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Abstract
Background Epicardial radiofrequency catheter ablation is
currently considered as the therapeutic option of choice in
patients with arrhythmogenic right ventricular dysplasia/
cardiomyopathy (ARVD/C) and recurrent ventricular tachy-
cardia (VT). We hypothesised that inducibility of VT may
guide the ablation strategy and thereby affect long-term re-
sults. Additional epicardial ablation was only performed if
VTwere still inducible after thorough endocardial ablation.
Methods The objective was to examine an inducibility-guided
ablation approach by comparing the long-term results between
endocardial and epi-endocardial radiofrequency catheter abla-
tion of VT in a large cohort of patients with ARVD/C.
Results We studied from our ARVD/C registry (70 patients in
total, 48 males, age 53.2 ± 14.0) 45 patients (64.3% of all
patients) who underwent catheter ablation of VT. All patients
received endocardial VT ablation. After endocardial ablation,
24 patients (53.3%) remained inducible. Additional epicardial
ablation was performed in 22 patients (48.9%). After ablation,
non-inducibility was achieved in overall 38 patients (84.4%).
During a mean follow-up of 31.1 ± 27.4months, 13 patients in
each group (59.1% after endo- and epicardial ablation, 56.5%
after endocardial ablation) remained free from VT recurrence
(P = 0.862).
Conclusions An inducibility-guided catheter ablation strategy
of VT in patients with ARVD/C prevents unnecessary

epicardial ablation and may therefore be considered as an
alternative to primary combined endo- and epicardial ablation.
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1 Introduction

Arrhythmogenic right ventricular dysplasia/cardiomyopathy
(ARVD/C) is a degenerative myocardial disease, associated
with distinct genetic alterations. The degenerative process in-
cludes both the epicardium and the endocardium, with pre-
dominance of the epicardial RV inflow and RV outflow.
Typical morphological features are RV aneurismal dilatations
and dyskinesia ARVD/C. The left ventricle and the atria can
also be involved [1–3].

VT and VF may occur well before the evidence of detect-
able macroscopic morphological changes. As VT and VF fre-
quently provoked by exercise, ARVD/C is among the most
important causes of death in athletes [4]. Exclusion from com-
petitive sports and strenuous exercise, medication with beta-
blockers, antiarrhythmic drugs and implantation of
cardioverters-defibrillators (ICD) can prevent SCD.
Appropriate ICD therapy is frequent in patients with ARVD/
C and may save many lives. Nevertheless, ICD therapy is
associated with increased morbidity and may also impair qual-
ity of life [5].

Radiofrequency catheter ablation (RFCA) is regarded as an
effective therapy for patients with recurrent appropriate ICD
therapy despite antiarrhythmic medication [6]. The optimal
ablation strategy is unknown. In some reports, additional epi-
cardial ablation yielded better long-term results during the
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follow-up than endocardial ablation alone [7–9], whereas oth-
er studies found no clear advantage of epicardial ablation [10,
11].

We sought to examine the long-term results of an
inducibility-guided ablation strategy in a large cohort of pa-
tients with ARVD/C (Fig. 1).

2 Material and methods

2.1 Study population

From April 2006 to December 2015, 45 consecutive patients
with diagnosed definite ARVD/C—according to the 2010
Revised Task Force Criteria [1]—underwent catheter ablation
of VT based on an inducibility-guided strategy as depicted in
Fig. 1. Table 1 displays the baseline characteristics.

2.2 Electrophysiology study, mapping and ablation

The study was conducted in agreement with the regulations of
the institutional ethic committee. All patients provided written
informed consent prior to electrophysiological study and cath-
eter ablation. All patients provided written informed consent
for data collection and analysis.

The patients were sedated with propofol, midazolam and
fentanyl during the procedures. Twelve-lead ECG electrodes
were placed according to standard recommendations [12]. The
clinical VT was (were) defined by comparison between 12-
lead ECG documentation of the spontaneous clinical and the
through electrophysiological study induced VT. In the ab-
sence of 12-lead ECG documentation, the clinical VT was
assumed as probable if cycle lengths of the VT in the ICD
interrogation and during the electrophysiological study were
similar.

VT inducibility during PVS 

YES NO

No AblationEndocardial Ablation

VT inducibility during PVS 

YES NO

Epicardial Ablation No Ablation

VT inducibility during PVS 

YES NO

No Ablation

Fig. 1 Flow chart of the inducibility-guided ablation approach. VT
inducibility was examined by an aggressive stimulation protocol
starting with 7 beats 500 milliseconds baseline train and 1 premature
extra stimulus, then advancing to maximal 3 premature extra stimuli
until refractoriness with a minimum interval of 180 milliseconds. It was
done first without and then with orciprenaline beginning with the right
ventricular apex and—if necessary—repeated from the right ventricular

outflow tract. All patients were ablated from the endocardium. Patients
with inducible VT after endocardial ablation and/or likely epicardial exit
underwent additional epicardial ablation. Left ventricular ablation was
approached, if VT morphology indicated a left ventricular VT exit.
Procedure finished if non-inducibility was achieved or if VT were still
inducible after thorough endo- and epicardial ablation. VT ventricular
tachycardia
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After femoral vascular access, a quadripolar (Inquiry, Irvine
Biomedical Inc., St. Jude Medical, Irvine, California, USA)
catheter was placed in the RV apex. This catheter was used
for programmed ventricular stimulation. It was also used as a
reference for activation mapping in Carto electroanatomical
mapping system (Biosense Webster, Inc, Diamond Bar,
California, USA). A decapolar catheter (Irvine Biomedical
Inc., St. Jude Medical, Irvine, California, USA) was placed in
the coronary sinus. In order to induce VT programmed RV
apical stimulation (S1: 500, 430, 370, and 330 ms) with up to
three premature extra stimuli (S4 only with S1: 500 ms) was
done until refractoriness or a minimum interval of 180 ms was
reached.Thequadripolar catheterwasmoved from theRVapex
into the RVoutflow tract if noVTinitiallywas inducible. Then,
the entire stimulation protocolwas repeated.Orciprenalinewas
given if still no VT was inducible, aiming a baseline heart
frequency above 100 per minute. Then, the stimulation proto-
col from the RVapex and eventually from the RVoutflow tract
was repeated. The entire stimulation protocol was repeated
after endocardial, after epicardial ablation and at the end of
the procedure (Fig. 1).

Three-dimensional electroanatomical mapping with Carto
electroanatomical mapping system (Biosense Webster, Inc,
Diamond Bar, California, USA) was used all patients.
Substrate mapping aimed to define the scar area. Locations
with diastolic, fractionated and late electrograms were tagged.
Scar was defined as areas with bipolar local electrogram
≤0.5 mV. Normal myocardium was defined as areas with a
bipolar local electrogram ≥1.5 mV. Epicardial scar was de-
fined as areas with a bipolar local electrogram ≤1.5 mV.
Entrainment-mapping was performed—if possible—to plot
the reentry circuit, especially the protected isthmus. Catheter
ablation was guided by activation-, substrate-, and pace-map-
ping. The 3.5-mm irrigated-tip catheter (Thermocool©,
Biosense Webster, Diamond Bar, CA, USA) was used for
mapping and ablation. A steerable sheath (Agilis©, St. Jude
Medical, St. Paul, MN, USA) was employed to facilitate cath-
eter steering for endocardial and epicardial ablation. The stan-
dard ablation setting consisted of a pre-selected catheter tip
temperature of 43 °C, a power of 30–50Wand a irrigation rate
of 30 ml/min. After initial endocardial ablation programmed
RV (apical and/or outflow), ventricular stimulation (see

Table 1 Patients’ and procedure
characteristics, comparing
patients with and without VT
recurrence

No VT recurrence VT recurrence Total P valuea

Number 26 (57.8) 19 (42.2) 45

Men n (%) 17 (65.4) 13 (68.4) 30 (66.7) 0.831

Age (years) 47.8 ± 12.5 60.9 ± 13.1 53.4 ± 14.2 0.002

Heart failure 1 (4.0) 5 (26.3) 6 (13.3) 0.029

RVED (mm) 39 ± 8 39 ± 10 39 ± 9 0.967

LVED (mm) 50 ± 6 49 ± 8 49 ± 6 0.522

LVEF (%) 56 ± 9 56 ± 10 56 ± 9 0.936

Ablation of all VTs n (%) 25 (96.2) 13 (68.4) 38 (84.4) 0.011

Clinical VTCL (ms) 360 ± 70 333 ± 74 349 ± 73 0.227

Shortest VTCL (ms) 315 ± 86 297 ± 80 307 ± 83 0.496

Longest VTCL (ms) 384 ± 85 383 ± 104 384 ± 94 0.964

Number of VTs 2.0 ± 1.3 2.3 ± 1.5 2.2 ± 1.4 0.508

Epi-endo ablation ever (%) 13 (50.0) 9 (47.4) 22 (48.9) 0.862

Epi-endo ablation last (%) 9 (34.6) 7 (36.8) 16 (35.6) 0.878

Procedure time (min) 165.2 ± 51.8 203.5 ± 60.4 181.2 ± 58.1 0.031

Fluoroscopy time (min) 32.3 ± 15.8 40.8 ± 30.7 35.9 ± 23.3 0.239

RF time (s) 1589 ± 1050 2022 ± 1437 1782 ± 1237 0.303

LVablation n (%) 4 (15.4) 4 (21.1) 8 (17.8) 0.623

Without AAD n (%) 3 (11.5) 4 (21.1) 7 (15.6) 0.384

Beta-blocker therapy n (%) 17 (65.4) 8 (42.1) 25 (55.6) 0.121

AAD class I therapy n (%) 1 (3.8) 2 (10.5) 3 (6.7) 0.375

AAD class III therapy n (%) 7 (26.9) 7 (36.8) 14 (31.1) 0.478

VT ventricular tachycardia, VTCL VT cycle length, RVED right ventricular end-diastolic diameter, LVED left
ventricular end-diastolic diameter, LVEF left ventricular ejection fraction,RF radiofrequency,AAD antiarrhythmic
drug
a Patients’ and procedure characteristics of all 45 patients with previous VT ablation from the ARVD/C registry,
comparing patients with and without VT recurrence
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above) was done to assess the effect of catheter ablation.
Epicardial ablation was only chosen if VT remained inducible
after thorough ablation from the endocardium and/or an epi-
cardial exit was likely.

The epicardial approach was obtained through an anterior
subxyphoid puncture guided by a 45° left anterior oblique
(LAO) fluoroscopic projection as previously described [13].

The desired end point of the ablation procedure was non-
inducibility of any monomorphic VT (Fig. 1). Acute complete
success was defined as the lack of inducibility of any VT by
programmed ventricular stimulation at the end of the proce-
dure. Partial success was defined as non-inducibility of the
clinical VT, and ≥1 non-clinical VT remaining inducible at
the end of catheter ablation procedure. Unsuccessful catheter
ablation was defined as inducibility of clinical VTat the end of
the ablation procedure [14–16].

2.3 Follow-up

ICDs were routinely interrogated every 3 months after cathe-
ter ablation. The slowest programmed VT detection zone in-
cluded the slowest documented VT. Data were retrospectively
collected from the intra-hospital data system and by telephone
inquiries. VT recurrence and appropriateness of ICD interven-
tions were confirmed by experienced electrophysiologists
(A.M.; A.A.).

2.4 Statistical analysis

Statistical analysis was performed with SPSS 20.0 (SPSS Inc.,
Chicago, Il., USA). Descriptive statistics for continuous vari-
ables with normal distribution were analysed as mean and
standard deviation. For categorical variables, we reported ab-
solute frequencies and percentages. Between-group compari-
sons were done with the unpaired Student’s t test, theχ2 test or
Fisher’s exact test where appropriate. The time to first VT
recurrence plotted according to the Kaplan-Meier method.
Probability of VT recurrence based on the time to first arrhyth-
mia recurrence between different groups was determined by
the Kaplan-Meier analysis with log-rank test. Multivariate
analysis—adjusted for relevant confounders—was performed
by Cox regression survival analysis. A value of P < 0.05 was
considered statistically significant.

3 Results

3.1 Baseline clinical and demographic characteristics

The ARVD/C registry of the Heart Centre Leipzig currently
contains 70 patients with the definite diagnosis ARVD/C (48
men, mean age 53.2 ± 14.0 years). In our ARVD/C registry, 14
patients have been diagnosed with PKP2 mutation. Three

patients were DSG2 mutation positive and in one patient, a
DSP mutation was found. From our ARVD/C registry, we
selected all 45 consecutive patients (30 men, age 53.4 ±
14.2 years) treated by inducibility-guided RFCA strategy
for frequent VT. They cumulatively underwent 92 RFCA pro-
cedures (range 1–6; 26 epicardial RFCA). All patients had
evidence of a monomorphic VT morphology by 12-lead
ECG documentation or in the ICD interrogation despite either
antiarrhythmic drugs and/or beta-blocker. Table 1 shows the
baseline characteristics.

3.2 Radiofrequency catheter ablation

Ninety-two ablation procedures, including 26 with epicardial
access and ablation, were done during the study period (me-
dian 1.0/patient, mean 2.04/patient). All clinical and inducible
non-clinical VTs were targeted for ablation. During electro-
physiology study and catheter ablation procedure, 1–6 VTs
were inducible in all but two patients (mean 2.2 ± 1.4 VT/
patient, clinical VT cycle length 349 ± 73 ms; range 230–
500 ms). The two patients with non-inducible VT underwent
substrate-based RFCA because of frequent ICD therapy. The
total procedure and fluoroscopy times were 181.2 ± 58.1 and
35.9 ± 23.3 min, respectively. Table 1 displays baseline and
procedural data. Acute procedural success with ablation of
all clinical and non-clinical VTs could be achieved in 38 pa-
tients (84.4%). Acute complete procedural success was not
achieved in six patients. Three of them underwent endocardial
ablation only due to long procedure time. The other three
patients without acute complete procedural success underwent
endo- and epicardial ablation. Five major complications oc-
curred in 92 ablation procedures (5.4%) including one tran-
sient ischemic attack, two acute pericardial effusions and two
pulmonary thromboembolisms (one lethal) later during the
hospital stay.

3.3 Follow-up and the predictors of freedom from VT

Among 45 patients with previous RFCA between April 2006
and December 2015, 26 patients (57.8%) had no recurrence of
VT based on regular ICD interrogations and clinical visits
after a mean of 2 ablations procedures per patient (range 1–
6) (Fig. 2a). The mean follow-up time was 31.1 ± 27.4 months
(range 3–114 months). Univariate analysis revealed acute
complete success of catheter ablation, shorter procedure time
and younger age were associated with long-term freedom
from VT (Table 1). Twenty-five of 38 patients (65.8%) with
acute complete success, i.e. non-inducibility of any VT at the
end of the procedure, and only 1 out of 7 patients (14.3%) with
partial success, i.e. with inducible non-clinical VTs at the end
of the procedure, remained free fromVT recurrence during the
follow-up period.
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Endocardial ablation was performed in 23 of 45 patients
(51.1%). Additional epicardial ablation was performed in 22
patients (48.9%). This ablation approach achieved non-
inducibility of all VT in 38 of 45 patients (84.4%) at the end
of the procedure performed. Left ventricular ablations were
performed in 8 patients (17.8%). Left ventricular ablation
was approached, if VTmorphology indicated a left ventricular
VT exit. Left ventricular ablation was not associated with VT
free survival, but was more commonly performed in patients
with endo- and epicardial access, suggesting a more extensive
substrate (Tables 1 and 2).

At last follow-up, 7 patients (15.6%) (4 patients from the
group with VT recurrences and 3 patients from the group
without VT recurrences) were without beta-blockers and

without antiarrhythmic therapy. Twenty-one patients (46.7%)
were treated with beta-blockers only. Seventeen patients
(37.8%) were treated with class 1 or 3 antiarrhythmic drugs.
Four patients (8.9%) were on beta-blockers and class I or III
antiarrhythmic drug therapy.

Freedom fromVT during the follow-up was achieved in 13
patients (56.5%) with previous endocardial ablation and in 13
patients (59.1%) with previous endo- and epicardial ablation.
VT recurred in 10 patients (43.5%) with previous endocardial
ablation and in 9 patients (40.9%) with previous epi- and
endocardial ablation (P = 0.862).

The inducibility-guided ablation strategy yielded similar
long-term freedom from VT after endocardial and after com-
bined epi- and endocardial ablation (Fig. 2b, log-rank 0.550).

4 Discussion

4.1 Major findings

VT free survival was 57.8% during the follow-up period of
31.1 ± 27.4 months (Fig. 2a). Similar success rates have been
reported by previous reports.

The inducibility-guided ablation strategy yielded similar
long-term freedom from VT after endocardial and after com-
bined epi- and endocardial ablation, thereby preventing un-
necessary epicardial access in half of the patients (Fig. 2b).

4.2 Previous studies

Several studies have shown improved long-term VT free sur-
vival for epicardial ablation. However, to our knowledge, the
ablation strategy has been chosen upon the discretion of the
treating physicians and no randomised study has compared
endocardial and combined epi-endocardial ablation thus far.

Berruezo and colleagues reported results after endocardial
and epicardial mapping and catheter ablation in 11 patients
with ARVD/C. The end point of the ablation procedures was
scar dechanneling and the abolition of all inducible VTs.
Seven of 11 patients additionally received sotalol after cathe-
ter ablation procedure. During a median follow-up of
11 months (6–24 months), only 1 (9%) patient had a VT
recurrence [9].

Philips et al. studied 87 patients with ARVD/C who
underwent 175 RFCA at 80 different electrophysiology cen-
tres (1992–2011) with a mean follow-up of 88.3 ± 66 months.
Freedom from VT was 47, 21 and 15%, after 1, 5, and
10 years, respectively. However, following epicardial RFCA
the cumulative freedom from VT recurrence was 64 and 45%
at 1 and 5 years, respectively, which was significantly better
than after endocardial-alone RFCA (P = 0.021) [8].

Bai et al. studied 49 ARVD/C patients from seven different
centres undergoing catheter ablation of VT. Twenty-three

A

Log-Rank-P=0.550

Epi- and endocardial

Endocardial

B

Fig. 2 a Kaplan-Meier curve representing freedom from ventricular
tachycardia and implantable cardioverter defibrillator therapies. b
Kaplan-Meier curve representing freedom from ventricular tachycardia
and appropriate implantable cardioverter defibrillator therapies, depicting
results after epicardial and epi-endocardial ablation. The P value was
generated using Cox regression survival analysis
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patients underwent endocardial and 26 patients endocardial
and epicardial ablation. The majority of the patients from
endo- and epicardial ablation group (14 from 26) had failed
a previous endocardial ablation approach. After a follow-up of
>3 years, freedom from VT was 52.2% (12/23) in the endo-
cardial group and 84.6% (22/26) in the endo- and epicardial
ablation group (P = 0.029), with 21.7% (5/23) and 69.2% (18/
26) patients off antiarrhythmic medications, respectively
(P < 0.001) [7].

Santangeli and colleagues recently published long-term re-
sults of 62 patients with ARVD/C referred for VT ablation.
Similar to our approach, epicardial ablation was performed
when VT recurred or remained inducible after endocardial
ablation. Thus, adjuvant epicardial ablation was performed
in 39 patients (63%). VT-free survival was 71% during a
follow-up of 56 ± 44 months. At the last follow-up, 36% of
patients were treated with class 1 or 3 antiarrhythmic drugs,
whereas 64% of patients were treated with beta-blockers or
completely remained without antiarrhythmic drug therapy.
The results of this study support the concept that primary
endocardial ablation with adjuvant epicardial ablation only if
needed may result in good long-term control of recurrent VT
recurrence in patients with ARVD/C [10].

Kumatsu et al. examined whether epicardial substrate ab-
lation from the endocardium was feasible [11]. Forty-six pa-
tients with different cardiomyopathies (ischemic cardiomyop-
athy, non-ischaemic dilated cardiomyopathy, ARVD/C) with
sustained VT underwent combined endo- and epicardial map-
ping. All patients received endocardial ablation, followed by
epicardial ablation if needed. Endocardial ablation was able to
eliminate epicardial substrate at least partially in 15 patients
(83%) with ischemic cardiomyopathy, and 11 patients (73%)
with ARVD/C but only in 2 patients (13%) with non-
ischaemic dilated cardiomyopathy. The authors concluded
that the elimination of epicardial substrate by endocardial ab-
lation was feasible and had maximum benefit in patients with
ARVD/C and ischemic cardiomyopathy where the epicardial
substrate is located in a thin myocardial wall [11].

To conclude, results of studies comparing endocardial ver-
sus endo-epicardial ablation show heterogeneous results.
Whereas Bai [7] and Philips [8] and report improved results
by epicardial ablation, the results of our study and of
Santangeli [10] suggest an inducibility-guided endocardial-
first ablation strategy provides reasonable results and spares
many patients the added risk of epicardial ablation. More de-
finitive proof requires a randomised controlled clinical trial.

Table 2 Patients’ and procedure
characteristics comparing
endocardial and epicardial access

Endo Endo- and epi Total P valuea

Number 23 (51.1) 22 (48.9) 45

Men n (%) 13 (56.5) 17 (77.3) 30 (66.7) 0.140

Age (years) 54.9 ± 15.1 51.7 ± 13.3 53.4 ± 14.2 0.446

Heart failure 3 (13.0) 3 (13.6) 6 (13.3) 0.953

RVED (mm) 41 ± 9 37 ± 8 39 ± 9 0.105

LVED (mm) 48 ± 7 50 ± 6 49 ± 6 0.213

LVEF (%) 54 ± 10 58 ± 7 56 ± 9 0.202

Ablation of all VTs 19 (82.6) 19 (86.4) 38 (84.4) 0.728

Clinical VTCL (ms) 363 ± 68 334 ± 76 349 ± 73 0.202

Shortest VTCL (ms) 326 ± 93 289 ± 70 307 ± 83 0.158

Longest VTCL (ms) 388 ± 97 378 ± 91 384 ± 94 0.743

Number of VTs 1.9 ± 1.4 2.5 ± 1.4 2.2 ± 1.4 0.153

Procedure time (min) 161.1 ± 44.9 202.3 ± 63.7 181.2 ± 58.1 0.018

Fluoroscopy time (min) 30.2 ± 19.7 41.8 ± 25.6 35.9 ± 23.3 0.105

RF time (s) 1608 ± 1030 1999 ± 1462 1782 ± 1237 0.353

LVablation n (%) 1 (4.3) 7 (31.8) 8 (17.8) 0.016

Without AAD n (%) 4 (17.4) 3 (13.6) 7 (15.6) 0.728

Beta-blocker therapy n (%) 13 (56.5) 12 (54.5.1) 25 (55.6) 0.894

AAD class I therapy n (%) 2 (8.7) 1 (4.5) 3 (6.7) 0.577

AAD class III therapy n (%) 6 (26.1) 8 (36.4) 14 (31.1) 0.457

Without VT during FU (%) 13 (56.5) 13 (59.1) 26 (57.8) 0.862

Endo endocardial access, Endo- and epi endocardial and epicardial access, VT ventricular tachycardia, VTCLVT
cycle length, RVED right ventricular end-diastolic diameter, LVED left ventricular end-diastolic diameter, LVEF
left ventricular ejection fraction, RF radiofrequency, AAD antiarrhythmic drug
a Patients’ and procedure characteristics of all 45 patients with previous VT ablation from the ARVD/C registry,
comparing endocardial and epicardial access
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4.3 Limitations

This is a retrospective, observational study with a limited
number of patients. Selection bias may have affected the
results.

4.4 Conclusion

Endocardial ablation of VT seems to be sufficient to supress
VT inducibility in about half of patients with ARVD/C and
frequent VT. An inducibility-guided ablation strategy yielded
similar long-term results after endocardial and after combined
endo- and epicardial ablation. It may therefore be a reasonable
strategy to avoid unnecessary epicardial ablation.
Randomised, prospective studies are needed to further clarify
this issue.
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