies in the fact that patients have a
pronounced risk to develop malignant tachyarrhythmias.? The preva-
lence of BrS is estimated to be 5/10 000 inhabitants with a higher
prevalence in Japan and Philippines as compared to western coun-
tries. Not considering accidents, BrS is the leading cause of death in
men <40 years old, particularly in countries where the syndrome is
endemic. Fever and sodium-channel blockers could potentially
unmask BrS, which have led to an expert consensus advising patients
with BrS to avoid these drugs and express caution during clinical
states such as fever and infections.®

Due to the high risk of sudden cardiac death (SCD), it has been
recommended that BrS-patients with a previous episode of sudden
cardiac arrest, or those showing inducibility of a sustained ventricular
arrhythmia during an electrophysiological study be treated with an
implantable cardioverter-defibrillator (ICD).* However, ICD is not
always feasible or adequate for every patient.

Although alternative treatments including hydroquinine (HQ)
treatment and catheter ablation therapy have demonstrated efficacy
in recurrent ventricular arrhythmias,” patients who have experienced
a prior cardiac arrest or syncopal events secondary to ventricular tach-
ycardia/ventricular fibrillation should undergo ICD implantation.®”
ICD implantation for primary prevention in BrS patients is
controversial.®®

The aim of the present study is to observe the long-term outcome
and complication rate of BrS patients, who have received transvenous

ICD implantation for primary and secondary prevention.

2 | METHODS

In this analysis, we included all patients diagnosed with BrS and
treated with transvenous ICD implantation 2007 and 2018. A total of
747 BrS patients described in 11 research papers, were recruited for
our analysis.

BrS was diagnosed only in the presence of a type 1 Brugada pat-
tern on the electrocardiogram (ECG) (coved type), either at baseline or
after the administration of a sodium channel blocking agent. The defi-
nition of type 1 ECG pattern was the presence of a terminal r'-wave
with a J-point elevation of at least 0.2 mV, with a slowly descending
ST-segment followed by a negative T-wave in 21 right precordial lead
(V1-V3). ECG is placed in the fourth, third, or second intercostal space.
Sodium channel blockers were administered intravenously over a
10-minutes period to unmask the diagnostic ECG pattern of BrS in
case of a non-type 1 ECG pattern at baseline. Programming of ICDs
of included studies is summarized in Table S1. Patients were followed
annually in a dedicated cardiogenetic outpatient clinic and every 6 to
12 months in the ICD clinic (unless shorter periods of follow-up were

required).

cvee: RWIESERE

2.1 | Data collection of different studies

Demographic and clinical data including age at diagnosis, gender, fam-
ily history of SCD or BrS, symptoms before diagnosis, such as atrial
arrhythmias and syncope, results of drug testing, affected genotype,
electrophysiological study including ventricular stimulation were
followed-up and evaluated. Baseline ICD-related data included type
of ICD. The indication for ICD implantation was reviewed in different
studies, with emphasis on basal ECG characteristics, history of recur-
rent syncope, inducible VT of VF during programmed ventricular stim-
ulation (PVS), family history of SD, and history of VF or aborted

cardiac arrest.

2.2 | Systematic literature review

A literature search (PubMed, Web of Science, Cochrane Library, and
Cinahl) was performed with limits including publication dates to 2018,
English language and human subjects. Study selection included the cri-
terion BrS and ICD implantation (Figure 1). Case reports or studies
not reporting on outcome of ICD after implantation were excluded.

2.3 | Statistics

Data are presented as mean + SD for continuous variables with a nor-
mal distribution, median (interquartile range) for continuous variables
with a non-normal distribution, and as frequency (%) for categorical
variables. The Kolmogorov-Smirnov test was used to assess normal
distribution. Students t test and the Mann-Whitney U-test were used
to compare continuous variables with normal and non-normal distri-
butions, respectively. The y* test or Fishers exact test was used to

compare categorical variables.

3 | RESULTS

3.1 | Demographics

The mean age of patients receiving ICD was 43.1 + 13.4 with a pre-
dominance of males (82.5%). 46.6% of patients showed spontaneous
BrS type | and 50.3% demonstrated BrS type | after use of an intrave-
nous sodium channel blocker. Only 21.7% of the patients were
asymptomatic. Symptoms were documented as following: 48.3% suf-
fered from recurrent syncope, 15.5% admission due to SCD, and
10.4% atrial arrhythmia, Table S2.

An electrophysiological study (EP) and PVS was performed in
247 patients to study the inducibility of ventricular tach-
ycardia/ventricular fibrillation, and this was documented in
171 patients (69.2% of cases).

3.2 | ICD-related complications

The rates of appropriate ICD shocks (18.5%) were similar as compared
to inappropriate shocks (18.1%) over a follow-up interval of
82.3 months (47.5-110.4). The median time interval to first
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FIGURE 1 flowchart of recruitment criteria of the present study. Finally, 747 patients were included from 11 studies
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FIGURE 2 Comparison of different studies showing the outcome of implantable cardioverter-defibrillator (ICD) in 1201 patients

appropriate shock was 22.3 months, Figure 2A. The complications are
listed as follows: lead failure and fracture (5.4%), lead perforation
(0.7%), lead dislodgement (1.7%), infection (3.9%), pain (0.4%),

subclavian vein thrombosis (0.3%), pericardial effusion (0.1%), endo-
carditis (0.1%), psychiatric problem (1.5%), pneumothorax (0.7%),

Table 1. Inappropriate shocks were attributed to supraventricular
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FIGURE 4 Rate of appropriate and inappropriate implantable cardioverter-defibrillator (ICD) shocks related to the symptomatic state

arrhythmias (13.7%), noise (3.7%) T-wave oversensing (2.5%) as well
as other causes (0.4%), Table 1 and Figure 2B. Also 3.2% of the
patients suffered from an electrical storm. We have compared the
data of inappropriate ICD shocks regarding in asymptomatic and
symptomatic patients. Asymptomatic BrS patients suffered more sig-
nificantly from lower rate of inappropriate shocks (Figure 3 A,B). On
the other hand, appropriate ICD shocks were significantly more docu-
mented in symptomatic patients (Figure 4 A,B).

3.3 | Management of complications

Pulmonary vein isolation was carried out in 0.5% of the patients.
About 1.3% received drug treatment with sotalol or sotalol with
beta-blocker (0.3%) and 0.1% received HQ. Electrical storm was
documented in 24 patients (3.2%). Therefore, 21 (2.8%) patients
were treated with HQ to manage electrical storm, Table 1 and
Figure 2C.

4 | DISCUSSION

We have described the short- and long-term ICD outcomes in
747 BrS patients including 11 defined studies and summarized the

following

1. up to 18.5% and 3.2% of all appropriate ICD therapies and electri-
cal storms are documented, respectively with a higher rate in
symptomatic BrS patients

2. the incidence of ICD-related complications, such as inappropriate
shocks are common with a rate of up to 18.1% with a higher pres-
ence in symptomatic patients

3. management of ICD-related complications remains challenging.
However, use of HQ and ablation strategies may be helpful in

managing such complications.

ICD therapy is suggested in survivors of SCD,® however, data
have suggested that its use may be associated with significant
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adverse events.'® The primary finding of this systematic analysis is
that patients with an ICD implantation for BrS have considerable risk
for developing potentially life-threatening ventricular arrhythmias
(18.5%) over the long-term, as seen in the median follow-up of
82.3 months. However, inappropriate shocks also occurred in 18.1%
of the patients and this was essentially dominated by supraventricu-
lar arrhythmias, noise and T-wave oversensing. The rate of some
other ICD-related complications was also quite high. Our data are
consisting with the high rate of inappropriate shocks of other
patients treated with ICD implantation, such as in the MADIT Il and
SCDHEFT trial. Whereas the MADIT (Multicenter Automatic Defi-
brillator Implantation Trial) Il trial has presented a lower rate of inap-
propriate ICD shocks (11.5%), predominated by atrial fibrillation
(44%), supraventricular tachycardia (36%), and abnormal sensing
(20%), as compared to our data,’® the SCDHEFT trial, recruiting
patients with New York Heart Association (NYHA) class Il or lll heart
failure and a left ventricular ejection fraction of 35% or less,
reported a comparable rate of inappropriate shocks (17.4%).2° Even
more in patients with inherited channelopathies including catechol-
aminergic polymorphic ventricular tachycardia was the rate of inap-
propriate ICD shocks 24.7%2' as compared with 11% in inherited
long QT syndrome patients predominated by supraventricular
tachycardia.??

Overall, there is great variation in the reported rate of appropriate
therapy in BrS patients. One of the most significant differences
between these studies are the incidence of appropriate therapies in
previously asymptomatic individuals. Although several authors report
no therapy in this group, during an average follow-up of 2.3 to

12132325 other studies report an overall rate of 4% to 13%

7.3 years,
after an average follow-up of 3.2 to 9.3 years.”1>2628 A difference in
the study population is the most likely explanation for this observa-
tion. Although inappropriate ICD shocks were more documented in
symptomatic patients, even more appropriate ICD shocks were also
more documented in this group.

BrS and short QT syndrome may be considered similar entities,?’
thus, comparing patient data from these two groups could prove
interesting. Whereas in short QT syndrome, inappropriate therapy is
more inherent due to the detection of short-coupled and prominent T
waves (in up to 60% of cases); in BrS, supraventricular arrhythmias are
often responsible for the inappropriate shocks. Therefore, careful
testing of ICD function and adaptation of sensing levels and decay
delays without sacrificing correct arrhythmia detection might be
essential for short QT syndrome patient.30 On the other hand, in BrS,
drug treatment and ablation strategies might be more useful to man-
age inappropriate shocks.3132

Although only 15.3% of patients were admitted due to aborted
out of hospital cardiac arrest and these received ICD implantations for
secondary prevention, asymptomatic patients receiving ICDs for pri-
mary prevention also suffered from life-threatening arrhythmias,
which were terminated by appropriate ICD shocks. However, further
insights in risk stratification strategies are necessary in BrS to avoid
ICD-related complications.

4.1 | Study limitation

This study provides registry data dominated by retrospective studies
and, although the authors clinically evaluated all patients, clinical
assessment and treatment algorithm was not uniform and consecu-
tively ICD indications were homogeneous throughout the study. Only
SCN5A mutations were evaluated in the present analysis; excluding
the possibility of mutations in other BrS-related genes. Also, despite
the obvious advantages of our recruited studies, novel therapeutic
approaches like ventricular ablation and systematic use of HQ were
not evaluated. Finally, the role of subcutaneous ICD was not evalu-

ated in the present study.

5 | CONCLUSIONS

Regarding a relevant risk of device-related complications with a higher
rate of inappropriate ICD shocks in symptomatic BrS patients special
care during regular follow-up in specialized cardiogenetic centers may

allow the reduction in the number of adverse events.

ACKNOWLEDGMENTS

We would like to thank the Hector Stiftung and DZHK (German Cen-

ter for Cardiovascular Research).

CONFLICT OF INTEREST

The authors declare no potential conflict of interests.

REFERENCES

1. Amin AS, Verkerk AO, Bhuiyan ZA, Wilde AA, Tan HL. Novel Brugada
syndrome-causing mutation in ion-conducting pore of cardiac Na+
channel does not affect ion selectivity properties. Acta Physiol Scand.
2005;185(4):291-301.

2. Morita H, Nagase S, Kusano K, Ohe T. Spontaneous T wave alternans
and premature ventricular contractions during febrile illness in a
patient with Brugada syndrome. J Cardiovasc Electrophysiol. 2002;13
(8):816-818.

3. Casado-Arroyo R, Berne P, Rao JY, Rodriguez-Manero M,
Levinstein M, et al. Long-term trends in newly diagnosed Brugada
syndrome: implications for risk stratification. J Am Coll Cardiol. 2016;
68(6):614-623.

4. Brugada J, Brugada R, Brugada P. Determinants of sudden cardiac
death in individuals with the electrocardiographic pattern of Brugada
syndrome and no previous cardiac arrest. Circulation. 2003;108(25):
3092-3096.

5. Pappone C, Brugada J, Vicedomini G, et al. Electrical substrate elimi-
nation in 135 consecutive patients with Brugada syndrome. Circ
Arrhythm Electrophysiol. 2017;10(5):e005053.

6. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M,
et al. 2015 ESC guidelines for the management of patients with ven-
tricular arrhythmias and the prevention of sudden cardiac death: the
task force for the Management of Patients with ventricular arrhyth-
mias and the prevention of sudden cardiac death of the European
Society of Cardiology (ESC). Endorsed by: Association for European



EL-BATTRAWY ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Paediatric and Congenital Cardiology (AEPC). Eur Heart J. 2015;36
(41):2793-2867.

Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M,
et al. 2015 ESC guidelines for the management of patients with ven-
tricular arrhythmias and the prevention of sudden cardiac death: the
task force for the Management of Patients with ventricular arrhyth-
mias and the prevention of sudden cardiac death of the European
Society of Cardiology (ESC)endorsed by: Association for European
Paediatric and Congenital Cardiology (AEPC). Europace. 2015;17(11):
1601-1687.

Sroubek J, Probst V, Mazzanti A, et al. Programmed ventricular stimu-
lation for risk stratification in the Brugada syndrome: a pooled analy-
sis. Circulation. 2016;133(7):622-630.

Conte G, Sieira J, Ciconte G, et al. Implantable cardioverter-
defibrillator therapy in Brugada syndrome: a 20-year single-center
experience. J Am Coll Cardiol. 2015;65(9):879-888.

Sarkozy A, Boussy T, Kourgiannides G, Chierchia GB, Richter S, et al.
Long-term follow-up of primary prophylactic implantable car-
dioverter-defibrillator therapy in Brugada syndrome. Eur Heart J.
2007;28(3):334-344.

Veltmann C, Kuschyk J, Schimpf R, Streitner F, Schoene N, et al. Pre-
vention of inappropriate ICD shocks in patients with Brugada syn-
drome. Clin Res Cardiol. 2010;99(1):37-44.

Steven D, Roberts-Thomson KC, Inada K, Seiler J, Koplan BA, et al.
Long-term follow-up in patients with presumptive Brugada syndrome
treated with implanted defibrillators. J Cardiovasc Electrophysiol.
2011;22(10):1115-1119.

Daoulah A, Alsheikh-Ali AA, Ocheltree AH, Ocheltree S, Al-Kaabi S,
et al. Outcome after implantable cardioverter-defibrillator in patients
with Brugada syndrome: the Gulf Brugada syndrome registry.
J Electrocardiol. 2012;45(3):327-332.

Miyazaki S, Uchiyama T, Komatsu Y, Taniguchi H, Kusa S, et al. Long-
term complications of implantable defibrillator therapy in Brugada
syndrome. Am J Cardiol. 2013;111(10):1448-1451.

Son MK, Byeon K, Park SJ, et al. Prognosis after implantation of
cardioverter-defibrillators in Korean patients with Brugada syndrome.
Yonsei Med J. 2014;55(1):37-45.

Kamakura T, Wada M, Nakajima |, Ishibashi K, Miyamoto K, et al.
Evaluation of the necessity for cardioverter-defibrillator implantation
in elderly patients with Brugada syndrome. Circ Arrhythm Electro-
physiol. 2015;8(4):785-791.

Dores H, Reis Santos K, Adragao P, Moscoso Costa F, Galvao Santos
P, et al. Long-term prognosis of patients with Brugada syndrome and
an implanted cardioverter-defibrillator. Rev Port Cardiol. 2015;34(6):
395-402.

Hernandez-Ojeda J, Arbelo E, Borras R, et al. Patients with Brugada
syndrome and implanted Cardioverter-defibrillators: long-term
follow-up. J Am Coll Cardiol. 2017;70(16):1991-2002.

Daubert JP, Zareba W, Cannom DS, et al. Inappropriate implantable
cardioverter-defibrillator shocks in MADIT II: frequency, mechanisms,
predictors, and survival impact. J Am Coll Cardiol. 2008;51(14):1357-
1365.

Poole JE, Johnson GW, Hellkamp AS, et al. Prognostic importance of
defibrillator shocks in patients with heart failure. N Engl J Med. 2008;
359(10):1009-1017.

van der Werf C, Lieve KV, Bos JM, Lane CM, Denjoy |, et al. Implant-
able cardioverter-defibrillators in previously undiagnosed patients

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

cvees RWIESERE

with catecholaminergic polymorphic ventricular tachycardia resusci-
tated from sudden cardiac arrest. Eur Heart J. 2019, https//doi:
0.1093/eurheartj/ehz309. [Epub ahead of print]

Schwartz PJ, Spazzolini C, Priori SG, et al. Who are the long-
QT syndrome patients who receive an implantable cardioverter-
defibrillator and what happens to them?: data from the
European long-QT  syndrome implantable  Cardioverter-
defibrillator (LQTS ICD) registry. Circulation. 2010;122(13):1272-
1282.

Rosso R, Glick A, Glikson M, et al. Outcome after implantation of car-
dioverter defibrillator [corrected] in patients with Brugada syndrome:
a multicenter Israeli study (ISRABRU). Isr Med Assoc J. 2008;10(6):
435-439.

Flamee P, De Asmundis C, Bhutia JT, Conte G, Beckers S, et al. Safe
single-dose administration of propofol in patients with established
Brugada syndrome: a retrospective database analysis. Pacing Clin Elec-
trophysiol. 2013;36(12):1516-1521.

Makarawate P, Chaosuwannakit N, Vannaprasaht S,
Tassaneeyakul W, Sawanyawisuth K. Clinical characteristics and
treatment outcomes of patients with Brugada syndrome in northeast-
ern Thailand. Singapore Med J. 2014;55(4):217-220.

Sacher F, Probst V, Maury P, et al. Outcome after implantation
of a cardioverter-defibrillator in patients with Brugada syn-
drome: a multicenter study-part 2. Circulation. 2013;128(16):
1739-1747.

Sacher F, Probst V, lesaka Y, Jacon P, Laborderie J, et al. Outcome
after implantation of a cardioverter-defibrillator in patients with
Brugada syndrome: a multicenter study. Circulation. 2006;114(22):
2317-2324.

Schukro C, Berger T, Stix G, et al. Regional prevalence and clinical
benefit of implantable cardioverter defibrillators in Brugada syn-
drome. Int J Cardiol. 2010;144(2):191-194.

Antzelevitch C, Yan GX. J wave syndromes. Heart Rhythm. 2010;7(4):
549-558.

El-Battrawy |, Besler J, Ansari U, Liebe V, Schimpf R, et al. Long-term
follow-up of implantable cardioverter-defibrillators in Short QT syn-
drome. Clin Res Cardiol. 2019.

Schimpf R, Wolpert C, Bianchi F, Giustetto C, Gaita F, et al. Congeni-
tal short QT syndrome and implantable cardioverter defibrillator
treatment: inherent risk for inappropriate shock delivery. J Cardiovasc
Electrophysiol. 2003;14(12):1273-1277.

Giustetto C, Schimpf R, Mazzanti A, et al. Long-term follow-up of
patients with short QT syndrome. J Am Coll Cardiol. 2011;58(6):587-595.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: El-Battrawy |, Roterberg G, Liebe V,
et al. Implantable cardioverter-defibrillator in Brugada
syndrome: Long-term follow-up. Clin Cardiol. 2019;42:
958-965. https://doi.org/10.1002/clc.23247



https://doi.org/10.1002/clc.23247

	Implantable cardioverter-defibrillator in Brugada syndrome: Long-term follow-up
	1  INTRODUCTION
	2  METHODS
	2.1  Data collection of different studies
	2.2  Systematic literature review
	2.3  Statistics

	3  RESULTS
	3.1  Demographics
	3.2  ICD-related complications
	3.3  Management of complications

	4  DISCUSSION
	4.1  Study limitation

	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	REFERENCES


