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Abstract  

Introduction: Catheter ablation has been evaluated as treatment for fascicular ventricular 

tachycardia (FVT) in several single-centre cohort studies, with variable results regarding 

efficacy and outcomes. 

Methods: A systematic search was performed on PubMed, EMBASE and Cochrane database 

(from inception to November 2017) that included studies on FVT catheter ablation. 

Results: Thirty-eight observational non-controlled case series comprising 953 patients with 

FVT undergoing catheter ablation were identified. Three studies were prospective and only 5 

were multi-centre. Eight-hundred and eighty-four patients (94.2%) had left posterior FVT, 25 

(3.4%) left anterior FVT and 30 (2.4%) other forms. In 331 patients (41%), ablation was 

performed in sinus rhythm (SR). The mean follow-up period was 41.4±10.7 months. Relapse 

of FVT occurred in 100 patients (10.7%). Among the 79 patients (8.3%) requiring a further 

procedure after the index ablation, 19 (2%) had further FVT relapses. Studies in which ablation 

was performed in FVT had similar success rate after multiple procedures compared to ablation 

in SR only (95.1%, CI95%92.2-97%, I2=0% versus 94.8%, CI95%87.6-97.9%, I2=0%, 

respectively). Success rate was numerically lower in paediatric-only series compared to non-

paediatric cases (90.0%, CI95%82.1-94.6%, I2=0% versus 94.3%, CI95%92.2-95.9%, I2=0%, 

respectively).  

Conclusion: Data derived from observational non-controlled case series, with low-

methodological quality, suggest that catheter ablation is a safe and effective treatment for FVT, 

with a 93.5% success rate after multiple procedures. Ablation during FVT represents the first-

line and most commonly used approach; however, a strategy of mapping and ablation during 

SR displayed comparable procedural results to actively mapping patients in FVT and should 

therefore be considered in selected cases where FVT is not inducible.  
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Introduction 

Fascicular ventricular tachycardia (FVT) was first described by Zipes et al in 1979 [1]. 

Belhassen et al demonstrated in 1981 that FVT can be terminated by verapamil [2]. FVT 

represents 10-15% of idiopathic ventricular tachycardia and is the most common form of 

idiopathic left ventricular (LV) tachycardia [3]. It has a male preponderance (60-80% of 

reported cases occur in men) and usually presents in young adults (15-40 years) with 

structurally normal hearts [4-6]. Its prevalence is higher in Asian populations [7]. Three 

subtypes have been described: (1) left posterior FVT (90% of cases), with a right-bundle 

brunch block (RBBB) pattern and left axis deviation (Figure 1); (2) left anterior FVT (5-10% 

of cases), with RBBB and right axis deviation; (3) upper septal FVT (<1% of cases), with 

usually narrow QRS and normal frontal axis.  

FVT is a re-entry tachycardia involving abnormal Purkinje tissue with decremental properties, 

left ventricular myocardium and the left anterior or posterior fascicles [8], though the entire 

components of the reentry circuit remain incompletely defined and understood [9].  

In this report, we aim systematically to review the available data in the literature and assess the 

efficacy and rates of periprocedural complications following catheter ablation for FVT.  

 

Methods 

Study Selection 

A systematic electronic search was performed on PubMed, EMBASE and Cochrane database 

(from inception to November 2017) with no language limitations, using the following search 

string: “fascicular ventricular tachycardia” OR “idiopathic left ventricular tachycardia” OR 

“verapamil-sensitive tachycardia” AND (“ablation” OR “catheter ablation”).   

The population, intervention, comparison and outcome (PICO) approach was used [10]. The 

population of interest was patients with FVT, and the intervention was catheter ablation of 
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FVT. In the absence of a control group, a non-controlled observational analysis was performed. 

The primary outcome measure was freedom of FVT at the end of follow-up. The other outcome 

considered was mortality. Procedural complications were assessed on a study-by-study basis.   

Eligibility criteria required studies to provide patient demographics and the FVT morphology. 

Observational non-controlled case series required a minimum of 6 patients to be considered 

eligible. 

Review articles, editorials and case reports were not considered eligible for the purpose of this 

review.  

Reference lists of all accessed full-text articles were further searched for sources of potentially 

relevant information.  

Two independent reviewers (AC and RP) screened all abstracts and titles to identify potentially 

eligible studies, and the full text of was subsequently interrogated. Agreement of the two 

reviewers was required for studies to be considered eligible for analysis. Study quality was 

formally evaluated using the National Heart, Lung, and Blood Institute Quality Assessment 

Tool for Case Series Studies [11] by two reviewers (AC, RP). An agreement between the two 

reviewers was mandatory for the final classification of studies. A third author (AWC) 

intervened to resolve disputes whenever the two reviewers were in disagreement regarding the 

inclusion or classification of a study. 

Data extraction and presentation for the preparation of this manuscript followed the 

recommendations of the PRISMA group [12]. Where available the following data were 

extracted from the selected studies: study design, study population characteristics (age and 

sex), FVT morphology and cycle length, follow-up duration, ablation procedure, definition of 

relapse, post-procedural monitoring, use of anti-arrhythmic agents. Patient-level data were 

obtained whenever these were available in the manuscripts, or provided by authors after 

contact. 
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Statistical analysis 

Statistical heterogeneity on each outcome of interest was quantified using the I2 statistic, which 

describes the percentage of total variation across studies due to heterogeneity rather than 

chance. Values of <25%, 25% to 50%, and >50% are by convention classified as low, 

moderate, and high degrees of heterogeneity, respectively. 

If no heterogeneity was found (I2 ≤40%) OR were calculated using a fixed-effect model. If 

heterogeneity between studies was observed (I2 >40%), ORs were calculated using random-

effects model. Comprehensive Meta-Analysis software (Version 2) was used for the analyses. 

Overall incidences and 95% confidence interval were estimated. 

Sub-group analyses were performed for mapping strategy (mapping sinus rhythm vs. mapping 

in VT), use or not of mapping systems, and paediatric vs. non-paediatric cohorts. 

 

Results  

Study selection and patient characteristics 

A total of 38 studies meeting the inclusion criteria were identified. The selection process is 

illustrated in Figure 2 (PRISMA) and a total population of 953 patients with FVT undergoing 

catheter ablation were included. Twenty-eight patients from 7 studies [7] [13-18] did not 

receive catheter ablation and therefore were not considered for the present analysis. Non-

inducibility of FVT was the most common reason for deferring ablation. The mean age of the 

patients was 29.5±12.4 years; 82% were male. Eight-hundred and eighty-four patients (94.2%) 

had left posterior FVT, 25 (3.4%) left anterior FVT and 20 (2.1%) had upper septal FVT. The 

sub-type of FVT was not specified in the remaining 24 patients. The mean cycle length was 

364±66 ms. Eighty-nine patients (9.3%) had a previous failed or attempted FVT ablation before 

the index procedure considered in the present study. Data regarding antiarrhythmic treatment 
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before catheter ablation were available for 18 studies (equating to 399 patients) and verapamil 

was used in the majority. Among the 363 patients with previous long-term antiarrhythmic drug 

treatment, 305 (84%) had symptomatic FVT relapses despite medical therapy.  

There was a perfect agreement between investigators on the inclusion of the selected studies. 

Baseline data and the design of selected trials are summarized in Table 1.  

The 38 studies used for the analysis were all case series. Three studies were prospective [7] 

[19, 20]. All the studies were observational, with no control group and all but 5 [15] [17] [21-

23] were single-centre. According to the National Heart, Lung, and Blood Institute Quality 

Assessment Tool for Case Series Studies [11] a maximum of 9 criteria apply for case series as 

shown in S-Table 1. Twenty-one studies fulfilled 8 criteria [7, 8] [13] [17-20] [24-37], 12 

studies fulfilled 7 criteria [15] [21] [23] [38-46] and 5 studies fulfilled 6 criteria [14] [16] [24] 

[47, 48]. Both authors (AC and RP) were in agreement regarding study classification. 

 

Procedural Data  

During the index procedure, FVT was inducible or incessant in 871 patients (91%). Of the 38 

studies included in our analysis, only 11 studies reported on the duration of the procedure as 

well as the mean fluoroscopy time (Table 2). A tridimensional (3-D) mapping system was used 

in 416 cases (Biosense Webster CARTO system in 224 cases and Abbott-St. Jude Ensite NavX 

or Velocity in 149 cases, unknown in the remaining), while no 3-D mapping system was used 

in 531 patients. No data were reported regarding use of mapping system in one study (6 

patients) [48]. Irrigated or non-irrigated 3.5 or 4 mm tip catheters were used for mapping and 

ablation (Table 2). A combination of radiofrequency and cryo-ablation was used in 3 cases 

[15]. Thirty-three studies (equating to 816 patients) described whether the catheter ablation 

was performed during sinus rhythm (SR) or during tachycardia. In 331 patients (41%), the 

ablation was performed during SR. The targets of ablation varied among the studies. Fascicular 
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block was induced in 196 patients (20.6%). For most of the studies, termination and/or non-

inducibility of FVT was the acute procedural outcome. Detailed procedural data are presented 

in Table 2 and S-Table 2. 

 

Efficacy of Catheter Ablation 

The mean follow-up period was 41.4±10.7 months. During the follow-up period, a total of 20 

patients were lost in one study. Among those with follow-up, relapse of FVT occurred in 100 

of 933 patients (10.7%). Among the 79 patients (8.3%) requiring a further procedure after the 

index ablation, 19 (2.0%) had further FVT relapses. These data are summarized in Table 3.  

In 17 studies freedom from FVT relapse was 100% after the index ablation procedure [8] [13] 

[17] [20] [22] [25-31] [33, 34] [40] [43-45] Suzuky et al reported the highest rate of relapse 

(50%) after catheter ablation [48].  

Overall, the pooling of our data (Figure 3a-3b) shows that catheter ablation is effective to 

abolish FVT, with a success rate of 93.5% after multiple procedures. Interestingly, data 

regarding antiarrhythmic therapy was available for 18 studies included in the present analysis, 

and the overall long-term success rate of medical therapy was only 16%.  

 

Sub-group Analyses 

Similar results were found between ablation during FVT only versus SR only, with a success 

rate after multiple procedures of 95.1% (CI95%92.2-97%, P<0.001, I2=0%) and 94.8% 

(CI95%87.6-97.9%, P<0.001, I2=0%), respectively. In the 9 studies in which catheter ablation 

was performed in either FVT or SR, the success rate was 86.7% (CI95%82.1-90.2%, P<0.001, 

I2=0%) after the index procedure and 93.2% (CI95%85.7-96.9%, P<0.001, I2=38%) after 

multiple procedures.  
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Use of 3-D mapping did improve numerically the success rate compared to fluoroscopy-only 

procedures, especially after the index procedure (92%, CI95%87.8-94.9%, P<0.001 I2=0% 

versus 89.5%, CI95%83.7-93.4%, P<0.001, I2=0%, respectively). 

Success rate was numerically lower in paediatric-only series compared to non-paediatric cases 

(success rate after multiple procedures 90.0%, CI95%82.1-94.6%, P<0.001, I2=0% versus 

94.3%, CI95%92.2-95.9%, P<0.001, I2=0%, respectively) (Table 4).  

No significant differences were found between use of irrigated versus non-irrigated ablation 

catheter, with a success rate after the index procedure of 88.8% (CI95%69.9-96.5%, P<0.001, 

I2=1%) and 87.7% (CI95%84.4-90.4%, P<0.001, I2=0%), respectively. No data were available 

regarding patients treated with irrigated catheters having repeated procedures, and therefore 

comparison of success rates after multiple procedures was not possible.  

 

Procedural complications  

Procedural complications occurred in 13 patients (1.4%). Suzuky et al [48] reported that one 

patient (17%) developed complete left bundle branch block (LBBB) and that another patient 

(17%) developed complete heart block requiring permanent pacemaker implant. Collins et al 

[15] reported complications in 6 patients (7%), including 2 (2%) VF arrest, 3 (3%) polymorphic 

VT and one (1%) transient atrio-ventricular block; also, one patient developed LBBB which 

did not fit with the complication definition of the study and therefore has not been included in 

the present analysis. Topilski et al [18] and Shin et al [21] reported iatrogenic VF arrest 

requiring direct-current shock in one patient each. Guo et al [13] reported one femoral pseudo-

aneurysm, while Arya et al reported one haematoma at the femoral access site. In addition, 

Nagakawa et al [37] reported a mitral valve damage not requiring surgery. Thirty-one studies 

reported absence of any procedural complication. In the remaining 7 studies, the rate of 

procedural complications varied between 5.9% and 33%. No cardiac tamponades or procedural 
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deaths were reported. Overall, 0.2% (n=2) of patients developed either persistent or transient 

complete atrio-ventricular block, 0.2% (n=2) developed LBBB, 0.5% (n=4) had VF arrest, 

0.1% (n=1) required permanent pacemaker implant and only 0.3% (n=3) was reported to have 

groin complications. No complications occurred in the remaining 98.6% of patients.  

 

Discussion 

Our review confirms the high success rate for catheter ablation of FVT (93.5% freedom of FVT 

after multiple procedures) with a low complication rate (observed incidence of complications 

was 1.4%), with no procedural deaths or need of urgent cardiac surgery. The success rate after 

the index procedure was 87%. As much as 9.3% of patients in this review had had a previous 

attempt or failed catheter ablation for FVT prior to the index procedure. Unfortunately, none 

of the studies included in this review reported specifically the procedural outcome in subjects 

with previous FVT ablation compared to naïve patients. These results support the overall 

efficacy and safety of catheter ablation in a FVT patient population where arrhythmia relapse 

had occurred in 84% of those treated with anti-arrhythmic agents. To the best of our knowledge, 

this is the first systematic review analysing the available literature and data on this topic. 

Catheter ablation is a well-established treatment for FVT. However, evidence supporting its 

efficacy is limited to small non-randomised observational studies. This is likely due to the low 

prevalence as well as good prognosis of FVT. Medical treatment (i.e. verapamil) has been 

shown to be efficacious for the termination of acute episodes and prevention of recurrence in 

small case-series [49-52]. 

We have identified no studies comparing long-term medical therapy versus catheter ablation 

for preventing FVT relapses. However, most patients in this analysis had previously relapsed 

while on anti-arrhythmic drugs. According to American Heart Association/American College 

of Cardiology/Heart Rhythm Society guidelines, catheter ablation is useful in patients with 
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verapamil-sensitive, idiopathic left VT related to interfascicular reentry for whom 

antiarrhythmic medications are ineffective, not tolerated, or not the patient’s preference (class 

of recommendation I, level of evidence B-NR) [53]. Current guidelines from European Society 

of Cardiology recommend catheter ablation by experienced operators as a first-line treatment 

in symptomatic patients with idiopathic LV tachycardia (class of recommendation I, level of 

evidence B) [54].  

Non-inducibility of FVT during electrophysiological study is often considered a pitfall of 

catheter ablation strategy and, in the studies included in this analysis, this represented the most 

common reason for deferring ablation. Earlier reports did show difficulty in induction of FVT 

in approximately 25–40% of the patients [14]. Our analysis suggests that FVT was inducible 

or incessant in 91% of cases, although occasionally VT was not sustained for long enough to 

enable mapping during tachycardia (often because of contact inhibition). Interestingly, ablation 

was performed during SR in almost half of the patients included in our analysis, usually 

targeting Purkinje-potentials (PP) in the interventricular septum region [19] [21, 22] [24, 25] 

[41-43], though delayed diastolic potentials or areas with best pace-mapping have been used 

as alternative targets [18] [23] [26, 27] [39] [43] [48]. A sub-analysis of our data did not 

demonstrate a difference in the long-term efficacy of ablation during SR vs FVT. Non-

inducibility or lack of sustained inducibility of FVT during the procedure therefore should not 

be a contraindication for performing catheter ablation.  

Interestingly, studies that included paediatric-only populations did demonstrate a trend for 

poorer procedural results compared to those enrolling adults only. A possible explanation could 

be a less aggressive ablation approach likely to have been adopted in children.  

Tridimensional mapping system was used in all the series published in the last 11 years. Our 

data suggest that availability of 3-D mapping system led to an improvement in procedural 

success compared to fluoroscopy-only procedures, especially after the index procedure. 



 

 12 

 

Limitations 

The main limitation of this study was the inability to analyse data from case-control design due 

to the absence of control groups in all studies. However, given the low efficacy of medical 

therapy and the high success rate and safety of catheter ablation, randomised controlled trials 

comparing these different treatment options might not be ethically appropriate. The efficacy of 

antiarrhythmic therapy reported in the present study could be underestimated, given that only 

selected patients were included (i.e., only patients undergone to catheter ablation). Most of the 

studies included were retrospective, single-centre and included small cohorts. No studies 

provided comparative data on outcomes using different mapping and ablation strategies (e.g., 

mapping and ablating in FVT versus SR, or mapping earliest PP versus mechanical 

termination, or use of irrigated versus non-irrigated catheters). Data regarding procedure 

duration and fluoroscopy time are missing in several studies and therefore no comparison 

between ablation using irrigated versus non-irrigated catheters or 3-D mapping versus 

fluoroscopy only was possible.  

 

Conclusions 

Data derived from observational non-controlled case series, with low-methodological quality, 

suggest that catheter ablation is a safe and effective treatment for FVT, with a 93.5% success 

rate after multiple procedures in patients with previously failed anti-arrhythmic therapy. 

Ablation during FVT represents the first-line and most commonly used approach; however, a 

strategy of mapping and ablation during SR displayed comparable procedural results to actively 

mapping patients in FVT and should therefore be considered in selected cases where FVT is 

not inducible.  
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