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Wolff-Parkinson-White syndrome in young people, 
from childhood to young adulthood: relationships 
between age and clinical and electrophysiological 
findings

Purpose: The aim of the present study was to evaluate the characteristics 
of electrophysiologic studies (EPS) and radiofrequency ablation (RFA) 
performed in subjects aged less than 30 years with Wolff-Parkinson-
White (WPW) syndrome, particularly pediatric patients under 18 years 
of age, based on our experience. 
Methods: Two hundred and one consecutive patients with WPW syndrome 
were recruited and divided to 3 groups according to age: group 1, 6 to 17 
years; group 2, 18 to 29 years; and group 3, 30 to 60 years. The clinical, 
electrophysiological, and therapeutic data for these patients were evalu-
ated by a retrospective medical record review. 
Results: A total of 73 (36%) of these patients were <30 years of age. 
Although there were more males than females in group 2 (male:female, 
31:11), there was no sex difference in group 1 (male:female, 16:15). Left 
accessory pathway was detected less frequently in group 1 (32%, 10/ 
31) than in group 2 (57%, 24/42) and group 3 (63%, 81/128) (P=0.023 
and P=0.002, respectively). 
Conclusion: The present study describes several different electrophysio-
logical characteristics in children and adolescents with WPW syndrome. 
Therefore, when EPS and RFA are performed in children and adolescence 
with WPW syndrome, we recommend that these characteristics be 
considered. 
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atrial fibrillation (AF) or flutter in individuals whose accessory pathway 
(AP) shows a short anterograde refractory period1), although the 
frequency of SCD is low (0.3%)2-4). Radiofrequency ablation (RFA) of 
the AP has been shown to be both safe and effective in symptomatic 

Introduction

Wolff-Parkinson-White (WPW) syndrome presents the risk of 
sudden cardiac death (SCD) from ventricular fibrillation related to 
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and asymptomatic WPW patients, and provides a ‘cure’ in more than 
95% of the patients5-9). Recent studies have described the active use of 
electrophysiologic studies (EPS) for the risk stratification of arrhythmia 
in asymptomatic WPW patients, and have emphasized that the electro-
physiologic findings, such as, the locations and numbers of APs, should 
be considered when considering a procedure involving RFA10-12). The 
clinical and electrophysiological characteristics of subjects with WPW 
syndrome may vary according to age13-17). The aim of the present 
study was to evaluate the characteristics of EPS and RFA performed 
in subjects aged less than 30 years with WPW syndrome, especially 
pediatric patients under 18 years of age, based on our experience. 

Materials and methods

Two-hundred and one patients with WPW syndrome aged from 
6 to 75 who consecutively underwent EPS from January 2003 to 
May 2010 in Keimyung University Dongsna Medical Center  and 
Kyungpook National University Hospital were recruited for this 
retrospective study. 

Among all patients, seventy-three patients (36%) were <30 years of age, 
and they were defined as young people. Patients were divided into three 
age groups group 1, 6 to 17 years, group 2, 18 to 29 years, and group 3, 30 
to 60 years. EPS was indicated 1) when WPW patients had suspected 
or documented tachycardia or syncope, 2) when asymptomatic 
WPW patients had the need for further evaluation, 3) when asympto-
matic WPW patients wanted EPS and RFA. The location of the AP 
was confirmed by EPS using standard electrophysiological mapping 
methods. AF or reentrant tachycardia was induced by rapid and 
continuous atrial (A) or ventricular (V) pacing, or extrastimulus te-
chnique. Effective refractory period (ERP) was defined as the longest 
coupling interval between the basic drive and the premature impulse 
that fails to propagate through AP. After the location of the AP was 
confirmed, RFA was tried 1) when AV reentrant tachycardia was 
induced, 2) when AF was induced, 3) when patient wanted RFA for 
abnormal electrocardiogram (ECG) findings. Successful RFA was 
considered if antegrade conduction through AP during A pacing or 
retrograde conduction during V pacing did not recur for at least 30 
minutes after the RFA. The clinical, electrophysiological, and thera peutic 
data of these patients were reviewed from their medical records. 

1. Statistical analysis
Statistical analysis was performed using IBM SPSS ver. 18.0 (IBM, 

New York, NY, USA). The independent t-test and crosstabulation 
analysis (the chi-square test) were used to compare clinical and electro-
physiological data. P values of <0.05 were considered statistically 
significant. 

Results

1. Clinical data
The clinical and electrophysiological characteristics of patients are 

summarized in Table 1.
Group 1 consisted of 16 boys and 15 girls, group 2 of 31 men and 11 

women, and group 3 of 80 men and 48 women. Male preponderance 
was statistically significant in group 2 (male:female, 31:11), there was 
no gender preponderance in group 1 (male:female, 16:15). 

Patients in group 1 were admitted for supraventricular tachycardia 
in 28 cases and for unexplained syncope in 1 case. Two patients were 
totally asymptomatic but had an abnormal surface ECG result, which was 
found incidentally. Patients in group 2 were admitted for supra ventricular 
tachycardia in 36 cases, for unexplained syncope in 3 cases, and for 
the evaluation of an abnormal ECG finding in 3 asymptomatic cases. 
Patients in group 3 were admitted for supraventricular tachycardia in 
118 cases, for unexplained syncope in 1 case, and for the evaluation 
of an abnormal ECG finding in 9 asymptomatic cases. In group 1, two 
patients had congenital heart disease (Ebstein anomaly, EA) and 1 
patient had dilated cardiomyopathy. The mean time for the follow-up 
was 13.8±16.5 months (range, 1 to 89 months) and 65% of the patients 
had follow-up duration below 12 months.

Table 1. Comparison of Clinical, Electrophysiological Study, and Ablation 
Data between the Groups

Variable Group 1 Group 2 Group 3

Number 31 42 128

Age, (yr) 14 (6-17) 23 (18-29) 45 (30-75)

Gender (Male:Female) 16:15 31:11* 80:48

Congenital heart disease   2  0    0

Dilated cardiomyopathy   1  0    0

Symptomatic (syncope)   1  3    1

Symptomatic (palpitation) 28 36 118*

Asymptomatic 2  3    9

Left side AP 10 24*   81*

Anteroseptal AP 3  2   6

Right side AP 21 18*  47*

Multiple AP 4  2 11

AF on ECG 1  5 15

AF on EPS 1  8    9†

Recur 3  3  7

Ablation failure 4  3  3

Values are presented as number or median (range).
AP, accessory pathway; AF, atrial fibrillation; ECG, electro cardiogram; EPS, 
electrophysiologic studies.
*P<0.05 vs. group 1. †P<0.05 vs. group 2.
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2. Electrophysiological data 
In terms of surface ECG findings, AF was showed in 15 patients 

≥30 years age and 6 patients <30 years age. Five patients in group 2 and 1 
patient in group 1 showed AF by surface ECG. Regarding EPS findings, 
AF was induced in 9 patients ≥30 years age and 9 patients <30 years 
age. AF induction during EPS was more frequent in group 2 (8/42) 
than in group 1 (1/31) or in group 3 (9/128) (P=0.069, P=0.036, res-
pectively). 

Failure to induce AV reentrant tachycardia by EPS occurred in 14% of 
the 201 study subjects (2 in group 1, 4 in group 2, and 23 in group 3). 
The failure rate was not significantly different between patients ≥30 years 
age (23/128) and <30 years age (6/73) (P=0.063), nor was it signifi-
cantly different between groups (group 1 vs. group 2, P=1.000; group 
2 vs. group 3, P=0.232; group 1 vs. group 3, P=0.168). 

Left AP was detected significantly more frequently in group 2 (24/42) 
and in group 3 (81/128) than in group 1 (10/31) (P=0.023, P=0.002, 
respectively). However, no significant difference was found between 
groups 2 and 3 (P=0.722). 

Multiple AP was detected in 17 patients (4 in group 1, 2 in group 
2, and 11 in group 3, P=0.464). The incidence of multiple AP was not 
significantly different between patients ≥30 years age (11/128) and 
<30 years age (6/73) (P=1.000), and was also not significantly different 
between groups (group 1 vs. group 2, P=0.391; group 2 vs. group 3, 
P=0.523; group 1 vs. group 3, P=0.495). 

An anteroseptal AP location, which is known to be associated with 
the risk of complete AV block18,19) was detected in 11 patients (3 in group 
1, 2 in group 2, and 6 in group 3). The incidence of anteroseptal AP 
was not significantly different between patients ≥30 years age (6/128) 
and <30 years age (5/73) (P=0.532), or between groups (group 1 vs. 
group 2, P=0.645; group 2 vs. group 3, P=1.000; group 1 vs. group 3, 
P=0.379). 

ERP of the AP was measured in 20 subjects (4 of the group 2, 16 of 
the group 3). ERP of the AP showed positive correlation with age, but 
it was not significant (P=0.093). 

After RFA of the AP, 13 of the study subjects showed recur of their 
WPW syndrome (3 in group 1, 3 in group 2, and 7 in group 3). Of 
the three recurred patients in group 1, 2 had right AP and 1 had left 
AP. The three recurred patients in group 2 had right AP, and of the 
seven recurred patients in group 3, 4 had right AP and 3 had left AP. 

Ablation failure was occurred in 10 patients (4 of group 1, 3 of group 
2, 3 of group 3). The localizations of the APs associated with ablation 
failure in group 1 were anteroseptal in 2, posteroseptal AP in 1, and 
lateral in one, in group 2 were anteroseptal in 3, and in group 3 were 
right sided in 3. 

Discussion 

In this study, the characteristics of pediatric WPW syndrome are; 1) 
no gender preponderance and 2) less incidence of left sided AP than 
in any other age group. 

WPW is a developmental anomaly as well as a congenital anomaly 
20), and WPW syndrome in infancy often disappears and may recur 
in later childhood21,22). Epidemiological studies suggest that the prevalence 
of WPW syndrome is significantly lower in children aged 6 to 13 years 
(0.07%) than in those aged 14 to 15 years (0.17%)23). 

Previous studies have also reported gender preponderance for WPW 
syndrome according to age. One study reported that the male pro-
portion of WPW syndrome was 43% in children aged 6 to 7 years, 
50% in children aged 12 to 13 years, and 56% in those aged 14 to 15 
years23). Although there are twice as many men as women in the adult 
WPW syndrome population, no male predominance was found in 
children23). Another study also reported that the male proportion 
among WPW syndrome patients was 47% in children aged 14 years 
or less, 60% in children aged 15 to 16 years, and 69% in those aged 
17 years or more24). 

In previous studies, the AP ERP increased with age and nature of AP 
conduction changed13-17), and this is particularly well known in young 
children. In the present study, we did not evaluate the refrac toriness of 
the AP in the majority of the patients, because the main purposes of EPS 
in WPW syndrome patients are the detection, localization, and ablation of 
APs. However, in 20 patients whose the AP ERP was checked, the AP 
ERP showed positive correlation with age although it was not statistically 
significant. In relation to the property of the AP ERP, the risk of AF 
increases with age25). Our study showed lower frequencies of AF by 
surface ECG and AF induced by EPS in pediatric patients, although 
these did not differ significantly from that observed in adults. About the 
more frequent AF induction during EPS in group 2 than in group 3, we 
think that it may be affected by artificial and aggressive pacing technique 
and it is questionable whether it is the characteristics for young adult with 
WPW syndrome.

In addition, the present study showed that the detection of left side AP 
was less frequent in children and adolescents with WPW syndrome. 
A previous study on elderly patients with WPW syndrome revealed 
that left lateral AP was more frequent and AF was induced more in 
older patients (>60 years of age)26). The present study also showed similar 
results, that is, left AP was more frequent in patients ≥18 years age 
(105/170) than <18 years age (10/31). 

The anteroseptal location of AP, which is associated with a risk of 
complete atrioventricular block, was not found to differ significantly 
with age. However, a previous study reported that an anteroseptal AP 
location is more frequent in children than in adults and that its inci-
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Cardiol 1991;67:709-12.
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 17.  Perry JC, Garson A Jr. Supraventricular tachycardia due to Wolff-
Parkinson-White syndrome in children: early disappearance and late 
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dence decreases after 40 years of age18,19). 
In the present study, 3 children and adolescents with WPW syndrome 

had combined heart disease, but adults had none. Of these three, 
2 patients had EA with right side AP and 1 patient had dilated cardio-
myopathy with right side AP. All underwent successful RFA. In a 
previous study, it was reported that patients with EA showed only 
right-sided APs, and it was suggested that this might be due to malfor-
mation of the right side heart in EA27). In this previous study, five of 
nine patients who underwent RFA of AP were completely symptom-
free after the procedure. 

Regarding ablation failure cases, most cases in our study had right 
side APs. For right side AP, due to the structure of the right heart, it 
might be difficult to keep the tip of the ablation catheter on the annular 
portion during radiofrequency current application as firmly as during 
RFA of a left side AP. Therefore, RFA of right side AP requires more 
radiofrequency current application than left side AP and the process 
is more frequently interrupted. 

The limitations of the present study are a short term follow-up period 
and a lack of an EPS on AP. Furthermore, we need to perform longer-
term follow-up on our patients and to study changes in the charac-
teristics of AP by age. 

In conclusion, the present study describes several different electro-
physiological characteristics in children and adolescence with WPW 
syndrome. Therefore, when EPS and RFA are performed in children 
and adolescence with WPW syndrome, we recommend that these 
characteristics be considered. 

References

 1.  Klein GJ, Bashore TM, Sellers TD, Pritchett EL, Smith WM, Gallagher 
JJ. Ventricular fibrillation in the Wolff-Parkinson-White syndrome. N 
Engl J Med 1979;301:1080-5.

 2.  Attoyan C, Haissaguerre M, Dartigues JF, Le Métayer P, Warin JF, 
Clémenty J. Ventricular fibrillation in Wolff-Parkinson-White syndrome. 
Predictive factors. Arch Mal Coeur Vaiss 1994;87:889-97.

 3.  Timmermans C, Smeets JL, Rodriguez LM, Vrouchos G, van den Dool 
A, Wellens HJ. Aborted sudden death in the Wolff-Parkinson-White syn-
drome. Am J Cardiol 1995;76:492-4.

 4.  Montoya PT, Brugada P, Smeets J, Talajic M, Della Bella P, Lezaun R, et 
al. Ventricular fibrillation in the Wolff-Parkinson-White syndrome. Eur 
Heart J 1991;12:144-50.

 5.  Kuck KH, Schlüter M, Geiger M, Siebels J, Duckeck W. Radiofrequency 
current catheter ablation of accessory atrioventricular pathways. Lancet 
1991;337:1557-61.

 6.  Jackman WM, Wang XZ, Friday KJ, Roman CA, Moulton KP, Beckman 
KJ, et al. Catheter ablation of accessory atrioventricular pathways (Wolff-
Parkinson-White syndrome) by radiofrequency current. N Engl J Med 
1991;324:1605-11.

 7.  Calkins H, Sousa J, el-Atassi R, Rosenheck S, de Buitleir M, Kou WH, 
et al. Diagnosis and cure of the Wolff-Parkinson-White syndrome or 



Korean J Pediatr 2011;54(12):507-511 • http://dx.doi.org/10.3345/kjp.2011.54.12.507    511

and follow-up. J Am Coll Cardiol 1985;5:130-5.

 23.  Sano S, Komori S, Amano T, Kohno I, Ishihara T, Sawanobori T, et al. 
Prevalence of ventricular preexcitation in Japanese schoolchildren. Heart 
1998;79:374-8.

 24.  Liu S, Yuan S, Hertervig E, Kongstad O, Olsson SB. Gender and atrioventricular 
conduction properties of patients with symptomatic atrioventricular nodal 
reentrant tachycardia and Wolff-Parkinson-White syndrome. J Electro-
cardiol 2001;34:295-301.

 25.  Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG. Preva-
lence, age distribution, and gender of patients with atrial fibrillation. 
Analysis and implications. Arch Intern Med 1995;155:469-73.

 26.  Brembilla-Perrot B, Yangni N'da O, Huttin O, Chometon F, Groben L, 
Christophe C, et al. Wolff-Parkinson-White syndrome in the elderly: clinical 
and electrophysiological findings. Arch Cardiovasc Dis 2008;101:18-22.

 27.  Delhaas T, Sarvaas GJ, Rijlaarsdam ME, Strengers JL, Eveleigh RM, Pou lino 
SE, et al. A multicenter, long-term study on arrhythmias in children with 
Ebstein anomaly. Pediatr Cardiol 2010;31:229-33.


