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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 fibrillation (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.
Keywords Catheter ablation . Ischemic heart disease . Meta-analysis . Systematic review . Ventricular tachycardia
Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10840-020-00870-3) contains supplementary
material, which is available to authorized users.
* Gustavo Lima da Silva
gustavolssilva@gmail.com

Abbreviations
AAD Antiarrhythmic drug
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Implantable cardioverter defibrillator
IHD Ischemic heart disease
RCA Radiofrequency catheter ablation
RCT Randomized controlled trial
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Relative risk
VF
Ventricular fibrillation
VT
Ventricular tachycardia
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1 Introduction
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Ventricular tachycardia (VT) is a frequent cause of mortality 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 population. After addressing adequate treatment for the structural 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 mortality and in hospitalizations for heart failure and impaired
quality of life [4–6]. AAD reduces the risk of VT recurrence 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 refractory or non-tolerant to AAD [9]. A recent meta-analysis
reported a reduction of VT recurrence and acute complications 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 circuit around areas of myocardial patchy scar or at scar borders. In recent years, new multipolar mapping catheters
with smaller electrodes and interelectrode distance, in association with automatic annotation software, allowed
high-density substrate mapping [11–13]. These improved
mapping resolution within areas of low voltage and enabled 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 comprehensively searched in order to select additional eligible studies. 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 investigators (GLS and ANF) independently examined all
potentially relevant citations and articles in a parallel manner, using predefined inclusion and exclusion criteria.
Studies were included in this systematic review and metaanalysis 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 treatment group; (5) had one comparator group using conventional management, either ICD implantation, AAD therapy, or both; and (6) had outcomes of interest data suitable
for pooling.
The primary outcome was all-cause mortality. The secondary outcomes were cardiovascular mortality, cardiovascular hospitalization, VT storm, recurrent VT/Ventricular
fibrillation (VF), appropriate ICD therapies (ICD shock or
anti-tachycardia pacing), appropriate ICD shocks, and adverse events. Studies that only reported information regarding 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 extracted 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; description 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 personnel, blinding of outcome assessment, incomplete outcome data, and selective reporting. Critical appraisal was
performed independently by two authors (GLS and ANF).
Any disagreement was solved by discussion and, if necessary, reached consensus with the participation of a third
reviewer (DC). The risk of bias was qualitatively evaluated 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 interest. Raw data from studies was converted through
RevMan into relative risk (RR), and a random-effects meta-analysis was performed using the Mantel-Haenszel
method. We used a random-effects model independently
of the existence (I2 ≥ 50%) or not of substantial heterogeneity 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 meta-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, indirectness, imprecision, and publication bias [20, 21]. The confidence 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 agreement 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 sample sizes ranged from 27 patients to 259 patients. The proportion 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. The mean 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 deferred RCA after the third appropriate ICD shock.
Additionally, the VANISH and CALYPSO trials differed 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 procedure. No outcome data were available as a perprotocol analysis. Also, of the 400 patients in the control 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 stimulation 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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Fig. 1 PRISMA flow diagram

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 ablation catheters were used, while non-irrigated or irrigated ablation catheters were used in the SMASH-VT trial. An epicardial 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 patients with inducible VTs in all studies. In the BERLIN-VT
study, elimination of all late potentials or until 1 h of cumulative radiofrequency energy delivery without complete late potential elimination was the procedural endpoint for patients in
whom VT was 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 background AAD within the previous 6 months. ICD programming 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 reported CV mortality, CV hospitalization, and appropriate
ICD shocks; 4 studies reported VT storm, recurrent

Study
period

2015–2018

2002–2011

2009–2014

2012–2014

2002–2006

2000–2006

BERLIN-VT, 2020,
N = 159

SMS, 2017, N = 111

VANISH, 2016, N = 259

CALYPSO, 2015, N = 27

VTACH, 2010, N = 107

SMASH-VT, 2007,
N = 128

Key inclusion criteria

Secondary outcome

Male sex
(%)

Composite of all-cause death and
unplanned hospitalization (at least one
overnight stay) for either symptomatic
ventricular tachyarrhythmia or worsening heart failure

Sustained VT or ventricular fibrillation 87
(including episodes not detected by
the ICD); appropriate ICD therapy;
inappropriate ICD therapy; death
from any cause; death for cardiac
reasons; unplanned hospitalization
for any cause; unplanned
hospitalization for cardiac reasons;
change in quality of life from
enrolment to the 12-month
follow-up
Time to first recurrence of VT/VF
Appropriate ICD therapies, quality of 84
life according to the Medical
Outcome Study Short Form-36
score, number of hospital
readmissions because of a cardiac
indication, and severe clinical
events (death, number of syncopes,
and number of electrical storm episodes)
Composite of death occurring at any time Each of the components of the primary 93
outcome and adverse effects
after randomization or ventricular
tachycardia storm or appropriate ICD
shock after a 30-day treatment period

Primary outcome

Early RCA + background AADs
IHD, ICD implanted for primary or
(N = 132)
secondary prevention; episode of VT
during treatment with amiodarone or
No RCA + escalation of AADs (N = 127)
another class I or III AAD within the
previous 6 months
Early RCA + no AADs (N = 13)
IHD, ICD implanted for primary or secondary Feasibility of randomizing patients to an Death, time to first recurrent therapy 93
No RCA + AADs (N = 14)
for VT, recurrent VT, adverse
intervention involving catheter ablation
prevention; ≥ 1 documented ICD shock, or
events related to the procedure or to
and successfully following the patients
≥ 3 ATP therapies for monomorphic VT,
the use of antiarrhythmic
and obtaining the desired outcome data
within 6 months.
medications, and hospitalizations
for VT
93
Early RCA + ICD implantation (N = 52) IHD, LVEF ≤ 50%. Indication for ICD as
Time from defibrillator implantation to
Survival free from severe clinical
No RCA + ICD implantation (N = 55)
secondary prevention after documented
recurrence of any sustained VT or VF
events (death, syncope, hospital
stable clinical VT without a reversible
admission for a cardiac reason, and
VT storm, defined as more than
cause
three VT episodes in 24 h),
number of appropriate ICD
interventions and quality of life
Survival free from any appropriate ICD
Freedom from any appropriate ICD
87
Early RCA + ICD implantation*
IHD. ICD implanted for primary prevention
therapy
shock, death, and ICD storm
(N = 64)
with appropriate ICD therapy or indication
for ICD as secondary prevention for VF,
No RCA + ICD implantation* (N = 64)
hemodynamically unstable VT, or syncope
with inducible VT. Class I or III
AAD-naïve

Early RCA + ICD implantation (N = 54) IHD, ≤ LVEF 40%. Indication for ICD as
No RCA + ICD implantation (N = 57)
secondary prevention for clinically
unstable spontaneous VT or cardiac
arrest or syncope with unstable VT
inducible at electrophysiological study

Early RCA + ICD implantation (N = 76) IHD, LVEF 30–50%. Indication for ICD as
secondary prevention for life-threatening
Deferred RCA + ICD implantation
ventricular arrhythmias, including
(N = 83)
documented sustained VT

Intervention (N)

Baseline characteristics of included studies

Study, year, N

Table 1

66–67

64–68

64–65**

67–70

66–68

Age (years)
(range of
means)
66–66
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NYHA class

I, 27%
II, 51%
III, 22%
IV, 0%

I–III, 100%
IV, 0%

I, 24%
II, 53%
III, 24%
IV, 0%

I, 19%
II, 30%
III, 15%
IV, 0%

NR

Study, year, N

BERLIN-VT, 2020, N = 159

SMS, 2017, N = 111

VANISH, 2016, N = 259

CALYPSO, 2015, N = 27

VTACH, 2010, N = 107

Table 1 (continued)

34.0–34.1

23–25 **

31,1–31.2

30.4–32.0

41–41

LVEF (range of means)

35% (amiodarone)

37% (amiodarone and sotalol)

100%

32% (amiodarone)

36%

Class I or III AADs
BB, 74%
ACEI/ARB, 67%
MRA, 25%
Digitalis, 5%
Diuretic, 48%
Statin, NR
Antiplatelet, 58%
Anticoagulant, 41%
BB, 91%
ACEI/ARB, 95%
MRA, NR
Digitalis, NR
Diuretic, NR
Statin, NR
Antiplatelet, NR
Anticoagulant, NR
BB, 95
ACEI/ARB, 88
MRA, NR
Digitalis, 20
Diuretic, 69
Statin, NR
Antiplatelet, 71
Anticoagulant, 43
BB, 93%
ACEI/ARB, 93%
MRA, NR
Digitalis, NR
Diuretic, NR
Statin, 85%
Antiplatelet, NR
Anticoagulant, NR
BB, 75%
ACEI/ARB, NR%
MRA, NR
Digitalis, NR
Diuretic, NR
Statin, NR
Antiplatelet, NR
Anticoagulant, NR

Other CV drugs

0%

100%

100%

0%

0%

ICD

12.6–13.3

< 1 year, 7%
1–2 years, 0%
> 2 years, 41%
Unknown, 48%

15.7–15.7

8.6–11.1

Time to last MI (years)
(range of means)
9.2–10.3

PCI, 47%
CABG, 45%

PCI, 52%
CABG, 59%

PCI, 43%
CABG, 46%

PCI, 46%
CABG, 42%

PCI, 54%
CABG, 25%

Prior revascularization

22.5 ± 9 months

92% completed 3 months;
71% completed 6 months

27.9 ± 17.1 months

27.6 ± 13.2 months

396 ± 284 days

Follow-up

J Interv Card Electrophysiol

AAD antiarrhythmic drug; ACEI angiotensin-converting-enzyme inhibitors; ARB angiotensin II receptor blockers; ATP anti-tachycardia pacing; BB beta-blocker; CABG coronary artery bypass graft; CV
cardiovascular; ICD implantable cardioverter defibrillator; IHD ischemic heart disease; LVEF left ventricular ejection fraction; MRA mineralocorticoid receptor antagonists; MI myocardial infarction; NR
non-reported; PCI percutaneous coronary intervention; RCA radiofrequency catheter ablation; VF ventricular fibrillation; VT ventricular tachycardia. *If not previously implanted; **range of medians

SMASH-VT, 2007, N = 128

Table 1 (continued)

I/II, 80%
III/IV, 20%

30.7–32.9

0%

BB, 96%
ACEI/ARB, 92%
MRA,
Digitalis, NR
Diuretic, NR
Statin, 59
Antiplatelet, 71%
Anticoagulant, NR

12%

7.9–8.8

PTCA/ CABG, 67%

22.5 ± 5.5 months

J Interv Card Electrophysiol

VT/VF, and appropriate ICD therapy. All studies reported 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 protocols mandated ICD implantation at or soon after randomization, making attribution of adverse events to the
ablation procedure or the ICD implantation procedure difficult. 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 variations 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 outcome is shown in Supplementary Fig. S3.
Table 4 presents the summary of findings, which summarizes the results obtained according to certainty of the evidence (GRADE). The overall confidence on results was mostly 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 patients (77 per 1000 patients) for each 100 patients treated.
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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/(%)]

BERLIN-VT, 2015–2018 Early RCA referral:
N = 69 (90.8%)/N = 7 (9.2%)
2020,
within 2 weeks after
N = 159
randomization.
Deferred RCA: after
the third appropriate
ICD shock for VT

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

Number of crossover Lost to
to RCA in the control followgroup [N/(%)]
up (N)

2 (2.4%)

- Before reaching the
primary endpoint,
[2/(2.4)]*
- After reaching the
primary endpoint,
[6/(7.2)]***
- Total, [8/(9.6)]
- Before reaching the
primary endpoint,
[0/(0)]
- After reaching the
primary endpoint,
[1/(1.7%)]***
- Total, [1/(1.7%)]
- Before reaching the
primary endpoint,
[11/(8.7)]**
- After reaching the
primary endpoint:
[37/(29)]***
- Total, [48/(37.8)]
- Before reaching the
primary endpoint,
NR
- After reaching the
primary endpoint,
NR
- Total, [1/(7.1)]***
- Before reaching the
primary endpoint,
NR
- After reaching the
primary endpoint,
NR
- Total,
[12/(21.8)]***
- Before reaching the
primary endpoint,
NR
- After reaching the
primary endpoint,
NR
- Total, NR

SMS, 2017,
N = 111

2002–2011 Early RCA referral:
Before ICD
implantation.
No RCA

N = 48 (88.6%)/N = 6 (11.4%)

NA

VANISH,
2016,
N = 259

2009–2014 Early RCA referral:
N = 129 (97.7%)/N = 3 (2.3%)
within 14 days after
randomization.
No RCA

NA

CALYPSO,
2015,
N = 27

2012–2014 Early RCA referral:
N = 11 (84.7%)/N = 2 (15.3%)
within 1 month after
randomization
No RCA

NA

VTACH,
2010,
N = 107

2002–2006 Early RCA referral:
NR
No RCA

N = 45 (87.1%)/N = 7 (12.9%)

NA

SMASH-VT,
2007,
N = 128

2000–2006 Early RCA referral:
NR
No RCA

N = 61 (95.3%)/N = 3 (4.7%)

NA

1#

0

0

0

1#

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

2015–2018 Yes

2002–2011 Yes

2009–2014 Yes

2012–2014 Yes

2002–2006 Yes

BERLIN-VT,
2020, N = 159

SMS, 2017,
N = 111

VANISH, 2016,
N = 259

CALYPSO,
2015, N = 27

VTACH, 2010,
N = 107

Point collection

NR

NR

Saline-irrigated catheter

Saline-irrigated catheter

Point by point

NR

NR

Saline-irrigated catheter

Ablation catheter

NR

Activation
Point by point or
mapping, NR
multielectrode***
Entrainment
mapping, NR
Substrate
mapping, NR
Pace mapping, NR

Mapping
strategies

CARTO system*, 75%
Activation
EnSite NavX system**, 21%
mapping, NR
No 3D EM
Entrainment
system/conventional
mapping, NR
mapping, 4%
Substrate
mapping, NR
Pace mapping, NR
NR
Activation
mapping,
37.3%#
Entrainment
mapping,
31.6%#
Substrate
mapping,
88.6%#
Pace mapping,
73.4%#
NR
Activation
mapping, NR
Entrainment
mapping, NR
Substrate
mapping, NR
Pace mapping, NR
CARTO system*, 71.1%
Activation
EnSite noncontact system**,
mapping, NR
24.4%
Entrainment
No 3D EM
mapping, NR
system/conventional
Substrate
mapping, 4.4%
mapping, NR
Pace mapping, NR

NR

VT induction 3D electroanatomic mapping
(yes/no)
system (%)

Study
period

Radiofrequency catheter ablation index procedural characteristics

Study, year, N

Table 3

No

NR****

NR

No

NR

Epicardial
approach

Inducible VT:
non-inducibility
Non-inducible VT: absence of
all channels
inside the area of interest or
ablation with
linear lesions based on pace
mapping along
the infarct scar target sites

Inducible VT:
non-inducibility
Non-inducible VT: NR

Inducible VT:
non-inducibility
Non-inducible VT:
elimination of late
potentials

Inducible VT:
non-inducibility
Non-inducible VT:
elimination of late
potentials or until 1 h of
cumulative
radiofrequency energy
delivery without
complete late potential
elimination
Inducible VT:
non-inducibility
Non-inducible VT: NR

Endpoint
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Inducible VT:
non-inducibility
Non-inducible VT: NR

Epicardial approach allowed, no percentages reported

Values reported for total catheter ablations performed in the catheter ablation group, including repeat ablations (N = 158)
#

****

Abbott Laboratories, Abbott Park, IL

***

Biosense Webster, Diamond Bar, CA

**

NR non-reported; VT ventricular tachycardia

*

Mapping was performed point by point using an irrigated tip ablation catheter or a multielectrode catheter, no percentages reported

NR
Non irrigated catheter or
saline-irrigated catheter
Activation
Point by point
mapping, NR
Entrainment
mapping, NR
Substrate
mapping, 100%
Pace mapping, NR
2000–2006 Yes
SMASH-VT,
2007, N = 128

CARTO system, 100%

Study
period
Study, year, N

Table 3 (continued)

VT induction 3D electroanatomic mapping
(yes/no)
system (%)

Mapping
strategies

Point collection

Ablation catheter

Epicardial
approach

Endpoint

4 Discussion
In this systematic review of the literature and a metaanalysis 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 mortality, 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 decrease its bias. However, 7.2% of patients in the RCA arms
did not have the procedure and no outcome data were available 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 submitted 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 magnitude of reduction of VT storm and ICD shocks increased
when early RCA was performed. However, CIs also widened. This may be associated with the concomitant use of
AAD in reducing the risk of VT recurrence and ICD therapies, 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 potential benefit [25].
Our results showed that RCA had no benefit regarding
all-cause or cardiovascular mortality compared to VT conventional management, which is consistent with the findings of each of the six randomized studies included in the
analysis. However, SMASH-VT, VTACH, and SMS focused 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 composite primary outcome of death at any time or VT storm or
appropriate ICD shocks [25]. Despite this, it failed to demonstrate 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 increasing 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 a
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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

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 reported 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 compared to the deferred ablation strategy. However, the early
strategy did show a trend to decrease appropriate ICD therapy and ICD shocks. Additionally, based on our review,
RCA is associated with a lower risk of VT storm, appropriate 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 increase in all-cause mortality and in heart failure hospitalization 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 functioning 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 improvements 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
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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

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 selection, 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 generally not performed. Although all trials mandated the presence of an ICD, which increased the sensitivity for VT detection, the ICD programming was not reported or, even if specified, varied between trials thereby leading to potential differences 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 therapies, and ICD shocks. There is a need for future carefully
designed randomized clinical trials that incorporate improved
RCA procedural aspects.
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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)

All-cause mortality

791 (6 RCTs)

⨁⨁◯◯Lowa,b

CV mortality

764 (5 RCTs)

⨁⨁◯◯Lowa,b

CV hospitalization

663 (5 RCTs)

⨁⨁◯◯Lowa,b

VT storm

605 (4 RCTs)

Recurrent VT/VF

Appropriate ICD
therapy
Appropriate ICD
shocks

Relative effect
(95% CI)

Anticipated absolute effects
Risk with
control

Risk difference with VT
ablation

RR 0.97 (0.71 to
1.32)
RR 0.81 (0.54 to
1.24)
RR 0.82 (0.66 to
1.01)

163 per 1000

⨁⨁◯◯Lowa,b

RR 0.70 (0.51 to
0.94)

257 per 1000

404 (4 RCTs)

⨁⨁◯◯Lowa,b

RR 0.87 (0.70 to
1.07)

531 per 1000

502 (4 RCTs)

⨁⨁◯◯Lowa,c

471 per 1000

761 (5 RCTs)

⨁⨁◯◯Lowa,c

RR 0.70 (0.55 to
0.89)
RR 0.66 (0.47 to
0.93)

5 fewer per 1000 (47 fewer
to 52 more)
21 fewer per 1000 (50 fewer
to 26 more)
68 fewer per 1000 (129
fewer
to 4 more)
77 fewer per 1000 (126
fewer
to 15 fewer)
69 fewer per 1000 (159
fewer
to 37 more)
141 fewer per 1000 (212
fewer to 52 fewer)
116 fewer per 1000 (181
fewer to 24 fewer)

109 per 1000
378 per 1000

342 per 1000

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
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