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The evolving role of catheter 
ablation for the treatment of 

arrhythmia in the treatment of 
arrhythmias in ischaemic heart 

disease



Clinical Scenarios

• VT storm
• Recurrent VT
• 20 prevention
• 10 prevention



VT ablation of E Storm

Carbucicchio et al. Circulation 2008

• 95 patients
• VT induced with 600,500,400
• Proc 260 mins
• Success - no inducibility
• Partial - non-clinical inducibility
• Failure - clinical induciblity
• FU - 22 (1-43) mths
• procedures 12 pts x2 (success 50%), 6 pts 

x3 (success 0%)



VT ablation of E Storm

Carbucicchio et al. Circulation 2008

Endocardial RF = 95

Activation map only=35(32%)

Scar map=40

Channels = 22

Entrain = 12 Pmap = 10

Encirclement of scar=18

Persistent inducibility/early 
recurrence = 10 epicardial

CP support in 10 pts 
failure to maintain any regular 

rhythm



VT ablation of E Storm

Carbucicchio et al. Circulation 2008

ES 
recurrence

VT 
recurrence

SCD CDeath

Success (%) 0/68 11/68 (16) 0/68 6/68 (9)

Partial (%) 0/17 11/17 (65) 0/17 1/17 (6)

Faliure (%) 8/10 (80) 10/10 4/10 (40) 4/10 (40)

• Prognosis according to outcome



VT ablation of E Storm

Predictors of Long-Term Outcome After
Catheter Ablation
Class C result was strongly associated with ES recurrence
(P!0.0001) and SCD (P!0.0001) on univariate analysis.
The incidence of both CD and SCD was significantly higher
in patients with ES recurrence (50% versus 8%, respectively,
P"0.02; and 50% versus 0%, respectively, P!0.0001). The
Cox multivariate model was not applicable for ES and SCD
because both types of events occurred only in class C. Stratifi-
cation analysis showed that a confounding effect by IDCM or
ejection fraction !30% was unlikely. ES recurrence and SCD
also were associated with IDCM (75% versus 8%; P"0.018),
whereas all other variables showed no significant association.

Kaplan-Meier event-free survival estimates according to
acute results of CA are shown in Figure 2. In the multivariate
Cox regression model, CD was significantly and indepen-
dently predicted by class C result (HR, 15.23; 95% CI, 2.0 to
112.8; P"0.008 versus class A or B:), IDCM (HR, 13.69;
95% CI, 2.4 to 75.6; P"0.003 versus non-IDCM), and age
(HR, 1.15; 95% CI, 1.0 to 1.2; P"0.004 for each 1-year
increase) (Table 4). No significant difference was found
between class A and B (P"0.66). VT recurrence was pre-
dicted by class C (HR, 42.4; 95% CI, 13.4 to 134.0;
P!0.0001 versus class A) and class B (HR, 6.8; 95% CI, 2.6
to 17.7; P!0.0001 versus class A) results, IDCM (HR, 5.8;
95% CI, 2.0 to 17.1; P"0.0013 versus non-IDCM), and
ejection fraction (HR, 1.5; 95% CI, 1.0 to 2.4; P"0.041 for

10% unit increment). There was no significant difference
between ARVD/C and CAD patients.

Group 1 Versus Group 2: CA Short- and
Long-Term Outcome
In group 1 patients, CA was performed for intractable ES
causing cardiogenic shock (Table 5). At multivariate analysis,
the only independent factor significantly associated with
group 1 was NYHA class (odds ratio, 35.1; 95% CI, 7.7 to
159 for 1-unit increment). Despite the use of cardiopulmo-
nary support in 10 patients (20%) and nonconventional
mapping in 48 (96%), group 1 had a higher percentage of
class C result compared with group 2 (16% versus 4%);
moreover, all group 1 patients presented with subsequent ES
recurrence after a failed procedure. In Bonferroni stepdown

Figure 2. Kaplan-Meier event-free survival estimates according to acute CA results during follow up. Class A indicates CA success;
class B, CA partial success; and class C, CA failure.

Table 4. Multivariate Cox Regression Model for Cardiac Mortality

Variables P HR 95% CI

Gender (male vs female) 0.124 7.28 0.58–91.14
Age (for each 1-y increase) 0.004 1.15 1.04–1.25
IDCM vs non-IDCM 0.003 13.69 2.47–75.64
LV ejection fraction (for 10% unit increment) 0.05 0.40 0.15–0.99
NYHA class (for 1-step increment) 0.77 0.86 0.31–2.37
Nontolerated vs tolerated VT 0.11 6.75 0.66–69.60
Pleomorphic vs monomorphic VT 0.58 0.55 0.06–4.64
Acute failure of CA (class C vs A or B) 0.008 15.23 2.05–112.83
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Carbucicchio et al. Circulation 2008



VT Storm ablation

• Failure to ablate clinical VT associated with v 
poor outcome - particularly after multiple 
attempts

• Elimination of inducibility still associated with 
(9%) medium term mortality

• Palliative, complex and expensive procedure



• 146 patients with >1 haemodynamically 
tolerated VT in last 2 months

• non randomised
• EF 31%
• EP sim 3 extras at 2 sites
• Success - no mappable VT 75%
• No VT inducible 41%

Calkins et al. JACC 2000

Recurrent VT ablation



Calkins et al. JACC 2000

with pericardial tamponade, only one appeared to be tem-
porally related to delivery of RF energy. This patient had
right ventricular dysplasia. Ablation at a site located on the
free wall aspect of the right ventricular outflow tract was
associated with pericardial tamponade, which required sur-
gical repair because a pericardiocentesis was precluded due
to an ICD patch. A “pop” was not reported in association
with this RF application. Paired echocardiographic analysis
revealed no change in ventricular function before and after
ablation (31 ! 13 vs. 30 ! 13, p " 0.1).

There were four procedure-related deaths. The first
patient was a 63-year-old man with ischemic heart disease.
Thirty minutes after successful ablation of VT, the patient
became hypotensive. Catheterization revealed a 99% occlu-
sion of the left main coronary artery most consistent with a
coronary embolus. Despite an angioplasty with initial clin-
ical improvement, the patient’s condition deteriorated, and
he died of cardiogenic shock. Upon review of ACT levels, it
was evident that despite receiving heparin, the ACT re-
mained subtherapeutic. The second patient was a 72-year-
old man with a severe ischemic cardiomyopathy who devel-
oped acute pericardial tamponade. A transeptal approach
was used to advance the ablation catheter into the left
ventricle. After delivery of three RF energy applications, the
patient became hypotensive. A pericardiocentesis was per-
formed followed by surgical repair of a perforation in the left
atrial appendage. The patient initially recovered but devel-

oped pneumonia and progressive heart failure resulting in
death one week later. The third patient was a 49-year-old
man with an ischemic cardiomyopathy. The patient under-
went a successful ablation, but suffered a cerebrovascular
accident that progressed to herniation and death. The
fourth procedure-related death was in a 74-year-old man
with an ischemic cardiomyopathy (EF # 15%), moderate
mitral regurgitation and mild aortic insufficiency. An echo-
cardiogram obtained after two ablation procedures 48 h
apart demonstrated increased aortic regurgitation. The pa-
tient subsequently underwent a previously planned coronary
artery bypass graft; aortic valve replacement and mitral
annuloplasty were also performed. At surgery, the aortic
valve was noted to be friable with a tear attributed to
catheter injury. The patient died from cardiogenic shock on
the day after surgery.

Arrhythmia recurrence. Consistent with the study proto-
col, the majority of patients in this study were discharged on
the same antiarrhythmic therapy they were receiving before
ablation. Antiarrhythmic drug therapy at the time of hos-
pital discharge consisted of amiodarone in 42% of patients,
sotolol in 12% of patients and a type 1 antiarrhythmic agent
in 12% of patients. Although it was recommended that
patients continue on the antiarrhythmic therapy they re-
ceived before catheter ablation for at least the first three
months after hospital discharge, the use of antiarrhythmic
therapy decreased with time. At three months of follow-up,
33% of patients were treated with amiodarone, 11% were
treated with a class 1 antiarrhythmic agent and 12% were
treated with sotolol. At the time of last follow-up, the use of
these three types of antiarrhythmic agents had decreased to
30%, 5% and 10%, respectively.

After catheter ablation, 66 (46%) of the 146 patients
developed one or more episodes of a sustained ventricular
arrhythmia during 243 ! 153 days of follow-up. The
median time to VT recurrence was 24 days (range 1 to 309

Figure 2. Kaplan-Meier curve showing freedom from arrhythmia
recurrence among patients who underwent ablation of VT.

Table 3. Procedure-related Complications

Complication Type
No. of

Patients
No. of
Deaths

Major complications
Stroke/TIA 4 (2.7%) 1
Complete AV block 2 (1.4%) 0
Tamponade 4 (2.7%) 1
Valve injury 1 (0.7%) 1
Myocardial infarction 1 (0.7%) 1
Femoral artery laceration 1 (0.7%) 0
No. of patients with a major

complication
12 (8%) 4 (2.7%)

Other complications
Aortic dissection (distal) 1 (0.7%)
Defibrillation skin burn 1 (0.7%)
Anxiety and stress 1 (0.7%)
Peroneal nerve palsy (transient) 1 (0.7%)
Loss of pulses in extremity (transient) 1 (0.7%)
Pseudoaneurysm (no treatment

required)
1 (0.7%)

Transient left leg numbness 1 (0.7%)
Slurred speech due to sedation 1 (0.7%)
Visual blurring (transient) 1 (0.7%)
Other AV block* 0 (0%)
No. of patients with a minor

complication
9 (6%)

*Transient AV block, 1° or 2° AV block.
AV # arterio-ventricular.

1909JACC Vol. 35, No. 7, 2000 Calkins et al.
June 2000:1905–14 Catheter Ablation of Ventricular Tachycardia

• 8% major comps
• 3% death

Recurrent VT ablation



Calkins et al. JACC 2000

with a cycle length !300 ms before ablation. Table 4 shows
the results of multivariate logistic regression analysis for
prediction of survival. Patient age and the presence of less
than two types of inducible sustained VT with a cycle length
!300 ms before ablation were identified. Figure 4 shows a
Kaplan-Meier curve showing the time to death. A Cox
proportional hazards multivariate regression analysis also
identified age and multiple morphologies of relatively slow
sustained VT (cycle length !300 ms) as predictive of death.
A trend was also shown suggesting a greater mortality
among those with an EF !35% (Table 6).

DISCUSSION

Main findings. The present study is the first prospective
multicenter trial to evaluate the safety and efficacy of
catheter ablation of VT and to report the use of an internally
cooled RF ablation system in humans. The results of this
study demonstrate that catheter ablation of all mappable
forms of sustained VT, in patients with very frequent
episodes of VT and severely impaired ventricular function,
can be performed with high immediate success (75%), and
a moderate incidence of major complications (8%). Fifty-
four percent of patients were rendered free of VT during
follow-up. As appropriate for the initial evaluation of a new
technology, this study enrolled only patients with arrhyth-
mias that were refractory to antiarrhythmic therapy. The
definitions of success were strict. The presence of any
inducible VT that was mappable was considered a proce-
dural failure, even if other morphologies of VT were
successfully abolished. During follow-up, recurrence of any
sustained VT was counted as a recurrence, even if the
arrhythmia was not one that had been targeted for ablation.
Thus, a patient undergoing catheter ablation of recurrent
slow VT who had an ICD discharge due to polymorphic
VT during follow-up was classified as having a recurrence.
This definition was chosen as to eliminate any possibility of

bias on the part of the investigators given that the classifi-
cation of VTs as “clinical” versus “nonclinical” are highly
subjective.

Cooled RF ablation. Ventricular tachycardia associated
with structural heart disease is often due to reentry through
regions of myocardial scar. The relatively larger size of
reentry circuits and the fact that they can be located deep to
the endocardium is felt to be responsible, at least in part, for
the greater difficulty and lower efficacy of catheter ablation
as compared with ablation of supraventricular tachycardias
and idiopathic VT (16,17). Surgical ablation of VT often
requires removal or laser coagulation of 2 to !40 cm2 of
tissue (18). With conventional RF ablation, application of
RF energy is limited when excessive heat transfer to the
ablation electrode results in formation of an insulating
coagulum on the electrode surface, preventing further en-
ergy delivery. Individual RF lesions are generally less than
1 cm in diameter. Cooling of the ablation electrode by saline
irrigation has been shown to allow production of larger RF
lesions in animal models, presumably by allowing greater
energy delivery before coagulum formation (14,15,19). This
is the first large-scale evaluation of this technology in
humans.

The potential for greater lesion size is expected to
increase the likelihood of successful ablation. This study did
not compare cooled RF ablation with standard RF ablation;
therefore, the relative efficacy remains unclear. In several
recent studies of standard RF ablation, the VT recurrences
during follow-up have ranged from 16% to 45% (6,8–11).
These trials often selected patients for one “clinical” mor-
phology of VT (6,11). In some studies, only recurrences of
the VT that was targeted for ablation were considered
arrhythmia recurrences. Rothman et al. (8) recently reported
their experience with catheter ablation of VT in 35 patients
with ischemic heart disease and VT that was sufficiently
stable to allow adequate mapping to be performed. Catheter
ablation was successful in eliminating all VTs in 11 patients
and was successful in eliminating the “clinical VT” in 31
patients. Thus, based on an intention-to-treat analysis as
was used in the present study, 75% of patients had their
clinical VT successfully ablated and 26% of patients were
rendered completely noninducible. The recurrence rate at
24 months was 34%. In a similar series of 52 patients,
ablation of all inducible VTs was achieved in 40% of
patients; the recurrence rate at three years was 33% (10).
Differences in patient selection make comparisons difficult.

The potential for greater lesion size may also introduce
the potential for increasing complications related to myo-
cardial damage. The 8% incidence of major complications in
this study is more than twofold higher than the 3%
incidence of major complications reported during ablation
of supraventricular arrhythmias (20). The data reported in
the Multicenter European Radiofrequency Survey
(MERFS) and the NASPE survey may provide a better
benchmark with which to compare the complication rate

Figure 4. Kaplan-Meier curve showing patient survival after ab-
lation of VT.

1911JACC Vol. 35, No. 7, 2000 Calkins et al.
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Recurrent VT ablation

• 231 patients with >4 VT in last 6 months
• non randomised FU 6 months
• EF 25%
• EP sim 3 extras at 2 sites
• Success - no monomorphic VT 49%
• Partial 32%
• 7.3% major comps
• 3% death (within 7 days)
• Recurrence 51%

Stevenson et al. Circulation 2008



Recurrent VT ablation

• Even in best hands expect 50% recurrence 
rate

• Mortality high
• Procedures complex, long and have risk
• 24 hour/7 day working increasing



2o prevention VT ablation

• n = 107 patients with VT
• Randomised to VT ablation + ICD or ICD alone
• 22 month FU
• 75% betablocker use
• EF 34%
• Clinical induced in 78 pts
• Ablation - 45/52 pts had ablation
• Control - 12 (21%) pts x over to ablation

Kuck et al. Lancet 2010



2o prevention VT ablation

Kuck et al. Lancet 2010

Articles

34 www.thelancet.com   Vol 375   January 2, 2010

30% diff erence in the primary endpoint event rate 
(recurrence of VT or VF) between the control group 
(assumed event rate of 60%) and the ablation group 
(assumed event rate 30%) after 2 years, and follow-up 
time of 2 years. On the basis of data from previous 
studies, we had projected that 50% of patients in the 
control group16–18 and 20% of patients in the ablation 
group would have recurrence of VT or VF before 2 years 
of follow-up.10–12,19–23 However, to allow for a worst-case 

scenario of a diff erence of 30% between the two groups, 
recurrence rates of 60% and 30% were used. 

We assumed a fi xed follow-up time for the sample size 
calculation. In fact, all patients were followed up until the 
last patient had completed 12 months of follow-up. On 
the assump tion of an accrual rate of fi ve patients per 
month over 22 months, this led to a mean follow-up time 
of 2 years.

By use of the simulation tool for log-rank tests for 
survival in two groups in nQuery Advisor 4.0 (10 000 
simulations) and allowing for a 15% dropout rate, we 
calculated that a sample size of 110 patients was needed 
to achieve 85% power to detect a signifi cant diff erence 
with an alpha error of 5%.

The primary endpoint was analysed by Kaplan-Meier 
methods. Patients without recurrence of VT or VF were 
censored at the time of their last follow-up visit. The 
two groups were compared by use of a two-sided log-
rank test at a signifi cance level of 5%. 95% CIs were 
calculated for the treatment diff erence at 12 months 
and 24 months. We used Cox’s proportional hazards 
regression models to esti mate HRs and corresponding 
95% CIs. Similar analyses were done for time-related 
secondary endpoints. As an ad ditional exploratory 
analysis, the Kaplan-Meier analysis of the primary 
endpoint was repeated for patients with LVEF of 30% 
or less and LVEF of more 30%. For each of the eight 
scales of the SF-36 quality-of-life questionnaire, analysis 
of covariance models were used to compare treat ment 
groups with treatment as factor and the baseline score 
as covariate. The other secondary endpoints were 

Ablation (n=52) Control (n=55) Hazard ratio (95% CI) p value

Time to fi rst VT or VF (months, mean [SD]; median [IQR]) 15·9 (1·7); 18·6 (2·4*) 11·3 (1·5); 5·9 (0·8–26·7) 0·61 (0·37–0·99) 0·045†

24-month event-free survival estimates (%)‡

VT recurrence (category 1) 46·6% 28·8% 0·61 (0·37–0·99) 0·045†

VT recurrence (all categories) 46·4% 28·8% 0·61 (0·38–1·01) 0·051†

Hospital admission for cardiac reasons 67·4% 45·4% 0·55 (0·30–0·99) 0·044†

VT storm 75·0% 69·7% 0·73 (0·36–1·50) 0·395†

Syncope 96·2% 85·4% 0·36 (0·07–1·81) 0·197†

Death 91·5% 91·4% 1·32 (0·35–4·94) 0·677†

Appropriate ICD intervention (n [%]) 26 (50·0%) 38 (69·1%) ·· 0·051§

ICD shock (n [%]) 17 (32·7%) 29 (52·7%) ·· 0·051§

Appropriate ICD shock (n [%]) 14 (26·9%) 26 (47·3%) ·· 0·045§

Inappropriate ICD shock (n [%]) 4 (7·7%) 6 (10·9%) ·· 0·743§

≥2 shocks per year (n [%]) 6 (11·5%) 15 (27·3%) ·· 0·021§

≥2 appropriate shocks per year (n [%]) 4 (7·7%) 12 (21·8%) ·· 0·018§

Number of appropriate ICD interventions per patient per year¶ 
(mean [SD]; median [range])

7·1 (16·3); 0·2 (0–91) 58·3 (263·5); 3·0 (0–1940) ·· 0·013||

Number of appropriate ICD shocks per patient per year§ (mean 
[SD]; median [range])

0·6 (2·1); 0 (0–14·2) 3·4 (9·2); 0 (0–48·4) ·· 0·018||

VT=ventricular tachycardia. VF=ventricular fi brillation. ICD=implantable cardioverter defi brillator. *Lower quartile shown (upper quartile not determinable because, at the end 
of the observation period, 37% of the patients were still event-free). †Calculated by log-rank test. ‡Kaplan-Meier survival estimates. §Calculated by Fisher’s exact test. 
¶Analysis done on all event categories. ||Calculated by Wilcoxon test.

Table 3: Endpoints in ablation and control groups
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analysed with Wilcoxon tests or Fisher’s exact test, as 
appropriate.

All statistical analyses were based on the intention-to-
treat population, which included all randomised 
patients with available follow-up data. Where possible, 
analyses were done separately for category 1 events 
alone, category 1 and 2 events combined, and category 
1, 2, and 3 events combined. Unless otherwise stated, 
results for category 1 are presented in this report. 
Statistical analyses were done with SAS version 9.1.3. 
This study is registered with ClinicalTrials.gov, number 
NCT00919373. 

Role of the funding source
The sponsor of the study paid for the independent 
statistician (who handled and analysed the data), for 
administrative costs (patients’ insurance, institutional 
review board fees), and data collection. The authors had 
full access to all data in the study. The corresponding 
author had fi nal responsibility for the decision to submit 
for publication.

Results
Figure 1 shows the trial profi le. 110 patients were 
enrolled in 16 participating European centres in 
Germany (13 centres), Switzerland (one), Czech 
Republic (one), and Denmark (one). The intention-to-
treat population consisted of 107 patients because two 
patients withdrew consent immediately after ran-
domisation without any follow-up data and one patient 
with non-ischaemic VT had to be excluded from the 
study (violation of protocol inclusion criterion). Table 1 
shows the demographic and baseline charac teristics of 
the patients.

At the initial electrophysiological study, a mono-
morphic VT was induced in 94 (88%) of 107 patients. 
The induced VT matched the documented clinical VT 
in 78 patients (39 patients in each group). 45 patients 
assigned to VT ablation received this intervention; the 
procedure was done with the electroanatomic system in 
32 patients, the non-contact system in 11 patients, and 
by conventional mapping in two patients. Seven patients 
assigned to VT ablation did not undergo the procedure 
(see fi gure 1 for reasons). Acute success of ablation was 
reported in 27 patients, with failure reported in six 
patients. The ablation result remained undefi ned in 
12 patients. A reablation was done in three patients, at 
59 days, 60 days, and 72 days, respectively, after the fi rst 
ablation. 12 patients in the control group crossed over 
to VT ablation: nine during the fi rst year after 
defi brillator implantation (four during the fi rst 3 weeks), 
and three patients more than 22 months after 
implantation. Median time until crossover was 219 days 
(IQR 21–499) after defi brillator implantation.

ICD placement was done a median of 3 days after the 
electrophysiological study or ablation procedure (which-
ever was later; table 1). Because of logistical reasons, 

four patients received the device before the ablation 
procedure (1 day before in two; 4 days before in one; 
19 days before in one), but these patients did not have 
any VT events before ablation. One patient in the control 
group received the ICD 64 days after randomisation 
because of a left-ventricular thrombus.

Mean duration of follow-up was 22·5 months (SD 9·0). 
The underlying drug treatment was similar in both 
groups. Amiodarone was given to 37 (35%) of 107 patients 
at the time of randomisation (table 1), to 12 (26%) of 
46 patients in the ablation group after 12 months, and to 
15 (31%) of 48 controls after 12 months.

6916 events of VT could be identifi ed in 259 (31%) 
of 839 ICD interrogations. In 178 (69%) of 
259 interrogations, complete diagnostics were available 
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Figure 3: Kaplan-Meier curves for the primary endpoint by left-ventricular function
Graphs show estimates for survival free from ventricular tachycardia (VT) or ventricular fi brillation (VF) in 
patients with (A) left-ventricular ejection fraction (LVEF) of 30% or less and (B) left-ventricular ejection fraction 
more than 30%. Censored patients are indicated by dots. The p value was calculated by log-rank test.
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analysed with Wilcoxon tests or Fisher’s exact test, as 
appropriate.

All statistical analyses were based on the intention-to-
treat population, which included all randomised 
patients with available follow-up data. Where possible, 
analyses were done separately for category 1 events 
alone, category 1 and 2 events combined, and category 
1, 2, and 3 events combined. Unless otherwise stated, 
results for category 1 are presented in this report. 
Statistical analyses were done with SAS version 9.1.3. 
This study is registered with ClinicalTrials.gov, number 
NCT00919373. 

Role of the funding source
The sponsor of the study paid for the independent 
statistician (who handled and analysed the data), for 
administrative costs (patients’ insurance, institutional 
review board fees), and data collection. The authors had 
full access to all data in the study. The corresponding 
author had fi nal responsibility for the decision to submit 
for publication.

Results
Figure 1 shows the trial profi le. 110 patients were 
enrolled in 16 participating European centres in 
Germany (13 centres), Switzerland (one), Czech 
Republic (one), and Denmark (one). The intention-to-
treat population consisted of 107 patients because two 
patients withdrew consent immediately after ran-
domisation without any follow-up data and one patient 
with non-ischaemic VT had to be excluded from the 
study (violation of protocol inclusion criterion). Table 1 
shows the demographic and baseline charac teristics of 
the patients.

At the initial electrophysiological study, a mono-
morphic VT was induced in 94 (88%) of 107 patients. 
The induced VT matched the documented clinical VT 
in 78 patients (39 patients in each group). 45 patients 
assigned to VT ablation received this intervention; the 
procedure was done with the electroanatomic system in 
32 patients, the non-contact system in 11 patients, and 
by conventional mapping in two patients. Seven patients 
assigned to VT ablation did not undergo the procedure 
(see fi gure 1 for reasons). Acute success of ablation was 
reported in 27 patients, with failure reported in six 
patients. The ablation result remained undefi ned in 
12 patients. A reablation was done in three patients, at 
59 days, 60 days, and 72 days, respectively, after the fi rst 
ablation. 12 patients in the control group crossed over 
to VT ablation: nine during the fi rst year after 
defi brillator implantation (four during the fi rst 3 weeks), 
and three patients more than 22 months after 
implantation. Median time until crossover was 219 days 
(IQR 21–499) after defi brillator implantation.

ICD placement was done a median of 3 days after the 
electrophysiological study or ablation procedure (which-
ever was later; table 1). Because of logistical reasons, 

four patients received the device before the ablation 
procedure (1 day before in two; 4 days before in one; 
19 days before in one), but these patients did not have 
any VT events before ablation. One patient in the control 
group received the ICD 64 days after randomisation 
because of a left-ventricular thrombus.

Mean duration of follow-up was 22·5 months (SD 9·0). 
The underlying drug treatment was similar in both 
groups. Amiodarone was given to 37 (35%) of 107 patients 
at the time of randomisation (table 1), to 12 (26%) of 
46 patients in the ablation group after 12 months, and to 
15 (31%) of 48 controls after 12 months.

6916 events of VT could be identifi ed in 259 (31%) 
of 839 ICD interrogations. In 178 (69%) of 
259 interrogations, complete diagnostics were available 
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9.5% vs 
8.6%
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for all documented VTs (category 1). Electrogram 
storage capacity was exceeded in 81 (10%) of all 
839 follow-up visits, resulting in 5727 VT events of 
category 2 and 3 (323 in the ablation group and 5404 in 
the control group; table 2). Two VF events were 
diagnosed in two patients.

The primary endpoint, fi rst recurrence of any VT or 
VF, occurred after a median of 18·6 months in the 
ablation group and 5·9 months in the control group 
(p=0·045, log-rank test; table 3). According to the Kaplan-
Meier analysis (fi gure 2), 59% of patients in the ablation 
group and 40% of patients in the control group were free 
from any VT or VF episode after 12 months. After 
24 months, 47% of patients in the ablation group and 
29% of controls were free from any VT or VF episode 
(HR in ablation group, 0·61; 95% CI 0·37–0·99). In three 
patients (ablation group, one; control group, two) the fi rst 
recurrence of VT was a slow VT below the detection rate 
of the ICD.

Electrocardiogram or electrogram documentation of 
the fi rst recurrence of VT was available in 98 of 
107 patients, whereas the electrogram of the fi rst VT was 
overwritten as a result of ICD storage overfl ow in nine 
patients (ablation group, four; control group, fi ve). 
Therefore, the fi rst events in these patients occurred 
earlier than the fi rst ones with available electrogram 
documentation that were used for initial (category 1 only) 
endpoint analysis. If the earlier (category 2 and 
category 3) episodes of these nine patients are included 
in the analysis of time to fi rst VT or VF, the diff erence 
between treatment groups for the primary endpoint does 
not reach signifi cance (p=0·051, log-rank test).

When patients with moderately impaired LVEF (>30%) 
were analysed separately, the diff erence between 
ablation and control groups in survival free from VT or 
VF was greater than the diff erence seen in the entire 
intention-to-treat population. However, in patients with 
an LVEF of 30% or less, survival free from VT or VF did 
not diff er between treatment groups (fi gure 3). In 
patients with an LVEF of more than 30%, the estimate 
for survival free from any VT after 2 years was higher in 
the ablation group (48%) than in the control group (27%; 
HR for ablation group, category 1, 0·47, 95% CI 
0·24–0·88). Consistent results were seen when 
categories of ICD episode were analysed separately 
(category 1 only, p=0·016; 1 and 2, p=0·018; 1, 2, and 3, 
p=0·018, log-rank test).

The secondary endpoints of VT storm, syncope, or 
death did not diff er between the groups (table 3). 
Estimates for survival free from hospital admission for 
cardiac reasons were 75% in the ablation group and 
63% in the control group after 12 months, and 67% and 
45% after 24 months, respectively (HR in ablation group 
0·546, 95% CI 0·30–0·99; p=0·044, log-rank test; 
fi gure 4).

The proportion of patients who received at least one 
appropriate ICD intervention was 19% lower in the 
ablation group than in the control group (p=0·051, 
Fisher’s exact test; table 3). The number of appropriate 
events of ICD therapy per patient and year was lower in 
the ablation group than in the control group (median 0·2 
vs 3·0; p=0·013, Wilcoxon test; table 3) when ICD 
episodes from all three categories were analysed.
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Figure 4: Kaplan-Meier curves for the secondary endpoint of hospital admission
Estimates of survival free from hospital admission for cardiac reasons. Censored patients are indicated by dots. 
The p value was calculated by log-rank test.
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• 22.5 month FU
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• EF 33%
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at the clinic after having received an ICD shock 
5 months after randomization).

The majority of patients (87%) underwent im-
plantation of the defibrillator before ablation, but 
in 13% of patients the ablation procedure was 
performed before defibrillator implantation. Ven-
tricular mapping was performed by means of ei-
ther a retrograde aortic approach alone (26%) or 
a combined retrograde aortic and transseptal 
approach (74%). Ablation was performed with a 
standard ablation catheter in 10 patients (16%) 
and an irrigated ablation catheter in 48 patients 
(79%). In three patients (5%), no appreciable en-
docardial scar was visualized and therefore no 
ablation lesions were placed.

Substantial ablation-related complications oc-
curred in three patients: a pericardial effusion 
without tamponade, which was managed conser-
vatively; an exacerbation of congestive heart fail-
ure requiring prolonged hospitalization; and a 
deep venous thrombosis requiring prolonged anti-
coagulation therapy. No ICD leads became dis-
lodged, and no devices became infected. The 30-
day mortality rate was zero.

Follow-up and Clinical Outcome
All surviving patients completed the 2-year follow-
up except the two who did not undergo ablation 
and were lost to follow-up. The mean (±SD) dura-
tion of follow-up was 22.5±5.5 months (range,  
0 to 26). During follow-up, no patient received an 
antiarrhythmic agent (other than beta-blockers) 

before the primary end point was reached. Once 
a patient had had an ICD event, the physician was 
free to treat the patient as was clinically appro-
priate with membrane-active antiarrhythmic drugs 
(typically amiodarone or sotalol), catheter abla-
tion (including repeat catheter ablation in patients 
who had been enrolled in the ablation group), 
or both.

As shown in Table 2, after 2 years of follow-
up, 8 patients in the ablation group (12%) and 
21 in the control group (33%) received at least 
one episode of appropriate ICD therapy, defined 
as either shocks or antitachycardia pacing (hazard 
ratio, 0.35; 95% confidence interval [CI], 0.15 to 

Table 2. End Points.*

Variable
Ablation Group

(N = 64)
Control Group

(N = 64)
Hazard Ratio

(95% CI) P Value

no. of patients (%)

ICD events* 8 (12) 21 (33) 0.35 (0.15–0.78) 0.007†

ICD shocks 6 (9) 20 (31) 0.27 (0.11–0.67) 0.003†

ICD storms 4 (6) 12 (19) 0.30 (0.09–1.00) 0.06‡

Death 6 (9) 11 (17) 0.59 (0.22–1.59) 0.29†

Congestive heart failure 3 (5) 6 (9)

Ventricular tachycardia storm 0 1 (2)

Cancer 1 (2) 0

Pulmonary embolism 1 (2) 0

Unknown 1 (2) 4 (6)

* Implantable cardioverter–defibrillator (ICD) events include ICD shocks and antitachycardia pacing.
† The P value was calculated by the log-rank test.
‡ The P value was calculated by Fisher’s exact test.
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Figure 1. Kaplan–Meier Estimate of the Primary End Point of Survival Free 
from ICD Therapy.

ICD denotes implantable cardioverter–defibrillator.
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0.78; P = 0.007). Kaplan–Meier analysis of this 
primary end point reveals progressive divergence 
of the curves for survival free from ICD therapy 
(Fig. 1). Multivariate analysis adjusted for patient 
characteristics and medication use at baseline did 
not reduce the magnitude of the effect observed 
(hazard ratio, 0.31; 95% CI, 0.13 to 0.76; P = 0.01).

As shown in Figure 2, there were no signifi-
cant differences in the effect of ablation on the 
primary end point of any subsequent ICD ther-
apy in any of the subgroup analyses performed. 

These included stratification according to sex, 
functional class, age, ventricular function (includ-
ing those patients with the most severely de-
pressed function), index arrhythmia, type of ICD, 
and the presence or absence of hypertension, of 
diabetes, and of previous revascularization.

Six of the patients assigned to ablation (9%) 
and 20 of the control patients (31%) received at 
least one appropriate ICD shock (excluding anti-
tachycardia pacing) (P = 0.003) (Fig. 3A). There 
was a trend toward decreased mortality in the 
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Figure 2. Hazard Ratios and 95% Confidence Intervals for Subsequent ICD Therapy According to Subgroup.

The chart shows hazard ratios (black diamonds) with 95% confidence intervals (horizontal lines) and P values for the interaction be-
tween the treatment effect and each subgroup variable. Because of the limited number of patients in certain subgroups, wide confi-
dence intervals are noted. The dashed vertical line indicates the hazard ratio for the study entire population. NYHA denotes New York 
Heart Association, and ICD implantable cardioverter–defibrillator.
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0.78; P = 0.007). Kaplan–Meier analysis of this 
primary end point reveals progressive divergence 
of the curves for survival free from ICD therapy 
(Fig. 1). Multivariate analysis adjusted for patient 
characteristics and medication use at baseline did 
not reduce the magnitude of the effect observed 
(hazard ratio, 0.31; 95% CI, 0.13 to 0.76; P = 0.01).

As shown in Figure 2, there were no signifi-
cant differences in the effect of ablation on the 
primary end point of any subsequent ICD ther-
apy in any of the subgroup analyses performed. 

These included stratification according to sex, 
functional class, age, ventricular function (includ-
ing those patients with the most severely de-
pressed function), index arrhythmia, type of ICD, 
and the presence or absence of hypertension, of 
diabetes, and of previous revascularization.

Six of the patients assigned to ablation (9%) 
and 20 of the control patients (31%) received at 
least one appropriate ICD shock (excluding anti-
tachycardia pacing) (P = 0.003) (Fig. 3A). There 
was a trend toward decreased mortality in the 
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Figure 2. Hazard Ratios and 95% Confidence Intervals for Subsequent ICD Therapy According to Subgroup.

The chart shows hazard ratios (black diamonds) with 95% confidence intervals (horizontal lines) and P values for the interaction be-
tween the treatment effect and each subgroup variable. Because of the limited number of patients in certain subgroups, wide confi-
dence intervals are noted. The dashed vertical line indicates the hazard ratio for the study entire population. NYHA denotes New York 
Heart Association, and ICD implantable cardioverter–defibrillator.
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ablation group as compared with the control 
group (9% vs. 17%, P = 0.29) (Table 2). ICD storms 
occurred in 4 patients assigned to ablation (6%) 
and 12 control patients (19%) (P = 0.06).

Adverse Effects
As shown in Figure 4, there was no evidence of 
an adverse effect of catheter ablation on ventricu-
lar function. In both groups, there were no sig-
nificant changes in the distribution of patients 
according to NYHA functional class from before 
enrollment to 3 months after enrollment. In the 
group assigned to ablation, 84% were in NYHA 
class I or II and 16% were in class III or IV at base-
line; the corresponding percentages at 3 months 
were 88% and 12%. In the control group, 77% 
were in NYHA class I or II, and 23% were in class 
III or IV at baseline; the corresponding percent-
ages at 3 months were 85% and 15%. Three pa-
tients (two in the ablation group and one in the 
control group) received inappropriate defibrilla-
tor shocks as a result of supraventricular tachy-
cardias (two with atrial fibrillation and one with 
atrial flutter).

Discussion

Our trial was initiated to objectively examine the 
use of substrate ablation in patients with a previ-
ous myocardial infarction who were receiving an 
ICD for the secondary prevention of sudden death. 
As compared with the control population, patients 
in the ablation group had a 65% reduction in the 
risk of receiving ICD therapy during the subse-
quent 2 years. When antitachycardia-pacing ther-
apy was excluded from this analysis, there remained 
a 73% reduction in the risk of receiving subse-
quent ICD shocks. This effect may be clinically 
important, not only because of the reduction in 
the unpleasant experience of device discharge, 
but also in terms of subsequent adverse cardio-
vascular events. The Defibrillator in Acute Myo-
cardial Infarction Trial (DINAMIT) and the Mul-
ticenter Automatic Defibrillator Implantation 
Trial-II (MADIT-II) both found an increase in con-
gestive heart failure and mortality in patients re-
ceiving ICD shocks (although the shocks may not 
have been causally related to heart failure or 
mortality).19,20 These end points consisted not of 
a decrease in the number of ICD events but, rather, 
of a decrease in the total number of patients who 

received any ICD therapy. In addition, all the pa-
tients were followed for 2 years or until death. 
The two groups were well balanced with respect 
to baseline characteristics, and a high percentage 
received beta-blockers and antagonists of the re-
nin–angiotensin–aldosterone system. The groups 
were also well balanced with respect to the use of 
statin drugs, which some studies suggest may 
decrease the risk of ICD therapy, although not all 
patients used these drugs.21

Our study is unusual in including not only pa-
tients with monomorphic ventricular tachycardia 
but also those whose index arrhythmic episode 
was ventricular fibrillation. However, patients 
with ventricular fibrillation constituted a smaller 
percentage of the study cohort than did patients 
with other qualifying arrhythmias, and it is pre-
mature to draw specific conclusions about the 
salutary effects of catheter ablation in this group.
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Figure 3. Kaplan–Meier Estimates of Secondary End Points.

ICD denotes implantable cardioverter–defibrillator.
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• Has a limited role
• Probably best applied to those with EF>30%
• Uncertain whether it will be cost effective

2o prevention VT ablation



1o prevention VT ablation

• n = 66 patients with primary prevention ICD
• Retrospective cf VT ablation vs no VT ablation
• 50±38 months FU
• 65% betablocker use
• EF 32±11%
• Success 78%
• Partial 22%
• Fail 0%

Hayashi et al. Europace 2013
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Hayashi et al. Europace 2013

Discussion
Previous studies showed that experiencing ICD shock leads to a
decrease in quality of life and an increase in mortality.3,5,15 The
results of the present study indicate that the incidence of appropri-
ate ICD therapy, including that of appropriate shock, is significantly
lower in patients who have undergone prophylactic CA for
induced monomorphic VT compared with patients who have not

undergone prophylactic CA. This finding is clinically significant, as
reducing the incidence of appropriate ICD therapy may not only
reduce the incidence of device discharge, an unpleasant experience
for the patient, but also decrease the risk of subsequent adverse
cardiovascular events. A sub-analysis conducted by the Multicenter
Automatic Defibrillator Implantation Trial II (MADIT-II) indicated
that (i) patients with inducible sustained monomorphic VT
received appropriate ICD therapy at a significantly higher rate
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Figure 6 Kaplan–Meier curve estimate of survival free from ap-
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Discussion
Previous studies showed that experiencing ICD shock leads to a
decrease in quality of life and an increase in mortality.3,5,15 The
results of the present study indicate that the incidence of appropri-
ate ICD therapy, including that of appropriate shock, is significantly
lower in patients who have undergone prophylactic CA for
induced monomorphic VT compared with patients who have not

undergone prophylactic CA. This finding is clinically significant, as
reducing the incidence of appropriate ICD therapy may not only
reduce the incidence of device discharge, an unpleasant experience
for the patient, but also decrease the risk of subsequent adverse
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1o prevention VT ablation

• n = 166 patients with VT and EF>30%
• VT ablation and no ICD
• 32 months FU
• 51% betablocker use
• EF 50±10%
• Success 83%
• Partial 9%
• Fail 4%
• Unknown 5%

Maury et al. EHJ 2014
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Maury et al. EHJ 2014

At discharge, amiodarone was prescribed to 8 patients, beta-
blockers to 72, amiodarone + beta-blockers to 28, sotalol to 16,
and class 1 drugs with or without beta-blockers to 5. No antiarrhyth-
mic drugs were prescribed for 37 patients.

Follow-up
The mean follow-up was 32+27 months (1 week to 134 months),
leading to a cumulative follow-up of 437 patient-years. Follow-up
duration in living patients was never less than 6 months except for
5 patients early implanted after discharge (see below). No patient
was lost to follow-up.

Mortality
Twenty patients died (all-cause mortality 12%—i.e. 4.5% annual
mortality rate) at a median time of 25 months after catheter ablation
(1week to83months). Actuarial survival curve forall-causemortality
is shown in Figure 1.

Of these 20 patients, 8 (40%) died from non-cardiovascular causes
(1 week to36months, median18), 8 (40%)died fromnon-arrhythmic
cardiovascular causes (6–83 months, median 27), and 4 patients
(20%) died suddenly (1–75 months, median 37); none with recurrent
SMVT before the fatal event. No patient with end-stage heart failure
had documented terminal VT. Details related to mortality rates and
causes of death are depicted in Tables 4 and 5. Actuarial survival curve
for SD is shown in Figure 2.

Parameters significantly related to all-cause mortality in univariate
and multivariate are listed in Table 6.

A total of 378 patients were implanted for well-tolerated MSVT
and LVEF . 30% at our eight centres during the same period of
time (86% men, 63+13 years old, 76% ischaemic heart disease,
LVEF 43+10%). All-cause mortality in the comparison group for
the same follow-up duration was 12% (46 patients).

Ventricular tachycardia recurrences
Sustained monomorphic ventricular tachycardia recurred in 27
patients after the initial RF ablation (16%, i.e. 6% mean annual recur-
rence rate) at a median time of 5 months after the procedure (3 days
to 41 months). Actuarial survival curve without SMVT recurrence is
shown in Figure 3.

Figure 1 Actuarial survival curve for all-cause mortality.
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Table 4 Mortality rates and causes of deaths in the
patient’s population (n 5 166)

All-cause mortality 20/166 (12%)

Non-cardiac mortality 8/166 (4.8%)

Neoplasy 2

Renal failure 1

Pulmonary cause 2

Neurologic deterioration 1

Cachexy 1

Exact cause NA 1

Cardiac non-arrhythmic mortality 8/166 (4.8%)

Refractory heart failure 7

Electro-mechanical dissociation 1

Sudden death 4/166 (2.4%)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Details about the four patients presenting with
sudden death during the follow-up

Delay after
ablation
(months)

1 33 42 75

Underlying
heart
disease

Valvular Ischaemic Ischaemic Ischaemic

Gender Male Male Male Male

Age 77 76 60 81

LVEF (%) 65 50 50 43

VT rate (bpm) 140 170 160 135

Symptoms Palpitations Near
syncope

Chest
pain

Near
syncope

Inducible after
ablation

NA No No Fast VT

Figure 2 Actuarial survival curves for sudden death.
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1o prevention VT ablation

Maury et al. EHJ 2014

All cause mortality 20/166 (12%)

Non-cardiac 8 (5%)
Non-SCD 8 (5%)
SCD 4 (2.4%)

Patients 
with SCD

1 2 3 4

DIsease Valvular IHD IHD IHD
Age 77 76 60 81
EF 65 50 50 43
Ablation ? Success Success Partial



1o prevention VT ablation
• 20 pts had ICDs 9 without VT recurrence

– 6 post ablation inducibility
– 1 bivent
– 2 at other centres

• Appropriate therapy
– 78% if VT recurrence
– 50% if no VT recurrence

Maury et al. EHJ 2014



1o prevention VT ablation

• 1o prevention ablation not shown to be cost 
effective

• most pts do not have VT stim pre-ICD 
• In setting of IHD the EF does not appear a good 

predictor of future SCD
• VT recurrence has low mortality
• ?VT ablation alone a reasonable strategy in 

stable VT and EF>30%



• Start endocardial - TS approach
• Create point by point geometry (single 

electrode catheter)
• Simultaneous low resolution voltage map
• Localise catheter to area of interest
• Induce VT

Practical aspects of VT ablation -1



Practical aspects of VT ablation - 2
VT tolerated?

Activation mapHigh res scar map

PartialsuccessEncirclement of scar

Stop

fail

channels seen?

RF channels

Epicardial

Partialsuccess fail
no DPs



Epicardial vs endocardial

• Pre-ablation ECG doesn't predict source 
• Safe to go epicardial with heparin if 

endocardial fails

ECG criteria? Substrate 
criteria?

Either

Epicardial source 33% 33% 66%

Endocardial 29% 33% 62%

Page et al Europace 2012



Lessons to learn from AF ablation

• v large numbers/experience around the world
• v difficult to achieve end-point even in a thin 

chamber
• substrate ablation even harder 
• In a thicker chamber (ventricle) where time to 

map is more limited this is even harder
• new technologies (force sensing and better 

mapping) may impact to some degree



Conclusions
• Role of VT ablation has not evolved
• The techniques and outcomes may have 

evolved
• Sole clear indication is palliation of recurrent 

VT
• Early intervention with a clear strategy and 

ability to complete the protocol is important to 
deliver reasonable outcomes

• Paucity of data describing outcomes and their 
trends


