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ABSTRACT
Objective: Wolff-Parkinson-White (WPW) syndrome presents with paroxysmal supraventricular tachycardia and is characterized by electro-
cardiographic (ECG) findings of a short PR interval and a delta wave. The objective of this study was to evaluate the electrophysiological prop-
erties of children with WPW syndrome and to develop an algorithm for the management of these patients with limited access to electrophysi-
ological study.
Methods: A retrospective review of all pediatric patients who underwent electrophysiological evaluation for WPW syndrome was performed.
Results: One hundred nine patients underwent electrophysiological evaluation at a single tertiary center between 1997 and 2011. The median 
age of the patients was 11 years (0.1-18). Of the 109 patients, 82 presented with tachycardia (median age 11 (0.1-18) years), and 14 presented 
with syncope (median age 12 (6-16) years); 13 were asymptomatic (median age 10 (2-13) years). Induced AF degenerated to ventricular fibrilla-
tion (VF) in 2 patients. Of the 2 patients with VF, 1 was asymptomatic and the other had syncope; the accessory pathway effective refractory 
period was ≤180 ms in both. An intracardiac electrophysiological study was performed in 92 patients, and ablation was not attempted for risk 
of atrioventricular block in 8 (8.6%). The success and recurrence rate of ablation were 90.5% and 23.8% respectively.
Conclusion: The induction of VF in 2 of 109 patients in our study suggests that the prognosis of WPW in children is not as benign as once 
thought. All patients with a WPW pattern on the ECG should be assessed electrophysiologically and risk-stratified. Ablation of patients with risk 
factors can prevent sudden death in this population. (Anatol J Cardiol 2015; 15: 485-90)
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Clinical and electrophysiological evaluation of pediatric 
Wolff-Parkinson-White patients

Introduction

Wolff-Parkinson-White (WPW) syndrome may present with 
paroxysmal tachycardia and is characterized by the electrocar-
diographic finding of a short PR interval and a delta wave. Rarely, 
sudden death that is caused by the rapid conduction of atrial 
fibrillation (AF) over the accessory pathway resulting in ven-
tricular fibrillation (VF) may be the first manifestation of WPW 
syndrome (1-3). Although controversy regarding the incidence 
of sudden death exists, the risk is thought to be 3%-4% over a 
lifetime in symptomatic patients (4), and ablation of the acces-
sory pathways is thought to prevent this risk. The objective of 
this study was to evaluate the electrophysiological properties of 
children with WPW syndrome and to develop an algorithm for 

the management of these patients with limited access to elec-
trophysiological study.

Methods

A review of patient charts and electrophysiological data of 
patients aged ≤18 years that underwent electrophysiological 
assessment for WPW ECG pattern at Hacettepe University pedi-
atric cardiology clinic was performed in this retrospective 
descriptive study.

A review of patient charts and electrophysiological data of 
patients aged ≤18 years that underwent electrophysiological 
assessment for WPW ECG pattern at Hacettepe University pedi-
atric cardiology clinic was performed in this retrospective 
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descriptive study. The study was approved by the institutional 
Ethic Committee.

All clinical and EPS data were reviewed. Clinical data 
included patient age, gender, weight, and clinical manifestations, 
including supraventricular tachycardia (SVT) and syncope; EPS 
data included the site and number of accessory pathways (APs) 
when possible, the presence or absence of induced atrioven-
tricular reentrant tachycardia (AVRT), the presence or absence 
of atrial fibrillation (AF), and the accessory pathway effective 
refractory period (APERP), defined as the longest coupling inter-
val at which anterograde block in the bypass tract was observed. 

Electrophysiological study
Written informed consent was obtained from the parents 

prior to the procedure. In patients aged less than 5 years or who 
weighed less than 20 kilograms, an electrophysiological study 
was performed by the transesophageal route. All patients 
accepted transesophageal study which was performed suc-
cessfully without any complications. Transesophageal electro-
physiological study (TEEPS) was performed under conscious 
sedation with a 6-F quadripolar electrode (Esokid 4, Fiab SpA, 
Florence, Italy) inserted through the nares into the esophageal 
level, at which optimum atrial signals were obtained. Atrial 
stimulation was done with a programmable stimulator (Fiab 
Programmable Cardiac Stimulator 8.817) with a pulse width and 
amplitude capacity between 5 ms and 20 ms and 5 mA and 45 
mA, respectively. Programmed atrial stimulation at a drive cycle 
length of 400 ms was performed, and the APERP was recorded. 
Single and pair extrastimuli, incremental pacing, and burst pac-
ing were performed to induce AVRT or AF. If sustained tachycar-
dia was not induced under basal conditions, the pacing protocol 
was repeated after isoproterenol (0.05-0.1 µg/kg/min) infusion. 
Induced tachycardia was terminated by atrial overdrive pacing. 
Accessory pathway location was established by the use of the 
ECG criteria according to Boersma’s algorithm (5).

Intracardiac electrophysiological study (IEPS) was per-
formed to all patients aged more than 5 years or who weighed 
more than 20 kilograms. The study was performed under local 
anesthesia in cooperative patients; the remaining patients were 
sedated by repeated administration of midazolam (0.1 mg/kg) 
and ketamine (1-2 mg/kg). An electrophysiological study using 
standard techniques and pacing protocols was performed in all 
patients. A manifest pathway was localized by the shortest 
atrioventricular (AV) interval and earliest ventricular activation 
in sinus rhythm, as well as the shortest ventriculo-atrial (VA) 
time and earliest atrial activation during tachycardia. Multiple 
APs were defined as 2 or more distinct sites of early antero-
grade and/or retrograde activation. Surface and endocardial 
ECG potentials were recorded and stored on a multichannel 
recorder (CardioTek, EP-TRACER, THE Maastricht EP system, 
Maastricht, the Netherlands). Atrial and ventricular incremental 
pacing up to the minimal cycle length, maintaining atrioventricu-
lar or ventriculo-atrial 1:1 conduction, and programmed atrial 
and ventricular stimulation were performed. Ablation was per-

formed in all patients with inducible tachycardia or an APERP 
<250 ms that underwent IEPS, except in those with a pathway 
location in close proximity to the AV node. After the electro-
physiological evaluation was performed, a 7-F deflectable elec-
trode catheter was induced by the femoral vein for ablation of a 
right-sided AP or through the femoral artery for ablation of a 
left-sided AP; in patients with a patent foramen ovale, the left 
atrium was accessed through the defect. Radiofrequency (RF) 
energy was delivered at a power of 30 to 50 W, and if conduction 
over the accessory pathway disappeared within 10 seconds, the 
energy was maintained for 60 to 120 seconds with a maximal 
temperature of 65°C. If conduction persisted for 10 seconds, 
energy was stopped, and further mapping was done at a differ-
ent site.

Follow-up
After the procedure, patients were monitored overnight; all 

patients had a physical exam and a control ECG before dis-
charge. Patients were assessed at 1, 6, and 12 months and annu-
ally after 12 months with a complete history, physical examina-
tion, and ECG. Patients aged ≤1 year had a control TEEPS per-
formed when they were 1 year old after cessation of antiarrhyth-
mic therapy. Patients with recurrence of the AP that had RF 
ablation underwent a second ablation procedure.

Results

Between January 1997 and January 2011, 109 patients with 
WPW were identified. All met the inclusion criteria of the study, 
and none was excluded. Of them, 66 (60%) were male. The 
median age and weight of the patients were 11 years (0.1-18) 
and 36 kilograms (3-93), respectively. Of the 109 patients, 4 were 
in the infancy period; of these 4 patients, 2 had a history of fetal 
tachycardia, and 2 presented with heart failure. Both patients 
with fetal tachycardia underwent TEEPS in the postnatal period 
and were started on antiarrhythmic therapy, because SVT was 
induced with TEEPS.

Seventeen patients (15.5%) underwent electrophysiological 
evaluation with TEEPS only. In our institution, patients are first 
risk-stratified with TEEPS, and those with high risk are priori-
tized in the waiting list for ablation; also, patients aged <5 years 
or <20 kilograms are evaluated with TEEPS only; they are 
reevaluated when they reach the appropriate age or weight and 
proceeded with ablation. Of the 17 patients, 11 had inducible 
tachycardia. The APERP of the patients with inducible tachycar-
dia was <250 milliseconds (ms), while it was >250 ms in all of the 
patients without inducible tachycardia. Six patients without 
inducible tachycardia and an APERP>250 ms were evaluated as 
low-risk and are still followed at the outpatient clinic without 
antiarrhythmic therapy. Ablation is planned in the remaining 
patients.

Of the 109 patients included in the study, the initial symptom 
was tachycardia in 82 and syncope in 14 patients, and 13 
patients were asymptomatic. The median age of patients pre-
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senting with tachycardia was 11 (0.1-18) years. Thirteen of the 
tachycardia patients underwent only a transesophageal electro-
physiological study; 8 of these patients did not undergo ablation, 
because their weight was <20 kg; and 5 had an ablation planned 
after the study period. Of the 82 tachycardia patients, atrial fibril-
lation (AF) was induced in 6 patients (7.3%); the APERP was <250 
ms in all and <220 ms in 3 of these 6 patients. All of the patients 
with inducible AF underwent ablation.

Of the 109 patients, 14 patients presented with syncope. The 
median age of the patients with the presenting symptom of syn-
cope was 12 (8-16) years. Atrial fibrillation was induced in 5 of the 
14 patients (36%), and AF degenerated to ventricular fibrillation 
(VF) in 1. The APERP of the patients with syncope was 270 ms in 
1, <250 ms in 6, and <220 ms in 7 patients. The APERP value was 
<220 ms in 4 and <250 ms in 1 of the patients with inducible AF. The 
APERP value of the patient with VF was recorded as 180 ms.

Thirteen of the patients included in the study were asymp-
tomatic. The median age of asymptomatic patients was 10 (2-13) 
years. Tachycardia was induced in 7 patients during EPS, AF 
was induced in 1 patient, and AF degenerated to VF in that 
patient, both during TEEPS and IEPS. The APERP value of the 
asymptomatic patient with inducible AF and VF was <180 ms, 
and the APERP value of all patients with inducible tachycardia 
and 3 of the patients without inducible tachycardia was <250 ms. 
Ablation was performed in 6 of the patients with inducible tachy-
cardia. Since the other patient with inducible tachycardia was 2 
years old, antiarrhythmic therapy was started, and the patient 
was followed at the outpatient clinic without symptoms during 
the study period. In 3 of the 6 asymptomatic patients without 
inducible tachycardia, ablation was performed, since the APERP 
was <250 ms and the pathways were thought to be risky. Atrial 
fibrillation that degenerated to VF was found to be 7.7% (1/13) in 
the asymptomatic patient group in our study. Overall, the per-
centage of VF in the study group was found to be 1.8% (2/109).

The accessory pathway localization was posteroseptal in 26 
(23.8%), anteroseptal in 25 (22.9%), midseptal in 3 (2.8%), left free 
side in 28 (25.7%), right free side in 12 (11%), multiple in 8 (7.4%), 
and undetermined in 7 (6.4%). Intracardiac EPS was done in 92 
patients, and ablation was not attempted in 8 (8.6%), since the 
AP had a parahissian location and ablation had a high risk of AV 
block. Ablation was performed in 84 patients; acute success 
was achieved in 72 (85.7%). Ablation was unsuccessful in 8 
(9.5%) patients. Ablation was accepted to be partially successful 
in 4 (4.8%) patients, in whom the AP potential persisted, but 
tachycardia could not be induced despite isoproterenol infusion. 
Together with the partially successful patients, the acute suc-
cess rate was 90.5%. The recurrence rate was 23.8%.

Discussion

A WPW ECG pattern is found in 0.15% to 0.25% of the popula-
tion, and one-third of these people are thought to develop 
arrhythmias during a 10-year follow-up (4, 6-8). Diagnostic eval-
uation and treatment protocols have been well defined in symp-

tomatic adult patients with WPW syndrome, whereas the man-
agement of asymptomatic patients, especially in the pediatric 
age group, is still very controversial. 

Of the 109 patients included in the study, 4 were in the 
infancy period; 2 of them had fetal tachycardia, and 2 had heart 
failure upon admission. Diagnosing SVT during the infancy 
period might be difficult; patients present with nonspecific 
symptoms, such as tachypnea, difficulty in feeding, irritability, 
and findings of heart failure if tachycardia continues for a long 
time. In a study by Gilljam et al. (9), 109 patients diagnosed with 
SVT in the neonatal period were analyzed; they reported that 52 
of the patients presented with heart failure, 10 presented with 
hydrops fetalis, and 9 presented with fetal tachycardia. The high 
rate of patients with heart failure indicates the difficulty in diag-
nosing an SVT in infants before symptoms of heart failure 
develop. Two of our patients had fetal tachycardia, and they 
were evaluated with TEEPS in the postnatal period and were 
started on antiarrhythmic therapy, because SVT was induced 
during TEEPS. Starting antiarrhythmic therapy with an indication 
of inducible SVT during TEEPS might have prevented these 
patients from developing SVT-related heart failure. 

The most worrisome symptom of WPW is syncope and sud-
den death. The mechanism of sudden death in patients with 
WPW syndrome is very rapid conduction of atrial flutter and AF 
over the accessory pathway, which provokes VF. The lifetime 
incidence of sudden death is estimated to be about 3% to 4% (4, 
10). Especially in the pediatric population, VF and sudden death 
can be the first arrhythmic event (1-3).

Santinelli et al. (11) reported their findings in 184 asymptom-
atic children; patients underwent an EP study at the start of the 
study, and they were followed every 6 months with an ECG and 
24-h Holter monitoring with the primary endpoint of the first 
arrhythmic event. Over a median follow-up of 57 months, 51 
children became symptomatic; 19 patients had potentially life-
threatening arrhythmias with a rapid ventricular response. The 
most striking finding of the study was the fact that some children 
with potentially life-threatening arrhythmias had minimal or 
atypical symptoms, such as nausea, sudden tiredness with 
anxiety, abdominal pain and swelling, and inability to concen-
trate while playing. Furthermore, 3 of the 19 patients with poten-
tially life-threatening arrhythmias had documented VF that 
required cardiovascular resuscitation. These findings indicated 
that the natural history of asymptomatic children with a WPW 
ECG pattern may not be as benign as previously thought, since 
the onset of potentially life-threatening arrhythmias may be 
unsuspected in many cases. Our study group had 2 patients that 
developed VF during EP study. One of our patients had syncope 
as the first symptom, and the other was asymptomatic. The 
induction of VF in the EP study in 2 of our patients also indicates 
that WPW might have serious clinical implications in children 
and that all patients who are diagnosed with WPW should 
undergo risk stratification, regardless of symptoms.

Different studies have yielded variable incidences of life-
threatening arrhythmias leading to sudden death in WPW; how-
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ever, the risk seems to be much higher in pediatric patients than 
in adults. In a study of 75 asymptomatic patients, Leich et al. (12) 
did not document any sudden death in a median of 4.3 years of 
follow-up. In a population study by Munger et al. (4), 113 patients 
were followed for a median of 12 years; 30% of the asymptom-
atic patients developed symptoms, and 2 previously symptom-
atic patients died suddenly. Another long-term observational 
study was conducted by Fitzsimmons et al. (13), in which they 
followed 228 military aviators for a median of 21.8 years; 15.3% 
of the asymptomatic patients developed SVT, and 1 patient was 
lost to sudden cardiac death. Lower incidences of sudden death 
have been reported in different studies; however, the incidence 
of symptoms seems to increase with longer follow-up time and 
a younger population sample (8, 14, 15).

In 1979, Klein et al. (2) reported on 25 patients that presented 
with VF; 3 of the patients were children, aged 8, 9, and 16 years, 
and all were previously asymptomatic. Bromberg et al. (16) 
reported that from a group of 60 children undergoing WPW sur-
gery, 10 children had clinical cardiac arrest, and only 1 of these 
10 children had a prior history of syncope or atrial fibrillation. In 
1990, Silka et al. (17) published a study in which they analyzed 
the outcome of 15 consecutive patients who were resuscitated 
from pulseless ventricular tachycardia or VF; one-fifth of the 
children with aborted sudden death were later diagnosed with 
WPW. In recent years, prospective studies from Italy reported 
the clinical and electrophysiological findings of asymptomatic 
patients (10, 11, 18, 19). A total of 10 previously asymptomatic 
patients developed VF; 8 were resuscitated and 2 patients had 
died. Five of 10 patients with VF and 1 patient with sudden death 
were pediatric patients. The data from these studies suggest 
that the incidence of sudden death is higher in the pediatric 
population, since most of the patients with potentially life threat-
ening accessory pathways become symptomatic or die before 
they reach adulthood. 

When the clinical and electrophysiological characteristics of 
patients with documented VF are evaluated, the factors associ-
ated with life-threatening symptoms are: clinical or electro-
physiologically induced atrial fibrillation with rapid ventricular 
response (2, 20), documented SVT (2), prior syncope (3), the 
presence of multiple accessory pathways (2, 10, 11), APERP 
<270 ms (2, 21, 22), and young age (<30 years) (10, 11, 18, 19). The 
measurement of the shortest pre-excited RR interval (SPERRI) 
during AF is thought to be a more sensitive and accurate risk 
factor; SPERRI values of 220-50 ms and especially less than 
220 ms are more commonly seen in patients with aborted sud-
den cardiac death (11, 16). SPERRI was not measured in our 
patients; however, the APERP of both patients with induced VF 
was ≤180 ms. Recently, an expert consensus statement was 
published regarding risk stratification for patients aged 8-21 
years with asymptomatic WPW ECG patterns (23). The expert 
consensus statement suggests that all children with asymptom-
atic persistent manifest pre-excitation undergo exercise stress 
test and that all patients other than those with intermittent pre-
excitation or an abrupt and clear loss of pre-excitation during 

the exercise stress test undergo an electrophysiological study. 
The consensus proposes ablation as a Class IIA indication in 
patients with SPERRI ≤250 ms and as a Class IIB indication in 
patients with inducible SVT. For patients with SPERRI >250 ms 
and the absence of inducible SVT, deferring ablation is a Class 
IIA indication; however, if the pathway location does not 
increase the risk of adverse events, ablation might be consid-
ered a Class IIB indication. If patients who are considered to be 
low-risk through risk stratification develop symptoms during 
follow-up, they may be considered to be eligible for catheter 
ablation procedures, regardless of prior assessment. The state-
ment also suggests using the shortest pre-excited RR interval, 
determined by rapid atrial pacing, as a reasonable surrogate to 
SPERRI. Although this statement makes suggestions on the 
management of asymptomatic patients beyond 8 years, for 
patients aged less than 8 years, no consensus regarding risk 
stratification and management exists. In light of the lack of 
guidelines in the very young, every center should develop its 
own protocol. The assessment that is performed and the man-
agement algorithm that was developed in our center in light of 
our findings of the current study are given in Figure 1. Current 
pediatric guideline suggests performing an exercise test as 
stated above for children older than 8 years; however, up to 20% 
of patients at risk for sudden death might be missed with exer-
cise test (24). Combined with the technical difficulties in per-
forming exercise test in the pediatric population, the difficulties 
of identifying an abrupt loss of pre-excitation and the risk of 
missing 20% of patients at risk for sudden death, we did not 
include exercise test in our risk stratifying process and designed 
an algorithm that uses TEEPS instead. We think that TEEPS is a 
reasonable alternative for patients that can not undergo IEPS 
because of possible catheterization-related complications. Also, 
for centers that do not perform ablation or have a long waiting 
list, TEEPS can be a lifesaving method in identifying those with 
the highest risk. We think that in asymptomatic patients in whom 
AF can not be induced and the SPERRI value can be measured, 

Figure 1. Management algorithm for patients diagnosed with WPW
AERP - anterograde effective refractory period; SVT - supraventricular tachycardia; 
TEEPS - transesophageal electrophysiological study
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an APERP value <250 ms can be used as a risk factor, and abla-
tion may be performed.

The presenting symptom was tachycardia in 82 and syncope 
in 14 of our patients; 13 patients were asymptomatic. When the 
inducibility of AF according to the symptoms was evaluated, AF 
was induced in 6 (6/82, 7.3%) of the tachycardia patients, 5 (5/14, 
36%) of the syncope patients, and 1 (1/13, 7.7%) of the asymp-
tomatic patients. A striking finding of our study was the degen-
eration of AF to VF in 2 of these patients; the incidence of VF was 
found to be 1.8% in our study, and the APERP of both of these 
patients was ≤180 ms. 

The success rate of RFA in pediatric patients with WPW 
varies by arrhythmia substrate location and operator experi-
ence. In the early era, the Pediatric Radiofrequency Ablation 
Registry reported a success rate of 91% in the ablation of 
accessory pathways (25). To evaluate the effect of operator 
experience, Kugler et al. (26) divided the registry data into an 
early and later era. Overall, a significant increase from 91% to 
95.2% in the success rate could be observed in the later era. 
Our study includes the learning period of ablation; therefore, 
the combined acute success rate of 90.5% is in concordance 
with the studies mentioned above. The recurrence rate in the 
early era was 23%; however, in a more recent report of the 
Registry, the recurrence rate at the 1-year follow-up was 
reported to be 10.7%. When the recent registry data were 
evaluated for pathway location, recurrence was observed in 
24.2%, 15.8%, and 59.3% for the right septal, right free wall, and 
left free wall accessory pathways. The recurrence rate of 
28.5% in our study is similar to the rate reported for right septal 
pathways in the recent Registry report.

Study limitations

This study is limited by the inherent nature of a retrospective 
study and the limited number of asymptomatic patients. Atrial 
fibrillation could not be induced in the majority of our patients, 
most possibly due to lack of aggressiveness during the electro-
physiological study. Another important limitation of the study 
was non-documentation of the SPERRI values of patients with 
induced AF. Despite these limitations, the finding of VF in 2 of our 
patients and documentation of an APERP of ≤180 ms in both 
patients are significant.

Conclusion

Induced AF with rapid ventricular response degenerating to 
VF in 2 patients indicates a VF incidence of 1.8% in our study 
group, placing them at an increased risk for sudden cardiac 
death. All patients with a finding of a WPW ECG pattern should 
be evaluated electrophysiologically for risk stratification, regard-
less of symptoms. Identifying patients whose accessory path-
way characteristics could be associated with increased risk of 
VF and ablation of these pathways can prevent possible sudden 
cardiac deaths.
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