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ABSTRACT

Background: Catheter ablation of ventricular tachycardia (VT) is feasible. However, the long-term
outcomes for different underlying diseases have not been well defined.

Methods: Eighty-eight consecutive patients who underwent catheter ablation of VT using a three-
dimensional mapping system were analyzed. The primary endpoint was any VT or ventricular fibrillation
(VF) recurrence. Secondary endpoints were a composite of death or any VT/VF recurrence. Underlying
heart diseases were remote myocardial infarction (remote MI) in 51 patients and non-ischemic
cardiomyopathy in 37 (arrhythmogenic right ventricular cardiomyopathy [ARVC] in 18 patients, and
dilated cardiomyopathy [NIDCM] in 19).

Results: Acute success was achieved in 82 of 88 (93%) patients. During a follow-up period of 39.2 + 4.6
months, VT recurred in 26 of 87 (30%), and VT/VF recurrence or death occurred in 39 of 87 (45%) patients.
ARVC had better outcomes than NIDCM for the primary (p < 0.05) and secondary endpoints (p < 0.05).
Remote MI-VT revealed a midrange outcome.

Conclusions: The long-term outcomes after catheter ablation of VT varied according to the underlying
heart disease. ARVC-VT ablation was associated with better long-term prognosis than NIDCM. Remote

MI-VT demonstrated a midrange outcome.
© 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.

1. Introduction

Patients with structural heart disease have an increased risk of
sudden cardiac death, secondary to ventricular tachyarrhythmias in
most cases. Implantable cardioverter—-defibrillators (ICDs) are the
treatment of choice. However, ventricular tachyarrhythmias cannot
be prevented by ICD itself. Moreover, ICD shocks reduce quality of
life, and episodes of ventricular tachycardia (VT) predict an
increased risk of death and heart failure despite effective treatment
with ICD [1-3]. Catheter ablation has been proven to be an effective
choice of treatment for VT and may be indicated for some patients
as either a primary therapy or an adjunct to an ICD implantation.

Although VT ablation is feasible, multiple morphologies of VT,
hemodynamic instability, and non-inducibility limit the success of
VT ablation. Recently, ablation of unmappable VTs has become
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feasible by mapping during sinus rhythm and with energy appli-
cations targeting delayed potentials or by creating ablation lesions
using a three-dimensional (3D) mapping system [4].

After successful ablation, long-term recurrence of ventricular
arrhythmias is not uncommon but the outcomes for different
diseases are incompletely defined. This study aimed to clarify the
outcomes of VT ablation for patients with different forms of
structural heart disease.

2. Materials and methods
2.1. Patients

Between September 2004 and September 2012, endocardial
catheter mapping and radiofrequency (RF) current ablation were
performed using a 3D mapping system in 88 consecutive patients
with clinically documented sustained monomorphic VT. All
patients had ischemic (remote myocardial infarction; 51 patients)
or non-ischemic heart disease (37 patients). Non-ischemic heart
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disease was divided into 2 groups: arrhythmogenic right ventri-
cular cardiomyopathy (ARVC, 18 patients) and non-ischemic
dilated cardiomyopathy (NIDCM, 19 patients). ARVC was defined
based on the Task Force criteria [5]. Non-ischemic DCM was
defined as a myocardial disorder in which there is evidence of
structurally and functionally abnormal heart muscle, in the
absence of significant coronary artery disease.

Written informed consent was obtained from all patients
before the procedure.

2.2. Electrophysiological study

A conventional computerized electrophysiological system and
CARTO (Biosense Webster, Diamond Bar, CA, USA) or Ensite NavX
(St Jude Medical, Minneapolis, MN, USA) electroanatomical map-
ping system were used. The standard access to the left ventricle
was retrograde across the aortic valve. In some patients, an
antegrade transseptal access was used because of severe athero-
sclerosis of the aorta or peripheral arteries.

Programmed ventricular stimulation with up to 2 extra-stimuli
at 2 different sites (right ventricular apex and outflow tract) was
performed to induce clinical VT and/or any other non-clinical VT.
VT was considered clinical if either the 12-lead morphology
matched the previously documented VT or if the cycle length
was within a range of 30 ms of the VT cycle length documented by
the ICD.

2.3. Mapping and ablation

Mapping and ablation were performed using 7F steerable
catheters with either a conventional 4-mm tip (NaviStar, Bio-
sense-Webster) or a 3.5-mm irrigated tip electrode (NaviStar
ThermoCool, Biosense-Webster) in patients in whom the CARTO
systems used. In patients in whom the Ensite NavX system was
used, a Celsius Thermocool (Biosense-Webster), Ablaze (8 mm tip,
Japan Lifeline, Tokyo, Japan), or Coolflex (St Jude Medical) catheter
was inserted.

Briefly, hemodynamically stable VTs were mapped and ablated
during VT [6]. VT mapping was combined with conventional
entrainment pacing at sites with diastolic potentials according to
the methods for entrainment previously described [7-10]. Map-
ping for hemodynamically unstable VTs was performed during
sinus rhythm or right ventricular pacing. The target of the ablation
was putative channels and exits within the low-voltage area as
identified from a paced QRS morphology similar to the QRS
morphology of VT, fractionated potentials, or isolated late poten-
tials during sinus or paced rhythm [11-16]. As for the patients
included in the later part of the study period, RF energy was
applied targeting all delayed potentials toward dechanneling [17].
Furthermore, when target sites were adjacent to the electrical
barriers or a region of electrically unexcitable scar, the ablation
lesions were extended to the unexcitable area [18,19]. We placed
the mapping catheter at a potential target site during sinus rhythm
or pacing. Then, if the VT was inducible and hemodynamically
unstable, the RF current was applied as soon as any diastolic
activity was recorded. If the endocardial mapping and ablation
failed, we switched to epicardial mapping and ablation [20].

Conventional RF applications were delivered using a
temperature-controlled mode (maximum 60 °C; maximum 180 s;
30-50 W; Stockert: Biosense-Webster or CABL-IT: Japan Lifeline).
For the irrigated tip catheters, RF applications at 30-50 W were
applied with a temperature limit of 43 °C.

The endpoint of the RF applications in the VT mapping group
was non-inducibility of the clinical VT or all hemodynamically
stable VTs, and the elimination of the targeted potentials in the
substrate mapping group. The endpoint for linear ablation was the

completion of the designed lines. Acute success was defined as the
achievement of the ablation endpoint, but allowed for the induc-
tion of non-clinical hemodynamically unstable VTs or ventricular
fibrillation (VF) [6]. In both groups, chronic success during the
follow-up period was defined as the absence of any sustained VT,
VF, or ICD therapy.

2.4. Follow-up

Follow-up started after hospital discharge and was performed
every 3 months in the ICD outpatient clinic or by the referring
physician. The primary endpoint was any VT/VF and the secondary
endpoints were any VT/VF or death.

2.5. Statistical analysis

The continuous variables are expressed as the mean + SD, and
were compared using the Student's t-test. The categorical variables
were compared using a chi-square test or Fisher's exact test. An
overall chi-square test for a 2 xn table was performed when
comparisons involved > 2 groups. A p value < 0.05 was consid-
ered significant. In the comparisons among the types of cardio-
myopathies, survival curves were created using the Kaplan-Meier
method, and comparisons between groups were based on the
Wilcoxon test.

3. Results
3.1. Patient characteristics

The patient characteristics are shown in Table 1. Between
September 2004 and September 2012, 105 ablation procedures
were performed in 88 consecutive patients (15 women; age,
64.8 + 14.5 years). There were significant differences in age
between the remote MI and ARVC (p < 0.01), and remote MI and
NIDCM (p <0.01) groups. Further, the left ventricular ejection
fraction (LVEF) was better in the ARVC group than in the remote
MI (p <0.01) or NIDCM group (p <0.01). VT storms were more
prevalent in the remote MI group (p < 0.05). In addition, there was
a statistically significant difference in the concomitant diseases,
medications, and device implantations.

Table 1
Patient characteristics.

Remote MI ARVC NI-DCM P value
Patients (n) 51 18 19
Age (years) 70.0 + 1157 559+ 16.2* 60.2 +15.5" <0.01*
<0.017
Sex (male %) 45 (88) 12 (67) 16 (84) NS
LVEF (%) 332 +9.5% 581+ 104*  338+1027 <0.01*
<0.01"
VT storm (%) 12 (24) 0(0) 8 (42) <0.05
DM (%) 15 (29) 1(6) 2 (11) <0.05
HT (%) 24 (47) 5 (28) 4(21) N.S.
Class 1 AAD (%) 4 (8) 6 (33) 7 (37) <0.05
ACEI/ARB (%) 37 (73) 4(22) 16 (84) <0.01
p-Blocker (%) 37 (73) 5 (28) 16 (84) <0.01
Amiodarone (%) 26 (51) 1(6) 13 (68) NS
Sotalol (%) 3(6) 6 (33) 3 (16) NS
ICD/CRTD (%) 43 (84) 8(44) 19 (100) <0.01

Remote MI=remote myocardial infarction; ARVC=arrhythmogenic right ventricu-
lar cardiomyopathy; NIDCM=non-ischemic dilated cardiomyopathy; LVEF=left
ventricular ejection fraction; VT=ventricular tachycardia; DM =diabetes mellitus;
HT=hypertension; AAD=antiarrhythmic drug; ACEl=angiotensin-converting
enzyme inhibitor; ARB=angiotensin receptor blocker; ICD=implantable cardio-
verter defibrillator; CRT=cardiac resynchronized therapy.

Data are presented as the mean + SD or n (%).
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Fig. 1. Ablation of VT in patient with remote myocardial infarction. (A) Surface ECG during sinus rhythm and VT. (B) Intracardiac electrogram during sinus rhythm and VT at
the ablation site. (C) Voltage map in the right anterior oblique (RAO) and bottom views during sinus rhythm. (C) Radiofrequency energy application. The voltage map
demonstrates an abnormal low voltage area ( < 1.5 mV) located in the inferior LV. A delayed potential (B: arrow in the left panel) is recorded inside the low voltage area that
changed into a diastolic potential during the VT (B: right panel). An RF energy application terminated the VT immediately (C). VT =ventricular tachycardia; HRA=high right
atrium; ABL=ablation; CA=coronary sinus; RVA=right ventricular apex; p=proximal; d=distal.

3.2. Remote myocardial infarction

Sixty-one ablation procedures were performed in 51 patients (6
women, age 70.0 + 11.5 years, Fig. 1). The infarct region was
anterior or anteroseptal in 23, inferior in 23, posterior in 4, and
anterior and inferior in 1 patient. The mean LVEF was 33.2 + 9.5%
and mean cycle length of the clinical VT 375 + 80 ms. In 49 of 51
patients (96%), acute success was achieved. During a mean follow-
up period of 41.3 + 28.5 months, 15 patients (29%) died of non-
arrhythmic causes and 15 (29%) experienced recurrence. An
epicardial approach was performed in 4 patients. Twenty-seven
patients (53%) were alive without any recurrence. An ICD or
Cardiac resynchronization therapy defibrillator (CRTD) was
implanted in 36 and 7 patients, respectively, and no rhythm
management device was implanted in 8 patients.

3.3. Arrhythmogenic right ventricular cardiomyopathy

Twenty ablation procedures were performed in 18 patients (6
female; age, 55.9 + 16.2 years; Fig. 2) including 2 by an epicardial
approach. The mean cycle length of the clinical VT was
334 + 63 ms. Acute success was achieved in 14 of 18 patients
(78%), and a hemodynamically stable VT was still inducible at the
end of the procedure in the remaining 4 patients. One patient
dropped out. During a mean follow-up period of 44.7 +32.8
months, 3 patients experienced VT recurrence, and 4 of 17 patients
(24%) died of non-arrhythmic causes (heart failure in 2, pneumo-
nia in 1, and intracranial hemorrhage in 1 patient). Twelve of 17
patients (71%) were alive without any VT recurrence. An ICD was
implanted in 8 patients.

3.4. Non-ischemic dilated cardiomyopathy

Twenty-four ablation procedures were performed in 19
patients (3 women; age, 60.2 + 15.5 years; Fig. 3). The mean LVEF
and mean cycle length of the clinical VT was 33.8 + 10.2% and
431 4+ 88 ms, respectively. Acute success was achieved in all
patients. An epicardial approach was performed in 9 patients.
During a mean follow-up period of 35.0 + 27.7 months, 1 patient

died of heart failure. VT/VF did not recur in 11 out of 19 patients
(58%). An ICD was implanted in 12 patients and the remaining
7 patients received a CRTD.

3.5. Differences in the ablation results among the types
of cardiomyopathies

The numeric values of the ablation results are shown in Table 2.
The mean cycle length of the clinically documented VT was
significantly longer in the NIDCM patients than in those with a
remote MI (p < 0.05) or ARVC (p < 0.01). No significant difference
was observed in the number of induced VTs, clinical VT induction
rate, and irrigation system usage. VT mapping was performed in
35%, 50%, and 68% of remote MI, ARVC and NIDCM patients,
respectively (p < 0.05), whereas substrate mapping was performed
in 80%, 72%, and 68%, respectively (p=nonsignificant). Acute
success was less often achieved in the ARVC patients than in the
remote MI or NIDCM patients (p < 0.05). Non-clinical hemodyna-
mically unstable VT was inducible after RF application in 37%, 44%
and 37% of remote MI, ARVC, and NIDCM patients, respectively
(p=nonsignificant). An epicardial approach was mostly needed in
NIDCM patients (p < 0.01).

3.6. Follow-up outcomes

Kaplan-Meier curves of the primary and secondary endpoints are
shown in Figs. 4 and 5. During 39.2 + 4.6 months of follow-up, 26 of
87 (30%) patients reached the primary endpoint. In 39 (45%) patients,
the secondary endpoint was reached, including 20 (23%) deaths.

4. Discussion
4.1. Main findings
Catheter ablation of VT in ischemic and non-ischemic structural

heart disease is feasible. The long-term outcomes differ according
to the underlying heart disease. ARVC-VT ablation shows a better
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long-term prognosis than NIDCM-VT ablation. Remote MI-VT
demonstrates a midrange outcome.

4.2. VT mapping and ablation

Slow conduction areas are part of the substrate of the re-
entrant circuits in most sustained monomorphic VTs occurring in
patients with structural heart disease. These areas are identified by
recording using presystolic electrograms during tachycardia. These
slow-conduction areas are located in narrow bundles of viable

tissue that function as conducting channels bounded by scar tissue
[21-23]. However, patients with VT often have multiple reentry
circuits with multiple different inducible VTs. In addition, the
induced VTs are often hemodynamically unstable, preventing any
conventional mapping to localize all the VT circuits.

The electromagnetic anatomical mapping system provides a tool
for creating a 3D bipolar electrogram voltage map. Marchlinski and
colleagues characterized the electroanatomic substrate of VT [4].
Moreover, they demonstrated that an extensive set of ablation lesions
in or around areas of scar could ablate multiple and unstable VTs.
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Table 2
Procedural details.

Remote  ARVC NI-DCM P value
MI
Clinical VTCL (ms) 375+ 80" 3344 63* 431+88* <0.01*
<0.05"
Induced VT (n) 22+16 24415 21+11 NS
Clinical VT induction (%) 40 (78) 17 (94) 13 (68) NS
Irrigation system usage (%) 27 (53) 7(39) 13 (68) NS
Mapping method
VT mapping VT: 187 VT: 9F VT: 137 <0.05
Substrate mapping SU: 41*  SU: 13*  SU: 13* NS*
Acute success (%) 49 (96) 14 (78) 19 (100) <0.05
Inducibility of nonclinical, 19 (37) 8 (44) 7 (37) NS
hemodynamically
unstable VT (%)
Failure 2 (4) 4(22) 0 (0) <0.05
Epicardial approach 4 2 9 <0.01

CL=cycle length; SU=substrate mapping; VT=VT mapping.
Data are presented as the mean + SD or n (%).
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Fig. 4. Kaplan-Meier curves showing the primary endpoint (VT/VF recurrence).

There are two mapping methods: the so-called VT mapping
and substrate mapping. In this study, there was no statistically
significant difference in the prevalence of substrate mapping
between diseases, whereas there were statistically significant
differences in the prevalence of VT mapping (p < 0.05). This might
be attributable to the VT cycle length. The cycle length of NIDCM-
VT was significantly longer. This suggests that NIDCM-VT was
more hemodyanically stable during mapping.

4.3. Remote myocardial infarction

VT occurs in 1-2% of patients late after an MI, often after an
interval of several years. Several papers on the usefulness of
catheter ablation for remote MI-VT have been published, but they
are mainly from single centers with various degrees of disease
severity, stability of the VT for mapping, methods for mapping and
ablation, and ablation endpoints.

There have been 3 relevant multicenter studies. In a multi-
center trial of 146 patients (82% with coronary artery disease) with
a mappable VT who underwent ablation with an internally
irrigated catheter, 54% were free of VT during a mean follow-up
period of 8 months. Of those with a follow-up period of at least
2 months, 81% experienced a 75% reduction in VT episodes [24].

The Multicenter Thermocool Ventricular Tachycardia Ablation
Trial [25] enrolled 231 patients with recurrent VT for ablation with
open irrigated RF ablation guided by a 3D mapping system using
substrate and/or entrainment mapping approaches. The median

= 1.0
&
2 08
>
06 - Remote MI
04
g | *NIDCM *P<0.05
02
00 Y T T T T T 1
0 365 730 1095 1460 1825
Time (days)
Number at risk
Remote MI 51 38 30 23 14 10
NIDCM 19 13 8 4 3 3
ARVC 18 15 12 8 7 5

Fig. 5. Kaplan-Meier curves showing the secondary endpoints (composite of death
or any VT/VF recurrence).

LVEF and age was 0.25 and 68 years, respectively, and 94% had an
ICD. Ablation eliminated at least 1 VT in 81% of patients and all VTs
in 49% of patients. During the following 6 months, VT recurred in
51% of patients. Although recurrences were common, the fre-
quency of VT was markedly reduced in a substantial number of
patients. The 1-year mortality was 15% with 38% of deaths due to
ventricular arrhythmias and 35% due to heart failure.

In the Euro-VT-Study [26], catheter ablation using external
irrigation and an electroanatomical mapping system was per-
formed in 63 patients at 8 centers. The population had a median
of 17 VT episodes in the 6 months prior to ablation, age 63 years,
and LVEF 0.28; 67% had an ICD. At least 1 VT was ablated in 81% of
patients; all inducible VTs were eliminated in 50% of patients.
During a follow-up period of 6 months, VT did not recur in 51%
of patients. After a mean follow-up period of 12 months, the
mortality rate was 8%.

In these 3 multicenter studies, the recurrence rate was 49-54%
by 6-8 months of follow-up, which a higher than that during the
follow-up period in our study due to the following reasons:
(1) difference in the frequency of VTs prior to ablation [25,26];
(2) difference in the LVEF; (3) mapping and ablation performed
without a 3D mapping system [24]; and (4) difference in the
mapping and ablation strategies. In our patient group, the mean
LVEF was 33.2 +9.5%, and 15 patients (29%) died during a mean
follow-up period of 41.3 4+ 28.5 months. It is notable that this value
is similar to the SCD-HeFT result (35-43% for 5 years) [2].

4.4. Arrhythmogenic right ventricular cardiomyopathy

Scar-related reentry is the most common cause of ARVC-VT.
Although recent technological advances with electroanatomic and
voltage mapping systems have significantly improved outcomes
[27-28], catheter ablation can reduce the frequency of VT epi-
sodes, but long-term follow-up studies have demonstrated a risk
of recurrence. However, only an endocardial approach was used in
most of the cases previously reported [29-31]. Recently Bai et al.
[32] and Berruezo et al. [33] reported the endocardial and
epicardial substrate-based mapping and ablation of ARVC-VT. Bai
et al. [32] reported absence of VT/VF or ICD therapy in 84.6% in
patients who underwent mapping and ablation using endocardial
and epicardial approaches during a follow-up period of at least
3 years. Bai et al. [32] and Philip et al. [34] reported the importance
of ventricular premature complexes in patients with ARVC-VT. In
the present study, the long-term outcomes after ablation were
consistent with those in Bai's study. An epicardial approach was
performed in only 2 patients, and was unsuccessful in 4 of 18
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patients. Interestingly, VT recurred in only 1 of those 4 patients,
and recent initiation of amiodarone treatment might have con-
tributed to this favorable result.

4.5. Non-ischemic dilated cardiomyopathy

Catheter ablation outcomes in this population are not well
defined. In a series of 19 patients [35], endocardial ablation
eliminated all inducible VTs in 14 patients. After a follow-up
period of 22 + 12 months, 5 patients were alive without any VT
recurrence. In a series of 22 patients [36], epicardial mapping and
ablation were performed if endocardial ablation failed. Scar-
related reentry circuits were identified in the endocardium in 12
patients and in the epicardium in 7. At least 1 VT was eliminated in
16 of 22 patients and all VTs were eliminated in 12. During a mean
follow-up period of 334 days, VT recurred in 46% of patients.

Compared with patients with remote MI-VT, the areas occupied
by scars were smaller, transmural scars were fewer, and intramural
scars were common in the NIDCM patients. Magnetic resonance
imaging with delayed gadolinium-enhancement and voltage map-
ping demonstrates that scars are often located adjacent to a valve
annulus [36,37]. These features likely account for the general
perception that patients present with multiple morphologies of
VT, and ablation is more difficult than that in the remote MI-VT
population.

In our study, an epicardial approach was mostly required in the
remote MI-VT patient group. This matches the pathological char-
acteristics of DCM and is consistent with the previous report [36].
Of note, acute success was achieved in all patients, but the
recurrence rate was high in this group. There are 3 possible
reasons for this unexpected outcome. The first reason is the
difficulty of clinical VT induction in this patient group. When
clinical VT was non-inducible, entrainment mapping could not be
performed and the RF energy was delivered with the guidance of
pace mapping and abnormal potentials. The disappearance of the
target potential and completeness of the designed lines was
defined as acute success but may not have been adequate for
long-term success. The second reason is the existence of multiple
scars as mentioned previously. Multiple scars are a potential cause
of multiple VTs. In this study, there were no statistically significant
differences in the number of induced VTs among the 3 groups.
According to our protocol, we performed up to 2 extrastimuli for
programmed ventricular stimulation. Ventricular stimulation up to
3 extrastimuli might have provided a different result. The third
reason is the progression of the underlying disease.

4.6. Long-term outcomes depending on the type of heart disease

Kaplan-Meier curves of the primary endpoint according to the
type of heart disease are shown in Fig. 4. Patients with ARVC had
significantly better outcomes than those with NIDCM (p < 0.05).
Moreover the Kaplan-Meier curve for the secondary endpoint is
shown in Fig. 5. It shows that patients with ARVC had significantly
better outcomes, and that patients with NIDCM had the worst
outcomes.

Two papers on the long-term follow-up outcomes after VT
ablation in patients with non-ischemic cardiomyopathy have been
published. Sacher et al. [38] reported that ischemic cardiomyo-
pathy had a 2-fold increased risk of mortality compared with non-
ischemic heart disease, despite a lower VT recurrence. This result
is different from ours. In their report, the non-IHD group included
not only idiopathic DCM (54%), but also valvular heart disease
(19%), congenital heart disease (7%), ARVC (15%), and sarcoidosis
(4%) patients. This difference in the underlying diseases might lead
to different ablation outcomes. Tokuda et al. [39] recently reported
the long-term follow-up outcomes of VT ablation in patients with

non-IHD. In that study, the ARVC-VT ablation outcomes were
significantly better than the NIDCM-VT ablation outcomes, which
is consistent with our study results. Catheter ablation is effective
in patients with ischemic and non-ischemic heart disease. Our
study suggests that ARVC-VT patients have better outcomes,
remote MI-VT patients have midrange outcomes, and NIDCM-VT
patients have the worst long-term outcomes. However, the effi-
cacy of VT ablation according to the type of underlying disease is
uncertain. Further studies with a larger sample size and longer
follow-up periods are required to clarify this issue.

4.7. Study limitations

This study has several limitations. (1) This study was a single
center retrospective observational study. There might have been a
selection bias. Our institute is a referral center for VT ablation, and
therefore our population selection may have been skewed. (2) The
sample sizes in the subgroups were small, precluding statistical
comparisons. (3) The ablation and mapping technology used in the
individual patients was influenced by availability of the equip-
ment. (4) The ablation and mapping strategy varied during the
study period.

5. Conclusion

Our study demonstrates that in patients with spontaneous
sustained VT due to ischemic and non-ischemic heart disease,
catheter ablation is useful, and that the long-term outcomes vary
according to the underlying heart disease.
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