
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Cheng et al. BMC Cardiovascular Disorders           (2024) 24:37 
https://doi.org/10.1186/s12872-023-03702-0

BMC Cardiovascular Disorders

†Dian Cheng and Jinbo Yu authors with equal contributions to this 
work.

*Correspondence:
Bing Yang
ybheart@163.com
1Department of Cardiology, Shanghai East Hospital, Tongji University 
School of Medicine, 150 Jimo Road, Shanghai  
200120, People’s Republic of China

2Department of Cardiology, The First Affiliated Hospital of Nanjing 
Medical University, Nanjing, People’s Republic of China
3Department of Cardiology, Jiangsu Province Hospital of Chinese 
Medicine, Nanjing, People’s Republic of China
4Department of Cardiology, Ng Teng Fong General Hospital, Singapore, 
Singapore

Abstract
Background  Catheter ablation is recommended in patients with frequent and symptomatic ventricular arrhythmias 
(VAs) in an otherwise normal heart. Right or left outflow tract (OT) are the most common origins, and catheter 
ablation is highly effective with low complication rates. However, outcome of catheter ablation of VAs other than 
the OT (non-OTVAs) is limited. The aim of this single-center study was to assess the safety and mid-term outcome of 
catheter ablation for non-OTVAs.

Method and Results  From 2013 to 2018, 251 patients who underwent catheter ablation for idiopathic non-OTVAs 
were enrolled and grouped according to the origins including His-Purkinje system (HPS, n = 108), papillary muscle / 
moderator band (PM/MB, n = 47), tricuspid annulus (TA, n = 70), and mitral annulus (MA, n = 26), 244 (97.2%) had acute 
elimination of VAs. The time of VAs recurrence of the single procedure was 1.69 (0.12,9.72) months, with 66% occurring 
within the first 3 months. The recurrence rate was significantly higher in the PM/MB group than in the TA (p = 0.025) 
and MA groups (p = 0.023). The single procedure success rate in all patients was 70.1%, in which 66.7%, 59.6%, 80%, 
and 76.9% were achieved in the HPS, PM/MB, TA, and MA groups, respectively (p = 0.284). After multiple procedures, 
the total success rate was 76.5% at the follow-up of 4.38 ± 2.42 years. The rate was significantly lower in the PM/MB 
group than in the TA group (p = 0.035). In subgroup analysis, no significant difference was observed in the recurrence 
rate of single procedure in patients with different VA origins within the PM/MB (log-rank test, p = 0.546).

Conclusion  Despite a certain percentage of recurrences observed in the mid-term follow-up, catheter ablation 
remained feasible and effective for idiopathic non-OTVAs.
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Introduction
Idiopathic premature ventricular contraction (PVC) and 
ventricular tachycardia (VT) mostly originate from the 
right or left ventricular outflow tract (OT), and radiofre-
quency catheter ablation (RFCA) has been demonstrated 
effective in the treatment of idiopathic OT-VAs [1, 2]. 
Meanwhile non-OT ventricular arrhythmias (VAs) aris-
ing from His-Purkinje system (HPS), papillary muscle 
(PM) / moderator band (MB), tricuspid annulus (TA), 
and mitral annulus (MA) are not rare [3]. Due to the 
complex anatomy and electrophysiological characteris-
tics, catheter ablation for non-OTVAs can be challenging 
and is associated with a lower success rate when com-
pared to OT-VAs [4, 5]. Most previous studies reported 
the electrocardiogram findings, electrophysiological 
characteristics and ablation strategies of VAs originating 
from the HPS, PM, TA, and MA [5–9]. With advances in 
catheter ablation technology, researchers have increas-
ingly focused on the safety and efficacy of catheter abla-
tion of non-OTVAs. However, the mid-term outcome of 
the catheter ablation of idiopathic non-OTVAs is lacking.

This study aimed to evaluate the mid-term follow-up of 
catheter ablation for idiopathic non-OTVAs originating 
in the HPS, PM/MB, TA, and MA. We also performed 
subgroup analyses of VAs originating from specific sites 
within the HPS and PM/MB to determine whether suc-
cess rates vary according to the site of origin.

Methods
Patient selection
Among 1253 consecutive patients who underwent RFCA 
for VAs at the First Affiliated Hospital of Nanjing Medi-
cal University between October 2013 and August 2018, 
251 (20%) patients with idiopathic VAs arising from 
the main sites of non-OT (including HPS, PM/MB, TA, 
and MA) were retrospectively enrolled. Echocardiogra-
phy and exercise stress testing or coronary angiography 
demonstrated no evidence of structural heart disease in 
any patient. The exclusion criteria were as follows: (1) 
patients with structural heart disease; (2) patients with 
New York Heart Association (NYHA) class III/IV; (3) 
patients with a history of myocardial infarction and/
or percutaneous coronary intervention within the last 6 
months; (4) patients planned for heart transplantation. 
57 patients originated from other rare sites of non-OT 
(including left or right ventricular free wall, apex and bot-
tom, etc.) were not included (Fig. 1). Cases with origins 
of left para-hisian (n = 13) and right para-hisian (n = 11) 
areas were included in the MA group and TA group, 
respectively. The preoperative standard 12-lead ECG 
of patients showed monomorphic PVC or VT, and the 
origin of VAs was identified according to the successful 
ablation site. All eligible patients were provided written 
informed consent before the procedure, the study was 

undertaken after approval of the protocol by the Institu-
tional Review Board.

Electrophysiology study and catheter ablation
Antiarrhythmic drugs were discontinued for at least 5 
half-lives. The procedures were performed under local 
anesthesia with guidance from the Carto (Biosense Web-
ster, Diamond Bar, CA, USA) or Ensite mapping system 
(Abbott, St Paul, MN, USA). A 6-French (6 F) quadripo-
lar and 6 F decapolar catheter (Abbott, St Paul, MN, USA 
or Biosense-Webster Inc., CA, USA) were advanced into 
the right ventricle apex and coronary sinus, respectively, 
via femoral veins. If clinical VAs failed to occur sponta-
neously, intravenous isoproterenol (2–5  µg/min) was 
infused, or a standard programmed ventricular stimu-
lation protocol was performed. The origin was initially 
predicted based on the 12-lead ECG characteristics. A 
4-mm- or 3.5-mm-tip irrigated catheter (ThermoCool 
SmartTouch or Navistar Thermocool, Biosense-Webster 
Inc., Diamond Bar, CA, USA or IBI CoolPath or Coolflex, 
Abbott, St Paul, MN, USA) was used for mapping and 
ablation, retro-aortic access to the LV was used as the pri-
mary method and transseptal technique as an alternative. 
An intracardiac echocardiography catheter (SOUND-
STAR, Biosense Webster, CA, USA) was delineated to 
create the ventricular 3-dimensional (3D) geometry and 
confirm catheter position and stability in VAs arising 
from the PM or MB area. A detailed activation map was 
obtained for each patient to define the earliest activation 
times during spontaneous or induced VAs, while pace 
mapping was also performed at the site of earliest activa-
tion. For VAs arising from the HPS, pace mapping may 
be ineffective for identifying the foci. Purkinje potentials 
preceding local ventricular activation were detected dur-
ing both SR and VA in cases with an HPS origin.

The ideal target of RFCA was the earliest activation 
time and/or the best pace mapping (≥ 11/12 leads). Radio-
frequency (RF) current was used as the energy source 
for ablation. The non-irrigated mode was used initially, 
and the irrigated mode would be choosed when need to 
achieve deeper lesions. Non-irrigated RF current was 
generally delivered in the temperature-controlled mode 
with a target temperature of 55 °C at a power of 30–50 W, 
while irrigated RF current was delivered in power-con-
trolled mode at 30–45  W with an irrigation flow rate 
of 17–30  ml/min. If ventricular ectopy or VT was sup-
pressed or terminated within the first 30 s of ablation, the 
additional current was delivered for 60–180 s. Otherwise, 
the RF delivery was terminated, and the ablation catheter 
was repositioned.

Acute success was defined as the absence of spontane-
ous or induced clinical VAs within 30  min (by intrave-
nous administration of isoproterenol and programmed 
stimulation) after the last application of RF energy.
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Procedure-related complications such as transient or 
persistent complete atrioventricular block, malignant 
arrhythmia, and cardiac tamponade, vascular access-
related complication were recorded.

Clinical follow-up
All patients were followed up via regular outpatient clinic 
visits and telephone calls after discharge. 12-Lead ECG 
and 24-h Holter monitoring were repeated at 1, 3, 6, 
and 12 months during the first year and every 6 months 
thereafter, or whenever the patient had symptoms sug-
gesting VA recurrence.

Recurrence was defined as recurrences of sustained 
VT on 12-lead ECG, non-sustained VT and/or PVC bur-
den > 5% on a 24-h Holter-ECG recording. The mid-term 
success of catheter ablation was defined as no recurrence 
of clinical VAs in the absence of anti-arrhythmic drug 
therapy until the end of follow-up.

Statistical analysis
Statistical analyses were performed using the IBM 
SPSS Statistics for Windows, Version 24.0 (Armonk, 

NY: IBM Corp). Continuous variables are expressed as 
mean ± standard deviation. Categorical variables are 
expressed as frequency and percentage (proportion). The 
ANOVA was used to evaluate continuous data, and the 
chi-squared test or Fisher’s exact test was used to assess 
categorical data. Kaplan-Meier plots and log-rank tests 
were used for survival analysis. P < 0.05 was considered 
statistically significant.

Results
Patient characteristics
The baseline characteristics of the study participants 
were summarized in Table 1. Sites of origin were defined 
as the HPS (n = 108), PM/MB (n = 47), TA (n = 70) and 
MA (n = 26) groups (Fig.  2). Patients in the HPS group 
were younger than the other groups, predominantly 
male (72.2%), and less often had comorbidities. Com-
pared to the HPS group, patients in the PM/MB and MA 
groups had lower left ventricular ejection fraction (LVEF) 
(62.5 ± 5.1% and 60.8 ± 8.2%, vs. 64.7 ± 4.2%; p < 0.05). 
Patients in the HPS group had a higher prevalence of 

Fig. 1  Flowchart of enrollment. VAs, ventricular arrhythmias; RFCA, radio frequency catheter ablation; OT, outflow tract; EPI, epicardial; MI, myocardial 
infarction; HPS, His-purkinje system; TA, tricuspid annulus; PM, papillary muscles; MB, moderator band; MA, mitral annulus
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Table 1  Baseline data
HPS (n = 108) TA (n = 70) PM/MB (n = 47) MA (n = 26) P-value

Age (year) 33.8 ± 15.3 39.2 ± 19.6 43.5 ± 17.5 47.8 ± 18.9 <0.001
Gender (male, %) 78(72.2) 39(55.7) 29(61.7) 12(46.2) 0.033
Hypertension, n (%) 9(8.3) 17(24.3) 9(19.1) 5(19.2) 0.031
DM, n (%) 2(1.9) 3(4.3) 2(4.3) 4(15.4) 0.039
Echocardiographic index
  LVEF, % 64.7 ± 4.2 63.9 ± 3.1 62.5 ± 5.1 60.8 ± 8.2 0.017
  LVDd, mm 46.9 ± 3.9 48.4 ± 4.8 48.3 ± 6.0 48.9 ± 4.9 0.072
  LAD, mm 32.1 ± 4.5 33.5 ± 5.6 34.2 ± 4.8 34.4 ± 3.6 0.041
AADs, n (%) 76(70.4) 51(70.8) 35(74.5) 19(63.3) 0.745
Clinical VA manifestation
  Sustained VT, n (%) 74(68.5) 4(5.7) 8(17.0) 4(15.4) <0.001
  Non-sustained VT, n (%) 16(14.8) 6(8.6) 9(19.1) 3(11.5) 0.395
  PVC, n (%) 23(21.3) 64(91.4) 36(76.6) 21(80.8) <0.001
PVC count, number/24 h 29008.4 ± 41032.9 30694.7 ± 13979.2 38165.1 ± 29223.8 27736.3 ± 10661.1 0.027
HPS, his-purkinje system; TA, tricuspid annulus; PM, papillary muscles; MB, moderator band; MA, mitral annulus.DM, diabetes mellitus; LVEF, left ventricular 
ejection fraction; LVDd, left ventricular end-diastolic dimension; LAD, left atrial dimension; AADs, anti-arrhythmic drugs; VA, ventricular arrhythmia; VT, ventricular 
tachycardia; PVC, premature ventricular complex

Fig. 2  Schematic diagram of proportion and distribution of non-OTVAs. APM, anterior papillary muscle; HPS, His-Purkinje system; MB, moderator band; 
MA, mitral annulus; TA, tricuspid annulus; PPM, posterior papillary muscle; SPM, septal papillary muscle
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sustained VT, while PVC was the most common manifes-
tation in the TA and MA groups.

Procedural characteristics
At baseline, all patients had normal AH and HV intervals. 
Patients in the HPS group were significantly less likely 
to have spontaneous VAs compared to the other groups 
during the electrophysiological study. Catheter ablation 

of VAs arising from PM/MB was challenging, the total 
procedure time was significantly longer than other 3 
groups. In the HPS group, one patient with a left pos-
terior fascicular VT developed self-limiting ventricular 
fibrillation (VF) and vagal reflexes during the procedure, 
which was relieved by atropine injection. One patient in 
the TA group developed pericardial exudate during cath-
eterization, which was immediately drained by pericar-
diocentesis, and no significant pericardial effusion was 
observed subsequently. Two patients developed transient 
third-degree AV block, and the PR intervals returned 
to normal during the procedure. No other procedure-
related complications were observed. Acute success rates 
were 99.1%, 93.6%, 98.6%, and 92.3% in the HPS, PM/MB, 
TA, and MA groups, respectively, with no significant dif-
ferences between them (Table 2).

Mid-term follow-up and clinical outcome
The follow-up lasted 4.38 ± 2.42 years, 15 (6.0%) cases 
including 10 in the HPS group (1 case died of advanced 
tumor), 1 in the PM group, and 2 each in the TA and MA 
groups were lost to follow-up.

284 RFCA procedures were performed on 251 patients, 
244 (97.2%) patients achieved acute success. one each 
(0.9%, 1.4%%) in the HPS and TA groups, 3 (6.4%) in 
the PM/MB group, and 2 (7.7%) in the MA group failed 
during the single procedure. 53 (21.1%) patients includ-
ing 25 (23.1%) in the HPS group, 15 (31.9%) in the PM/
MB group, 11 (15.7%) in the TA group, and 2 (7.7%) 
in the MA group experienced VAs recurrence. Time 
of VAs recurrence of single procedure was within the 
first month in 21 (39.6%) patients, 1 to 3 months in 14 
(26.4%) patients, 3 to 6 months in 4 (7.5%) patients, 6 to 
12 months in 5 (9.4%) patients, later than 12 months in 
9 (17%) patients. The distribution of recurrence is shown 
in Fig. 3. The single procedure success rate in all patients 

Table 2  Procedural details
HPS 
(n = 108)

TA (n = 70) PM/MB 
(n = 47)

MA (n = 26) P-
value

Spon-
tane-
ous 
VAs 
(n, %)

24 (22.6%) 51 (73.5%) 32 (68.8%) 16 (62.5%) <0.001

Acti-
vation 
time 
(msec)

30.1 ± 18.4 29.2 ± 11.4 28.0 ± 9.4 26.3 ± 8.3 0.966

Total 
RF 
deliv-
ered 
(s)

232.9 ± 96.9 194.2 ± 99.1 297.8 ± 134.7 213.8 ± 118.8 <0.001

Proce-
dural 
com-
plica-
tions 
(n)

1 3 0 0 -

Acute 
suc-
cess 
rate 
(n, %)

107 (99.1%) 69 (98.6%) 44 (93.6%) 24 (92.3%) 0.079

VAs, ventricular arrhythmias; HPS, his-purkinje system; TA, tricuspid annulus; 
PM, papillary muscles; MB, moderator band; MA, mitral annulus; RF, radio 
frequency

Fig. 3  Time to first episode of VAs in all patients after the single catheter ablation
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was 70.1%, in which 66.7%, 59.6%, 80%, and 76.9% were 
achieved in the HPS, PM/MB, TA, and MA groups, 
respectively (p = 0.284). With the Kaplan-Meier analysis, 
the recurrence rates of single procedure at 1 year and 3 
years follow-up were 18% and 20%, respectively (Fig. 4A). 
There was a significant difference among the 4 groups 
in terms of the recurrence rate of single procedure (log-
rank test, p = 0.048), The recurrence rate was significantly 
higher in the PM/MB group than in the MA (p = 0.023) 
and TA groups (p = 0.025) (Fig. 4B).

Among the recurrent cases, 21 (84%) patients in the 
HPS group underwent another 1 to 3 RFCA procedures, 
2 (18%) patients in the TA group underwent another 
1 to 2 RFCA procedures, and 5 (33.3%) patients in the 
PM/MB group underwent repeated RFCA procedure. 2 
patients with recurrence in the MA group refused fur-
ther ablation therapy. After multiple ablations, the over-
all success rate for non-OTVA patients was 76.5%. The 
mid-term follow-up success rates in the HPS, TA, PM/
MB, and MA groups were 79.6%, 82.9%, 59.6%, and 76.9% 

Fig. 4  Kaplan-Meier analysis of recurrence of VAs after the single ablation in the overall patients (A) and among HPS, PM/MB, TA, MA groups (B)
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respectively, and were significantly lower in the PM 
group than in the TA group (p = 0.035).

Subgroup analysis of recurrence in the HPS and PM/MB 
groups
There were 74 patients (68.5%) with left posterior fascic-
ular (LPF) VA and 19 (17.6%) with left anterior fascicular 
(LAF) VA in the HPS group. Acute success was achieved 
in 107 (99%) patients, representing a high success rate 
among these groups. One patient with left bundle branch 
VA failed in single procedure. During the follow-up 
period, there were 8 (42.1%) patients with LAF VA and 
2 (50%) patients with inter-fascicular reentrant VT alone 
or in combination with bundle branch reentrant VT suf-
fered recurrence (Table 3).

In the PM/MB group, a total of 41 (87.2%) patients 
were found to be left ventricular PM origin; 18 of these 
cases were in the anterior left ventricular PM and 23 in 

the posterior left ventricular PM. Three of the 6 patients 
(12.8%) with right ventricular PM origin were located 
in the right ventricular anterior PM, the remaining 3 
cases were in the right posterior PM, right septal PM, 
and moderator band (MB), respectively. Acute suc-
cess was achieved in 44 (93.6%) patients. Three (6.4%) 
patients who failed the single procedure were all with the 
left ventricular PM origin. Fifteen (31.9%) patients suf-
fered recurrence during the follow-up; of these cases, 13 
(86.7%) with origin of the left ventricular PM (Table  4). 
No significant difference was observed in the recurrence 
rate of single procedure in patients with different VA ori-
gins within the PM/MB (log-rank test, p = 0.57) (Fig. S1).

Discussion
Main findings
The goal of this study was to evaluate the outcome, safety, 
and efficacy of RFCA for idiopathic non-OTVAs. To the 
best of our knowledge, no previous study in the cur-
rent literature has systematically investigated the effect 
of RFCA on non-OTVAs. The key findings are: (1) Idio-
pathic non-OTVAs accounted for 25.4% of all VAs. A 
total acute procedural success rate of the idiopathic non-
OTVAs patients was 97.2% and the mid-term follow-up 
success rate was 76.5% after multiple procedures; (2) 
Time of non-OTVAs recurrence of the single ablation 
procedure was 1.69 (0.12, 9.72) months, 66% occurring 
within the first 3 months; (3) The single procedure suc-
cess rates in the HPS, PM/MB, TA, and MA groups were 
66.7%, 59.6%, 80%, and 76.9%, respectively, the recur-
rence rate was significantly higher in the PM/MB group 
than in the MA (p = 0.023) and TA (p = 0.025).

Comparison with previous studies on non-OTVAs ablation
Previous studies mostly analyzed the ECG and electro-
physiological characteristics of VAs at adjacent sites, and 
several studies compared their ablation success rates. 
Our study was the first to report the mid-term results 
of non-OTVAs ablation, including the sites of HPS, PM/
MB, TA, and MA.

Sato et al. described the acute procedural success rates 
of TA and MA VAs were both 100% in all patients, and 
only one patient with VAs originating from TA experi-
enced recurrence [5]. In the study by Li et al., after cathe-
ter ablation for 35 patients with VAs originating from TA, 
3 recurrences occurred during a mean follow-up of 21 
months, with a mid-term success rate of 91.43% [10]. In 
our study, as the cases with para-His origin were assigned 
to the TA and MA groups, the acute success rates of TA 
and MA VAs ablation were 98.6% and 92.3%, respec-
tively, and the single procedure success rates were 80% 
and 76.9%, respectively, which were slightly lower to the 
results of previous studies. Good and colleagues found 
that, compared with the left branch system VAs, ablation 

Table 3  Single RFCA procedure success and recurrence rates for 
HPS origin
Origin sites All (n, %) Imme-

diate 
Success 
(n, %)

Recur-
rence 
(n, %)

LBB 8 (7.4%) 7 (87.5%) 1 (12.5%)
RBB 2 (1.9%) 2 (100%) 0 (0)
LAF 19 

(17.6%)
19 (100%) 8 (42.1%)

LPF 74 
(68.5%)

74 (100%) 14 
(18.9%)

BBR-VT 1 (0.9%) 1 (100%) 0 (0)
IFR-VT 2 (1.9%) 2 (100%) 1 (50%)
BBR-VT + IFR-VT 2 (1.9%) 2 (100%) 1 (50%)
LBB, left bundle branch; RBB, right bundle branch; LAF, left anterior branch; LPF, 
left posterior branch; BBR-VT, bundle branch reentrant ventricular tachycardia; 
IFR-VT, intra-fascicular reentry ventricular tachycardia

Table 4  Single RFCA procedure success and recurrence rates for 
PM/MB origin
Origin sites All (n, %) Imme-

diate 
Success 
(n, %)

Ineffective 
/ Recur-
rence (n, 
%)

Left ventricle, n (%) 41 
(87.2%)

38 
(92.7%)

3 (7.3%) / 
13 (31.7%)

LV—APM, n 18 16 2/6
LV—PPM, n 23 22 1/7
Right ventricle, n (%) 6 

(12.8%)
6 (100%) 0 (0) / 2 

(33.3%)
RV—APM, n 3 3 0/2
RV—PPM, n 1 1 0/0
RV—SPM, n 1 1 0/0
RV—MB, n 1 1 0/0
VA, ventricular arrhythmia; PM, papillary muscle; LV, left ventricle; RV, right 
ventricle; APM, anterior papillary muscle; PPM, posterior papillary muscle; SPM, 
septal papillary muscle; MB, moderator band
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of PM VAs required more energy and time, but had a 
lower success rate through 13 ± 11 months follow-up [7]. 
Huang et al. showed that the acute success rates of left 
PM and left posterior branch VAs were higher (100%) [8], 
but different degrees of recurrence were observed during 
follow-up. In the study by Li et al., the acute success rates 
after ablation of left inferior septal PM and left posterior 
branch VAs were 95.2% and 100%, respectively. Whereas, 
after 5–70 months follow-up, the recurrence rates were 
40% and 4.7%, respectively [9]. In the present study, the 
acute success rate was 93.6% in the PM group, but the 
single procedural success rate and recurrence rate were 
59.6% and 31.9%, respectively, as found in the mid-term 
follow-up, while the acute success rate and the recur-
rence rate were 99% and 23.1% in the HPS group, which 
were similar to the previous studies. The studies on fas-
cicular VT (FVT), especially LPF origin, have shown that 
the long-term ablation success rate fluctuated from 70 to 
90% [11, 12]. In our study, the single ablation procedure 
success rate of LPF origin was 81%, which was similar to 
previous studies. The incidence of BBR-VT accounted for 
3.5-6% of all VT patients [13]. Our study included three 
cases of BBR-VT, but only one patient had a successful 
mid-term ablation, it can be presumed that BBR-VT is 
easy to relapse.

Anatomical considerations, mapping and ablation 
approach
Mapping VAs originating from non-OT regions is chal-
lenging due to the complex anatomical structures. MA 
VAs are usually localized to the anterior, anterolateral 
and posterolateral aspects of the mitral valve, and TA 
VAs often arise from the septal portion (mostly from the 
His bundle region). In addition, in some cases, the origins 
of MA or TA VAs may possibly be located deep within 
MA or TA which were hard to ablate by conventional 
RFCA technology. If MA/TA VAs have failed ablation, 
positioning the ablation catheter at the ventricular edge 
of the MA/TA may result in successful arrhythmia elimi-
nation, as opposed to the above annulus approach [14, 
15]. In our study, all of MA/TA VAs were firstly ablated 
by the below annulus approach. The PMs and MB are 
complex intracavitary structures, the special anatomic 
and variable sites of origin of VAs may increase the map-
ping and ablation challenge. In this study, 18 (38.3%) 
patients in the PM group experienced VAs relapse, and 
our findings agreed with previous literatures, patients 
with PM/MB VAs were still associated to higher clinical 
recurrence after multiple ablations. Recent researches 
reported that combine use of intra-cardiac echocardiog-
raphy (ICE), multipolar catheters, cryo-catheter and CT 
image integration with 3D mapping system may be help-
ful for the ablation of PM-derived VAs [16–18]. Fascic-
ular VT (FVT) is the most common form of idiopathic 

non-OTVAs. Left posterior FVT is more common than 
the anterior and septal FVT [19]. A number of studies 
have reported that the success rates of ablation of FVT 
are comparable to OTVAs [11, 12, 20]. So, RFCA is there-
fore recommended as the first-line therapy for fascicular 
PVCs/VT.

Indication and recommendations for non-OTVAs ablation
In general, catheter ablation is preferred for patients with 
symptomatic idiopathic OTVAs and fascicular PVCs/VT 
due to their higher success rate and lower risk of com-
plications. However, the detailed information for other 
forms of idiopathic non-OTVAs is limited and mostly 
restricted to the acute success rate of catheter ablation, 
for example, PM VAs, is lower and associated with more 
recurrences. In addition, access to and ablation at specific 
areas (e.g. epicardium, His bundle) may increase the risk 
of complications during the procedure. Up to now, the 
level of recommendation for ablation is low (Class IIa, 
Level C) from the latest VAs guideline [21]. But it’s worth 
noting that in patients with a cardiomyopathy suspected 
to be caused by frequent monomorphic PVCs, regardless 
of the origin, catheter ablation is highly recommended 
(Class I, Level C).

Limitation
This study has several limitations. First, the study was a 
retrospective study involving a small number of patients, 
therefore, referral bias may exist. Second, in some cases, 
especially those in which the VA originated in the PM 
and MB, some useful mapping tools, such as ICE and 
steerable sheaths were also not routinely used, which may 
affect the success rate of the procedure. Furthermore, 
cases of non-OTVAs originating in the ventricular free 
wall, apex, and epicardium were not included. A larger 
sample size or multicenter study may be required to clar-
ify the effect of catheter ablation on non-OTVAs.

Conclusion
In our study, the idiopathic non-OTVAs originating from 
HPS, PM/MB, TA and MA accounted for 20% of all VAs. 
Acute ablation success can be achieved in majority of 
non-OTVAs, although a proportion of recurrences were 
observed in the mid-term follow-up, catheter ablation for 
idiopathic non-OTVAs was remain feasible and effective.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12872-023-03702-0.

Supplementary Material 1: Figure S1. Kaplan-Meier analysis of recur-
rence of single procedure in patients with different VA origins within the 
PM/MB.

https://doi.org/10.1186/s12872-023-03702-0
https://doi.org/10.1186/s12872-023-03702-0


Page 9 of 9Cheng et al. BMC Cardiovascular Disorders           (2024) 24:37 

Acknowledgements
Thanks to all authors for their contributions to this research.

Author contributions
Study design; acquisition, analysis, or interpretation of data: B.Y., D.C., J.Y., K.C. 
Manuscript drafting and statistical analysis: D.C., J.Y., K.C. Critical revision of the 
manuscript for important intellectual content: B.Y., M.C., P.K. Administrative 
and material support: X.L., F.Z., W.J., H.C., G.Y., M.L., K.G., X.W., X.X., Y.W., J.Z., X.Z. 
Super vision: B.Y.

Funding
This study was funded by the Top-level Clinical Discipline Project of Shanghai 
Pudong District Grant/Award Number: PWYgf2021-01.

Data availability
The datasets used and analyzed during the present study are available from 
the corresponding author on reasonable request.

Declarations

Relationships with Industry and other entities
No disclosure was reported.

Ethics approval and consent to participate
This study was approved by the institutional review board of The First 
Affiliated Hospital of Nanjing Medical University. All patients provided written 
informed consent.

Consent for publication
No applicable.

Competing interests
The authors declare no competing interests.

Received: 29 August 2023 / Accepted: 28 December 2023

References
1.	 Ling ZR, Liu ZZ, Su L, et al. Radiofrequency ablation versus antiarrhythmic 

medication for treatment of ventricular premature beats from the right 
ventricular outflow tract: prospective randomized study. Circ Arrhythm 
Electrophysiol. 2014;7:237–43.

2.	 Latchamsetty R, Yokokawa M, Morady F, et al. Multicenter outcomes for 
catheter ablation of idiopathic premature ventricular complexes. JACC Clin 
Electrophysiol. 2015;1:116–23.

3.	 Cronin EM, Bogun FM, Maury P, et al. 2019 HRS/EHRA/APHRS/LAHRS expert 
consensus statement on catheter ablation of ventricular arrhythmias. Heart 
Rhythm. 2020;17:2–154.

4.	 Good E, Desjardins B, Jongnarangsin K, et al. Ventricular arrhythmias originat-
ing from a papillary muscle in patients without prior infarction: a comparison 
with fascicular arrhythmias. Heart Rhythm. 2008;5:1530–7.

5.	 Sato E, Yagi T, Ishida A, et al. Idiopathic ventricular arrhythmias arising from 
the posterior septum of tricuspid and mitral annuli: comparison of electrocar-
diographic characteristics and outcomes of catheter ablation. J Interv Card 
Electrophysiol. 2019;54:125–34.

6.	 Al’Aref SJ, Ip JE, Markowitz SM, et al. Differentiation of papillary muscle 
from fascicular and mitral annular ventricular arrhythmias in patients 
with and without structural Heart Disease. Circ Arrhythm Electrophysiol. 
2015;8:616–24.

7.	 Good E, Desjardins B, Jongnarangsin K, et al. Ventricular arrhythmias originat-
ing from a papillary muscle in patients without prior infarction: a comparison 
with fascicular arrhythmias. Heart Rhythm. 2008;5:1530–7.

8.	 Huang HK, Chung FP, Lin YJ, et al. Novel electrocardiogram and electrophysi-
ological findings for differentiating idiopathic left posterior papillary muscle 
and left posterior fascicular ventricular arrhythmias. J Interv Card Electro-
physiol. 2017;49:291–7.

9.	 Li S, Wang Z, Shan Z, et al. Surface electrocardiography characteristics and 
radiofrequency catheter ablation of idiopathic ventricular arrhythmias origi-
nating from the left infero-septal papillary muscles: differences from those 
originating from the left posterior fascicle. Europace. 2018;20:1028–34.

10.	 Li YC, Zhang WW, Zhou ND, et al. Idiopathic premature ventricular contrac-
tions and ventricular tachycardias originating from the vicinity of tricuspid 
annulus: results of radiofrequency catheter ablation in thirty-five patients. 
BMC Cardiovasc Disord. 2012;12:32.

11.	 Liu Y, Fang Z, Yang B, et al. Catheter ablation of fascicular ventricular tachy-
cardia: long-term clinical outcomes and mechanisms of recurrence. Circ 
Arrhythm Electrophysiol. 2015;8:1443–51.

12.	 Luo B, Zhou G, Guo X, et al. Long-term outcome of catheter ablation for left 
posterior fascicular ventricular tachycardia with the development of left pos-
terior fascicular block and characteristics of repeat procedures. Int J Cardiol. 
2017;236:203–8.

13.	 Caceres J, Jazayeri M, McKinnie J, et al. Sustained bundle branch reentry as a 
mechanism of clinical tachycardia. Circulation. 1989;79:256–70.

14.	 Andres E, Carlos T, Diego R, et al. Role of intracardiac echocardiography for 
guiding ablation of tricuspid valve arrhythmias. HeartRhythm Case Rep. 
2018;4:209–13.

15.	 Pierre J, Mélèze H, Li-Fern H, et al. Technique and results of Linear ablation at 
the mitral isthmus. Circulation. 2004;110:2996–3002.

16.	 Niyada N, Suraj K, Samuel J. Spectrum of ventricular arrhythmias arising from 
Papillary muscle in the structurally normal heart. Cardiac Electrophysiol Clin. 
2016;8:555–65.

17.	 Santiago R, Maria P, Juan E, et al. Cryoablation for ventricular arrhythmias 
arising from the papillary muscles of the left ventricle guided by Intra-
cardiac Echocardiography and Image Integration. JACC Electrophysiol. 
2015;1:509–16.

18.	 Riccardo P, Santiago R, Charles D, et al. Intracardiac echo-facilitated 3D elec-
troanatomical mapping of ventricular arrhythmias from the papillary muscles: 
assessing the ‘fourth dimension’ during ablation. Europace. 2017;19:21–8.

19.	 Prystowsky EN, Padanilam BJ, Joshi S, et al. Ventricular arrhythmias in the 
absence of structural Heart Disease. J Am Coll Cardiol. 2012;59:1733–44.

20.	 Zhang J, Tang C, Zhang Y, et al. Catheter ablation of premature ven-
tricular complexes arising from the left fascicular system. Heart Rhythm. 
2019;16:527–35.

21.	 Katja Z, Jacob T, Marta R, et al. 2022 guidelines for the management of 
patients with ventricular arrhythmias and the prevention of Sudden Cardiac 
Death. Eur Heart J. 2022;00:1–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Mid-term outcome of catheter ablation of idiopathic non-outflow tract ventricular arrhythmias
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patient selection
	﻿Electrophysiology study and catheter ablation
	﻿Clinical follow-up
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Procedural characteristics
	﻿Mid-term follow-up and clinical outcome
	﻿Subgroup analysis of recurrence in the HPS and PM/MB groups

	﻿Discussion
	﻿Main findings
	﻿Comparison with previous studies on non-OTVAs ablation
	﻿Anatomical considerations, mapping and ablation approach
	﻿Indication and recommendations for non-OTVAs ablation
	﻿Limitation

	﻿Conclusion
	﻿References


