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CLINICAL EVALUATION OF CHILDREN WITH ELECTROCARDIOGRAPHIC
PATTERN OF WOLFF-PARKINSON-WHITE AND PRESENTING OF
SYMPTOMATIC CASES

WOLFF- PARKINSON-WHITE ELEKTROKARDIYOGRAFIK PATERNI SAPTANAN
COCUKLARDA KLINIK DEGERLENDIRME VE SEMPTOMATIK OLGULARIN SUNUMU

Filiz EKICI', ibrahim ilker CETIN', Leyla BILGIN KARADENIZ?
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ABSTRACT

Aims: To evaluate the children with electrocardiographic pattern of Wolff-Parkinson-White (WPW) and review
their demographic features, presenting symptoms, electrocardiographic, echocardiographic findings, and manage-
ment.

Methods: The study was conducted in a single tertiary research hospital from 2009 to 2011, retrospectively. Twenty-
one children (1 day to 15 years) with a WPW pattern on surface ECG were included in this study. We classified
patients into two groups as “Asymptomatic” and “Symptomatic Group”.

Results: Most children were asymptomatic (13 cases, mean age: 6.0 years) at the diagnosis and during the study
period. Symptoms related to dysrhtyhmia were recognized in 8 cases (mean age: 9.1 years) and most common in
school age children. There were no gender predominance between two groups. The symptoms were palpitations in
4 cases and syncope in one case. Three cases presented with attack of supraventricular tachycardia (SVT). They also
had intermittent nature of WPW and male predominance. Echocardiography revealed mitral valve prolapsus in 7,
hypertrophic cardiomyopathy in 3, aortic regurgitation in 1 and Ebstein abnormality in 1 case. SVT were success-
fully treated with Amiodoron or Adenosine. No patient died suddenly during the study period.

Conclusion: Children with electrocardiographic pattern of WPW should be recognized and managed properly.
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OZET:

Amag: Wolff —Parkinson- White (WPW) elektrokardiyografik paterni saptanan ¢ocuk hastalarin demografik
ozellikleri, bagvuru yakinmalari, elektrokardiyografik ve ekokardiyografik 6zellikleri ve tedavi yontemleri
degerlendirilmistir.

Materyal ve Yontem: Bu caligma tek bir merkezde ve iiclincii basamak arastirma hastanesinde 2009-2011
yillar1 arasinda retrospektif olarak yapilmistir. Yiizeyel EKG’ de WPW paterni saptanan 21 ¢ocuk olgu (1
giin-15 yas) ¢alismaya dahil edildi. Hastalar asemptomatik veya Semptomatik olmak tizere iki gruba ayrildi.
Bulgular: Olgularin ¢ogu (13 olgu, ortalama yas: 6.0 yil) tant aninda ve ¢alisma siiresince asemptomatikti.
Disritmi ile iliskili semptomlar 8 olguda (ortalama yas: 9.1 yil) belirlendi. Gruplar arasinda cinsiyet
bakimindan fark saptanmadi. Bagvuru semptomlar1: dort olguda carpint1 ve bir olguda senkop idi. Ug olgu
Supraventrikiiler tagikardi atagi ile bagvurdu ve SVT’li olgularin timiinde intermittent tipte WPW paterni ve
erkek cinsiyet predominansi saptandi. Ekokardiyografi ile yedi olguda mitral kapak prolapsusu, {i¢ olguda
hipertrofik kardiyomiyopati, bir olguda aort yetersizligi ve bir olguda Ebstein anomalisi saptandi. SVT
ataklarinda Amiodoron veya Adenozin ile basarili tedavi saglandi. Caligma siiresince olgularin higbirisinde

ani 6lim gozlenmedi.

INTRODUCTION

Wolff-Parkinson-White syndrome (WPWS) is a con-
dition characterized by abnormal electrical pathways in
the heart, which cause an arrhythmia. WPWS often oc-
curs sporadically and familial cases reported rarely. The
incidence of WPW pattern varies from 0.1 to 3 per 1000
electrocardiographies (ECGs), however it is not possible
to determine the incidence of WPW pattern because of its
intermittent nature (1-4). The presenting symptoms are
dizziness, palpitations, syncope, discomfort of chest, and
severe cardiopulmonary decompensation. In rare cases,
arrhythmias associated with WPWS can lead to cardiac
arrest and sudden death at initial presentation (1-4).
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Sonu¢: WPW elektrokardiyografik paterni tanisi alan ¢ocuklara uygun tedavi uygulanmalidir.
Anahtar Kelimeler: Wolff-Parkinson-White, ¢cocuk, elektrokardiyografi, ekokardiyografi

Patients with WPW have a risk for the development
of both supraventricular and ventricular tachyarrhythmi-
as. Supraventricular tachycardia (SVT) is typically ort-
hodromic or rarely antidromic re-entrant tachycardia. AV
reciprocating tachycardia, AV nodal re-entrant tachycar-
dia, atrial flutter, and atrial fibrillation are common kinds
of arrhythmias (1). Children with WPW have also some
electrocardiographic differences than adult cases (5).

Here in, 21 infants and children with electrocardi-
ographic pattern of WPW were reported and their de-
mographic features, presenting symptoms, electrocar-
diographic, echocardiographic findings were evaluated.
Management of children with WPW syndrome was also
reviewed.
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MATERIAL-METHODS

This study was conducted in a single research and
training hospital from October 2009 to October 2011,
retrospectively. Children with a WPW pattern on ECG
were included in this study. Clinical, echocardiographic
findings, the routine ECGs, and 24-hour-Holter monito-
rization records were all obtained within Pediatric Cardi-
ology Department of our hospital. All ECGs were analy-
zed by two pediatric cardiologists. The criteria for the
diagnosis of pre-excitation, based on the 12 lead surface
ECG, were a shortened PR interval (for children<3 years
less than 80 ms, 3-16 years less than 100 ms, and >16
years less than 120 ms) and a typical slurred upstroke of
the initial QRS complex (delta wave) with a consequent
widening of the QRS complex (QRS duration > 120 ms).
We analyzed the polarity of the QRS complex and del-
ta wave on the frontal plane of the conventional 12-lead
electrocardiogram in all cases. Accessory pathway loca-
tion was established by the use of ECG criteria according
to Fitzpatrick’s algorithm (6).

All patients were asked particularly about symptoms
that could be related to episodes of tachycardia (inclu-
ding palpitations or syncope), cardioactive drugs, and
previous attempts at surgical or transcatheter ablation.
All patients underwent a careful physical examination.
Surface ECG, 24 hour Holter ECG monitorization, and
echocardiographic examination were performed in all
cases. We classified patients into two groups as “Asym-
ptomatic” and “Symptomatic Group”. “Asymptomatic
Group” consisted of cases having no symptoms related
to dysrhythmia and no documented tachyarrhythmic
event. Patients having symptoms related to dysrhythmia
(palpitation or syncope) or documented tachyarrhythmic
event were included in “Symptomatic Group”. Children
presented with episodes of tachycardia were evaluated by
means of their ages, gender, clinical features, and associ-
ated cardiac diseases.

All cases were subsequently followed at 6 month
intervals during the study period. Clinical examinati-
on, surface ECG, 24-hour Holter monitorization, and
echocardiographic examination were repeated in every

6 months. When a patient had symptoms related to
dysrhythmia (recurrent palpitation or syncope), docu-
mented tachyarrytmic event or history of arrhythmogenic
life threatening events, they referred for radiofrequency
catheter ablation (RFA). Continuous variables are exp-
ressed as mean+tstandard deviation(SD) and analyzed by
the ‘Student t test’. Nominal findings were evaluated by
the %2 test with Yates correction. A p value of < 0.05 was
considered as significant.

RESULTS

The study population consisted of 21 children. Of
all these cases, 14 (66%) were firstly diagnosed during
study period. There were 10 male and 11 female (M/F
ratio: 0.9) children. At diagnosis, the age of the children
ranged from 1 day to 15 years and the mean age+SD was
7.244.3 years (Table 1). Electrocardiographic pattern of
WPW was commonly recognized in children between
6 and 15 years old (14 cases, 65%). 13 children (61%)
were included in asymptomatic group and 8 (38%) were
included symptomatic group at diagnosis. The mean age
of symptomatic cases was significantly higher than that
of asymptomatic cases (9.1+5.0 years vs 6.043.5 years;
p<0.001). The male to female ratio in symptomatic group
did not significantly differ from asymptomatic group (1.0
vs 0.85; p>0.05) (Table 1).

Presenting symptoms and clinical findings: Rea-
sons for cardiac evaluation in asymptomatic cases were
precordial murmur (n=3), attention deficiency-hyperacti-
vity disorder (n=3), chest pain (n=2), motor and mental
retardation (n=1), dyspnea (n=1), suspicion of metabo-
lic disease (n=1), obesity (n=1), and growth retardation
(n=1). Presenting symptoms in symptomatic group were
palpitations in 4 and history of syncope in 1case. Episo-
des of SVT were documented in 3 patients (14.7%) as
the first arrhythmic event in all cases with a male predo-
minance.

CASE 1; A one day old newborn baby referred to our
hospital because of obvious tachydysrhythmia detected
soon after prolonged labor. He was born at term with a
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Table-1. Age and sex of cases with Wolff-Parkinson-White pattern / syndrome at the first diagnosis.

Clinical features All cases Symptomatic cases Asymptomatic cases P
Number of cases n (%) 21 (100) 8(38) 13(62)
Mean Age (SD)(years) 7,2 (4,3) 9,1(5,0)* 6,0 (3,5)*
Minimum-Maximum 1 day-15 years 1 day -15 years 1-13years
0-5 years, n (%) 7(33) 2(25) 5(38) <0,001
6-9 years, n (%) 9(42) 2 (25) 7(53)
10-15 years, n (%) 5(23) 4(50) 1(7)
Male/Female 10/11 (0,9) 4/4(1,0)** 6/7 (0,85)** >0,05

*The mean age of symptomatic cases was significantly higher than that of asymptomatic cases (p<0.001).

** The male to female ratio in symptomatic group did not significantly differ from asymptomatic group (1.0 vs 0.85; p>0.05).

birth weight of 3400 g. Tachydysrhythmia with narrow
QRS complex was managed with lidocain in local hos-
pital (Figure-1A). Because of no response to lidocain
infusion, Amiodoron (1 mgr/ kg/ min bolus) was given
and then the patient was referred to our hospital. At the
first examination in our hospital, he had electrocardiog-
raphy showing heart rate of 240 beat/min with a regular
RR interval and wide QRS complex and no cardiovascu-
lar instability (Figure -1B). Echocardiography revealed
physiological patent ductus arteriosus and patent fora-
men ovale. Amiodoron infusion was continued in our
hospital and SVT was terminated at the 4th hour of Ami-
odoron infusion (Smcgr/kg/min). ECG revealed a normal
sinusal rhythm (Heart rate: 160 beats/min) and no delta
waves or short PR interval was observed in the surface
ECG obtained after termination of SVT. On the first day
of hospitalization, he was given digoxin for prophylaxis
of SVT. After 2 days, ECG revealed short PR interval and
delta waves in DI derivation andan intermittent nature of
WPW was also observed (Figure-1C). Digoxin was stop-
ped and propranolol prophylaxis was started.

CASE 2; A 10-year old boy admitted to our hospital
because of palpitation during walking. ECG revealed a
SVT (heart rate: 250/min) with a narrow QRS complex.
He was treated with IV Adenosine (100 mcgr/kg). ECG
revealed the characteristic findings for WPWS and the
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right-sided accessory pathway (Figure-2A). Except for
the first degree mitral regurgitation, he had no structural
cardiac diseases revealed by echocardiography. Propro-
nolol was started for prophylaxis of SVT. An intermittent
nature of WPW was also observed in this patient during
the study period (Figure-2B). He was offered for RFA.

CASE 3; A 15-year-old boy admitted to our hospi-
tal because of palpitation. He had had palpitations for
two years. He had no cardiovascular instability and no
clinical evidence of low cardiac output. ECG revealed
a SVT (heart rate: 200/min) with a narrow QRS comp-
lex (Figure-3A). He was first treated with IV verapamil
(0.1mgr/kg), whereas SVT was not terminated. Then,
he was given IV Adenosine (100mcgr/kg) and SVT was
terminated. ECG revealed normal sinusal rhythm (heart
rate: 160 beats/min) and there were no delta waves or
short PR interval in the surface ECG obtained after ter-
mination of SVT (Figure-3B). He had no structural car-
diac diseases revealed by echocardiography. Propronolol
was started for prophylax is of SVT. The characteristic
surface ECG for WPWS and the right-sided accessory
pathway was noticed at follow-up period (Figure-3C).
He had also an intermittent nature of WPW. He was re-
ferred for RFA.

Echocardiographic examination; Nine cases

(42.8%) had normal cardiac findings revealed by echo-
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supraventricular arrhythmia during Amiodoron infusion C; Ten QRS complexes showing AV conduction
over the AV node—His pathway only followed by 9 QRS complexes showing pre-excitation

cardiography. Coexisting cardiac disease was detected in
12 cases (61%). The most common cardiac abnormality
was mild degree mitral regurgitation and mitral valve
prolapsus and this abnormality was detected in 7 cases
(33.3%). First degree aortic regurgitation was determi-
ned in one case. Hypertrophic cardiomyopathy was de-
termined in 3 cases. Echocardiography revealed Ebstein
abnormality in a 5-year- old boy.

Electrocardiographic examination; Prediction of
accessory pathway from the resting surface ECG accor-
ding to QRS polarity was left-lateral in 11 children (52%)

(Because of QRS polarity was positive on leads V1 and
IIT). 7 cases (33.3%) had right-sided (because QRS po-
larity was negative on leads V1 and III) and 3 cases had
posteroseptal accessory pathways. ECG of cases with
Ebstein abnormality revealed a right-sided accessory
pathway (Figure-4). Patients with syncope had a left an-
terior septally located accessory pathway (Figure-5). In-
termittent nature of WPW was observed in 3 cases (14.2
%) and all were presented with a SVT attack (Case 1,
Case 2 and Case 3). A 24-hour Holter monitoring displa-
yed no dysrhythmia except for WPW pattern in all cases.
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Figure-2; A; ECG revealed WPW (delta waves in DI and aVL derivations) and the right-sided accessory
pathway. B; ECG in same patient; normal sinusal rhythm and there was no delta waves in DI and AVL
derivations.
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Figure-3: A; Supraventricular tachycardia with a narrow QRS complex. B; no delta waves was observed

in the surface ECG obtained after termination of SVT. C: The characteristic surface ECG for WPWS and
the right-sided accessory pathway
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Figure-4; ECG of patient with Ebstein abnormality
presence of a right-sided accessory pathway.
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Figure-5; ECG revealed a left anterior septally located accessory pathway in patient who presented with
syncope

CLINICAL COURSE AND TREATMENT

During the study period, symptoms related to
dysrhythmia (palpitation) developed in 2 cases (15.3%)
and they were asymptomatic at diagnosis. However, sud-
den death or unpredictable life-threatening arrhythmias
did not occur in the asymptomatic WPW patients. Due
to lacking of arrhythmogenic symptoms, patient with
Ebstein abnormality and WPW pattern was not referred
for electrophysiologic study. He was managed with beta-
blocker (propranolol, 2 mgr/kg/day). We have followed
him for 2 years with echocardiographic examinations
and a 24-hour holter monitorization. He has been asym-
ptomatic, yet. Propranolol (2 mgr/kg/day) was used by
7 symptomatic patients with frequent palpitation. Drugs
used for SVT were Amiodoron in 1 case (Case-1) and
adenosine in 2 cases (Case-2 and3). A newborn baby with
a documented attack of SVT (Case-1) has been followed
for 6 months and no dysrhythmia was observed during
the study period. Six symptomatic patients referred to
transcatheter ablation of the accessory connection using
radiofrequency energy. The indication for the procedure
was recurrent episodes of palpitation in 3 patients, attack
of SVT in 2 patients, and syncope in 1 patient. No patient
died suddenly. Another asymptomatic newborn baby re-
ferred to our department for metabolic disease suspicion
had also WPW pattern and she died because of sepsis
during follow up period.
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DISCUSSION

Most of the patients in this study were asymptomatic
at the first presentation and electrocardiographic pattern
of WPW was most commonly recognized in children
between 6-15 years old. Like previous studies, asympto-
matic cases were significantly younger than symptomatic
cases at first diagnosis (1). In previous studies, it was re-
ported that the incidence of WPW was more than twice
in males than in females but the reasons for male predo-
minance are not known (4,7,8). In contrast to previous
studies, there was no gender predominance in our study.
Like our study, Sano et al reported a male to female ratio
of 1:1 in Japanese school-children with ventricular pre-
excitation (9).

Syncope in patients with WPWS may be related to
either a rapid rate of SVT or rapid ventricular respon-
se over the APs (Atrial pacing) during atrial fibrillation
(10). According to previous studies, syncope occurs in
9.5-19% of patients with WPWS and 67% of the patients
with syncope had a septally located AP (1,4,10). Timmer-
mans et al reported that the dense innervations of this
area could cause extreme shortening of the refractory pe-
riod of the APs leading to very fast ventricular response
during atrial fibrillation (11). Syncope occurred in only
one case in our study group and she had a left antero-sep-
tally located AP by ECG.
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APs may be classified into three types: 1) Manifest
APs are those that conduct more rapidly in the antegra-
de direction than the AV node, resulting in a discernible
delta wave on the surface ECG. 2) Concealed APs con-
duct only in the retrograde direction and no delta wave is
documented in the ECG. 3) Latent APs (intermittent) are
those that have the capability to conduct in the antegrade
direction. Latent pathways are most often far left late-
ral pathways where the conduction time to the AV node
is much shorter than to the pathway. The incidence of
intermittent WPW syndrome was higher in children and
ranged from 11 to 15% (2, 5, 12). Some studies revealed
that the case of WPW with intermittent pre-excitation at
baseline revealed by exercise and isoproterenol admi-
nistration with marked sensitivity to adrenergic stimu-
lation (13). Delhaas et al reported that most cases with
intermittent nature WPW had arrhythmic events, most
commonly paroxysmal SVT (12). Mederius et al conc-
luded that intermittent pre-excitation may not be used to
identify patients who are at risk of sudden death (3). In
our study, 3 patients with tachyarrhythmic attach also had
intermittent nature of WPW. All of them had no manifest
WPW pattern at the first diagnosis and it could be recog-
nized after termination of SVT. The use of digoxin or
verapamil for initial therapy of SVT is contraindicated
for patients with WPW syndrome, because these medi-
cations may enhance antegrade conduction through the
AP by increasing the refractory period in the AV node. In
addition, digoxin may shorten the refractory period of the
AP, further enhancing its antegrade conduction. The me-
dications with beta-blockers should be preferred to treat
SVT in the presence of pre-excitation.

Several algorithms have been developed to localize
the site of APs from the surface ECG (1). These are usu-
ally based on delta wave amplitude, sum of delta wave
polarities, R/S wave ratio, and QRS axis. Any obscuring
in these components will reduce the accuracy of pathway
localization. More than 50% of APs are located at the left
free wall, 20-30% at the posteroseptum, 10-20% at the
right free wall, and 5-10% at the anteroseptum (1). In this

study, the AP insertion site was localized most likely in
the left lateral position in 52% of all patients.

The incidence of paroxysmal tachycardias in the yo-
ung adult population is approximately 10% and increases
with age up to 30% ( 8). Episodes of atrial fibrillation oc-
cur in as many as 20—30% of patients with the syndrome
(1). The risk of sudden cardiac death due to WPW in the
pediatric population is not known. The risk estimation
have varied widely and range from 1% over a patient’s
lifetime to 0.0015 per patient-year (7,11). In our study,
attack of SVT was observed in 14.2% of cases with a
male predominance.

By electrophysiological study, children with WPW
have some electrocardiographic differences than adult
cases have (5). There was a higher occurrence of rapid
AP needed to induce tachycardia in children. However,
atrial fibrillation (AF) occurred more commonly in adult
patients than pediatric patients (28% vs 16%). The pedi-
atric patients had a higher incidence of multiple pathways
(5% vs 1%). Both the onset and duration of symptoms
were significantly shorter in the pediatric patients. The
antegrade 1:1 AP conduction pacing cycle length (CL)
and antegrade AP effective refractory period (ERP) in
children were much shorter than those in adults with ma-
nifest WPW syndrome (5).

Patients with symptomatic arrhythmia can managed
with catheter ablation of the accessory pathway by ra-
diofrequency alternative current or, nowadays, by trans-
venous cryoablative catheter techniques (1). Ablation
techniques provide the promise of a cure for WPW in as
many as 90 to 100% of patients who undergo this pro-
cedure with relatively low risk (14-17). The most recent
guidelines on the management of asymptomatic WPW
patients suggest restricting catheter ablation of APs for
high-risk occupations and professional athletes. Cathe-
ter ablation in asymptomatic pre-excitation patients was
classified as an IIA indication with a B level of eviden-
ce (15). Prior studies suggesting that the prognosis of
asymptomatic children with WPW is usually good, but
some studies have shown that sudden death or unpre-
dictable life-threatening arrhythmias can occur in the
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asymptomatic WPW patients. Authors advocate that
these patients should receive aggressive evaluation and
interventional therapy (16,17). Tachyarrhythmia indu-
cibility, short anterograde refractory period of APs and
presence of multiple pathways were predictors of poten-
tially life threatening arrhythmias. These findings will
help to identify high-risk asymptomatic children with
ventricular pre-excitation who may be candidates for AP
ablation (1,16,17). Persistence of preexcitation during
noninvasive stress and pharmacologic tests (with proca-
inamide and propafenone) also showed good sensitivity
to identify high-risk asymptomatic patients (18). During
our study period, symptoms related to dysrhythmia (pal-
pitation) developed in 2 cases (15.3%) who were asym-
ptomatic at the first diagnosis. However, sudden death or
unpredictable life-threatening arrhythmias did not occur
in these asymptomatic patients.

In most cases, the cause of WPWS is unknown and
occurs sporadically. A small percentage of cases with
WPWS are caused by mutations in the PRKAG2 gene
and it was responsible for the familial form of WPW
syndrome (19). Some people with these mutations also
have features of hypertrophic cardiomyopathy. WPWS
often occurs with other structural abnormalities of the
heart or underlying heart diseases (1). The most common
heart defect associated with WPW is Ebstein abnormality
(EA). At least 17% of patients with EA experience episo-
des of paroxysmal supraventricular tachycardia and most
cases with EA had multiple APs (12). In our report, the
most common cardiac abnormality associated with the
WPW was mitral valve prolapsus and occurred in 33.3%
of cases. EA was found in only one case. He had mild
form of EA and no arrhythmogenic symptom. The acces-
sory pathway in our patient with EA is at the right side as
in a case reported previously (12).

Conclusion More than half of our patients were
asymptomatic at the first presentation. Few cases had
presented with obvious tachyarrhythmic attack and
among these cases, a newborn baby with WPW first pre-
sented with a tachydysrhythmia. Remarkably, all cases
with tachyarrhythmic attack also had intermittent nature

Cilt 5« Say1 4 2011/ Vol 5 « Number 4 2011

of WPW. Prolapsing of mitral valve was the most com-
mon associated cardiac abnormality. Every child with
this electrocardiographic pattern should be recognized
and managed properly.
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