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OBJECTIVES The goal of this study was to determine the long-term outcomes of catheter ablation (CA) of

electrical storm in patients with nonischemic dilated cardiomyopathy (NIDCM) compared with patients with ischemic

cardiomyopathy (ICM).

BACKGROUND CA of ventricular tachycardia (VT) electrical storm has been shown to improve VT-free survival in

patients with ICM. Data on the outcomes of CA of electrical storm in patients with NIDCM are insufficient.

METHODS The study included 267 consecutive patients with NIDCM (n ¼ 71; ejection fraction 32 � 14%) and ICM

(n¼ 196; ejection fraction 28� 12%). Endo-epicardial CAwas performed in 59 (22%) patients. CAwas guided by activation

and entrainment mapping for tolerated VT and pacemapping/targeting of abnormal substrate for unmappable VT.

RESULTS After a median follow-up of 45 (25th to 75th percentile: 9 to 71) months and 1 (25th to 75th percentile: 1 to 8)

procedures, 76 (29%) patients died, 25 (9%) underwent heart transplantation, 87 (33%) experienced VT recurrence, and

13 (5%) had recurrence of electrical storm. Overall VT-free survival was 54% at 60 months (48% in NIDCM and 54% in

ICM; p ¼ 0.128). Patients with VT recurrence experienced a median of 2 (1 to 10) VT episodes in the 5 (1 to 14) months

after the procedure. Death/transplantation-free survival was 62% at 60 months (53% in NIDCM and 64% in ICM;

p ¼ 0.067). Persistent inducibility of any VT with cycle length $250 ms at programmed stimulation at the end of the

procedure was the only independent predictor of VT recurrence. Low ejection fraction, New York Heart Association

functional class, and VT recurrence over follow-up independently predicted death/transplantation.

CONCLUSIONS CA of electrical storm was similarly effective in patients with NIDCM compared with patients with ICM,

with elimination of electrical storm in 95% of cases and achievement of complete VT control at long-term follow-up in

most patients. (J Am Coll Cardiol EP 2017;3:767–78) © 2017 by the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

CA = catheter ablation

CI = confidence interval

CL = cycle length

HR = hazard ratio

ICD = implantable

cardioverter-defibrillator

ICM = ischemic cardiomyopathy

LV = left ventricular

LVEF = left ventricular ejection

fraction

NIDCM = nonischemic dilated

cardiomyopathy

NIPS = noninvasive

programmed stimulation

VT = ventricular tachycardia
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been shown to effectively achieve VT control
in the short- and mid-term follow-up of pa-
tients with ischemic cardiomyopathy (ICM)
presenting with electrical storm (4–6). Thus
far, data on the outcomes of CA of electrical
storm in patients with nonischemic dilated
cardiomyopathy (NIDCM) are insufficient
and limited to small observational series (4–
8). The goal of the present study was to
assess the long-term outcomes of CA of elec-
trical storm in patients with NIDCM
compared with patients with ICM.

METHODS

PATIENT POPULATION. The study popula-
tion consisted of 267 consecutive patients
(196 with ICM and 71 with NIDCM) with drug-
refractory electrical storm referred for CA between
January 2005 and December 2014. Electrical storm
was defined as the occurrence of $3 episodes of VT/
ventricular fibrillation separated by >5 min during a
24-h period resulting in an appropriate ICD therapy
(9). Patients with either idiopathic ventricular fibril-
lation or ventricular fibrillation triggers from Purkinje
tissue at the border zone of myocardial infarction
were excluded from this series.
SEE PAGE 779
The distinction between ICM and NIDCM was
based on the presence of clinical coronary artery
disease and/or previous myocardial infarction. In
particular, NIDCM was defined according to evidence
of dilation and left ventricular (LV) systolic impair-
ment (left ventricular ejection fraction [LVEF] <50%)
in the absence of significant coronary artery disease
(>50% stenosis, assessed by using coronary angiog-
raphy or coronary artery computed tomography
scanning). Patients with congenital heart disease,
hypertrophic cardiomyopathy, arrhythmogenic right
ventricular cardiomyopathy, LV noncompaction,
restrictive cardiomyopathy, myocarditis, cardiac
sarcoidosis, toxic cardiomyopathy, tachycardia-
induced cardiomyopathy, and primary valvular
abnormalities were excluded. All patients provided
written informed consent to participate.

ELECTROPHYSIOLOGICAL STUDY. All patients un-
derwent the procedure in the fasting state, and it was
performed under conscious sedation whenever
possible. General anesthesia was used when neces-
sary at the discretion of the operator or anesthesiol-
ogist involved in the procedure for ventilation,
oxygenation, or patient comfort and during epicardial
mapping and ablation procedures. Catheters were
placed in position in the heart with the use of fluo-
roscopic guidance. A standard transvenous 6-F
quadripolar catheter with 5-mm interelectrode dis-
tance (Bard Inc., Delran, New Jersey) was placed at
the right ventricular apex. An 8-F, 64-element
phased-array intracardiac echocardiography catheter
(AcuNav, Acuson, Mountain View, California) was
used to assist catheter manipulation, to assess tissue–
catheter contact, and to monitor for complications. A
deflectable 3.5-mm open irrigated tip catheter
(NaviStar ThermoCool, Biosense Webster, Diamond
Bar, California) was used for mapping and ablation.
The mapping/ablation catheter was advanced to the
right ventricle (transvenous approach) or left
ventricle (retrograde aortic or transseptal approach)
according to the presumed site of origin of the VT or
the underlying substrate. The programmed ventricu-
lar stimulation protocol to induce VT included up to
triple extrastimuli from at least 2 right ventricular or
LV sites with at least 2 drive cycle lengths (CLs). The
12-lead electrocardiography morphology of all spon-
taneous VTs (when available) and the intracardiac
near-field and far-field electrograms of the ICD were
collected and compared with the inducible VTs dur-
ing the procedure. Induced VTs were identified as
clinical if they matched the CL and morphology of
stored ICD electrograms (near-field and far-field) and
the 12-lead electrocardiography when available.

ELECTROANATOMIC MAPPING. A high-density
three-dimensional electroanatomic map (CARTO,
Biosense Webster, Inc.) was created during sinus or
paced rhythm maintaining a color and surface fill
threshold #15 mm to ensure adequate sampling; the
goal was to identify low-voltage areas and abnormal
electrograms consistent with scar. The bipolar signals
were filtered at 30 to 400 Hz (CARTO V.9 and V.7
systems, Biosense Webster, Inc.) or 16 to 500 Hz
(CARTO-3 system, Biosense Webster, Inc.) and were
displayed at a speed of 100 mm/s. The peak-to-peak
signal amplitude of the bipolar electrogram was
measured automatically and confirmed during
manual review. The electrogram signals were dis-
played as color gradients on a three-dimensional
computerized bipolar voltage map. Reference values
for identifying abnormal endocardial bipolar and
unipolar and epicardial bipolar electrogram signal
amplitudes in the right and left ventricles were
defined according to previously established criteria
(10–12). An endocardial bipolar signal amplitude >1.5
mV either in the right or left ventricle, and an endo-
cardial unipolar signal amplitude >8.3 mV in the left
ventricle and >5.5 mV in the right ventricle, were
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categorized as normal and represented in the elec-
troanatomic map by the color purple. Abnormal
voltage areas were represented by a non-purple range
of colors, with the most abnormal signal amplitude
(arbitrary defined as <0.5 mV) represented by the
color red. The decision for an epicardial approach was
made when: 1) the 12-lead electrocardiography of the
VT suggested an epicardial origin; 2) there was evi-
dence of epicardial substrate on imaging studies (e.g.,
magnetic resonance, intracardiac echocardiography);
3) a unipolar electrogram abnormality (<8.3 mV)
occurred in the presence of no or minimal bipolar
(<1.5 mV) electrogram abnormality; and 4) the
endocardial ablation procedure (either early VT
recurrence or persistent inducibility of VT) failed.

Access to the pericardial space and epicardium was
obtained by using the percutaneous subxiphoid
approach described by Sosa et al. (13). The reference
value for defining abnormal electrograms in the
epicardium was <1.0 mV, as reported previously (14).
To further limit the influence of epicardial fat and
small-vessel coronary vasculature (i.e., vessels that
cannot be directly appreciated by using coronary
angiogram) on the low-voltage region, the contiguous
low-voltage electrograms had to demonstrate not only
a low amplitude but also signals with discrete late
potentials (recorded after the QRS of the surface elec-
trocardiography). They also had to demonstrate broad
multicomponent or split signals within the boundary
of the defined contiguous low-voltage area. Signals
>1.0 mV that also exhibited abnormal, multicompo-
nent, split, or late potentials were tagged and noted if
they were adjacent to confluent low-voltage areas
typically included in substrate-based ablation targets.

CATHETER ABLATION. The main target of CA was to
eliminate the clinical VTs and all mappable nonclinical
VTs. All induced VTs with a CL $250 ms were consid-
ered potentially relevant and routinely targeted for
ablation. For hemodynamically tolerated VTs,
entrainment mapping was performed within the low-
voltage area at sites exhibiting diastolic activity to
identify critical sites of the VT re-entrant circuit. A
critical site that was an appropriate target for ablation
was defined as a site exhibiting entrainment with
concealed QRS fusion and return cycle within 30 ms of
the VT CL with matching stimulus-to-QRS and
electrogram-to-QRS intervals or where VT terminated
during pacing without global capture (15,16). Radio-
frequency energy was delivered at these sites. If
delivery of radiofrequency energy failed to terminate
VT within 60 s, the ablation catheter was moved to an
alternative site meeting the same criteria. For hemo-
dynamically unstable VTs, substrate modification was
performed with linear or cluster lesions targeting sites
identified by pace mapping; it included signals with
discrete split or late potentials recorded during sinus
rhythm or with right ventricular apical pacing, as pre-
viously described (11). The site of origin was approxi-
mated by using pacemapping to reproduce the VT QRS
complex and to identify sites with a long stimulus-to-
QRS interval. Limited activation and entrainment in-
formation was used to corroborate the pacemap in-
formation whenever possible. Substrate ablation was
typically extended to target markedly abnormal frac-
tionated split and late potentials; there was a specific
emphasis on abnormal potentials recorded within a 2-
to 3-cm radius of the site of origin, defined by
entrainment mapping or the best pacemap with clus-
ters of radiofrequency lesions targeting abnormal po-
tentials with the endpoint of signal modification or
elimination. Epicardial radiofrequency lesions always
avoided large coronary vessels by at least 1 cm based on
cine angiography. If monomorphic VT inducibility
persisted after targeting all spontaneous and initially
inducible VT, residual VT morphologies were remap-
ped by using the aforementioned techniques. The
amount of fluid in the epicardial space associated with
the open irrigated catheter was monitored with intra-
cardiac echocardiography and continuous arterial
blood pressure monitoring for evidence of hypoten-
sion, and it was drained intermittently or continuously
to preclude hemodynamic compromise. At the end of
the ablation procedure, 2 to 3 mg/kg of triamcinolone
was routinely administered intrapericardially to
reduce inflammation. A pigtail catheter was typically
left in place in the pericardial sac and removed within
24 h after the absence of continued pericardial
drainage or fluid accumulation was confirmed on
transthoracic echocardiography. Data onminor access-
related pericardial bleeding episodes (i.e., not
requiring any intervention) were not systematically
collected, and only data on major bleeding episodes
(i.e., requiring intervention) were reported.

Radiofrequency energy application targeted a
maximum temperature of 42�C and a maximum
impedance drop of 12 to 15 Ohms with an output of
20 to 50 W. Lesion duration was typically set for 60 to
90 s. It was further increased to $3 min in duration at
sites associated with transient suppression of VT with
monitoring to confirm stable impedance drop or when
intramural substrate was suspected in nonischemic
cardiomyopathy; these assessments were based on
normal bipolar voltage with abnormal unipolar signal
or by pacing the right ventricular base and assessing
transmyocardial conduction time (17,18). Hemody-
namic support devices (percutaneous mechanical
hemodynamic support with the Impella device



TABLE 1 Baseline Characteristics of the Study Population

Overall
(N ¼ 267)

ICM
(n ¼ 196)

NIDCM
(n ¼ 71) p Value

Age, yrs 65 � 13 67 � 11 60 � 15 <0.001

Male 246 (92) 184 (94) 62 (87) 0.079

Clinical characteristics

Hypertension 177 (66) 146 (75) 31 (44) <0.001

Diabetes mellitus 70 (26) 60 (31) 10 (14) 0.007

Hyperlipidemia 172 (64) 151 (77) 21 (30) <0.001

Chronic kidney disease 86 (32) 67 (34) 19 (27) 0.251

Chronic obstructive pulmonary disease 34 (13) 26 (13) 8 (11) 0.665

History of percutaneous coronary
artery angioplasty

66 (25) 66 (34) — —

History of coronary artery bypass graft 95 (36) 95 (49) — —

History of atrial fibrillation/flutter 120 (45) 96 (49) 24 (34) 0.028

NYHA functional class III/IV 99 (37) 66 (34) 33 (47) 0.056

LVEF, % 29 � 13 28 � 12 32 � 14 0.026

Clinical VT 0.328

Monomorphic with single morphology 257 (96) 190 (97) 67 (94)

Multiple morphologies of VT/
history of VF/PMVT

10 (4) 6 (3) 4 (6)

Medical therapy

b-blockers 242 (91) 181 (92) 61 (86) 0.111

Angiotensin-converting enzyme
inhibitors/angiotensin
receptor blockers

161 (60) 119 (61) 42 (59) 0.818

Spironolactone 57 (29) 43 (33) 14 (20) 0.041

Furosemide 151 (57) 107 (55) 44 (62) 0.282

Furosemide daily dose, mg 56 � 40 57 � 42 51 � 36 0.551

Aspirin 184 (69) 153 (78) 31 (44) <0.001

Warfarin 107 (40) 86 (44) 21 (30) 0.035

No. of failed antiarrhythmic drugs 2 (1–2) 2 (1–2) 2 (1–2) 0.080

Amiodarone before procedure 213 (80) 160 (82) 53 (75) 0.209

Daily dose of amiodarone before
the procedure, mg

266 � 203 265 � 210 271 � 159 0.789

Values are mean � SD, n (%), or median (interquartile range).

ICD ¼ implantable cardioverter-defibrillator; ICM ¼ ischemic cardiomyopathy; LVEF ¼ left ventricular ejection
fraction; NIDCM ¼ nonischemic dilated cardiomyopathy; NYHA ¼ New York Heart Association;
PMVT ¼ polymorphic ventricular fibrillation; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
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[Abiomed, Danvers, Massachusetts] or intra-aortic
balloon pump) were used at the discretion of the
operator in cases of periprocedural hemodynamic
instability.

OUTCOMES. Long-term outcomes included the
following: 1) survival free of any VT (defined as any
symptomatic VT or sustained VT on ICD interrogation
or 12-lead electrocardiography) after single or multi-
ple procedures; 2) survival free of electrical storm;
and 3) survival free of the composite endpoint of
death or cardiac transplantation.

Acute procedural outcomes consisted of non-
inducibility of the clinical VT and of any inducible VT
(excluding nonclinical VTs with a CL <250 ms). Acute
efficacy was assessed on the basis of inducibility of
VT at the end of the ablation procedure with a uni-
form stimulation protocol (up to 3 extrastimuli from
up to 2 ventricular sites with at least 2 drive CLs) and
at the time of repeat programmed stimulation before
hospital discharge; this simulation was performed
noninvasively from a single right ventricular site via
the ICD system (noninvasive programmed stimula-
tion [NIPS]). Post-procedural device programming
was consistent throughout the years and typically
included a VT zone able to detect (and treat if still
inducible) the slowest clinical and/or induced VT. The
effect of additional antiarrhythmic drug therapy on
CL slowing was also taken into account to avoid
underdetection of VT.

CLINICAL FOLLOW-UP. Patients were routinely eval-
uated at 4 to 8 weeks after ablation and then at 3- to
6-month intervals. For patients not followed up at our
institution, the referring cardiologists were contacted,
and ICD interrogations were reviewed to determine VT
recurrence. Telephone interviews were performed at
6- and 12-month intervals with patients or family
members to confirm the absence of arrhythmia symp-
toms. The Social Security Death Index database was
also searched for mortality information.

STATISTICAL ANALYSIS. Continuous variables were
expressed as mean � SD if normally distributed or
median (interquartile range: 25th to 75th percentile) if
not normally distributed. All continuous variables
were tested for normal distribution by using the
1-sample Kolmogorov-Smirnov test. Categorical data
are expressed as counts and percentages. Continuous
variables were compared by using independent-
sample parametric (unpaired Student t) or nonpara-
metric (Mann-Whitney U) tests. Paired variables
among the same patients were compared by using
paired-sample parametric (paired Student t) or
nonparametric (paired Wilcoxon signed rank) tests
for continuous variables and McNemar’s test for bi-
nary variables. Categorical variables were compared
by using the chi-square test or the Fisher exact test
when appropriate. Survival curves were generated by
using the Kaplan-Meier method and compared by
using the log-rank test. Univariate and multivariable
Cox proportional hazards analyses were used to test
the association between the outcome events and
baseline covariates.

All potential confounders were initially entered
into the model on the basis of known clinical rele-
vance; a model reduction was then performed by
excluding variables with a p value >0.20 based on the
log-likelihood test. Models predicting mortality/
transplantation used VT recurrence over follow-up as
a time-dependent covariate. Even if clinically rele-
vant, the result of NIPS was not included in the
multivariable model because NIPS was performed in



TABLE 2 Procedural Characteristics and Acute Procedural Outcomes (Last Procedure)

Overall
(N ¼ 267)

ICM
(n ¼ 196)

NIDCM
(n ¼ 71) p Value

Procedural data

General anesthesia 80 (30) 44 (23) 36 (51) <0.001

Left ventricular hemodynamic support
during the procedure

38 (14) 30 (15) 8 (11) 0.404

Transseptal access to the left ventricle 35 (18) 29 (23) 6 (9) 0.012

Total procedural time, h 8 � 2 8 � 2 8 � 2 0.469
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only one-half of the study sample, and this method
would have reduced the power of the analysis by
reducing the total number of patients included. The
proportional hazards assumption was assessed by
using Schoenfeld’s residuals test. Two-tailed tests
were considered statistically significant at the 0.05
level. All analyses were performed by using IBM SPSS
version 23.0 (IBM SPSS Statistics, IBM Corporation,
Armonk, New York).
Fluoroscopy time, min 62 � 29 61 � 31 59 � 15 0.738

Radiofrequency time, min 69 � 61 67 � 36 78 � 128 0.733

Mapping and ablation

Epicardial mapping 59 (22) 12 (6) 47 (66) <0.001

Epicardial ablation 47 (18) 9 (5) 38 (54) <0.001

VTs induced 3 (1–4) 3 (1–4) 2 (1–4) 0.998

CL, ms 405 � 98 417 � 98 382 � 94 0.025

Acute procedural outcomes

Programmed ventricular stimulation
performed at the end of the procedure

240 (90) 175 (89) 65 (92) 0.654

Noninducibility of any VT with CL $250 ms
at the end of the last procedure

174 (73) 130 (74) 44 (68) 0.393

NIPS performed after last procedure 139 (52) 109 (56) 30 (42) 0.033

Noninducibility of any VT with CL $250 ms
at NIPS after the last procedure

93 (67) 36 (33) 10 (33) 0.975

Complications (374 procedures) 11 (3) 7 (3) 4 (3) 0.540

Pericardial effusion treated with
pericardiocentesis

4 3 1

Pericardial effusion requiring surgery 2 2 0

Coronary artery occlusion during
epicardial ablation

2 0 2

Phrenic nerve injury during
epicardial ablation

1 1 0

Complete atrioventricular block 1 0 1

Retroperitoneal bleeding 1 1 0

Values are n (%), mean � SD, median (interquartile range).

CL ¼ cycle length; NIPS ¼ noninvasive programmed stimulation; other abbreviations as in Table 1.
RESULTS

STUDY POPULATION. The baseline features of the
study population are summarized in Table 1.
Compared with patients with ICM, patients with
NIDCM were significantly younger (60 � 15 years vs.
67 � 11 years; p < 0.001), with fewer comorbidities,
including hypertension (44% vs. 75%; p < 0.001),
diabetes (14% vs. 31%; p ¼ 0.007), hyperlipidemia
(30% vs. 77%; p < 0.001), and atrial fibrillation/flutter
(34% vs. 49%; p ¼ 0.028); they also had a higher LVEF
(32 � 14% vs. 28 � 12%; p ¼ 0.026). Before the CA
procedure, patients failed a median of 2 (1 to 2) anti-
arrhythmic drugs, with no difference between the
NIDCM and ICM groups (p ¼ 0.080). No differences
were observed in the proportion of patients under-
going amiodarone treatment.

CA AND ACUTE PROCEDURAL OUTCOMES. The
main procedural data are summarized in Table 2.
Over the study period, 374 procedures were per-
formed in the 267 patients included, with a mean
number of procedures per patient of 1.2 � 0.5 (range
1 to 4) in the ICM group and 1.8 � 1.2 (range 1 to 8) in
the NIDCM group (p ¼ 0.001 for comparison).
Epicardial mapping was performed in 59 (22%)
patients (12 [6%] in the ICM group vs. 47 [66%] in
the NIDCM group; p < 0.001), and 47 (80%) of them
underwent epicardial ablation (9 [75%] in the ICM
group vs. 38 [81%] in the NIDCM group). A
mechanical hemodynamic support device was used
in 30 (15%) cases in the ICM group and 8 (11%) cases
in the NIDCM group (p ¼ 0.404). Hemodynamic LV
support was placed at the beginning of the proced-
ure in 31 (82%) patients (26 [87%] of 30 in the ICM
group vs. 5 [63%] of 8 in the NIDCM group; p ¼ 0.146
for comparison). In the remaining 7 (18%) patients
(4 [13%] of 30 in the ICM group vs. 3 [38%] of 8 in
the NIDCM group; p ¼ 0.146), hemodynamic support
devices were placed during the procedure because of
hemodynamic instability. An antegrade transseptal
approach for LV mapping and ablation was more
frequently used among patients with ICM (23% vs.
9%; p ¼ 0.012).
At least 1 hemodynamically nontolerated VT was
present in 195 (73%) patients. The mean CL of the
clinical tachycardia was 401 � 95 ms, and patients
with ICM tended to have slower CL compared with
patients with NIDCM (409 � 96 ms vs. 380 � 92 ms,
respectively; p ¼ 0.032). Ten (4%) patients presented
with multiple morphologies of VT in addition to a
history of polymorphic VT/ventricular fibrillation. In
all of these patients, sustained VT was uniformly
induced at the time of the procedure, and they un-
derwent VT ablation and substrate modification. A
predominant substrate-based approach without or
with only limited entrainment/activation mapping
was performed in 214 (80%) patients. At the end of
the last procedure, 240 (90%) patients underwent
programmed ventricular stimulation; in 27 cases, this
procedure was not performed because of unstable
patient conditions. No significant differences were
observed in terms of acute procedure outcomes
between the 2 groups. At the end of the last



TABLE 3 Long-Term Outcomes

Overall
(N ¼ 267)

ICM
(n ¼ 196)

NIDCM
(n ¼ 71) p Value

Follow-up, months 45 (9–71)

VT recurrence after the last procedure
(crude event rate at median follow-up
of 45 [9–71] months)

87 (33) 62 (32) 25 (35) 0.491

Electrical storm recurrence (crude event rate
at median follow-up of 45 [9–71] months)

13 (5) 9 (5) 4 (6) 0.727

VT recurrence after the last procedure
(cumulative at 60-month follow-up), %

54 54 48 0.128*

Electrical storm recurrence (cumulative at
60-months follow-up), %

93 93 91 0.435*

Death 76 (29) 57 (29) 19 (27) 0.710

Heart transplantation 25 (9) 12 (6) 13 (18) 0.041

Amiodarone at last follow-up 90 (34) 69 (35) 21 (30) 0.390

Amiodarone dose at last follow-up, mg 226 � 93 223 � 91 236 � 100 0.482

Sotalol or class I arrhythmic drugs at
last follow-up

57 (21) 47 (24) 10 (14) 0.081

Values are median (interquartile range), n (%), or mean � SD. *According to log-rank test.

Abbreviations as in Table 1.
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procedure, at least 1 VT with CL $250 ms was
inducible in 45 (26%) patients with ICM and in 21
(32%) patients with NIDCM (p ¼ 0.393). A total of 139
(52%) patients underwent NIPS a median of 3 (2 to 4)
days after the procedure. Noninducibility of any VT
with CL $250 ms at NIPS was achieved in 36 (33%) of
109 patients in the ICM group and in 10 (33%) of
30 patients in the NIDCM group (p ¼ 0.975).

PROCEDURAL COMPLICATIONS. A total of 11 (3%)
major complications occurred during 374 procedures
(Table 2). Two patients with ICM had pericardial
effusion requiring surgery. In 1 case, a lateral mitral
annular laceration occurred during mapping; in the
other case, there was a perforation of the LV wall
during radiofrequency ablation. A pericardial effu-
sion occurred in 4 patients and was successfully
drained percutaneously without consequence (3 pa-
tients in the ICM group in whom the effusion
occurred during endocardial LV ablation, and 1 pa-
tient in the NIDCM group with accidental perforation
of the right ventricular free wall during pericardial
access). In 2 patients with NIDCM, an occlusion of a
small coronary artery branch occurred during
epicardial ablation. Transient phrenic nerve injury
occurred in 1 patient during epicardial ablation. In 1
patient, complete atrioventricular block occurred
with ablation at the basal septum, and in 1 case a
retroperitoneal bleed occurred that required urgent
surgical repair.

LONG-TERM OUTCOMES. After a median follow-up
of 45 (9 to 71) months, 25 patients underwent
heart transplantation, and 76 died (Table 3). Overall
death/transplantation-free survival was 62% at the
60-month follow-up with a trend toward worse out-
comes in the NIDCM group (53%) compared with the
ICM group (64%; log-rank test, p ¼ 0.067) (Figure 1);
this outcome was driven by a higher rate of heart
transplantations in patients with NIDCM (18% vs. 6%;
p ¼ 0.041). Cumulative VT-free survival after the last
procedure was 54% at 60 months (54% in ICM and
48% in NIDCM, respectively; log-rank test, p ¼ 0.128).
Electrical storm recurred in 9 (5%) patients with ICM
and in 4 (6%) patients with NIDCM within 16 (1.5 to 51)
months after the procedure (p ¼ 0.727). Cumulative
electrical storm recurrence-free survival was 93% at
the 60-month follow-up (Figures 1 and 2). Although
VT recurred in 87 (33%) patients after the ablation, a
substantial reduction in the 6-month VT burden was
observed in most of these cases (i.e., including pa-
tients with recurrent VT post-procedure); there was a
median of 32 (15 to 55) VT episodes during the 6
months before the procedure and a median of 0 (0 to
1) VT episodes during the 6 months after the pro-
cedure (p < 0.001 for comparison). In particular,
among the 87 patients with VT recurrences, 60 (69%)
of 87 patients had only isolated (i.e., #3) VT episodes
during the 6 months after the procedure.

At the last follow-up, 120 (45%) patients were taking
only b-blockers, 57 (21%) were taking sotalol or class I
antiarrhythmic drugs (15 also/mainly for atrial ar-
rhythmias), and 90 (34%) were taking amiodarone (24
also/mainly for atrial arrhythmias) (Figure 3). The
number of patients taking amiodarone (90 [34%] vs.
213 [80%]; p < 0.001) at the last follow-up was signifi-
cantly lower compared with before the ablation.

PREDICTORS OF LONG-TERM OUTCOMES. The re-
sults of the univariate and multivariable Cox propor-
tional hazards analyses to determine the association
between baseline covariates and outcome events are
reported in Tables 4 and 5. On multivariable analysis,
inducibility of any VTwith CL$250ms at the end of the
procedure (hazard ratio [HR]: 2.63; 95% confidence
interval [CI]: 1.60 to 4.36; p < 0.001) was the only
variable independently associated with VT recurrence
during follow-up. Independent predictors of death
and/or transplantation at follow-up were LVEF (HR:
0.96; 95% CI: 0.94 to 0.98; p < 0.001), New York Heart
Association functional class (HR: 1.59; 95% CI: 1.21 to
2.10; p ¼ 0.001), and VT recurrence at follow-up (HR:
5.48; 95% CI: 3.49 to 8.62; p < 0.001).
DISCUSSION

The present study documents the long-term out-
comes of CA of drug-refractory electrical storm in the



FIGURE 1 Kaplan-Meier Survival Curves

Death/transplantation-free survival in (A) the overall population and (B) stratified according to the cardiomyopathy etiology. Freedom from

ventricular tachycardia (VT) recurrence and electrical storm (ES) recurrence in the overall population (C and E, respectively) and stratified

according to the cardiomyopathy etiology (D and F, respectively). CI ¼ confidence interval; HR ¼ hazard ratio; ICM ¼ ischemic cardiomyopathy;

NIDCM ¼ nonischemic dilated cardiomyopathy.
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FIGURE 2 VT Burden Before and After the Ablation Procedure

Plot showing the frequency of ventricular tachycardia (VT) during the 6 months before (blue lines) and after (red lines) ablation. Each line

represents an individual patient. Patients are arranged in ascending order according to VT episodes before ablation.

Muser et al. J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 3 , N O . 7 , 2 0 1 7

Ablation of Electrical Storm in NIDCM Versus ICM J U L Y 2 0 1 7 : 7 6 7 – 7 8

774
largest cohort of patients with the longest follow-up
to date (median >3 years) and specifically compares
the outcomes in NIDCM versus ICM. The major find-
ings are as follows: 1) CA of electrical storm in pa-
tients with NIDCM is effective and safe to achieve
long-term VT control in most patients, with aboli-
tion of electrical storm recurrence in >90% of cases
and overall results comparable to those in patients
with ICM; 2) inducibility of VT at the end of the pro-
cedure was the only variable independently related to
VT recurrence post-ablation; and 3) VT recurrence
together with LV systolic dysfunction and advanced
New York Heart Association functional class were
independent predictors of death or transplantation
long term.

Previous studies have uniformly reported a strong
negative prognostic impact of electrical storm in pa-
tients with structural heart disease and ICD, with a
substantial increase in mortality (1,2,19). The adverse
prognosis could be related to progressive deteriora-
tion of cardiac function resulting from frequent
shocks, prolonged exposure to a low-output state due
to high VT burden (which compromises cardiac
contractility and the function of other end-organs
such as the kidney), and systemic toxicity from high-
dose antiarrhythmic drug therapy (20,21). The role of
CA in the management of electrical storm is well
defined in the setting of ICM. Observational studies
have reported good short- and mid-term VT control in
patients with ICM and electrical storm (4–6), although
long-term (>1 year) outcome data are scarce.
Furthermore, in the setting of NIDCM, there is insuf-
ficient information on the role of CA for electrical
storm, with few data from small subgroups
including <15 patients (Table 6) (7). The cumulative
available evidence would suggest a higher risk of VT
recurrence and mortality in patients with NIDCM
compared with those with ICM (4,5,7). Our findings
are in contrast with this concept; we found no signif-
icant differences in VT-free survival after CA of elec-
trical storm in this population of patients with NIDCM
compared with ICM. Overall, 93% of patients were free
from recurrent electrical storm at the 60-month
follow-up, with 54% having complete VT elimination
with no recurrent episodes. Furthermore, these re-
sults were obtained with a reduction in the use of
antiarrhythmic medications compared with prea-
blation (Figure 3). Of note, similar to previous reports
on endo-epicardial ablation in NIDCM, two-thirds of
patients with NIDCM needed a combined endocardial/
epicardial procedure to achieve long-term outcomes
comparable to those in patients with ICM (22).



FIGURE 3 Antiarrhythmic Drug Usage Before and After the Last Ablation Procedure

The bar charts show a significant reduction in antiarrhythmic drug usage either in (A) ICM and (B) NIDCM with the majority of patients taking

b-blockers only at the last follow-up. Abbreviations as in Figure 1.

TABLE 4 Univariate and Multivariable Cox Proportional Hazards Analysis of Baseline

Covariates in Relation to VT Recurrence at Follow-Up

Overall

Univariate Multivariable

HR 95% CI p Value HR 95% CI p Value

Age 1.000 0.985–1.016 0.962 — — 0.571

Male 2.415 0.887–6.574 0.085 — — 0.512

NIDCM 1.399 0.906–2.159 0.130 — — 0.212

LVEF 0.981 0.965–0.998 0.031 0.981 0.958–1.004 0.103

Hypertension 0.782 0.521–1.174 0.236

Diabetes 0.948 0.597–1.507 0.823

Hyperlipidemia 0.918 0.606–1.390 0.685

Chronic kidney disease 0.933 0.610–1.428 0.751 — — 0.783

Chronic obstructive
pulmonary disease

1.374 0.802–2.354 0.248

History of atrial fibrillation 0.941 0.634–1.396 0.762 — — 0.668

NYHA functional class 1.162 0.909–1.487 0.231 — — 0.299

Amiodarone therapy 1.297 0.777–2.167 0.320 — — 0.964

Use of hemodynamic support 1.503 0.888–2.542 0.129 — — 0.332

VT CL 1.001 0.998–1.003 0.679 — — 0.449

Inducibility of any VT with
CL $250 ms at the end
of the procedure*

2.778 1.846–4.180 <0.001 2.638 1.598–4.356 <0.001

Inducibility of any VT with
CL $250 ms at NIPS

1.887 1.026–3.470 0.041

*Not included in the multivariable model.

HR ¼ hazard ratio; CI ¼ confidence interval; other abbreviations as in Tables 1 and 2.
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A recent important study by Kumar et al. (23)
compared the long-term outcomes after VT ablation
in patients with ischemic and nonischemic heart
disease and in patients without overt structural heart
disease. Similar to our study, Kumar et al. (23)
reported that patients with ICM are typically older,
have a lower ejection fraction, and are affected by
more comorbidities compared with patients with
NIDCM or with patients without structural heart
diseases. However, at variance with our study, pa-
tients with ICM in the study by Kumar et al. (23) had
better long-term VT-free survival compared with
patients with NICM. This difference may be related to
the fact that we included only a very select group of
patients presenting with electrical storm in whom,
owing to the high baseline arrhythmic burden, an
accurate characterization of the regions of the sub-
strate that are responsible for the clinical VT events
may be easier compared with other populations of
patients with NICM and VT (but no VT storm).
Overall, this outcome may favorably affect long-term
outcomes of CA.

The overall death/transplantation-free survival in
the present study was 62% at 60 months. It was also
not significantly different in patients with ICM
compared with those with NIDCM; this finding is true
even if rates of death cannot be fully compared given



TABLE 5 Univariate and Multivariable Cox Proportional Hazards Analysis of Baseline

Covariates in Relation to Death/Transplantation at Follow-Up

Overall

Univariate Multivariable

HR 95% CI p Value HR 95% CI p Value

Age 1.004 0.988–1.020 0.646 — — 0.257

Male 1.429 0.626–3.264 0.397 0.887

NIDCM 1.480 0.970–2.258 0.069 1.543 0.992–2.399 0.067

LVEF 0.943 0.924–0.962 <0.001 0.957 0.937–0.977 <0.001

Hypertension 1.018 0.670–1.547 0.933

Diabetes 1.290 0.839–1.983 0.246

Hyperlipidemia 0.913 0.606–1.376 0.664

Chronic kidney disease 1.539 1.027–2.306 0.037 1.581 0.965–2.418 0.054

Chronic obstructive
pulmonary disease

0.996 0.544–1.822 0.990

History of atrial fibrillation 1.539 1.034–2.289 0.033 — — 0.752

NYHA functional class 2.055 1.604–2.634 <0.001 1.593 1.211–2.095 0.001

Use of hemodynamic
support

2.584 1.611–4.144 <0.001 1.613 0.956–2.722 0.073

VT CL 1.003 0.987–1.005 0.148 0.323

Inducibility of any VT with
CL $250 ms at the end
of the procedure

2.230 1.476–3.368 <0.001 1.727 0.938–2.683 0.083

Inducibility of any VT with
CL $250 ms at NIPS

2.306 1.148–4.632 0.019

VT recurrence over
follow-up

6.858 4.450–10.567 <0.001 5.483 3.488–8.619 <0.001

See Tables 1, 2, and 4 for other abbreviations.

TABLE 6 Major Studies ($10 Patients) Assessing the Role of VT Ablation in ES

First Author, Year (Ref. #)

No. of Patients
Epicardial
Procedures

ICM NIDCM ICM NIDCM

Sra et al., 2001 (26) 19 — 0 —

Silva et al., 2004 (27) 9 4 20%

þ1 case of ARVC and 1 case
without structural heart
disease

Carbucicchio et al., 2008 (4) 72 10 11%

þ13 cases of ARVC

Arya et al., 2010 (7) — 13 — 31%

Pluta et al., 2010 (28) 21 — 0 0

Deneke et al., 2011 (5) 17 14 0 21%

Kozeluhova et al., 2011 (6) 38 5 0

þ6 cases of ARVC and 1 case
mixed etiology

Kozluk et al., 2011 (29) 18 2 7%

þ4 cases of other etiology

Di Biase et al., 2012 (30) 92 — 47% —

Izquierdo et al., 2012 (31) 19 3 0

þ1 case of mixed etiology

Jin et al., 2015 (32) 40 — 0

Current report 196 71 6% 66%

ARVC ¼ arrhythmogenic right ventricular cardiomyopathy; ES ¼ electrical storm; other abbreviations as in Table 1.
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the fact that patients with NIDCM were overall
healthier with less advanced heart failure status. In-
dependent predictors of mortality included low LVEF
and advanced heart failure status (i.e., New York
Heart Association functional class), which is consis-
tent with prior reports (4).

Of note, persistent VT inducibility at the end of the
procedure was the only independent predictor of
long-term VT recurrence, and the latter was strongly
associated with subsequent mortality. The result of
NIPS was not included in the multivariable model to
avoid a significant reduction in the total number of
patients included in the analysis (it was performed in
only 52% of the study population). However, persis-
tent inducibility of VT at NIPS was significantly
related to VT recurrence at univariable analysis.
These findings confirm our initial experience with
NIPS in which both VT inducibility at the end of the
procedure and VT inducibility at NIPS was signifi-
cantly associated with VT recurrence over follow-up
at multivariable analysis (24).

STUDY LIMITATIONS. This observational study sum-
marized the experience of a tertiary referral center
that specializes in CA of VT. As such, the character-
istics of the patient population and outcomes of CA
may be affected by selection/referral bias. Due to the
observational nature of the study and the lack of a
VT Recurrence ES Recurrence
Follow-Up

Duration, monthsICM NIDCM ICM NIDCM

37% — — 7 � 2

13% — 12 � 17

34% 8% Median 22

HR NIDCM vs. ICM
5.8

— 38% — Median 23

19% — 0 0 3

29% 35% 0 14% Median 15

52% 26% 18 � 16

34% 12% 28 � 16

34% — — 25 � 10

— 35% Median 18

53% — 17 � 17

46% 52% 5% 6% Median 45



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEGE: Electrical storm

is a life-threatening condition for which CA represents an

effective treatment strategy. It eliminated electrical storm in

most subjects and provided good long-term arrhythmia-free

survival regardless of the etiology of the underlying structural

heart disease.

TRANSLATIONAL OUTLOOK: Large randomized clinical trials

would be needed to further assess the best treatment strategy of

electrical storm.
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control group undergoing different treatment strate-
gies (e.g., escalation/combination of antiarrhythmic
drugs, sympathetic denervation), we cannot prove
that CA is superior to other therapies in electrical
storm management (25). Moreover, the choice to
perform post-procedure NIPS was left to the discre-
tion of the operator, and it might have been influ-
enced by other unmeasured factors such as overall
clinical status of the patient, duration of the proced-
ure, and acute procedural success. Typically, non-
ischemic patients exhibited a predominant basal
and/or septal substrate involving the perivalvular
regions, whereas in ischemic patients, the substrate
involved the previous infarction scar. Unfortunately,
detailed information regarding the precise sites of
clinical/inducible VT termination was not systemati-
cally collected. Moreover, information on the hemo-
dynamic tolerability of the clinical VT episodes was
not collected.

Seventy-four (28%) of 267 patients had a
follow-up <12 months, but this time frame was typi-
cally due to occurrence of other competing events
such as death or heart transplantation within
12 months rather than an insufficient follow-up
duration. Finally, data on specific ICD programming
and type of therapies (i.e., antitachycardia pacing vs.
shocks) before and after the ablation procedure were
not available for all patients. However, as noted
earlier, post-procedure device programming was
uniform and included a VT zone able to detect
(and treat if still inducible) the slowest clinical and/or
induced VT; the effect of additional antiarrhythmic
drug therapy on CL slowing was also taken into ac-
count to avoid underdetection of VT. Because any
sustained VT episode was counted as a recurrence in
this study, we believe that our relatively conservative
device programming (to detect and potentially also
treat slow VTs) further strengthens the value of
ablative therapy in these patients in terms of impor-
tant outcomes such as electrical storm recurrence
and any VT recurrence.

CONCLUSIONS

This study is the largest with the longest follow-up to
date evaluating the role of CA for the treatment of
electrical storm in patients with NIDCM compared
with those with ICM. These data indicate that CA of
electrical storm in NIDCM provided good long-term
arrhythmia-free survival, comparable to patients
with ICM. The majority of patients had elimination of
electrical storm, and complete VT suppression was
achieved in most subjects with a reduction in the
concomitant use of antiarrhythmic medications.

ADDRESS FOR CORRESPONDENCE: Dr. Pasquale
Santangeli, Cardiovascular Division, Hospital of the
University of Pennsylvania, 9 Founders Pavilion–
Cardiology, 3400 Spruce Street, Philadelphia,
Pennsylvania 19104. E-mail: pasquale.santangeli@
uphs.upenn.edu.
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Piątkowska A, Opolski G. Efficacy of catheter
ablation in patients with an electrical storm. Kar-
diol Pol 2011;69:665–70.

30. Di Biase L, Santangeli P, Burkhardt DJ, et al.
Endo-epicardial homogenization of the scar versus
limited substrate ablation for the treatment of
electrical storms in patients with ischemic cardio-
myopathy. J Am Coll Cardiol 2012;60:132–41.

31. Izquierdo M, Ruiz-Granell R, Ferrero A, et al.
Ablation or conservative management of electrical
storm due to monomorphic ventricular tachy-
cardia: differences in outcome. Europace 2012;14:
1734–9.

32. Jin Q, Jacobsen PK, Pehrson S, Chen X. Acute
and long term outcomes of catheter ablation using
remote magnetic navigation for the treatment of
electrical storm in patients with severe ischemic
heart failure. Int J Cardiol 2015;183:11–6.
KEY WORDS catheter ablation, electrical
storm, nonischemic dilated cardiomyopathy

http://refhub.elsevier.com/S2405-500X(17)30178-0/sref9
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref9
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref9
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref9
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref10
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref10
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref10
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref10
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref10
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref10
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref11
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref11
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref11
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref11
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref11
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref12
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref12
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref12
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref12
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref12
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref12
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref13
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref13
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref13
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref13
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref14
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref14
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref14
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref14
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref14
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref15
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref15
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref15
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref15
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref15
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref16
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref16
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref16
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref16
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref16
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref17
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref17
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref17
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref17
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref17
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref18
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref18
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref18
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref18
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref18
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref18
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref19
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref19
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref19
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref19
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref19
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref20
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref20
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref20
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref20
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref21
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref21
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref21
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref21
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref22
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref22
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref22
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref22
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref22
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref23
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref23
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref23
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref23
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref24
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref24
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref24
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref24
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref24
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref25
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref25
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref25
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref25
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref26
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref26
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref26
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref26
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref26
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref27
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref27
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref27
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref27
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref27
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref28
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref28
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref28
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref28
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref28
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref29
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref29
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref29
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref29
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref29
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref29
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref29
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref30
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref30
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref30
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref30
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref30
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref31
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref31
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref31
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref31
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref31
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref32
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref32
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref32
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref32
http://refhub.elsevier.com/S2405-500X(17)30178-0/sref32

	Long-Term Outcomes of Catheter Ablation of Electrical Storm in Nonischemic Dilated Cardiomyopathy Compared With Ischemic Ca ...
	Methods
	Patient population
	Electrophysiological study
	Electroanatomic mapping
	Catheter ablation
	Outcomes
	Clinical follow-up
	Statistical analysis

	Results
	Study population
	CA and acute procedural outcomes
	Procedural complications
	Long-term outcomes
	Predictors of long-term outcomes

	Discussion
	Study limitations

	Conclusions
	References


