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Abstract
Purpose Ventricular tachycardia (VT) is a frequent cause of mortality and morbidity in patients with ischemic heart disease
(IHD). We aim to perform a systematic review and meta-analysis of randomized controlled trials (RCT) of radiofrequency
catheter ablation (RCA) of VT in patients with IHD and to discuss its appropriate timing and limitations.
Methods Literature searches of MEDLINE, CENTRAL, the Cochrane Database of Systematic Reviews, Health Technology
Assessment, and PsycINFO were performed in February 2020. RCTs comparing RCA vs conventional management for VT in
patients with IHD and previous or planned implantable cardioverter defibrillator (ICD) were identified. Clinical outcomes
included all-cause mortality, cardiovascular mortality, cardiovascular hospitalization, VT storm, recurrent VT/ventricular fibril-
lation (VF), appropriate ICD therapies, and appropriate ICD shocks. Using a random-effects model, relative risk (RR) and 95%
confidence intervals (CI) were calculated for each outcome.
Results A total of 6 RCTs (N = 791) met inclusion criteria. RCA was associated with significantly lower VT storm (RR 0.70;
CI95% 0.51 to 0.94, p = 0.02) and appropriate ICD therapies (RR 0.69; CI95% 0.54 to 0.88, p = 0.003), including appropriate ICD
shocks (RR 0.66; CI95% 0.47 to 0.92, p = 0.02). There was no significant difference in all-cause or cardiovascular mortality,
cardiovascular hospitalization, and recurrent VT/VF.
Conclusions Radiofrequency catheter ablation for VT in patients with IHD was associated with a reduced risk of VT storm, ICD
therapies, and ICD shocks. There is a need for future carefully designed RCTs that incorporate improved RCA procedural aspects.
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Abbreviations
AAD Antiarrhythmic drug
CI Confidence interval
ICD Implantable cardioverter defibrillator
IHD Ischemic heart disease
RCA Radiofrequency catheter ablation
RCT Randomized controlled trial
RR Relative risk
VF Ventricular fibrillation
VT Ventricular tachycardia

1 Introduction

Ventricular tachycardia (VT) is a frequent cause of mortal-
ity and morbidity in patients with ischemic heart disease
(IHD). Also, its treatment represents an important
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challenge due to the high adverse event rate in this popu-
lation. After addressing adequate treatment for the struc-
tural heart disease, there are 3 therapeutic options for VT,
although many patients require a combination: implantable
cardiac defibrillator (ICD), antiarrhythmic drug (AAD),
and radiofrequency catheter ablation (RCA) [1]. ICDs have
been shown to reduce mortality in patients with IHD [2, 3].
They are effective in terminating VT, but they are unable to
prevent recurrent VT. In addition, recurrent ICD shocks
have been associated with an increase in all-cause mortal-
ity and in hospitalizations for heart failure and impaired
quality of life [4–6]. AAD reduces the risk of VT recur-
rence and ICD shocks, but are associated with significant
toxicity during long-term treatment, which frequently leads
to its discontinuation [7, 8]. RCA is an effective alternative
to prevent recurrent VT and ICD shocks in patients refrac-
tory or non-tolerant to AAD [9]. A recent meta-analysis
reported a reduction of VT recurrence and acute complica-
tions in early compared to late RCA referral [10].
However, timing for VT RCA is still unclear and annual
risk for VT recurrence persists unacceptably high (30–
50%) in patients who undergo conventional RCA.

VT frequently results from an underlying reentrant cir-
cuit around areas of myocardial patchy scar or at scar bor-
ders. In recent years, new multipolar mapping catheters
with smaller electrodes and interelectrode distance, in as-
sociation with automatic annotation software, allowed
high-density substrate mapping [11–13]. These improved
mapping resolution within areas of low voltage and en-
abled to better guide ablation [14–16]. However, there
are no randomized clinical trials (RCT) using this novel
technology.

We performed a systematic review and meta-analysis of
published RCTs to compare the role of conventional RCA
vs conventional management for VT in patients with IHD
and ICD implantation.

2 Methods

2.1 Data sources and search strategy

This systematic review was conducted and reported using
PRISMA and MOOSE guidelines [17, 18]. Two authors
(GLS and ANF) retrieved potential eligible studies using
an electronic search in MEDLINE, Cochrane Central
Register of Controlled Trials (CENTRAL), Cochrane
Database of Systematic Reviews (CDSR), Health
Technology Assessment, and PsycINFO, from inception
to February 2020. The following Medical Subject
Headings (MeSH) and keywords were used: “Ventricular

tachycardia”, “ablation”, “catheter”, “therapeutics”, and
“randomized controlled trial” (Supplementary Table S1).
Reference lists of articles and reviews were comprehen-
sively searched in order to select additional eligible stud-
ies. Topic experts were consulted for their knowledge
about further trials. There was no restriction by language
of publication.

2.2 Study selection and outcomes

For the title, abstract, and full-text article review, two in-
vestigators (GLS and ANF) independently examined all
potentially relevant citations and articles in a parallel man-
ner, using predefined inclusion and exclusion criteria.
Studies were included in this systematic review and meta-
analysis if they (1) were RCTs; (2) enrolled adults (18 years
of age); (3) enrolled patients with IHD, with either (a)
previous ICD implantation in primary prevention with a
first VT event or (b) previously/planned ICD implantation
in secondary prevention; (4) had at least one RCA treat-
ment group; (5) had one comparator group using conven-
tional management, either ICD implantation, AAD thera-
py, or both; and (6) had outcomes of interest data suitable
for pooling.

The primary outcome was all-cause mortality. The sec-
ondary outcomes were cardiovascular mortality, cardiovas-
cular hospitalization, VT storm, recurrent VT/Ventricular
fibrillation (VF), appropriate ICD therapies (ICD shock or
anti-tachycardia pacing), appropriate ICD shocks, and ad-
verse events. Studies that only reported information re-
garding secondary outcomes were not excluded a priori.

2.3 Data extraction and quality appraisal

Two reviewers (GLS and ANF) screened all articles resulting
from the database search. First, titles and abstracts were
screened independently according to the eligibility criteria
and any doubts or disagreements were discussed and solved
by consensus or through a third author (DC). Secondly, the
selected studies were evaluated in detail in order to determine
their fulfillment to the eligibility criteria.

Study characteristics and results were independently ex-
tracted into a standardized form, including the following
categories: first author; year of publication; year of the
study; type of RCT; country; key inclusion and exclusion
criteria; sample size; characteristics of the sample—mean
age; proportion of men; left ventricular ejection fraction;
NYHA class; proportion of patients treated with AAD,
beta-blockers, angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker, mineralocorticoid receptor
antagonist, digitalis, diuretic, statins, and antithrombotic
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therapy; months of follow-up; crossover rate; patients lost
to follow-up, characteristics of the RCA procedure; de-
scription the comparator groups; and frequency of the
predefined outcomes.

We used the Cochrane tool for assessing the risk of
bias of included studies [19]. The six predefined specific
domains of analysis were: random sequence generation,
allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete out-
come data, and selective reporting. Critical appraisal was
performed independently by two authors (GLS and ANF).
Any disagreement was solved by discussion and, if nec-
essary, reached consensus with the participation of a third
reviewer (DC). The risk of bias was qualitatively evaluat-
ed as high, unclear, or low risk. Risk-of-bias graphs were
derived from this tool.

2.4 Statistical analyses

We used RevMan software (version 5.3.5) to perform the
meta-analysis and to derive forest plots with the final
pooled data. A meta-analysis was only performed when
two or more studies provided data for an outcome of in-
terest. Raw data from studies was converted through
RevMan into relative risk (RR), and a random-effects me-
ta-analysis was performed using the Mantel-Haenszel
method. We used a random-effects model independently
of the existence (I2 ≥ 50%) or not of substantial heteroge-
neity between trials’ results because we pooled results of
studies with different designs and patients’ characteristics.
The effect measurement estimate chosen was RR with
95% confidence interval (CI).

Heterogeneity was assessed with the I2 test that measures
the percentage of total variation between studies due to
heterogeneity.

Publication bias was assessed using visual inspection
of funnel plot asymmetry. Reporting publication bias
tests for funnel plot asymmetry were planned for use
if a minimum of 10 studies were included in the me-
ta-analysis.

2.5 Assessment of confidence in cumulative evidence

As recommended by the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
Working Group methodology, we assessed all the outcomes
in the following domains: risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias [20, 21]. The confi-
dence on the pooled evidence accounted for all the factors
and was graded as very low, low, moderate, or high. The
pooled RR, the absolute risk measures (comparative reduction

or increase of events per 1000 patients), and the confidence on
the pooled evidence are reported in Table 4.

3 Results

3.1 Search results

A total of 399 citations and articles were retrieved through our
systematic literature search. Its inclusions and exclusion are
illustrated in Figure 1. A total of 6 RCTs evaluating the use of
RCA in patients with IHD and planned/implanted ICD were
included in the analysis [22–27]. The inter-reviewer agree-
ment on study eligibility was 100%.

3.2 Study characteristics

The characteristics of the included studies are presented in
Tables 1, 2, and 3. All included studies were multicenter
RCTs. A total of 791 patients were included in the six
RCTs, 391 in the catheter ablation arm. Individual study sam-
ple sizes ranged from 27 patients to 259 patients. The propor-
tion of male individuals ranges from 84% to 93% and the
mean age of the study population ranged from 64 to 70 years.
The time to last myocardial infarction ranged from less than
1 year to 15.7 years. Themean left ventricular ejection fraction
ranged from 30 to 34%. The duration of follow-up was 6–
27.9 months.

The BERLIN-VT differed from the other studies as it
compared two RCA strategies: early RCA versus de-
ferred RCA after the third appropriate ICD shock.
Additionally, the VANISH and CALYPSO trials dif-
fered from the other studies as they included patients
previously submitted to ICD implantation and compared
RCA with AAD therapy. Of the 391 patients randomly
assigned to RCA, 28 (7.2%) did not undergo the pro-
cedure. No outcome data were available as a per-
protocol analysis. Also, of the 400 patients in the con-
trol arm, 72 (18%) had RCA: 2 (0.5%) as a deferred
strategy in the BERLIN-VT study and 70 (17.5%) as
crossover.

Catheter ablation procedural characteristics varied between
the studies. All studies included an initial programmed stim-
ulation for VT induction. 3D electroanatomical mapping data
were reported in the SMS, VTACH and SMASH VT studies,
while they were not reported in the remaining three studies.
Electroanatomical mapping with CARTO (Biosense Webster,
Inc., Diamond Bar, CA) was most commonly used, ranging
from 71 to 100%. Mapping strategies varied between studies
and were underreported. Point-by-point map collection using
a non-multipolar catheter was performed in the VANISH and
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SMASH-VT studies. Point-by-point map collection using a
non-multipolar catheter was performed in the BERLIN-VT
trial, although a multielectrode could also be used (no data
regarding the percentage of cases in which each strategy was
used). In the VANISH and CALYPSO studies, irrigated abla-
tion catheters were used, while non-irrigated or irrigated abla-
tion catheters were used in the SMASH-VT trial. An epicar-
dial approach was not allowed in the SMS, VANISH, and
VTACH trials, while it was allowed in the CALYPSO study
but no percentages were reported. VT non-inducibility with
programmed stimulation was the procedural endpoint for pa-
tients with inducible VTs in all studies. In the BERLIN-VT
study, elimination of all late potentials or until 1 h of cumula-
tive radiofrequency energy delivery without complete late po-
tential elimination was the procedural endpoint for patients in
whomVTwas not inducible. In the VTACH study, absence of
all channels inside the area of interest or ablation with linear
lesions based on pace mapping along the infarct scar target
sites was the procedural endpoint for patients in whom VT
was not inducible. No clear procedural outcome was reported
in patients with non-inducible VTs in the remaining studies.

The use of AADs varied between studies. In the
SMASH-VT trial, patients on class I or III AAD were
excluded and none received AAD until any ICD event
occurred; 4 studies included between 32 and 37% of
patients treated with amiodarone and sotalol, and the
VANISH trial required patients to have received back-
ground AAD within the previous 6 months. ICD pro-
gramming was standardized in each study; however,
recommendations varied between studies.

The majority of studies were at low risk for selection bias,
attrition bias, and reporting bias. All studies were at high risk
of performance bias due to a lack of blinding of participants
and personnel, given the nature of patients being randomized
to receiving a procedure or no procedure (Supplementary
Figs. S1A and S1B).

3.3 Clinical outcomes

All studies reported all-cause mortality; 5 studies report-
ed CV mortality, CV hospitalization, and appropriate
ICD shocks; 4 studies reported VT storm, recurrent

Fig. 1 PRISMA flow diagram
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VT/VF, and appropriate ICD therapy. All studies report-
ed adverse events.

There was no significant mortality benefit with RCA with
regard to all-cause mortality (RR 0.97; CI95% 0.71 to 1.32),
cardiovascular mortality (RR 0.81; CI95% 0.54 to 1.24), and
CV hospitalization (RR 0.82; CI95% 0.66 to 1.01). Also, there
was no benefit regarding recurrent VT/VF (RR 0.87; CI95%
0.70 to 1.07). RCA was associated with reduced risk of VT
storm (RR 0.70; CI95% 0.51 to 0.94, p = 0.02), appropriate
ICD therapies (RR 0.70; CI95% 0.55 to 0.89, p = 0.004), and
appropriate ICD shocks (RR 0.66; CI95% 0.47 to 0.93, p =
0.02) (Fig. 2).

Adverse events were variably defined, and some pro-
tocols mandated ICD implantation at or soon after ran-
domization, making attribution of adverse events to the
ablation procedure or the ICD implantation procedure dif-
ficult. However, adverse events related to the ablation
procedure occurred in 38 of 391 (9.7%) patients in the
ablation arms of the included trials. Adverse events in
the control arms were not reported uniformly due to var-
iations in control strategies. In the two trials that directly
compared ablation versus AAD therapy, adverse events
were more common in the AAD arm than in the ablation
arm [24, 25].

3.4 Post hoc sensitivity analyses

Unlike other studies included in this meta-analysis, the
VANISH and CALYPSO trials compared RCA with AAD
therapy. We performed a sensitivity analysis with the removal
of these two trials. This exclusion resulted in a lower risk of
VT storm (RR 0.64; CI95% 0.39 to 1.05). Also, it decreased the
between-study heterogeneity (15% vs 46%) and showed a
greater effect of ablation on appropriate ICD shocks (RR
0.57; CI95% 0.40 to 0.82) (Fig. 3 and Supplementary Fig. S2).

3.5 Publication bias and assessment of confidence in
cumulative evidence

Due to the small number of included trials, we did not perform
any publication bias test. The funnel plot of the primary out-
come is shown in Supplementary Fig. S3.

Table 4 presents the summary of findings, which summa-
rizes the results obtained according to certainty of the evi-
dence (GRADE). The overall confidence on results was most-
ly low due the overall small sample size, undersized for the
power required to retrieve conclusions, and the risk of bias.
Despite this, VT ablation might lead to a prevention of ICD
therapies in 14 patients (141 per 1000 patients), ICD shocks in
11 patients (113 per 1000 patients), and VT storms in 8 pa-
tients (77 per 1000 patients) for each 100 patients treated.T
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Table 2 Radiofrequency catheter ablation effective procedures, crossovers, and lost to follow-up

Study, year, N Study
period

Definition of timing
referrals

Number of patients who underwent/
who did not underwent RCA in the
early RCA referral [N/(%)]

Number of patients
who underwent
deferred RCA [N/
(%)]

Number of crossover
to RCA in the control
group [N/(%)]

Lost to
follow-
up (N)

BERLIN-VT,
2020,
N = 159

2015–2018 Early RCA referral:
within 2 weeks after
randomization.

Deferred RCA: after
the third appropriate
ICD shock for VT

N = 69 (90.8%)/N = 7 (9.2%) 2 (2.4%) - Before reaching the
primary endpoint,
[2/(2.4)]*

- After reaching the
primary endpoint,
[6/(7.2)]***

- Total, [8/(9.6)]

1#

SMS, 2017,
N = 111

2002–2011 Early RCA referral:
Before ICD
implantation.

No RCA

N = 48 (88.6%)/N = 6 (11.4%) NA - Before reaching the
primary endpoint,
[0/(0)]

- After reaching the
primary endpoint,
[1/(1.7%)]***

- Total, [1/(1.7%)]

0

VANISH,
2016,
N = 259

2009–2014 Early RCA referral:
within 14 days after
randomization.

No RCA

N = 129 (97.7%)/N = 3 (2.3%) NA - Before reaching the
primary endpoint,
[11/(8.7)]**

- After reaching the
primary endpoint:
[37/(29)]***

- Total, [48/(37.8)]

0

CALYPSO,
2015,
N = 27

2012–2014 Early RCA referral:
within 1 month after
randomization

No RCA

N = 11 (84.7%)/N = 2 (15.3%) NA - Before reaching the
primary endpoint,
NR

- After reaching the
primary endpoint,
NR

- Total, [1/(7.1)]***

0

VTACH,
2010,
N = 107

2002–2006 Early RCA referral:
NR

No RCA

N = 45 (87.1%)/N = 7 (12.9%) NA - Before reaching the
primary endpoint,
NR

- After reaching the
primary endpoint,
NR

- Total,
[12/(21.8)]***

1#

SMASH-VT,
2007,
N = 128

2000–2006 Early RCA referral:
NR

No RCA

N = 61 (95.3%)/N = 3 (4.7%) NA - Before reaching the
primary endpoint,
NR

- After reaching the
primary endpoint,
NR

- Total, NR

2##

AAD antiarrhythmic drug; NA non-applicable; NR non-reported; RCA radiofrequency catheter ablation; VT ventricular tachycardia
* Both patients received 2 ICD shocks
** Four patients for VT storm within 30 days; 1 patient for recurrent VT within 30 days; 1 patient for VT treated by ATP after 30 days; 4 patients for
frequent or incessant VT below ICD detection after 30 days; 1 for patient request
***Reasons not reported
# Control group
## RCA group
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4 Discussion

In this systematic review of the literature and a meta-
analysis of 6 RCTs in eligible patients with IHD, RCA
was associated with a lower risk of VT storm, appropriate
ICD therapies, and appropriate ICD shocks. There was no
significant difference in all-cause or cardiovascular mortal-
ity, cardiovascular hospitalization, and recurrent VT/VF.
Our results and observations are consistent with several
other studies in this field [28–30].

All trials had an intention-to-treat analysis in order to de-
crease its bias. However, 7.2% of patients in the RCA arms
did not have the procedure and no outcome data were avail-
able as a per-protocol analysis. Additionally, 18% of patients
in the control arms had RCA: 0.5% as a deferred strategy in
the BERLIN-VT study and 17.5% as crossover, decreasing
the benefit of randomization.

The VANISH and CALYPSO trials differed from the
other studies as they included patients previously submit-
ted to ICD implantation and compared RCA with AAD
therapy. In a sensitivity analysis—including 4 studies
where early RCA was compared to deferred RCA/no
RCA and excluding VANISH and CALYPSO—the mag-
nitude of reduction of VT storm and ICD shocks increased
when early RCA was performed. However, CIs also wid-
ened. This may be associated with the concomitant use of
AAD in reducing the risk of VT recurrence and ICD ther-
apies, as demonstrated in previous AAD trials [31, 32].
Also, in the VANISH trial, a 30-day “blanking” period
allowed full loading of amiodarone, demonstrating its po-
tential benefit [25].

Our results showed that RCA had no benefit regarding
all-cause or cardiovascular mortality compared to VT con-
ventional management, which is consistent with the find-
ings of each of the six randomized studies included in the
analysis. However, SMASH-VT, VTACH, and SMS fo-
cused on VT or VF recurrence as their primary outcome
and mortality was considered a secondary outcome, which
may make them statistically underpowered to detect the
true benefits of RCA on mortality [33]. In the VANISH
trial, RFA was associated with a lower risk of the compos-
ite primary outcome of death at any time or VT storm or
appropriate ICD shocks [25]. Despite this, it failed to dem-
onstrate significant difference in mortality as an individual
secondary outcome. On the other hand, as described by
Lee et al. [34], the cause of death in heart failure with
reduced ejection fraction is non-cardiovascular in 45%,
and only 13.8% are attributable to arrythmia or sudden
cardiac death, but the percentage of patients with ICD is
unknown. Conrad et al. showed a recent trend for an in-
creasing rate of non-cardiovascular events as a cause of
death in this population [35]. This means that RCA as a
strategy to prevent mortality might only be applicable in aT
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small proportion of these patients. As such, a large RCT
would be needed to ascertain whether RCA reduces
mortality.

A recent systematic review and meta-analysis of three
retrospective, single-center, and nonrandomized studies re-
ported a reduction of VT recurrence in early compared to
late RCA referral [10]. The BERLIN-VT RCT compared
early RCA versus deferred RCA after the third appropriate
ICD shock [27]. Early RCA did not reduce hard outcomes
(mortality and cardiovascular hospitalization) when com-
pared to the deferred ablation strategy. However, the early
strategy did show a trend to decrease appropriate ICD ther-
apy and ICD shocks. Additionally, based on our review,
RCA is associated with a lower risk of VT storm, appro-
priate ICD therapies, and appropriate ICD shocks.
Therefore, an early strategy could have hindered most of
the reported control crossovers in the analyzed trials, since
the majority occurred for these reasons (Table 2).

Recurrent ICD shocks have been associated with an in-
crease in all-cause mortality and in heart failure hospitali-
zation and impaired quality of life [4–6]. The SMS trial
found no significant difference in quality of life between
the two groups; however, the data was collected only from
40% of the total cohort [26]. In the quality of life in the
VANISH study, patients randomized to ablation showed
persistent improvement in SF-36 energy/fatigue and ICD
concern and transient improvement in SF-36 social func-
tioning and EQ-5D overall health [36]. In the VTACH
trial, baseline-adjusted SF-36 mean scores were higher in
the ablation group in six of the eight scales after 12 months
and in seven scales after 24 months, suggesting improve-
ments in some domains of life quality [23].

Complications related to ablation were reported in all the
studies. However, adverse events in the control arms were not
reported uniformly due to variations in therapeutic strategies.
In the two trials that directly compared ablation versus AAD

Fig. 2 Forest plot showing relative risk of all-cause mortality, CV mortality, CV hospitalization, VT storm, recurrent VT/VF, appropriate ICD therapy,
and appropriate ICD shocks. CV cardiovascular, ICD implantable cardioverter defibrillator, VF ventricular fibrillation, VT ventricular tachycardia
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therapy, adverse events were more common in the AAD
group [24, 25]. However, when considering RCA for VT in
patients with IHD, appropriate and reasonable outcomes
should be defined considering that it is an invasive procedure
with potential acute complications. Improving patient selec-
tion, procedural timing, and technology are critical in order to
maximize the benefit/risk ratio.

Our study has several limitations. Our analysis included a
limited number of studies with small sample sizes, so the
results might be underpowered to detect the true benefit of
RCA as depicted in the GRADE analyses. Also, causes of
death and hospitalization were not uniformly reported across
all trials. Furthermore, while the greater benefit was observed
on decreasing appropriate ICD shocks, trials did not assess, or
the data was incomplete regarding the impact on quality of
life. Also, the technical procedural characteristics were not
uniform and high-density substrate mapping was overall gen-
erally not performed. Although all trials mandated the pres-
ence of an ICD, which increased the sensitivity for VT detec-
tion, the ICD programming was not reported or, even if spec-
ified, varied between trials thereby leading to potential differ-
ences in device therapy. Also, there were diverse protocols

regarding AAD utilization that might have led to some bias
in the results.

5 Conclusion

This systematic review and meta-analysis of 6 RCTs showed
that radiofrequency catheter ablation for VT in patients with
IHD is associated with a reduced risk of VT storm, ICD ther-
apies, and ICD shocks. There is a need for future carefully
designed randomized clinical trials that incorporate improved
RCA procedural aspects.

Code availability The data underlying this article are available in the
article and in its online supplementary material.
Data availability The data underlying this article are available in the
article and in its online supplementary material.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Fig. 3 Post hoc sensitivity analysis—excluding the VANISH and CALYPSO trials—of VT storm and appropriate ICD shocks. ICD implantable
cardioverter defibrillator, VT ventricular tachycardia

J Interv Card Electrophysiol



References

1. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Bloma N,
Borggrefe M, Camm J, et al. 2015 ESC Guidelines for the manage-
ment of patients with ventricular arrhythmias and the prevention of
sudden cardiac death: the task force for the management of patients
with ventricular arrhythmias and the prevention of sudden cardiac
death of the European Society of Cardiology (ESC). Endorsed by:
Association for European Paediatric and Congenital Cardiology
(AEPC). Eur Heart J. 2015;36:2793–867.

2. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS,
et al. Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction. N Engl J Med.
2003;346:877–83.

3. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R,
et al. Amiodarone or an implantable cardioverter–defibrillator for
congestive heart failure. N Engl J Med. 2005;352:225–37.

4. Poole JE, Johnson GW, Hellkamp AS, Anderson J, Callans DJ,
Raitt MH, et al. Prognostic importance of defibrillator shocks in
patients with heart failure. N Engl J Med. 2008;359:1009–17.

5. Moss AJ, Greenberg H, Case RB, ZarebaW, HallWJ, BrownMW,
et al. Long-term clinical course of patients after termination of ven-
tricular tachyarrhythmia by an implanted defibrillator. Circulation.
2004;110:3760–5.

6. Kamphuis HCM, de Leeuw JR, Derksen R, Hauer RN, Winnubst
JA. Implantable cardioverter defibrillator recipients: quality of life
in recipients with and without ICD shock delivery: a prospective
study. Europace. 2003;5:381–9.

7. Irvine J, Dorian P, Baker B, O'Brien BJ, Roberts R, Gent M, et al.
Quality of life in the Canadian Implantable Defibrillator Study
(CIDS). Am Heart J. 2002;144:282–9.

8. Schron EB, Exner DV, Yao Q, Jenkins LS, Steinberg JS, Cook JR,
et al. Quality of life in the antiarrhythmics versus implantable defi-
brillators trial: impact of therapy and influence of adverse symp-
toms and defibrillator shocks. Circulation. 2002;105:589–94.

9. Cronin EM, Bogun FM, Maury P, Peichl P, Chen M, Namboodiri
N, et al. 2019 HRS/EHRA/APHRS/LAHRS expert consensus
statement on catheter ablation of ventricular arrhythmias.
Europace. 2019;21:1143–4.

10. Romero J, Di Biase L, Diaz JC, Quispe R, Du X, Briceno D, et al.
Early versus late referral for catheter ablation of ventricular

Table 4 VT radiofrequency catheter ablation compared to control for patients with ischemic heart disease with previous or planned ICD

Outcomes No. of participants
(studies)
Follow-up

Certainty of the evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with
control

Risk difference with VT
ablation

All-cause mortality 791 (6 RCTs) ⨁⨁◯◯Lowa,b RR 0.97 (0.71 to
1.32)

163 per 1000 5 fewer per 1000 (47 fewer
to 52 more)

CV mortality 764 (5 RCTs) ⨁⨁◯◯Lowa,b RR 0.81 (0.54 to
1.24)

109 per 1000 21 fewer per 1000 (50 fewer
to 26 more)

CV hospitalization 663 (5 RCTs) ⨁⨁◯◯Lowa,b RR 0.82 (0.66 to
1.01)

378 per 1000 68 fewer per 1000 (129
fewer
to 4 more)

VT storm 605 (4 RCTs) ⨁⨁◯◯Lowa,b RR 0.70 (0.51 to
0.94)

257 per 1000 77 fewer per 1000 (126
fewer
to 15 fewer)

Recurrent VT/VF 404 (4 RCTs) ⨁⨁◯◯Lowa,b RR 0.87 (0.70 to
1.07)

531 per 1000 69 fewer per 1000 (159
fewer
to 37 more)

Appropriate ICD
therapy

502 (4 RCTs) ⨁⨁◯◯Lowa,c RR 0.70 (0.55 to
0.89)

471 per 1000 141 fewer per 1000 (212
fewer to 52 fewer)

Appropriate ICD
shocks

761 (5 RCTs) ⨁⨁◯◯Lowa,c RR 0.66 (0.47 to
0.93)

342 per 1000 116 fewer per 1000 (181
fewer to 24 fewer)

CI confidence interval; CV cardiovascular; ICD implantable cardioverter defibrillator; RR risk ratio; VF ventricular fibrillation; VT ventricular
tachycardia.*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and its 95% CI)

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
a All trials had an open-label design
b The aggregated sample size is smaller than the optimal information size for the outcome, considering the baseline risk and potential modulation of the
risk
c Indirectness of the outcome: ICD therapies as a possible surrogate measure of clinically relevant VT/FT

J Interv Card Electrophysiol



tachycardia in patients with structural heart disease: a systematic
review and meta-analysis of clinical outcomes. JACC Clin
Electrophysiol. 2018;4:374–82.

11. Tschabrunn Bardy CM, Roujol S, Dorman NC, Nezafat R,
Josephson ME, Anter E. High-resolution mapping of ventricular
scar: comparison between single and multielectrode catheters. Circ
Arrhythmia Electrophysiol. 2016;9:e003841.

12. Anter E, Tschabrunn CM, Buxton AE, Josephson ME. High-
resolution mapping of postinfarction reentrant ventricular tachycar-
dia: electrophysiological characterization of the circuit. Circulation.
2016;134:314–27.

13. Viswanathan K, Mantziari L, Butcher C, Hodkinson E, Lim E,
Khan H, et al. Evaluation of a novel high-resolution mapping sys-
tem for catheter ablation of ventricular arrhythmias. Hear Rhythm.
2017;14:176–83.

14. Luther V, Linton NWF, Jamil-Copley S, Koa-Wing M, Lim PB,
Qureshi N, et al. A prospective study of ripple mapping the post-
infarct ventricular scar to guide substrate ablation for ventricular
tachycardia. Circ Arrhythmia Electrophysiol. 2016;9:e004072.

15. Porta-Sánchez A, Jackson N, Lukac P, Kristiansen SB, Nielsen JM,
Gizurarson S, et al. Multicenter study of ischemic ventricular tachy-
cardia ablation with decrement-evoked potential (DEEP) mapping
with extra stimulus. JACC Clin Electrophysiol. 2018;4:307–15.

16. Aziz Z, Shatz D, Raiman M, Upadhyay GA, Beaser AD, Besser
SA, et al. Targeted ablation of ventricular tachycardia guided by
wavefront discontinuities during sinus rhythm: a new functional
substrate mapping strategy. Circulation. 2019;140:1383–97.

17. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group.
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: the PRISMA statement. BMJ. 2009;339:b2535.

18. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie
D, et al. Meta-analysis of observational studies in epidemiology: a
proposal for reporting. Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) group. JAMA. 2000;283:2008–12.

19. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencow NS, Boutron
I, et al. RoB 2: a revised tool for assessing risk of bias in randomised
trials. BMJ. l4898.

20. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S,
et al. Grading quality of evidence and strength of recommendations.
BMJ. 2004;328:1490.

21. Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R,
Brozek J, et al. GRADE guidelines: 3. Rating the quality of evi-
dence. J Clin Epidemiol. 2011;64:401–6.

22. Reddy VY, ReynoldsMR, Neuzil P, Richardson AW, TaborskyM,
Jongnarangsin K, et al. Prophylactic catheter ablation for the pre-
vention of defibrillator therapy. N Engl J Med. 2007;375:2657–65.

23. Kuck KH, Schaumann A, Willems S, Willems S, Ventura R,
Delacrétaz E, et al. Catheter ablation of stable ventricular tachycar-
dia before defibrillator implantation in patients with coronary heart
disease (VTACH): a multicentre randomised controlled trial.
Lancet. 2010;375:31–40.

24. Al-Khatib SM, Daubert JP, Anstrom KJ, Daoud EG, Gonzalez M,
Saba S, et al. Catheter ablation for ventricular tachycardia in pa-
tients with an implantable cardioverter defibrillator (CALYPSO)
pilot trial. J Cardiovasc Electrophysiol. 2015;26:151–7.

25. Sapp JL, Wells GA, Parkash R, Stevenson WG, Blier L, Sarrazin
JF, et al. Ventricular tachycardia ablation versus escalation of anti-
arrhythmic drugs. N Engl J Med. 2016;375:111–21.

26. Kuck KH, Tilz RR, Deneke T, Hoffmann BA, Ventura R, Hansen
PS, et al. Impact of substrate modification by catheter ablation on
implantable cardioverter-defibrillator interventions in patients with
unstable ventricular arrhythmias and coronary artery disease: results
from the multicenter randomized controlled SMS (Substrate
Modification Study). Circ Arrhythm Electrophysiol. 2017;3:
e004422.

27. Willems S, Tilz RR, Steven D, Kääb S, Wegscheider K, Gellér L,
et al. Preventive or deferred ablation of ventricular tachycardia in
patients with ischemic cardiomyopathy and implantable defibrilla-
tor (BERLIN VT): a multicenter randomized trial. Circulation.
2020;141:1057–6.

28. Martinez BK, Baker WL, Konopka A, Giannelli D, Coleman CI,
Kluger J, et al. Systematic review and meta-analysis of catheter
ablation of ventricular tachycardia in ischemic heart disease. Hear
Rhythm. 2020;17:e206–19.

29. Atti V, Vuddanda V, Turagam MK, Vemula P, Shah Z, Nagam H,
et al. Prophylactic catheter ablation of ventricular tachycardia in
ischemic cardiomyopathy: a systematic review and meta-analysis
of randomized controlled trials. J Interv Card Electrophysiol.
2018;53:207–15.

30. Maskoun W, Saad M, Abualsuod A, Nairooz R, Miller JM.
Outcome of catheter ablation for ventricular tachycardia in patients
with ischemic cardiomyopathy: a systematic review and meta-
analysis of randomized clinical trials. Int J Cardiol. 2018;267:
107–13.

31. Connolly SJ, Dorian P, Roberts RS, Gent M, Bailin S, Fain ES,
et al. Comparison of β-blockers, amiodarone plus β-blockers, or
sotalol for prevention of shocks from implantable cardioverter de-
fibrillators - the OPTIC study: a randomized trial. J AmMedAssoc.
2006;295:165–71.

32. Pacifico A, Hohnloser SH, Williams JH, Tao B, Saksena S, Henry
PD, et al. Prevention of implantable-defibrillator shocks by treat-
ment with sotalol. d,l-Sotalol Implantable Cardioverter-
Defibrillator Study Group. N Engl J Med. 1999;340:1855–62.

33. Pokorney SD, FriedmanDJ, Calkins H, Sapp J, StevensonWG, Al-
Khatib S, et al. Catheter ablation of ventricular tachycardia: lessons
learned from past clinical trials and implications for future clinical
trials. Heart Rhythm. 2016;13:1748–54.

34. Lee DS, Gona P, Albano I, LarsonMG, Benjamin EJ, Levy D, et al.
A systematic assessment of causes of death after heart failure onset
in the community: impact of age at death, time period, and left
ventricular systolic dysfunction. Circ Heart Fail. 2011;4:36–43.

35. Conrad N, Judge A, Canoy D, Tran J, Pinho-Gomes AC, Millett E,
et al. Temporal trends and patterns in mortality after incident heart
failure: a longitudinal analysis of 86 000 individuals. JAMA
Cardiol. 2019;4:1102–11.

36. Gula LJ, Doucette S, Leong-Sit P, Tang A, Parkash R, Sarrazin JF,
et al. Quality of life with ablation or medical therapy for ventricular
arrhythmias: a substudy of VANISH. J Cardiovasc Electrophysiol.
2018;29:421–34.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

J Interv Card Electrophysiol


	Radiofrequency...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Data sources and search strategy
	Study selection and outcomes
	Data extraction and quality appraisal
	Statistical analyses
	Assessment of confidence in cumulative evidence

	Results
	Search results
	Study characteristics
	Clinical outcomes
	Post hoc sensitivity analyses
	Publication bias and assessment of confidence in cumulative evidence

	Discussion
	Conclusion
	References


