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Background: Catheter ablation is the established treatment for patients with symptomatic Wolff–
Parkinson–White syndrome (WPW). However, some patients undergo a challenging ablation or have
recurrences during the early post-ablation phase. The aim of this study was to evaluate the clinical factors
associated with an unsuccessful ablation outcome or repeated sessions.
Methods: Four hundred seventy-five symptomatic consecutive WPW patients (38.2  16.2 years old, 61%
men, 69% with pre-excitation) who underwent an accessory pathway (AP) ablation from August 2005 to
December 2015 were enrolled. When APs recurred, a redo ablation procedure was performed according
to the patients’ desire.
Results: Four hundred thirty-nine patients (92.4%) were cured by ablation, but it failed in 36 (7.6%) after
the first procedure. Seventeen patients had AP recurrences during the acute phase within 36 h postablation. On the other hand, 4 were identified after more than one year. In a multivariate logistic
regression analysis, multiple, parahisian, and broad APs were significant independent predictors of
recurrences after the 1st procedure, with odds ratios of 14.88 (p < 0.001), 10.14 (p < 0.001), and 6.88
(p < 0.001), respectively. Finally, 468 patients (98.5%) received a successful ablation during a mean
follow-up of 8.3  3.0 years. However, after the final procedure no significant predictors were
recognized. Out of 508 total procedures, three major (0.6%) complications occurred.
Conclusions: Symptomatic WPW patients with multiple, parahisian, and broad APs had a significantly
higher risk of recurrence. In half of the recurrence patients, AP recurrences were confirmed during the
acute phase, but were rarely recorded in the very late phase.
© 2019 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction
Over the past twenty years, catheter ablation has become an
established routine treatment for patients with symptomatic
Wolff–Parkinson–White syndrome (WPW) with a high success
rate [1] and few complications [2–4]. Current European Heart
Rhythm Association and American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society guidelines
[5,6] recommend catheter ablation for patients with symptomatic
WPW.
As is well known, sudden cardiac death (SCD) rarely occurs in
WPW syndrome [4,7], especially in the case of a short effective

refractory period (ERP) of the accessary pathway (AP <240 ms)
[4,6]. On the contrary, we consider patients with an ERP of the AP of
250 ms as ‘low-risk’ patients. In contemporary treatment, we
can choose from several tools such as irrigated-tip catheters,
contact-force catheters, cryoenergy, long steerable sheaths, and 3D
electroanatomical mapping systems, but the success rate of WPW
ablation has not changed. The purpose of the present study was to
evaluate the characteristics and clinical factors related to an
unsuccessful ablation outcome in patients with symptomatic
WPW during the acute and sub-acute phases.
Methods
Study population
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Four hundred seventy-five symptomatic consecutive WPW
patients (38.2  16.2 years old, 291 men; 61%) who underwent a
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catheter ablation procedure to eliminate an AP at our institution
between August 2005 and December 2015 were enrolled in this
study. Those patients had many symptoms (more than once every
three months). The patients with a history of a previous radiofrequency catheter ablation (RFCA) for an AP were excluded. In
addition, low-risk patients (with ERP >250 ms) were not included.
In total, 329 patients (69%) had manifest pre-excitation and
146 patients (31%) did not. All operators had performed more than
100 WPW ablation cases.
All patients gave their written informed consent for the study
protocol, which was approved by the institutional review boards.
Electrophysiological study before the ablation procedure
All antiarrhythmic drugs (AADs) including beta-blockers were
discontinued for at least 7 days before the ablation. The surface
electrocardiograms (ECGs) and bipolar intracardiac electrograms
were continuously monitored and stored on a computer-based
digital recording system [LabSystem PRO (Bard Electrophysiology,
Lowell, MA, USA)]. The bipolar electrograms were filtered from
30 to 500 Hz. A 6-Fr 10-pole catheter was inserted through the
right femoral vein and positioned in the coronary sinus for pacing
and recording. A 6-Fr 4-pole catheter was inserted through the left
femoral vein and placed at the His bundle region and in the right
ventricle for pacing and recording.
If patients had left-sided APs, a transaortic approach was
performed in the early years while a transseptal approach was used
more often in the more recent years according to the physician's
preference. In addition, we did not use any heparin regardless of the
AP location until 2006, but after having experienced two transient
ischemic attacks (TIAs) a 5000 IU intravenous bolus of heparin was
administered just after the femoral puncture.
Catheter ablation procedure
At first, radiofrequency (RF) energy was delivered with a 4-mm
non-irrigated tip ablation catheter (BlazerTMII; Boston Scientific,
San Jose, CA, USA for right sided ablation or Celsius; Biosense
Webster, Diamond Bar, CA, USA for left sided ablation). When a
para-Hisian location of the AP was found, a 7-Fr 6-mm electrode tip
cryoablation catheter (Freezor1 Xtra, CryoCath; Medtronic Inc.,
Minneapolis, MN, USA) was used. For epicardial cases, ablation
within the coronary sinus (CS) was performed for a maximum of
25 W and 40 s. Selective venography of the CS was also used in
some cases in order to achieve successful ablation.
When the AP disappeared within 10 s, the RF energy delivery
was maintained for 60 s. On the contrary, when the AP did not
disappear within 10 s, the RF energy delivery was stopped
immediately. Further, in the case of an early recurrence after a
few applications, an irrigated tip ablation catheter was preferred
(Thermocool; Biosense Webster). In addition, if we identified poor
catheter stability during the ablation, we facilitated the catheter
stability through the use of long sheaths (8.5-Fr SL-0 or Agilis; AF
Division, St. Jude Medical, St. Paul, MN, USA), especially for rightsided APs.
With the non-irrigated tip ablation catheter, the RF energy was
delivered for 60 s for all applications (50 W, 55–60  C), while we
used a maximum output of 25–30 W for the irrigated tip ablation
catheter (irrigation flow rate of 17–30 mL/min during the RF
delivery).
The endpoint of the ablation was the elimination of all APs.
After the ablation an intravenous injection of adenosine triphosphate (ATP) was infused in all cases except for patients with
documented asthma. Moreover, in challenging cases, an isoproterenol infusion (starting at 1 mg/min for 2 min) was also given after
the procedure, and was limited only by patient intolerance,

hypotension, or the appearance of delta waves. In all patients, the
absence of the AP was confirmed after a waiting period of 30 min
from the final energy application.
In the case of a WPW recurrence, the ablation was performed
using an alternative approach (irrigated tip catheter vs. solid tip
catheter, transseptal vs. transaortic, steerable sheath or a 3D
mapping system). In almost all cases, no electro-anatomical
mapping system was used during the first procedure.
Postablation follow-up
A 12-lead ECG was obtained before hospital discharge. The
patients were followed up at 1, 3, 6, and 12 months after the
procedure, and then every 12 months. We judged the disappearance of the delta wave or symptoms associated with a tachycardia
as a successful ablation. Recurrence was assessed on the basis of
the patient's symptoms in conjunction with serial 12-lead ECGs or
24-h Holter ECGs. Overall, the patients were followed-up for
8.3  3.0 years.
Reappearance of delta waves or paroxysmal episodes of a
regular narrow QRS tachycardia after the ablation were considered
as a recurrence, and a repeat procedure was performed.
Statistical analysis
Continuous variables are expressed as the mean  standard
deviation or median (25–75%) value. The differences in the
continuous variables between the two (unsuccessful and successful) groups were compared by an unpaired t-test or Mann–
Whitney test per the data distribution (normal or not), and for the
categorical variables the differences were investigated with a
Fisher's exact test. A binary regression analysis was performed to
identify the predictors of an unsuccessful ablation outcome in the
WPW patients and to calculate the odds ratio (OR) and 95%
confidence intervals (95% CI). Univariate and multivariate binary
regression analyses were performed without and with an
adjustment for the other variables. For the comparisons between
the unsuccessful and successful groups, variables with a
p < 0.05 were selected and adopted for a multiple binary
regression model. In the case of collinearity characteristics
between the 2 variables, either of the two variables were excluded
from the multiple regression model. All statistical analyses were
performed using SPSS (IBM, Armonk, NY, USA) version 18.0 software, and a p < 0.05 was considered statistically significant.
Results
Patient characteristics
The characteristics of the symptomatic WPW patients are
shown in Table 1. Among them, 329 patients (69%) had pre-excitation and 146 (31%) did not. The mean age was 38.2  16.2 years and
291 (61%) were male. Seventy-two patients (15%) younger than
20 years were included. However, there were 6 patients (1.3%)
more than 75 years old. Forty-one patients (8.6%) had atrial
fibrillation (AF) and 244 (51%) had atrioventricular reentrant
tachycardia (AVRT) before the ablation. The mean ERP of the AP
was 277.6  57.2 ms. The mean left ventricular ejection fraction by
echocardiography was 57.3  7.4%. Three patients (0.6%) had an
Ebstein's anomaly. We used a 3D mapping system only in
47 patients (presence with n = 47 vs. without n = 428, p = 0.366).
Locations of the APs
The locations of the APs are shown in Fig. 1. All patients were
classified into 3 groups according to the locations of the APs: left-
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Characteristics of the WPW patients.
Age (years)
<20 years old (%)
75 years old (%)
Gender, male/female
AP with pre-excitation involving intermittent (%)
AP with intermittent pre-excitation (%)
Presence of structural heart diseases (%)
Left-sided AP (%)
Right-sided AP (%)
Septal AP (%)
- ParahisianAP (%)
- InferoseptalAP (%)
Broad AP (%)
Multiple AP (%)
Epicardial AP (%)
With AF (%)
With AVRT (%)
LVEF (%)
AP-ERP (ms)
Procedure time (min)
Fluoroscopy time (min)
No. of ablation sessions
1/2/3 sessions

38.2  16.2
72 (15.2)
6 (1.3)
291 (61.3)/184 (38.7)
329 (69.2)
56 (11.8)
3 (0.6)
233 (49.1)
36 (7.6)
210 (44.2)
14 (2.9)
181 (38.1)
24 (5.1)
12 (2.5)
7 (1.5)
41 (8.6)
244 (51.4)
57.3  7.4
277.6  57.2
147.3  49.5
19.9  16.4
1.07  0.3
445/27/3

Data are expressed as the mean  standard deviation, median (25%–75%), or
number (%). AP, accessory pathway; AF, atrial fibrillation; AVRT, atrioventricular
reentrant tachycardia; LVEF, left ventricular ejection fraction; ERP, effective
refractory period; WPW, Wolff–Parkinson–White syndrome.

sided APs (n = 233, 49%), right-sided APs (n = 36, 7.6%), and septal
APs (n = 210, 44%). Moreover, we divided the APs into right- or leftsided superior, anterosuperior, anterior, anteroinferior, inferior,
posterosuperior, posterior, posteroinferior, superoseptal, midseptal, and right- or left-sided inferoseptal APs as shown in Fig. 1. In
addition, parahisian, multiple, broad, or epicardial APs were
observed in 14 (2.9%), 12 (2.5%), 24 (5.1%), and 7 (1.5%) patients,
respectively. In this study, we defined ‘multiple’ APs as discontinuous APs separated more by than 2 cm, and ‘broad’ APs as
continuous APs that needed ablation at more than 3 close sites.
In patients without pre-excitation, 126 (82%) of 153 APs were
located on the left-side as shown in Fig. 2. In addition, most
concealed APs were considerably located at the mitral valve
between 2 to 6 o’clock. Finally, all 146 patients were cured by one
(n = 140, 96%) or two (n = 6, 4%) ablation sessions.
AP ablation outcomes
During the first session, ablation was successful in 439 patients
(92.4%) and failed in 36 (7.6%). We were not able to treat an
inferoseptal AP during the first session in only one case and that
patient refused a re-do procedure. After the first session, 34 (94.4%)
out of 36 patients with a recurrence underwent a repeat ablation. A
2nd and 3rd ablation session was performed in 31 (6.5%) and 3
(0.6%) patients, respectively.
During a mean follow-up of 8.3  3.0 years, 468 patients (98.5%)
finally received a successful ablation without any AADs after the
final session. Only seven patients (1.5%) were not cured by ablation.
Delta waves could be recognized in five patients, but all patients
remained asymptomatic.
After the 1st session, Table 2 shows a comparison between the
patients with a successful and unsuccessful ablation after the 1st
session. The univariate logistic regression analyses revealed that
epicardial APs, parahisian APs, broad APs, multiple APs, right-sided
APs, left-sided APs, the procedure time, manifest APs, the
fluoroscopy time, and younger patients were significant predictors
of an AP recurrence after the initial ablation procedure (p < 0.001,
p < 0.001, p = 0.001, p = 0.001, p = 0.003, p = 0.003, p = 0.015,
p = 0.024, p = 0.033, p = 0.048, respectively; Table 2). In the binary

3

multivariate logistic regression analysis multiple APs, a parahisian
AP location, and broad APs were significant independent
predictors of recurrences, with odds ratios of 14.88 (95% CI,
3.89–56.93; p < 0.001), 10.14 (95% CI, 2.89–35.66; p < 0.001), and
6.88 (95% CI, 2.33–20.27; p < 0.001, Table 3), respectively.
After the final session, univariate logistic regression analyses
revealed that the procedure time, fluoroscopy time, and multiple
APs were significant predictors of an AP recurrence after the final
ablation procedure (p < 0.001, p = 0.003, p = 0.012). However, there
were no significant independent predictors in the multivariate
logistic regression analyses. Of them, multiple APs had a higher
recurrence (p = 0.078).
Time course to the AP recurrence
As shown in Fig. 3, the 35 AP recurrences were classified into
3 groups. Seventeen (48.6%) of the 35 patients had a recurrence
within 36 h, mostly within 24 h (15, 42.9%). Fourteen (40%) had a
recurrence between 6 days and 6 months, and 4 (11.4%) were
identified after more than one year. The latest recurrence was
identified after two years and eight months from the initial
ablation. However, there were no significant predictors of an acute
recurrence within 36 h.
Major procedural complications
Major complications occurred in only three left-sided AP
patients (0.6%). A mild pericardial effusion (not requiring drainage)
was observed in one patient. Two other patients developed TIAs,
which completely recovered within 24 h. In the present study, no
patients suffered from AV block after the ablation in spite
of 11 patients having parahisian APs. Furthermore, no aborted
sudden cardiac death or ventricular fibrillation occurred during the
follow-up.

Discussion
Main findings
The main findings of the present study were: first, in
symptomatic WPW patients, catheter ablation of APs achieved a
successful outcome of 98.5% without any AADs; second, the
multivariate logistic regression analysis showed that multiple,
parahisian, and broad APs were associated with an unsuccessful
ablation outcome after the initial ablation; and third, in half of the
patients with a recurrence, conduction over the AP was recorded
during the acute phase and within three days, but rarely were
recorded during the very late phase.
Association between multiple and/or broad APs and a failed ablation
Multiple APs have been identified in 3–14% of patients
undergoing an electrophysiological study [8–10]. A broad AP
may have two or more APs, or an oblique course of the APs. The
past literature reported that many APs may have broad atrial or
ventricular insertions [11]. In our study, multiple APs were
identified in 12 patients (2.5%) and broad APs in 24 (5.1%), for a
total of 36 patients (7.6%). One patient had three APs. Almost all of
the previous publications did not classify these two separately, but
we divided them into separate groups. Both broad and multiple
APs may mean there could be an easier recurrence, and they were
significant independent predictors of a recurrence.
In past reports, multiple and/or large pathways may have been
much more challenging, but those reports were not able to prove
that [12–15]. Iturralde et al. demonstrated that the success rate in
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Fig. 1. Diagram of the locations of 512 APs among all 475 WPW patients. The numbers indicate each location of the APs. The biggest five-pointed asterisks indicate 50 cases, big
five-pointed asterisks 10, normal five-pointed asterisks 5, and small five-pointed asterisks 1. Furthermore, the black five-pointed asterisks indicate the successful sites, green
six-pointed asterisks subacute recurrence sites and red stars failure sites. WPW, Wolff–Parkinson–White syndrome; AP, accessory pathway.

Fig. 2. Diagram of the locations of 153 APs among 146 concealed patients. The numbers indicate each location of the APs. The big five-pointed asterisks indicate 10 cases,
normal 5, and small 1. Furthermore, the black five-pointed asterisks indicate successful sites and green six-pointed asterisks subacute recurrence sites. AP, accessory pathway.

patients with multiple APs is lower than that in those with a single
AP during only one session (81% vs. 93%, p < 0.01) [9].
In addition, past studies reported that patients with multiple
APs are associated with an increased risk of SCD [4,7]. Therefore, it
is important to eliminate multiple APs by any ablation method
necessary. As a result of this study, it was suggested that it is
necessary to ablate more widely and completely, and that
additional ablation may be needed as well. If multiple or broad
APs are identified, you should wait for 60 min after the final energy
application in order to avoid any AP recurrence. Although of course
an ECG algorithm may be useful for the detection of multiple APs
[16], when multiple APs are suspected we recommend using a 3D
mapping system.

Association between parahisian APs and failure
Out of all WPW patients, 1.4–1.6% of the patients had parahisian
pathways [17,18], but our study included 14 patients (2.9%). Gaita
et al. previously reported that cryoablation appears to be a safe and
effective technique for ablation of APs close to the AV node or His
bundle and that it has acute effects [19]. Generally, parahisian APs
have a higher incidence of recurrence (11–25%) [18,20]. Finally,
13 patients with parahisian APs (92.9%), except for one case, were
completely cured by using a cryoablation catheter. However, six
patients (42.8%) had an unsuccessful ablation in the initial session.
Complications (involving 1st degree AV block) may occur in 2–
10% during the ablation [18]. In our series, no patients suffered
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Table 2
Comparison of the patient characteristics between the successful and unsuccessful groups after the 1st session.

Age, years
Age < 20 years old (%)
Male (%)
AP with pre-excitation (%)
AP with intermittent pre-excitation (%)
Left-sided AP (%)
Right-sided AP (%)
Septal AP (%)
- Parahisian AP (%)
- Inferoseptal AP (%)
Broad AP (%)
Multiple AP (%)
Epicardial AP (%)
With AF (%)
With AVRT (%)
LVEF (%)
AP-ERP, ms
Procedure time, min
Fluoroscopy time, min

All cases
N = 475

Unsuccessful
N = 36

Successful
N = 439

p-Values

38.2  16.2
72 (15.2)
184 (61.3)
329 (69.3)
56 (11.8)
233 (49.1)
36 (7.6)
210 (44.2)
14 (2.9)
181 (38.1)
24 (5.1)
12 (2.5)
7 (1.5)
41 (8.6)
244 (51.4)
57.3  7.4
278  57
147 49
15.0 [9.0–26.0]

35.1 17.4
10 (27.8)
22 (61.1)
31 (86.1)
5 (13.9)
9 (25.0)
8 (22.2)
17 (47.2)
6 (16.7)
10 (27.8)
7 (19.4)
5 (13.9)
6 (16.7)
4 (11.1)
15 (11.1)
62.0  4.5
296  70
174  56
28.0 [9.0–26.0]

38.4  16.1
62 (14.1)
269 (61.3)
298 (67.9)
51 (11.6)
224 (51.0)
28 (6.4)
193 (44.0)
8 (1.8)
171 (39.0)
17 (3.9)
7 (1.6)
1 (0.2)
37 (8.4)
229 (52.2)
56.3  7.6
276  56
144  48
15.0 [9.0–24.0]

0.232a
0.048b
0.999b
0.024b
0.598b
0.003b
0.003b
0.730b
<0.001b
0.214b
0.001b
0.001b
<0.001b
0.538b
0.298b
0.121a
0.326a
0.015a
0.033c

The data are expressed as the mean  standard deviation or median (25%–75%), or number (%). AP, accessory pathway; AF, atrial fibrillation; AVRT, atrioventricular
reentrant tachycardia; LVEF, left ventricular ejection fraction; ERP, effective refractory period.
The p-values were determined by
a
An unpaired t test.
b
Fisher's exact test.
c
Mann–Whitney test.

Table 3
Predictors of an unsuccessful ablation outcome in the patients with WPW syndrome determined by binary logistic regression analyses.
Variables

Age <20 years old
AP with pre-excitation
Left-sided AP
Right-sided AP
Parahisian AP
Broad AP
Multiple AP
Procedure <147 mina
Fluoroscope <15 minb

Before adjustment

After adjustment

OR (95% CI)

p-Values

OR (95% CI)

p-Values

2.34 (1.08–5.09)
2.93 (1.12–7.70)
0.32 (0.15–0.70)
4.19 (1.75–10.05)
10.77 (3.51–33.07)
5.99 (2.30–15.61)
9.95 (2.99–33.18)
2.00 (0.75–5.35)
1.50 (0.55–4.05)

0.032
0.029
0.004
0.001
<0.001
<0.001
<0.001
0.165
0.427

1.75 (0.70–4.33)
1.84 (0.65–5.21)
0.49 (0.20–1.21)
2.02 (0.69–5.94)
10.14 (2.89–35.66)
6.88 (2.33–20.27)
14.88 (3.89–56.93)
Not apply
Not apply

0.230
0.248
0.120
0.199
<0.001
<0.001
<0.001

The chi-square value was 5.64 for the Hosmer–Lemeshow test (p = 0.464). WPW, Wolff–Parkinson–White syndrome; OR, odds ratio; CI, confidential interval; AP, accessory
pathway.
a
The mean value.
b
Median value of all cases.

from any complications (involving 1st degree AV block) after the
parahisian ablation.
Predictors of AP recurrence
Several clinical factors can predict the recurrence of AP
conduction. The past reports could not find any predictors for
the reappearance of the AP conduction after ablation because of
the lower AP recurrences. However, although there were no
significant predictors, some reports have shown a higher recurrence rate after the initial ablation of right free wall APs [14,21–23],
inferoseptal APs [21,23], and a prolonged procedure time [24]. An
unstable catheter position and possible epicardial pathway
location are the main contributing factors for a primary failure
[23]. In the modern era, the ablation of anterior (right free wall) APs
has mainly been solved by using long steerable sheaths and
technologies such as 3D mapping systems. Some of the reports
have demonstrated that catheter manipulation [15,24] and
inaccurate mapping have led to AP recurrences [15]. Naturally,
the procedure time will become longer when we perform ablation

in challenging cases such as those with an Ebstein's anomaly or
poor stability of the catheter. We believed that structural heart
disease (SHD) was not a predictor of an AP recurrence because only
three patients had SHD in this study. In addition, Langberg et al.
reported that younger patients had a higher incidence of multiple
APs with recurrences [22].
As Fig. 1 shows, in our experience, we had more difficulty
ablating inferoseptal APs. We also thought that inferoseptal APs
exist in deep myocardial sites as previously reported [15,25]. Further, the use of irrigated-tip catheters was also important. A radical
cure could finally be achieved by multiple ablation sessions from
both the right and left sides as well as CS applications [15]. In fact,
in 4 patients with APs in those areas a complete disappearance of
the AP could not be achieved (Fig. 1).
Incidence and timing of AP recurrences
The incidence of AP recurrences was usually within 2–3
months. In particular, the main recurrence period occurs during
the acute phase within 12 h as previously reported [22,24]. Our
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Fig. 3. Time course of the onset of the first recurrence after the 1st session in 35 WPW recurrent patients. The circle indicates a left-sided AP, triangle a right-sided AP, square a
septal AP, and star a parahisian AP. Furthermore, the black indicates multiple or broad APs and white no multiple or broad APs. WPW, Wolff–Parkinson–White syndrome; AP,
accessory pathway.

data also showed that AP reconnections before hospital discharge
were associated with symptoms in 15 patients (42.8%).
We defined a late AP recurrence as an AP recurrence >12
months after the initial catheter ablation. In our study only
4 patients out of 36 had a late AP recurrence (11.4%, Fig. 3).
Although most reports have found that the recurrence of the AP
conduction was documented within 6 months after the ablation
[12,14,22,24], only one report found AP recurrences after 6 months
in 25% (14 out of 46) [3]. However, that report did not report it in
detail. In the present study, only 2 AVRTs with delta waves on the
basal ECG were confirmed in 2 asymptomatic patients during the
follow-up. It is difficult to detect a diagnosis of an AP recurrence
when patients have no symptoms after the ablation. Therefore,
from our results, operators should observe the patients for at least
three years.

heparin prevented TIAs in left-sided AP patients. Certainly, lower
complications will be achieved from the vast information from
many publications, shorter procedure times, and experience
gained with a greater number of ablation cases. As a result, we
were able to prove the rise in the success rate and confirmed that
the complications have clearly decreased in comparison to that in
the past.
Study limitations
This study had some potential limitations. First, it was a
retrospective and observational study. Second, this study was a
single center study, which might have caused a statistical bias.
Third, the number of subjects may have been relatively low.
Conclusions

AP recurrence rate after the initial and final sessions
AP recurrences were identified in 23–29% of patients in the era
of high voltage direct current ablation for APs [24,26]. According to
the previous reports, the incidence of an AP recurrence is 6–12%
[2,3,12,14,22,27]. Our AP recurrence rate was 7.6% (36 of 475),
similar to the previous reports from the 1990s [2,3,12,14,22,27] and
a more recent study [15].
In spite of the improvement in medical devices, the success rate
of WPW ablation after 2000, including our study, has mostly been
as well as that of the 1990s. However, almost all the patients
(98.5%; 468 of 475) were finally cured by multiple ablation
sessions. Another six patients had no symptoms without AADs. We
thought they would have no attacks of arrhythmias because the
manifest AP conduction had become poor due to the ablation. As
our results have shown, if you can sufficiently determine the
characteristics of the AP, which should be easy to do before the
ablation, it is possible that the success rate of the WPW ablation
will rise in the near future.
Complication rates
Major complications associated with the ablation procedure
have been very low at 1–2% [3,4] and similar to that in our study.
Eventually, although we performed a total of 508 sessions to
eliminate the APs, only 0.6% of the patients suffered from major
complications. Further, we did not experience any complications
after more than 10 years. Particularly, we guessed that the use of

WPW syndrome patients can be safely cured by trans-catheter
ablation with a high success rate and low rate of major
complications. Symptomatic WPW patients with parahisian,
multiple, and broad APs had a significantly higher risk of
recurrence. In half of those patients, AP recurrences were
confirmed during the acute phase within three days, but rarely
could be recorded during the very late phase.
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