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Late cure of focal ventricular arrhythmias post-catheter ablation:
electrophysiological characteristics and long-term outcome
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Abstract
Purpose Late cure after a previously failed ablation of ventricular arrhythmias (VAs) is a relatively common phenomenon. The
present study sought to delineate the incidence and electrophysiological characteristics of late cure in idiopathic VA patients.
Methods Totally, 45 idiopathic VA cases (mean age 44 ± 18 years, 27 males) either failed acutely or recurred within 12 h were
enrolled in this study. Based on intensive clinical observations in the acute period, 19 (42%) patients demonstrated late cure in the
first week after the procedure.
Results The late cure patients had significantly better acute and cumulative ablation effects during the procedure than did those
without a late cure. Additionally, they had a prediction that originated from the right ventricular outflow tract, aortic-mitral
continuum, and left summit area relative to other sites (13/18 vs 6/27, p < 0.01). In a median follow-up of 24 [14, 46] months, 7/
19 (37%) patients had their VAs recurred. The late cure group had significantly more patients cured at long-term follow-up than
those without (12/19 vs 0/26, p < 0.01). A cutoff value of the Btime to eliminate VAs^ > 7.0 s was able to predict a long-term
recurrence of the VAs with 62.5% sensitivity and 85.7% specificity.
Conclusions The late cure of VAs occurs in more than one third of patients who have a seemingly unsuccessful ablation session,
which is clustered in the first week after the procedure. However, long-term recurrence of VAs occurred in 37% of the late cure
patients, emphasizing the importance of long-term follow-up.
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1 Introduction

Ventricular arrhythmias (VAs) can be eliminated by radiofre-
quency catheter ablation, which has an acute success rate
greater than 90% in the setting of idiopathic VAs [1–7]. It
can be encountered in the clinical practice that VAs spontane-
ously collapse after a seemingly unsuccessful ablation session,
which is termed late cure. The late cure phenomenon of ar-
rhythmias post-ablation has been elucidated by several

reports, which have only addressed the accessory pathway
and atria-ventricular node reentry [8–14]. To date, there is a
paucity of data addressing this issue in VAs. This present
study sought to elucidate the electrophysiological characteris-
tics, temporal course, and long-term outcome of the late cure
of VAs in patients without structural heart disease.

2 Methods

2.1 Patient characteristics

From August 2010 to July 2016, a consecutive series of 46
patients who underwent catheter ablation for VAs without
structural heart disease was enrolled in this study. These pa-
tients were drawn from a pool of 1065 non-structural VAs
cases referred to The First Affiliated Hospital of Nanjing
Medical University. Patients were included when they exhib-
ited one of the following criteria: (1) VAs were not
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successfully eliminated in the index procedure (31 cases); or
(2) VAs were successfully ablated in the procedure but re-
curred within 12 h after the procedure (15 cases). All patients
provided written informed consent before the procedure, and
the study protocol was approved by the Institutional Review
Board (The First Affiliated Hospital of Nanjing Medical
University).

2.2 Electrophysiological study

All procedures were performed under conscious sedation and
local anesthesia. All antiarrhythmic medications were ceased
for at least 5 half-lives before the procedure. If needed, a 6F
quadripolar and a decapolar catheter were advanced into the
high right atrium or right ventricle and coronary sinus, respec-
tively. In the ventricular tachycardia ablation procedure, a
standard programmed stimulation with and without isoproter-
enol was applied to induce tachycardia. For a premature ven-
tricular complex ablation session, only isoproterenol chal-
lenge was attempted.

2.3 Mapping and ablation

Three-dimensional mapping was performed to identify the
earliest activation site of VAs using the CARTO (Biosense-
Webster Inc., Diamond Bar, CA, USA) or EnSite
NavX/Velocity (Endocardial Solutions, Inc., Minneapolis,
MN, USA) systems. Radiofrequency energy was applied to
the earliest activation sites using an irrigated ablation catheter
(Navistar Thermocool, Biosense Webster, Diamond Bar, CA,
USA or IBI Coolflex, St. Jude Medical, St. Paul, MN, USA).
Generally, the maximum ablation power was adjusted from 20
to 50 w at the discretion of the ablation. The temperature limit
was set to 43 °C, and the irrigation rate was 17–30 ml/min.

2.4 Definitions

Two indicators were used to evaluate the acute effect of abla-
tion at the sites of origin and the cumulative effect of the
ablation during the session. The acute effect of burning was
classified into one of two types: one was defined as PVCs that
had been completely eliminated or a VT that was terminated
during the application of radiofrequency energy, which was
named an Badequate response^; however, if the PVCs were
not eliminated by ablation, the acute effect was defined as a
Bpoor response.^ The cumulative ablation effect at the end of
the procedure was classified into one of three types:
BElimination^ was defined as no or rare VAs observed or
induced. As a mandatory rule based on the inclusion criteria,
the VAs of these patients recurred within 12 h after ablation.
BReduction of VAs^ was defined by a marked reduction in
PVC frequency (more than 80% reduction of VAs burdens)
or the VT get difficult to induce. BNo effect^ means no

obvious decrease in PVC frequency could be observed at the
end of the procedure or no alterations in the induction of VT.

BTime to eliminate VAs^ represented the shortest time re-
quired for ablation to eliminate VAs or terminate VT during
the session.

During the follow-up, a decrease of ≥ 90% of the initial
PVCs burden or no recurrent VT for sustained VT patients
was defined as no recurrence, which reflected the maintenance
of the late cure effect over a long-term period. However, pa-
tients who exhibited a < 90% reduction of their PVC burden
or suffered from VT recurrence were classified as not main-
taining the effect of the late cure.

2.5 Clinical observation and follow-up

After the procedure, patients were sent back to the cardiovas-
cular ward and monitored for at least 12 h. All anti-arrhythmia
drugs were not used regularly. Clinical evaluation to deter-
mine the acute recurrence of VAs was performed based on
monitoring status. Prior to discharge, a regular 12-lead elec-
trocardiogram was performed every day and when patients
reported palpitations. The late cure in the acute period was
defined as the abrupt disappearance of the VAs, as evaluated
by regular surface ECG and pulse checks by physicians at
least three times per day. Regularly, patients were discharged
3 to 5 days after the procedure or earlier if their VAs had
resolved. Additionally, patients were asked to perform pulse
checks after discharge.

After discharge, patients were asked to undergo 24-h
Holter monitoring at 1, 3, 6, and 12 months, with a 6-month
interval post-procedure thereafter to reassess any recurrence of
symptoms.

2.6 Statistical analysis

Continuous variables were expressed as the means ± standard
deviations (normally distributed variables) or medians [25th,
75th percentiles]. The normal distribution was assessed with
the Shapiro-Wilk test. Comparisons between groups were per-
formed with an unpaired Student’s t test or non-parametric
test. Categorical variables were expressed as numbers and
percentages. The chi-square test or Fisher’s exact test was
employed to compare the categorical data. To identify the
predictors of recurrence, all variables were entered into the
model if a significant association was observed in the univar-
iate analysis or if there was some clinical relevance of the
variable with the recurrence. We used the likelihood ratio
(LR+), defined as sensitivity/(1 − specificity), to evaluate the
optimal cutoff value for predicting a left-sided arrhythmia in
our sample. All tests were two-sided, and a p value < 0.05 was
considered statistically significant. Statistical analyses were
performed using SAS 9.2.
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3 Results

3.1 Patient characteristics

A case of papillary muscle VT was excluded from the study
due to amiodarone administration because of intolerable re-
current arrhythmia episodes (thus, it was unable to evaluate
the presence of late cure). Consequently, 45 patients (mean
age of 44 ± 18 years, 27 males) were included in the analysis.
Before the procedure, these patients had taken 0.6 ± 0.7 types
of medications, including β-blockers, amiodarone,
propafenone, and mexiletine, with no benefit, and four of
them had undergone a failed ablation procedure in other cen-
ters. One patient demonstrated sustained VT, and the others
were premature ventricular complex and non-sustained VT
cases, with a mean burden of VAs was 29 ± 12% of the total
beats (confirmed by 24-h Holter). Clinical history, physical
examination, and echocardiogram revealed no signs of struc-
tural heart disease, except one had reduced left ventricular
ejection fraction, which normalized 1 year after the successful
elimination of the VAs. There were 8, 3, and 3 patients suf-
fered from primary hypertension, diabetes, and coronary ar-
tery disease, respectively, which were all well controlled by
drugs.

3.2 Acute ablation outcome and late cure in the acute
period

In these patients, 45 VAs were mapped and ablated. The VA
origin was assumed to be at the earliest activation site based
on three-dimensional mapping. These VA origins were classi-
fied into the following sites: 1. Ventricular papillary muscles
(9 cases, including left and right ventricles); 2. Left ventricular
summit area and aortic-mitral annulus continuum (5 cases); 3.
Right ventricular outflow tract (13 cases, including below and
above the pulmonary artery valve); 4. Para-His area (6 cases);
5. Epicardial sites and coronary vein system (5 cases); and 6.
Ventricular septum (7 cases).

In terms of the acute response to ablation, 27 and 17
cases demonstrated an Badequate response^ and Bpoor
response,^ respectively; in the remaining one patient,
the acute response to ablation could not be evaluated
because of the inadvertent disappearance of PVCs be-
fore ablation. At the end of the procedure, Belimina-
tion,^ Breduction in burdens,^ and Bno effect^ were ob-
tained in 14, 15, and 16 patients, respectively. All
Belimination^ patients demonstrated acute recurrence in
12 h. Among the 31 cases without successful ablation, 7
cases were supposed to be due to unable to locate the
catheter tip at the origin of VAs (most from papillary
muscle), 8 cases were due to energy delivery restraints
afraid of His or coronary vessels damage, 7 cases were
supposed to be originated from intramural sites, 1 was

due to inaccessible site (distal part of the great cardiac
vein), and the other were due to unknown causes. A
total of 19 patients (42%) demonstrated late cure, which
occurred exclusively in the first week after the proce-
dure (Fig. 1). A comparison of the clinical and electro-
physiological characteristics of the enrolled patients
based on the presence of late cure is summarized in
Table 1. The acute response of VAs to the ablation
demonstrated a significant difference between groups
with and without late cure (adequate vs poor: 18/1 vs
9/15, p = 0.03). No significant difference was found in
other clinical and electrophysiological variables, includ-
ing the max power output and prematurity on the abla-
tion site. Supplementary Table 1 provides detailed infor-
mation as per anatomic sites of origin regarding patients
with and without late cure. The VAs originating from
sites 2 and 3 had a significantly higher incidence of late
cure relative to those from other sites (13/18 vs 6/27,
p < 0.01). The incidence of late cure, as per the classi-
fication of the cumulative ablation effect at the end of
the procedure, is provided in Supplementary Table 2.
The group of Belimination^ patients had a significantly
higher incidence of late cure than did those in the Bno
effect^ group (13/14 vs 6/31, p < 0.01).

3.3 Long-term follow-up results and comparison
of clinical and electrophysiological characteristics
based on the maintenance of the late cure effect

After the failed procedure, four patients (all of those in the
group without late cure) underwent re-ablation after one (3
patients) and three (1 patient) months; in 3 of these patients,
the VAs were successfully ablated. These four patients were
classified as failed with a follow-up period of 1 and 3 months.
At a median of 24 [18, 41] months follow-up, 7 of the 19 late
cure patients had their VAs recurred (Fig. 1). The late cure
group had a significantly better long-term outcome than did
patients without late cure (12/19 vs 0/26, p < 0.01, Table 1).

The detailed clinical and electrophysiological characteris-
tics based on the maintenance of the late cure effect are pro-
vided in Table 2. All but one patient in the late cure group
demonstrated an adequate response to the ablation in the ses-
sion. The Btime to eliminate VAs^ in patients did not recur was
significantly shorter than that in the patients who recurred (6.4
± 3.4 vs 9.9 ± 3.1 s, p = 0.002; the data was not obtained in
three patients, one for data missing, two were due to PVC
disappeared due to trauma before burning; all these four pa-
tients were identified as Badequate response^). A cutoff value
of the Btime to eliminate VAs^ > 7.0 s was able to predict a
long-term recurrence of the VAs with 62.5% sensitivity and
85.7% specificity (Fig. 2). There were no significant differ-
ences in terms of clinical and other electrophysiological
variables.
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4 Discussion

4.1 Major findings

The study has several major findings: 1. In patients who are
refractory to ablation or exhibit acute recurrence within 12 h,
late cure in the acute period was observed in 42% of patients,
and they were all in the first week after the procedure. 2. The
late cure effect in the acute period does not guarantee a long-
term cure, with 37% patients had their VAs recurred.
Approximately 27% of the patients manifested a long-term
cure after a seemingly unsuccessful ablation. The shortest time
to eliminate the VAs in the ablation session predicted whether

the patient would recur in long-term period. 3. After a failed
ablation, those patients who manifested a late cure in the acute
period had a significantly better outcome compared with those
who did not.

4.2 Late cure of arrhythmias after ablation

The late cure of arrhythmias after a seemingly unsuccessful
ablation session has been sporadically reported in several ar-
ticles, most of which focused on supraventricular tachycardia.
In the three-dimensional mapping era, the spectrum of ar-
rhythmias referring to ablation has been dramatically wid-
ened. This makes the late cure of VAs relatively common in
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Fig. 1 The number of patients
with VAs occurrence after a
seemingly unsuccessful ablation
session is shown in the Fig. 1. It is
clearly seen that all of the Blate
cures^ occurred in the first week
after the ablation procedure.
However, from 1 to 12 months
after the ablation, 7 cases had their
VAs recurred, suggesting the
effect of late cure warrants long-
term follow-up

Table 1 Comparisons of clinical
and electrophysiological
characteristics based on with or
without late cure

All patients With Without p

Gender (male/female) 27/18 14/5 13/13 0.13

Age (years) 44 ± 18 42 ± 17 45 ± 18 0.46

Comorbidity

Hypertension (n) 8 1 7 0.06

Coronary heart disease (n) 3 0 3 0.13

Diabetes (n) 3 1 2 0.75

LVDd (mm) 50 ± 6 50 ± 7 49 ± 4 0.69

LVEF (%) 63 ± 4 62 ± 4 64 ± 4 0.28

Max power (w) 30 [30–40] 30 [30–40] 30 [30–35] 0.22

Acute response to RF (adequate/poor)* 27/17 18/1 9/16 < 0.01

Prematurity on target site (ms)# 26 ± 14 27 ± 9 25 ± 17 0.62

Follow-up results 12/45 12/19 0/26 0.17

Follow-up period (Median [25th, 75th percentiles]) 24 [14, 46] 24 [18, 41] 17 [13, 47] 0.90

*One case unevaluable due to PVC disappeared before ablation

#Could not be obtained in two patients due to PVC disappearance by trauma and disappearance before mapping

34 J Interv Card Electrophysiol (2018) 52:31–37



clinical practice, particularly for idiopathic focal VAs without
structural heart disease.

Edema and inflammation may be one of the possible mech-
anisms of late cure after ablation. Histological studies showed
that lesions produced by ablation are well-demarcated areas of
coagulative necrosis surrounded by an inflammatory cell in-
filtrate and hemorrhage [12, 15, 16]. Late cure may be the
result of lesion extension due to the inflammatory response
induced peripheral zone fibrosis. Another possibility is that
ablation creates an inflammatory milieu mimicking the focal
ectopy. That is, the ablation was actually successful, but ven-
tricular myocardium adjacent was now irritated after ablation,
causing ectopy. As the inflammation resolves over time, VAs
became less prevalent. In this study, the fact that all of the late
cure cases were observed in the first week after the procedure
could be a reflection of this pathological explanation [8–10,
13]. Another possible cause of the late effect may be micro-
circulatory damage to the surrounding tissue [11]. However, it
is reasonable to find that in more than half of the late cure

patients, the VAs recurred during the follow-up period in this
study.

Few studies have explored late cure in terms of its clinical
and electrophysiological characteristics. This may be partly
due to its rareness in the clinical practice of supraventricular
tachycardia ablation. The development of idiopathic focal VA
ablation using three-dimensional mapping systems provided a
unique milieu to observe the late cure effect. One of the most
obvious differences between three-dimensional mapping-nav-
igated VA ablation and conventional supraventricular tachy-
cardia ablation lies in that the former allows repeating ablation
attempts at the assumed site of origin and its surrounding
areas, without any catheter movement, but the latter could
not provide this accuracy. To evaluate the acute response of
the most efficacious ablation and the cumulative effect of ex-
tensive ablation at sites of origin and its surrounding areas,
two variables, the Bacute effect of ablation^ and Bcumulative
ablation effect^, were employed in the analysis, respectively.
Although the exact ablation time could not be obtained in this
study, we think it is reasonable that the cumulative effect of
repeating ablation may partially account for the higher inci-
dence in the present study than that in a previous study [8].

In this study, we found that VAs in the outflow tract, left
ventricular summit area, and aortic-mitral continuum are more
prone to exhibit the late cure effect than those from other sites.
The reason underlying this predilection is to be determined.
We attribute this specificity to the fact that in our practice,
more extensive ablation in these two areas has been performed
than in other sites. However, the quantity of detailed ablation,
especially in the vicinity of target sites, was not systematically
evaluated, which may be a limitation of this study.

We also found that better response to the ablation, mirrored
by shorter time to eliminate VAs, was the only parameter to
predict the long-term maintenance of this effect. Actually,
among all cases maintained the long-term effect, there were
three demonstrated disappearance by mechanical trauma of
catheter manipulation at vicinity of origin; this fact implied
that the prediction of better ablation response is beyond what

Table 2 Comparison of baseline
clinical and electrophysiological
characteristics based on status of
whether the patient maintain or
not maintain the late cure effect

Maintaining Not maintaining p

Gender (male/female) 9/3 5/2 1.00

Age (years) 44 ± 15 37 ± 19 0.41

LVDd (mm) 51 ± 7 39 ± 6 0.57

LVEF (%) 63 ± 3 62 ± 6 0.47

Max power (w) 34 ± 11 36 ± 7 0.65

Acute response to RF(adequate/poor) 7/0 11/1 1.00

Time to eliminate VAs (s) 6.4 ± 3.4& 9.9 ± 3.1 < 0.01

Prematurity on target (ms) 28 ± 11# 25 ± 7 0.45

&Could not be obtained in three patients; one was due to data missing; two were due to PVC disappeared due to
trauma before ablation; these two patients all were categorized as adequate response

#Could not be obtained in one patient due to PVC disappearance by trauma

Fig. 2 The Btime to eliminate VAs^ differed significantly between
patients who did and did not recur in the long-term period, although
there is an overlap. A cutoff value of the Btime to eliminate VAs^ >
7.0 s was able to predict a long-term recurrence of the VAs with 62.5%
sensitivity and 85.7% specificity. The data could not be obtained in three
patients; one for data missing; two were due to PVC disappeared before
ablation
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the cutoff value showed. It is reasonable to speculate that
shorter time to eliminate VAs implicates more superficial lo-
cation under the myocardium.

4.3 Clinical implications

The results of this study have some implications for clinical
practice. First, because the VAs at a failed ablation session
may have some chance of self-healing, it is appropriate to
interrupt a long and difficult session to observe the occurrence
of delayed effects, rather than continue to burn, which will
lead to the possibility of high radiation exposure and compli-
cations. Additionally, after an unsuccessful ablation, at least
1 week of no re-ablation should be used to observe the late
effect. Finally, the late cure of VAs in the acute period does not
guarantee a permanent effect; thus, long-term follow-up is
needed, particularly in those patients with long time to elimi-
nate VAs.

4.4 Limitations

The evaluation of VA burden by which to determine the late
cure and its long-term effect was a technical challenge [17].
Intensive clinical observation rather than continuous ECG re-
cording was employed to evaluate the collapse or recurrence
of VAs, which was the inherent limitation of this observational
study. The natural spontaneous variation of VAs also weakens
the precision of 24-h Holter recording at follow-up. To over-
come this shortcoming, more strict criteria (< 90%) were
employed as the definition of an effective ablation procedure
[18].

Another limitation of this study was that the total ablation
time and number of lesions could not be obtained.
Additionally, the definition of acute and cumulative effect of
ablation was arbitrarily defined by the operator with more or
less subjectivity.

The observational results in this series represent the expe-
rience of a tertiary electrophysiological center, in which all
cases received detailed mapping and ablations by an experi-
enced ablationist. Also, contact force catheter was not avail-
able in this study, which was considered to help to monitor the
ablation effect.

5 Conclusions

The late cure of VAs after ablation occurred in more than one
third of patients who experienced a seemingly unsuccessful
ablation session, which clusters in the first week after the
ablation. Those patients who demonstrate a better acute and
cumulative ablation effect are more prone to demonstrate late
cure. More than one third of the late cure patients had their

VAs recurred during follow-up, suggesting the importance of
long-term follow-up.
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