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Abstract
Background  Ventricular arrhythmia inducibility is one of the ideal endpoints of ventricular tachycardia (VT) ablation. How-
ever, it may be challenging to implement programmed electrical stimulation (PES) at the end of the procedure under several 
circumstances. The long-term outcome of patients who did not undergo PES after VT ablation remains largely unknown.
Purpose  To investigate the details and long-term outcome of VT ablation in patients who did not undergo PES at the end 
of the ablation procedure.
Methods  Among 183 VT ablation procedures in patients with structural heart disease who underwent VT ablation using 
an irrigated catheter, we enrolled those who did not undergo PES after VT ablation. VT ablation strategy involved targeting 
clinical VT plus pacemap-guided substrate ablation if inducible. When VT was not inducible, substrate-based ablation was 
performed. The primary endpoint was VT recurrence.
Results  In 58 procedures, post-ablation VT inducibility was not assessed. The causes were non-inducibility of sustained 
VT before ablation (27/58, 46.6%), long procedure time (27.6%, mean 392 min), complications (10.3%), intolerant hemody-
namic state (10.3%), and inaccessible or unsafe target (6.9%). With regard to the primary endpoint, 23 recurrences (39.7%) 
were observed during a mean follow-up period of 2.5 years. Patients with non-inducibility before ablation showed less VT 
recurrences (4/27, 14.8%) during follow-up than patients with other causes of untested PES after ablation (19/31, 61.2%) 
(Log-rank < 0.001).
Conclusions  VT recurrence was not observed in approximately 60% of the patients who did not undergo PES at the end of 
the ablation procedure. PES after VT ablation may be not needed among patients with pre-ablation non-inducibility.
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1  Introduction

Several studies have demonstrated the efficacy of radi-
ofrequency catheter ablation as an adjunctive therapy for 
selected patients with structural heart disease (SHD) and 
drug-resistant ventricular tachycardia (VT) [1, 2]. Different 
ablation strategies have been proposed, and their outcomes 
varied across clinical trials [3–9]. Generally, the ideal end-
point of VT ablation in patients with SHD is non-inducibility 

of VT at the end of the ablation procedure [10–12]. Several 
retrospective comparative studies and meta-analysis have 
demonstrated that patients in whom VT cannot be induced 
at the conclusion of an ablation have a favorable outcome 
[10–15]. However, these studies have been limited because 
they lack data of patients who did not undergo programmed 
electrical stimulation (PES) at the end of the ablation proce-
dure and data on the long-term follow-up of those patients. 
To answer this important clinical real-world question, we 
aimed to evaluate details and outcomes of patients who 
did not undergo PES at the end of the ablation procedure 
through our single-center experience. *	 Takeshi Kitamura 
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2 � Methods

2.1 � Study population

A total of 183 ablation procedures in patients with SHD 
who underwent catheter ablation for VT by using an 
irrigated ablation catheter between November 2009 and 
December 2018 were retrospectively searched. This ret-
rospective observational analysis evaluated VT ablation 
procedures in patients with SHD in whom PES was not 
performed at the end of the VT ablation procedure. The 
study was approved by Institutional Review Boards at 
Tokyo Metropolitan Hiroo Hospital, and all patients pro-
vided written informed consent.

2.2 � VT ablation protocol

Our electrophysiological study protocol was already 
described in our previous work [16]. Briefly, electrophysi-
ological study included the delivery of 1–3 extrastimuli 
during pacing at two basic cycle lengths (400 and 600 ms) 
from two right ventricular (RV) sites (RV apex (RVA) 
and RV outflow tract) and burst pacing. A clinical VT 
was defined as an induced sustained monomorphic VT 
of which cycle length was almost identical to the clinical 
VT or a clinically documented VT. Catheter ablation was 
performed using an irrigated ablation catheter (Thermo-
Cool or ThermoCool SF or ThermoCool STSF; Biosense 
Webster, CA, or Coolpath or Tacticath; Abbott, MN) via a 
transvenous and/or retrograde transaortic approach and/or 
percutaneous epicardial approach. Ablation was delivered 
with an open-irrigated catheter (30–40 W, 30–60 s) until 
targeted sites were electrically diminishing or unexcitable 
with pacing. For patients with inducible hemodynamically 
tolerated monomorphic VT, CA was performed at sites 
with mid-diastolic potential, where pacing entrained the 
VT with concealed fusion, a post-pacing interval within 
30 ms of the VT cycle length (VTCL), and a stimulus-to-
QRS interval of 70% of the VTCL with or without using a 
three-dimensional (3D) electroanatomical (EA) mapping 
system (CARTO, Biosense Webster or Ensite, Abbott, 
MN). In cases in which the 3D EA mapping system had 
been used, bipolar endocardial voltage mapping of the left 
ventricle (LV) was performed during sinus or RV pacing 
rhythm. The low-voltage area was defined by voltage cri-
teria ≤ 1.5 mV [7, 17–19]. Then, substrate modification 
was additionally performed based on the abnormal electro-
grams: fragmented electrograms and delayed electrograms 
with the operator’s discretion.

For patients with inducible hemodynamically intolerant 
monomorphic VT, exit sites and VT channels had been 

identified and ablated on the basis of the pace mapping. 
Then, substrate modification was additionally performed 
based on the abnormal electrograms with the operator’s 
discretion.

When VT was not inducible at the beginning of the pro-
cedure, substrate modification based on the abnormal elec-
trograms was implemented.

PES was repeated after VT ablation. Successful ablation 
was defined as non-inducibility of the clinical VT at the end 
of the procedure. However, when VT was not inducible at 
the beginning of the procedure, PES after RF delivery was 
not performed. When PES was not performed because of 
the several reasons, the procedure was terminated following 
the operator’s discretion, such as local electrogram change, 
local pacing non-capture, or substantial RF delivery at the 
VT exit or isthmus.

Furthermore, among the procedures without PES at the 
end of the procedure, we evaluated the number of procedures 
which was suspended because of the reasons of untested 
PES.

2.3 � Follow‑up

Patients were followed every 3 months thereafter. Implant-
able cardioverter defibrillators were evaluated at each visit, 
and arrhythmia logs were retrieved. The primary endpoint 
was a recurrent VT. In addition, we evaluated VT recurrence 
rate after VT ablation among the total procedures divided 
into four groups: (1) a target VT was not inducible at the 
end of the procedure, (2) a target VT was still inducible 
at the end of the procedure, (3) PES was not implemented 
because of non-inducibility before RF delivery, (4) PES was 
not implemented because of other causes.

2.4 � Statistical analysis

Continuous variables are presented as mean ± standard 
deviation or median ± interquartile range (IQR, 25–75th 
percentile), depending on the normality of distribution. Cat-
egorical variables are reported using numbers and percent-
ages. Event-free survival curves were constructed using the 
Kaplan–Meier method and compared using the log-rank test. 
We compared the prevalence of VT recurrence at 2 years 
between two groups using the Wilcoxon rank-sum test. 
Event-free survival curves among four groups in the total 
population were also constructed using the Kaplan–Meier 
method and compared using the log-rank test. Bonferroni 
test for post hoc analysis for the intergroup comparison of 
each pair of groups. This post hoc test sets the significance 
cut off at 0.05/4 (= 0.0125). In addition, event-free survival 
curves between patients who underwent PES and non-induc-
ible after ablation and patients who did not undergo PES 
after ablation were also constructed using the Kaplan–Meier 
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method and compared using the log-rank test. All reported 
P-values are two-sided, with a P-value of < 0.05 considered 
to indicate statistical significance. Statistical analyses were 
performed using the Statistical Package for Social Studies 
version 25.0 (IBM Corp., Armonk, NY, USA).

3 � Results

3.1 � Patient characteristics

Among the total of 183 ablation procedures, we enrolled 
a total of 58 procedures (31.7%: 58/183), where PES after 
VT ablation was not performed. Patient characteristics are 
shown in Table 1. The mean age was 67 ± 10 years, with a 
mean left ventricular ejection fraction of 35 ± 11%. Among 
the rest of procedures (125), when considering inducibility 
of a target VT at the end of the procedure, target VTs were 
not inducible at the end of the procedure in 116 procedures 
(92.8%: 116/125) while target VTs were still inducible at 
the end of the procedure in nine procedures (7.2%: 9/125).

3.2 � Procedural details

Peri-procedural details are shown in Table 2. In all pro-
cedures, a 3D mapping system and an irrigated ablation 
catheter were utilized during VT ablation. A force-sensing 
ablation catheter, a multipolar mapping catheter, and an 
intracardiac echocardiography incorporated with the 3D 
mapping system were used in 44.8%, 69.0%, and 64.0% of 
the procedures, respectively. The VT critical isthmus and 
exit were also summarized in Table 2 when the isthmus and 
exit were identified.

The rationale of avoiding PES after RF delivery is shown 
in Table 3. The most frequent cause was non-inducibility 
of VT before RF delivery (46.6%). Following this, proce-
dure time of > 6 h (average 392 ± 59 min), complications 
(2 cardiac tamponade, 2 transient atrioventricular block, 1 

Table. 1   Procedure characteristics

※ 3 sarcoidosis, 3 hypertrophic cardiomyopathy, 2 arrhythmogenic 
right ventricular cardiomyopathy, 2 myotonic dystrophy, 2 mitochon-
dria cardiomyopathy, 4 unknown etiology
CRTD, cardiac resynchronization therapy defibrillator; DCM, dilated 
cardiomyopathy; EF, ejection fraction; ICD, implantable cardioverter 
defibrillator; MI, myocardial infarction

N = 58

Age, (y) 67 ± 10
Sex, male/female, n/n 52/6
EF (%) 35 ± 11
Post-MI, n (%) 26 (45.8%)
DCM, n (%) 16 (27.1%)
Other※, n (%) 16 (27.1%)
1st procedure, n (%) 34 (57.6%)
ICD/CRTD, n (%) 46 (78%)
Electrical storm, n (%) 10 (16.9%)

Table. 2   Periprocedural characteristics of catheter ablation for ven-
tricular tachycardia

RF, radiofrequency; VT, ventricular tachycardia; RV, right ventricle; 
Epi, epicardium

N = 58

3D mapping system, n (%) 58 (100%)
Epicardial approach, n (%) 7 (12.1%)
Irrigated catheter, n (%) 58 (100%)
Force-sensing catheter, n (%) 26 (44.8%)
Multipolar mapping catheter, n (%) 40 (69.0%)
Intracardiac echocardiography, n (%) 37 (64.0%)
Pre-VT inducibility, n (%) 31 (53.4%)
VT isthmus localization
  Septum, n (%) 4/31 (12.9%)
  Anterior, n (%) 3/31 (9.7%)
  Inferior, n (%) 0/31 (0%)
  Lateral, n (%) 1/31 (3.2%)
  RV, n (%) 0/31 (0%)
  Epi, n (%) 0/31 (0%)
  Not identified, n (%) 23/31 (74.2%)

VT exit localization
  Septum, n (%) 19/31 (61.3%)
  Anterior, n (%) 7/31 (22.6%)
  Inferior, n (%) 4/31 (12.9%)
  Lateral, n (%) 4/31 (12.9%)
  RV, n (%) 0/31 (0%)
  Epi, n (%) 5/31 (16.1%)
  Not identified, n (%) 0/31 (0%)

Total RF duration, median, (25–75% (min)) 14 (6.5–26)
Procedure time (min) 266 ± 97

Table. 3   Causes of avoiding ventricular tachycardia induction after 
ablation

RF, radiofrequency
※ Earliest at his bundle, earliest at right bundle branch, and possible 
epicardial origin

N = 58 Suspension 
during the 
procedure

Non-inducibility before ablation, n (%) 27 (46.6%) 0 (0%: 0/27)
Long procedure time (> 6 h), n (%) 16 (25.9%) 1 (6.3%: 1/16)
Complications, n (%) 6 (10.3%) 5 (83.3%: 5/6)
Intolerant hemodynamic state, n (%) 6 (10.3%) 2 (33.3%: 2/6)
Inaccessible or unsafe target※, n (%) 3 (5.2%) 3 (100%: 3/3)
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cardiac arrest, 1 air emboli in right coronary artery), intoler-
ant hemodynamic state, and an inaccessible/unsafe target (1 
His area, 1 right bundle area, and 1 epicardial origin) were 
observed. With regard to the prevalence of procedure sus-
pension before sufficient RF delivery, required RF delivery 
was applied in all procedures with non-inducibility of VT 
before RF delivery while more than 80% of procedures were 
suspended before sufficient RF delivery in procedures with 
complications or inaccessible/unsafe target (Table 3).

3.3 � Follow‑up results

A total of 23 VT recurrences (39.6%) occurred during a 
mean follow-up period of 2.5 years. Six patients had a VT 
recurrence during the follow-up in patients who did not 
undergo PES after RF delivery due to non-inducibility before 
RF delivery while 17 patients had a VT recurrence in those 
who did not undergo PES because of other causes. Patients 
who did not undergo PES after RF delivery due to non-
inducibility before RF delivery showed significantly higher 
VT-free survival rate during the follow-up period than those 
who did not undergo PES because of other causes (Log-
rank < 0.001) (Fig. 1). The prevalence of VT recurrence-free 
patients at 2 years after VT ablation was significantly higher 
in patients with non-inducibility before RF delivery than 
those with other causes (92% vs. 36%; P < 0.001).

Additionally, we evaluated VT recurrence rate after VT 
ablation among the total 183 procedures (mean follow-up 
period: 3.6 years) divided into four groups: (1) where a 
target VT was not inducible at the end of the procedure, 
(2) where a target VT was still inducible at the end of the 

procedure, (3) where PES was not implemented because 
of non-inducibility before RF delivery, (4) where PES was 
not implemented because of other causes (Supplementary 
Fig. 1). Additional ad hoc analysis of each pair of groups 
was also noted in the figure.

Moreover, we evaluated event-free survival curves 
between patients who underwent PES after ablation and 
patients who did not undergo PES after ablation, which 
revealed there was no significant difference between two 
groups in VT recurrences during the follow-up period (Sup-
plementary Fig. 2), which showed there was no significant 
difference between two groups (long-rank, P = 0.54).

4 � Discussion

Our main findings are as follows: (1) approximately 60% of 
the patients had no VT recurrences during a mean follow-
up period of 2.5 years when PES was not implemented after 
VT ablation due to variable causes. (2) The prevalence of 
VT recurrence-free rate at 2 years after VT ablation was 
significantly higher in patients with non-inducibility before 
RF delivery than in those with other causes.

Non-inducibility after VT ablation is known as one of 
the ideal endpoints [10]. However, PES after VT ablation 
can be occasionally harmful or omitted under several cir-
cumstances [20]. Several retrospective studies evaluated 
the effect of non-inducibility after VT ablation and showed 
that 8–16% [12, 21] of the patients who underwent VT 
ablation did not undergo PES after VT ablation. However, 
to our knowledge, no studies have described the rationales 

Fig. 1   Kaplan–Meier curves of 
recurrent ventricular tachycardia 
after ablation procedures where 
VT was not inducible before 
radiofrequency ablation and the 
rest of procedures (others) dur-
ing the follow-up period. VT, 
ventricular tachycardia
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of these situations that are not infrequent to encounter in 
real-world clinical situation. Although the variety and 
frequency of the causes depend on the institutional or 
operator’s discretion, our study demonstrated that non-
inducibility before ablation was the leading cause (report-
edly, VTs are not inducible before ablation among 37% 
of VT ablation patients [22]). This was followed by long 
procedure time, complications, intolerant hemodynamic 
state, and inaccessible or unsafe targets.

With respect to the long-term follow-up, most of the 
studies evaluated VT recurrences of patients who did not 
undergo PES after VT ablation combined with patients 
who were still inducible after VT ablation [12, 14, 23]. 
No studies have investigated the VT recurrence in an 
independent untested group. Our study first demonstrated 
the long-term follow-up of this untested group that was 
approximately 60% VT-free during a mean follow-up 
of 2.5 years. Furthermore, the prevalence of VT recur-
rence at 2 years after VT ablation was significantly lower 
in patients with non-inducibility before RF delivery 
than those with other causes. This finding seems logi-
cally acceptable because the former was considered less 
arrhythmogenic while the latter was considered an incom-
plete procedure as shown by the prevalence of suspension 
before sufficient RF delivery in Table 3. In addition, the 
long-term follow-up of untested group with non-induci-
bility before RF delivery shows as favorable result as the 
procedures with non-inducibility of target VTs (Supple-
mentary Fig. 1). Therefore, considering this finding with 
approximately 90% of VT-free survival rate at 2 years, 
PES after VT ablation might be not an ideal endpoint in 
patients with non-inducibility before RF delivery. Clini-
cally, this might be helpful to reduce non-required pro-
grammed stimulation or non-required RF delivery even 
though programmed stimulation does not need much time.

Furthermore, importantly this etiology (so-called untested 
PES at the end of ablation) was heterogeneous, which may 
require careful post-procedural follow-up based on the 
rationale of untested PES. Notably in cases with untested 
PES due to complications or unsafe targets, further treat-
ments including antiarrhythmic medications or re-ablation 
may be considered based on the result of the PES at the end 
of the procedure. Moreover, we investigated the VT recur-
rence rate between patients who underwent PES after abla-
tion and patients who did not undergo PES after ablation, 
which revealed there was no significant difference between 
two groups in VT recurrences. This may also suggest that 
untested PES group be a heterogeneous group in terms of 
long-term results after VT ablation.

Lastly, when inducibility is low, substrate-based ablation 
without PES at the end of the procedure may be appropriate 
because the VT-free survival rate was the highest among the 
groups in Supplementary Fig. 2.

5 � Study limitations

Our study has several limitations. First, it was a descrip-
tive retrospective single-center analysis and consisted of 
a relatively small population who were strictly selected 
and eligible for VT ablation. Second, the implementa-
tion of PES after VT ablation in patients who were not 
inducible before VT ablation depends on the institutional 
or operator’s discretion. Third, we did not investigate the 
long-term outcome between pre-inducible group vs. pre-
non-inducible group because of heterogeneous ablation 
protocol in these groups and the enrollment criteria. This 
comparison may clarify the effect of arrhythmogenicity 
of the substrate on long-term follow-up. Therefore, gen-
eralizability is unknown although this study’s finding 
provided important real-world information that has never 
been described so far. Further investigations to evaluate 
the generalizability in a multicenter-manner are needed.

6 � Conclusions

VT recurrence was not observed in approximately 60% 
of the patients who did not undergo PES at the end of 
the ablation procedure. PES after VT ablation may not 
be needed among patients with non-inducibility before 
ablation.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10840-​021-​01037-4.
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