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Pre-excitation syndrome in infants and children.
Effect of digoxin, verapamil, and amiodarone
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SUMMARY Clinical and electrocardiographic findings for 30 patients with the pre-excitation
syndrome are described together with details of treatment. Nineteen (63 %) were younger than 2
years, 14 of whom were under 2 months. Sixteen infants and 7 children (77 %) presented with
paroxysmal supraventricular tachycardia, 14 (61 %) of whom had the electrocardiographic pattern
of type A Wolff-Parkinson-White (WPW) syndrome. During paroxysmal bouts the QRS complex
was normal in 21 patients and wide in two. Six (20%) patients had congenital heart disease often
associated with WPW syndrome type B. Seventeen patients were treated with either digoxin or
verapamil intravenously to stop tachyarrhythmias. Verapamil was more effective due to the
immediate response and lack of adverse effects. The tachyarrhythmias resolved in all the patients and
in some of them theWPW pattern resolved later indicating maturation of the conduction tissue with
loss of the accessory pathways. Verapamil provides a rapid and safe form oftreatment for conversion
of tachyarrhythmias since it has no effect on the accessory pathways. Oral amiodarone prevents
recurrent tachyarrhythmias resistant to other treatment.

The term 'pre-excitation' is often used when two
conduction pathways between atria and ventricles
are encountered. These connections: the AV nodal-
His pathway and the accessory pathway-have
various electrocardiographic expressions. The most
common form was described first by Wolff et al.,'
and is characterised by a short PR interval, delta
waves, and prolonged QRS duration. Various other
electrocardiographic combinations-such as a short
PR interval, normal QRS duration with or without
delta waves as in the Lown-Ganong-Levine (LGL)
syndrome2-also occur.

Pre-excitation during infancy and childhood is
often associated with rapid tachyarrhythmias causing
significant morbidity.f8 The large spectrum of
pharmacological agents used to stop such
arrhythmias is a reflection of the lack of optimal
therapy.
The clinical and electrocardiographic findings on

30 patients with the pre-excitation syndrome are
described. Those having paroxysmal supraventricular
bouts were treated with either digoxin or verapamil
intravenously. The therapeutic value of each drug
was assessed in order to establish which was better.

Patients and methods

Thirty infants and children presenting with electro-

cardiographic evidence of pre-excitation were
studied. Each had been admitted to the Chaim
Sheba Medical Centre during the years 1970-81.
A complete medical history, physical examination,
and chest roentgenograms were performed. Twenty-
eight patients had the electrocardiographic pattern of
the Wolff-Parkinson-White (WPW) syndrome
according to accepted criteria,1 one had the LGL
syndrome, and one a short PR interval, delta waves,
and normal QRS duration. The tracings of those
with WPW syndrome were classified into type A or
B.9

Patients who presented with paroxysmal supra-
ventricular tachycardia (PSVT) who needed rapid
conversion to sinus rhythm were treated with either
digoxin or verapamil administered intravenously.
Until 1978 all were treated with digoxin, but since
1978 they have been treated with verapamil. Pharma-
cological agents were used after failure of vagal
manoeuvres. Patients treated with digoxin were
given a total digitalisation dose of 0 04-0*05 mg/kg.
A loading dose of0 *02 mg/kg of digoxin was injected
intravenously and the remainder was administered
over 24-36 hours, mainly by the intramuscular route.
Those treated with verapamil were given a total
intravenous dose of 0 l-0-2 mg/kg administered
slowly over 120 seconds. All patients were under
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Table 1 Associated congenital heart disease

Case Malformation Clinical data Type of
WPW
syndrome

1 Ebstein's anomaly PSVT B
2 Corrected transposition and

hypoplastic left ventricle PSVT B
3 Tetralogy of Fallit PSVT B
4 Coarctation of aorta Asymptomatic A
5 Pulmonary stenosis Asymptomatic A
6 Single ventricle and pulmonary B

stenosis PSVT

PSVT -paroxysmal supraventricular tachycardia.

continuous electrocardiographic monitoring. After
tachyarrhythmias had stopped most patients were
prescribed an oral antiarrhythmic medication
either digoxin 0.01 mg/kg, propranolol 2 mg/kg, or
verapamil 5 mg/kg daily for at least 12 months.
Patients resistant to other preventive medications
were given oral amiodarone 5 mg/kg daily.

Results

Clinical features. Of the 30 patients, 19 (63 %) were
younger than age 2 months, five ofwhom were under
2 years. Eleven children were aged between 4 and 15
years. None of the patients had a relative with
pre-excitation. Six (20 %) patients had congenital
cardiac anomalies (Table 1).

Initial presentation of pre-excitation (Table 2)

Paroxysmal supraventricular tachycardia
Twenty-two patients with WPW syndrome and one
with LGL syndrome presented with PSVT. The
male: female ratio was 2:1. Sixteen (66%) patients
had type A WPW syndrome. Sixteen (84%) infants
(aged between 2 days and 2 years) presented with
PSVT, 10 of whom were in congestive heart failure
on admission. Because of non-specific symptoms of
heart failure referral to hospital was often delayed,
the maximum duration being 3 days. Seven of the 11
older children (aged between 4 and 15 years) had
PSVT. The heart rate on finding the arrhythmia was
230-330 beats a minute. The QRS complexes during
the paroxysmal bout were normal in 21 patients

Table 2 Initial presentation ofWPW syndrome
Number of Total
patients

Paroxysmal supraventricular tachycardia
Without heart disease 19 23
With congenital heart disease 4

Asymptomatic
Without heart disease 5 7
With congenital heart disease 2

indicating antegrade conduction via the AV node,
and were wide in 2 patients indicating antegrade
conduction via the accessory pathway. Four patients
with WPW syndrome and PSVT had congenital
cardiac anomalies (Table 1). One of them (Case 4) at
age 4 years underwent a pacemaker implantation
after complete heart block. Before this episode,
repeated bouts of PSVT, ventricular tachycardia,
and fibrillation were noted. Tachyarrhythmias were
initially controlled by a continuous infusion of
verapamil which was later changed to oral
amiodarone.

Asymptomatic
Seven patients were diagnosed after a physical
examination for a cardiac murmur. Two of them
had congenital heart disease (Table 1). Two patients
had type A and 4 type B WPW syndrome, and one

Table 3 Treatment ofPSVTattacks in children
with pre-excitation

Digoxin Verapamil

Number of attacks 10 33
Dosage (mg/kg) 0.04-0.05 0.1-02(IV)
Response time 0- 5-12 hours 60-180 seconds
Success rate 10/10 31/33
Adverse effects Toxicity: 1/10 None

.1EXI.lIIPI

Figure (top) Lead 1HECG tracing ofa 7-day-old infant
shows a supraventricular tachycardia at a rate of
270 beats/minute, recorded at the leftportion ofthe
tracing. Sixty seconds after the administration of
intravenous verapamil at a dose ofo0 2 mg/kg there is a
short period ofsinus bradycardia, one ventricular escape
beat and a blocked atrialpremature beat, immediately
followed by regular sinus rhythm.
(Bottom) ECG tracing oflead VI immediately after
reversion ofthe tachycardia to sinus rhythm. The tracing
shows a short PR interval, delta waves, and a wide QRS
complex resembling an incomplete right bundle branch
block, suggesting type A WPWpattern.
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infant a short PR, delta waves, and normal QRS
duration. Four patients were aged between 4 and 13
years at diagnosis.

Initial management of paroxysmal supraventricular
tachycardia. Of the 23 symptomatic patients, 17 had
43 bouts of PSVT between them and needed intra-
venous therapy in order to stop the tachyarrhythmia.
Four children were initially started on oral medica-
tions and 2 others, who had short self-limited attacks,
were followed up without treatment. The effects of
intravenous digoxin were compared with those of
intravenous verapamil (Table 3), but no difference
in gender, age, or type of pre-excitation was noted.
In 7 infants with 10 bouts, sinus rhythm followed
digoxin given intravenously after 30 minutes to
12 hours. Eleven patients with 43 PSVT bouts were
treated intravenously with verapamil. This resulted
in abrupt termination of 31 bouts within 1-3 minutes
with no adverse effects (Fig. 1). Four infants, each
having 4 to 6 bouts before treatment, had no further
bouts after treatment with verapamil.

Outcome. Six patients each had a single episode of
PSVT. One infant with LGL syndrome died at age 6
months from a progressive demyelinating disease.
Four patients were maintained on oral digoxin and
one on oral verapamil with no recurrences. Seventeen
patients (11 infants) had recurrent attacks. Four such
patients were on oral digoxin. Six patients (3 infants,
3 children) were on oral verapamil. Therapeutic
failures were encountered in 3 children aged 6 to 13
years treated orally with digoxin, propranolol, or
verapamil. These patients were controlled only after
the administration of oral amiodarone (6 to 24
months of follow-up). Two other patients aged 5 and
15 years were also successfully controlled on oral
amiodarone. During the follow-up period of 11
years, all infants, including these with recurrent
attacks, became free of tachyarrhythmias within
2 years of age. The typical electrocardiographic
features of pre-excitation disappeared in 6 infants
after age 1 year and regular sinus resumed. The older
children were also free of PSVT after 1 to 7 years of
surveillance, five of them being on maintenance
therapy with amiodarone.

Discussion

Pre-excitation occurred principally in two age
groups. In most patients the diagnosis was estab-
lished early in life, the youngest of them being 2
days old. In most infants the tachyarrhythmia was
present during the first 2 years of life. Ten infants
were admitted with cardiac failure, apparently as
the result of the rapid ventricular rate and long
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duration of the arrhythmia. Various reports describe
tachyarrhythmias in 40 to 80% of patients, usually
infrequent, brief, and not associated with
symptoms.3-5
As shown by James,10 the emergency of tachy-

arrhythmias is due to immature accessory conduction
pathways enhancing ectopic and re-entrant rhythms.
Truex et al.11 have demonstrated muscular bridges
existing during the first 6 months of life. James10
suggested that the autonomic innervation of the
human heart during early life being mostly
cholinergic might enhance conduction via bypass
tracts. Later the emergence of adrenergic autonomic
innervation lessens the frequency of arrhythmias.
All infants in this series became free of tachy-
arrhythmias by the time they were aged 2 years and,
in some, disappearance of WPW pattern, indicated
maturation and resolution ofthe accessory pathways,
as described above.
The type A WPW syndrome in this series is

strongly associated with infants having recurrent
PSVT attacks without cardiac anomalies as reported
elsewhere.4-6 It is speculated that type A WPW is
due to posterobasal pre-excitation whereas type B is
due to right lateral pre-excitation.12 Furthermore,
since the spatial direction of the initial forces of
pre-excitation is greatly variable, Gallagher et al.13
suggested a classification method based on epicardial
mapping of the accessory pathways at 10 different
sites. Nevertheless, any classification method has its
limitations, since congenital cardiac anomalies may
cause alteration of the QRS, multiple accessory
pathways may coexist as well as variable degrees of
fusion between the normal and the abnormal
pathway with superposition of the P wave on the
delta waves.'3 Recent electrophysiological studies in
children with PSVT provide better information on
the site of accessory pathways in pre-excitation.'4 15
No data exist for patients with resolution of tachy-
arrhythmias in young infants after disappearance of
the WPW pattern on the surface electrocardiogram.
Type B WPW is often associated with complicated
congenital cardiac anomalies-such as Ebstein's
anomaly, corrected transposition, or single ventricle.4
Our experience in 3 patients with these malformations
is similar to previous reports.
The 1 1 older children aged between 4 and 13 years

represent a different category of patients with special
characteristics. Four patients were asymptomatic
compared with three (17%) of 18 infants. Four
children showed the type B WPW pattern whereas
type A was predominant in the younger group. Four
children had recurrent tachyarrhythmias resistant to
several pharmacological agents, indicating that
pre-excitation beyond infancy may be a distressing
condition necessitating an aggressive approach.
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The recent introduction of oral amiodarone has led
to the control of arrhythmias as in adults.16 17
The right choice of treatment in patients with

WPW syndrome and recurrent tachyarrhythmias is
important and the following facts must be borne in
mind: (1) Most attacks occur in infants who are
likely to develop cardiac failure, and immediate
termination of the arrhythmia is imperative. (2) The
use of drugs in order to convert the arrhythmia in
these young infants must be safe with a wide
margin between the therapeutic and toxic dosages.
(3) The effect of medication on the accessory
pathways must also be taken into consideration.
The place of digoxin in patients with WPW

syndrome has long been controversial.418-21 Fox
et al.18 noted that digoxin might enhance pre-
excitation in patients with WPW syndrome. Wellens
and Durrer22 have stressed the potential danger of
digoxin in patients whose accessory pathways have
short refractory periods. In such patients, digoxin
may aggravate the shortening of the refractory
periods and thus produce a resistant irreversible
tachyarrhythmia. Sellers et al.23 reported the
occurrence of ventricular fibrillation in 9 of 21
patients with WPW syndrome and associated atrial
fibrillation; this was an unknown effect of digoxin.
Digoxin has long been used as the drug of choice for
stopping tachyarrhythmias in children with WPW
syndrome since they will rarely suffer atrial fibrilla-
tion. However, a recent electrophysiological study in
children14 showed shortening of the accessory
pathways after the administration of intravenous
ouabaine, thus exposing such patients to the risk of
life-threatening arrhythmias. In a recent survey of
children with WPW syndrome, 2 patients developed
ventricular fibrillation while being on maintenance
digoxin.24
The present study provides a model to compare

intravenous verapamil with intravenous digoxin for
rapid termination of PSVT bouts in children with
WPW syndrome. Although both agents were
effective in stopping the arrhythmia, verapamil
was found to be better in several respects. Since most
infants with WPW syndrome present with congestive
heart failure, prolongation of the arrhythmia could
lead to irreversible circulatory collapse. After
treatment with verapamil at doses of 0- 1-0 2 mg/kg,
31 of 33 PSVT bouts were soon terminated compared
with a delay of between 30 minutes and 12 hours
after intravenous digoxin. Furthermore, because of
its known narrow therapeutic range digoxin could
cause toxicity even within the recommended dosage.
In our series, one infants exhibited digoxin toxicity
while those treated with verapamil had no adverse
effects.
The main effect of verapamil on the specialised

conduction system has been shown to be prolonga-
tion of the atrioventricular junctional times both
antegradely and retrogradely with elongation of the
refractory period of the AV node.25 This effect on
the AV node is responsible for termination of PSVT
due to reciprocal mechanism within theAV node. The
tachyarrhythmias in the WPW syndrome occur due
to a reciprocal mechanism in which antegrade
conduction occurs by the way of the AV node-
His system and retrograde conduction via an
anomalous bypass.26 Verapamil usually breaks this
reciprocal mechanism by blocking conduction of the
antegrade pathway via the AV node. Little is known
about the effect of verapamil on the anomalous
pathways. Several studies have reported that
verapamil has only minimal effect on the antegrade
and retrograde conduction times in the anomalous
pathways.27-29 This advantage over digoxin makes
verapamil a safe choice in themanagement of children
with pre-excitation and associated tachyarrhythmias.
Long-term oral therapy is usually maintained to

prevent recurrence of tachyarrhythmias.3-6 Porter's
report30 that the intravenous success of verapamil is a
good predictor for its oral efficiency could not be
verified by us since it failed in 4 of 7 patients. In our
experience, young infants without cardiac defects,
who have recurrent PSVT bouts and type A WPW
syndrome, will be effectively controlled with oral
verapamil. In older children, some having cardiac
anomalies and type B WPW syndrome, oral
verapamil is less effective. These patients may
respond to oral amiodarone as demonstrated in our
series. A recent series on children confirmed the
relative lack of toxic effects of this agent.3'

Children and infants with pre-excitation but
without structural cardiac anomalies, have a good
chance of conducting a normal life. Even those with
recurrent tachyarrhythmias showed progressive
resolution of these arrhythmias, most of them
becoming asymptomatic. Those with recurrent bouts
are successfully controlled with medical agents with
no need for surgical interruption of the accessory
pathways.
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