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a  b  s  t  r  a  c  t

Background:  The  spectrum  of  phenotypes  related  to mutations  of  the  SCN5A  gene include  Brugada  syn-
drome (BS),  long  QT  syndrome,  progressive  cardiac  conduction  defect,  and  sinus  node  disease  (SND).  The
present  study  investigated  the  incidence  of SND  in  subjects  with  type  1 electrocardiogram  (ECG)  pattern
of BS.
Methods  and  results:  The  study  population  consisted  of 68  individuals  (55 males,  mean  age  44.8  ± 12.8
years)  with  spontaneous  (n  =  27)  or drug-induced  (n =  41)  type  1 ECG  pattern  of  BS. Twenty-eight  subjects
were  symptomatic  with  a history  of  syncope  (41.2%).  SND  was  observed  in  6  symptomatic  subjects  (8.8%),
and  was  mainly  attributed  to  sino-atrial  block  with  sinus  pauses.  Two patients  were  initially  diagnosed
with  SND,  and  received  a pacemaker.  Patients  with  SND  displayed  an  increased  P-wave  duration  in  leads
II and  V2, PR  interval  in  leads  II and  V2,  QRS  duration  in  leads  II and V2, and  increased  QTc  interval  in lead
V2 (p  <  0.05).  AH  and  HV  intervals  as  well  as  corrected  sinus  node  recovery  time  (cSNRT)  were  significantly
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provided by Elsevier - Publisher C
prolonged  in  subjects  with  SND  (p  <  0.05).  During  a mean  follow-up  period  of  5.0 ±  3.6  years,  five subjects
with  a  history  of syncope  suffered  appropriate  implantable  cardioverter  defibrillator  (ICD)  discharges  due
to  ventricular  arrhythmias  (7.4%).  None  of those  diagnosed  with  SND  suffered  syncope  or  ICD  therapies.
Conclusion:  SND  is  not  an  uncommon  finding  in  subjects  with  type  1 ECG pattern  of  BS. The occurrence
of  SND  in  relatively  young  patients  may  deserve  meticulous  investigation  including  sodium  channel

3  Jap

blocking  test.

©  201

ntroduction

The Brugada syndrome (BS) is an arrhythmogenic entity that
ypically manifests with syncope or cardiac arrest due to ventricular
rrhythmias in individuals with structurally normal hearts [1–4].
he SCN5A gene encoding for the cardiac sodium channel was the
rst gene linked to BS [2]. Apart from BS, the spectrum of phen-
types related to mutations of the �-subunit of the SCN5A gene
nclude long QT syndrome, progressive cardiac conduction defect
Lenègre syndrome), atrioventricular (AV) block, atrial arrhyth-

ias, and sinus node disease (SND) [5–7].

It has been reported that the loss of function of single SCN5A

ene mutations can be responsible for both BS and SND [8,9].
n previous case studies, the diagnostic type 1 electrocardiogram

∗ Corresponding author at: Second Department of Cardiology, Evangelismos Gen-
ral Hospital of Athens, 45-47, Ipsilantou St., 10676 Athens, Greece.
el.: +30 213401467; fax: +30 2132041344.
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anese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All rights  reserved.

(ECG) pattern of BS was  identified after pacemaker implantation
for SND [10–15].  SND may  be implicated in the pathophysiology of
ventricular arrhythmic events in BS, since bradycardia-dependent
augmentation of ST-elevation has been previously demonstrated in
patients with BS [16]. The coexistence of SND and BS raises severe
diagnostic and therapeutic dilemmas in symptomatic subjects, par-
ticularly in the case where SND is the initial diagnosis. Patients
with symptomatic SND are typically treated with pacemaker (PM)
implantation, while an implantable cardioverter defibrillator (ICD)
is currently indicated in symptomatic patients with BS [17]. The
present study investigated the incidence and the prognostic signif-
icance of SND in patients with type 1 ECG pattern of BS.

Methods
Patient population

The clinical records of consecutive individuals diagnosed
with spontaneous or drug-induced (ajmaline 1 mg/kg, flecainide

vier Ltd. All rights reserved.

https://core.ac.uk/display/82028825?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
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 mg/kg, procainamide 10 mg/kg) type 1 ECG pattern of BS from
999 to 2011 were retrospectively analyzed. The ECG diagnosis of
S was strictly based on the recommendations of the Second Con-
ensus Conference on BS [2]. All subjects underwent transthoracic
chocardiography in order to rule out the presence of structural
eart disease including myocardial ischemia. Laboratory tests were
erformed to exclude any electrolyte or metabolic disturbances

ncluding thyroid dysfunction. Subjects with established neurally
ediated syncope were excluded from the study. The following

linical data were collected in all patients: age, gender, family his-
ory of sudden cardiac death (SCD) (<45 years of age), family history
f BS, and history of atrial tachyarrhythmias. Screening for SCN5A
ene mutations was performed in selected cases. Subjects with

 previous history of syncope or aborted SCD were classified as
ymptomatic.

Baseline 12-lead ECGs were recorded at a paper speed of 25 or
0 mm/s  and an amplification of 10 mm/mV.  The following parame-
ers were reviewed in the absence of antiarrhythmic medication: (i)
he P-wave duration in leads II and V2; (ii) the PR duration in leads
I and V2; (iii) the QRS duration in leads II and V2; and (iv) the QTc
nterval in leads II and V2 (corrected using Bazett’s formula). ECG

easurements were performed by two independent cardiologists.
hen measurements were not identical, the mean of the values
ere calculated. To avoid diurnal variation, ECGs performed during

he same time interval (09.00–12.00 h) were evaluated. The inter-
bserver and intraobserver variability was less than 5%. Ambulatory
4 or 48 h Holter ECG recordings were evaluated in all subjects.

An electrophysiological study (EPS) was carried out in selected
ases based on the judgment of the treating physician. The base-
ine AH and HV intervals were measured. The corrected sinus
ode recovery time (cSNRT) was calculated following burst atrial
acing at different cycle lengths. A cSNRT of more than 550 ms
as considered abnormal. Programmed right ventricular stimu-

ation was performed at three running cycle lengths (600, 500,
nd 430 ms)  with up to triple extrastimuli (minimum coupled
xtrastimuli of 200 ms). Inducible ventricular arrhythmia was
efined as ventricular tachycardia/fibrillation (VT/VF) lasting >30 s,
ausing syncope/circulatory collapse, or requiring intervention to
e terminated. The study was approved by the medical ethical
eview committee of the participating centers. Informed consent
as obtained from all patients.

efinition of sinus node disease

SND was defined when one of the following was  present: (i)
inus bradycardia <40 beats/min while awake; (ii) sino-atrial block
r sinus arrest with pauses >3 s; (iii) bradycardia–tachycardia syn-
rome defined as episodes of atrial tachyarrhythmias coexisting
ith sinus bradycardia, sino-atrial block, or sinus arrest; and (iv)

SNRT >550 ms  at EPS in previously symptomatic patients (syncope
r dizziness).

tatistical analysis

All continuous variables had a normal distribution, according
o Shapiro–Wilk’s corresponding test. All continuous data are pre-
ented as mean ± standard deviation, while categorical variables
re reported as absolute and relative (percentages) frequencies.
ifferences in categorical variables were evaluated using Pearson’s
hi-square or Fisher’s exact test. Student’s t-test was used for com-

arison of continuous variables. All reported probability values
p-values) were based on two-sided tests and compared to a signif-
cance level of 0.05. Data were analyzed using SPSS.17 for Windows
SPSS, Chicago, IL, USA).
iology 61 (2013) 227–231

Results

The study population consisted of 68 individuals (55 males,
mean age 44.8 ± 12.8 years) with spontaneous (n = 27) or drug-
induced (n = 41) type 1 ECG pattern of BS. All subjects displayed
a structurally normal heart. Twenty-eight subjects were symp-
tomatic with a history of syncope (41.2%), and 18 displayed
a positive family history of BS and/or sudden cardiac death
(26.5%). EPS was performed in 37 subjects, and programmed right
ventricular stimulation induced VT/VF in 25 of them (67.5%).
There were no significant differences between subjects with and
without spontaneous type 1 ECG pattern regarding the cSNRT
(640.00 ± 763.54 vs. 403.33 ± 370.91, p = 0.543), AH (104.58 ± 33.81
vs. 102.26 ± 34.61, p = 0.863), and HV intervals (55.27 ± 10.98 vs.
49.40 ± 16.05, p = 0.279). Genetic test was  performed in 6 subjects
(one with SND), and identified one positive proband without SND
(exon 26, 4477–4479delAAG, K1493del). An ICD was implanted in
28 individuals (41.1%).

SND was observed in 6 subjects (8.8%). All subjects with SND
were symptomatic. The clinical data of these individuals are
depicted in Table 1. Four patients exhibited sino-atrial block with
sinus pauses >3 s (Figs. 1 and 2), and two patients displayed sinus
bradycardia <40 beats/min while awake. Two  of them received a
dual-chamber PM (lower rate of 60 beats/min), while the other four
a dual-chamber ICD (lower rate of 60 beats/min). The patients who
received a PM were initially diagnosed as having SND, while the
diagnostic Brugada ECG phenotype was unmasked after sodium
channel blocking test with ajmaline during follow-up. An ICD
upgrade was offered in both patients. As shown in Table 2, sub-
jects with SND displayed an increased P-wave duration in leads II
(p < 0.001) and V2 (p = 0.009), PR interval in leads II (p < 0.001) and
V2 (p = 0.009), QRS duration in leads II (p = 0.036) and V2 (p = 0.001),
and increased QTc interval in lead V2 (p = 0.009). AH (p < 0.001) and
HV (p = 0.011) intervals as well as cSNRT (p = 0.027) were signifi-
cantly prolonged in subjects with SND. Fourteen subjects suffered
atrial tachyarrhythmias (20.5%), mainly atrial fibrillation. Although
not statistically significant, subjects with SND displayed a higher
rate of atrial fibrillation or atrial flutter in relation to those without
SND (50% vs. 17.7%, p = 0.062).

During a mean follow-up period of 5.0 ± 3.6 years, five previ-
ously symptomatic subjects suffered appropriate ICD discharges
due to ventricular arrhythmias (7.4%), and one died due to non-
cardiac causes. None of those diagnosed with SND suffered syncope
or ICD therapies. None of the asymptomatic individuals had syn-
cope or ICD therapies. There were no inappropriate ICD therapies
in our cohort. Two complications related to the implantation pro-
cedure were noted (one pneumothorax and one pocket infection).

Discussion

The main findings of the present study are as follows: (i) the
incidence of SND in subjects with type 1 ECG phenotype of BS is
comparatively high given the relative young age of this population
and (ii) subjects with BS phenotype and SND display prolonged
P-wave duration, PR interval, QRS duration, and QTc interval com-
pared to those without SND.

Sodium channels play an important role in pacemaking of the
heterogeneous sinus nodal tissue [18]. SCN5A gene mutations lead
to loss of function of the cardiac sodium current, resulting in
reduced action potential upstroke velocity and slowed impulse
propagation [8]. Two different mechanisms have been suggested

to underlie SND due to SCN5A gene mutations: (i) a slowed con-
duction between the sino-atrial node and the atria, due to an
increased stimulus threshold in the atrial myocardium and (ii) a dis-
order of the sino-atrial node itself; although predominantly calcium
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Fig. 1. Ambulatory monitoring showing several episodes of sinus arrest (patient 2).

currents are responsible for the action potential upstroke in sino-
atrial and atrioventricular nodal cell, sodium channels also play
a significant role in pacemaking of the heterogeneous sino-atrial
nodal tissue [18]. Experimental studies in heterozygous SCN5A
knockout mice have shown that SND attributed to sodium current
reduction involves reduced automaticity, and conduction slowing
or blocking of action potentials from the sino-atrial node to the
surrounding atrial muscle [19].

Previous studies have indicated that single SCN5A gene muta-
tions can be responsible for both BS and SND. In a previous
study, among 38 patients clinically diagnosed with BS, heterozy-
gous SCN5A gene mutations were identified in 4 subjects. All of
them had bradyarrhythmic complications including three with
SND and one with paroxysmal complete atrioventricular block.
None of these probands had additional SCN5A mutations, sug-
gesting that this type of “loss of function” overlap syndrome (BS
plus SND/atrioventricular block) may  result from a single SCN5A
mutation [9].  Morita et al. have shown that sinus node function is
impaired in patients with Brugada ECG pattern and inducible ven-
tricular fibrillation at EPS compared with those without inducible
arrhythmias. In this study, abnormal values of cSNRT occurred in 6%
of patients without induced arrhythmias and 31% of patients with
induced VT/VF [13]. Sumiyoshi et al. reported 3 patients with symp-
tomatic BS and documented sinus pauses >3 s. EPS demonstrated
prolonged SNRT in 2 patients, and a PM was  initially implanted
before the diagnosis of BS [14]. In the study of Bordachar et al., the
incidence of SND (diurnal heart rate <55 beats/min and prolonged
cSNRT >525 ms)  in patients with BS was  17% [20]. In a retrospective
analysis, among 487 patients diagnosed with SND, BS ECG phe-
notype was found in 14 patients (2.87%) including 4 (0.82%) with
type 1 and 10 (2.05%) with type 2. During follow-up, 2 out of the
4 patients with type 1 ECG pattern experienced a VT/VF episode
[21]. Spontaneous augmentation of ST-segment elevation in daily
life has been described along with an increase in vagal activity in BS
patients [22]. A circadian variation of fluctuation in ST-segment ele-
vation has been demonstrated, and ST-segment elevation always
becomes prominent just before VT/VF episodes [23]. In BS, VT/VF
and sudden cardiac death mainly occur in the resting state, predom-
inantly during sleep [24]. Previous studies have also demonstrated
a rate dependence of both the J-wave amplitude and ST-segment
elevation [25]. These phenomena could be caused by a slow recov-
ery from the inactivation of the Ito current [26]. Sino-atrial block
with sinus pauses or sinus bradycardia may  therefore lead to aug-

mentation of the ST-segment elevation and VT/VF events. Thus, the
possibility of SND should be taken into consideration in patients
with BS.
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Fig. 2. Electrocardiographic tracing (25 mm/s) and endocardial signals from the high right atrium and the His-bundle region showing a spontaneous episode of sinus arrest
during  electrophysiological study (patient 6). HRA, high right atrium electrogram recorded from proximal bipole; HRA STIM, high right atrium electrogram recorded from
distal  bipole (used for stimulation); HBED, His-bundle electrogram recorded from the distal bipole; HBEP, His-bundle electrogram recorded from the proximal bipole.

Table  2
Clinical, electrocardiographic and electrophysiological data of subjects with and without SND.

Variables Subjects with SND (n = 6) Subjects without SND (n = 62) p-Value

Age (years) 43.16 ± 6.82 44.93 ± 13.23 0.749
Males  (n) 3 (50%) 52 (83.9%) 0.044
History of syncope (n) 6 (100%) 22 (35.5%) 0.002
Family history of BS/SCD (n) 2 (33.3%) 16 (25.8%) 0.690
Spontaneous ECG type 0.721

Type  1 (n) 2 (33.3%) 25 (40.3%)
Type 2 (n) 3 (50%) 21 (33.9%)
Type 3 (n) 1 (16.7%) 16 (25.8%)

P-wave duration in lead II (ms) 148.33 ± 31.25 113.25 ± 17.04 <0.001
P-wave duration in lead V2 (ms) 110.00 ± 24.49 90.73 ± 16.01 0.009
PR  interval in lead II (ms) 231.66 ± 44.90 174.35 ± 28.45 <0.001
PR  interval in lead V2 (ms) 219.16 ± 48.82 164.11 ± 26.77 0.009
QRS  in lead II (ms) 119.16 ± 13.57 101.20 ± 20.07 0.036
QRS  in lead V2 (ms) 131.66 ± 12.11 109.67 ± 15.59 0.001
QTc  in lead II (ms) 423.13 ± 42.77 408.32 ± 30.35 0.275
QTc  in lead V2 (ms) 463.18 ± 45.88 417.31 ± 39.49 0.009
EPS  (n) 5 (83.3%) 32 (51.6%) 0.136
AH  interval (ms) 154.80 ± 30.90 89.76 ± 19.66 <0.001
HV  interval (ms) 65.80 ± 18.79 48.57 ± 11.00 0.011
cSNRT (ms) 1366.66 ± 550.75 283.33 ± 15.27 0.027
Inducible VT at EPS (n) 2 (40%) 23 (65.4%) 0.267
ICD  implantation (n) 4 (66.6%) 24 (38.7%) 0.184
PM  implantation (n) 2 (33.3%) 0 (0%) <0.001
Atrial  arrhythmias during follow-up (n) 3 (50%) 11 (17.7%) 0.062
Ventricular arrhythmic events during follow-up (n) 0 (0%) 5 (8.1%) 0.470

S lectro
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ND, sinus node disease; BS, Brugada syndrome; SCD, sudden cardiac death; ECG, e
ime;  VT, ventricular tachycardia; ICD, implantable cardioverter defibrillator; PM,  p

In the present report, we showed that a significant number
f subjects with type 1 ECG pattern of BS display SND (8.8%).
he most common cause of SND in these patients was sino-atrial
lock leading to sinus pauses >3 s. Two of these patients were

nitially diagnosed with SND, and received a PM.  These patients
emained asymptomatic during a long-term follow-up period (25
nd 7 years, respectively). SND may  be the predominant pheno-
ype in these patients, a fact that may  explain their benign clinical
ourse [27]. Another possible explanation is that cardiac pacing
lower rate of 60 beats/min) may  protect these patients from severe
radycardia that could induce augmentation of the ST-segment

levation and VT/VF events [22–25].  Based on the current recom-
endations, an ICD should be implanted in symptomatic patients
ith the diagnostic ECG of BS [2].  In our study, an upgrade to an

CD was offered in both patients who initially received a PM.  We
cardiogram; EPS, electrophysiological study; cSNRT, corrected sinus node recovery
aker.

additionally showed that subjects with type 1 ECG pattern of BS and
SND display increased P-wave duration and PR interval. Further-
more, cSNRT was abnormal in all cases with SND who  underwent
an EPS. Previous studies have shown that patients with BS display
an increased P-wave duration and PR interval, particularly those
with an SCN5A gene mutation [28,29].  These findings suggest that
the reduced sodium current and the intra-atrial conduction veloc-
ity possibly underlie the mechanisms of increased P-wave duration
and PR interval in patients with BS. In addition, the PROSPER study
has demonstrated that prolonged P-wave duration and PR inter-
val provides significant information on the risk of developing atrial

fibrillation [30]. In our study, a trend toward a higher rate of
atrial arrhythmias was observed in subjects with SND. SND is often
associated with atrial tachyarrhythmias (tachy–brady syndrome)
[31,32]. Fibrotic atrial cardiomyopathy may  be the underlying
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athophysiology even in the young subjects with SND and atrial
rrhythmias [32]. Morimoto et al. reported an autopsy case of BS
ith significant lesions in the sinus node, including reduction of the
odal cells and fibrosis [15]. Subjects with BS ECG pattern and SND
xhibited increased QRS duration and QTc interval compared to
hose without SND, an event that possibly reflects an advanced elec-
rical disease. However, none of those diagnosed with SND suffered
yncope or ICD therapies.

imitations

The present study has several limitations. First, it is a retrospec-
ive analysis and hence is subject to the limitations inherent in any
etrospective study. Second, a small number of subjects with SND
ere studied. Third, chronotropic incompetence which is a mani-

estation of SND was not evaluated. Fourth, EPS was  not performed
n all subjects. Finally, screening for SCN5A gene mutations was
erformed in only 6 subjects.

onclusions

SND is not an uncommon finding in subjects with type 1
CG phenotype of BS. The occurrence of SND in relatively young
atients is puzzling, and deserves meticulous investigation includ-

ng sodium channel blocking test. In patients with SND and Brugada
ign who display recurrent arrhythmogenic syncope following PM
mplantation, an upgrade to an ICD should be offered. The progno-
tic significance of SND in BS should be evaluated in prospective
tudies.

eferences

[1] Brugada P, Brugada J. Right bundle branch block, persistent ST segment ele-
vation and sudden cardiac death: a distinct clinical and electrocardiographic
syndrome—a multicenter report. J Am Coll Cardiol 1992;20:1391–6.

[2] Antzelevitch C, Brugada P, Borggrefe M,  Brugada J, Brugada R, Corrado D,
Gussak I, LeMarec H, Nademanee K, Perez Riera AR, Shimizu W,  Schulze-Bahr
E, Tan H, Wilde A. Brugada syndrome: report of the second consensus confer-
ence: endorsed by the Heart Rhythm Society and the European Heart Rhythm
Association. Circulation 2005;111:659–70.

[3] Omiya T, Shimizu A, Ueyama T, Yoshiga Y, Doi M, Hiratsuka A, Fukuda M,
Yoshida M,  Matsuzaki M.  Effects of isoproterenol and propranolol on the
inducibility and frequency of ventricular fibrillation in patients with Brugada
syndrome. J Cardiol 2012;60:47–54.

[4] Ohkubo K, Watanabe I, Okumura Y, Kofune M,  Nagashima K, Mano H,
Sonoda K, Nakai T, Kasamaki Y, Hirayama A. Prevalence of prominent J waves
in  patients presenting with ventricular fibrillation without structural heart
disease: a single-center study. J Cardiol 2012;59:313–20.

[5]  Amin AS, Asghari-Roodsari A, Tan HL. Cardiac sodium channelopathies. Pflugers
Arch 2010;460:223–37.

[6] Remme CA, Wilde AA, Bezzina CR. Cardiac sodium channel overlap syndromes:
different faces of SCN5A mutations. Trends Cardiovasc Med  2008;18:78–87.

[7] Fowler SJ, Priori SG. Clinical spectrum of patients with a Brugada ECG. Curr Opin
Cardiol 2009;24:74–81.

[8] Smits JP, Koopmann TT, Wilders R, Veldkamp MW,  Opthof T, Bhuiyan ZA,
Mannens MM,  Balser JR, Tan HL, Bezzina CR, Wilde AA. A mutation in the
human cardiac sodium channel (E161K) contributes to sick sinus syndrome,
conduction disease, and Brugada syndrome in two  families. J Mol Cell Cardiol
2005;38:969–81.

[9]  Makiyama T, Akao M,  Tsuji K, Doi T, Ohno S, Takenaka K, Kobori A, Ninomiya
T,  Yoshida H, Takano M,  Makita N, Yanagisawa F, Higashi Y, Takeyama Y, Kita
T,  et al. High risk for bradyarrhythmic complications in patients with Brugada

syndrome caused by SCN5A gene mutations. J Am Coll Cardiol 2005;46:2100–6.

10] Shimizu N, Iwamoto M,  Nakano Y, Sumita S, Ishikawa T, Hokosaki T, Akaike T,
Nishizawa T, Takigiku K, Shibata T, Niimura I. Long-term electrocardiographic
follow-up from childhood of an adult patient with Brugada syndrome associ-
ated with sick sinus syndrome. Circ J 2009;73:575–9.

[

iology 61 (2013) 227–231 231

11] Fazelifar AF, Haghjoo M,  Emkanjoo Z, Alizadeh A, Alasti M, Peighambari M,
Sadr-Ameli MA.  Brugada-type ECG association with unexpected sick sinus syn-
drome. Pacing Clin Electrophysiol 2006;29:204–6.

12] Nakazato Y, Suzuki T, Yasuda M,  Daida H. Manifestation of Brugada syndrome
after pacemaker implantation in a patient with sick sinus syndrome. J Cardio-
vasc Electrophysiol 2004;15:1328–30.

13] Morita H, Fukushima-Kusano K, Nagase S, Miyaji K, Hiramatsu S, Banba K,
Nishii N, Watanabe A, Kakishita M,  Takenaka-Morita S, Nakamura K, Saito H,
Emori T, Ohe T. Sinus node function in patients with Brugada-type ECG. Circ J
2004;68:473–6.

14] Sumiyoshi M, Nakazato Y, Tokano T, Yasuda M,  Mineda Y, Nakata Y, Daida
H. Sinus node dysfunction concomitant with Brugada syndrome. Circ J
2005;69:946–50.

15] Morimoto S, Uemura A, Hishida H. An autopsy case of Brugada syn-
drome with significant lesions in the sinus node. J Cardiovasc Electrophysiol
2005;16:345–7.

16] Mizumaki K, Fujiki A, Nishida K, Sakabe M, Tsuneda T, Sugao M,  Iwamoto J,
Nagasawa H, Inoue H. Bradycardia-dependent ECG changes in Brugada syn-
drome. Circ J 2006;70:896–901.

17] Epstein AE, Dimarco JP, Ellenbogen KA, Estes 3rd NA, Freedman RA, Gettes LS,
Gillinov AM,  Gregoratos G, Hammill SC, Hayes DL, Hlatky MA,  Newby LK, Page
RL, Schoenfeld MH,  Silka MJ,  et al. ACC/AHA/HRS 2008 guidelines for device-
based therapy of cardiac rhythm abnormalities: executive summary. Heart
Rhythm 2008;5:934–55.

18] Kodama I, Nikmaram MR,  Boyett MR,  Suzuki R, Honjo H, Owen JM.  Regional
differences in the role of the Ca2+ and Na+ currents in pacemaker activity in the
sinoatrial node. Am J Physiol 1997;272:H2793–806.

19] Lei M,  Goddard C, Liu J, Léoni AL, Royer A, Fung SS, Xiao G, Ma A, Zhang H,
Charpentier F, Vandenberg JI, Colledge WH,  Grace AA, Huang CL. Sinus node
dysfunction following targeted disruption of the murine cardiac sodium chan-
nel gene Scn5a. J Physiol 2005;567:387–400.

20] Bordachar P, Reuter S, Garrigue S, Caï X, Hocini M, Jaïs P, Haïssaguerre M,
Clementy J. Incidence, clinical implications and prognosis of atrial arrhythmias
in  Brugada syndrome. Eur Heart J 2004;25:879–84.

21] Hayashi H, Sumiyoshi M,  Yasuda M,  Komatsu K, Sekita G, Kawano Y, Tokano
T,  Nakazato Y, Daida H. Prevalence of the Brugada-type electrocardiogram and
incidence of Brugada syndrome in patients with sick sinus syndrome. Circ J
2010;74:271–7.

22] Mizumaki K, Fujiki A, Tsuneda T, Sakabe M,  Nishida K, Sugao M, Inoue H. Vagal
activity modulates spontaneous augmentation of ST elevation in the daily life of
patients with Brugada syndrome. J Cardiovasc Electrophysiol 2004;15:667–73.

23] Kasanuki H, Ohnishi S, Ohtuka M,  Matsuda N, Nirei T, Isogai R, Shoda
M,  Toyoshima Y, Hosoda S. Idiopathic ventricular fibrillation induced
with vagal activity in patients without obvious heart disease. Circulation
1997;95:2277–85.

24] Matsuo K, Kurita T, Inagaki M,  Kakishita M,  Aihara N, Shimizu W,  Taguchi A,
Suyama K, Kamakura S, Shimomura K. The circadian pattern of the develop-
ment of ventricular fibrillation in patients with Brugada syndrome. Eur Heart J
1999;20:465–70.

25] Yan GX, Antzelevitch C. Cellular basis for the Brugada syndrome and other
mechanisms of arrhythmogenesis associated with ST-segment elevation. Cir-
culation 1999;100:1660–6.

26] Yan GX, Antzelevitch C. Cellular basis for the electrocardiographic J wave. Cir-
culation 1996;93:372–9.

27] Benson DW,  Wang DW,  Dyment M, Knilans TK, Fish FA, Strieper MJ,  Rhodes
TH, George Jr AL. Congenital sick sinus syndrome caused by recessive muta-
tions in the cardiac sodium channel gene (SCN5A). J Clin Invest 2003;112:
1019–28.

28] Yokokawa M, Noda T, Okamura H, Satomi K, Suyama K, Kurita T, Aihara
N, Kamakura S, Shimizu W.  Comparison of long-term follow-up of electro-
cardiographic features in Brugada syndrome between the SCN5A-positive
probands and the SCN5A-negative probands. Am J Cardiol 2007;100:
649–55.

29] Yamada T, Watanabe I, Okumura Y, Takagi Y, Okubo K, Hashimoto K, Shindo A,
Nakai T, Kasamaki Y, Saito S. Atrial electrophysiological abnormality in patients
with Brugada syndrome assessed by P-wave signal-averaged ECG and pro-
grammed atrial stimulation. Circ J 2006;70:1574–9.

30] Macfarlane PW,  Murray H, Sattar N, Stott DJ, Ford I, Buckley B, Jukema JW,
Westendorp RG, Shepherd J. The incidence and risk factors for new onset atrial
fibrillation in the PROSPER study. Europace 2011;13:634–9.

31] Minamiguchi H, Nanto S, Onishi T, Watanabe T, Uematsu M,  Komuro I. Low
atrial septal pacing with dual-chamber pacemakers reduces atrial fibrillation

in sick sinus syndrome. J Cardiol 2011;57:223–30.

32] Kottkamp H. Fibrotic atrial cardiomyopathy: a specific disease/syndrome sup-
plying substrates for atrial fibrillation, atrial tachycardia, sinus node disease, AV
node disease, and thromboembolic complications. J Cardiovasc Electrophysiol
2012;23:797–9.


	Sinus node disease in subjects with type 1 ECG pattern of Brugada syndrome
	Introduction
	Methods
	Patient population
	Definition of sinus node disease
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusions
	References


