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Abstract
Background  In the past decade, catheter ablation (CA) has become a rapidly expanding treatment option for ventricular 
tachycardia (VT); however it is not commonly utilised for patients with post-myocarditis VT. We aimed to systematically 
review up-to-date evidence regarding feasibility, effectiveness, and safety of CA, with a specific focus on long-term relapse 
rate and procedural complications.
Methods  A structured electronic database search (PubMed, Embase, Cochrane) of the scientific literature was performed 
according to PRISMA guidelines for studies describing outcomes at up to 7.3 years after CA. The primary outcome meas-
ured was VT recurrence post-ablation. Procedural success was defined as freedom of ventricular arrhythmias (at the end of 
follow-up after an ablation procedure). The secondary outcome was significant procedural complications which included 
procedural death, stroke, cardiac tamponade, acute myocardial infarction, major vascular complications, and major bleed-
ing, assessed on a study-by-study basis.
Results  A total of 186 patients were included in analysis with most patients (88%) being male. Over the follow-up period, 
there was a 18% relapse rate (n = 34) (confidence interval (CI); 0.12–0.24, I2≈0, p = 0.77) with the majority of patients 
remaining VT free for the duration of follow-up. The overall procedural complication rate was 3.0% (n = 7) (CI; 0.01–0.07, 
I2≈0, p = 0.44), and of note, there were no peri-procedural deaths or heart transplant surgeries reported. However, a single 
study reported a mortality of 10% (n = 2) during the follow-up period.
Conclusions  CA is an effective and durable long-term therapeutic strategy for post-myocarditis VT patients with limited 
relapse rate and very low complication rates based on these non-randomised data. Larger randomised-controlled trials with 
standardised treatment and long follow-up are required to compare CA versus conventional treatment in the post-acute 
myocardial phase.
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Introduction

Myocarditis, defined as inflammation of the heart muscle, 
can arise from a variety of infectious agents, autoimmune 
processes, or drugs [1]. More recently, severe acute res-
piratory coronavirus 2 (SARS-CoV2) has been associated 
with myocarditis, though the exact mechanism behind this 
is not fully understood [2].

Arrhythmias such as ventricular tachycardia (VT) can 
occur during acute myocarditis (AM), or persist chroni-
cally after the acute episode ‘post-myocarditis’ (PM) 
even in the presence of a normal left ventricular ejection 
fraction (LVEF). Arrhythmias in later stage myocardi-
tis may result from chronic inflammation, where there 
is no recovery from the initial inflammatory phase, or 
secondary to post-inflammatory myocardial scar. In the 
post-inflammatory phase, fibrosis results from healing of 
inflamed myocardial tissue, which can lead to scar-related 
arrhythmogenesis [3]. Current guidelines recommend anti-
arrhythmic therapy (generally amiodarone) first line to 
suppress these arrhythmias. Implantable cardiac defibril-
lator (ICD) insertion is advised where pharmacotherapy is 
unsuccessful at controlling arrhythmias [4].

Catheter ablation is not currently recommended for 
patients with PM ventricular arrhythmias. However, it has 
already demonstrated promise in patients with Chagasic 
cardiomyopathy, a major cause of non-ischaemic cardio-
myopathy in south America, in which the incidence of VT 
and sudden cardiac death is high despite treatment with 
amiodarone [5].

There is growing interest in the role of ablation to treat 
VT in the PM phase, as an adjunct or alternative to cur-
rent treatment strategies. This report analyses the most 
up-to-date evidence regarding feasibility, effectiveness, 
and safety of catheter ablation, with a specific focus on 
long-term relapse rate and procedural complications.

Methods

We systematically searched the electronic databases MED-
LINE, PUBMED, EMBASE, and the Cochrane Library for 
Central Register of Clinical Trials, using the MESH terms 
‘post-myocarditis’ OR ‘after myocarditis’ AND ‘catheter 
ablation’ OR ‘radiofrequency ablation’ AND ‘ventricular 
tachycardia’ OR ‘ventricular arrhythmia’. We limited our 
search to studies on adult human subjects and published 
in English language peer-reviewed journals until March 
2021. The population of interest included patients with 
medication-refractory ventricular tachycardia which per-
sisted or post-myocarditis. Studies were selected according 

to PRISMA guidelines. The literature search and study 
selection took place from September 2020 to March 2021. 
Analyses were performed using STATA® (version IC 16.1, 
StataCorp LLC). Continuous variables are presented as 
mean ± SD or median and interquartile ranges (IQRs).

The primary outcome measured was VT recurrence 
post-ablation. Procedural success was defined as freedom 
of ventricular arrhythmias (at the end of follow-up after an 
ablation procedure). The secondary outcome was signifi-
cant procedural complications which included procedural 
death, stroke, cardiac tamponade, acute myocardial infarc-
tion, major vascular complications, and major bleeding, 
assessed on a study-by-study basis. Bias assessment was 
performed with the quality assessment scale for case series 
studies (Suppl. Table).

Study Selection

We included prospective studies and retrospective cohorts 
published as original articles in peer-reviewed scientific 
journals in English. We excluded those trials that did not 
report any of the following variables or outcomes: number 
of adverse events, length of study, or description of the main 
relevant features of the study population including gender, 
age, description of the procedure, and concomitant therapy. 
We did not restrict eligibility according to renal function.

The data was independently extracted by two authors 
using standardised protocol and reporting form. Two inde-
pendent reviewers (E.A. and D.F.) screened all abstracts and 
titles to identify potentially eligible studies. The full text of 
these potentially eligible studies was then evaluated. Agree-
ment of at least two reviewers was required for decisions 
regarding inclusion or exclusion of studies. Studies that full 
text was not available were excluded from the analysis.

Results

Study Selection and Patient Characteristics

A total of five studies met our eligibility criteria and were 
included. The selection process is illustrated in Fig.  1 
(PRISMA). A total of 186 patients were included in analysis 
with most patients (88%) being male. From the four studies 
who reports this information, 50% of patients had an ICD 
in place and 70.4% of the patients were on anti-arrhythmic 
drugs. Baseline data and the design of selected studies are 
summarised in Table 1. Out of the five studies in the analy-
sis, four were retrospective case series with one prospec-
tive case series. All studies except one were single-centre 
observational studies.
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Procedural Data

Of the five studies, four reported the mean procedure time 
whilst one study only reported radiofrequency time and 
screening times. The mean procedural time was 272 min. All 
studies used Biosense Websters’s CARTO mapping system, 
and four out of the five studies also used Abbot’s Ensite/NavX 
systems. Seventy-three per cent of patients had a combined 
endo-epicardial mapped performed during ablation. All stud-
ies performed substrate modification, and mapping in VT was 
only performed if hemodynamically tolerated. Table 2 prov

ides a summary of procedural data obtained from all five 
studies.

Efficacy and Complications

The median follow-up period ranged from 23 to 63 months. 
Over the follow-up period, there was an 18% relapse rate 
(n = 34) (confidence interval (CI); 0.12–0.24, I2≈0, p = 0.77) 
with the majority of patients remaining VT free for the 
duration of follow-up (Fig. 2). Only one study recorded 
the percentage of re-do procedures. The overall procedural 

complication rate was 3.0% (n = 7, CI; 0.01–0.07, I2≈0, 
p = 0.44),and of note, there were no peri-procedural deaths 
or heart transplant surgeries reported. However, a single 
study reported a mortality of 10% (n = 2) during the follow-
up period (Fig. 3). Table 2 provides a summary of the effi-
cacy and complications recorded.

Discussion

This important set of data, although not large in numbers 
given current limited literature, suggests catheter ablation 
may be an effective treatment for VT in the post-myocarditis 
phase for patients with preserved LVEF, with low relapse 
rates post-procedure. Importantly, when carried out in spe-
cialist centres, it is a safe procedure with low rates of proce-
dural complications. More specifically, Vaseghi et al. showed 
that catheter ablation in patients post-myocarditis had lower 
rates of VT recurrence when compared with patients with 
hypertrophic cardiomyopathy, valvular cardiomyopathy, or 
sarcoidosis [6].

In PM patients, there is a high incidence of intramural and 
subepicardial disease, and an epicardial approach would be 

Fig. 1   PRISMA flow-diagram
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more suitable for some patients first line [7, 8]. Dello Russo 
et al. offered endocardial approaches to all patients in the first 
instance, followed by an epicardial approach if unsuccessful, 
exposing the patient to procedural risks twice [7], whilst over 
90% of patients reported in Berte et al. were offered a com-
bined approach in the first instance [8]. It should be noted that 

Dello Russo performed the earliest study in 2012. All studies 
performed later offered a combined or epicardial approach. 
However, the need for an epicardial approach means the pro-
cedure must be carried out in specialist centres.

Patient selection for which approach is more suitable 
can be guided by CMR, for pre-procedural scar location, 

Fig. 2   Overall relapse rates during follow-up

Fig. 3   Overall procedural complication rates
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further improving procedural success [9]. Should this be 
performed as standard, procedural success and relapse rate 
may be improved further. A barrier to performing larger 
trials is that myocarditis can go undiagnosed in the acute 
setting due to its variety of presentations. Patients can pre-
sent later with arrhythmias in the PM phase, but without 
a biopsy or imaging-guided diagnosis in the first instance, 
they may not be included in the post-myocarditis cohort for 
trials. Interestingly, Perreto compared the effectiveness of 
catheter ablation in the acute and PM phases and found that 
ablation was a much more effective treatment in the PM 
phase. Actually, catheter ablation in the acute myocarditis 
phase was the only predictor of VT recurrences at 12 months 
(hazard ratio: 9.5) [10].

Most patients included were on anti-arrhythmic medi-
cation at the time of ablation. To our knowledge, there is 
no data directly comparing anti-arrhythmic medication and 
ablation as treatment for VT in this setting. This data sug-
gests ablation may be effective in preventing VT recurrence 
as an adjunct to anti-arrhythmic medication but are unlikely 
to replace pharmacotherapy as a first-line treatment. How-
ever, following ablation patients may be able to reduce the 
dose of antiarrhythmic medications, particularly pertinent 
when using amiodarone which long term can cause hepa-
totoxicity and thyroid dysfunction and is contraindicated in 
pregnancy.

Around 50% of patients already had an ICD in  situ. 
Maccabelli et al. noted that 8 of 26 patients had no ICD 
inserted at the end of their follow up period with no recur-
rence of arrhythmia [11]. The negative impact of recurrent 
ICD shocks on a patient’s morbidity and mortality is widely 
acknowledged. Ablation could be used to reduce the burden 
of ICD therapies, or even negate the need to implant a device 
in selected patients, thus significantly improving quality of 
life. Given the safety of the procedure and low complication 
rates, catheter ablation could be used early in the course 
of the disease, rather than delaying the procedure until the 
patient is on maximal medical therapy with an ICD in situ.

Larger, randomised-controlled trials with standardised 
treatment and follow-up regimens are required to compare 
VT relapse rates in those who undergo ablation and patients 
who are managed with conventional treatment alone before 
any changes are made to guidelines. However, this early data 
suggest catheter ablation is a viable option for patients with 
PM ventricular arrhythmias and could afford patients more 
choice of potential treatments.

Limitations

All studies are observational, small (with < 100 patients per 
cohort) and mostly single centre. The studies lack control 
groups to allow for comparison of relapse rates between 

those who undergo ablation, and those who do not. The 
baseline characteristics reported in the studies focus on car-
diac parameters such as ejection fraction and scar burden. 
There is little detail on other past medical history, and it 
is likely patients with good functional baselines and few 
comorbidities were selected, and thus these early results will 
not be generalisable to a significant portion of the popula-
tion. There is also heterogeneity between the studies in the 
ablation technique and the mapping systems used. With the 
small patient numbers, there is no way to delineate which 
mapping system will be optimal for this patient group.

Conclusion

The studies outlined above suggest catheter ablation is an 
effective and durable long-term therapeutic strategy for post-
myocarditis patients with VT, with limited relapse rates and 
very low complication rates. This early data suggests that 
ablation may be a useful adjunct to medical therapy and 
ICD implantation, to reduce the burden of polypharmacy 
or ICD shocks. However, the data so far is limited by small 
patient numbers and heterogeneity between studies. Larger 
randomised-controlled trials with standardised treatment and 
long follow-up are required to compare CA versus conven-
tional treatment in the post-acute myocardial phase.
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