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Abstract

SCN5A gene mutations are described in 2% of patients with dilated cardiomyopathy (DCM) and different rhythm disturbances,
including multifocal ectopic Purkinje-related premature contractions. Recent data indicate that sodium channel blockers are
particularly effective monotherapy in carriers of the R222Q SCN5A variant. Our purpose is to describe the effectiveness of an-
tiarrhythmic treatment in a family with genetically determined arrhythmogenic DCM associated with the R814W variant in the
SCN5A gene. We examined a family with arrhythmogenic DCM (multifocal ectopic Purkinje-related premature contractions
phenotype, atrial tachyarrhythmias, automatism, and conduction disorders) and described antiarrhythmic treatment efficacy
in heart failure symptoms reduction and myocardial function improvement. We found a heterozygotic mutation R814W in
SCN5A by whole exome sequencing in the proband and confirmed its presence in all affected subjects. There were two sudden
cardiac deaths and one heart transplantation among first-degree relatives. The 58-year-old father and his 37-year-old daugh-
ter had full spectrum of symptoms associated with R814W SCN5A mutation. Both had implanted cardioverter defibrillator. In
the father, adding mexiletine to quinidine therapy reduced ventricular arrhythmia (50-60% - 6-8% of whole rhythm) and
reverted long-standing atrial fibrillation to sinus rhythm. In the daughter, mexiletine and overdrive pacing were effective in
ventricular arrhythmia reduction (25% - 0.01%). Because of a growing number of atrial fibrillation recurrences, a reduced
dose of quinidine (subsequently flecainide) was added, resulting in arrhythmia significant reduction. In both cases, antiarrhyth-
mic effectiveness correlated with clinical improvement. In SCN5A R814W-associated DCM, a combination of Class | antiar-
rhythmics and overdrive pacing is an effective treatment of severe ventricular and atrial arrhythmias.
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Introduction DCM.>*® Quite a few researchers, including these

authors,>®® have found that sodium channel blocking agents

There is a growing recognition of inherited arrhythmogenic
cardiomyopathy, with desmosomal and other genes, for ex-
ample, LMNA, PLN, RBM20, and SCN5A, as contributors.™?
More than 20 mutations identified in SCN5A are related to
dilated cardiomyopathy (DCM).2 In particular, the p.R222Q
SCN5A variant is recurrently associated with arrhythmogenic

cause a substantial reduction in refractory ventricular ar-
rhythmia (VA) and improvement in left ventricular (LV) func-
tion in the mutation carriers.

This family report shows our experience with management
of severe arrhythmia in relation to R814W SCN5A-linked
DCM.
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Case report

In 2006, following two sudden cardiac deaths in the family,
the proband (then a 22-year-old woman; Figure 1: 11I:5) with
treatment-resistant VA was referred to the Institute of Cardi-
ology, Warsaw. Heart palpitations started when she was 14.
With time, increasing VA and dilation of the LV with impair-
ment of LV systolic function was observed, despite antiar-
rhythmic and heart failure (HF) therapy. On admission, she
had Class Ill HF symptoms according to the New York Heart
Association (NYHA), severe systolic dysfunction [LV ejection
fraction (LVEF) 20%], and life-threatening VA containing
>80% of whole rhythm, consisting of frequent single ventric-
ular ectopic beats (VEBs), nonsustained ventricular tachycar-
dia (nsVT) and sustained ventricular tachycardia,
idioventricular rhythm (IVR) as well as persistent atrial fibrilla-
tion (AF). A single-chamber implantable cardioverter defibril-
lator (ICD) was implanted. In electrophysiological study,
multifocal ectopic Purkinje-related premature contractions
(MEPPC) phenotype was diagnosed. Ablation of complex VA
failed. Amiodarone treatment caused complete regression
of ventricular and atrial arrhythmia with LV systolic function
improvement (LVEF 50%). After 2 years, we observed a grow-
ing number of both ventricular and atrial arrhythmias and de-
terioration of LV function, which brought the proband to
heart transplantation in 2010.

Clinical screening, including standard 12 lead electrocardio-
gram (ECG), echocardiography, and 24 h ECG registration by

Holter method, was performed in the family, and genetic
testing was offered. All affected family members were
treated at our institute. General characteristics of the family
is described in Table 1.

Genetic testing methodology

After obtaining written informed consent, blood samples for
DNA testing were taken from the proband and all living family
members. In addition, a blood sample from deceased pro-
band’s sister was also screened. DNA was isolated from the
peripheral blood by phenol extraction. Whole exome se-
quencing (WES) was performed on HiSeq 1500 using TruSeq
Exome Enrichment Kit (lllumina, San Diego, CA, USA) as de-
scribed previously.® SCN5A variant identified with WES was
followed up in relatives with Sanger sequencing.

Genetic results

We found a heterozygotic mutation NM_198056.2:
€.2440C > T:(p.Arg814Trp/R814W) in SCN5A by WES in the
proband and confirmed its presence in all affected subjects
(Figure 1). No other pathogenic/likely pathogenic variants in
genes related to arrhythmia or cardiomyopathies were
identified.

Figure 1 Results of genetic study in relation to the family pedigree with R814W SCN5A mutations. Left, Integrative Genomics Viewer view, chromato-
gram of SCN5A NM_198056.2:¢.2440C>T:(p.Arg814Trp/p.R814W) variant and family pedigree. Above, pedigree: squares represent male subjects, and
circles represent female subjects. Black arrowhead denotes the proband. Red arrowheads denote studied patients. A diagonal line marks deceased
individuals. Solid black symbols denote dilated cardiomyopathy. Open symbols with asterisk denote unaffected individuals. The presence or absence

of a heterozygous mutation is indicated by a +/— symbol.
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Studied subjects

We focused on the cases of a 58-year-old father (I:9) and his
37-year-old daughter (l1l:2). The father had a 20-year history
of HF and a complex of VA (VEBs/nsVT/IVR), which consti-
tuted 50-60% of whole rhythm, and 10-year long-standing
AF/atrial flutter (AFL), coexistent diabetes mellitus type 2, hy-
pertension, and coronary artery disease. He has moderate
impairment of LV systolic function (LVEF 38%) and HF symp-
toms in 11/1Il NYHA class.

Since she was 32, the daughter has been symptomatic, af-
ter a significant increase in ventricular and supraventricular
arrhythmias (supraventricular extrasystoles ~1500/24 h; VEBs
~25 000/24 h). She has been followed up for 15 years in an
outpatient clinic due to familial sudden cardiac death high
risk. Both patients (II:9 and 111:2) have had an ICD implanted
since 2006.

Antiarrhythmic treatment

II:9

On the basis of the published data,>® antiarrhythmic treat-
ment with quinidine was administered to the father. Before
quinidine therapy, he had severe HF (dyspnoea and fluid re-
tention in the pulmonary and systemic circulations), as well
as vertigo and frequent presyncope that correlated with nsVT
(Figure 2A). After optimization of HF therapy, quinidine in
standard doses (2 x 200 mg/day) was added. We observed
a significant reduction in VA (Table 1), HF symptoms regress
(NYHA 11/l = NYHA I/1l), and an improvement of LV systolic
function (LVEF 38% -> 55%) with normalization of LV
end-diastolic dimension (54 mm) (Figure 2C and D). After
8 months of treatment, a return of sinus rhythm was ob-
served. A consecutive 24 h ECG registration by Holter re-
vealed sinus bradycardia, episodes of typical AFL, and
conduction disorders: first-degree atrioventricular block, right
bundle branch block, and reduced number of VA (~4500/
day). Due to typical AFL, ablation was performed to obtain
a bidirectional conduction block in the cavo-tricuspid isthmus.
Stable antiarrhythmic effect was constant during the 2 year
observation. Then, there occurred an increasing number of
VEBs/nsVT. Mexiletine (standard dose 3 x 200 mg/day) in
monotherapy was unsuccessful. On the basis of earlier antiar-
rhythmic success of quinidine, we used a combination of quin-
idine and mexiletine in the patient with standard doses of
both drugs (mexiletine 3 x 200 mg/day and quinidine
2 x 200 mg/day) without side effects. After combined therapy,
there was a significant arrhythmia reduction (VEBs/nsVT/IVR
from 47 000/day to 6000-8000/day and sinus rhythm restora-
tion—Figure 2B) as well as an increase in LVEF to 55% and a
reduction in HF symptoms on subsequent follow-up visits.
This treatment has been effective for 1.5 year follow-up.

Ir.2
In the daughter, antiarrhythmic treatment with quinidine was
started in 2015. There was no antiarrhythmic effect (VEBs
25 000/day = 30 000/day), and poor tolerability was ob-
served. Therefore, treatment was discontinued after 6 weeks.
Acceleration of VA (VEBs/bigeminy with right bundle branch
block-like morphology and narrow QRS; Figure 3A) caused
worsening of LV systolic function (LVEF 60% —> 25%; Figure
3C) and significant exacerbation of HF symptoms (NYHA
Il = 1I). AF/AFL episodes were also present. In electrophysio-
logical study, the connection of VEBs with Purkinje fibres was
confirmed. Ablation of VA in His—Purkinje fibre signals in LV
was performed at the same time but was ineffective. It was
also proved that AAI overdrive pacing 500 ms was suppress-
ing the arrhythmia. After that, an upgrade to dual chamber
ICD was done. Overdrive stimulation was partially successful.
Mexiletine (standard dose 3 x 200 mg/day) was administered.
When treatment was effective in VA reduction (VEBs
30 000/day - 50/day; Figure 3B), LVEF improved
(25% - 40-50%; Figure 3D), and HF symptoms (NYHA
Il = 1/1l) regressed. This antiarrhythmic success is constant
with regard to VA. Because of a growing number of AF/AFL
recurrences (in ICD control mode switch raised up to 15%),
we used a combination of mexiletine with a reduced dose
of quinidine (2 x 100 mg/day) with a significant reduction in
atrial arrhythmia (mode switch decrease from 15% - 3%)
in 12 month follow-up. The drug combination was well toler-
ated by the patient, like in the father’s case. We also tried to
use flecainide with full success in VEBs number and AF/AFL
recurrence reduction, but the side effects (vision distur-
bances) disqualified that therapy in our patient.

A history of antiarrhythmic treatment is chronologically de-
scribed in Table 1.

Discussion

This study shows that successful antiarrhythmic treatment
with a combination of Class | antiarrhythmics can reduce
life-threatening VA, restore sinus rhythm, and alleviate HF
symptoms in patients with arrhythmogenic DCM caused by
R814W SCN5A mutation. There were no side effects in per-
sonalized doses during the therapy. Treatment with a combi-
nation of these drugs has not been described, as yet. It is also
the first study describing success of antiarrhythmic drugs in
regression of HF symptoms due to DCM caused by R814W
mutation in SCN5A gene. In one of the cases, the treatment
was associated with overdrive pacing.

R814W SCN5A mutation

The identified variant affects positively charged arginine at
position 814, which lies on S4 segment of DIl domain (DII/

ESC Heart Failure 2020; 7: 4326-4335
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Figure 2 Patient I1:9: (A and B) Electrocardiographic and (C and D) echocardiographic images before and after antiarrhythmic treatment (AAT) with
sodium channel blockers combination. (A) Twelve lead surface electrocardiogram before AAT; atrial fibrillation, 1st, 2nd, and 7th evolution—ventricular
ectopic beats (VEBs) with right bundle brunch block (RBBB) + left anterior fascicular block (LAFB)-like morphology, 5th and 6th evolution—VEBs with
RBBB-like and right axis deviation morphology (stars show VEBs), and 3rd and 4th QRS are proper rhythm evolutions (3rd QRS 100 ms; 4th with RBBB,
QRS 140 ms). (B) Twelve lead electrocardiogram after successful combined AAT—sinus rhythm 60/min., PR 260 ms, QRS 100 ms., QT/QTc 430/430 ms.
(C) Echo 2-D before AAT, four-chamber view at systole; dilation of left ventricle, left ventricular ejection fraction 35%. (D) Echo 2-D after successful
AAT, four-chamber apical view at systole; normalization of left ventricular diameter, left ventricular ejection fraction 55%.

MMA-

S4) of sodium channel Na,1.5 o subunit—one of the four so-
dium channel voltage sensors.’® Previously, heterozygous
R814W substitution arising de novo in a patient with sporadic
DCM was reported.’ Nguyen et al. performed functional
studies on this mutation.*? R814W mutant displayed abnor-
mal kinetics of activation and deactivation, the
hyperpolarized shift of the conductance—voltage relationship,
and the altered voltage dependence of activation and
deactivation.'? This can lead to an altered force—frequency
relationship—an important regulatory mechanism of the
heart contractility.'? R814W is a gain-of-function variant; it

could be responsible for hyperexcitability of the His—Purkinje
system that leads to incomplete repolarization in Purkinje
cells and premature ventricular action potentials and thus en-
hanced automaticity. A high burden of ectopic beats may lead
to development of DCM phenotype in the end.®*2 In patients
with arrhythmogenic DCM, mutations in S4 DI and DIl do-
mains are associated with cardiac arrhythmias (AF and VEBs),
cardiac conduction disorders, sick sinus syndrome, and
DCM.**% Other potential mechanisms of contractile dysfunc-
tion include abnormal calcium handling, improper pH regula-
tion, and disrupted mitochondrial function.***?

ESC Heart Failure 2020; 7: 4326-4335
DOI: 10.1002/ehf2.12993
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Figure 3 Patient Ill:2: (A and B) Electrocardiographic (ECG) and (C and D) echocardiographic images before and after antiarrhythmic treatment (AAT)
with sodium channel blockers’ combination. (A) Twelve lead surface ECG before AAT; sinus beats with PR 240 ms, QRS 110 ms, QT 380 ms ventricular
bigeminy (stars show ventricular ectopic beats) with RBBB-like morphology and narrow QRS 120 ms. (B) Twelve lead ECG after AAT and upgrade to ICD-
DR; 1st and 2nd evolution—AAI pacing 90/min, QRS 110 ms, QT 360 ms and the 3rd, 4th, and 5th evolution—DDD pacing 90/min, QRS complexes have
fusion beat morphology. (C) Echo 2-D before AAT, four-chamber apical view, systolic phase; dilation of left ventricle, left ventricular ejection fraction
25%. (D) Echo 2-D after successful AAT, four-chamber apical view, systolic phase; normalization of left ventricular diameter, left ventricular ejection

fraction 50%.
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Antiarrhythmic treatment in dilated
cardiomyopathy caused by SCN5A mutation

Published data show that successful antiarrhythmic therapy
with sodium channel blockers (quinidine, flecainide, and ami-
odarone) in SCN5A gene mutations can reverse HF symptoms
and restore LV contractile function.>®®® This has been
shown in particular with R222Q variant but also with other
mutations, namely, with recently published A204E® variant

where quinidine eliminated VA and for L828F" variant where

flecainide had the same effect. In our patients with R814W
variant, we had to include a combination of Class | antiar-
rhythmics to attain acceptable treatment results. There is lit-
tle data on long-term results of sodium channel blockers’
effectiveness (>5 years of treatment) in this specific group
of arrhythmogenic DCM patients.*®” Also, the advantageous
effect of overdrive pacing in the daughter should be
emphasized.

ESC Heart Failure 2020; 7: 4326-4335
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Of note, we show intrafamilial variability of the response to
antiarrhythmics in patients with the R814W SCN5A variant.
Significant reduction of atrial arrhythmia and VA on flecainide
or amiodarone was also reported in one family with the G213D
variant described by Calloe et al.*® However, we emphasize
that the difference in the response to treatment especially in
the elder subject (father, 11:9) but not in the younger subject
(daughter, 111:2) may be partly explained by possible influence
of concomitant diseases, like coronary artery disease.

Another issue refers to ablation of VA in the patients. Cur-
rent guidelines suggest the possibility of considering ablation
therapy in patients with DCM and drug refractory VA while
emphasizing the complexity of the arrhythmic substrate (as
in MEPPC) and the limited effectiveness of this strategy.'®
We performed ablation of VA in the proband (lll:5) with no
effect, and that is why at the time, she was referred for
orthotopic heart transplantation. In 1ll:2 patient, ablation of
VA was ineffective, too. In MEPPC syndrome, Doisne et al.
performed catheter ablation of VEBs with recurrence of the
arrhythmia 3 months later®®; on the other hand, quinidine
treatment was effective.

In conclusion, in SCN5A R814W-associated DCM rather
than monotherapy, a combination of Class | antiarrhythmics
and overdrive pacing may be needed for controlling severe
arrhythmia. Furthermore, physicians should be aware of pos-
sible recurrence of different types of arrhythmia, both supra-
ventricular and ventricular with time, and of the need for
close and vigilant follow-up.

Acknowledgement

The authors would like to thank the family for cooperation.

Conflict of interest

The authors declare no conflict of interest. The funders had
no role in the study design, data collection and analysis, deci-
sion to publish, or preparation of the manuscript.

Funding

Genetic examination was funded by the National Science
Centre Poland (grant no.: 2011/01/B/NZ4/03455 RP;

References

1. Peters S, Kumar S, Elliott P, Kalman JM,
Fatkin D. Arrhythmic genotypes in famil-
ial dilated cardiomyopathy: implications
for genetic testing and clinical manage-
ment. Heart Lung Circ 2019; 28: 31-38.

FCC, Daubert

2. Towbin JA, McKenna WJ, Abrams DJ,

Ackerman MJ, Calkins H, Darrieux
JP, de
DePasquale EC, Desai MY, Estes NAM,
Hua W, Indik JH, Ingles J, James CA,

https://www.ncn.gov.pl/). G.T.T., Z.T.B., and R.P. are sup-
ported by the DETECTIN-HF project (ERA-CVD framework).

Author contributions

J.Z.-K. contributed to the conception, design, data acquisition,
and interpretation and drafted the paper; Z.T.B. contributed
to the conception and analysis and drafted and revised the pa-
per; W.E. contributed to data acquisition, analysis, and revi-
sion; G.T.T. and M.F. contributed to data acquisition and
interpretation and drafted genetic methodology; G.W., R.B,,
and K.K. contributed to data acquisition and interpretation;
P.U. and M.O. contributed to data analysis and interpretation;
£.S. and R.P. contributed to data analysis and revision; M.B.
contributed to data analysis, interpretation, and revision.

Ethics approval and consent to
participate

All members of the family signed a written informed consent
form for the genetic examination and the consent for publish-
ing all the data. The study was approved by the Institutional
Ethics Committee on Human Research of the Cardinal Stefan
Wyszynski Institute of Cardiology 7.06.2011; consent num-
ber: 1276/2011.

Consent for publication

All members of the family signed a written consent form for
publishing all the data.

Availability of data and materials

All relevant data are included in the manuscript. The data sets
used and/or analysed during the current study are available
from the corresponding author upon request.

John RM, Judge DP, Keegan R, Krahn
AD, Link MS, Marcus FI, McLeod CJ,
Mestroni L, Priori SG, Saffitz JE,
Sanatani S, Shimizu W, van Tintelen JP,
Wilde AAM, Zareba W. 2019 HRS expert

Chillou C,

ESC Heart Failure 2020; 7: 4326-4335
DOI: 10.1002/ehf2.12993


https://www.ncn.gov.pl/

A combination of quinidine/mexiletine reduces arrhythmia in dilated cardiomyopathy in two patients with R814W SCN5A mutation

4335

consensus statement on evaluation, risk
stratification, and management of ar-
rhythmogenic cardiomyopathy: execu-
tive summary. Heart Rhythm 2019; 16:
e373-e407.

. Wilde AAM, Amin AS. Clinical spectrum
of SCN5A mutations: long QT syndrome,
Brugada syndrome, and cardiomyopa-
thy. JACC Clin Electrophysiol 2018; 4:
569-579.

. McNair WP, Sinagra G, Taylor MR, Di
Lenarda A, Ferguson DA, Salcedo EE,
Slavov D, Zhu X, Caldwell JH, Mestroni
L, Group FCRR. SCN5A mutations asso-
ciate with arrhythmic dilated cardiomy-
opathy and commonly localize to the
voltage-sensing mechanism. J Am Coll
Cardiol 2011; 57: 2160-2168.

. Mann SA, Castro ML, Ohanian M,
Guo G, Zodgekar P, Sheu A,
Stockhammer K, Thompson T, Playford
D, Subbiah R, Kuchar D, Aggarwal A,
Vandenberg JI, Fatkin D. R222Q SCN5A
mutation is associated with reversible
ventricular ectopy and dilated cardiomy-
opathy. J Am Coll Cardiol 2012; 60:
1566-1573.

. Laurent G, Saal S, Amarouch MY, Béziau
DM, Marsman RF, Faivre L, Barc J, Dina
C, Bertaux G, Barthez O, Thauvin-
Robinet C, Charron P, Fressart V, Maltret
A, Villain E, Baron E, Mérot J, Turpault
R, Coudiére Y, Charpentier F, Schott JJ,
Loussouarn G, Wilde AA, Wolf JE, Bar6
I, Kyndt F, Probst V. Multifocal ectopic
Purkinje-related premature contrac-
tions: a new SCN5A-related cardiac
channelopathy. J Am Coll Cardiol 2012;
60: 144-156.

. Hershberger RE, Parks SB, Kushner JD,
Li D, Ludwigsen S, Jakobs P, Nauman
D, Burgess D, Partain J, Litt M. Coding
sequence mutations identified in MYH7,
TNNT2, SCN5A, CSRP3, LBD3, and
TCAP from 313 patients with familial or

10.

11.

12.

13.

14.

15.

idiopathic dilated cardiomyopathy. Clin
Transl Sci 2008; 1: 21-26.

. Zakrzewska-Koperska J, Franaszczyk

M, Bilinska Z, Truszkowska G,
Karczmarz M, Szumowski ., Zielinski
T, Ptoski R, Bilinska M. Rapid and ef-
fective response of the R222Q SCN5A
to quinidine treatment in a patient
with Purkinje-related ventricular ar-
rhythmia and familial dilated cardio-
myopathy: a case report. BMC Med
Genet 2018; 19: 94.

. Ploski R, Pollak A, Miiller S, Franaszczyk

M, Michalak E, Kosinska J, Stawinski P,
Spiewak M, Seggewiss H, Bilinska ZT.
Does p.Q247X in TRIM63 cause human
hypertrophic cardiomyopathy? Circ Res
2014; 114: e2—e5.

Catterall WA. From ionic currents to mo-
lecular mechanisms: the structure and
function of voltage-gated sodium chan-
nels. Neuron 2000; 26: 13-25.

Olson TM, Michels VV, Ballew JD, Reyna
SP, Karst ML, Herron KJ, Horton SC,
Rodeheffer RJ, Anderson JL. Sodium
channel mutations and susceptibility to
heart failure and atrial fibrillation. JAMA
2005; 293: 447-454.

Nguyen TP, Wang DW, Rhodes TH,
George AL Jr. Divergent biophysical de-
fects caused by mutant sodium channels
in dilated cardiomyopathy with arrhyth-
mia. Circ Res 2008; 102: 364-371.
Beckermann TM, McLeod K, Murday V,
Potet F, George AL Jr. Novel SCN5A mu-
tation in amiodarone-responsive multi-
focal ventricular  ectopy-associated
cardiomyopathy. Heart Rhythm 2014;
11: 1446-1453.

Li W, Yin L, Shen C, Hu K, Ge J, Sun A.
Variants: association with cardiac disor-
ders. Front Physiol 2018; 9: 1372.
Asatryan B. Cardiac sodium channel
dysfunction and dilated cardiomyopa-
thy: a contemporary reappraisal of

16.

17.

18.

19.

pathophysiological concepts. J Clin Med
2019; 8 7:1029.

Doisne N, Waldmann V, Redheuil A,
Waintraub X, Fressart V, Ader F, Fossé
L, Hidden-Lucet F, Gandjbakhch E,
Neyroud N. A novel gain-of-function
mutation in SCN5A responsible for mul-
tifocal ectopic Purkinje-related prema-
ture contractions. Hum Mutat 2020; 41:
850-859.

Ter Bekke RMA, David M, Krapels IPC,
Crijns H, Volders PGA. Beauty and the
beat: a complicated case of multifocal ec-
topic Purkinje-related premature con-
tractions. HeartRhythm Case Rep 2018;
4: 429-433.

Calloe K, Broendberg AK, Christensen
AH, Pedersen LN, Olesen MS, de Los
Angeles Tejada M, Friis S, Thomsen
MB, Bundgaard H, Jensen HK. Multifo-
cal atrial and ventricular premature con-
tractions with an increased risk of
dilated cardiomyopathy caused by a

Na(v)1.5 gain-of-function mutation
(G213D). Int J Cardiol 2018; 257:
160-167.

Priori SG, Blomstrém-Lundqvist C,

Mazzanti A, Blom N, Borggrefe M,
Camm J, Elliott PM, Fitzsimons D,
Hatala R, Hindricks G, Kirchhof P,
Kjeldsen K, Kuck KH, Hernandez-Madrid
A, Nikolaou N, Norekval TM, Spaulding
C, Van Veldhuisen DJ, Group ESD.
2015 ESC guidelines for the manage-
ment of patients with ventricular ar-
rhythmias and the prevention of
sudden cardiac death: the Task Force
for the Management of Patients with
Ventricular Arrhythmias and the Preven-
tion of Sudden Cardiac Death of the Eu-
ropean Society of Cardiology (ESC).
Endorsed by: Association for European
Paediatric and Congenital Cardiology
(AEPC). Eur Heart J 2015; 36:
2793-2867.

ESC Heart Failure 2020; 7: 4326-4335
DOI: 10.1002/ehf2.12993




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


