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Abstract

In this chapter a detailed overview on Brugada syndrome and the early repolari-
sation syndrome is presented. These two disease entities are associated with
malignant arrhythmias and sudden death in otherwise healthy young adults and
even children. We discuss their history, clinical perspectives (including patient
characteristics and epidemiology), the pathway to the diagnosis, pathophysiolog-
ical mechanisms (including genetic associations) and review clinical risk stratifi-
cation and treatment. With this chapter we aim to provide a thorough insight in
the knowledge base that has developed in these entities in the past decades and
we specifically included current debates and uncertainties that are relevant to
daily practice and influence our judgements. Undoubtedly our understanding of
these syndromes will continue to develop and influence the management of
patients and their families in the coming years. Relevant topics for future research
in these syndromes are likewise provided. We sincerely hope that this chapter is
of practical use for al health care professionals and researchers in this field and
that it will contribute to a better understanding and care for affected patients and
their families.
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14.1 Introduction: Brugada Syndrome

The brothers Pedro and Josep Brugada described the Brugada syndrome as a dis-
tinct clinical entity in 1992. In their initial publication, they reported eight patients
with a specific ECG pattern (Fig. 14.1) and repeated episodes of aborted sudden
cardiac death [1]. The contemporary concept of Brugada syndrome is a disorder
characterized by sudden cardiac death at relatively young age, with familial segre-
gation, an apparent absence of gross structural abnormalities or ischemic heart
disease, and specific electrocardiographic characteristics [2, 3]. Sudden cardiac
death is caused by fast polymorphic ventricular tachycardia (VT) and ventricular
fibrillation (VF) that typically occur in situations associated with an increased
vagal tone. In some patients with Brugada syndrome, fever or drugs provoke the
electrocardiographic characteristics and the life-threatening arrhythmias. Brugada
syndrome is characterized on the electrocardiogram (ECG) by ST segment eleva-
tion directly followed by a negative T-wave in the right precordial leads and in
leads positioned one or two intercostal space higher (Fig. 14.2), also referred to as
a coved type Brugada ECG [4-6] or type 1 Brugada ECG [3]. This specific ECG
hallmark typically fluctuates over time, and in some patients it may only be elicited
after provocation with class 1A or class 1C antiarrhythmic drugs [7, 8].

-_—
—_—
-

Type 1 Type 2 Type 3
Coved type Saddleback

Fig. 14.1 ST segment morphologies recognized in Brugada syndrome: type 1, 2 and 3 (type 2 and
3 also recognized as type 2 only)
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In retrospect, the type 1 Brugada ECG was described as early as 1953 in three
otherwise healthy patients who presented with atypical substernal discomfort or for
routine medical testing [9]. One year later, ten more patients were described with ST
elevation in the right precordial leads, including again clear-cut type 1 ECGs, with-
out apparent heart disease and lack of events during follow-up [10]. Furthermore,
3 years before the publication of Brugada and Brugada in 1992, the characteristic
Brugada ECG has been described in one out of six cases of VF without apparent
heart disease [11].

In the late 1970s and 1980s in the United States, unexplained nocturnal death was
reported in many refugees from East and Southeast Asia, mainly men [12]. This pat-
tern of sudden death during sleep was already known for many centuries in Japan by
the name Pokkuri (sudden unexpected death at night), and it was often prayed for as
to end life without pain and suffering [13]. In the Philippines the same phenomenon
is known as Bangungut (moaning and dying during sleep), in northeast Thailand as
laitai (died during sleep), and in Laos as non-laitai (sleep death) [14, 15]. When stud-
ied, a considerable number of these patients displayed a Brugada-type ECG [14].

Different genes have been associated with Brugada syndrome since its descrip-
tion. First, in the late 1990s, cardiac sodium channel (SCN5A) mutations were docu-
mented in Brugada syndrome patients [16, 17]. Studies using heterologous
expression in Xenopus oocytes demonstrated that these mutations resulted in loss-
of-function of the cardiac sodium channels. Well over 300 SCN5A mutations associ-
ated with Brugada syndrome have been described [18], but SCN5A mutations are
present in only 15%-30% of clinically diagnosed cases. Some Brugada-‘mutations’
have been found in control populations as well or were not proven to segregate with
the phenotype, challenging their pathogenicity [19-23]. Second, the gene which
encodes for the glycerol-3-phosphate dehydrogenase 1-like protein (GPDIL), was
correlated with Brugada syndrome in a single large family [24, 25]. In their report,
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London et al. report a reduction of sodium current in human embryonic kidney
(HEK) cells expressing the mutated GPDIL gene versus wild-type controls, alike
the SCN5A mutations linked with Brugada syndrome [26]. Third, loss-of-function
missense mutations in the genes encoding for the L-type calcium channel
(CACNAIC, CACNB2 and CACNA2DI) were reported in Brugada syndrome
patients [27, 28]. Additionally, in a subset of these patients carrying a calcium chan-
nel mutation, the heart rate corrected QT interval appeared to be shorter than nor-
mal. Finally, in rare cases mutations in SCNIB, SCN2B, SCN3B, SCN10A, KCND3,
KCNE3, KCNJS,ABCCY9, TRPM4, SLMAP, MOG1, PKP2, FGF12, and HCN4 have
been associated with Brugada syndrome [29-43].

Notwithstanding the identification of as yet unknown genetic mutations and
pathophysiologic mechanisms, clinical decision making in Brugada syndrome
remains a daunting task. Implantation of an implantable cardioverter defibrillator
(ICD) is the generally accepted therapy for the prevention of sudden death in
patients affected by Brugada syndrome [44-48]. Oral therapy with quinidine may
also prove valuable [49-55]. Importantly, risk stratification in asymptomatic patients
is heavily debated, as it is still unclear how to correctly identify the large number of
patients who will not develop life-threatening arrhythmias and how to prevent over-
treating patients with ICD-therapy and its own associated morbidity and mortality
[48, 56, 57].

14.2 Clinical Presentation
14.2.1 Epidemiology

The prevalence of the Brugada ECG is estimated at 1/2000 [58]. This is quite simi-
lar to long QT syndrome with an estimated prevalence of 1/2000 [59], but less than
hypertrophic cardiomyopathy with a prevalence of 1/500 [60]. The exact preva-
lence of Brugada-like ECGs is difficult to estimate partly because the specific ECG
pattern typically fluctuates over time and can be intermittently concealed [61, 62].
Furthermore, many patients with a spontaneous or inducible Brugada ECG are
asymptomatic, and therefore will not come under medical attention and will remain
without diagnosis. Also higher placed right precordial leads will often not be pur-
posely used. The prevalence of the spontaneous Brugada syndrome ECG also
seems to vary between different regions in the world (Fig. 14.3). Brugada syn-
drome would be most prevalent in East and Southeast Asia, particularly Japan,
Thailand, and the Philippines, where it is part of the sudden unexplained (noctur-
nal) death syndrome (SUDS or SUNDS), which has been described as a major
cause of death among young men [14, 92, 93]. In Europe, Brugada syndrome is
also quite extensively described [20, 44, 94]. In the northern part of Europe [70] as
well as in the United States [90] its prevalence seems to be lower. The worldwide
prevalence of the spontaneous type 1 Brugada ECG from current prevalence stud-
ies (Fig. 14.3) is 0.05 £ 0.14% and of the type 2-3 ECG this is 0.17 = 1.38%
(n =437,190).
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Fig. 14.3 Combined prevalence data of the spontaneous Brugada syndrome ECG in different
parts of the world from 2000 to 2012. Bars represent mean prevalence in percentages. Only reports
in English were considered. Prevalence studies in adolescents or children [63-65] were discarded
for this figure. As the type 1 ECG was only recognized after the first consensus report [3], preva-
lence in two studies was acknowledged as type 1 only [66, 67], a coved type ECG was acknowl-
edged as type 1, a saddleback or suspicious ECG as type 2-3. It should be noted that the populations
studied and the methods used vary importantly. This figure is similar to [58]. Austria [68], Denmark
[69], Finland [70], France [71, 72], Germany [73], Greece [74], Turkey [75], Israel [76], Iran [77],
Italy [78], Japan [66, 79-83], Pakistan [84], Philippines [85], South Korea [86, 87], Taiwan [88],
USA [67, 89-91]

14.2.2 The Patient

Malignant arrhythmic events can occur at all ages, from childhood to the elderly [1,
95, 96] with a peak around the fourth decade [2] of life. To our knowledge, the
youngest patient clinically diagnosed with Brugada syndrome was 2 days old, [97]
and the oldest 85 years old [98]. It has been estimated that Brugada syndrome is
responsible for 4—12% of all sudden cardiac deaths and up to 20% of sudden cardiac
deaths in patients without apparent structural heart disease [99]. However, these
estimations have not been verified and may well be overestimating the true casual-
ties due to Brugada syndrome. Still, Brugada syndrome may also be a cause of sud-
den infant death syndrome (SIDS) [95, 100]. Some patients present with palpitations
or dizziness, but increasingly the clinical scenario is the detection of a Brugada
ECG in an asymptomatic individual [72, 94, 101]. In a meta-analysis in 2007 of
1217 Brugada syndrome patients (defined by a spontaneous or inducible Brugada
ECG and excluding case reports) the majority was asymptomatic (59%, range
0-80%) [102]. In a more recent meta-analysis of 1312 subjects the number of
asymptomatic patients was even higher (67%) [103].
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When sudden death occurs, it is most likely the result of fast polymorphic VT
originating from the right ventricle/right ventricular outflow tract [104], which sub-
sequently degenerates into VF leading to cardio-circulatory arrest. The onset of
these life-threatening arrhythmias typically occurs in situations with an augmented
vagal tone [105], during sleep [106], or after large meals [107, 108]. Indeed, the
latter gave rise to the suggestion of the use of a “full stomach test” as a diagnostic
tool [109]. Hyperthermia, particularly fever, may also provoke the ECG or arrhyth-
mias in a subset of affected patients [55, 110-114]. Furthermore, a large number of
drugs have been reported to induce Brugada syndrome, or Brugada syndrome-like
ECG characteristics; for example antiarrhythmic drugs, anti-anginal drugs, psycho-
tropic drugs, and also substances like cocaine and alcohol [2, 3, 115]. Some Brugada
syndrome patients may experience agonal respiration at night, when arrhythmias
are most prevalent [14, 106]. This is explained by self-terminating VT, which can
provoke (recurrent) syncope [116—119]. Clinical presentation with sustained mono-
morphic ventricular tachyarrhythmia, although quite uncommon, has also been
described [120-125].

In most patients, premature ventricular complexes are scarce during 24-hour
Holter monitoring, but premature ventricular complexes can occur [116] and may
increase before the spontaneous onset of VF [126]. The morphology of the preced-
ing premature ventricular contractions appears to be identical to the first beat of
VE. Repetitive episodes of VF may be initiated by premature ventricular contrac-
tions of similar morphology [126]. Most premature ventricular contractions have a
left bundle branch block morphology, indicating an origin in the right ventricle.
There seems to be a predilection site of origin in the right ventricular outflow tract,
but also extra systoles from the right ventricular free wall, septum and apex contrib-
ute and are capable of initiating VF [104]. Further confirmation of the relationship
between these right ventricular extra systoles and VF was derived from a study in
three Brugada syndrome patients using endocardial catheter ablation of focal trig-
gers of VF at different sites in the right ventricle [127]. This therapy resulted in the
absence of further episodes of tachy-arrhythmias during short-term follow-up.
Large studies using this strategy of endocardial ablation of VF-initiating extra-
systoles with long-term follow-up are lacking, however. Moreover, epicardial abla-
tion has now emerged as a more promising treatment [128].

Although the most impressive ECG characteristics in Brugada syndrome are the
changes in the right precordial leads, other ECG abnormalities are frequently occur-
ring. Supraventricular arrhythmias, mainly atrial fibrillation, are very common with
a prevalence between 10 and 39% [129-132]. Supraventricular arrhythmias were
found to be more prevalent in patients who had an indication for ICD for either
symptoms or inducible VT/VF during electrophysiological study [133, 134].
Importantly, atrial arrhythmias may often lead to inappropriate ICD shocks [47, 48,
56, 57, 134, 135].

For a syndrome that inherits as an autosomal dominant trait with equal transmis-
sion to both genders, there is a striking male to female ratio of 4 to 1 [102, 103, 136].
Testosterone is probably a contributor to this gender disparity; surgical castration of
two Brugada syndrome patients for prostate cancer normalized their ECGs [137],
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and testosterone levels in Brugada syndrome patients were found to be higher when
compared to controls [138]. Sex hormones were suggested to modulate potassium
and calcium currents during the repolarisation phase of the action potential [139].
Where testosterone may shorten the action potential duration [140], oestrogen may
lengthen action potential duration [141]. Furthermore, a different distribution of
certain ionic currents, particularly /., in males versus females may contribute [140].
Whether a difference in, for example, structural changes (fibrosis) may also play a
role is uncertain.

14.3 Electrocardiography and Diagnosis
14.3.1 The Brugada ECG

Since its description in 1992, the signature sign of Brugada syndrome is its charac-
teristic ECG [1, 44]. Patients with a spontaneous Brugada ECG and symptoms are
considered to be at a high risk for sudden death secondary to VT/VF [44, 46, 94,
103, 136]. The electrocardiographic manifestation of Brugada syndrome is typically
dynamic and may often be concealed. The latter has important consequences for
risk stratification and follow-up of these patients, as patients with dynamic ECGs
can still be at risk for future arrhythmic events [107, 142, 143]. Furthermore, the
ECG may be influenced or elicited by hyperthermia and drugs.

The diagnosis of Brugada syndrome requires the demonstration of the “type 1”
ECG pattern (Fig. 14.1) [2, 3, 144]. Since 2013, this type 1 Brugada ECG consists
of >2 mm J point elevation in at least one of the right precordial leads (V1 and V2),
in the standard 4th, or in the 3rd or 2nd intercostal space, gradually descending into
anegative T-wave (also known as a “coved type” morphology of the ST-T segment).
While between 2002 and 2013, V3 was also included but higher right precordial
leads were not included in the consensus criteria (although they were increasingly
used by many expert centres in the world). In some patients, the Brugada syndrome
type 1 ECG is exclusively diagnosed in the leads positioned in the 3rd or 2nd inter-
costal space [5, 6, 145]. The reason why the characteristic Brugada ECG can be
found in different intercostal spaces is most probable due to varying positions of the
right ventricular outflow tract [146]. Importantly, with the higher placement of the
V1 and V2 leads (Fig. 14.2), sensitivity increases and there do not seem to be false-
positive test results [147]. Also the prognosis of patients with a spontaneous type 1
morphology exclusively in the leads positioned in the third intercostal seems to be
similar to patients with a spontaneous type 1 morphology in V1 and V2 [148].
However, large prospective and long-term follow-up studies in the use of higher
placed V1 and V2 are still lacking.

The type 1 ECG may be spontaneously present or provoked by drugs or hyper-
thermia. In the first and the second consensus report, the definite diagnosis of
Brugada syndrome required, in addition to the type 1 ECG, either documented VT
or VF, a family history of sudden cardiac death at <45 years old, coved-type ECGs
in family members, syncope, inducibility of VI/VF with programmed electrical
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stimulation, or nocturnal agonal respiration [2, 3]. In the third consensus report in
2013, these additions were abandoned and only the ECG pattern, in the absence of
an alternative diagnosis (‘phenocopy’), was regarded sufficient for the diagnosis of
Brugada syndrome.

Previously, there were two other ECG patterns recognized in Brugada syndrome,
a type 2 and a type 3 ECG, although they are not considered to be specific and,
importantly, not diagnostic (Fig. 14.1). Since 2013, these both ECG patterns have
been renamed to type 2 patterns. This can be a “saddleback™ appearance; consisting
of >2 mm J elevation followed by a descending ST segment that does not reach the
baseline and then giving rise to a positive or biphasic T-wave or a type 3 Brugada
ECG with the morphology of a type 1 or saddleback ECG with >2 mm J elevation
but characterized by a smaller magnitude of the ST elevation (<1 mm) [144, 149].
Due to its typical dynamic nature, the type 1 ECG can change from and to a type 2
or normal ECG spontaneously or under influence of hyperthermia or drugs.
Interestingly, the magnitude of ST elevation does not differ between Brugada syn-
drome patients with or without a SCN5A mutation [22]. As discussed earlier in this
chapter, many drugs and substances are capable of inducing a type 1 ECG in patients
with Brugada syndrome. For clinical purposes this knowledge is used as a diagnos-
tic tool to evoke a type 1 ECG in patients suspected of Brugada syndrome who do
not display a spontaneous type 1 ECG, for example, in case of symptoms (syncope,
aborted sudden cardiac death) or as part of familial screening for Brugada syn-
drome. For this purpose, sodium channel blockers such as ajmaline, flecainide, pil-
sicainide, or procainamide are mostly used (Table 14.1) [2, 3]. The diagnostic
accuracy of drug challenge in patients suspected of Brugada syndrome is higher
with the use of ajmaline over flecainide, while equally safe [150]. Safety of drug
challenges for Brugada syndrome is ensured when the test is performed using con-
tinuously 12-lead ECG monitoring, with cardioverter defibrillators and advanced
cardiac life support close at hand and discontinuation of the test when a type 1 ECG
is obtained, when ventricular extra systoles or VT develops or when the QRS dura-
tion increases more than 30% [3]. As a type 1 ECG is associated with ventricular
arrhythmias, drugs or substances associated with a type 1 ECG need to be avoided
in patients diagnosed with Brugada syndrome (Table 14.2). Particular attention
should also be given to general anesthesia in Brugada syndrome patients [151-155].

Table 14.1 Drugs used for provocation of the Brugada ECG

Drug Dosage (mg/kg)
Ajmaline V1

Flecainide v2
Procainamide IV 10
Pilsicainide V1

Notes: IV denotes intravenously. Ajmaline administration particularly differs between studies/cen-
tres (e.g., bolus every minute versus continuous administration, total dose in 5 min versus 10 mg/
min up to maximal dose). Flecainide may be administered over 10 min or also as 10 mg/min.
Flecainide is often maximized at 150 mg. Procainamide and pilsicainide are more routinely admin-
istered over 10 min
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Table 14.2 Drugs known to induce Brugada or Brugada-like ECGs and arrhythmias

Anti-arrhythmic drugs
1 | To be avoided by Brugada syndrome patients

Ajmaline, allapinine, ethacizine, flecainide, pilsicainide, procainamide, propafenone
2 | Preferably avoided by Brugada syndrome patients
Amiodarone, cibenzoline, disopyramide, lidocaine, propranolol, verapamil, vernakalant

Anesthetics

1 | To be avoided by Brugada syndrome patients

2 | Bupivacaine, Procaine, Propofol

Preferably avoided by Brugada syndrome patients
Ketamine, Tramadol

Psychotropic drugs

1 | To be avoided by Brugada syndrome patients

Amitriplyline, clomipramine, desipramine, lithium, loxapine, nortriptyline, oxcarbazepine,
trifluoperazine

2 | Preferably avoided by Brugada syndrome patients

Bupropion, carbamazepine, clothiapine, cyamemazine, dosulepine, doxepine, fluoxetine,
fluvoxamine, imipramine, lamotrigine, maprotiline, paroxetine, perphenazine, phenytoin,
thioridazine

Other drugs and substances

1 | To be avoided by Brugada syndrome patients

2 | Acetylcholine, alcohol (toxicity), cannabis, cocaine, ergonovine

Preferably avoided by Brugada syndrome patients

Demenhydrinate, diphenhydramine, edrophonium, indapamide, metoclopramide,
terfenadine/fexofenadine

Source: Status of www.BrugadaDrugs.org in May 2016, adapted from [115], see www.
BrugadaDrugs.org

The administration of isoprotenerol, a p-receptor agonist, and/or quinidine may
effectively be used to treat repetitive ventricular arrhythmias or electrical storms
[50, 105, 156-159].

As mentioned earlier, hyperthermia also evokes a type 1 ECG or ventricular
arrhythmias in a (large) subset of Brugada syndrome patients. Several reports
revealed the presence of a type 1 ECG or episodes of arrhythmias during febrile ill-
ness, often in children [55, 113, 114, 121, 160-163]. Elevation of the core body
temperature e.g. during hot baths may have a similar effect [164] and in Russia hot
baths are even discouraged for Brugada patients (www.BrugadaDrugs.org/patient-
letter/). It also seems that patients with a fever induced Type-1 ECG have a slightly
higher risk than patients with only a drug-induced Type-1 ECG [165]. Treating
fever with antipyretic agents such as paracetamol (U.S.: Acetaminophen) and/or
antibiotics may prove valuable in these cases. If hyperthermia persists and arrhyth-
mias cannot be counteracted, cooling the patient by all means may be the ultimate
rescue (personal communication Dr. Pedro Brugada, ESC congress 2006).

There is a wide differential diagnosis of clinical conditions accompanied by coved-
like or elevated ST segments in the right precordial ECG leads, and these should be
ruled out before a conclusive diagnosis of Brugada syndrome is made (Table 14.3) [3].
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Table 14.3 Differential Abnormalities
diagnosis for ST segment
abnormalities in the right
precordial ECG leads

Right or left bundle branch block, left ventricular
hypertrophy
Acute myocardial ischemia or infarction

Acute myocarditis
Right ventricular ischemia or infarction
Dissecting aortic aneurysm

Acute pulmonary thromboemboli

Various central and autonomic nervous system abnormalities
Heterocyclic antidepressant overdose

Duchenne muscular dystrophy

Friedreich’s ataxia

Thiamine deficiency
Hypercalcemia
Hyperkalemia
Cocaine intoxication

Mediastinal tumor compressing right ventricular outflow
tract

Arrhythmogenic right ventricular dysplasia/cardiomyopathy
Long QT syndrome type 3
Other conditions

Early repolarisation syndrome

Other normal variants (particularly in men)

Source: Adapted from [3]

When these conditions result in a type 1 or type 2 Brugada ECG these conditions have
recently been named Brugada phenocopies [166, 167]. Relatively common causes
include early repolarisation [168], myocardial infarction or ventricular aneurysms [72,
169], vasospastic angina [170, 171], electrolyte disturbances such as hyperkalemia or
hypercalcemia [172-175], pericarditis or myocarditis [176—178]. The differentiation
from Brugada syndrome can be made after resolution of the clinical condition (if pos-
sible), followed by performing a Brugada syndrome provocation test (e.g. using ajma-
line) when the ECG turned non-diagnostic.

14.3.2 Other Electrocardiographic Characteristics

Other ECG characteristics associated with Brugada syndrome include conduction
defects in the atria, conduction system, and ventricles. Frequently present are broad
P-waves [145], long PQ interval [22], prolonged corrected sinus node recovery
times, prolonged His-Ventricle intervals (HV), which may or may not be accompa-
nied by prolonged Atrio-His (AH) intervals [130, 132, 134], sinus and AV node
dysfunction [179], QRS axis deviation [1, 180], and broad QRS complexes [22,
145, 180]. Conduction interval prolongation is frequently associated with the
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presence of SCN5A mutations [22]. Furthermore, SCN5A mutations in Brugada syn-
drome patients may, as in Lev-Lenegres disease, worsen the phenotypic expression
of the disease with ageing and may lead to the necessity of pacemaker implantation
[132, 181, 182]. Although there is some variability of the heart rate corrected QT
interval (QTc), it does not seem to prolong importantly when a type 1 Brugada ECG
or VF develops [1, 126, 145, 180]. This clearly distinguishes Brugada syndrome
from long QT syndrome where excessive QTc prolongation is the hallmark of the
disease [183]. However, overlap syndromes between Brugada syndrome and long
QT syndrome (type 3) exist, based on a multidysfunctional sodium channel caused
by specific SCN5A mutations [184—188]. Interestingly, the phenotype of one of
these mutations (SCN5A 1795insD) shares many similarities with mouse model car-
rying the murine equivalent mutation (SCN5A 1798insD) with bradycardia, right
ventricular conduction slowing, an increased vulnerability for arrhythmias and QTc
prolongation [189]. Conversely, shortened QTc intervals were noted in a subset of
Brugada syndrome patients with calcium channel mutations [27]. However, data
regarding the calcium channel mutation and/or shortened QTc intervals are
limited.

Wide S-waves in the inferior and lateral leads are frequently observed before and
after a type 1 ECG develops during drug challenge, which may mirror simultaneous
slowing of right ventricular activation [145, 180, 190]. This is reflected in the pos-
sible prognostic value of wide and deep S-waves in lead I as a predictor of future
VT/VF events [191, 192]. S-waves >80 ms in lead V1 appear to be a good predictor
for a history of VF [193] but a possible prognostic value is not well studied.

Signal-averaged ECGs show more variation in filtered QRS duration and late
potentials in symptomatic patients [105, 107, 194-197]. Late potentials are gener-
ally regarded as delayed and disorganized ventricular activation and are related to
ventricular tachy-arrhythmias [198]. Particularly in Brugada syndrome, however,
other mechanisms have also been proposed: late potentials might for example rep-
resent a delayed second upstroke of the epicardial action potential, a local phase 2
reentry [99]. These latter proposals have, however, not yet been validated as primary
or cooperative pathophysiologic mechanisms of late potentials in Brugada syn-
drome (nor in other diseases).

Like late potentials, QRS fractionation or fragmentation is regarded as a sign of
delayed and disorganized ventricular activation [199]. In Brugada syndrome, QRS
fractionation might also have prognostic value regarding future arrhythmic events
[200, 201].

In some reports of patients who presented with VF, ST elevation in the inferior
and/or lateral leads has been described in the absence of electrolyte disturbances,
hypothermia, or myocardial ischemia [202-207]. In a French family, different
SCN5A mutation carrying family members displayed either inferior or right precor-
dial coved-type ST segment elevation [208]. At present it still remains uncertain if
these patients have the same characteristics as has been described in patients with
solely right precordial coved-type ST segments.
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14.4 Pathophysiology and Genetics
14.4.1 Arrhythmia Mechanisms

Ventricular arrhythmias in Brugada syndrome often originate from ventricular extra
systoles in the right ventricle, which subsequently initiate polymorphic VT or
VE. The exact pathophysiology behind Brugada syndrome is, however, still not
clear and there might be different electrophysiological mechanisms involved. It
seems that an increased vulnerability of the ventricles is present before the onset of
VE. The coupling interval (i.e., the timing) of the premature ventricular complex,
for example, may be important. In most electrophysiological studies, short coupled
extra systoles (<200 ms) were necessary to induce VF while the coupling interval of
the first premature ventricular complex of spontaneous VF is often (far) more than
300 ms [105, 126, 201]. There might also be a relation between the vulnerability of
the ventricle and the preceding RR interval following for example an extra systole,
which may augment ST elevation and eventually degenerate into VF [209].
Notwithstanding the associated risk for sudden cardiac death of a type 1 ECG, it is
not necessary for arrhythmias in Brugada syndrome, as was shown in Holter and
ICD recordings documentation suggesting that there might be distinct—albeit pos-
sibly related—electrophysiological mechanisms involved. Moreover, a substantial
number of patients with spontaneous type 1 ECGs will never have any symptoms [9,
10, 210].

14.4.2 The Coved ST Segment

Ever since the first descriptions of Brugada syndrome, authors have been investigat-
ing possible mechanisms for this characteristic ECG feature [1, 8, 10, 211-214].
Currently, there are two theories explaining the pathophysiology underlying the
Brugada syndrome: the repolarisation and the depolarization hypothesis [215]. Yan
and Antzelevitch have developed the repolarisation hypothesis in canine right ven-
tricular wedge preparations [216]. This hypothesis has attracted most support in the
first 15 years after the description by the Brugada brothers in 1992. In this canine
model, simultaneously measured epicardial and endocardial electrograms showed
loss of action potential dome in the epicardium only when the wedge preparation
was exposed to a potassium channel opener (pinacidil) or a combination of a sodium
channel blocker (flecainide) and acetylcholine. This resulted in a transmural disper-
sion of repolarisation with different lengths of action potentials across different
cardiac layers, ST segment elevation on the ECG and it created a vulnerable win-
dow for (‘phase 2’) re-entry to occur between these layers and degenerate into ven-
tricular tachyarrhythmias. Isoprotenerol, 4-aminopyridine, and quinidine were able
to restore this loss of action potential dome, normalize the ST segments, and prevent
the ventricular arrhythmias. This model resolves around a heterogeneous expression
of the transient outward potassium current /,,. This current seems to be expressed to
a higher degree in the canine epicardium compared with the endocardium [217], in
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the right ventricle more than in the left ventricle [218], and in males more than in
females [140], resulting in a higher susceptibility for /,, augmentation over other
currents and a consequential higher risk for ventricular tachyarrhythmias. Relative
augmentation of /,, would be enhanced by sodium current (Iy,) reduction, either by
a loss-of-function sodium channel mutation or sodium channel blockade.
Furthermore, reduction of the calcium current (Ic,) and augmentation of the ATP-
driven potassium current (/x_rp) Would give similar effects [211].

The second hypothesis explaining the coved-type morphology resolves around a
depolarization disorder [219] and is now regarded as the leading hypothesis. In this
hypothesis, conduction slowing or conduction delay in the right ventricular outflow
tract (RVOT) causes the type 1 morphology in the right precordial leads. Most evi-
dence for this model is derived from clinical studies [105, 128, 180, 190, 195-197,
220-223]. The slowing of conduction originates in concert with subtle structural
abnormalities (fibrosis, see below) [224]. Furthermore, conduction slowing in con-
cordance with these structural abnormalities will create the vulnerability for re-
entrant activation in the right ventricle and give rise to ventricular extra systoles and
VT/VF (Fig. 14.4). The marked conduction slowing in atria and ventricles, which is
seen during drug challenges with sodium channel blockers and in SCN5A mutation
carriers particularly, further supports this model [145, 215, 227]. However, as with
many diseases, it may be that Brugada syndrome is not explained by one single
mechanism [219, 228]. The final common pathway of a spontaneous or inducible
coved-type ECG and the vulnerability for ventricular arrhythmias may be started by
distinct but cooperative mechanisms and may require tailored risk stratifications and
treatment. Moreover, cooperative pathophysiological mechanisms such as struc-
tural myocardial abnormalities and gene—gene interactions are probably important
modifiers or risk.

14.4.3 Structural Changes

The consensus criteria for Brugada syndrome recommend the exclusion of gross
structural myocardial derangements in conjunction with the documentation of a
type 1 ECG (see section Electrocardiography and Diagnosis) before a conclusive
diagnosis of Brugada syndrome can be made [2, 144]. This reflects the initial
hypothesis that Brugada syndrome is an electrical disease involving cardiac ion
channel abnormalities and thus requires the absence of structural changes as
opposed to, for example, hypertrophic cardiomyopathy. This issue has, however,
been debated. Similarities between Brugada syndrome and arrhythmogenic (right)
ventricular cardiomyopathy were early on suggested by many centres, even starting
before the sentinel paper of the Brugada brothers in 1992 [11,229,230]. Biventricular
endomyocardial biopsies in 18 Brugada syndrome patients showed myocarditis,
cardiomyopathy-like changes, or fatty infiltration in the right ventricle of all patients
(without a control group) [231]. Furthermore, in 8 out of these 18 patients (45%)
there were similar findings in the left ventricle. Both magnetic resonance imaging
(MRI) and echocardiography were negative in all patients. Interestingly, patients
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a Subtle structural abnormalities,
mildly fractionated electrograms

b Unidirectional block by Iya 4, Ica 4 or Iy T (X),
severely fractionated electrograms

c Re-entrant activation initiating ventricular fibrillation

— e— e
Early Late

Fig. 14.4 This illustration (adjusted from the illustration of Hoogendijk et al.[225] with permis-
sion) shows the induction of re-entrant arrhythmia by current-to-load mismatch in myocardium
containing two isthmuses due to subtle structural abnormalities (fibrosis). (a) During normal
conditions, the redundancy in excitatory current makes conduction successful over both isth-
muses and there is no re-entrant activation. Local electrograms will show mild fractionation. (b)
Reduction of the cardiac sodium current (INa) or L-type calcium current (ICa) or an increase of
the transient outward current (Ito) lowers the excitatory current and can cause unidirectional
conduction block depending on the local geometry of the myocardium. Here, activation is blocked
(X) at the left but not at the right isthmus. Local electrograms will show severe fractionation. (¢)
The asymmetrical distribution of the structural discontinuities at the left isthmus makes conduc-
tion in the opposite direction successful, and activation re-enters the proximal myocardium, caus-
ing re-entry, which in turn can initiate ventricular fibrillation. The coved type ECG, including
fractionation, before the onset of the arrhythmia can be appreciated and is caused by excitation
failure in adjacent myocardium in the right ventricular outflow tract [225, 226]. Ablation therapy
[128] is targeted at the fractionated electrograms to close the gaps/isthmuses, and thereby resolv-
ing the excitation failure (coved type ST segments) and the substrate for re-entrant activation and
ventricular fibrillation. Colours depict activation time; black indicates fibrous tissue between
myocardial cells



14 Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 451

with fatty infiltration and cardiomyopathy-like changes all had a SCN5A mutation.
In another report, right ventricular fibrosis and epicardial fatty infiltration was docu-
mented in the explanted heart of a SCN5A mutation carrying Brugada syndrome
patient who experienced intolerable numbers of ICD discharges (up to 129 appro-
priate shocks in 5 months) [232]. This patient also had no clinically detected cardiac
structural abnormalities many years before transplant. In an elegant collaboration
between different centres with detailed post-mortem and biopsy material analysis
again fibrosis, connexion-43 and conduction abnormalities were found in concert
[224]. In a study using endocardial mapping it was noted that Brugada syndrome
patients showed increased (although still modest) electrogram fractionation and
abnormal conduction velocity restitution, both also related to structural changes
[190]. Finally, the sentinel report of Nademanee and co-workers on epicardial abla-
tion of the substrate of Brugada syndrome showed complex fractionated electro-
grams at the RV outflow tract, with ablation terminating the substrate and ECG
characteristics of Brugada syndrome [128]. The fractionated electrograms also
appeared to coincide with areas of fibrosis [224]. These reports suggest that there
are cooperative functional and subclinical structural derangements in Brugada syn-
drome, which may be enhanced by mutations in the sodium channel. In support of
this hypothesis, mice and human data illustrate that SCN5A mutations may lead to
impressive fibrosis accompanied by conduction disturbances, mainly in the right
ventricle, which worsens with ageing [233-236]. Interestingly, a meta-analysis into
risk stratification for ventricular tachyarrhythmias did not find an increased risk for
patients carrying a SCN5A mutation [136]. The uncovering of PKP2 mutations
characteristic for arrhythmogenic (right) ventricular cardiomyopathy in patients
with Brugada syndrome (and leading to decreased sodium current) further strength-
ened the association between structural abnormalities and Brugada syndrome [29,
237]. Fibrosis is probably underdetected in clinical practice as the clinical modali-
ties to assess structural cardiac changes (echo, CT and MRI) are incapable of detect-
ing mild or diffuse abnormalities although mild derangements have been noted
[238-242].

14.4.4 Genetics of Brugada Syndrome

SCN5A mutations have been identified in about 15-30% of patients [20, 22].
Although efforts in screening 16 putatively associated genes identified another ion
channel (the calcium channel), this still only resulted in a mutation diagnosis in
24% of patients [27]. When Brugada syndrome is present in children however, the
amount of uncovered mutations, specifically SCN5A mutations, can be considerably
higher [243].

The first mutation in Brugada syndrome patients was identified in a collaborative
effort of clinics in Europe and the United States in 1998 [16]. A loss-of-function
mutation in the SCN5A gene, encoding the pore-forming a-subunit of the human
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cardiac sodium channel protein (Nav1.5) was present in three out of six families
with Brugada syndrome. Mutations leading to loss of sodium channel function can
lead to a variety of disorders [244, 245]: Brugada syndrome (OMIM 601144), (pro-
gressive) cardiac conduction defects also known as Lev-Lenegres disease (OMIM
113900) [246], sick sinus syndrome (OMIM 608567) [247], Sudden infant death
syndrome (OMIM 272120) [95, 100], and dilated cardiomyopathy associated with
conduction defects and arrhythmias (OMIM 601154) [248]. In combination with
other (atrial-specific modifier) genes, a loss-of-function defect may cause atrial
standstill [249]. Mutations leading to a gain of function of the channel may cause
long QT syndrome type 3 (OMIM 603830) [250] and also sudden infant death syn-
drome (OMIM 272120) [251, 252]. As mentioned earlier, certain mutations in the
cardiac sodium channel gene may lead to combined phenotypes of loss-of-function
and gain-of-function mutations, also referred to as an overlap syndrome [184—187].
SCN5A promoter polymorphisms in a haplotype variant may lead to variability in
phenotypic expression as was shown in a study demonstrating slower cardiac con-
duction with a gene-dose effect in patients of Asian origin [253]. The same holds for
common SCN5A polymorphisms or the combination of different SCN5A mutations
that may modulate the expression of the mutant gene(s) and disease [254-257].

Loss-of-function cardiac calcium channel mutations have been demonstrated in
Brugada syndrome patients [27]. These mutations involved the L-type calcium
channel encoded by CACNAIC for the pore-forming Cavl.2 al subunit, and
CACNRB?2 for the Cavf2b subunit involved in channel activation modulation of the
al subunit. Mutations in the GPDIL gene have also been linked to Brugada syn-
drome in a single family [24, 25] and associates with reduced sodium current. This
gene probably does not contribute more than 1% in Brugada syndrome [258, 259].

Exon mutations or duplications in the SCN5A gene and a large number of other
candidate genes (Caveolin-3, Irx-3, Irx-4, Irx-5, Irx-6, Plakoglobin, Plakophilin-2,
SCNIB, SCN2B, SCN3B, SCN4B, KCNH2, KCNQI, KCNJ2, KCNEI, KCNE?2,
KCNE3, KCND3, KCNIP2, KCNJ11, and CACNA2DI) have been investigated in
SCN5A mutation-negative Brugada syndrome patients with little success [27, 258].
Nevertheless, also mutations in several of these and other genes (SCNIB, SCN2B,
SCN3B, SCNIOA, CACNA2DI, KCND3, KCNE3, KCNJS, ABCCY9, TRPM4,
SLMAP, MOG1, PKP2, FGF12, and HCN4) have finally been associated with
Brugada syndrome [28—43]. It should, however, be acknowledged that in many of
these reports segregation with the phenotype was not investigated or documented.
In addition, variants in all these genes, except SCNSA, were also identified in equal
numbers, in control patients or in existing next-generation sequencing data cohorts
[40, 260]. This importantly challenges the pathogenicity and thus the association
with Brugada syndrome of many of these rare genetic variants [23, 40, 260].
Recently it has actually been suggested that Brugada syndrome is not a monoge-
netic disease but an oligogenetic disease [261], where a (small) number of genetic
hits together give rise to the clinical phenotype.

Interestingly, a study revealed common gene expression levels in Brugada syn-
drome patients irrespective of the culprit gene [262]. This expression pattern
involved not only cardiac sodium channel and its subunits, but also potassium chan-
nels and calcium channels.
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Typically for Brugada syndrome, and other Mendelian disorders, is an incom-
plete penetrance and variable expression of the disease [263]. Hence, not all muta-
tion carriers are affected by the same degree and will thus not require the same
treatment. Even so, the importance of diagnosing mutation carriers with little or no
phenotypic expression of the disease is important because they still have a 50%
chance of transmitting the genetic defect to their offspring, who in turn may be seri-
ously symptomatic at young age. It is, however, not clear whether presymptomatic
genetic testing in children of Brugada syndrome patients is to be advised [264]. As
symptomatic Brugada syndrome is rare in children, risk stratification is imperfect,
and treatment may do more harm than good (see also the section on Clinical
Decision Making), the consequences of a positive test result of presymptomatic
genetic testing should be carefully considered [243].

14.5 Clinical Decision Making

14.5.1 Risk Stratification

After diagnosing Brugada syndrome, risk stratification for future ventricular
arrhythmias is mandatory. The prognosis and risk stratification of Brugada syn-
drome patients is, however, debated. Risk for future ventricular arrhythmias is gen-
erally accepted to be high in patients who are known to have already experienced
life-threatening ventricular arrhythmias, that is, patients with a history of aborted
sudden cardiac death. Syncope, dizziness or nocturnal agonal respiration can also
be caused by ventricular arrhythmias and are thus often regarded as high-risk fea-
tures. However, the assumption that these symptoms are indeed arhythmogenic in
origin can be erroneous and other causes of these symptoms should also be sought.

A meta-analysis combined a history of sudden cardiac death and/or syncope as
representative for a history of ventricular arrhythmias and found a relative risk (RR)
of 3.34 [95% confidence interval (CI) 2.13-4.93] for the combined event of sudden
cardiac death, syncope, or ICD shock during follow-up [136]. Also male gender, RR
3.47 (95% CI 1.58-7.63), and a spontaneous type 1 ECG versus a drug-induced
type 1 ECG, RR 4.65 (95% CI 2.25-9.58), were positively associated with the
occurrence of the combined events (sudden cardiac death and/or syncope) during
follow-up. A family history of sudden cardiac death, SCN5A mutation, or inducible
ventricular arrhythmias during electrophysiological study was not associated with
events during follow-up in that meta-analysis. Importantly, these risk factors are
probably not independent.

As the majority of Brugada patients are asymptomatic but can experience ven-
tricular arrhythmias in the future, there is a dire need for reliable risk stratification
in these patients. The role of the inducibility of ventricular arrhythmias during elec-
trophysiological study in this matter has long been debated [2, 3, 46, 94, 265, 266].
A meta-analysis in 2007 to assess its prognostic role was not able to identify a sig-
nificant role with regard to arrhythmic events during follow-up [102]. In a combined
effort of 14 centres in France and Japan, it was shown that 45% of the 220 studied
Brugada syndrome patients received an ICD following inducibility of ventricular
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arrhythmias during electrophysiological study whilst being asymptomatic [47]. In
this study there was an 8% rate of appropriate shocks for ventricular arrhythmias
during >3 years follow-up, and a relatively low (2 to 5 times lower) rate of appropri-
ate shocks in asymptomatic patients compared to the patients with syncope or
aborted sudden cardiac death. There were no other factors (like a spontaneous type
1 ECG) apart from a clinical history of syncope or aborted sudden cardiac death
predicting appropriate shocks. Of importance, approximately 20% of patients in
each group suffered from inappropriate shocks during follow-up. In a follow-up
study in 2013 [48], the number of asymptomatic patients implanted with an ICD
because of inducibility had grown to 87%, notably some in combination with other
risk factors such as a spontaneous type 1 ECG. Interestingly, the number of patients
who had already experienced a cardiac arrest and were inducible was lower (53%)
than the number of patients who were asymptomatic and were inducible (87%).
Again, inducibility could not be identified as a useful parameter to separate the
patients who will and who will not progress to arrhythmias during follow-up.
Importantly, ICD-complications, including fatal events, did occur in these patients
with a primary prevention ICD. This notwithstanding, being asymptomatic at inclu-
sion, still associated with about 1% of appropriate ICD interventions per year.
Whether all these patients were indeed saved from a sudden death will never be
known [267] but probably some of these events (if not a considerable number),
would have been terminated spontaneously without sudden death. Importantly, pro-
gramming longer detection intervals and higher cut-off rates for VF also seems to
reduce inappropriate shock rates without compromising ICD safety [48, 268]. In
2016, another meta-analysis on inducibility was published, also including data from
earlier studies [103]. In this paper, in contrast to earlier studies, additive value of
inducibility to symptoms and presenting ECGs was found. Still it should be noted
that 527 out of 1312 patients (40%) was inducible, while 65 patients (5%) experi-
enced events (5 with sudden cardiac arrest and 60 with ICD shocks, 21 of whom
being asymptomatic at presentation) during a median follow up of 38 months.

Non-invasive risk stratification has been attempted in relatively small cohorts of
patients and yielded the strongest predictive value in spontaneous changes in the
right precordial ST segments [107, 142, 143]. A standard cardiology workup includ-
ing echocardiogram, 24-hour Holter, and an exercise test may be valuable to exclude
differential diagnoses and to assess baseline conditions. There could be added value
in 24-h 12-lead Holter monitoring as a number of patients with spontaneous type-1
ECGs will be uncovered [61, 62]. Thorough cardiac imaging using MRI or CT does
not seem to add significant clinical value at present, unless arrhythmogenic right
ventricular cardiomyopathy needs to be excluded.

A summary of the current literature on risk stratification in patients who did not
yet experience a cardiac arrest, suggests that symptoms likely to be related to ven-
tricular arrhythmias in combination with a spontaneous type-1 ECG identifies the
patients at highest risk for future life-threatening arrhythmic events. Conversely, as
asymptomatic patients without a spontaneous type-1 ECG have a (very) low risk of
experiencing these arrhythmias, and the currently available treatment option (ICD
implantation) may do more harm than good [56, 57], they should be identified as



14 Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 455

low risk. The combination of several characteristics to assess the risk profile is prob-
ably very worthwhile, and has been suggested [269, 270]. Undoubtedly, risk strati-
fication should be re-evaluated in all patients during long-term follow-up using
up-to-date consensus criteria.

14.5.2 Treatment

The most effective therapy to treat ventricular arrhythmias in Brugada syndrome is
an ICD. Patients may, however, still experience intolerable numbers of ICD shocks,
up to 150 a day [121], as an ICD does not lower the vulnerability of the heart for
ventricular arrhythmias and ICDs are often programmed to quickly react—probably
also treating VT/VF episodes that would have terminated spontaneously [267]. In
some patients in earlier days, heart transplantation has been considered to be the
only remaining option to diminish VI/VF events [271]. Cardiologists should care-
fully weigh possible benefits versus possible harm, quality of life, and costs of
ICDs, as event rates are generally low and complications (in particular inappropriate
shocks) are high in this population [47, 48, 57]. ICD implantation in the young spe-
cifically denotes several battery replacements, re-implantations over many decades,
increased morbidity and even ICD-related mortality [48]. Still, in individual cases it
might be considered to also implant an ICD in Brugada patients who are considered
to have a low risk profile but who have an intolerable and uncontrollable anxiety
that severely diminishes their quality of life and impairs their daily activities e.g.
because they have lost a family member due to sudden cardiac death.

Acute lowering of the vulnerability of the heart for ventricular arrhythmias may
be accomplished by treating hyperthermia (e.g., cooling, antipyretics, antibiotics),
correcting electrolyte disturbances, and the administration of quinidine and/or iso-
proterenol [55, 110, 157, 160, 162]. Further chronic oral treatment with quinidine or
several other agents may also prove valuable [50, 52, 272-279]. Excluding differen-
tial diagnoses in case of acute events is still mandatory as tachyarrhythmias not due
to Brugada syndrome may display a devastating response on isoproterenol [280].

All patients with Brugada syndrome should receive a list of avoidable drugs and
substances, including a number of antiarrhythmic drugs (particularly several class
Ia & Ic drugs), psychotropic drugs (e.g. tricyclic antidepressants and lithium),
anaesthetics (e.g. bupivacaine and propofol) and substances like cocaine, and exces-
sive use of alcohol; see www.BrugadaDrugs.org [115]. Of note, some of these
drugs, particularly propofol have been used frequently without untoward events.
Still, the increased risk for arrhythmias should be recognized and be anticipated on.
Furthermore, patients should be instructed to obtain an ECG in case of fever at least
once (and if negative maybe every 5 years or so) to assess whether their form of
Brugada syndrome is hyperthermia sensitive.

Special interest has emerged in the last years for ablation therapy to prevent (or
even cure?) ventricular arrhythmias [127, 128, 281-283]. Especially the epicardial
approach with ablation of late and fractionated electrograms of the right ventricular
outflow tract seems to be very promising with abolition of inducibility, resolution of
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the characteristic ECG and a diminishing of recurrent episodes of VI/VF [128]. A
randomized trial is currently prepared and should provide the first results around
2020 [284].

Long-term follow-up is mandatory in all Brugada syndrome patients.
Symptomatic patients will have more frequent visits, but also asymptomatic patients
should be seen with regular intervals for reassessment of the risk for arrhythmic
events and genetic counselling in case of children. Genetic counselling should be
advised for all adult patients.

14.6 Future Research

The knowledge and awareness of Brugada syndrome will continue to increase. In
the first years after the description in 1992, many severely symptomatic patients
were recognized, which led to the notion that Brugada syndrome is a malignant
disease that is hard to manage [1, 44]. However, many asymptomatic patients have
now been diagnosed and one of the great challenges for the future is to develop reli-
able risk stratification for arrhythmic events in this group of patients [144, 285].
Risk stratification and treatment in the paediatric population affected with Brugada
syndrome, although limited in numbers, should also receive our continued attention.
The pathophysiology of the ventricular arrhythmias and the coved-type ECG in the
right precordial leads has been and will continue to be a major area of research.
Although many animal and computer models are available, detailed descriptions of
human data will continue to be important and will guide therapeutic interventions.
Finally, further characterization of the (potentially complex) genetic origin of
Brugada syndrome will help to identify those silent carriers, and their offspring,
who might be at risk and may clarify the complicated genotype—phenotype relation-
ship in Brugada syndrome patients.

14.7 Early Repolarisation Syndrome
14.7.1 Introduction

Already in 1936, in the era of the string galvanometer, common variations at the end
of the QRS complex and the early ST segment were described. Shipley and Hallaran
(Cleveland Ohio) noted in their study of 200 healthy men and women between the
age of 20 and 35 (i.e. before the possible onset of significant coronary artery dis-
ease), and with a normal physical examination, in up to 44% percent of traces slur-
ring or notching of the terminal QRS occurred [286]. In the same paper, ST-elevation
was noted in up to 25% of males and up to 16% in females. In the years thereafter,
also in 12-lead ECGs and in vectorcardiograms, ST-elevation, notching and slurring
was found to be a frequent finding in apparently healthy individuals, particularly in
young and athletic individuals and in those from African descent [287-291]. The
term ‘early repolarisation’ to describe (common) inferolateral ST-elevation has
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been attributed to Grant, Estes and Doyle in their 1951 paper on the 12-lead ECG
and vectorcardiogram [292, 293]. In later years, some authors even used the state-
ment early repolarisation syndrome to describe this normal variant with ST-elevation,
notching or slurring in the inferolateral leads [294, 295]. Currently we use early
repolarisation syndrome only for those patients with an early repolarisation pattern
in conjunction with a history of otherwise unexplained malignant ventricular
arrhythmias [144].

Although considered a benign variation for decades [293, 294, 296], also because
of its frequent occurrence in the young and healthy, since the 1990s several case
reports of ‘idiopathic’ ventricular fibrillation with the presence of inferolateral ST
elevation were published [202, 205, 297]. In 2008 the interest in early repolarisa-
tion, including notching and slurring, truly pivoted with the near simultaneous pub-
lication of two cohort studies investigating an association between the occurrence of
malignant ventricular arrhythmias and an inferolateral early repolarisation pattern.
Haissaguerre and colleagues from 22 centres reviewed 206 case subjects who were
resuscitated after cardiac arrest due to idiopathic ventricular fibrillation and com-
pared these patients to 412 matched control subjects without obvious heart disease
[298]. It appeared that an elevation of the QRS—ST junction of at least 0.1 mV from
baseline in the inferior or lateral leads, manifested as QRS slurring or notching, was
more frequent in case subjects (31 vs. 5%, p < 0.001). In a very comparable study,
albeit with lower numbers, almost simultaneously published by Rosso and col-
leagues from three centres [299], 45 patients with idiopathic ventricular fibrillation
were compared to 124 matched control subjects. Again, J-point elevation, particu-
larly in the inferior and lateral extremity leads, was more common among cases (42
vs. 13%, p = 0.001). One year later, in 2009, a large community based study of
10,864 middle-aged subjects also noted an association between ST-elevation in the
inferior leads and an increased risk of death due to cardiac causes [300]. Since then,
many more papers have been published on the association between early repolarisa-
tion and an increased risk for cardiac events [301-304].

Still, in the AHA/ACC/HRS 2009 consensus statement on ECG interpretation,
early repolarisation was continued to be described as ‘a statement that is used fre-
quently to characterise a normal QRS-T variant with J-point elevation’ [305]. In
2011, two distinguished electrocardiographists even labelled the statement early
repolarisation (and its accomplice ‘J-wave’) to be inappropriate and confusing
[306]. In 2013, in the HRS/EHRA/APHRS consensus statement on the diagnosis
and management of patients with inherited primary arrhythmia syndromes, the
diagnosis of early repolarisation syndrome was reserved for those subjects who
actually were resuscitated from otherwise unexplained ventricular fibrillation or
polymorphic ventricular tachycardia in the presence of J-point elevation >0.1 mV
in >2 contiguous inferior and/or lateral leads [144]. The early repolarisation pattern
could be diagnosed with the same criteria but in the absence of (a strong suggestion
of) malignant arrhythmias [144]. However, ongoing debate on nomenclature and
definitions of early repolarisation led to the establishment of another consensus
statement by many of the previous mentioned authors and specifically included ter-
minal QRS notching or slurring without the need for ST-segment elevation [307].
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A genetic basis for the early repolarisation syndrome is still under investigation
and is currently suggested by anecdotal observations of an increased familial appear-
ance of the early repolarisation pattern in concert with otherwise unexplained sudden
deaths [308, 309]. In search for genetic variants in one severely affected patient, a
KCNJS8 gene variant was uncovered in a candidate gene approach including 21 genes
[310]. However, in the same study an additional 156 early repolarisation syndrome
patients were also tested for variants in KCNJS, but this analysis failed to identify
more proof of an association of early repolarisation syndrome with genetic variants
in KCNJS. In other candidate gene approach studies, variants in KCNJS8 (the same
variant), CACNAIC, CACNB?2, (both unsuccessfully tested in the previous KCNJ8
study) and CACNA2D1 were documented as possible susceptibility genes for early
repolarisation syndrome [28, 41]. However, in a subsequent study this specific
KCNJS8 variant (S422L) was found to be actually very common in Ashkenazi Jews,
and not apparently associated with early repolarisation, not even in a homozygous
boy [311]. In 2015 however, in the ESC guideline on ventricular arrhythmias, it was
still claimed that no clear evidence of familial transmission of the early repolarisation
syndrome exists [312]. This is mainly due to the relatively frequent occurrence of
these variants in patients or cohorts without signs of early repolarisation syndrome.

The treatment of early repolarisation syndrome, in line with the 2013 consensus
statement, is particularly aimed at preventing sudden death from recurrent malig-
nant arrhythmia by a secondary prevention ICD implantation. During electrical
storm isoproterenol can be useful in patients with a diagnosis of early repolarisation
syndrome, while quinidine can be useful for secondary prevention of malignant
arrhythmias in these patients [144, 313].

14.7.2 Clinical Presentation

14.7.2.1 Epidemiology
The prevalence of the early repolarisation pattern in the general population has been
estimated at 1-13% but increases to 15-70% when studying cases of idiopathic
ventricular fibrillation [298-301, 303, 314-317]. Differences in the prevalence of
early repolarisation are mainly due to the type of population studied and the defini-
tion of early repolarisation that is used. Also, studies have shown that the early
repolarisation pattern is intermittently present [315], which challenges the determi-
nation of its exact prevalence. Even though no clear regional differences in its prev-
alence have been observed, as for example have been seen in the Brugada syndrome,
the early repolarisation pattern is more prevalent among blacks than in whites [318].
One study observed a higher prevalence of early repolarisation in aboriginal
Australians compared to white Australians [319]. A rather high prevalence of the
early repolarisation pattern has also been reported in a Japanese cohort of atomic-
bomb survivors [301].

Early repolarisation is further predominantly found in the paediatric population,
in males, young physically active individuals and in athletes [320]. In the athletes,
case-control studies have estimated the prevalence of the early repolarisation
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pattern between 10 and 90% [321], and also here it is thought that the early repolari-
sation pattern is a most often a benign variant and associated with a low risk of
arrhythmic events. It has been hypothesized that early repolarisation is influenced
by hormonal factors since its prevalence is higher in the paediatric population.
Furthermore, after puberty its prevalence increases (16-25%) in male subjects and
decreases in female subjects (11-4%) [322, 323].

14.7.2.2 The Patient

Only an extremely small minority of the patients with the early repolarisation pat-
tern will ever experience any symptoms of the early repolarisation syndrome (i.e.
ventricular fibrillation), this is partly due to the high prevalence of the early repo-
larisation pattern in the young and healthy [321]. The early repolarisation pattern
may be intermittently present and is can be modulated by vagal tone, heart rate and
drugs [313, 316, 324, 325]. The Valsalva manoeuvre may unmask the early repolari-
sation pattern on the ECG. However, the sensitivity of the test is low (45%), and
evidence relies predominantly upon one study [308]. Disappearance of the pattern
may occur during exercise and infusion of isoproterenol [325].

Before the onset of VF, an increase in the amplitude of early repolarisation, can
be seen as compared to baseline values [298, 326, 327]. For example, in the study
of Haissaguerre the J-point amplitude increased from 2.6 £ 1 to 4.1 = 2 mm
(P <0.001) before the onset of VF [298]. This initial increase in the amplitude of the
ERS may be subsequently followed by a ventricular ectopic beat with a short cou-
pling interval that initiates ventricular fibrillation. It appears that this ectopy preced-
ing VF most often arises from the left ventricle inferior wall [298]. In a follow-up
study of IVF patients, patient with ERS had a higher risk for future cardiac events
(41 vs. 23%) (HR 2.1; 95% confidence interval (CI), 1.2-3.5; P = 0.008) compared
to those without ERS [298].

In the general population, the early repolarisation pattern has also been linked to
an increased risk of cardiac events. A community based prospective study [300],
analysed 10,864 Finnish subjects with a mean age of 44 + 8 years old. In this study,
patients with a J-wave amplitude of >0.1 mV in the inferior leads carried an
increased risk of death from cardiac causes (adjusted relative risk (RR) 1.28, confi-
dence interval (CI) 1.04—1.59) and this relative risk rose even further in patients
with a J-wave amplitude of >0.2 mV in the inferior leads (adjusted RR 2.98; 95%
CI 1.85-4.92) and from arrhythmia (adjusted RR 2.92; 95% CI 1.45-5.89). In
another population-based prospective study including 1945 patients [303], the pres-
ence of an early repolarisation pattern was associated with cardiac and all-cause
mortality, especially in those of younger age (35-54 years old) and male sex (hazard
ratio 2.65; 95% CI 1.21-5.83). An inferior early repolarisation pattern further
increased cardiac mortality (hazard ratio 3.15; 95% CI 1.58-6.28) for both sexes
and particularly in male subjects between 35 and 54 years of age (hazard ratio 4.27;
95% CI 1.90-9.61). Important in this respect is that there seems to be a time depen-
dent risk over very long follow-up (up to 20 years). Whether the early repolarisation
pattern was still present before the event and what the association is with comorbidi-
ties like, e.g., ischaemic heart disease, is uncertain however.
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Other studies have shown that the presence of the early repolarisation pattern
may be a modulator of risk for sudden death in the setting of comorbidities.
Tikkanen et al. studied the association between early repolarisation and risk of sud-
den death during an acute coronary event [328]. In this case-control study includ-
ing 432 cases with a mean age 66 + 11 years they found that the risk of sudden
cardiac death was increased in patients with the early repolarisation pattern (odds
ratio (OR), 1.85; 95% CI, 1.23-2.80). Specifically, in those patients with an early
repolarisation pattern with a horizontal/descending ST segment predicted the
occurrence of sudden cardiac death (OR, 2.04; 95% CI, 1.25-3.34). After multi-
variate adjustments the presence of the early repolarisation pattern with horizontal/
descending ST segment remained as independent predictors of sudden cardiac
death. A comparable association of increased risk of cardiac events in the setting of
other pathologies has been observed in patients with inherited cardiac arrhythmia
syndromes. For example, in a retrospective cohort study of catecholaminergic
polymorphic ventricular tachycardia (CPVT) patients, those with an early repolari-
sation pattern were at increased risk for arrhythmic events when compared to
CPVT patients without early repolarisation [329]. Such an association has also
been found in the long QT syndrome type 1 and type 2 [330] and in Brugada syn-
drome [204].

14.7.3 Electrocardiography and Diagnosis

The diagnosis of early repolarisation syndrome is made per exclusionem. In survi-
vors of a cardiac arrest due to ventricular fibrillation or polymorphic ventricular
tachycardia, an extensive work-up in search of a diagnosis is recommended [312].
This will often include sequential ECGs and 24-h ECG-monitoring, coronary angi-
ography and echo, while also exercise testing, detailed ECG analysis using signal
averaging or brisk standing, magnetic resonance imaging (MRI), drug provocation
with sodium channel blockers and endocardial biopsies should be considered.
When all these tests turn negative while at the same time a clear early repolarisa-
tion pattern is evident, a diagnosis of early repolarisation syndrome can be made
[144, 331, 332].

The criteria for the early repolarisation pattern have been susceptible for discus-
sion and are not uniform across many papers (Fig. 14.5). One consensus statement
on this topic specifically includes terminal QRS notching and slurring with or
without concomitant ST-elevation as essential to the early repolarisation pattern
[307]. Their definition incorporates terminal QRS notching or slurring with either
elevation of the QRS—-ST junction (also named J-termination or ‘Jt’) of at least
0.1 mV from baseline and/or elevation of the J-peak (in the case of a notch) of at
least 0.1 mV from baseline in the inferior or lateral leads. Moreover, the consensus
view of that group of authors was that in the absence of terminal QRS notching or
slurring, ST- or Jt-elevation alone should not be reported as early repolarisation
[307]. This last statement could clearly be in conflict with the HRS/EHRA/APHRS
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Fig. 14.5 Early repolarisation pattern examples and classification according to different state-
ments [307, 333, 334]. Jp denotes J-peak, Jt denotes J-termination (a.k.a. QRS end or J-point). In
the Patton paper the J-amplitude/ST elevation is measured at the peak of the notch or the start of
the slur, instead of at the end of the QRS. In all statements, ST elevation, J-point or J-peak should
be >0.1 mV and present in >2 contiguous inferior and/or lateral leads

2013 consensus statement which only mentions J-point elevation >0.1 mV in >2
contiguous inferior and/or lateral leads [144]. This is because the J-point is gener-
ally considered to be the QRS-ST junction or J-termination and when elevated this
does not necessarily combine with a notched or slurred terminal QRS. In the 2016
AHA scientific statement yet another definition is suggested, [333] which also
seems to be in conflict with the 2015 Macfarlane paper. In this 2016 AHA state-
ment, early repolarisation includes ST- or Jt-elevation with or without notching or
slurring (similar to the 2013 HRS/EHRA/APHRS statement). However, specific to
this statement, the measurement of the J-elevation is performed on the peak of the
notch or at the start of the slur, as opposed to the 2013 and 2015 statements.

Another important aspect of early repolarisation is the direction of the
ST-segment; being either horizontal or down-sloping versus upsloping [335].
Tikkanen et al. in a follow-up paper of their earlier study, evaluated the ST-segment
in athletes and in middle-aged subjects from the general population, and noted
that only a horizontal or down-sloping ST-segment after terminal QRS-notching
or slurring associated with an increased risk for arrhythmic death [300, 336]. Also
a secondary analysis of the Rosso study showed that a horizontal or down-sloping
ST-segment was more common in the subjects who suffered from idiopathic ven-
tricular fibrillation than in the control subjects [335]. This has led to the sugges-
tion to describe the early repolarisation pattern as either benign (upsloping) or
malign (horizontal or down-sloping) [335]. This does not imply, however, that an
upsloping ST-segment after a QRS notch or slur is always benign, as still about
30% of patients with early repolarisation syndrome will only show this ‘benign’
pattern [335, 337].
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14.7.4 Pathophysiology

The pathophysiological mechanisms underlying early repolarisation syndrome are
currently far from clear. The absence of a well-defined genetic substrate, the com-
mon occurrence of the early repolarisation pattern in the young and healthy, and the
obligatory absence of any other known primary electrical disease or (signs of) car-
diomyopathy, complicates this further. Although some authors have shared early
repolarisation syndrome and Brugada syndrome under the common denominator
‘J-wave syndromes’ [338], others have opposed this practice [306, 339]. Whether the
notching or slurring of the terminal QRS complex is actually a depolarisation or a
repolarisation phenomenon is also still unclear [339-341]. Certainly there is a clear
distinction between the mechanisms underlying Brugada syndrome and early repo-
larisation syndrome as is mirrored on the reverse reaction on different provocations
and the inherent difference in the localisation of the aberrant ST-elevation. While in
early repolarisation tachycardia, hyperthermia, isoproterenol and sodium blocker
administration will decrease the ST-elevation, it will increase ST-elevation in Brugada
syndrome [110, 180, 324, 325, 342-344]. Also, in Brugada syndrome there is evi-
dence of conduction delay and of abnormal endocardial and particularly epicardial
electrograms [22, 128, 190], while this is not the case in early repolarisation syn-
drome [337]. In contrast, in both Brugada syndrome and early repolarisation syn-
drome, an increased vagal tone is associated with ST-elevation [105, 109, 308, 337].

14.7.5 Genetics

For the comprehensive and authoritative Online Mendelian Inheritance in Man com-
pendium, early repolarisation associated with ventricular fibrillation (OMIM 613601)
still awaits confirmation of a genetic association [245]. The first study into the genetic
underpinning of early repolarisation syndrome was published in 2009 by the group
of Haissaguerre et al. shortly after their pivotal 2008 paper [298, 310]. In this study,
a severely affected 14-year-old female is described who suffered from >100 cardiac
arrests due to ventricular fibrillation and displayed a prominent early repolarisation
pattern (mostly prominent notching). Detailed genetic evaluation of many candidate
genes (KCNQI, KCNEI, KCNH2, KCNE2, KCNJ2, KCNJS, KCNJ11, ABCC9,
KCNJ5, KCNJ3, KCND3, IRX3, IRXS5, SCN5A, SCNIB, NCXI, CACNAIC,
CACNB2, CALR, CASQ2 and ANK?) revealed a missense variant (p.S422L) in the
KCNJS gene encoding the Kir6.1 subunit of the K-ATP channel. This variant was
absent in 764 control alleles from healthy controls, and, importantly, was also absent
in a cohort of 156 additional early repolarisation syndrome patients. The mother of
the patient did not have this same variant and the father denied testing, so no segrega-
tion analysis was available. In the year thereafter, an association with the KCNJS-
S422L. variant was replicated by Medeiros-Domingo et al. [41]. In this study 101
unrelated patients with Brugada syndrome (n = 87) or early repolarisation syndrome
(n = 14), were evaluated for KCNJS variants, and in 1 Brugada patient and in 1 early
repolarisation syndrome patient the same S422L variant was found (and absent in
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1200 control alleles). Additional analyses showed that this variant was able to signifi-
cantly increase the K-ATP current of Kir6.1, suggesting a gain-of-function mutation.
However, in sharp contrast to these two studies suggestive of a pathogenic role for
KCNJS, and particularly for the S422L variant, in a subsequent study in Ashkenazi
Jews this association was questioned [311]. The KCNJS-S422L appeared to be rather
prevalent in this population (4%) and was not apparently associated with an early
repolarisation pattern nor syndrome, not even in a homozygous boy.

Further studies into the genetic underpinning of early repolarisation syndrome
suggested a role for calcium channel mutations. Burashnikov et al. evaluated mul-
tiple candidate genes (CACNAIC, CACNB2, CACNA2DI, KCNH2, KCNQI,
KCNJS8, KCNEI, KCNE2, KCNE3, KCNE4, SCNIB, and SCN3B) in a cohort of
unrelated probands with Brugada syndrome (n = 162), early repolarisation syn-
drome or pattern n = 24) and idiopathic ventricular fibrillation (n = 19). In their
patients with early repolarisation syndrome or pattern, they found mutations in
CACNAIC, CACNB2 (both unsuccessfully tested in the 2009 KCNJS study) and
CACNA2DI. However, these variants were still only found in single cases among
many tested subjects without proof of familial segregation.

There have also been reports of other possible associated genes, particularly
SCN5A. One report suggested loss-of-function mutations in SCNSA to be associated
with early repolarisation syndrome in the absence of a Brugada phenotype in 3 out of
50 early repolarisation syndrome patients [345]. However, in this report there was
clear evidence of conduction slowing and abnormal right precordial ST segments in
these three patients, while a Brugada syndrome was not definitely excluded in the
absence of potent sodium channel blockade with ajmaline or higher placed right pre-
cordial leads. Again, familial segregation was not demonstrated. In another report the
ABCC(C9 gene was implicated to be associated with the early repolarisation syndrome
[37]. In 4 out 150 probands with either the early repolarisation pattern of syndrome or
Brugada syndrome, a variant in the ABCC9 gene was found. One of the tested variants
indeed caused a gain-of-function of the K-ATP channel Kir6.1. These authors also
reported that the father of one of these patients also carried the same variant and also
showed the early repolarisation pattern, now indeed suggesting familial segregation.

As mentioned earlier, in the 2015 ESC guideline on ventricular arrhythmias, it is
stated that no clear evidence of familial transmission of the early repolarisation
syndrome exists [312]. There are, however, reports on early repolarisation in fami-
lies [308, 309]. In the Nunn et al. study, family members of probands diagnosed
with the sudden arrhythmic death syndrome (SADS), were evaluated and were com-
pared to matched controls. They found that inferolateral J-point elevation was more
common in SADS-relatives as compared to controls (23 vs. 11%) and suggested
that this inferolateral J-point elevation may indeed be a marker of pro-arrhythmic
trait or even a marker of pro-arrhythmia. In the Gouraud et al. study, the relatives of
four families affected by the early repolarisation syndrome were studied. They
found that an early repolarisation pattern was indeed common among family mem-
bers (33-61%), and suggestive of an autosomal dominant mode of inheritance.

An inherent problem in the genetic underpinning of early repolarisation syn-
drome remains that the alleles from a (phenotyped) control cohort can barely cover
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the extremely low incidence of the cases with a genetic variant. As long as there is
no proof of genetic linkage with the phenotype a plausible genetic explanation for
early repolarisation syndrome will remain a challenging issue. Illustrative to this
point is that the largest study into the identification of genetic variants predisposing
to the early repolarisation pattern did not provide supporting evidence for a genetic
substrate [346]. In this study, a genome-wide association meta-analysis in 7482
subjects for the discovery stage, and in 7151 subjects for the replication stage (com-
bined prevalence of the early repolarisation pattern 2.9-9.8%), no variants found in
the discovery stage could be replicated. Combined meta-analysis results also failed
to reach genome-wide significance.

14.7.6 Clinical Decision Making

14.7.6.1 Risk Stratification

Risk stratification in early repolarisation syndrome is not particularly difficult; as
these patients have already experienced malignant ventricular arrhythmias resulting
in cardiac arrest and resuscitation, these patients have a class I indication for sec-
ondary protection by an ICD [144]. However, the problem in risk stratification
arises in those with an early repolarisation pattern. As mentioned earlier, an upslop-
ing ST-segment is considered to be more probable benign, while a horizontal or
downsloping ST-segment is considered to be more probable malignant [300, 335,
336]. This knowledge base underlies a class 2b recommendation to consider pro-
phylactic ICD implantation in patients with a malignant early repolarisation pattern
and/or in those with a previous syncope suggestive to be a tachyarrhythmia [144].
Importantly, there are currently no other parameters of risk in early repolarisation,
including programmed stimulation [347]. In asymptomatic patients with an isolated
early repolarisarion pattern, prophylactic ICD implantation is not recommend (class
IIT recommendation) [144]. Whether patients with an overlap phenotype of Brugada
syndrome and an early repolarisation pattern have a distinct risk profile is currently
uncertain and it is advised to follow the regular risk stratification process for both.

14.7.6.2 Treatment

As mentioned earlier, secondary prevention for sudden death due to malignant
arrhythmias can be established with ICD implantation. In a multi-centre study on
drug therapy in early repolarisation syndrome it was documented that isoproterenol
can be used to treat patients during electrical storm and that quinidine can be used
to suppress recurrent arrhythmias on the long term [313]. Importantly, the other
tested drugs in this cohort were ineffective to control arrhythmias and included
mexiletine, verapamil, flecainide, propafenone, pilsicainide and also amiodarone
(the latter seemed to be effective in 1 out of 6 patients during electrical storm
though). There is currently no evidence that patients with early repolarisation syn-
drome should avoid specific drugs, in contrast to Brugada syndrome, Long QT syn-
drome and catecholaminergic polymorphic VT.
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14.7.7 Future Research

Although the early repolarisation pattern has been known since the early years of
electrocardiology (even before the recognition of the importance of a prolonged QT
interval), the early repolarisation syndrome is a rather new entity. As mentioned ear-
lier, we are also still struggling with the definition of the early repolarisation pattern,
precluding uniformity in the research in this area. Another very important issue in the
coming years will be to gain experience in the recognition of patients without symp-
toms but a high propensity for malignant arrhythmias in the future. These patients
could be prophylactically treated with quinidine for example. However, as the early
repolarisation pattern affects 5-60% and seldom up to 90% of investigated cohorts of
presumably healthy individuals, and true early repolarisation syndrome is a particu-
larly rare entity, this unmistakably is a daunting task. Lastly, although evidence for a
monogenic substrate for early repolarisation syndrome is currently lacking, there
will probably be genetic variants influencing the phenotype. This might possibly also
have impact on screening and prophylactic treatment in the future.

References

1. Brugada P, Brugada J. Right bundle branch block, persistent ST segment elevation 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, et al. Brugada syndrome: report of the second con-
sensus conference. Heart Rhythm. 2005;2:429-40.

3. Wilde AA, Antzelevitch C, Borggrefe M, et al. Proposed diagnostic criteria for the Brugada
syndrome: consensus report. Circulation. 2002;106:2514-9.

4. Brugada J, Brugada R, Brugada P. Right bundle-branch block and ST-segment elevation in
leads V1 through V3: a marker for sudden death in patients without demonstrable structural
heart disease. Circulation. 1998;97:457-60.

5. Sangwatanaroj S, Prechawat S, Sunsaneewitayakul B, et al. New electrocardiographic leads
and the procainamide test for the detection of the Brugada sign in sudden unexplained death
syndrome survivors and their relatives. Eur Heart J. 2001;22:2290-6.

6. Shimizu W, Matsuo K, Takagi M, et al. Body surface distribution and response to drugs of
ST segment elevation in Brugada syndrome: clinical implication of eighty-seven-lead body
surface potential mapping and its application to twelve-lead electrocardiograms. J Cardiovasc
Electrophysiol. 2000;11:396-404.

7. Krishnan SC, Josephson ME. ST segment elevation induced by class IC antiarrhythmic
agents: underlying electrophysiologic mechanisms and insights into drug-induced proar-
rhythmia. J Cardiovasc Electrophysiol. 1998;9:1167-72.

8. Miyazaki T, Mitamura H, Miyoshi S, et al. Autonomic and antiarrhythmic drug modula-
tion of ST segment elevation in patients with Brugada syndrome. J Am Coll Cardiol.
1996;27:1061-70.

9. Osher HL, Wollf L. Electrocardiographic pattern simulating acute myocardial injury. Am J
Med Sci. 1953;226:541-5.

10. Edeiken J. Elevation of the RS-T segment, apparent or real, in the right precordial leads as a
probable normal variant. Am Heart J. 1954;48:331-9.

11. Martini B, Nava A, Thiene G, et al. Ventricular fibrillation without apparent heart disease:
description of six cases. Am Heart J. 1989;118:1203-9.



466

P.G. Postema et al.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

. Baron RC, Thacker SB, Gorelkin L, et al. Sudden death among Southeast Asian refugees. An
unexplained nocturnal phenomenon. JAMA. 1983;250:2947-51.

Hattori K, McCubbin MA, Ishida DN. Concept analysis of good death in the Japanese com-
munity. J Nurs Scholarsh. 2006;38:165-70.

Nademanee K, Veerakul G, Nimmannit S, et al. Arrhythmogenic marker for the sudden unex-
plained death syndrome in Thai men. Circulation. 1997;96:2595-600.

Otto CM, Tauxe RV, Cobb LA, et al. Ventricular fibrillation causes sudden death in Southeast
Asian immigrants. Ann Intern Med. 1984;101:45-7.

Chen Q, Kirsch GE, Zhang D, et al. Genetic basis and molecular mechanism for idiopathic
ventricular fibrillation. Nature. 1998;392:293—6.

Rook MB, Bezzina Alshinawi C, Groenewegen WA, et al. Human SCN5A gene muta-
tions alter cardiac sodium channel kinetics and are associated with the Brugada syndrome.
Cardiovasc Res. 1999:44:507-17.

Napolitano C. Inherited arrhythmias database. In: Study Group Mol. Basis Arrhythm; 2007.
http://www.fsm.it/cardmoc/.

Napolitano C. Just another Brugada syndrome mutation? Heart Rhythm. 2007;4:54-5.
Priori SG, Napolitano C, Gasparini M, et al. Clinical and genetic heterogeneity of right bun-
dle branch block and ST-segment elevation syndrome: a prospective evaluation of 52 fami-
lies. Circulation. 2000;102:2509-15.

Probst V, Wilde AA, Barc J, et al. SCN5A mutations and the role of genetic background in the
pathophysiology of Brugada syndrome. Circ Cardiovasc Genet. 2009;2:552-7.

Smits JP, Eckardt L, Probst V, et al. Genotype-phenotype relationship in Brugada syndrome:
electrocardiographic features differentiate SCN5A-related patients from non-SCN5A-related
patients. J Am Coll Cardiol. 2002;40:350-6.

Wilde AA, Ackerman MJ. Exercise extreme caution when calling rare genetic variants novel
arrhythmia syndrome susceptibility mutations. Heart Rhythm. 2010;7:1883-5.

London B, Michalec M, Mehdi H, et al. Mutation in glycerol-3-phosphate dehydrogenase
1 like gene (GPDI1-L) decreases cardiac Na+ current and causes inherited arrhythmias.
Circulation. 2007;116:2260-8.

Weiss R, Barmada MM, Nguyen T, et al. Clinical and molecular heterogeneity in the Brugada
syndrome: a novel gene locus on chromosome 3. Circulation. 2002;105:707-13.

Tan HL, Bezzina CR, Smits JP, et al. Genetic control of sodium channel function. Cardiovasc
Res. 2003;57:961-73.

Antzelevitch C, Pollevick GD, Cordeiro JM, et al. Loss-of-function mutations in the cardiac
calcium channel underlie a new clinical entity characterized by ST-segment elevation, short
QT intervals, and sudden cardiac death. Circulation. 2007;115:442-9.

Burashnikov E, Pfeiffer R, Barajas-Martinez H, et al. Mutations in the cardiac L-type cal-
cium channel associated with inherited J wave syndromes and sudden cardiac death. Heart
Rhythm. 2010;7:1872-82.

Cerrone M, Lin X, Zhang M, et al. Missense mutations in Plakophilin-2 cause sodium current
deficit and associate with a Brugada syndrome phenotype. Circulation. 2014;129:1092—-103.
Crotti L, Marcou CA, Tester DJ, et al. Spectrum and prevalence of mutations involving BrS1-
through BrS12-susceptibility genes in a cohort of unrelated patients referred for Brugada syn-
drome genetic testing: implications for genetic testing. J Am Coll Cardiol. 2012;60:1410-08.
Delpon E, Cordeiro JM, Nunez L, et al. Functional effects of KCNE3 mutation and its role in
the development of Brugada syndrome. Circ Arrhythm Electrophysiol. 2008;1:209-18.
Duthoit G, Fressart V, Hidden-Lucet F, et al. Brugada ECG pattern: a physiopathological
prospective study based on clinical, electrophysiological, angiographic, and genetic findings.
Front Physiol. 2012;3:474.

Giudicessi JR, Ye D, Tester DJ, et al. Transient outward current (I(to)) gain-of-function
mutations in the KCND3-encoded Kv4.3 potassium channel and Brugada syndrome. Heart
Rhythm. 2011;8:1024-32.

Hennessey JA, Marcou CA, Wang C, et al. FGF12 is a candidate Brugada syndrome locus.
Heart Rhythm Off J Heart Rhythm Soc. 2013;10:1886-94.


http://www.fsm.it/cardmoc/

Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 467

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Hu D, Barajas-Martinez H, Burashnikov E, et al. A mutation in the beta 3 subunit of the
cardiac sodium channel associated with Brugada ECG phenotype. Circ Cardiovasc Genet.
2009;2:270-8.

Hu D, Barajas-Martinez H, Pfeiffer R, et al. Mutations in SCN10A are responsible for a large
fraction of cases of Brugada syndrome. J Am Coll Cardiol. 2014;64:66-79.

Hu D, Barajas-Martinez H, Terzic A, et al. ABCC9 is a novel Brugada and early repolariza-
tion syndrome susceptibility gene. Int J Cardiol. 2014;171:431-42.

Ishikawa T, Sato A, Marcou CA, et al. A novel disease gene for Brugada syndrome: sarcolem-
mal membrane-associated protein gene mutations impair intracellular trafficking of hNav1.5.
Circ Arrhythm Electrophysiol. 2012;5:1098-107.

Kattygnarath D, Maugenre S, Neyroud N, et al. MOG1: a new susceptibility gene for Brugada
syndrome. Circ Cardiovasc Genet. 2011;4:261-8.

Le Scouarnec S, Karakachoff M, Gourraud J-B, et al. Testing the burden of rare variation in
arrhythmia-susceptibility genes provides new insights into molecular diagnosis for Brugada
syndrome. Hum Mol Genet. 2015;24:2757-63.

Medeiros-Domingo A, Tan B-H, Crotti L, et al. Gain-of-function mutation S422L in the
KCNJ8-encoded cardiac K(ATP) channel Kir6.1 as a pathogenic substrate for J-wave syn-
dromes. Heart Rhythm Off J Heart Rhythm Soc. 2010;7:1466-71.

Riur6é H, Beltran-Alvarez P, Tarradas A, et al. A missense mutation in the sodium channel
B2 subunit reveals SCN2B as a new candidate gene for Brugada syndrome. Hum Mutat.
2013;34:961-6.

Watanabe H, Koopmann TT, Le Scouarnec S, et al. Sodium channel betal subunit mutations
associated with Brugada syndrome and cardiac conduction disease in humans. J Clin Invest.
2008;118:2260-8.

Brugada J, Brugada R, Antzelevitch C, et al. Long-term follow-up of individuals with the
electrocardiographic pattern of right bundle-branch block and ST-segment elevation in pre-
cordial leads V1 to V3. Circulation. 2002;105:73-8.

Kusmirek SL, Gold MR. Sudden cardiac death: the role of risk stratification. Am Heart J.
2007;153:25-33.

Priori SG, Napolitano C, Gasparini M, et al. Natural history of Brugada syndrome: insights
for risk stratification and management. Circulation. 2002;105:1342-7.

Sacher F, Probst V, Iesaka Y, et al. Outcome after implantation of a cardioverter-defibrillator
in patients with Brugada syndrome. A multicenter study. Circulation. 2006;114:2317-24.
Sacher F, Probst V, Maury P, et al. Outcome after implantation of cardioverter-defibrillator in
patients with Brugada syndrome: a multicenter study - part 2. Circulation. 2013;128:1739-47.
Alings M, Dekker L, Sadee A, Wilde A. Quinidine induced electrocardiographic normaliza-
tion in two patients with Brugada syndrome. Pacing Clin Electrophysiol. 2001;24:1420-2.
Belhassen B, Glick A, Viskin S. Efficacy of quinidine in high-risk patients with Brugada
syndrome. Circulation. 2004;110:1731-7.

Belhassen B, Glick A, Viskin S. Excellent long-term reproducibility of the electrophysiologic
efficacy of quinidine in patients with idiopathic ventricular fibrillation and Brugada syn-
drome. Pacing Clin Electrophysiol. 2009;32:294-301.

Belhassen B, Rahkovich M, Michowitz Y, et al. Management of Brugada syndrome: a 33-year
experience using electrophysiologically-guided therapy with class 1A antiarrhythmic drugs.
Circ Arrhythm Electrophysiol. 2015;8:1393-402.

Hermida JS, Denjoy I, Clerc J, et al. Hydroquinidine therapy in Brugada syndrome. ] Am
Coll Cardiol. 2004;43:1853-60.

Mok NS, Chan NY, Chiu AC. Successful use of quinidine in treatment of electrical storm in
Brugada syndrome. Pacing Clin Electrophysiol. 2004;27:821-3.

Probst V, Denjoy I, Meregalli PG, et al. Clinical aspects and prognosis of Brugada syndrome
in children. Circulation. 2007;115:2042-8.

Olde Nordkamp LRA, Postema PG, Knops RE, et al. Implantable cardioverter-defibrillator
harm in young patients with inherited arrhythmia syndromes: a systematic review and meta-
analysis of inappropriate shocks and complications. Heart Rhythm. 2016;13:443-54.



468

P.G. Postema et al.

57

8.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

. Olde Nordkamp LRA, Wilde AAM, Tijssen JGP, et al. The ICD for primary prevention in
patients with inherited cardiac diseases: indications, utilization and outcome. A comparison
with secondary prevention. Circ Arrhythm Electrophysiol. 2013;6:91-100.

Postema PG. About Brugada syndrome and its prevalence. Europace. 2012;14:925-8.
Schwartz PJ, Stramba-Badiale M, Crotti L, et al. Prevalence of the congenital long-QT syn-
drome. Circulation. 2009;120:1761-7.

Maron BJ, Gardin JM, Flack JM, et al. Prevalence of hypertrophic cardiomyopathy in a gen-
eral population of young adults. Echocardiographic analysis of 4111 subjects in the CARDIA
Study. Coronary artery risk development in (young) adults. Circulation. 1995;92:785-9.
Cerrato N, Giustetto C, Gribaudo E, et al. Prevalence of type 1 brugada electrocardio-
graphic pattern evaluated by twelve-lead twenty-four-hour holter monitoring. Am J Cardiol.
2015;115:52-6.

Richter S, Sarkozy A, Veltmann C, et al. Variability of the diagnostic ECG pattern in an ICD
patient population with Brugada syndrome. J Cardiovasc. 2009;20:69-75.

Oe H, Takagi M, Tanaka A, et al. Prevalence and clinical course of the juveniles with Brugada-
type ECG in Japanese population. Pacing Clin Electrophysiol. 2005;28:549-54.

Yamakawa Y, Ishikawa T, Uchino K, et al. Prevalence of right bundle-branch block and right
precordial ST-segment elevation (Brugada-type electrocardiogram) in Japanese children.
Circ J. 2004;68:275-9.

Yoshinaga M, Anan R, Nomura Y, et al. Prevalence and time of appearance of Brugada elec-
trocardiographic pattern in young male adolescents from a three-year follow-up study. Am J
Cardiol. 2004;94:1186-9.

Matsuo K, Akahoshi M, Nakashima E, et al. The prevalence, incidence and prognostic value
of the Brugada-type electrocardiogram: a population-based study of four decades. J Am Coll
Cardiol. 2001;38:765-70.

Monroe MH, Littmann L. Two-year case collection of the Brugada syndrome electrocardio-
gram pattern at a large teaching hospital. Clin Cardiol. 2000;23:849-51.

Schukro C, Berger T, Stix G, et al. Regional prevalence and clinical benefit of implantable
cardioverter defibrillators in Brugada syndrome. Int J Cardiol. 2010;144:191-4.

Pecini R, Cedergreen P, Theilade S, et al. The prevalence and relevance of the Brugada-type
electrocardiogram in the Danish general population: data from the Copenhagen City Heart
Study. Europace. 2010;12:982-6.

Junttila MJ, Raatikainen MJ, Karjalainen J, et al. Prevalence and prognosis of subjects with
Brugada-type ECG pattern in a young and middle-aged Finnish population. Eur Heart J. 2004;
25:874-8.

Blangy H, Sadoul N, Coutelour JM, et al. Prevalence of Brugada syndrome among 35,309
inhabitants of Lorraine screened at a preventive medicine centre. Arch Mal Coeur Vaiss.
2005;98:175-80.

Hermida JS, Lemoine JL, Aoun FB, et al. Prevalence of the brugada syndrome in an appar-
ently healthy population. Am J Cardiol. 2000;86:91-4.

Sinner MF, Pfeufer A, Perz S, et al. Spontaneous Brugada electrocardiogram patterns are rare
in the German general population: results from the KORA study. Europace. 2009;11:1338-44.
Letsas KP, Gavrielatos G, Efremidis M, et al. Prevalence of Brugada sign in a Greek tertiary
hospital population. Europace. 2007;9:1077-80.

Bozkurt A, Yas D, Seydaoglu G, Acarturk E. Frequency of Brugada-type ECG pattern
(Brugada sign) in Southern Turkey. Int Heart J. 2006;47:541-7.

Viskin S, Fish R, Eldar M, et al. Prevalence of the Brugada sign in idiopathic ventricular
fibrillation and healthy controls. Heart. 2000;84:31-6.

Babaee Bigi MA, Aslani A, Shahrzad S. Prevalence of Brugada sign in patients presenting
with palpitation in Southern Iran. Europace. 2007;9:252-5.

Gallagher MM, Forleo GB, Behr ER, et al. Prevalence and significance of Brugada-type ECG
in 12,012 apparently healthy European subjects. Int J Cardiol. 2007;130:44-8.

Furuhashi M, Uno K, Tsuchihashi K, et al. Prevalence of asymptomatic ST segment elevation
in right precordial leads with right bundle branch block (Brugada-type ST shift) among the
general Japanese population. Heart. 2001;86:161-6.



Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 469

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Ito H, Yano K, Chen R, et al. The prevalence and prognosis of a Brugada-type electrocar-
diogram in a population of middle-aged Japanese-American men with follow-up of three
decades. Am J Med Sci. 2006;331:25-9.

Miyasaka Y, Tsuji H, Yamada K, et al. Prevalence and mortality of the Brugada-type electro-
cardiogram in one city in Japan. J Am Coll Cardiol. 2001;38:771-4.

Sakabe M, Fujiki A, Tani M, et al. Proportion and prognosis of healthy people with coved or
saddle-back type ST segment elevation in the right precordial leads during 10 years follow-
up. Eur Heart J. 2003;24:1488-93.

Tsuji H, Sato T, Morisaki K, Iwasaka T. Prognosis of subjects with Brugada-type electrocar-
diogram in a population of middle-aged Japanese diagnosed during a health examination. Am
J Cardiol. 2008;102:584-7.

Wajed A, Aslam Z, Abbas SF, et al. Frequency of Brugada-type ECG pattern (Brugada sign)
in an apparently healthy young population. J Ayub Med Coll Abbottabad. 2008;20:121-4.
Gervacio-Domingo G, Isidro J, Tirona J, et al. The Brugada type 1 electrocardiographic pat-
tern is common among Filipinos. J Clin Epidemiol. 2008;61:1067-72.

Shin SC, Ryu HM, Lee JH, et al. Prevalence of the Brugada-type ECG recorded from higher
intercostal spaces in healthy Korean males. Circ J. 2005;69:1064—7.

Uhm JS, Hwang IU, YS O, et al. Prevalence of electrocardiographic findings suggestive
of sudden cardiac death risk in 10,867 apparently healthy young Korean men. Pacing Clin
Electrophysiol. 2011;34:717-23.

Juang JM, Phan WL, Chen PC, et al. Brugada-type electrocardiogram in the Taiwanese pop-
ulation-is it a risk factor for sudden death? J Formos Med Assoc. 2011;110:230-8.

Donohue D, Tehrani F, Jamehdor R, et al. The prevalence of Brugada ECG in adult patients
in a large university hospital in the western United States. Am Heart Hosp J. 2008;6:48-50.
Greer RW, Glancy DL. Prevalence of the Brugada electrocardiographic pattern at the Medical
Center of Louisiana in New Orleans. J La State Med Soc. 2003;155:242-6.

Patel SS, Anees SS, Ferrick KJ. Prevalence of a Brugada pattern electrocardiogram in an
urban population in the United States. Pacing Clin Electrophysiol. 2009;32:704-8.
Gervacio-Domingo G, Punzalan FE, Amarillo ML, Dans A. Sudden unexplained death dur-
ing sleep occurred commonly in the general population in the Philippines: a sub study of the
National Nutrition and Health Survey. J Clin Epidemiol. 2007;60:567-71.

Vatta M, Dumaine R, Varghese G, et al. Genetic and biophysical basis of sudden unexplained
nocturnal death syndrome (SUNDS), a disease allelic to Brugada syndrome. Hum Mol Genet.
2002;11:337-45.

Eckardt L, Probst V, Smits JP, et al. Long-term prognosis of individuals with right precordial
ST-segment-elevation Brugada syndrome. Circulation. 2005;111:257-63.

Priori SG, Napolitano C, Giordano U, et al. Brugada syndrome and sudden cardiac death in
children. Lancet. 2000;355:808-9.

Suzuki H, Torigoe K, Numata O, Yazaki S. Infant case with a malignant form of Brugada
syndrome. J Cardiovasc. 2000;11:1277-80.

Sanatani S, Mahkseed N, Vallance H, Brugada R. The Brugada ECG pattern in a neonate. J
Cardiovasc. 2005;16:342—4.

Huang MH, Marcus FI. Idiopathic Brugada-type electrocardiographic pattern in an octoge-
narian. J Electrocardiol. 2004;37:109-11.

Antzelevitch C. Late potentials and the Brugada syndrome. J Am Coll Cardiol.
2002;39:1996-9.

Skinner JR, Chung SK, Montgomery D, et al. Near-miss SIDS due to Brugada syndrome.
Arch Dis Child. 2005;90:528-9.

Atarashi H, Ogawa S, Harumi K, et al. Three-year follow-up of patients with right bundle
branch block and ST segment elevation in the right precordial leads: Japanese Registry of
Brugada Syndrome. Idiopathic Ventricular Fibrillation Investigators. J Am Coll Cardiol.
2001;37:1916-20.

Paul M, Gerss J, Schulze-Bahr E, et al. Role of programmed ventricular stimulation in
patients with Brugada syndrome: a meta-analysis of worldwide published data. Eur Heart J.
2007;28:2126-33.



470

P.G. Postema et al.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Sroubek J, Probst V, Mazzanti A, et al. Programmed ventricular stimulation for risk stratifica-
tion in the Brugada syndrome: a pooled analysis. Circulation. 2016;133:622-30.

Morita H, Fukushima-Kusano K, Nagase S, et al. Site-specific arrhythmogenesis in patients
with Brugada syndrome. J Cardiovasc. 2003;14:373-9.

Kasanuki H, Ohnishi S, Ohtuka M, et al. Idiopathic ventricular fibrillation induced with vagal
activity in patients without obvious heart disease. Circulation. 1997;95:2277-85.

Matsuo K, Kurita T, Inagaki M, et al. The circadian pattern of the development of ventricular
fibrillation in patients with Brugada syndrome. Eur Heart J. 1999;20:465-70.

Ikeda T, Takami M, Sugi K, et al. Noninvasive risk stratification of subjects with a Brugada-
type electrocardiogram and no history of cardiac arrest. Ann Noninvasive Electrocardiol.
2005;10:396-403.

Mizumaki K, Fujiki A, Nishida K, et al. Postprandial augmentation of bradycardia-dependent
ST elevation in patients with Brugada syndrome. J Cardiovasc. 2007;18:839-44.

Ikeda T, Abe A, Yusu S, et al. The full stomach test as a novel diagnostic technique
for identifying patients at risk of brugada syndrome. J Cardiovasc Electrophysiol.
2006;17:602-7.

Amin AS, Meregalli PG, Bardai A, et al. Fever increases the risk for cardiac arrest in the
Brugada syndrome. Ann Intern Med. 2008;149:216-8.

Gonzalez Rebollo JM, Hernandez MA, Garcia A, et al. Recurrent ventricular fibrillation dur-
ing a febrile illness in a patient with the Brugada syndrome. Rev Esp Cardiol. 2000;53:755-7.
Porres JM, Brugada J, Urbistondo V, et al. Fever unmasking the Brugada syndrome. Pacing
Clin Electrophysiol. 2002;25:1646-8.

Skinner JR, Chung SK, Nel CA, et al. Brugada syndrome masquerading as febrile seizures.
Pediatrics. 2007;119:e1206-11.

Tan HL, Meregalli PG. Lethal ECG changes hidden by therapeutic hypothermia. Lancet.
2007;369:78.

Postema PG, Wolpert C, Amin AS, et al. Drugs and Brugada syndrome patients: review of
the literature, recommendations, and an up-to-date website (www.brugadadrugs.org). Heart
Rhythm. 2009;6:1335-41.

Bjerregaard P, Gussak I, Kotar SL, et al. Recurrent syncope in a patient with prominent J
wave. Am Heart J. 1994;127:1426-30.

Dubner SJ, Gimeno GM, Elencwajg B, et al. Ventricular fibrillation with spontaneous rever-
sion on ambulatory ECG in the absence of heart disease. Am Heart J. 1983;105:691-3.
Kontny F, Dale J. Self-terminating idiopathic ventricular fibrillation presenting as syncope: a
40-year follow-up report. J Intern Med. 1990;227:211-3.

Patt MV, Podrid PJ, Friedman PL, Lown B. Spontaneous reversion of ventricular fibrillation.
Am Heart J. 1988;115:919-23.

Boersma LV, Jaarsma W, Jessurun ER, et al. Brugada syndrome: a case report of monomor-
phic ventricular tachycardia. Pacing Clin Electrophysiol. 2001;24:112-5.

Dinckal MH, Davutoglu V, Akdemir I, et al. Incessant monomorphic ventricular tachycardia
during febrile illness in a patient with Brugada syndrome: fatal electrical storm. Europace.
2003;5:257-61.

Mok NS, Chan NY. Brugada syndrome presenting with sustained monomorphic ventricular
tachycardia. Int J Cardiol. 2004;97:307-9.

Ogawa M, Kumagai K, Saku K. Spontaneous right ventricular outflow tract tachycardia in a
patient with Brugada syndrome. J Cardiovasc. 2001;12:838-40.

Rodriguez-Maiero M, Sacher F, de Asmundis C, et al. Monomorphic ventricular tachycardia
in patients with Brugada syndrome: A multicenter retrospective study. Heart Rhythm Off J
Heart Rhythm Soc. 2016;13:669-82.

Shimada M, Miyazaki T, Miyoshi S, et al. Sustained monomorphic ventricular tachycardia in
a patient with Brugada syndrome. Jpn Circ J. 1996;60:364—70.

Kakishita M, Kurita T, Matsuo K, et al. Mode of onset of ventricular fibrillation in patients
with Brugada syndrome detected by implantable cardioverter defibrillator therapy. J Am Coll
Cardiol. 2000;36:1646-53.



Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 471

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Haissaguerre M, Extramiana F, Hocini M, et al. Mapping and ablation of ventricular fibrilla-
tion associated with long-QT and Brugada syndromes. Circulation. 2003;108:925-8.
Nademanee K, Veerakul G, Chandanamattha P, et al. Prevention of ventricular fibrillation
episodes in Brugada syndrome by catheter ablation over the anterior right ventricular outflow
tract epicardium. Circulation. 2011;123:1270-9.

Eckardt L, Kirchhof P, Loh P, et al. Brugada syndrome and supraventricular tachyarrhyth-
mias: a novel association? J Cardiovasc Electrophysiol. 2001;12:680-5.

Morita H, Kusano-Fukushima K, Nagase S, et al. Atrial fibrillation and atrial vulnerability in
patients with Brugada syndrome. J] Am Coll Cardiol. 2002;40:1437-44.

Naccarelli GV, Antzelevitch C, Wolbrette DL, Luck JC. The Brugada syndrome. Curr Opin
Cardiol. 2002;17:19-23.

Rossenbacker T, Carroll SJ, Liu H, et al. Novel pore mutation in SCN5A manifests as a spec-
trum of phenotypes ranging from atrial flutter, conduction disease, and Brugada syndrome to
sudden cardiac death. Heart Rhythm. 2004;1:610-5.

Babai Bigi MA, Aslani A, Shahrzad S. Clinical predictors of atrial fibrillation in Brugada
syndrome. Europace. 2007;9:947-50.

Bordachar P, Reuter S, Garrigue S, et al. Incidence, clinical implications and prognosis of
atrial arrhythmias in Brugada syndrome. Eur Heart J. 2004;25:879-84.

Sarkozy A, Boussy T, Kourgiannides G, et al. Long-term follow-up of primary prophy-
lactic implantable cardioverter-defibrillator therapy in Brugada syndrome. Eur Heart J.
2007;28:334-44.

Gehi AK, Duong TD, Metz LD, et al. Risk stratification of individuals with the Brugada
electrocardiogram: a meta-analysis. J Cardiovasc Electrophysiol. 2006;17:577-83.

Matsuo K, Akahoshi M, Seto S, Yano K. Disappearance of the Brugada-type electrocardio-
gram after surgical castration: a role for testosterone and an explanation for the male prepon-
derance. Pacing Clin Electrophysiol. 2003;26:1551-3.

Shimizu W, Matsuo K, Kokubo'Y, et al. Sex hormone and gender difference—role of testoster-
one on male predominance in Brugada syndrome. J Cardiovasc. 2007;18:415-21.

Bidoggia H, Maciel JP, Capalozza N, et al. Sex differences on the electrocardiographic pat-
tern of cardiac repolarization: possible role of testosterone. Am Heart J. 2000;140:678-83.
Di Diego JM, Cordeiro JM, Goodrow RJ, et al. Ionic and cellular basis for the predominance
of the Brugada syndrome phenotype in males. Circulation. 2002;106:2004—11.

Pham TV, Robinson RB, Danilo P, Rosen MR. Effects of gonadal steroids on gender-
related differences in transmural dispersion of L-type calcium current. Cardiovasc Res.
2002;53:752-62.

Tatsumi H, Takagi M, Nakagawa E, et al. Risk stratification in patients with Brugada syn-
drome: analysis of daily fluctuations in 12-lead electrocardiogram (ECG) and signal-averaged
electrocardiogram (SAECG). J Cardiovasc Electrophysiol. 2006;17:705-11.

Veltmann C, Schimpf R, Echternach C, et al. A prospective study on spontaneous fluctuations
between diagnostic and non-diagnostic ECGs in Brugada syndrome: implications for correct
phenotyping and risk stratification. Eur Heart J. 2006;27:2544-54.

Priori SG, Wilde AA, Horie M, et al. Executive summary: HRS/EHRA/APHRS expert
consensus statement on the diagnosis and management of patients with inherited primary
arrhythmia syndromes. Heart Rhythm. 2013;10:1932-63.

Meregalli PG, Ruijter J]M, Hofman N, et al. Diagnostic value of flecainide testing in unmask-
ing SCN5A-related Brugada syndrome. J Cardiovasc Electrophysiol. 2006;17:857-64.
Veltmann C, Papavassiliu T, Konrad T, et al. Insights into the location of type I ECG in
patients with Brugada syndrome: correlation of ECG and cardiovascular magnetic resonance
imaging. Heart Rhythm Off J Heart Rhythm Soc. 2012;9:414-21.

Govindan M, Batchvarov VN, Raju H, et al. Utility of high and standard right precordial leads
during ajmaline testing for the diagnosis of Brugada syndrome. Heart. 2010;96:1904-8.
Miyamoto K, Yokokawa M, Tanaka K, et al. Diagnostic and prognostic value of a type 1
Brugada electrocardiogram at higher (third or second) V(1) to V(2) recording in men with
Brugada syndrome. Am J Cardiol. 2007;99:53-7.



472

P.G. Postema et al.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

Bayés de Luna A, Brugada J, Baranchuk A, et al. Current electrocardiographic criteria for
diagnosis of Brugada pattern: a consensus report. J Electrocardiol. 2012;45:433—42.
Wolpert C, Echternach C, Veltmann C, et al. Intravenous drug challenge using flecainide and
ajmaline in patients with Brugada syndrome. Heart Rhythm. 2005;2:254-60.

Cordery R, Lambiase P, Lowe M, Ashley E. Brugada syndrome and anesthetic management.
J Cardiothorac Vasc Anesth. 2006;20:407-13.

Edge CJ, Blackman DJ, Gupta K, Sainsbury M. General anaesthesia in a patient with Brugada
syndrome. Br J Anaesth. 2002;89:788-91.

Kim JS, Park SY, Min SK, et al. Anaesthesia in patients with Brugada syndrome. Acta
Anaesthesiol Scand. 2004;48:1058-61.

Kloesel B, Ackerman MJ, Sprung J, et al. Anesthetic management of patients with Brugada
syndrome: a case series and literature review. Can J Anaesth. 2011;58:824-36.
Santambrogio LG, Mencherini S, Fuardo M, et al. The surgical patient with Brugada syn-
drome: a four-case clinical experience. Anesth Analg. 2005;100:1263-6.

Jongman JK, Jepkes-Bruin N, Ramdat Misier AR, et al. Electrical storms in Brugada syn-
drome successfully treated with isoproterenol infusion and quinidine orally. Neth Hear J.
2007;15:151-4.

Ohgo T, Okamura H, Noda T, et al. Acute and chronic management in patients with Brugada
syndrome associated with electrical storm of ventricular fibrillation. Heart Rhythm. 2007,
4:695-700.

Tanaka H, Kinoshita O, Uchikawa S, et al. Successful prevention of recurrent ventricular
fibrillation by intravenous isoproterenol in a patient with Brugada syndrome. Pacing Clin
Electrophysiol. 2001;24:1293—-4.

Watanabe A, Kusano KF, Morita H, et al. Low-dose isoproterenol for repetitive ventricular
arrhythmia in patients with Brugada syndrome. Eur Heart J. 2006;27:1579-83.
Chockalingam P, Rammeloo LA, Postema PG, et al. Fever-induced life-threatening arrhyth-
mias in children harboring an SCN5A mutation. Pediatrics. 2011;127:¢239-44.

Conte G, Dewals W, Sieira J, et al. Drug-induced brugada syndrome in children: clini-
cal features, device-based management, and long-term follow-up. J Am Coll Cardiol.
2014;63:2272-9.

Saura D, Garcia-Alberola A, Carrillo P, et al. Brugada-like electrocardiographic pattern
induced by fever. Pacing Clin Electrophysiol. 2002;25:856-9.

Todd SJ, Campbell MJ, Roden DM, Kannankeril PJ. Novel Brugada SCN5A mutation caus-
ing sudden death in children. Heart Rhythm. 2005;2:540-3.

Smith J, Hannah A, Birnie DH. Effect of temperature on the Brugada ECG. Heart.
2003;89:272.

Mizusawa Y, Morita H, Adler A, et al. Prognostic significance of fever-induced Brugada syn-
drome. Heart Rhythm. 2016;13(7):1515-20.

Baranchuk A, Nguyen T, Ryu MH, et al. Brugada phenocopy: new terminology and proposed
classification. Ann Noninvasive Electrocardiol. 2012;17:299-314.

Gottschalk BH, Anselm DD, Brugada J, et al. Expert cardiologists cannot distinguish
between Brugada phenocopy and Brugada syndrome electrocardiogram patterns. Europace.
2015;18(7):1095-100.

Gussak I, Antzelevitch C. Early repolarization syndrome: clinical characteristics and possible
cellular and ionic mechanisms. J Electrocardiol. 2000;33:299-3009.

Kataoka H. Electrocardiographic patterns of the Brugada syndrome in right ventricular
infarction/ischemia. Am J Cardiol. 2000;86:1056.

Chinushi M, Kuroe Y, Ito E, et al. Vasospastic angina accompanied by Brugada-type electro-
cardiographic abnormalities. J Cardiovasc. 2001;12:108-11.

Sasaki T, Niwano S, Kitano Y, Izumi T. Two cases of Brugada syndrome associated with
spontaneous clinical episodes of coronary vasospasm. Intern Med. 2006;45:77-80.

Douglas PS, Carmichael KA, Palevsky PM. Extreme hypercalcemia and electrocardiographic
changes. Am J Cardiol. 1984;54:674-5.



Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 473

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.
192.
193.
194.

195.

Littmann L, Monroe MH, Taylor L, Brearley WD. The hyperkalemic Brugada sign. J
Electrocardiol. 2007;40:53-9.

Postema PG, Vlaar AP, DeVries JH, Tan HL. Familial Brugada syndrome uncovered by
hyperkalaemic diabetic ketoacidosis. Europace. 2011;13:1509-10.

Wu L-S, Wu C-T, Hsu LA, et al. Brugada-like electrocardiographic pattern and ventricu-
lar fibrillation in a patient with primary hyperparathyroidism. Europace. 2007;9(3):172—4.
https://doi.org/10.1093/europace/eum002

Buob A, Siaplaouras S, Janzen I, et al. Focal parvovirus B19 myocarditis in a patient with
Brugada syndrome. Cardiol Rev. 2003;11:45-9.

Hermida JS, Six I, Jarry G. Drug-induced pericarditis mimicking Brugada syndrome.
Europace. 2007;9:66-8.

Kurisu S, Inoue I, Kawagoe T, et al. Acute pericarditis unmasks ST-segment elevation in
asymptomatic Brugada syndrome. Pacing Clin Electrophysiol. 2006;29:201-3.

Morita H, Fukushima-Kusano K, Nagase S, et al. Sinus node function in patients with
Brugada-type ECG. Circ J. 2004;68:473—6.

Postema PG, van Dessel PF, Kors JA, et al. Local depolarization abnormalities are the dom-
inant pathophysiologic mechanism for the type-1 ECG in Brugada syndrome. A study of
electrocardiograms, vectorcardiograms and body surface potential maps during ajmaline
provocation. J Am Coll Cardiol. 2010;55:789-97.

KyndtF, ProbstV, Potet F, et al. Novel SCN5A mutation leading either to isolated cardiac con-
duction defect or Brugada syndrome in a large French family. Circulation. 2001;104:3081-6.
Probst V, Allouis M, Sacher F, et al. Progressive cardiac conduction defect is the prevailing
phenotype in carriers of a Brugada syndrome SCN5A mutation. J Cardiovasc. 2006;17:270-5.
Schwartz PJ, Moss AJ, Vincent GM, Crampton RS. Diagnostic criteria for the long QT syn-
drome. An update. Circulation. 1993;88:782—4.

Bezzina C, Veldkamp MW, van den Berg MP, et al. A single Na(+) channel mutation causing
both long-QT and Brugada syndromes. Circ Res. 1999;85:1206—13.

Grant AO, Carboni MP, Neplioueva V, et al. Long QT syndrome, Brugada syndrome, and
conduction system disease are linked to a single sodium channel mutation. J Clin Invest.
2002;110:1201-9.

Makita N, Behr E, Shimizu W, et al. The E1784K mutation in SCN5A is associated with
mixed clinical phenotype of type 3 long QT syndrome. J Clin Invest. 2008;118:2219-29.
Priori SG, Napolitano C, Schwartz PJ, et al. The elusive link between LQT3 and Brugada
syndrome: the role of flecainide challenge. Circulation. 2000;102:945-7.

Veldkamp MW, Viswanathan PC, Bezzina C, et al. Two distinct congenital arrhythmias
evoked by a multidysfunctional Na(+) channel. Circ Res. 2000;86:E91-7.

Remme CA, Verkerk AO, Nuyens D, et al. Overlap syndrome of cardiac sodium channel
disease in mice carrying the equivalent mutation of human SCN5A-1795insD. Circulation.
2006;114:2584-94.

Postema PG, van Dessel PF, de Bakker JM, et al. Slow and discontinuous conduction con-
spire in Brugada syndrome: a right ventricular mapping and stimulation study. Circ Arrhythm
Electrophysiol. 2008;1:379-86.

Calo L, Giustetto C, Martino A, et al. A new ECG marker of sudden death in Brugada syn-
drome: the S wave in lead I. J Am Coll Cardiol. 2016;67:1427-40.

Wilde AAM, Postema PG. Risk stratification in Brugada syndrome: the “impossible”” made
possible? J Am Coll Cardiol. 2016;67:1441-3.

Atarashi H, Ogawa S. New ECG criteria for high-risk Brugada syndrome. Circ J. 2003;67:8-10.
Eckardt L, Bruns HJ, Paul M, et al. Body surface area of ST elevation and the presence of late
potentials correlate to the inducibility of ventricular tachyarrhythmias in Brugada syndrome.
J Cardiovasc Electrophysiol. 2002;13:742-9.

Ikeda T, Sakurada H, Sakabe K, et al. Assessment of noninvasive markers in identifying
patients at risk in the Brugada syndrome: insight into risk stratification. J] Am Coll Cardiol.
2001;37:1628-34.


https://doi.org/10.1093/europace/eum002

474

P.G. Postema et al.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

Kanda M, Shimizu W, Matsuo K, et al. Electrophysiologic characteristics and implications of
induced ventricular fibrillation in symptomatic patients with Brugada syndrome. J] Am Coll
Cardiol. 2002;39:1799-805.

Nagase S, Kusano KF, Morita H, et al. Epicardial electrogram of the right ventricular outflow
tract in patients with the Brugada syndrome: using the epicardial lead. J Am Coll Cardiol.
2002:39:1992-5.

Simson MB, Untereker WJ, Spielman SR, et al. Relation between late potentials on the body
surface and directly recorded fragmented electrograms in patients with ventricular tachycar-
dia. Am J Cardiol. 1983;51:105-12.

Das M, Suradi H, Maskoun W, et al. Fragmented wide QRS on a 12-Lead ECG: a sign of
myocardial scar and poor prognosis. Circ Arrhythm Electrophysiol. 2008;1:258—68.

Morita H, Kusano KF, Miura D, et al. Fragmented QRS as a marker of conduction abnormal-
ity and a predictor of prognosis of Brugada syndrome. Circulation. 2008;118:1697-704.
Priori SG, Gasparini M, Napolitano C, et al. Risk stratification in Brugada syndrome results
of the PRELUDE (PRogrammed ELectrical stimUlation preDictive valuE) registry. J] Am
Coll Cardiol. 2012;59:37-45.

Kalla H, Yan GX, Marinchak R. Ventricular fibrillation in a patient with prominent J (Osborn)
waves and ST segment elevation in the inferior electrocardiographic leads: a Brugada syn-
drome variant? J Cardiovasc. 2000;11:95-8.

Ogawa M, Kumagai K, Yamanouchi Y, Saku K. Spontaneous onset of ventricular fibrilla-
tion in Brugada syndrome with J wave and ST-segment elevation in the inferior leads. Heart
Rhythm. 2005;2:97-9.

Sarkozy A, Chierchia GB, Paparella G, et al. Inferior and lateral electrocardiographic
repolarization abnormalities in Brugada syndrome. Circ Arrhythm Electrophysiol. 2009;2:
154-61.

Takagi M, Aihara N, Takaki H, et al. Clinical characteristics of patients with spontaneous or
inducible ventricular fibrillation without apparent heart disease presenting with J wave and
ST segment elevation in inferior leads. J Cardiovasc. 2000;11:844-8.

Ueyama T, Shimizu A, Esato M, et al. A case of a concealed type of Brugada syndrome
with a J wave and mild ST-segment elevation in the inferolateral leads. J Electrocardiol.
2007;40:39-42.

van den Berg MP, Wiesfeld AC. Brugada syndrome with ST-segment elevation in the lateral
leads. J Cardiovasc Electrophysiol. 2006;17:1035.

Potet F, Mabo P, Le Coq G, et al. Novel brugada SCN5A mutation leading to ST segment
elevation in the inferior or the right precordial leads. J Cardiovasc. 2003;14:200-3.

Matsuo K, Shimizu W, Kurita T, et al. Dynamic changes of 12-lead electrocardiograms in a
patient with Brugada syndrome. J Cardiovasc. 1998;9:508—12.

Wilde A, Duren D. Sudden cardiac death, RBBB, and right precordial ST-segment elevation.
Circulation. 1999;99:722-3.

Antzelevitch C. The Brugada syndrome: ionic basis and arrhythmia mechanisms. J
Cardiovasc. 2001;12:268-72.

Brugada J, Brugada P. Further characterization of the syndrome of right bundle branch block,
ST segment elevation, and sudden cardiac death. J Cardiovasc Electrophysiol. 1997;8:325-31.
Corrado D, Nava A, Buja G, et al. Familial cardiomyopathy underlies syndrome of right bun-
dle branch block, ST segment elevation and sudden death. J Am Coll Cardiol. 1996;27:443-8.
Matsuo K, Shimizu W, Kurita T, et al. Increased dispersion of repolarization time determined
by monophasic action potentials in two patients with familial idiopathic ventricular fibrilla-
tion. J Cardiovasc. 1998;9:74-83.

Wilde AA, Postema PG, Di Diego JM, et al. The pathophysiological mechanism under-
lying Brugada syndrome. Depolarization versus repolarization. J Mol Cell Cardiol.
2010;49:543-53.

Yan GX, Antzelevitch C. Cellular basis for the Brugada syndrome and other mechanisms of
arrhythmogenesis associated with ST-segment elevation. Circulation. 1999;100:1660-6.
Litovsky SH, Antzelevitch C. Transient outward current prominent in canine ventricular epi-
cardium but not endocardium. Circ Res. 1988;62:116-26.



Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 475

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

Di Diego JM, Sun ZQ, Antzelevitch C. I(to) and action potential notch are smaller in left vs.
right canine ventricular epicardium. Am J Phys. 1996;271:H548-61.

Meregalli PG, Wilde AA, Tan HL. Pathophysiological mechanisms of Brugada syndrome:
depolarization disorder, repolarization disorder, or more? Cardiovasc Res. 2005;67:367-78.
Fujiki A, Usui M, Nagasawa H, et al. ST segment elevation in the right precordial leads
induced with class IC antiarrhythmic drugs: insight into the mechanism of Brugada syn-
drome. J Cardiovasc Electrophysiol. 1999;10:214-8.

Izumida N, Asano Y, Doi S, et al. Changes in body surface potential distributions induced by
isoproterenol and Na channel blockers in patients with the Brugada syndrome. Int J Cardiol.
2004;95:261-8.

Takami M, Ikeda T, Enjoji Y, Sugi K. Relationship between ST-segment morphology and
conduction disturbances detected by signal-averaged electrocardiography in Brugada syn-
drome. Ann Noninvasive Electrocardiol. 2003;8:30-6.

Tukkie R, Sogaard P, Vleugels J, et al. Delay in right ventricular activation contributes to
Brugada syndrome. Circulation. 2004;109:1272-7.

Nademanee K, Raju H, de Noronha SV, et al. Fibrosis, connexin-43, and conduction abnor-
malities in the Brugada syndrome. J] Am Coll Cardiol. 2015;66:1976-86.

Hoogendijk MG, Potse M, Vinet A, et al. ST segment elevation by current-to-load mismatch:
an experimental and computational study. Heart Rhythm. 2011;8:111-8.

Hoogendijk MG, Potse M, Linnenbank AC, et al. Mechanism of right precordial ST-segment
elevation in structural heart disease: excitation failure by current-to-load mismatch. Heart
Rhythm. 2010;7:238-48.

Veltmann C, Wolpert C, Sacher F, et al. Response to intravenous ajmaline: a retrospective
analysis of 677 ajmaline challenges. Europace. 2009;11:1345-52.

Aiba T, Shimizu W, Hidaka I, et al. Cellular basis for trigger and maintenance of ventricular
fibrillation in the Brugada syndrome model high-resolution optical mapping study. J Am Coll
Cardiol. 2006;47:2074-85.

Martini B, Nava A. 1988-2003. Fifteen years after the first Italian description by Nava-
Martini-Thiene and colleagues of a new syndrome (different from the Brugada syndrome?) in
the Giornale Italiano di Cardiologia: do we really know everything on this entity? Ital Heart
J.2004;5:53-60.

Tada H, Aihara N, Ohe T, et al. Arrhythmogenic right ventricular cardiomyopathy under-
lies syndrome of right bundle branch block, ST-segment elevation, and sudden death. Am J
Cardiol. 1998;81:519-22.

Frustaci A, Priori SG, Pieroni M, et al. Cardiac histological substrate in patients with clinical
phenotype of Brugada syndrome. Circulation. 2005;112:3680-7.

Coronel R, Casini S, Koopmann TT, et al. Right ventricular fibrosis and conduction delay in
a patient with clinical signs of Brugada syndrome: a combined electrophysiological, genetic,
histopathologic, and computational study. Circulation. 2005;112:2769-77.

Bezzina CR, Rook MB, Groenewegen WA, et al. Compound heterozygosity for mutations
(W156X and R225W) in SCN5A associated with severe cardiac conduction disturbances and
degenerative changes in the conduction system. Circ Res. 2003;92:159-68.

Remme CA, Verkerk AO, Wilde AA, et al. Diversity in cardiac sodium channel disease
phenotype in transgenic mice carrying a single SCN5SA mutation. Neth Hear J. 2007;15:
235-8.

Royer A, van Veen TA, Le BS, et al. Mouse model of SCN5A-linked hereditary Lenegre’s dis-
ease: age-related conduction slowing and myocardial fibrosis. Circulation. 2005;111:1738—46.
van Veen TA, Stein M, Royer A, et al. Impaired impulse propagation in Scn5a-knockout
mice: combined contribution of excitability, connexin expression, and tissue architecture in
relation to aging. Circulation. 2005;112:1927-35.

Forkmann M, Tomala J, Huo Y, et al. Epicardial ventricular tachycardia ablation in a
patient with Brugada ECG pattern and mutation of PKP2 and DSP genes. Circ Arrthythm
Electrophysiol. 2015;8:505-7.

Papavassiliu T, Wolpert C, Fluchter S, et al. Magnetic resonance imaging findings in patients
with Brugada syndrome. J Cardiovasc. 2004;15:1133-8.



476

P.G. Postema et al.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.
260.

261.

Rudic B, Schimpf R, Veltmann C, et al. Brugada syndrome: clinical presentation and genotype-
correlation with magnetic resonance imaging parameters. Europace. 2015;18(9):1411-9.
Takagi M, Aihara N, Kuribayashi S, et al. Localized right ventricular morphological abnor-
malities detected by electron-beam computed tomography represent arrhythmogenic sub-
strates in patients with the Brugada syndrome. Eur Heart J. 2001;22:1032—41.

Takagi M, Aihara N, Kuribayashi S, et al. Abnormal response to sodium channel blockers in
patients with Brugada syndrome: augmented localised wall motion abnormalities in the right
ventricular outflow tract region detected by electron beam computed tomography. Heart.
2003;89:169-74.

van Hoorn F, Campian ME, Spijkerboer A, et al. SCN5A mutations in Brugada syndrome
are associated with increased cardiac dimensions and reduced contractility. PLoS One.
2012;7:e42037.

Andorin A, Behr ER, Denjoy I, et al. The impact of clinical and genetic findings on the
management of young Brugada syndrome patients. Heart Rhythm Off J Heart Rhythm Soc.
2016;13:1274-82.

Koopmann TT, Bezzina CR, Wilde AA. Voltage-gated sodium channels: action players with
many faces. Ann Med. 2006;38:472-82.

McKusick VA. OMIM - Online Mendelian Inheritance in Man. In: Natl. Cent. Biotechnol.
Inf.; 2007. http://www.ncbi.nlm.nih.gov/sites/entrez?db=OMIM.

Schott JJ, Alshinawi C, Kyndt F, et al. Cardiac conduction defects associate with mutations
in SCN5A. Nat Genet. 1999;23:20-1.

Benson DW, Wang DW, Dyment M, et al. Congenital sick sinus syndrome caused by recessive
mutations in the cardiac sodium channel gene (SCN5A). J Clin Invest. 2003;112:1019-28.
McNair WP, Ku L, Taylor MR, et al. SCN5A mutation associated with dilated cardiomyopa-
thy, conduction disorder, and arrhythmia. Circulation. 2004;110:2163-7.

Groenewegen WA, Firouzi M, Bezzina CR, et al. A cardiac sodium channel mutation coseg-
regates with a rare connexin4( genotype in familial atrial standstill. Circ Res. 2003;92:14-22.
Wang Q, Shen J, Li Z, et al. Cardiac sodium channel mutations in patients with long QT
syndrome, an inherited cardiac arrhythmia. Hum Mol Genet. 1995;4:1603-7.

Ackerman MJ, Siu BL, Sturner WQ, et al. Postmortem molecular analysis of SCN5A defects
in sudden infant death syndrome. JAMA. 2001;286:2264-9.

Wang DW, Desai RR, Crotti L, et al. Cardiac sodium channel dysfunction in sudden infant
death syndrome. Circulation. 2007;115:368-76.

Bezzina CR, Shimizu W, Yang P, et al. Common sodium channel promoter haplotype in Asian
subjects underlies variability in cardiac conduction. Circulation. 2006;113:338—44.

Baroudi G, Pouliot V, Denjoy I, et al. Novel mechanism for Brugada syndrome: defective
surface localization of an SCN5A mutant (R1432G). Circ Res. 2001;88:E78-83.

Hong K, Guerchicoff A, Pollevick GD, et al. Cryptic 5’ splice site activation in SCN5A asso-
ciated with Brugada syndrome. J Mol Cell Cardiol. 2005;38:555-60.

Poelzing S, Forleo C, Samodell M, et al. SCN5SA polymorphism restores trafficking of a
Brugada syndrome mutation on a separate gene. Circulation. 2006;114:368-76.
Rossenbacker T, Schollen E, Kuiperi C, et al. Unconventional intronic splice site mutation in
SCNS5A associates with cardiac sodium channelopathy. J Med Genet. 2005;42:¢29.
Koopmann TT, Beekman L, Alders M, et al. Exclusion of multiple candidate genes and large
genomic rearrangements in SCN5A in a Dutch Brugada syndrome cohort. Heart Rhythm.
2007;4:752-5.

Rossenbacker T, Priori SG. The Brugada syndrome. Curr Opin Cardiol. 2007;22:163-70.
Kapplinger JD, Giudicessi JR, Ye D, et al. Enhanced classification of Brugada syndrome-
associated and Long-QT syndrome-associated genetic variants in the SCN5A-encoded
Na(v)1.5 cardiac sodium channel. Circ Cardiovasc Genet. 2015;8:582-95.

Bezzina CR, Barc J, Mizusawa Y, et al. Common variants at SCN5A-SCN10A and HEY?2 are
associated with Brugada syndrome, a rare disease with high risk of sudden cardiac death. Nat
Genet. 2013;45:1409.


http://www.ncbi.nlm.nih.gov/sites/entrez?db=OMIM

Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 477

262.
263.
264.
265.
266.
267.
268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

280.

281.

282.

283.

Gaborit N, Wichter T, Varro A, et al. Transcriptional profiling of ion channel genes in Brugada
syndrome and other right ventricular arrhythmogenic diseases. Eur Heart J. 2009;30:487-96.
Wilde AA, Bezzina CR. Genetics of cardiac arrhythmias. Heart. 2005;91:1352-8.

Viskin S. Brugada syndrome in children: don’t ask, don’t tell? Circulation. 2007;115:1970-2.
Brugada J, Brugada R, Brugada P. Electrophysiologic testing predicts events in Brugada syn-
drome patients. Heart Rhythm. 2011;8:1595-7.

Wilde AA, Viskin S. EP testing does not predict cardiac events in Brugada syndrome. Heart
Rhythm. 2011;8:1598-600.

TungR, Zimetbaum P, Josephson ME. A critical appraisal of implantable cardioverter-defibrillator
therapy for the prevention of sudden cardiac death. J Am Coll Cardiol. 2008;52:1111-21.

Moss AJ, Schuger C, Beck CA, et al. Reduction in inappropriate therapy and mortality
through ICD programming. N Engl J Med. 2012;367:2275-83.

Delise P, Allocca G, Marras E, et al. Risk stratification in individuals with the Brugada type
1 ECG pattern without previous cardiac arrest: usefulness of a combined clinical and electro-
physiologic approach. Eur Heart J. 2011;32:169-76.

Delise P, Allocca G, Sitta N, Di Stefano P. Event rates and risk factors in patients with
Brugada syndrome and no prior cardiac arrest. A cumulative analysis of the largest available
studies distinguishing ICD-recorded fast ventricular arrhythmias and sudden death. Heart
Rhythm. 2014;11:252-8.

Ayerza MR, de Zutter M, Goethals M, et al. Heart transplantation as last resort against
Brugada syndrome. J Cardiovasc. 2002;13:943—-4.

Abud A, Bagattin D, Goyeneche R, Becker C. Failure of cilostazol in the prevention of ven-
tricular fibrillation in a patient with Brugada syndrome. J Cardiovasc. 2006;17:210-2.
Chinushi M, Furushima H, Hosaka Y, et al. Ventricular fibrillation and ventricular tachycardia
triggered by late-coupled ventricular extrasystoles in a Brugada syndrome patient. Pacing
Clin Electrophysiol. 2011;34:e1-5.

Kaneko Y, Horie M, Niwano S, et al. Electrical storm in patients with Brugada syndrome is
associated with early repolarization. Circ Arrhythm Electrophysiol. 2014;7:1122-8.
Marquez MF, Bonny A, Hernandez-Castillo E, et al. Long-term efficacy of low doses of
quinidine on malignant arrhythmias in Brugada syndrome with an implantable cardioverter-
defibrillator: a case series and literature review. Heart Rhythm. 2012;9:1995-2000.
Mizusawa Y, Sakurada H, Nishizaki M, Hiraoka M. Effects of low-dose quinidine on ven-
tricular tachyarrhythmias in patients with Brugada syndrome: low-dose quinidine therapy as
an adjunctive treatment. J Cardiovasc. 2006;47:359-64.

Murakami M, Nakamura K, Kusano KF, et al. Efficacy of low-dose bepridil for prevention
of ventricular fibrillation in Brugada syndrome patients with and without SCN5A mutation.
J Cardiovasc Pharmacol. 2010;56:389-95.

Sugao M, Fujiki A, Nishida K, et al. Repolarization dynamics in patients with idiopathic ven-
tricular fibrillation: pharmacological therapy with bepridil and disopyramide. J Cardiovasc
Pharmacol. 2005;45:545-9.

Tsuchiya T, Ashikaga K, Honda T, Arita M. Prevention of ventricular fibrillation by cilo-
stazol, an oral phosphodiesterase inhibitor, in a patient with Brugada syndrome. J Cardiovasc.
2002;13:698-701.

Francis J, Sankar V, Nair VK, Priori SG. Catecholaminergic polymorphic ventricular tachy-
cardia. Heart Rhythm. 2005;2:550—4.

Brugada J, Pappone C, Berruezo A, et al. Brugada syndrome phenotype elimination by epi-
cardial substrate ablation. Circ Arrhythm Electrophysiol. 2015;8:1373-81.

Széplaki G, Ozcan EE, Osztheimer I, et al. Ablation of the epicardial substrate in the right
ventricular outflow tract in a patient with brugada syndrome refusing implantable cardio-
verter defibrillator therapy. Can J Cardiol. 2014;30:1249.e9-1249.e11.

Talib AK, Yui Y, Kaneshiro T, et al. Alternative approach for management of an electrical
storm in Brugada syndrome:Importance of primary ablation within a narrow time window. J
Arrhythmia. 2016;32:220-2.



478

P.G. Postema et al.

284.

285.

286.

287.

288.

289.

290.

291.
292.

293.
294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

Wilde AAM, Nademanee K. Epicardial substrate ablation in Brugada syndrome: time for a
randomized trial! Circ Arrhythm Electrophysiol. 2015;8:1306-8.

Zipes DP, Camm AJ, Borggrefe M, et al. ACC/AHA/ESC 2006 Guidelines for management
of patients with ventricular arrhythmias and the prevention of sudden cardiac death: a report
of the American College of Cardiology/American Heart Association Task Force and the
European Society of Cardiology Committee for practice guidelines (writing committee to
develop guidelines for management of patients with ventricular arrhythmias and the preven-
tion of sudden cardiac death): developed in collaboration with the European Heart Rhythm
Association and the Heart Rhythm Society. Circulation. 2006;114:e385-484.

Shipley RA, Hallaran WR. The four-lead electrocardiogram in two hundred normal men and
women. Am Heart J. 1936;11:325-245.

Goldman MJ. RS-T segment elevation in mid- and left precordial leads as a normal variant.
Am Heart J. 1953;46:817-20.

Goldman MJ. Normal variants in the electrocardiogram leading to cardiac invalidism. Am
Heart J. 1960;59:71-7.

Hiss RG, Lamb LE, Allen MF. Electrocardiographic findings in 67,375 asymptomatic sub-
jects. X. Normal values. Am J Cardiol. 1960;6:200-31.

Myers GB, Klein HA. Normal variations in multiple precordial leads. Am Heart J.
1947;34:785-808.

Seriki O, Smith AJ. The electrocardiogram of young Nigerians. Am Heart J. 1966;72:153-7.
Grant RP, Estes EH, Doyle JT. Spatial vector electrocardiography; the clinical characteristics
of S-T and T vectors. Circulation. 1951;3:182-97.

Mehta M, Jain AC, Mehta A. Early repolarization. Clin Cardiol. 1999;22:59-65.

Kambara H, Phillips J. Long-term evaluation of early repolarization syndrome (normal vari-
ant RS-T segment elevation). Am J Cardiol. 1976;38:157-6.

Morace G, Padeletti L, Porciani MC, Fantini F. Effect of isoproterenol on the “early repolar-
ization” syndrome. Am Heart J. 1979;97:343-7.

Surawicz B, Parikh SR. Prevalence of male and female patterns of early ventricular repo-
larization in the normal ECG of males and females from childhood to old age. ] Am Coll
Cardiol. 2002;40:1870-6.

Aizawa Y, Tamura M, Chinushi M, et al. Idiopathic ventricular fibrillation and bradycardia-
dependent intraventricular block. Am Heart J. 1993;126:1473-4.

Haissaguerre M, Derval N, Sacher F, et al. Sudden cardiac arrest associated with early repo-
larization. N Engl J Med. 2008;358:2016-23.

Rosso R, Kogan E, Belhassen B, et al. J-point elevation in survivors of primary ventricu-
lar fibrillation and matched control subjects: incidence and clinical significance. J] Am Coll
Cardiol. 2008;52:1231-8.

Tikkanen JT, Anttonen O, Junttila MJ, et al. Long-term outcome associated with early repo-
larization on electrocardiography. N Engl J Med. 2009;361:2529-37.

Haruta D, Matsuo K, Tsuneto A, et al. Incidence and prognostic value of early repolarization
pattern in the 12-lead electrocardiogram. Circulation. 2011;123:2931-7.

Rollin A, Maury P, Bongard V, et al. Prevalence, prognosis, and identification of the malig-
nant form of early repolarization pattern in a population-based study. Am J Cardiol. 2012;
110:1302-8.

Sinner MF, Reinhard W, Miiller M, et al. Association of early repolarization pattern on ECG
with risk of cardiac and all-cause mortality: a population-based prospective cohort study
(MONICA/KORA). PLoS Med. 2010;7:¢1000314.

Wu S-H, Lin X-X, Cheng Y-J, et al. Early repolarization pattern and risk for arrhythmia
death: a meta-analysis. ] Am Coll Cardiol. 2013;61(6):645-50. https://doi.org/10.1016/j.
jacc.2012.11.023

Rautaharju PM, Surawicz B, Gettes LS, et al. AHA/ACCF/HRS recommendations for the
standardization and interpretation of the electrocardiogram: part IV: the ST segment, T and
U waves, and the QT interval: a scientific statement from the American Heart Association
Electrocardiography and Arrhythmias Committee, Council on Clinical Cardiology; the


https://doi.org/10.1016/j.jacc.2012.11.023
https://doi.org/10.1016/j.jacc.2012.11.023

Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome 479

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

American College of Cardiology Foundation; and the Heart Rhythm Society. Endorsed
by the International Society for Computerized Electrocardiology. J Am Coll Cardiol.
2009;53:982-91.

Surawicz B, Macfarlane PW. Inappropriate and confusing electrocardiographic terms: J-wave
syndromes and early repolarization. ] Am Coll Cardiol. 2011;57:1584-6.

Macfarlane PW, Antzelevitch C, Haissaguerre M, et al. The early repolarization pattern: a
consensus paper. J Am Coll Cardiol. 2015;66:470-7.

Gourraud J-B, Le Scouarnec S, Sacher F, et al. Identification of large families in early repo-
larization syndrome. J] Am Coll Cardiol. 2013;61:164-72.

Nunn LM, Bhar-Amato J, Lowe MD, et al. Prevalence of J-point elevation in sudden arrhyth-
mic death syndrome families. J Am Coll Cardiol. 2011;58:286-90.

Haissaguerre M, Chatel S, Sacher F, et al. Ventricular fibrillation with prominent early repo-
larization associated with a rare variant of KCNJ8/K channel. J Cardiovasc. 2009;20:93-8.
Veeramah KR, Karafet TM, Wolf D, et al. The KCNJ8-S422L variant previously associated
with J-wave syndromes is found at an increased frequency in Ashkenazi Jews. Eur ] Hum
Genet. 2014;22:94-8.

Priori SG, Blomstrom-Lundqvist C, Mazzanti A, et al. 2015 ESC Guidelines for the manage-
ment of patients with ventricular arrhythmias and the prevention of sudden cardiac death: The
task force for the management of patients with ventricular arrhythmias 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;17:1601-87.
https://doi.org/10.1093/europace/euv319.

Haissaguerre M, Sacher F, Nogami A, et al. Characteristics of recurrent ventricular fibrilla-
tion associated with inferolateral early repolarization role of drug therapy. J Am Coll Cardiol.
2009;53:612-9.

Abe A, Ikeda T, Tsukada T, et al. Circadian variation of late potentials in idiopathic ven-
tricular fibrillation associated with J waves: insights into alternative pathophysiology and risk
stratification. Heart Rhythm Off J Heart Rhythm Soc. 2010;7:675-82.

Derval N, Simpson CS, Birnie DH, et al. Prevalence and characteristics of early repolariza-
tion in the CASPER registry: cardiac arrest survivors with preserved ejection fraction regis-
try. J Am Coll Cardiol. 2011;58:722-8.

Nam GB, Ko KH, Kim J, et al. Mode of onset of ventricular fibrillation in patients with early
repolarization pattern vs. Brugada syndrome. Eur Heart J. 2010;31:330-9.

Rosso R, Adler A, Halkin A, Viskin S. Risk of sudden death among young individuals with
J waves and early repolarization: putting the evidence into perspective. Heart Rhythm Off J
Heart Rhythm Soc. 2011;8:923-9.

Muramoto D, Yong CM, Singh N, et al. Patterns and prognosis of all components of the
J-wave pattern in multiethnic athletes and ambulatory patients. Am Heart J. 2014;167:259-66.
Brosnan MJ, Kumar S, LaGerche A, et al. Early repolarization patterns associated with
increased arrhythmic risk are common in young non-Caucasian Australian males and not
influenced by athletic status. Heart Rhythm Off J Heart Rhythm Soc. 2015;12:1576-83.
Junttila MJ, Sager SJ, Freiser M, et al. Inferolateral early repolarization in athletes. J Interv
Card Electrophysiol Int J Arrhythm Pacing. 2011;31:33-8.

Aagaard P, Baranowski B, Aziz P, Phelan D. Early repolarization in athletes: a review. Circ
Arrhythm Electrophysiol. 2016;9:e003577.

Noseworthy PA, Tikkanen JT, Porthan K, et al. The early repolarization pattern in the general
population: clinical correlates and heritability. J Am Coll Cardiol. 2011;57:2284-9.

Sager SJ, Hoosien M, Junttila MJ, et al. Comparison of inferolateral early repolarization and
its electrocardiographic phenotypes in pre- and postadolescent populations. Am J Cardiol.
2013;112:444-8.

Roten L, Derval N, Sacher F, et al. Ajmaline attenuates electrocardiogram characteristics of
inferolateral early repolarization. Heart Rhythm. 2012;9:232-9.

Roten L, Derval N, Sacher F, et al. Heterogeneous response of J-wave syndromes to beta-
adrenergic stimulation. Heart Rhythm Off J Heart Rhythm Soc. 2012;9:1970-6.


https://doi.org/10.1093/europace/euv319

480

P.G. Postema et al.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.
340.

341.
342.

343.

344.

345.

346.

347.

Nam GB, Kim YH, Antzelevitch C. Augmentation of J waves and electrical storms in patients
with early repolarization. N Engl J Med. 2008;358:2078-9.

Shinohara T, Takahashi N, Saikawa T, Yoshimatsu H. Characterization of J] wave in a
patient with idiopathic ventricular fibrillation. Heart Rhythm Off J Heart Rhythm Soc.
2006;3:1082—4.

Tikkanen JT, Wichmann V, Junttila MJ, et al. Association of early repolarization and sudden
cardiac death during an acute coronary event. Circ Arrhythm Electrophysiol. 2012;5:714-8.
Tiillimen E, Schulze-Bahr E, Zumhagen S, et al. Early repolarization pattern: a marker
of increased risk in patients with catecholaminergic polymorphic ventricular tachycardia.
Europace. 2015;18:1587-92. https://doi.org/10.1093/europace/euv3s7.

Laksman ZWM, Gula LJ, Saklani P, et al. Early repolarization is associated with symptoms
in patients with type 1 and type 2 long QT syndrome. Heart Rhythm Off J Heart Rhythm Soc.
2014;11:1632-8.

van der Werf C, van Langen IM, Wilde AA. Sudden death in the young: what do we know
about it and how to prevent? Circ Arrhythm Electrophysiol. 2010;3:96—104.

Viskin S, Postema PG, Bhuiyan ZA, et al. The response of the QT-interval to the brief tachy-
cardia provoked by standing. A bedside test for diagnosing Long-QT syndrome. J Am Coll
Cardiol. 2010;55:1955-61.

Patton KK, Ellinor PT, Ezekowitz M, et al. Electrocardiographic early repolarization: a sci-
entific statement from the American Heart Association. Circulation. 2016;133:1520-9.
Priori SG, Wilde AA, Horie M, et al. HRS/EHRA/APHRS expert consensus statement on
the diagnosis and management of patients with inherited primary arrhythmia syndromes
expert consensus statement on inherited primary arrhythmia syndromes. Heart Rhythm.
2013;10:e75-e106.

Adler A, Rosso R, Viskin D, et al. What do we know about the “malignant form” of early
repolarization? J Am Coll Cardiol. 2013;62:863-8.

Tikkanen JT, Junttila MJ, Anttonen O, et al. Early repolarization: electrocardiographic phe-
notypes associated with favorable long-term outcome. Circulation. 2011;123:2666—73.
Sacher F, Lim HS, Haissaguerre M. Sudden cardiac death associated with J wave elevation in
the inferolateral leads: insights from a multicenter registry. J Electrocardiol. 2013;46:456—60.
Antzelevitch C, Yan G-X, Viskin S. Rationale for the use of the terms J-wave syndromes and
early repolarization. J Am Coll Cardiol. 2011;57:1587-90.

Postema PG, Wilde AAM. Do J waves constitute a syndrome? J Electrocardiol. 2013;46:461-5.
Hoogendijk MG, Potse M, Coronel R. Critical appraisal of the mechanism underlying J
waves. J Electrocardiol. 2013;46:390—4.

Wellens HJ. Early repolarization revisited. N Engl J Med. 2008;358:2063-5.

Amin AS, de Groot EA, Ruijter JM, et al. Exercise-induced ECG changes in Brugada syn-
drome. Circ Arrhythm Electrophysiol. 2009;2:531-9.

Obeyesekere MN, Klein GJ, Nattel S, et al. A clinical approach to early repolarization.
Circulation. 2013;127:1620-9.

Osborn JJ. Experimental hypothermia; respiratory and blood pH changes in relation to car-
diac function. Am J Phys. 1953;175:389-98.

Watanabe H, Nogami A, Ohkubo K, et al. Electrocardiographic characteristics and SCN5A
mutations in idiopathic ventricular fibrillation associated with early repolarization. Circ
Arrhythm Electrophysiol. 2011;4:874-81.

Sinner MF, Porthan K, Noseworthy PA, et al. A meta-analysis of genome-wide association
studies of the electrocardiographic early repolarization pattern. Heart Rhythm Off J Heart
Rhythm Soc. 2012;9:1627-34.

Mabhida S, Derval N, Sacher F, et al. Role of electrophysiological studies in predicting risk of
ventricular arrhythmia in early repolarization syndrome. J Am Coll Cardiol. 2015;65:151-9.


https://doi.org/10.1093/europace/euv357

	14: Inherited Arrhythmias: Brugada Syndrome and Early Repolarisation Syndrome
	14.1	 Introduction: Brugada Syndrome
	14.2	 Clinical Presentation
	14.2.1	 Epidemiology
	14.2.2	 The Patient

	14.3	 Electrocardiography and Diagnosis
	14.3.1	 The Brugada ECG
	14.3.2	 Other Electrocardiographic Characteristics

	14.4	 Pathophysiology and Genetics
	14.4.1	 Arrhythmia Mechanisms
	14.4.2	 The Coved ST Segment
	14.4.3	 Structural Changes
	14.4.4	 Genetics of Brugada Syndrome

	14.5	 Clinical Decision Making
	14.5.1	 Risk Stratification
	14.5.2	 Treatment

	14.6	 Future Research
	14.7	 Early Repolarisation Syndrome
	14.7.1	 Introduction
	14.7.2	 Clinical Presentation
	14.7.2.1	 Epidemiology
	14.7.2.2	 The Patient

	14.7.3	 Electrocardiography and Diagnosis
	14.7.4	 Pathophysiology
	14.7.5	 Genetics
	14.7.6	 Clinical Decision Making
	14.7.6.1	 Risk Stratification
	14.7.6.2	 Treatment

	14.7.7	 Future Research

	References


