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Abstract
Background Patients with ischemic heart disease may have
implantable cardioverter defibrillators (ICDs) implanted for
primary or secondary prevention of sudden cardiac death.
Although ICD shocks can be life saving, in some patients,
they have been associated with increased mortality and/or
morbidity. Several studies have suggested that catheter abla-
tion may be superior to non-ablative strategies at preventing
ICD shocks delivered for ventricular arrhythmias; however,
this is still controversial.
Methods We performed a meta-analysis of randomized con-
trolled trials (RCTs) comparing catheter ablation with non-
ablative strategies in treatment of ventricular tachycardia
(VT) in patients with ischemic heart disease and an ICD.
The primary endpoints of interest were recurrent episodes of
VT and death. We used a binary random effects method to
calculate the cumulative odds ratios (OR) for recurrent VT
and deaths.
Results Of a total of 643 potential citations, our search yielded
three citations that met our inclusion and exclusion criteria. In
the three trials, a total of 262 patients were randomized to
ablation (n = 129) or non-ablative interventions (beta-
blockers±use of antiarrhythmics) (n=133) group. The cumu-
lative OR for recurrent VTwas 0.471 (95 % confidence inter-
val (CI)=0.176–1.257) for catheter ablation compared with
non-ablative strategies, and for death, it was 0.766 (95 %

CI=0.351–1.674). Excluding one study for being appreciably
smaller than the other two, the OR for recurrent VTwas 0.298
(95 % CI=0.164–0.543).
Conclusions In this meta-analysis, the rate of recurrent VT
was lower with VT catheter ablation compared with non-
ablative strategies. There was not a significant difference in
rate of death among patients receiving catheter ablation versus
non-ablative strategies for management of VT. Given the lack
of adequately powered RCTs comparing ablation versus med-
ical management of VT in patients with ischemic heart disease
and an ICD, larger studies with longer follow-up are needed.
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1 Introduction

Multicenter, randomized studies have demonstrated the value
of implantable cardioverter defibrillators (ICDs) in reducing
mortality in patients with heart failure and low ventricular
ejection fraction as well as patients with spontaneous and in-
ducible ventricular arrhythmias [1–3]. While the ICD treats
ventricular arrhythmias such as ventricular tachycardia (VT),
it does not prevent them from occurring. Thus, clinicians still
have to address the morbidity that patients may experience
due to recurrent VT and ICD shocks. In the Antiarrhythmics
versus Implantable Defibrillators (AVID) trial data, Schron et
al. first showed that even though the majority of ICD shocks
are appropriate, patients with shocks have reduced quality of
life and increased anxiety compared with patients with ICDs
who do not receive any shocks [4]. Since then, numerous
studies have been published documenting the possible detri-
mental psychological effects of recurrent ICD shocks [5–7].
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Furthermore, data from MADIT-II and SCD-HeFT have
shown that patients who experience an appropriate shock for
VT experience a significantly higher rate of mortality com-
pared with patients who do not receive device therapy, signi-
fying the importance of preventing recurrent VT [8, 9].

In current clinical practice, patients with ICDs who experi-
ence, recurrent episodes of VT and shocks are usually man-
aged with antiarrhythmic medications to prevent future epi-
sodes. Radiofrequency catheter ablation (RFA) was first
shown to have promising results in treatment of VT in patients
without structural heart disease in the early 1990s [10].
Morady et al. were the first to apply these principles to patients
with ischemic heart disease and found that RFA could be
successfully applied to patients with structural heart disease
and recurrent monomorphic VT, refractory to antiarrhythmic
therapy [11]. Since then, several prospective cohort studies
have shown varying degrees of acute success of VT ablation
in patients with coronary heart disease (49 [12], 75 [13], and
81 % [14]); however, recurrence rates of VTat 6 months post-
ablation may be up to 50 % [12–14].

Given the paucity of existing data on the efficacy of cath-
eter ablation compared with pharmacological therapy for VT
in patients with ischemic heart disease, we performed a sys-
tematic review and meta-analysis to examine the effect of
ablation on recurrent episodes of VT as well as death.

2 Methods

To be included in our analysis, a study had to meet all of the
following criteria (1) patients with ischemic heart disease, (2)
patients with a primary or secondary prevention ICD (im-
planted before or after the ablation in patients who underwent
this procedure), (3) one of the comparators is catheter ablation
for VT, (4) study had at least two comparators, and (5) a
prospective study design. The main outcome of interest in
our study was recurrent VT. Other outcomes were ICD shocks
for VT and death.

We performed a systematic search of the existing literature
using PubMed and clinicaltrials.gov. We limited our search on
PubMed to the following MeSH terms: Bcatheter ablation
AND ventricular tachycardia AND (ischemic heart disease
OR ischemic cardiomyopathy OR coronary artery disease)^.
We searched clinicaltrials.gov with the terms Bcatheter
ablation^ and Bventricular tachycardia^. In addition, the ref-
erences of full-length manuscripts that resulted from the initial
search were reviewed manually to find other studies not cap-
tured in our initial search.

Figure 1 shows a flow chart of our review process and
shows reasons for which articles were excluded. All abstracts
were reviewed, and if a study appeared to have met our eligi-
bility criteria, the full-length manuscript was then reviewed to
make a final determination regarding including the study.

Abstracted data included study design, baseline patient char-
acteristics, duration of follow-up, number of deaths, and re-
current VT. Results were recorded on a form created in
Distiller SR (Ottawa, CA).

2.1 Statistical analysis

We performed our meta-analysis using OpenMeta software
(Brown University: Funded by Agency of Health Care
Research and Quality Grant Number R01 HS 018574).
Using the software, we performed a cumulative meta-
analysis of the included studies and used binary random ef-
fects method (DerSimonian-Laird) with our confidence inter-
val set at 95 %. We used the Cochrane statistic I2 to calculate
the heterogeneity of the results across the studies.

3 Results

3.1 Extraction of articles

Using our search strategy, we abstracted 638 articles from
PubMed and 49 trials from clinicaltrials.gov (Fig. 1). The
most common reason for excluding studies was the absence
of a comparator (n=151). A total of 140 abstracts were ex-
cluded because they were review articles. Additionally, 118
articles were excluded because they were case reports, and 60
articles were excluded because they included patients with
non-ischemic cardiomyopathy or patients without structural
heart disease. Of the 49 studies identified on clinicaltrials.gov,
41 did not have results available as most were still in process.
Of the eight with results available, three were excluded be-
cause they studied effects of ablation on atrial fibrillation, two
were excluded because they did not have a comparison arm,
and one had a recruitment problem. The remaining two studies
were studies included in our analysis.

The full citations of six studies were closely examined. We
did not include Trappe et al. because some patients receiving
catheter ablation did not have ICDs implanted before or after
their ablation was performed [15]. We excluded Szumowski
et al. because the trial was terminated early after patients ran-
domized to receive ablation for their VT refused to have the
procedure done [16]. Of the two citations that reported the
results of the Ventricular Tachycardia Ablation in Coronary
Heart Disease (VTACH) study [17, 18], we included the one
that analyzed data according to the intention-to-treat principle
[17].

3.2 Study characteristics

As seen in Table 1, we identified a total of three studies that
randomized a total of 262 patients with ischemic heart disease
and an ICD to either VT catheter ablation or a non-ablative
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strategy. All three of these were multi-center, prospective ran-
domized controlled trial (RCT) studies. The enrollment strat-
egies and inclusion and exclusion criteria were quite different
among the three RCTs. In the study by Reddy et al., patients
on class I or III antiarrhythmic medications were excluded,
and the non-ablative strategy arm was an ICD along with
optimal medical management of ischemic heart disease [19].
Kuck et al. enrolled patients with an ICD and allowed indi-
vidual site investigators to decide on the optimal medical

therapy for managing patients assigned to the non-ablation
arm but recommended limiting the use of antiarrhythmic
drugs [17]. In contrast to the other two trials, the non-
ablative strategy arm in the study by Al-Khatib et al. included
anti-arrhythmic medications as recommended by the 2006
Consensus Guidelines for Management of Patients with
Ventricular Arrhythmias and Prevention of Sudden Cardiac
Death in addition to optimal medical therapy for patients with
ischemic heart disease [20]. In Reddy et al., about 87 % of

Fig. 1 Flow chart describing the review process. The initial search on
PubMed identified 638 potential articles of interest, which were each
thoroughly reviewed for inclusion and exclusion criteria. An additional

search on clinicaltrials.gov identified 49 trials. We thoroughly examined
six full manuscripts for inclusion in our study of which three met our
criteria

Table 1 Randomized trials of catheter ablation for VT in patients with ischemic heart disease

Trial Publication Year Number of
patients

Inclusion criteria Comparator Follow-up
(months)

Primary endpoint

Reddy et al. NEJM 2007 128 Prior MI, secondary prevention with
ICD, criterion added later on: ICD
for primary prevention and
appropriate ICD therapy for a
single event

ICD alone 24 Free from any
appropriate
ICD therapy

Kuck et al. Lancet 2010 107 Prior MI, stable VT, secondary
prevention with ICD,
LVEF< 50 %

ICD alone 22.5 Time to recurrence
of VT/VF

Al-Khatib
et al.

Journal of Cardiovascular
Electrophysiology

2014 27 Ischemic heart disease, ICD
implanted for secondary or
primary prevention, eligible for
ablation/drug therapy, appropriate
ICD shock or greater than 3 ATPs

Antiarrhythmic
+ICD

6 Study feasibility
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patients had ICDs implanted before receiving their ablation,
while in Kuck et al., all patients randomized to the ablation
arm received their ICD after the procedure [17, 19]. In con-
trast, Al-Khatib et al. required all patients to have an ICD
before enrolling them to be randomized to medical manage-
ment or catheter ablation for ventricular tachycardia [20].

Kuck et al. allowed the use of either an electroanatomic or
non-contact system for substrate mapping [17], while Reddy et
al. used only electroanatomic substrate mapping [19]. Al-
Khatib et al. allowed individual centers to pick their own VT
mapping method and own way of identifying substrates lead-
ing to VT [20]. If VT was inducible using programmed stim-
ulation, all three studies used non-inducibility of VT to define a
successful ablation [17, 19, 20]. If VTwas not inducible at the
beginning of the study, Al-Khatib et al. used Bmodification of
induced VTcycle length and non-inducibility of anyVT^ as its
endpoint [20], while Kuck et al. used Babsence of all channels
inside the area of interest or ablation with linear lesions based
on pace mapping along the infarct scar target sites^ [17].

The primary endpoint of the study by Reddy et al. was
freedom from any appropriate ICD therapy, while the primary
endpoint of the study by Kuck et al. was time to recurrence of
sustained VT/VF [17, 19]. The study by Al-Khatib et al. was a
pilot study, and so the primary endpoint was feasibility of
conducting a larger multicenter randomized clinical trial that
would examine mortality, but this study reported on recurrent
sustained VT/VF and death [20]. Furthermore, Al-Khatib et
al. had a shorter follow-up period of 6 months while Kuck et
al. and Reddy et al. both had follow-up periods of close to
2 years [17, 19, 20].

Baseline characteristics of the patients included in the three
studies are shown in Table 2. The majority of patients were
male (90 %) and were on beta-blockers (87 %) at the time of
randomization. The studies had varying rates of anti-
arrhythmic use prior to randomization and during the study
period. Patients in the study by Reddy et al. had no prior or

current use of anti-arrhythmic in the study [19]. Kuck et al.
reported that 35 % of patients were on amiodarone at the time
of randomization for both the ablation and non-ablation group
[17]. After 12 months of follow-up, amiodarone use was 26%
in patients who received ablation and 31 % in patients in the
control group [17]. In Al-Khatib et al., 31 % of patients were
previously on amiodarone and 15 % on sotalol in the ablation
group, while 21%were previously on amiodarone and 7% on
sotalol in the anti-arrhythmic group [20]. Furthermore, 5 of 11
patients (45 %) who received ablation were on an anti-
arrhythmic drug during follow-up [20].

Of the two studies who reported on 30 day mortality,
Reddy et al. and Kuck et al. both did not have any deaths after
ablation [17, 19].

3.3 Outcomes for ablation versus non-ablative strategies

Using a random effects model, the cumulative odds ratio (OR)
for recurrent VT in the follow-up period between patients who
underwent VT catheter ablation compared with those who re-
ceived non-ablative therapies was 0.471 (95 % CI=0.176–
1.257; Fig. 2a). Excluding the study by Al-Khatib et al. because
of its relatively small sample size and shorter follow-up period
compared with the other two studies, the OR for the catheter
ablation arm compared with the non-ablative therapy arm for
recurrent VT was 0.298 (95 % CI=0.164–0.543; Fig. 2b).
There was a non-significant (p=0.065) trend toward heteroge-
neity among the three studies for recurrent VT. Excluding Al-
Khatib et al., there was not significant heterogeneity for recur-
rent VT among the other two studies (I2=0; p=0.954).

Using the three studies, the cumulative OR for death be-
tween patients randomly assigned to catheter ablation versus
those who received non-ablative therapies was 0.766 (95 %
CI=0.351–1.674; Fig. 3a). Excluding Al-Khatib et al., the OR
for deaths in the VT catheter ablation arm versus the non-

Table 2 Patient characteristics in the three trials included in the meta-analysis

Studies Age (years) Male (%) Time from MI to
enrollment (years)

LVEF (%)a Hypertension (%) Diabetes
mellitus (%)

Single chamber
ICD (%)

Beta-blockers
(%)

Reddy et al.

Ablation 67 (mean) 92 8.8 30.7 73 38 36 94

Control 66 (mean) 81 7.9 32.9 67 50 48 98

Kuck et al.

Ablation 68 (mean) 96 12.6 34.0 NR NR 65 75

Control 64 (mean) 91 13.3 34.1 NR NR 67 75

Al-Khatib et al.

Ablation 64 (median) 100 NR 25 (median) 69 46 8 100

Control 65 (median) 86 NR 23 (median) 86 36 43 86

NR not reported
a LVEF is a continuous variable reported as mean unless specified
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ablative strategy arm was 0.745 (95 % CI = 0.285–1.949;
Fig. 3b).

4 Discussion

The main result of this meta-analysis is that compared with
medical therapy, VT catheter ablation in patients with an ICD
and ischemic heart disease appears to result in fewer VT re-
currences. We found no significant difference in the rate of
death whether patients are treated with catheter ablation or
non-ablative strategies for VT.

One meta-analysis that studies VT catheter ablation com-
pared to medical management has been published. It showed
that VT catheter ablation in addition to standard medical ther-
apy reduces recurrent VT but has no effect on mortality [21].
The main limitation of that study is the authors analyzed both
patients with non-ischemic and ischemic cardiomyopathy.
This may be problematic because the techniques for VT cath-
eter ablation are different in patients with ischemic cardiomy-
opathy who frequently have well-defined reentrant circuits,
than patients with non-ischemic cardiomyopathy in whom
the mechanism of VT may be more heterogeneous and may
not all be reentrant. In fact, recent data from the Heart Centre
of Leipzig Ventricular Tachycardia (HELP-VT) study

Fig. 2 a Forest plot of odds ratio (OR) for recurrent VT using the three
cumulative studies. A greater odds ratio favored ablation over non-
ablation in causing less recurrent VT. The black rectangle represents each
individual study’s OR estimate with the line, left and right of the

rectangle, representing the 95 % confidence interval. The center of the
blue diamond represents the cumulative OR estimate while the edges of
the diamond represent 95 % confidence interval. b Same as Fig. 2a but
excluded Al-Khatib et al.

Fig. 3 a Forest plot of odds ratio (OR) for deaths using the three cumu-
lative studies. A greater odds ratio favored ablation over non-ablation in
causing less deaths. The black rectangle represents each individual
study’s OR estimate with the line, left and right of the rectangle,

representing the 95% confidence interval. The center of the blue diamond
represents the cumulative OR estimate while the edges of the diamond
represent 95 % confidence interval. b Same as Fig. 2a but excluded Al-
Khatib et al.
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revealed that patients with ischemic cardiac disease who re-
ceived catheter ablation were significantly less likely to have
recurrent VT episodes compared with patients with non-
ischemic cardiac disease during 1 year of follow-up [22].
Other limitations of the previous meta-analysis include using
a fixed effects model to calculate the cumulative OR which is
not as robust as a random effects model, inclusion of stud-
ies with non-randomized patients, and inclusion of ab-
stracts whose final results were never published in manu-
script form [21].

The optimal management of VT in patients with ischemic
heart disease and a primary or secondary prevention ICD still
remains controversial. The OPTIC study first showed a sig-
nificantly lower rate of recurrent shocks with a combination of
amiodarone and beta blocker compared with sotalol or beta
blocker alone [23]. However, because of the adverse side ef-
fects and poor tolerance of antiarrhythmic medications, pa-
tients in the study had a high discontinuation rate of amioda-
rone and sotalol at 1 year post-initiation (18 and 24 %, respec-
tively) [23]. Current guidelines recommend considering cath-
eter ablation for VT that recurs despite antiarrhythmic drug
therapy or when antiarrhythmic drugs are not tolerated or de-
sired [24]. Future prospective studies and RCTs are needed to
answer whether catheter ablation is more effective than anti-
arrhythmic medications for the management of recurrent VT
and whether there are any survival benefit associated with
catheter ablation, especially given the recently published ret-
rospective data indicating that patients treated with ablation
have decreased mortality compared to patients medically
managed for recurrent VT [25].

4.1 Limitations

Themain limitation of the current study is the small number of
studies included in the analysis, though it should be noted that
we performed an exhaustive search of the published literature
for available articles. There are not many prospective con-
trolled and/or matched studies on the topic of interest likely
because most centers may have difficulty convincing patients
to participate in a trial in which there is a 50:50 chance of
receiving Ba pill^ versus undergoing an ablation as seen in
Szumowksi et al. [16]. However, the study by Al-Khatib et
al. showed that only 8 % of patients declined participating in
the trial comparing catheter ablation versus antiarrhythmic
medications [20]. Furthermore, with an I2 value of 63 the
interpretation of our cumulative OR may be limited, though
it should be noted that we performed a re-analysis without the
smaller study and arrived at a more homogeneous study pop-
ulation. Al-Khatib et al.’s results may be so different com-
pared to the other two studies due to its shorter follow-up of
(6months compared close to 2 years for the other two studies),
smaller sample size of only including 27 patients, and

possibility of having sicker baseline patients with higher VT
recurrence rates and deaths in both arms [20].

5 Conclusion

In patients with ischemic heart disease, catheter ablation of
VT results in decreased recurrent VT compared with medical
therapy alone. Although we found no difference in mortality
between the two strategies, the total number of patients was
too small to allow a definitive result. Future prospective stud-
ies are needed with more patients and longer follow-up to
better define the benefits from VT catheter ablation and deter-
mine if these benefits persist beyond 1–2 years of follow-up.
Furthermore, future studies need to investigate whether VT
catheter ablation or antiarrhythmic medications such as amio-
darone or sotalol is better first line therapy for the treatment of
recurrent VT in patients with ischemic heart disease.
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