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RESPONSE TO ECG CHALLENGE
The patient’s telemetry tracing from an in-house syn-
copal episode demonstrates polymorphic ventricular 
tachycardia (PVT) triggered by premature ventricular 
depolarizations (PVCs) (Figure 2). The triggering PVCs 
are identical to those seen on the patient’s 12-lead ECG 
(Figure 3). All have a left bundle-branch block morphol-
ogy with a superior axis and a late R:S transition point 
at V6 indicating a single ectopic focus that localizes to 
the inferior wall of the right ventricle. The coupling in-
tervals of the PVCs are exceedingly short at 240 mil-
liseconds, with each PVC falling on the ascending limb 
of the preceding sinus T wave. The QT interval and QTc 
are normal at 340 milliseconds and 380 milliseconds, 
respectively. This analysis suggests that the patient’s ini-
tial VF arrest resulted from PVT triggered by short-cou-
pled PVCs, which subsequently degenerated into VF.

Given the absence of structural heart disease and a 
lack of evidence suggesting a primary arrhythmia syn-
drome (eg, the Brugada syndrome, the long and short 

QT syndromes), this patient’s VF arrest is appropriately 
classified as idiopathic VF (IVF). In 1994, Leenhardt 
and colleagues1 described a new electrocardiographic 
entity on the IVF spectrum characterized by episodes 
of PVT triggered by short-coupled PVCs (≤300 milli-
seconds). This entity, termed short-coupled torsades 
de pointes (scTdP), had the characteristic “twisting of 
the points” appearance of torsades. Unlike typical tor-
sades, however, it occurred in the setting of a normal 
QT interval. More than 35% of the scTdP patients in 
Leenhardt’s original case series experienced sudden 
cardiac death, and ≈30% had a familial history of 
sudden death. Our patient had no family history of 
sudden cardiac death but exhibited the hallmark elec-
trocardiographic features of scTdP, namely, episodes 
of PVT triggered by short-coupled PVCs and an other-
wise normal ECG.

Calcium channel-blocking agents, and verapamil in 
particular, are the only medical therapy that have dem-
onstrated efficacy in scTdP. They lengthen the coupling 
interval and suppress short-coupled PVCs.1 Short-cou-

Figure 2. Annotated telemetry 
coinciding with an in-hospital 
syncopal episode.  
The beginning of the telemetry 
tracing shows a sinus rhythm with 
frequent premature ventricular de-
polarizations (asterisks). One of these 
premature ventricular depolarizations 
(arrow) then triggers an episode of 
sustained polymorphic ventricular 
tachycardia. HR indicates heart rate.

Figure 3. Annotated admission ECG.  
The patient’s episodes of PVT and VF are triggered by the same short-coupled premature ventricular depolarizations (asterisks) seen 
on this ECG. The coupling interval of these premature ventricular depolarizations (solid line) is exceedingly short at 240 milliseconds. 
The QT interval (dotted line) is normal at 340 milliseconds. The premature ventricular depolarizations have left bundle-branch block 
morphology, indicating a right ventricular origin. Their superior axis and late R:S transition point at V6 further localize the ectopic 
focus to the inferoseptal right ventricle. PVT indicates polymorphic ventricular tachycardia; and VF, ventricular fibrillation.
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changes and initiation of pharmacological treatment, for 
example avoidance of competitive sports in patients with 
CPVT, HCM, arrhythmogenic right ventricular dysplasia/
cardiomyopathy, and LQTS, treatment with β-blockers in 
CPVT and LQTS patients, specific drug avoidance in patients 
with LQTS and BrS and prevention or treatment of fever in 
patients with BrS. Patients incorrectly diagnosed with IVF 
are deprived of therapy that could prevent recurrence of ven-
tricular arrhythmias. Moreover, detection of inherited disease 
has implications about family counseling and screening. 

Family members of patients with inherited disease should 
undergo phenotypic, and if applicable genetic, screening. 
Affected family members should receive prophylactic ther-
apy and lifestyle changes if indicated. No particular data are 
available on the value of screening the family of patients with 
IVF. We recommend cardiac screening of first degree rela-
tives with ECG, echocardiography, and exercise test. Further 
cascade family screening is indicated in case either a patho-
genic mutation is found (for example DPP6 or CALM1) or a 
specific diagnosis is revealed.

Table 4. FU of Patients Initially Diagnosed With IVF

Cohort
Year of 

Publication
No. of Patients 

Included
Mean FU 

(mo)

Specific Diagnosis 
Detected After 

Additional Diagnostics 
or During FU; N (%)

Patients With IVF; N (%)
Male/Female; N (%)/N 

(%)

Mean Age 
During IVF 
Event, y

ICD 
Implantation; 

N (%)

No. of IVF 
Patients With 
Arrhythmia 
Recurrence; 

N (%)

Herman et al34 2016 200 (134 with 
initial diagnosis 

IVF)

3.15±2.34 y 13(7) 119 (90*)
73(61)/46(39)

NR
Whole cohort: 

48±14.7

111 (93) 10 (11)

Remme et al69 2001 37 77±41 4(11) 33 (89)
NR/NR
Whole cohort:
26(70)/11(30)

35±17 23 (62) NR
Whole cohort: 

16 (43)

Champagne 
et al70

2005 29 41±27 11(38) 18 (62)
13 (72)/5 (28)

42±14 All (100) 7 (39)

Meissner et al71 1993 28 30.6 0 28 (100)
15 (54)/13 (46)

42±14 All (100) 16 (57)

Mewis et al72 1998 18 45±29 0 18 (100)
9 (50)/9 (50)

48±14 1 (6) 2 (11)

Crijns et al73 1995 10 32 0 10 (100)
8 (80)/2 (20)

37±11 1 (10) 0 (0)

Total N/A 385 (254 with 
initial diagnosis 

of IVF)

42 mol/L 28(11†) 226 (94)
NR/NR

45 193 (80) NR

FU indicates follow-up; ICD, implantable cardiac defibrillator; IVF, idiopathic ventricular fibrillation; N/A, not applicable; and NR, not reported.
*Ninety percent of 134 patients with an initial diagnosis of IVF.
†Eleven percent of 254 patients with an initial diagnosis IVF.

Figure 2. Performed diagnostic tests and yield. EMB indicates endomyocardial biopsy; EPS, electrophysiological study; and MRI, mag-
netic resonance imaging.
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Guidelines provide limited guidance in the diagnosis 
and follow-up of patients with IVF; therefore, a protocol is 
required. A protocol as shown in Figure 3 may be suggested.

Future Perspectives
The incidence of IVF is declining and we expect the number 
of patients with IVF to decline further. This decline might 
be explained by the detection of new well-defined primary 
arrhythmia syndromes, the improvement in high resolution 
imaging modalities, and the advance in genetic testing. His-
torically, after limited diagnostic testing all VF patients with 

an apparently normal heart were diagnosed with IVF, result-
ing in a heterogeneous and comprehensive group of patients 
with IVF. Today, IVF is redefined as a rare primary arrhyth-
mia syndrome of unknown, maybe (mono- or poly-) genetic 
origin that shows different manifestations including scTdP, 
which however are not explanatory for the arrhythmic event. 
Genetic testing including the screening of large multigene 
panels and exome or genome sequencing, followed by func-
tional studies, might redefine IVF even further in the future.

In the present expert consensus statement on the diagnosis 
and management of patients with inherited primary arrhyth-
mia syndromes, extensive genetic testing is not recommended 
in patients with IVF because of the low yield and high costs.5 
However, the costs of genetic testing have decreased, resulting 
in an increase in the feasibility of genetic testing. Consequently, 
large custom multigene panels have been created and are rap-
idly replacing targeted genetic screening based on phenotype. 
However, the yield of these custom multigene panels has yet 
to be determined. Moreover, an increasing number of variants 
of uncertain clinical significance are detected. The interpre-
tation and clinical use of these variants of uncertain clinical 
significance is challenging. Future research, and more spe-
cifically functional studies, have to demonstrate the causality 
between variants of uncertain clinical significance and IVF.

Conclusions
The diagnosis of IVF depends on exclusion of cardiac, respira-
tory, metabolic, and toxicological causes. Differentiation from 
structural cardiac disease and other primary arrhythmia syn-
dromes is critical for targeted therapy, follow-up, and family 
screening. The present expert consensus statements provide 
limited guidance on the diagnosis and follow-up of patients 
with IVF. Therefore, we proposed a protocol for the diagno-
sis and follow-up of IVF. Follow-up is of utmost importance 
because ≤30% of patients initially diagnosed with IVF qualify 
for a specific disease during follow-up. Reassessment of diag-
nosis is, therefore, always necessary in patients with IVF.

Disclosures
None.
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Figure 3. Proposed flowchart for the diagnosis and follow-up 
of patients with idiopathic ventricular fibrillation (IVF).*In young 
patients (<45 years) without risk factors for coronary artery dis-
ease, coronary computed tomography (CT; or MR) angiography is 
an alternative diagnostic tool to exclude coronary artery disease. 
The sensitivity is 85% and 99%, respectively, the specificity is 
90% and 64%, respectively, the positive predictive value is 91% 
and 86%, respectively, and the negative predictive value is 83% 
and 90%, respectively.41,42 Coronary CT angiography has a higher 
sensitivity compared with magnetic resonance imaging (MRI) in 
detecting coronary stenosis; therefore, CT is a better alternative 
for coronary angiography.74 †A proposed acquisition protocol for 
cardiac MRI is available in the Data Supplement and is based on 
the arrhythmogenic right ventricular dysplasia/cardiomyopathy 
protocol. ‡Proposed genetic testing consists of a basic panel of 
SCN5A, the most common long-QT genes (KCNQ1 and KCNH2), RyR2, 
and CALM1 in patients with exercise-induced VF. In patients with 
a negative phenotype, we recommend SCN5A, KCNQ1, and KCNH2 
screening. FU indicates follow-up.
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ST-segment elevation; (2) the peak of the notch or J wave
(Jp) ≥0.1 mV in ≥2 contiguous leads of the 12-lead ECG,
excluding leads V1–V3; and (3) QRS duration (measured in
leads in which a notch or slur is absent) o120 ms. Table 4
lists the exclusion criteria in the differential diagnosis of
ERS.

A proposed diagnostic score system for ERS, referred to
as the Proposed Shanghai ERS Score, is presented in Table 5.
The scoring system is based on evidence available in the
literature to date. As in BrS, weighting of variables is based
on expert opinion informed by cohort studies that do not
include all variables presented. Thus, rigorous, objectively
weighted coefficients were not derived from large-scale risk
factor- and outcome-informed datasets. Nonetheless, the
authors believed that some inferential weighting would be
of benefit when applied to patients. As with all such
recommendations, they will need to undergo initial and
ongoing validation in future studies.

Similarities and difference between
BrS and ERS
BrS and ERS display several clinical similarities, suggesting
similar pathophysiology (Table 6).19,21,103–105 Males predom-
inate in both syndromes, with BrS presenting in 71%–80%
among Caucasians and 94%–96% among Japanese.106,107 In
the setting of ERP, VF occurred mainly in males (72%) when
studied in an international cohort2 but in a much higher
percentage in a report by Japanese investigators.108 BrS and
ERS patients may be totally asymptomatic until they present
with cardiac arrest. In both syndromes, the highest incidence of
VF or SCD occurs in the third decade of life, perhaps related to
testosterone levels in males.109 In both syndromes, the
appearance of accentuated J waves and ST-segment elevation

is generally associated with bradycardia or pauses.110,111 This
can explain why VF in both syndromes often occurs during
sleep or during a low level of physical activities.108,112 The QT
interval is relatively short in patients with ERS,2,113 and BrS
who carry mutations in calcium channel genes.114

As will be discussed in more detail later, ERS and BrS
also share similarities with respect to the response to
pharmacologic therapy. In both, electrical storms and asso-
ciated J-wave manifestations can be suppressed using β-
adrenergic agonists.115–118 Chronic oral pharmacologic ther-
apy using quinidine,119,120 bepridil,117 denopamine,115,121

and cilostazol115,117,121–125 is reported to suppress the
development of VT/VF in both ERS and BrS secondary to
inhibition of Ito, augmentation of ICa, or both.

3,122,126

Differences between the 2 syndromes include (1) the
region of the heart most affected (RVOT vs inferior LV); (2)
the presence of (discrete) structural abnormalities in BrS but
not in ERS; (3) the incidence of late potentials in signal-
averaged ECGs (BrS 60% 4 ERS 7%)108; and (4) greater
elevation of Jo, Jp, or Jt (ST-segment elevation) in response to
sodium channel blockers in BrS vs ERS and higher

Table 4 Differential diagnosis of early repolarization pattern

Other causes of early repolarization pattern include the following:

• Juvenile ST pattern
• Pericardial disease (pericarditis, pericardial cyst, pericardial
tumor)

• Hypothermia
• Hyperthermia
• Myocardial tumor (lipoma)
• Hypertensive heart disease
• Athlete’s heart
• Myocardial ischemia
• STEMI (i.e., anteroseptal myocardial infarction)
• Fragmented QRS (terminal notching)
• Hypocalcemia
• Hyperpotassemia
• Thymoma
• Aortic dissection
• Arrhythmogenic right ventricular cardiomyopathy
• Takotsubo cardiomyopathy
• Neurologic causes (intracerebral bleeding, acute brain injury)
• Myocarditis
• Chagas disease
• Cocaine use

STEMI = ST segment elevation myocardial infarction.

Table 5 Proposed Shanghai Score System for diagnosis of early
repolarization syndrome

Points

I. Clinical History
A. Unexplained cardiac arrest, documented VF or

polymorphic VT
3

B. Suspected arrhythmic syncope 2
C. Syncope of unclear mechanism/unclear etiology 1
*Only award points once for highest score within this

category
II. Twelve-Lead ECG
A. ER ≥0.2 mV in ≥2 inferior and/or lateral ECG leads

with horizontal/descending ST segment
2

B. Dynamic changes in J-point elevation (≥0.1 mV) in
≥2 inferior and/or lateral ECG leads

1.5

C. ≥0.1 mV J-point elevation in at least 2 inferior
and/or lateral ECG leads

1

*Only award points once for highest score within this
category

III. Ambulatory ECG Monitoring
A. Short-coupled PVCs with R on ascending limb or

peak of T wave
2

IV. Family History
A. Relative with definite ERS 2
B. ≥2 first-degree relatives with a II.A. ECG pattern 2
C. First-degree relative with a II.A. ECG pattern 1
D. Unexplained sudden cardiac death o45 years in a

first- or second-degree relative
0.5

*Only award points once for highest score within this
category

V. Genetic Test Result
A. Probable pathogenic ERS susceptibility mutation 0.5

Score (requires at least 1 ECG finding)
≥5 points: Probable/definite ERS

3–4.5 points: Possible ERS
o3 points: Nondiagnostic

ER ¼ early repolarization; ERS ¼ early repolarization syndrome;
PVC ¼ premature ventricular contraction; VF ¼ ventricular fibrillation;
VT ¼ ventricular tachycardia.
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Figure 6 Indications for therapy of patients with Brugada syndrome. Recommendations with class designations are taken from 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: document
endorsed by HRS, EHRA, and APHRS in May 2013 and by ACCF, AHA, PACES, and AEPC in June 2013. Heart Rhythm 2013;10:1932–1963, and Priori SG,
Blomstrom-Lundqvist C, Mazzanti A, et al. 2015 ESC guidelines for the management 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). Eur Heart J 2015;36:2757-9. Recommendations without
class designations are derived from unanimous consensus of the authors. ES ¼ extrastimuli at right ventricular apex; ICD ¼ implantable cardioverter-defibrillator;
ILR ¼ implantable loop recorder; NAR ¼ nocturnal agonal respiration; RVOT ¼ right ventricular outflow tract; VF ¼ ventricular fibrillation;
VT ¼ ventricular tachycardia.

Figure 7 Indications for therapy of patients with early repolarization syndrome. Recommendations with Class designations are taken from 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: document
endorsed by HRS, EHRA, and APHRS in May 2013 and by ACCF, AHA, PACES, and AEPC in June 2013. Heart Rhythm 2013;10:1932–1963, and Priori SG,
Blomstrom-Lundqvist C, Mazzanti A, et al. 2015 ESC guidelines for the management 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). Eur Heart J 2015;36: 2757-9. Recommendations without
Class designations are derived from unanimous consensus of the authors. ER ¼ early repolarization; ICD ¼ implantable cardioverter-defibrillator;
ILR ¼ implantable loop recorder; NAR ¼ nocturnal agonal respiration; VT ¼ ventricular tachycardia.
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  Patients on quinidine should be carefully monitored for QT prolonga-
tion and possible pro-arrhythmic events.118,448 The use of quinidine
may be considered in survivors of cardiac arrest who qualify for an
ICD but present a contraindication to the ICD or refuse it.118,448

So far there are no data supporting the role of PVS for predicting
arrhythmic events.

8.3 Brugada syndrome
8.3.1 Definitions and epidemiology

Diagnosis of Brugada Syndrome

Recommendations Classa Levelb Ref.c

Brugada syndrome is diagnosed in
patients with ST-segment elevation with
type 1 morphology ≥2 mm in one or
more leads among the right precordial
leads V1 and/or V2 positioned in the
second, third, or fourth intercostal
space, occurring either spontaneously or
after provocative drug test with
intravenous administration of sodium
channel blockers (such as ajmaline,
flecainide, procainamide or pilsicainide).

I C
This

panel of
experts

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

The prevalence of Brugada syndrome seems to be higher in South-
east Asia than in western countries; the prevalence ranges from 1 in
1000 to 1 in 10 000.449

Brugada syndrome is inherited as a dominant trait and shows age-
and sex-related penetrance: clinical manifestations of the disease are
more frequent in adults and they are eightfold more frequent in men
than in women.450 VF occurs at a mean age of 41+ 15 years but it
may manifest at any age, usually during rest or sleep.451 Fever, exces-
sive alcohol intake and large meals are triggers that unmask a type I
ECG pattern and predispose to VF.

In a recent meta-analysis, the incidence of arrhythmic events (sus-
tained VT or VF or appropriate ICD therapy or sudden death) in pa-
tients with Brugada syndrome was 13.5% per year in patients with a
history of sudden cardiac arrest, 3.2% per year in patients with syn-
cope and 1% per year in asymptomatic patients.452

At least 12 genes have been associated with Brugada syndrome,
but only two (SCN5A and CACN1Ac) individually account for .5% of
positively genotyped patients.52 Results of genetic screening do not
currently influence prognosis or treatment.

8.3.2 Approach to risk stratification and management

Risk stratification and management in Brugada
Syndrome

Recommendations Classa Levelb Ref.c

The following lifestyle changes are
recommended in all patients with a
diagnosis of Brugada syndrome:
(a) Avoidance of drugs that may induce

ST-segment elevation in right
precordial leads (http://
www.brugadadrugs.org)

(b) Avoidance of excessive alcohol intake
and large meals

(c) Prompt treatment of any fever with
antipyretic drugs.

I C
This

panel of
experts

ICD implantation is recommended in
patients with a diagnosis of Brugada
syndrome who
(a) Are survivors of an aborted cardiac

arrest and/or
(b) Have documented spontaneous

sustained VT.

I C 451

ICD implantation should be considered
in patients with a spontaneous diagnostic
type I ECG pattern and history of
syncope.

IIa C 451

Quinidine or isoproterenol should be
considered in patients with Brugada
syndrome to treat electrical storms.

IIa C 453

Quinidine should be considered in
patients who qualify for an ICD but
present a contraindication or refuse it
and in patients who require treatment
for supraventricular arrhythmias.

IIa C 454

ICD implantation may be considered in
patients with a diagnosis of Brugada
syndrome who develop VF during PVS
with two or three extrastimuli at two
sites.

IIb C 120

Catheter ablation may be considered in
patients with a history of electrical
storms or repeated appropriate ICD
shocks.

IIb C
201,
455

ECG ¼ electrocardiogram; ICD ¼ implantable cardioverter defibrillator; PVS ¼
programmed ventricular stimulation; VF ¼ ventricular fibrillation; VT ¼
ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
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Circumstances that produce a type 1 Brugada-like ECG
include right bundle branch block (RBBB), pectus excava-
tum, arrhythmogenic right ventricular cardiomyopathy
(ARVC), and occlusion of the left anterior descendent artery
or the conus branch of the right coronary artery, which
supplies the RVOT (Table 3A).

Discrimination between BrS and ARVC is particularly
challenging. Although debate continues as to the extent to
which structural abnormalities are present in BrS, most
investigators consider BrS to be a channelopathy. Concealed
structural abnormalities, such as histologic myocardial
fibrosis of the RVOT, which may not become evident using
conventional imaging techniques, have been proposed to
account for or contribute to delayed conduction and ven-
tricular arrhythmias in BrS. MRI and electron beam com-
puted tomographic studies of BrS patients consistently show
subtle abnormalities, including wall motion abnormalities
and reduced contractile function of the RV and, to a lesser
extent, of the LV, and dilation of the RVOT.68–71 In the only
study that discriminated between patients with and those
without SCN5A mutations, no difference was observed in
RVOT dimensions or RV ejection fraction between these

patients. Slightly greater depressions of LV dimensions and
ejection fraction were observed in patients with SCN5A
mutations. Significant differences were observed in RV and
LV dimensions and ejection fraction compared to healthy
controls.72 Cardiac dilation and reduced contractility in all of
these studies were attributed to structural changes (fibrosis,
fatty degeneration). However, as noted by van Hoorn et al,72

virtually no signs of fibrosis or fatty degeneration could be
detected, perhaps because the spatial resolution of the
imaging used was too low to detect such subtle changes.

Antzelevitch and colleagues have long suggested an
alternative explanation.31,73,74 Loss of the action potential
(AP), which has been shown in experimental models to
create the arrhythmogenic substrate in BrS, leads to con-
tractile changes that could explain the wall motion abnor-
malities observed. The all-or-none repolarization at the end
of phase 1 of the epicardial AP responsible for loss of the
dome causes the calcium channel to inactivate very soon
after it activates. As a consequence, calcium channel current
is dramatically reduced, the cell becomes depleted of
calcium, and contractile function ceases in those cells. This
is expected to lead to wall motion abnormalities, particularly
in the RVOT, dilation of the RVOT region, and reduced
ejection fraction observed in patients with BrS. It has also
been proposed that the loss of the AP dome, because it
creates a hibernation-like state, may, over long periods of
time, lead to mild structural changes, including intracellular
lipid accumulation, vacuolization, and connexin 43 redis-
tribution. These structural changes may, in turn, contribute to
the arrhythmogenic substrate of BrS, although they are very
different from those encountered in arrhythmogenic right
ventricular cardiomyopathy/dysplasia (ARVC/D).31,75 This
hypothesis would predict that some of the changes observed
by recent studies may be the result of, rather than the cause
of, the BrS phenotype.76

In a recent study, Nademanee et al76 reported additional
evidence pointing to pathologic changes in the RVOT of
patients with BrS that have proved undetectable by echo-
cardiography or MRI.

In contrast, imaging techniques in ARVC clearly display
morphologic and functional changes (e.g., dilation, bulging/
aneurysms, wall motion abnormalities). ARVC is an inher-
ited cardiac disease resulting from genetically defective
desmosomal (DS) proteins,77,78 characterized by fibrofatty
myocardial replacement predisposing to scar-related ventric-
ular arrhythmias that may lead to SCD, mostly in young
people and athletes.79 Life-threatening ventricular arrhyth-
mias may occur early, during the “concealed phase” of the
disease, before overt structural changes.77,78,80 Recent
experimental studies demonstrated that loss of expression
of DS proteins may induce electrical ventricular instability
by causing sodium channel dysfunction and current reduc-
tion as a consequence of the cross-talk between these
molecules at the intercalated discs, which predisposes to
sodium current-dependent lethal arrhythmias, similar to
those leading to SCD in patients with J-wave syn-
dromes.80–82 Further evidence of the overlap between

Table 2 Proposed Shanghai Score System for diagnosis of
Brugada syndrome

Points

I. ECG (12-Lead/Ambulatory)
A. Spontaneous type 1 Brugada ECG pattern at

nominal or high leads
3.5

B. Fever-induced type 1 Brugada ECG pattern at
nominal or high leads

3

C. Type 2 or 3 Brugada ECG pattern that converts
with provocative drug challenge

2

*Only award points once for highest score within this category.
One item from this category must apply.

II. Clinical History*
A. Unexplained cardiac arrest or documented VF/

polymorphic VT
3

B. Nocturnal agonal respirations 2
C. Suspected arrhythmic syncope 2
D. Syncope of unclear mechanism/unclear etiology 1
E. Atrial flutter/fibrillation in patients o30 years

without alternative etiology
0.5

*Only award points once for highest score within this category.
III. Family History

A. First- or second-degree relative with definite BrS 2
B. Suspicious SCD (fever, nocturnal, Brugada

aggravating drugs) in a first- or second-degree
relative

1

C. Unexplained SCD o45 years in first- or second-
degree relative with negative autopsy

0.5

*Only award points once for highest score within this category.
IV. Genetic Test Result

A. Probable pathogenic mutation in BrS
susceptibility gene

0.5

Score (requires at least 1 ECG finding)
≥3.5 points: Probable/definite BrS

2–3 points: Possible BrS
o2 points: Nondiagnostic

BrS ¼ Brugada syndrome; SCD ¼ sudden cardiac death; VF ¼ ventricular
fibrillation; VT ¼ ventricular tachycardia.
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Patients on quinidine should be carefully monitored for QT prolonga-
tion and possible pro-arrhythmic events.118,448 The use of quinidine
may be considered in survivors of cardiac arrest who qualify for an
ICD but present a contraindication to the ICD or refuse it.118,448

So far there are no data supporting the role of PVS for predicting
arrhythmic events.

8.3 Brugada syndrome
8.3.1 Definitions and epidemiology

Diagnosis of Brugada Syndrome

Recommendations Classa Levelb Ref.c

Brugada syndrome is diagnosed in
patients with ST-segment elevation with
type 1 morphology ≥2 mm in one or
more leads among the right precordial
leads V1 and/or V2 positioned in the
second, third, or fourth intercostal
space, occurring either spontaneously or
after provocative drug test with
intravenous administration of sodium
channel blockers (such as ajmaline,
flecainide, procainamide or pilsicainide).

I C
This

panel of
experts

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

The prevalence of Brugada syndrome seems to be higher in South-
east Asia than in western countries; the prevalence ranges from 1 in
1000 to 1 in 10 000.449

Brugada syndrome is inherited as a dominant trait and shows age-
and sex-related penetrance: clinical manifestations of the disease are
more frequent in adults and they are eightfold more frequent in men
than in women.450 VF occurs at a mean age of 41+ 15 years but it
may manifest at any age, usually during rest or sleep.451 Fever, exces-
sive alcohol intake and large meals are triggers that unmask a type I
ECG pattern and predispose to VF.

In a recent meta-analysis, the incidence of arrhythmic events (sus-
tained VT or VF or appropriate ICD therapy or sudden death) in pa-
tients with Brugada syndrome was 13.5% per year in patients with a
history of sudden cardiac arrest, 3.2% per year in patients with syn-
cope and 1% per year in asymptomatic patients.452

At least 12 genes have been associated with Brugada syndrome,
but only two (SCN5A and CACN1Ac) individually account for .5% of
positively genotyped patients.52 Results of genetic screening do not
currently influence prognosis or treatment.

8.3.2 Approach to risk stratification and management

Risk stratification and management in Brugada
Syndrome

Recommendations Classa Levelb Ref.c

The following lifestyle changes are
recommended in all patients with a
diagnosis of Brugada syndrome:
(a) Avoidance of drugs that may induce

ST-segment elevation in right
precordial leads (http://
www.brugadadrugs.org)

(b) Avoidance of excessive alcohol intake
and large meals

(c) Prompt treatment of any fever with
antipyretic drugs.

I C
This

panel of
experts

ICD implantation is recommended in
patients with a diagnosis of Brugada
syndrome who
(a) Are survivors of an aborted cardiac

arrest and/or
(b) Have documented spontaneous

sustained VT.

I C 451

ICD implantation should be considered
in patients with a spontaneous diagnostic
type I ECG pattern and history of
syncope.

IIa C 451

Quinidine or isoproterenol should be
considered in patients with Brugada
syndrome to treat electrical storms.

IIa C 453

Quinidine should be considered in
patients who qualify for an ICD but
present a contraindication or refuse it
and in patients who require treatment
for supraventricular arrhythmias.

IIa C 454

ICD implantation may be considered in
patients with a diagnosis of Brugada
syndrome who develop VF during PVS
with two or three extrastimuli at two
sites.

IIb C 120

Catheter ablation may be considered in
patients with a history of electrical
storms or repeated appropriate ICD
shocks.

IIb C
201,
455

ECG ¼ electrocardiogram; ICD ¼ implantable cardioverter defibrillator; PVS ¼
programmed ventricular stimulation; VF ¼ ventricular fibrillation; VT ¼
ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
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Population characteristics have changed over
time. In the early group, probands were signifi-
cantly more symptomatic and more likely to present
with an episode of SCD before a diagnosis of BrS
than in the latter group. A family history of SCD
was similar in both groups. Syncope prevalence was
also similar between both groups. Significantly more
patients had a history of AF before diagnosis in the
earlier group than the latter group (Table 1). A
spontaneous Brugada pattern on ECG at diagnosis
occurred more frequently in the earlier group.
Sodium-channel blockers were used less frequently
in asymptomatic patients in the earlier period (50%
[51 of 102]) vs. 74% (136 of 183) in the latter group
(p <0.001).

Inducibility during EPS was different in the 2
groups. In the earlier group, 34.8% (54 of 155) of
the patients were inducible compared with only
19.2% (50 of 260) in the latter group (p ¼ 0.001).
The rate of ICD implantation was higher in the
earlier group, but the difference was not statisti-
cally significant.

The percentage of patients presenting with cardiac
arrest in the earlier group who had an EPS performed
was 90% (18 of 20) versus 54% (7 of 13) in the latter
group (p ¼ 0.07). Two patients with aborted cardiac
arrest were implanted with an ICD without EPS in
the earlier group; the total rose to 8 patients in the
latter group.

There were 42 events (9.4%) in total: 30 of 165
(18.2%) in the earlier group and 12 of 287 (4.1%) in
the latter group (Table 2). Patients in the earlier
group had a significantly higher probability of pre-
senting with an event during follow-up compared
with those in the latter group, even after adjusting
for the longer follow-up in the earlier group (log-
rank p ¼ 0.007) (Figure 2). The annual event rate was
higher in the earlier group (2.5 vs. 1.8; p < 0.001)
(Table 2). When the events were analyzed in relation
to inducibility, the number of events during follow
up was w5" higher in the inducible patients: 21.1%
(22 of 104) compared with 4.2% (13 of 311) for the
noninducible group.

By univariate and multivariate analysis, a previous
episode of SCD and inducibility of a sustained ven-
tricular arrhythmia during EPS were predictors of
events across the entire population (Tables 3 and 4).
The hazard rate (close to 1) of the variable time shows
that the differences between both groups are
explained by differences in baseline characteristics.
When analyzing only the earlier group, previous SCD
and inducibility were predictors of events, whereas
previous SCD was the only predictor of events in
the latter group. If we analyzed patients without

SCD, inducibility was a consistent predictor of events
in the whole population, as well as in the earlier
group; however, inducibility no longer predicted
spontaneous arrhythmic events in the latter group
(Tables 3 and 4).

The probability of events in probands with and
without a history of SCD in relation to the period
of diagnosis (early vs. latter) are shown in Figures 3
and 4.

When only the first group was considered, 35% (19
of 54) of the inducible patients presented with events
versus 8% (8 of 101) of the noninducible patients of
the same group. In the latter group, 6% (3 of 50) of

FIGURE 2 Probability of Arrhythmic Events
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Patients in the latter group had a significantly lower likelihood of experiencing an
arrhythmic event (an appropriate implantable cardioverter-defibrillator shock for ven-
tricular fibrillation or ventricular tachycardia or sudden cardiac death [SCD]) compared with
those in the early group (log-rank p ¼ 0.007).

TABLE 2 Clinical Characteristics During Follow-Up

Early Group Latter Group p Value*

New events after diagnosis
(VF, SCD, appropriate shock)

30/165 (19) 12/282 (5) 0.007

Percent/year 2.5 # 0.0148 1.8 # 0.007

Inappropriate shocks 21/79 (26.6) 15/124 (12.1) 0.026

Percent/year 0.14 # 0.005 0.03 # 0.005

AF follow-up 15/165 (9.1) 9/282 (3.2) 0.07

Percent of new episodes per year 0.640 # 0.024 0.250 # 0.065

Values are n/N (%) or mean # SD. *Log-rank test (Mantel-Cox).

Abbreviations as in Table 1.
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The term restrictive cardiomyopathy refers to hearts in which
there is restrictive physiology, normal or reduced diastolic vo-
lumes of one or both ventricles, normal or reduced systolic vo-
lumes and normal ventricular wall thickness. Restrictive
cardiomyopathy is the least common of all the cardiomyopathies
and is caused by a number of genetic and acquired disorders.412

In western societies, the most common cause in adults is amyloid-
osis followed by mutations in sarcomeric protein genes and meta-
bolic disorders.421

Patients with restrictive cardiomyopathy typically present with
signs and symptoms of biventricular HF and are diagnosed by char-
acteristic features on non-invasive cardiac imaging and cardiac cath-
eterization. Restrictive cardiomyopathy is associated with poor
long-term prognosis. In children, freedom from death at 1, 2 and
5 years is 82, 80 and 68%, respectively;417 –420 the corresponding va-
lues for transplant-free survival are 48, 34 and 22%, respectively.
There are fewer data in adults, but reported survival rates are similar
at 5 years. Risk factors for all-cause death include NYHA functional
class, left atrial size and male sex.417 –420 In children, the risk of sud-
den death may be higher, particularly in those with ECG evidence of
myocardial ischaemia.

The treatment of restrictive cardiomyopathy is mostly palliative.
HF symptoms are treated with diuretics and heart rate control to
optimize LV filling. Anticoagulation should be used in all patients
with AF. There are no prospective data on prophylactic implantation
of ICDs in restrictive cardiomyopathy, so for patients with symp-
tomatic sustained VA, indications for ICD should be similar to those
for other heart muscle disease, taking into account the short-term
prognosis related to HF. Primary prophylaxis should be determined
by the underlying aetiology and the presence of established risk fac-
tors for SCD.

7.6 Other cardiomyopathies
7.6.1 Left-ventricular non-compaction
Non-compaction refers to the presence of prominent ventricular
trabeculations and deep intertrabecular recesses in the left and/or
right ventricle, which are often associated with a thin compacted
epicardial myocardial layer.422 In some patients, non-compaction
is associated with ventricular dilatation and systolic dysfunction.
LV non-compaction occurs in association with congenital cardiac
disorders and in an isolated form. Familial disease occurs in 18–
50% of adults with isolated LV non-compaction, mostly with an
autosomal dominant pattern of inheritance. Numerous mutations
in genes encoding sarcomere proteins, calcium-handling proteins
and other cardiomyopathy-related genes such as LMNA, LDB3
and Taffazin are reported.423

Many patients with LV non-compaction are completely asymp-
tomatic, but some present with HF, thromboembolism, arrhythmias
or SCD. Increased age, LV end diastolic diameter at presentation,
symptomatic HF, permanent or persistent AF, bundle branch block
and associated neuromuscular disease are reported predictors for
increased mortality, but there are few data to suggest that LV non-
compaction by itself is an indication for an ICD.422 – 425 The need for
an ICD should be guided by the severity of LV systolic dysfunction
and the presence of sustained VA using the same criteria for DCM
(see section 7.1).

7.6.2 Chagas cardiomyopathy

Chagas cardiomyopathy

Recommendations Classa Levelb Ref.c

An ICD should be considered in patients
with Chagas cardiomyopathy and an
LVEF ,40% when they are expected to
survive .1 year with good functional
status.

IIa C
426–
430

ICD ¼ implantable cardioverter defibrillator; LVEF ¼ left ventricular ejection
fraction.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Chagas disease is a myocardial disease caused by the parasite Trypa-
nosoma cruzi. Worldwide, 8–10 million people are currently
estimated to be infected and 20–40% will develop chronic myocar-
dial disease, sometimes many decades after the initial infection. Con-
duction system abnormalities, including RBBB and left anterior
fascicular block, are often the earliest manifestations, followed by
segmental LV wall-motion abnormalities, complex VA, sinus node
dysfunction and more advanced conduction abnormalities. In the la-
ter stages of the disease there is progressive LV dilatation and systol-
ic dysfunction.426– 430

Reported annual mortality rates for patients with Chagas disease
vary from 0.2 to 19.2%, reflecting the characteristics of the different
study populations. The most consistent independent predictors of
death are LV dysfunction, NYHA functional class and NSVT. The
risk associated with the combination of NSVT and LV dysfunction
may be as high as 15-fold.

Primarily thanks to the study by Gali et al.,430 examining the effect
of ICDs in patients with Chagas disease, evidence has been obtained
that the greatest benefit is in patients with an LVEF ,40%, although
most patients with an ICD received appropriate therapies regard-
less of their LV systolic function.

8. Inherited primary arrhythmia
syndromes

8.1 Long QT Syndrome
8.1.1 Definitions and epidemiology

Diagnosis of Long QT Syndrome (in the absence of
secondary causes for QT prolongation)

Recommendations Classa Levelb Ref.c

LQTS is diagnosed with either
– QTc ≥480 ms in repeated 12-lead
ECGs or
– LQTS risk score .3.431

I C
This

panel of
experts
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LQTS is diagnosed in the presence of a
confirmed pathogenic LQTS mutation,
irrespective of the QT duration.

I C
This

panel of
experts

ECG diagnosis of LQTS should be
considered in the presence of a QTc
≥460 ms in repeated 12-lead ECGs in
patients with an unexplained syncopal
episode in the absence of secondary
causes for QT prolongation.

IIa C
This

panel of
experts

ECG ¼ electrocardiogram; LQTS ¼ long QT syndrome; QTc ¼ corrected QT.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

This panel has modified the diagnostic criteria for LQTS proposed in
the EHRA/Heart Rhythm Society consensus document.14 Specifically,
it was felt that a QTc .500 ms—suggested as the threshold for diag-
nosis of LQTS in asymptomatic patients without a family history of the
disease—is very conservative and is identical to the QT duration as-
sociated with a high risk for arrhythmic events in SCD.1,67 According-
ly, we have used a corrected QT (QTc) ≥480 ms or a score .3431

for clinical diagnosis. In the presence of unexplained syncope, how-
ever, a QTc ≥460 ms is sufficient to make a diagnosis.

LQTS is characterized by a prolonged QT interval and VAs mainly
triggered by adrenergic activation. The mean age at presentation is
14 years. The annual rate of SCD in patients with untreated LQTS is
estimated to be between 0.3367 and 0.9%,432 whereas that for syn-
cope is estimated to be "5%.432

Mutations in 13 genes have been associated with LQTS, most en-
coding for subunits of potassium, sodium or calcium voltage-
dependent ion channels. Genetic screening identifies a disease-causing
mutation in 75% of LQTS cases and three main genes (KCNQ1, KCNH2
and SCN5A) account for 90% of positively genotyped cases.52

The subtypes of LQTS may be grouped into the following three
categories:

† Autosomal dominant LQTS (Romano–Ward syndrome; preva-
lence 1 in 2500), which includes LQT1–6 and LQT9–13 and is
characterized by an isolated prolongation of the QT interval;

† Autosomal dominant LQTS with extracardiac manifestation,
comprising

– LQT7 (Andersen–Tawil syndrome), which shows a pro-
longed QT interval with prominent U wave, polymorphic
or bidirectional VT, facial dysmorphisms and hyper-/hypo-
kalaemic periodic paralysis433 and

– LQT8 (Timothy syndrome), characterized by prolonged QT,
syndactyly, cardiac malformations, autism spectrum disorder
and dysmorphisms;

† Autosomal recessive LQTS (Jervell and Lange–Nielsen syn-
drome), which combines an extremely prolonged QT interval
with congenital deafness.

8.1.2 Approach to risk stratification and management

Risk stratification and management in Long QT
Syndrome

Recommendations Classa Levelb Ref.c

The following lifestyle changes are
recommended in all patients with a
diagnosis of LQTS:
(a) Avoidance of QT-prolonging drugs

(http://www.crediblemeds.org).
(b) Correction of electrolyte

abnormalities (hypokalaemia,
hypomagnesaemia, hypocalcaemia)
that may occur during
diarrhoea, vomiting or metabolic
conditions.

(c) Avoidance of genotype-specific
triggers for arrhythmias (strenuous
swimming, especially in LQTS1, and
exposure to loud noises in LQTS2
patients).

I B 434

Beta-blockers are recommended in
patients with a clinical diagnosis of LQTS.

I B 435

ICD implantation with the use of beta-
blockers is recommended in LQTS
patients with previous cardiac arrest.

I B
436–
438

Beta-blockers should be considered in
carriers of a causative LQTS mutation
and normal QT interval.

IIa B 67

ICD implantation in addition to
beta-blockers should be considered in
LQTS patients who experienced
syncope and/or VT while receiving an
adequate dose of beta-blockers.

IIa B 439

Left cardiac sympathetic denervation
should be considered in patients with
symptomatic LQTS when
(a) Beta-blockers are either not

effective, not tolerated or
contraindicated;

(b) ICD therapy is contraindicated or
refused;

(c) Patients on beta-blockers with an
ICD experience multiple shocks.

IIa C 440

Sodium channel blockers (mexiletine,
flecainide or ranolazine) may be
considered as add-on therapy to shorten
the QT interval in LQTS3 patients with a
QTc .500 ms.

IIb C
441–
443

Implant of an ICD may be considered in
addition to beta-blocker therapy in
asymptomatic carriers of a pathogenic
mutation in KCNH2 or SCN5A when
QTc is .500 ms.

IIb C 67
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LQTS is diagnosed in the presence of a
confirmed pathogenic LQTS mutation,
irrespective of the QT duration.

I C
This
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ECG diagnosis of LQTS should be
considered in the presence of a QTc
≥460 ms in repeated 12-lead ECGs in
patients with an unexplained syncopal
episode in the absence of secondary
causes for QT prolongation.

IIa C
This

panel of
experts

ECG ¼ electrocardiogram; LQTS ¼ long QT syndrome; QTc ¼ corrected QT.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

This panel has modified the diagnostic criteria for LQTS proposed in
the EHRA/Heart Rhythm Society consensus document.14 Specifically,
it was felt that a QTc .500 ms—suggested as the threshold for diag-
nosis of LQTS in asymptomatic patients without a family history of the
disease—is very conservative and is identical to the QT duration as-
sociated with a high risk for arrhythmic events in SCD.1,67 According-
ly, we have used a corrected QT (QTc) ≥480 ms or a score .3431

for clinical diagnosis. In the presence of unexplained syncope, how-
ever, a QTc ≥460 ms is sufficient to make a diagnosis.

LQTS is characterized by a prolonged QT interval and VAs mainly
triggered by adrenergic activation. The mean age at presentation is
14 years. The annual rate of SCD in patients with untreated LQTS is
estimated to be between 0.3367 and 0.9%,432 whereas that for syn-
cope is estimated to be "5%.432

Mutations in 13 genes have been associated with LQTS, most en-
coding for subunits of potassium, sodium or calcium voltage-
dependent ion channels. Genetic screening identifies a disease-causing
mutation in 75% of LQTS cases and three main genes (KCNQ1, KCNH2
and SCN5A) account for 90% of positively genotyped cases.52

The subtypes of LQTS may be grouped into the following three
categories:

† Autosomal dominant LQTS (Romano–Ward syndrome; preva-
lence 1 in 2500), which includes LQT1–6 and LQT9–13 and is
characterized by an isolated prolongation of the QT interval;

† Autosomal dominant LQTS with extracardiac manifestation,
comprising

– LQT7 (Andersen–Tawil syndrome), which shows a pro-
longed QT interval with prominent U wave, polymorphic
or bidirectional VT, facial dysmorphisms and hyper-/hypo-
kalaemic periodic paralysis433 and

– LQT8 (Timothy syndrome), characterized by prolonged QT,
syndactyly, cardiac malformations, autism spectrum disorder
and dysmorphisms;

† Autosomal recessive LQTS (Jervell and Lange–Nielsen syn-
drome), which combines an extremely prolonged QT interval
with congenital deafness.

8.1.2 Approach to risk stratification and management

Risk stratification and management in Long QT
Syndrome

Recommendations Classa Levelb Ref.c

The following lifestyle changes are
recommended in all patients with a
diagnosis of LQTS:
(a) Avoidance of QT-prolonging drugs

(http://www.crediblemeds.org).
(b) Correction of electrolyte

abnormalities (hypokalaemia,
hypomagnesaemia, hypocalcaemia)
that may occur during
diarrhoea, vomiting or metabolic
conditions.

(c) Avoidance of genotype-specific
triggers for arrhythmias (strenuous
swimming, especially in LQTS1, and
exposure to loud noises in LQTS2
patients).

I B 434

Beta-blockers are recommended in
patients with a clinical diagnosis of LQTS.

I B 435

ICD implantation with the use of beta-
blockers is recommended in LQTS
patients with previous cardiac arrest.

I B
436–
438

Beta-blockers should be considered in
carriers of a causative LQTS mutation
and normal QT interval.

IIa B 67

ICD implantation in addition to
beta-blockers should be considered in
LQTS patients who experienced
syncope and/or VT while receiving an
adequate dose of beta-blockers.

IIa B 439

Left cardiac sympathetic denervation
should be considered in patients with
symptomatic LQTS when
(a) Beta-blockers are either not

effective, not tolerated or
contraindicated;

(b) ICD therapy is contraindicated or
refused;

(c) Patients on beta-blockers with an
ICD experience multiple shocks.

IIa C 440

Sodium channel blockers (mexiletine,
flecainide or ranolazine) may be
considered as add-on therapy to shorten
the QT interval in LQTS3 patients with a
QTc .500 ms.

IIb C
441–
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Implant of an ICD may be considered in
addition to beta-blocker therapy in
asymptomatic carriers of a pathogenic
mutation in KCNH2 or SCN5A when
QTc is .500 ms.
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risk stratification in the long-qt syndrome

 

1869

 

years in the LQT1 subgroup, 18

 

±

 

10 years in the
LQT2 subgroup, and 16

 

±

 

10 years in the LQT3 sub-
group. The age at the time of the first cardiac event
was younger in male patients than in female pa-
tients (13

 

±

 

9 vs. 20

 

±

 

14 years, P<0.001). Specifically,
it was 11

 

±

 

9 years among male patients with a mu-
tation at the LQT1 locus and 18

 

±

 

15 years among
female patients (P=0.006), 13

 

±

 

10 years among
male patients with a mutation at the LQT2 locus
and 22

 

±

 

12 years among female patients (P=0.003),
and 16

 

±

 

12 years among male patients with a muta-
tion at the LQT3 locus and 23

 

±

 

18 years among fe-
male patients (P=0.24).

 

risk stratification

 

We considered the association of genetic locus, sex,
and QTc with the risk of a first cardiac event before
the age of 40 years and before therapy in the 580
patients entered in the risk-stratification analysis:
355 patients with a mutation at the LQT1 locus, 176
with a mutation at the LQT2 locus, and 49 with a
mutation at the LQT3 locus. Kaplan–Meier analysis
showed a differential cumulative event-free surviv-
al among the three genetic subgroups (P=0.007 by
the log-rank test) (Fig. 1). Kaplan–Meier analysis
showed that in the entire population, sex-related
differences were not statistically significant (P=0.06
by the log-rank test). When the analysis was repeat-
ed for each subgroup, sex had no influence among
patients with a mutation at the LQT1 locus (P=
0.18), whereas female patients with a mutation at
the LQT2 locus had a higher risk than male patients
(P=0.02 by the log-rank test), and there was a trend
toward a higher risk among male patients with a
mutation at the LQT3 locus than among female pa-
tients (P=0.048 by the log-rank test). This finding
supports the observation that the annual incidence
of a first cardiac arrest or sudden death was highest
among female patients with a mutation at the LQT2
locus (0.82 per year) and male patients with a mu-
tation at the LQT3 locus (0.96 per year) (Table 1).
Thus, the role of sex varies according to the genetic
locus.

When QTc was examined, significant differenc-
es were observed among the three subgroups. The
mean QTc was 466

 

±

 

44 msec among patients with a
mutation at the LQT1 locus, 490

 

±

 

49 msec among
those with a mutation at the LQT2 locus, and 496

 

±

 

49 msec among those with a mutation at the LQT3
locus (P<0.001 for the comparisons of the LQT1
group with the LQT2 group and the LQT1 group
with the LQT3 group, and P=0.22 for the compari-

son of the LQT2 group with the LQT3 group). In
each subgroup the QTc of patients who had cardiac
events was significantly longer than that of asymp-
tomatic patients (488

 

±

 

47 msec vs. 459

 

±

 

40 msec in
the LQT1 group, P<0.001; 519

 

±

 

55 msec vs. 472

 

±

 

35
msec in the LQT2 group, P<0.001; and 523

 

±

 

55 msec
vs. 481

 

±

 

38 msec in the LQT3 subgroup, P=0.003).
The percentage of genetically affected patients with
a normal QTc (silent mutation carriers) was signif-
icantly higher (P<0.001) in the LQT1 group (36 per-
cent) than in the LQT2 group (19 percent) or the
LQT3 group (10 percent).

When the cumulative event-free survival was an-
alyzed in the 580 patients in the risk-stratification
analysis according to the quartile of QTc, there was
a progressive decrease in survival at longer QTc val-
ues (Fig. 2). Since the QTc differed among the three
subgroups, we performed the analysis using both
quartiles of QTc derived from the entire population
under study and the quartiles in each subgroup (lo-
cus-specific quartiles). Both analyses demonstrat-
ed an increased probability of a first cardiac event
before the age of 40 years and before therapy among
patients with a QTc in the upper quartiles (P<0.001
by the log-rank test). Kaplan–Meier analysis showed
that the cumulative probability of a first cardiac

 

Figure 1. Kaplan–Meier Estimates of Survival Free of Cardiac Events 
among the 580 Patients with the Long-QT Syndrome in the Risk-Stratification 
Analysis, According to the Genetic Locus of the Mutation.

 

The difference among the groups was significant (P=0.007 by the log-rank test).
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event was higher among patients with a longer QTc
in the LQT1 group and the LQT2 group (P<0.001
for both comparisons), but not among those in the
LQT3 group (P=0.23).

To assess the significance and independence of
the predictors of the occurrence of a first cardiac
event before the age of 40 years and before therapy,
we entered the genetic locus, sex, and QTc in a Cox
regression model. The analysis showed that both
QTc (P<0.001) and genetic locus (P=0.005), but not
sex, were independent predictors of a first cardiac
event.

Patients with a mutation at the LQT1 locus were
at the lowest risk for a first cardiac event before the
age of 40 years and before therapy; thus, a substan-
tial proportion of such patients remain asympto-
matic. As compared with patients with a mutation
at the LQT1 locus, patients with a mutation at the
LQT2 locus had a relative risk of a first cardiac event
of 1.61 (95 percent confidence interval, 1.16 to 2.25)
and those with a mutation at the LQT3 locus had a
relative risk of 1.80 (95 percent confidence interval,
1.07 to 3.04). Among patients with a mutation at
the LQT1 locus and patients with a mutation at the

LQT2 locus, those with a QTc in the third quartile
(469 to 498 msec) had a risk of cardiac events that
was increased by a factor of 5.34 (95 percent confi-
dence interval, 2.82 to 10.13) and those with a QTc
in the highest quartile (more than 498 msec) had a
risk that was increased by a factor of 8.36 (95 per-
cent confidence interval, 2.53 to 27.21), as com-
pared with those with a QTc in the lowest quartile
(446 msec or less; these patients were silent mu-
tation carriers). By contrast, among patients with
a mutation at the LQT3 locus, the QTc did not dif-
ferentiate risk between the first and fourth quartiles,
whereas male sex was associated with a significant-
ly greater risk of such events than was female sex
(relative risk, 2.76; 95 percent confidence interval,
1.01 to 7.51).

For a more detailed characterization of risk ac-
cording to genotype among patients with the long-
QT syndrome, we created 12 categories includ-
ing, for each genetic locus, the four combinations
of sex (male and female) and QTc (less than 500
msec and 500 msec or more). The cumulative rate
of survival free of a first cardiac event before the age
of 40 years and before therapy differed significantly
among these categories, thus making possible the
identification of a differential risk (Fig. 3). A QTc
of 500 msec or more, present in 24 percent of this
patient population, had the single most important
role in predicting events; however, this factor was
modulated by sex and genetic locus. Among pa-
tients with a mutation at the LQT1 locus and a QTc
of 500 msec or more, the risk of a first event was
not affected by increasing age among female pa-
tients, whereas for male patients the risk was ex-
tremely high during the first 10 years of life, when
symptoms developed in 70 percent, but subsequent-
ly declined. Among patients with a mutation at the
LQT2 locus, female sex carried an especially high
risk, since even female patients with a QTc of less
than 500 msec had a probability of becoming symp-
tomatic that was four times as high as that of male
patients with a similar QTc. Among patients with a
mutation at the LQT3 locus, male patients became
symptomatic much earlier than female patients
even when their QTc was below 500 msec (however,
caution is required in drawing conclusions from this
group given its relatively small size). Ranking the
cumulative probability of a first cardiac event before
the age of 40 years and before therapy yielded a
risk-stratification scheme that may guide therapeu-
tic strategies in patients with the long-QT syndrome
whose genotypes had been determined (Fig. 4).

 

Figure 2. Kaplan–Meier Estimates of Cumulative Survival Free of Cardiac 
Events among the 580 Patients with the Long-QT Syndrome in the Risk-Strat-
ification Analysis, According to the Quartile of the QT Interval Corrected for 
Heart Rate (QTc).

 

The four quartiles of QTc were as follows: first, 446 msec or less; second, 447 
to 468 msec; third, 469 to 498 msec; and fourth, more than 498 msec. The dif-
ference among the quartiles was significant (P<0.001).
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The importance of a correct diagnosis has assumed a new 
dimension in the molecular era. A new responsibility for the 
clinician lies in the identification of the most logical candidates 
for molecular screening and relates to the availability and cost 
of genetic testing. The best example of this situation comes 
from a study by Taggart et al.37 In a group of 176 consecutive 
patients diagnosed as affected by LQTS and sent to the Mayo 
Clinic for management and genetic testing, they regarded 41% 
of them as unaffected, 32% as probably affected, and only 
27% as definite cases of LQTS. Genetic testing confirmed 
the clinical assessment because disease-causing mutations 
were found in none of the unaffected, in 34% of the probably 
affected, and in 78% of the definitely affected. It follows that 
an exceedingly large number of patients incorrectly received 
the clinical diagnosis of LQTS by their own cardiologists.

It is indeed in the selection of patients with a suspicion of 
LQTS that the Schwartz score becomes especially useful. As 
the score gives importance to the degree of QT prolongation, it 
should be obvious that it cannot help in the identification of the 
silent mutation carriers. The smart approach consists in the use of 
the Schwartz score for the selection of those patients who should 
undergo molecular screening (everyone with a score ≥3.0) and 
in the use of cascade screening38,39 for the identification of all 
affected family members, including the silent mutation carriers.

Malignant Subtypes
Two well-defined LQTS variants carry an especially high 
risk and are difficult to manage, the JLN syndrome4,5 and the 
TS (LQT8).26

The recessive JLN has the same cardiac phenotype observed 
in the RW type of LQTS, complicated by a more malignant 
course and by congenital deafness. The largest study of JLN, 
based on 187 patients, did show that ≈90% of the patients have 
cardiac events, that they become symptomatic much earlier 
than in the other major genetic subgroups of LQTS (Figure 2),  
and that they do not respond as well to traditional therapy.5 
Of interest, the patients whose homozygous mutations involve 
KCNE1 instead of KCNQ1 are at lower risk.5

The TS is an extremely rare variant characterized by 
marked QT prolongation associated with syndactyly and often 
presenting with 2:1 functional atrioventricular block and mac-
roscopic T-wave alternans.26 Congenital heart diseases, inter-
mittent hypoglycemia, cognitive abnormalities, and autism 
can also be present. Of the 17 children reported by Splawski 
et al,26 10 (59%) died at a mean age of 2.5 years.

Genotype-Phenotype Correlation
The clinical manifestations of LQTS may vary according to 
the different genetic background. The disease-causing gene is 
the main determinant of the clinical phenotype, but also the 
position of the mutation in the protein and the specific disease-
causing mutation can contribute to clinical severity.

Disease-Causing Gene and Phenotype
In 2003, data on 647 patients of known genotype indicated 
that life-threatening events were lower among LQT1 patients, 
higher among LQT2 women than LQT2 men, and higher 
among LQT3 men than LQT3 women.40 The present study 
also provided the rather unexpected and important informa-
tion that the number of silent mutation carriers, ie, individu-
als with a disease-causing mutation but with a normal QT 
interval, exceeds previous estimates and correlates with the 
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Figure 2. Kaplan-Meier curves of event-free survival comparing 
Jervell and Lange-Nielsen syndrome (J-LN) patients with long-QT 
(LQT) syndrome type 1, LQT2, and LQT3 symptomatic patients 
(modified from Ref 5).

Table 2. LQTS Diagnostic Criteria of 1993 to 2011

Points

Electrocardiographic findings*

 A QTc,† ms

 ≥480 3

 460–479 2

 450–459 (men) 1

 B QTc† 4th minute of recovery from exercise stress 
test ≥480 ms

1

 C Torsades-de-Pointes‡ 2

 D T-wave alternans 1

 E Notched T wave in 3 leads 1

 F Low heart rate for age§ 0.5

Clinical history

 A Syncope‡

 With stress 2

 Without stress 1

 B Congenital deafness 0.5

Family history

 A Family members with definite LQTS|| 1

 B Unexplained sudden cardiac death younger than age  
30 among immediate family members||

0.5

LQTS indicates long-QT syndrome.
*In absence of medications or disorders known to affect these 

electrocardiographic features.
†QTc calculated by Bazett formula where QTc=QT/√RR.
‡Mutually exclusive.
§Resting heart rate below the second percentile for age.
||The same family member cannot be counted in A and B.
Score: ≤1 point: low probability of LQTS; 1.5–3 points: intermediate 

probability of LQTS; ≥3.5 points: high probability.
Modified from Ref 36.
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  durée	
  QT	
  

3)	
  	
  	
  Muta1on?	
  

LQTS is diagnosed in the presence of a
confirmed pathogenic LQTS mutation,
irrespective of the QT duration.

I C
This

panel of
experts

ECG diagnosis of LQTS should be
considered in the presence of a QTc
≥460 ms in repeated 12-lead ECGs in
patients with an unexplained syncopal
episode in the absence of secondary
causes for QT prolongation.

IIa C
This

panel of
experts

ECG ¼ electrocardiogram; LQTS ¼ long QT syndrome; QTc ¼ corrected QT.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

This panel has modified the diagnostic criteria for LQTS proposed in
the EHRA/Heart Rhythm Society consensus document.14 Specifically,
it was felt that a QTc .500 ms—suggested as the threshold for diag-
nosis of LQTS in asymptomatic patients without a family history of the
disease—is very conservative and is identical to the QT duration as-
sociated with a high risk for arrhythmic events in SCD.1,67 According-
ly, we have used a corrected QT (QTc) ≥480 ms or a score .3431

for clinical diagnosis. In the presence of unexplained syncope, how-
ever, a QTc ≥460 ms is sufficient to make a diagnosis.

LQTS is characterized by a prolonged QT interval and VAs mainly
triggered by adrenergic activation. The mean age at presentation is
14 years. The annual rate of SCD in patients with untreated LQTS is
estimated to be between 0.3367 and 0.9%,432 whereas that for syn-
cope is estimated to be "5%.432

Mutations in 13 genes have been associated with LQTS, most en-
coding for subunits of potassium, sodium or calcium voltage-
dependent ion channels. Genetic screening identifies a disease-causing
mutation in 75% of LQTS cases and three main genes (KCNQ1, KCNH2
and SCN5A) account for 90% of positively genotyped cases.52

The subtypes of LQTS may be grouped into the following three
categories:

† Autosomal dominant LQTS (Romano–Ward syndrome; preva-
lence 1 in 2500), which includes LQT1–6 and LQT9–13 and is
characterized by an isolated prolongation of the QT interval;

† Autosomal dominant LQTS with extracardiac manifestation,
comprising

– LQT7 (Andersen–Tawil syndrome), which shows a pro-
longed QT interval with prominent U wave, polymorphic
or bidirectional VT, facial dysmorphisms and hyper-/hypo-
kalaemic periodic paralysis433 and

– LQT8 (Timothy syndrome), characterized by prolonged QT,
syndactyly, cardiac malformations, autism spectrum disorder
and dysmorphisms;

† Autosomal recessive LQTS (Jervell and Lange–Nielsen syn-
drome), which combines an extremely prolonged QT interval
with congenital deafness.

8.1.2 Approach to risk stratification and management

Risk stratification and management in Long QT
Syndrome

Recommendations Classa Levelb Ref.c

The following lifestyle changes are
recommended in all patients with a
diagnosis of LQTS:
(a) Avoidance of QT-prolonging drugs

(http://www.crediblemeds.org).
(b) Correction of electrolyte

abnormalities (hypokalaemia,
hypomagnesaemia, hypocalcaemia)
that may occur during
diarrhoea, vomiting or metabolic
conditions.

(c) Avoidance of genotype-specific
triggers for arrhythmias (strenuous
swimming, especially in LQTS1, and
exposure to loud noises in LQTS2
patients).

I B 434

Beta-blockers are recommended in
patients with a clinical diagnosis of LQTS.

I B 435

ICD implantation with the use of beta-
blockers is recommended in LQTS
patients with previous cardiac arrest.

I B
436–
438

Beta-blockers should be considered in
carriers of a causative LQTS mutation
and normal QT interval.

IIa B 67

ICD implantation in addition to
beta-blockers should be considered in
LQTS patients who experienced
syncope and/or VT while receiving an
adequate dose of beta-blockers.

IIa B 439

Left cardiac sympathetic denervation
should be considered in patients with
symptomatic LQTS when
(a) Beta-blockers are either not

effective, not tolerated or
contraindicated;

(b) ICD therapy is contraindicated or
refused;

(c) Patients on beta-blockers with an
ICD experience multiple shocks.

IIa C 440

Sodium channel blockers (mexiletine,
flecainide or ranolazine) may be
considered as add-on therapy to shorten
the QT interval in LQTS3 patients with a
QTc .500 ms.

IIb C
441–
443

Implant of an ICD may be considered in
addition to beta-blocker therapy in
asymptomatic carriers of a pathogenic
mutation in KCNH2 or SCN5A when
QTc is .500 ms.

IIb C 67
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risk stratification in the long-qt syndrome

 

1869

 

years in the LQT1 subgroup, 18

 

±

 

10 years in the
LQT2 subgroup, and 16

 

±

 

10 years in the LQT3 sub-
group. The age at the time of the first cardiac event
was younger in male patients than in female pa-
tients (13

 

±

 

9 vs. 20

 

±

 

14 years, P<0.001). Specifically,
it was 11

 

±

 

9 years among male patients with a mu-
tation at the LQT1 locus and 18

 

±

 

15 years among
female patients (P=0.006), 13

 

±

 

10 years among
male patients with a mutation at the LQT2 locus
and 22

 

±

 

12 years among female patients (P=0.003),
and 16

 

±

 

12 years among male patients with a muta-
tion at the LQT3 locus and 23

 

±

 

18 years among fe-
male patients (P=0.24).

 

risk stratification

 

We considered the association of genetic locus, sex,
and QTc with the risk of a first cardiac event before
the age of 40 years and before therapy in the 580
patients entered in the risk-stratification analysis:
355 patients with a mutation at the LQT1 locus, 176
with a mutation at the LQT2 locus, and 49 with a
mutation at the LQT3 locus. Kaplan–Meier analysis
showed a differential cumulative event-free surviv-
al among the three genetic subgroups (P=0.007 by
the log-rank test) (Fig. 1). Kaplan–Meier analysis
showed that in the entire population, sex-related
differences were not statistically significant (P=0.06
by the log-rank test). When the analysis was repeat-
ed for each subgroup, sex had no influence among
patients with a mutation at the LQT1 locus (P=
0.18), whereas female patients with a mutation at
the LQT2 locus had a higher risk than male patients
(P=0.02 by the log-rank test), and there was a trend
toward a higher risk among male patients with a
mutation at the LQT3 locus than among female pa-
tients (P=0.048 by the log-rank test). This finding
supports the observation that the annual incidence
of a first cardiac arrest or sudden death was highest
among female patients with a mutation at the LQT2
locus (0.82 per year) and male patients with a mu-
tation at the LQT3 locus (0.96 per year) (Table 1).
Thus, the role of sex varies according to the genetic
locus.

When QTc was examined, significant differenc-
es were observed among the three subgroups. The
mean QTc was 466

 

±

 

44 msec among patients with a
mutation at the LQT1 locus, 490

 

±

 

49 msec among
those with a mutation at the LQT2 locus, and 496

 

±

 

49 msec among those with a mutation at the LQT3
locus (P<0.001 for the comparisons of the LQT1
group with the LQT2 group and the LQT1 group
with the LQT3 group, and P=0.22 for the compari-

son of the LQT2 group with the LQT3 group). In
each subgroup the QTc of patients who had cardiac
events was significantly longer than that of asymp-
tomatic patients (488

 

±

 

47 msec vs. 459

 

±

 

40 msec in
the LQT1 group, P<0.001; 519

 

±

 

55 msec vs. 472

 

±

 

35
msec in the LQT2 group, P<0.001; and 523

 

±

 

55 msec
vs. 481

 

±

 

38 msec in the LQT3 subgroup, P=0.003).
The percentage of genetically affected patients with
a normal QTc (silent mutation carriers) was signif-
icantly higher (P<0.001) in the LQT1 group (36 per-
cent) than in the LQT2 group (19 percent) or the
LQT3 group (10 percent).

When the cumulative event-free survival was an-
alyzed in the 580 patients in the risk-stratification
analysis according to the quartile of QTc, there was
a progressive decrease in survival at longer QTc val-
ues (Fig. 2). Since the QTc differed among the three
subgroups, we performed the analysis using both
quartiles of QTc derived from the entire population
under study and the quartiles in each subgroup (lo-
cus-specific quartiles). Both analyses demonstrat-
ed an increased probability of a first cardiac event
before the age of 40 years and before therapy among
patients with a QTc in the upper quartiles (P<0.001
by the log-rank test). Kaplan–Meier analysis showed
that the cumulative probability of a first cardiac

 

Figure 1. Kaplan–Meier Estimates of Survival Free of Cardiac Events 
among the 580 Patients with the Long-QT Syndrome in the Risk-Stratification 
Analysis, According to the Genetic Locus of the Mutation.

 

The difference among the groups was significant (P=0.007 by the log-rank test).
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event was higher among patients with a longer QTc
in the LQT1 group and the LQT2 group (P<0.001
for both comparisons), but not among those in the
LQT3 group (P=0.23).

To assess the significance and independence of
the predictors of the occurrence of a first cardiac
event before the age of 40 years and before therapy,
we entered the genetic locus, sex, and QTc in a Cox
regression model. The analysis showed that both
QTc (P<0.001) and genetic locus (P=0.005), but not
sex, were independent predictors of a first cardiac
event.

Patients with a mutation at the LQT1 locus were
at the lowest risk for a first cardiac event before the
age of 40 years and before therapy; thus, a substan-
tial proportion of such patients remain asympto-
matic. As compared with patients with a mutation
at the LQT1 locus, patients with a mutation at the
LQT2 locus had a relative risk of a first cardiac event
of 1.61 (95 percent confidence interval, 1.16 to 2.25)
and those with a mutation at the LQT3 locus had a
relative risk of 1.80 (95 percent confidence interval,
1.07 to 3.04). Among patients with a mutation at
the LQT1 locus and patients with a mutation at the

LQT2 locus, those with a QTc in the third quartile
(469 to 498 msec) had a risk of cardiac events that
was increased by a factor of 5.34 (95 percent confi-
dence interval, 2.82 to 10.13) and those with a QTc
in the highest quartile (more than 498 msec) had a
risk that was increased by a factor of 8.36 (95 per-
cent confidence interval, 2.53 to 27.21), as com-
pared with those with a QTc in the lowest quartile
(446 msec or less; these patients were silent mu-
tation carriers). By contrast, among patients with
a mutation at the LQT3 locus, the QTc did not dif-
ferentiate risk between the first and fourth quartiles,
whereas male sex was associated with a significant-
ly greater risk of such events than was female sex
(relative risk, 2.76; 95 percent confidence interval,
1.01 to 7.51).

For a more detailed characterization of risk ac-
cording to genotype among patients with the long-
QT syndrome, we created 12 categories includ-
ing, for each genetic locus, the four combinations
of sex (male and female) and QTc (less than 500
msec and 500 msec or more). The cumulative rate
of survival free of a first cardiac event before the age
of 40 years and before therapy differed significantly
among these categories, thus making possible the
identification of a differential risk (Fig. 3). A QTc
of 500 msec or more, present in 24 percent of this
patient population, had the single most important
role in predicting events; however, this factor was
modulated by sex and genetic locus. Among pa-
tients with a mutation at the LQT1 locus and a QTc
of 500 msec or more, the risk of a first event was
not affected by increasing age among female pa-
tients, whereas for male patients the risk was ex-
tremely high during the first 10 years of life, when
symptoms developed in 70 percent, but subsequent-
ly declined. Among patients with a mutation at the
LQT2 locus, female sex carried an especially high
risk, since even female patients with a QTc of less
than 500 msec had a probability of becoming symp-
tomatic that was four times as high as that of male
patients with a similar QTc. Among patients with a
mutation at the LQT3 locus, male patients became
symptomatic much earlier than female patients
even when their QTc was below 500 msec (however,
caution is required in drawing conclusions from this
group given its relatively small size). Ranking the
cumulative probability of a first cardiac event before
the age of 40 years and before therapy yielded a
risk-stratification scheme that may guide therapeu-
tic strategies in patients with the long-QT syndrome
whose genotypes had been determined (Fig. 4).

 

Figure 2. Kaplan–Meier Estimates of Cumulative Survival Free of Cardiac 
Events among the 580 Patients with the Long-QT Syndrome in the Risk-Strat-
ification Analysis, According to the Quartile of the QT Interval Corrected for 
Heart Rate (QTc).

 

The four quartiles of QTc were as follows: first, 446 msec or less; second, 447 
to 468 msec; third, 469 to 498 msec; and fourth, more than 498 msec. The dif-
ference among the quartiles was significant (P<0.001).
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The importance of a correct diagnosis has assumed a new 
dimension in the molecular era. A new responsibility for the 
clinician lies in the identification of the most logical candidates 
for molecular screening and relates to the availability and cost 
of genetic testing. The best example of this situation comes 
from a study by Taggart et al.37 In a group of 176 consecutive 
patients diagnosed as affected by LQTS and sent to the Mayo 
Clinic for management and genetic testing, they regarded 41% 
of them as unaffected, 32% as probably affected, and only 
27% as definite cases of LQTS. Genetic testing confirmed 
the clinical assessment because disease-causing mutations 
were found in none of the unaffected, in 34% of the probably 
affected, and in 78% of the definitely affected. It follows that 
an exceedingly large number of patients incorrectly received 
the clinical diagnosis of LQTS by their own cardiologists.

It is indeed in the selection of patients with a suspicion of 
LQTS that the Schwartz score becomes especially useful. As 
the score gives importance to the degree of QT prolongation, it 
should be obvious that it cannot help in the identification of the 
silent mutation carriers. The smart approach consists in the use of 
the Schwartz score for the selection of those patients who should 
undergo molecular screening (everyone with a score ≥3.0) and 
in the use of cascade screening38,39 for the identification of all 
affected family members, including the silent mutation carriers.

Malignant Subtypes
Two well-defined LQTS variants carry an especially high 
risk and are difficult to manage, the JLN syndrome4,5 and the 
TS (LQT8).26

The recessive JLN has the same cardiac phenotype observed 
in the RW type of LQTS, complicated by a more malignant 
course and by congenital deafness. The largest study of JLN, 
based on 187 patients, did show that ≈90% of the patients have 
cardiac events, that they become symptomatic much earlier 
than in the other major genetic subgroups of LQTS (Figure 2),  
and that they do not respond as well to traditional therapy.5 
Of interest, the patients whose homozygous mutations involve 
KCNE1 instead of KCNQ1 are at lower risk.5

The TS is an extremely rare variant characterized by 
marked QT prolongation associated with syndactyly and often 
presenting with 2:1 functional atrioventricular block and mac-
roscopic T-wave alternans.26 Congenital heart diseases, inter-
mittent hypoglycemia, cognitive abnormalities, and autism 
can also be present. Of the 17 children reported by Splawski 
et al,26 10 (59%) died at a mean age of 2.5 years.

Genotype-Phenotype Correlation
The clinical manifestations of LQTS may vary according to 
the different genetic background. The disease-causing gene is 
the main determinant of the clinical phenotype, but also the 
position of the mutation in the protein and the specific disease-
causing mutation can contribute to clinical severity.

Disease-Causing Gene and Phenotype
In 2003, data on 647 patients of known genotype indicated 
that life-threatening events were lower among LQT1 patients, 
higher among LQT2 women than LQT2 men, and higher 
among LQT3 men than LQT3 women.40 The present study 
also provided the rather unexpected and important informa-
tion that the number of silent mutation carriers, ie, individu-
als with a disease-causing mutation but with a normal QT 
interval, exceeds previous estimates and correlates with the 
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Figure 2. Kaplan-Meier curves of event-free survival comparing 
Jervell and Lange-Nielsen syndrome (J-LN) patients with long-QT 
(LQT) syndrome type 1, LQT2, and LQT3 symptomatic patients 
(modified from Ref 5).

Table 2. LQTS Diagnostic Criteria of 1993 to 2011

Points

Electrocardiographic findings*

 A QTc,† ms

 ≥480 3

 460–479 2

 450–459 (men) 1

 B QTc† 4th minute of recovery from exercise stress 
test ≥480 ms

1

 C Torsades-de-Pointes‡ 2

 D T-wave alternans 1

 E Notched T wave in 3 leads 1

 F Low heart rate for age§ 0.5

Clinical history

 A Syncope‡

 With stress 2

 Without stress 1

 B Congenital deafness 0.5

Family history

 A Family members with definite LQTS|| 1

 B Unexplained sudden cardiac death younger than age  
30 among immediate family members||

0.5

LQTS indicates long-QT syndrome.
*In absence of medications or disorders known to affect these 

electrocardiographic features.
†QTc calculated by Bazett formula where QTc=QT/√RR.
‡Mutually exclusive.
§Resting heart rate below the second percentile for age.
||The same family member cannot be counted in A and B.
Score: ≤1 point: low probability of LQTS; 1.5–3 points: intermediate 

probability of LQTS; ≥3.5 points: high probability.
Modified from Ref 36.
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Invasive EPS with PVS is not
recommended for SCD risk
stratification.

III C 117

EPS ¼ electrophysiological study; ICD ¼ implantable cardioverter defibrillator;
LQTS ¼ long QT syndrome; LQTS1 ¼ long QT syndrome type 1; LQTS2 ¼
long QT syndrome type 2; LQTS3 ¼ long QT syndrome type 3; PVS ¼
programmed ventricular stimulation; QTc ¼ corrected QT; VT ¼ ventricular
tachycardia; SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Clinical, electrocardiographic and genetic parameters should be con-
sidered for the stratification of individual risk.67 Survivors of a cardiac
arrest have a high risk of recurrence, even when receiving beta-
blockers (14% within 5 years on therapy): this evidence supports the
use of ICDs in survivors of cardiac arrest.436 The occurrence of synco-
pal events is associated with an increased risk of cardiac arrest.439,444

Women with LQTS have an increased risk during the 9-month post-
partum period (especially women with the LQT2 genotype).445 In
LQT1 and LQT2 patients, the location and type of mutation may be
associated with different risks of cardiac events. However, these find-
ings require further study before application in clinical practice.14 Silent
carriers of pathogenic mutations present a modest risk of cardiac
events estimated at !10% between birth and age 40 years; the use
of beta-blockers should be considered in this group of patients.446

Prophylactic ICD therapy may be considered, on an individual
basis, in high-risk patients such as women with LQT2 and QTc
.500 ms, patients with QTc .500 ms and signs of electrical in-
stability and patients with high-risk genetic profiles (carriers of
two mutations, including Jervell and Lange–Nielsen syndrome or
Timothy syndrome).

There are no data supporting any prognostic value for invasive
EPS with PVS in patients with LQTS.117

8.2 Short QT syndrome
8.2.1 Definitions and epidemiology

Diagnosis of Short QT Syndrome

Recommendations Classa Levelb Ref.c

SQTS is diagnosed in the presence of a
QTc ≤340 ms. I C

This
panel of
experts

SQTS should be considered in the
presence of a QTc ≤360 ms and one or
more of the following:
(a) A confirmed pathogenic mutation
(b) A family history of SQTS
(c) A family history of sudden death at

age ,40 years
(d) Survival from a VT/VF episode in the

absence of heart disease.

IIa C
This

panel of
experts

QTc ¼ corrected QT; SQTS ¼ short QT syndrome; VF ¼ ventricular
fibrillation; VT ¼ ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

SQTS is characterized by a reduced duration of cardiac repolariza-
tion, which constitutes the substrate for the development of life-
threatening arrhythmias. Five genes have been linked to SQTS
(KCNH2, KCNQ1, KCNJ2, CACNA1C and CACNB2b), but the yield
of genetic screening remains low (!20% overall).119

The disease appears to be highly lethal in all age groups, including
children in their first months of life, and the probability of a first car-
diac arrest by the age of 40 years is .40%.119,447 Given the small size
of the populations reported so far, the high lethality may partially re-
flect a reporting bias related to the underdetection of SQTS in
asymptomatic patients.

8.2.2 Approach to risk stratification and management

Risk stratification and management in Short QT
Syndrome

Short QT Syndrome

Recommendations Classa Levelb Ref.c

ICD implantation is recommended
in patients with a diagnosis of SQTS
who
(a) Are survivors of an aborted cardiac

arrest, and/or
(b) Have documented spontaneous

sustained VT.

I C
119,
447

Quinidine or sotalol may be considered
in patients with a diagnosis of SQTS
who qualify for an ICD but present a
contra-indication to the ICD or
refuse it.

IIb C
118,
448

Quinidine or sotalol may be considered
in asymptomatic patients with a
diagnosis of SQTS and a family history of
SCD.

IIb C
118,
448

Invasive EPS with PVS is not
recommended for SCD risk
stratification.

III C
118,
119

EPS ¼ electrophysiological study; ICD ¼ implantable cardioverter defibrillator;
PVS ¼ programmed ventricular stimulation; SCD ¼ sudden cardiac death; SQTS
¼ short QT syndrome.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

SQTS patients who survive a previous cardiac arrest should receive
an ICD for secondary prevention, because the rate of recurrence of
cardiac arrest has been estimated at 10% per year.119

The optimal strategy for primary prevention of cardiac arrest in
SQTS is unclear, given the lack of independent risk factors for car-
diac arrest, including syncope.119 No data are available to quantify
the risk of arrhythmic events during competitive physical activity
in SQTS patients.

An ICD might be considered on a case-by-case basis in patients
with SQTS with a strong family history of SCD and evidence for ab-
breviated QTc in at least some of the patients, but there are not en-
ough data to make generalized recommendations.14

Reports on small cohorts of patients suggest that quinidine therapy
can prolong the QTc interval and possibly reduce arrhythmic events.
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Invasive EPS with PVS is not
recommended for SCD risk
stratification.

III C 117

EPS ¼ electrophysiological study; ICD ¼ implantable cardioverter defibrillator;
LQTS ¼ long QT syndrome; LQTS1 ¼ long QT syndrome type 1; LQTS2 ¼
long QT syndrome type 2; LQTS3 ¼ long QT syndrome type 3; PVS ¼
programmed ventricular stimulation; QTc ¼ corrected QT; VT ¼ ventricular
tachycardia; SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Clinical, electrocardiographic and genetic parameters should be con-
sidered for the stratification of individual risk.67 Survivors of a cardiac
arrest have a high risk of recurrence, even when receiving beta-
blockers (14% within 5 years on therapy): this evidence supports the
use of ICDs in survivors of cardiac arrest.436 The occurrence of synco-
pal events is associated with an increased risk of cardiac arrest.439,444

Women with LQTS have an increased risk during the 9-month post-
partum period (especially women with the LQT2 genotype).445 In
LQT1 and LQT2 patients, the location and type of mutation may be
associated with different risks of cardiac events. However, these find-
ings require further study before application in clinical practice.14 Silent
carriers of pathogenic mutations present a modest risk of cardiac
events estimated at !10% between birth and age 40 years; the use
of beta-blockers should be considered in this group of patients.446

Prophylactic ICD therapy may be considered, on an individual
basis, in high-risk patients such as women with LQT2 and QTc
.500 ms, patients with QTc .500 ms and signs of electrical in-
stability and patients with high-risk genetic profiles (carriers of
two mutations, including Jervell and Lange–Nielsen syndrome or
Timothy syndrome).

There are no data supporting any prognostic value for invasive
EPS with PVS in patients with LQTS.117

8.2 Short QT syndrome
8.2.1 Definitions and epidemiology

Diagnosis of Short QT Syndrome

Recommendations Classa Levelb Ref.c

SQTS is diagnosed in the presence of a
QTc ≤340 ms. I C

This
panel of
experts

SQTS should be considered in the
presence of a QTc ≤360 ms and one or
more of the following:
(a) A confirmed pathogenic mutation
(b) A family history of SQTS
(c) A family history of sudden death at

age ,40 years
(d) Survival from a VT/VF episode in the

absence of heart disease.

IIa C
This

panel of
experts

QTc ¼ corrected QT; SQTS ¼ short QT syndrome; VF ¼ ventricular
fibrillation; VT ¼ ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

SQTS is characterized by a reduced duration of cardiac repolariza-
tion, which constitutes the substrate for the development of life-
threatening arrhythmias. Five genes have been linked to SQTS
(KCNH2, KCNQ1, KCNJ2, CACNA1C and CACNB2b), but the yield
of genetic screening remains low (!20% overall).119

The disease appears to be highly lethal in all age groups, including
children in their first months of life, and the probability of a first car-
diac arrest by the age of 40 years is .40%.119,447 Given the small size
of the populations reported so far, the high lethality may partially re-
flect a reporting bias related to the underdetection of SQTS in
asymptomatic patients.

8.2.2 Approach to risk stratification and management

Risk stratification and management in Short QT
Syndrome

Short QT Syndrome

Recommendations Classa Levelb Ref.c

ICD implantation is recommended
in patients with a diagnosis of SQTS
who
(a) Are survivors of an aborted cardiac

arrest, and/or
(b) Have documented spontaneous

sustained VT.

I C
119,
447

Quinidine or sotalol may be considered
in patients with a diagnosis of SQTS
who qualify for an ICD but present a
contra-indication to the ICD or
refuse it.

IIb C
118,
448

Quinidine or sotalol may be considered
in asymptomatic patients with a
diagnosis of SQTS and a family history of
SCD.

IIb C
118,
448

Invasive EPS with PVS is not
recommended for SCD risk
stratification.

III C
118,
119

EPS ¼ electrophysiological study; ICD ¼ implantable cardioverter defibrillator;
PVS ¼ programmed ventricular stimulation; SCD ¼ sudden cardiac death; SQTS
¼ short QT syndrome.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

SQTS patients who survive a previous cardiac arrest should receive
an ICD for secondary prevention, because the rate of recurrence of
cardiac arrest has been estimated at 10% per year.119

The optimal strategy for primary prevention of cardiac arrest in
SQTS is unclear, given the lack of independent risk factors for car-
diac arrest, including syncope.119 No data are available to quantify
the risk of arrhythmic events during competitive physical activity
in SQTS patients.

An ICD might be considered on a case-by-case basis in patients
with SQTS with a strong family history of SCD and evidence for ab-
breviated QTc in at least some of the patients, but there are not en-
ough data to make generalized recommendations.14

Reports on small cohorts of patients suggest that quinidine therapy
can prolong the QTc interval and possibly reduce arrhythmic events.
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recommended for SCD risk
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III C 117
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programmed ventricular stimulation; QTc ¼ corrected QT; VT ¼ ventricular
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aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
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SQTS patients who survive a previous cardiac arrest should receive
an ICD for secondary prevention, because the rate of recurrence of
cardiac arrest has been estimated at 10% per year.119

The optimal strategy for primary prevention of cardiac arrest in
SQTS is unclear, given the lack of independent risk factors for car-
diac arrest, including syncope.119 No data are available to quantify
the risk of arrhythmic events during competitive physical activity
in SQTS patients.

An ICD might be considered on a case-by-case basis in patients
with SQTS with a strong family history of SCD and evidence for ab-
breviated QTc in at least some of the patients, but there are not en-
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As in LQTS, there is not a single QTc value to differentiate most cases of SQTS from
healthy individuals. In the first published series (6-8), patients presented QTc with
values shorter than 300-320 ms, while in genotypes more recently described9 (SQTS
4 and 5), they were just shorter than 360 ms. As recently reviewed by Viskin (12),
males with QTc <330 ms and females with QTc <340 ms should be diagnosed with SQTS
even if they are asymptomatic since this values are very rare in healthy population. In
addition, QTc intervals shorter than 360 and 370 ms (males and females respectively)
should only be considered diagnostic of SQTS when supported by symptoms or family
history because they overlap with healthy population. 

It is not only important to assess the value of QT but also its accommodation to heart
rate. Patients with SQTS show constant QT values and a lack of adaptation to heart
rate with failure to prolong adequately at slower heart rates and abnormal shortening
during acceleration (pseudonormalization of the QT interval at rapid rates). Serial
ECGs, Holter monitoring and treadmill testing may be useful for a correct diagnosis
and prevents unrecognition of patients with an elevated heart rate at baseline. In
addition, they can reduce wrong diagnosis in SQT patients with sinus bradycardia since
it is known that Bazett formula overcorrects the QT interval at slow heart rates. 

As for the morphology of ST segment, SQTS patients share a short or even absent ST
segment, with the T wave initiating immediately after the S wave. T wave is usually
taller and narrower than in normal subjects. Recently, some features of T wave have
been published to distinguish SQTS from healthy subjects with short QT interval.
Anttonen et al (13) reported that patients with symptomatic SQTS patients have
significantly shorter Jpoint-Tpeak interval and frequently shorter Tpeak-Tend intervals.
Watanabe et al (14)observed that early repolarization was more common in SQTS
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The only treatment able to reduce the risk of SCD in Brugada syn-
drome is the ICD, therefore the device is recommended in patients
with documented VT or VF and in patients presenting with a spon-
taneous type 1 ECG and a history of syncope.14,451 The prognostic
value of PVS has been debated and most clinical studies have not
confirmed either a positive or a negative predictive value for the
occurrence of cardiac events at follow-up.14,456 Quinidine has
been proposed as preventive therapy in patients with Brugada syn-
drome, based on data showing that it reduces VF inducibility during
PVS; however, there are no data confirming its ability to reduce the
risk of SCD. Recently it has been suggested that epicardial catheter
ablation over the anterior RVOT may prevent electrical storms in
patients with recurring episodes, but the data require confirmation
before entering general clinical practice.455

8.4 Catecholaminergic polymorphic
ventricular tachycardia
8.4.1 Definitions and epidemiology

Diagnosis of catecholaminergic polymorphic
ventricular tachycardia

Recommendations Classa Levelb Ref.c

CPVT is diagnosed in the presence of a
structurally normal heart, normal ECG
and exercise- or emotion-induced
bidirectional or polymorphic VT.

I C
14,52,
457

CPVT is diagnosed in patients who are
carriers of a pathogenic mutation(s) in
the genes RyR2 or CASQ2.

I C 14,52

CPVT ¼ catecholaminergic polymorphic VT; ECG ¼ electrocardiogram;
VT ¼ ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

CPVT is a rare inheritable arrhythmogenic disorder characterized
by adrenergic-induced bidirectional and polymorphic VT. The dis-
ease has an estimated prevalence of 1 in 10 000.14

Two genetic types of CPVT have been identified: a dominant
variant due to mutations in the gene encoding for the cardiac ryano-
dine receptor gene (RyR2) and a rare recessive variant caused by
mutation in the cardiac calsequestrin gene (CASQ2).52 Mutations
in other genes such as KCNJ2, Ank2, TRDN and CALM1 have been
identified in patients with clinical features similar to CPVT. How-
ever, at the present time it is not clear whether they are pheno-
copies of CPVT.14

The clinical manifestations of CPVT usually occur in the first dec-
ade of life and are prompted by physical activity or emotional
stress.458 Diagnosis is challenging because patients with CPVT
have a normal ECG and echocardiogram, therefore an exercise
stress test that elicits atrial arrhythmias and VA (bidirectional or
polymorphic VT) is recommended to establish the diagnosis.14

The use of catecholamine infusion has also been suggested, but its
sensitivity is not clearly defined,14,459 therefore we have not estab-
lished a recommendation on this specific issue.

8.4.2 Approach to risk stratification and management

Risk stratification and management in
Catecholaminergic Polymorphic Ventricular
Tachycardia

Recommendations Classa Levelb Ref.c

The following lifestyle changes are
recommended in all patients with a
diagnosis of CPVT: avoidance of
competitive sports, strenuous exercise
and stressful environments.

I C
This

panel of
experts

Beta-blockers are recommended in all
patients with a clinical diagnosis of
CPVT, based on the presence of
documented spontaneous or
stress-induced VAs.

I C
458,
460

ICD implantation in addition to
beta-blockers with or without flecainide
is recommended in patients with a
diagnosis of CPVT who experience
cardiac arrest, recurrent syncope or
polymorphic/bidirectional VT despite
optimal therapy.

I C
458,
461

Therapy with beta-blockers should be
considered for genetically positive family
members, even after a negative exercise
test.

IIa C
461,
462

Flecainide should be considered in
addition to beta-blockers in patients
with a diagnosis of CPVT who
experience recurrent syncope or
polymorphic/bidirectional VT while on
beta-blockers, when there are risks/
contraindications for an ICD or an ICD
is not available or rejected by the
patient.

IIa C 463

Flecainide should be considered in
addition to beta-blockers in patients
with a diagnosis of CPVT and carriers of
an ICD to reduce appropriate ICD
shocks.

IIa C 463

Left cardiac sympathetic denervation
may be considered in patients with a
diagnosis of CPVT who experience
recurrent syncope or polymorphic/
bidirectional VT/several appropriate
ICD shocks while on beta-blockers or
beta-blockers plus flecainide and in
patients who are intolerant or have
contraindication to beta-blockers.

IIb C
464,
465

Invasive EPS with PVS is not
recommended for stratification of
SCD risk.

III C 14

CPVT ¼ catecholaminergic polymorphic ventricular tachycardia;
EPS ¼ electrophysiological study; ICD ¼ implantable cardioverter defibrillator;
PVS ¼ programmed ventricular stimulation; SCD ¼ sudden cardiac death;
VA ¼ ventricular arrhythmia; VT ¼ ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
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with documented VT or VF and in patients presenting with a spon-
taneous type 1 ECG and a history of syncope.14,451 The prognostic
value of PVS has been debated and most clinical studies have not
confirmed either a positive or a negative predictive value for the
occurrence of cardiac events at follow-up.14,456 Quinidine has
been proposed as preventive therapy in patients with Brugada syn-
drome, based on data showing that it reduces VF inducibility during
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in other genes such as KCNJ2, Ank2, TRDN and CALM1 have been
identified in patients with clinical features similar to CPVT. How-
ever, at the present time it is not clear whether they are pheno-
copies of CPVT.14

The clinical manifestations of CPVT usually occur in the first dec-
ade of life and are prompted by physical activity or emotional
stress.458 Diagnosis is challenging because patients with CPVT
have a normal ECG and echocardiogram, therefore an exercise
stress test that elicits atrial arrhythmias and VA (bidirectional or
polymorphic VT) is recommended to establish the diagnosis.14

The use of catecholamine infusion has also been suggested, but its
sensitivity is not clearly defined,14,459 therefore we have not estab-
lished a recommendation on this specific issue.
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Conclusions	
  

• Dans	
  la	
  popula7on	
  générale,	
  les	
  causes	
  électriques	
  
primaires	
  n’expliquent	
  que	
  5%	
  environ	
  des	
  ACR	
  	
  
•  La	
  propor7on	
  est	
  plus	
  élevée	
  chez	
  l’enfant,	
  
l’adolescent	
  et	
  l’adulte	
  jeune	
  
•  3%	
  des	
  FV	
  isolées	
  restent	
  encore	
  sans	
  explica7on:	
  
origine	
  géné7que?	
  Lien	
  avec	
  syndrome	
  de	
  l’onde	
  J?	
  
•  En	
  dehors	
  des	
  très	
  rares	
  é7ologies	
  curables	
  (WPW),	
  
un	
  ACR	
  de	
  cause	
  électrique	
  primaire	
  impose	
  
l’implanta7on	
  d’un	
  DAI	
  
•  La	
  stra7fica7on	
  du	
  risque	
  en	
  préven7on	
  primaire	
  
reste	
  délicate:	
  priorité	
  à	
  l’histoire	
  personnelle	
  et	
  
aux	
  symptômes	
  


