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Wolff-Parkinson-White Syndrome and Supraventricular Tachycardia
During Infancy: Management and Follow-Up
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The records of 90 patients with Wolff-Parkinson-White
syndrome who presented with supraventricular tachycardia in the first 4 months of life were reviewed. Among
these, 63% were male. Structural heart disease was present in 20%, most commonly Ebstein's anomaly. All patients presented with a regular narrow QRS tachycardia,
and pre-excitation became evident only when normal
sinus rhythm was established. Only one infant had atrial
flutter and none had atrial fibrillation. Type A WolffParkinson-White syndrome was most common (49%),
with heart disease occurring in only 5% of these patients.
In contrast, heart disease was identified in 45% of those
with type B syndrome.
Initially, normal sinus rhythm was achieved in 88%
of the 66 infants treated with digoxin with no deaths.
Normal sinus rhythm resumed after electrical countershock in 87% of the 15 infants so treated. Maintenance
digoxin therapy was used in 85 patients. The WolffParkinson-White pattern disappeared in 36% ofthe patients. Four infants died of cardiac causes during the

The Wolff-Parkinson-White syndrome is present in 10 to
50% of infants with supraventricular tachycardia (1-5). Digoxin has been the standard recommended therapy for these
infants (2,6), in contrast to adult patients (7-9). Among
patients presenting with this syndrome in early infancy,
recurrences after the first 18 months of life are thought
unlikely (2,5,6,10), and previous investigators (6) have
stressed the benign course of the syndrome in patients without structural heart disease, Only limited information is
available concerning the long-term outcome in such infants,
including the persistence of the electrocardiographic pattern,
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mean follow-up period of 6.5 years. Two of these four
infants had congenital heart disease; the third, with a
normal heart initially, developed ventricular fibrillation
and died from a cardiomyopathy considered related to
resuscitation. The remaining infant, with a normal heart,
died suddenly at 1 month of age. All were receiving
digoxin. A wide QRS tachycardia later appeared in three
patients, all with heart disease, one of whom died.
In the initial treatment of narrow regular QRS supraventricular tachycardia in this group of patients, digoxin
was a safe and effective (88%) drug for restoration of
normal sinus rhythm, with electrical cardioversion being
equally effective (87%) in those critically ill. After age
1 year, 33% of the infants experienced recurrent tachycardias; these were more frequent in patients with type
B Wolff-Parkinson-White syndrome (p < 0.05) and in
those requiring more than one drug to maintain normal
sinus rhythm during the initial hospitalization (p < 0.001).
(J Am Coil CardioI198S;S:130-S)

the incidence of recurrent supraventricular tachycardia and
the results of therapy (3,4,6,11,12).
Because controversy exists about the use of digoxin, we
reviewed the data on all infants presenting with supraventricular tachycardia and Wolff-Parkinson-White conduction
to our institutions over the last 31 years. In addition. we
attempted to evaluate prognostic factors and the outcome
of various treatment regimens, particularly digitalis therapy,

Methods
Patients. The records of all patients with the diagnosis
of Wolff-Parkinson-White syndrome observed at the Texas
Children's Hospital, Houston and the Children's Hospital.
Boston between 1951 and 1982 were reviewed. Among
these. 90 infants were identified who had a prolonged episode of tachycardia in the first 4 months of life and are the
subject of this report. The electrocardiographic diagnosis of
Wolff-Parkinson-White syndrome in normal sinus rhythm
0735-1097/85/$.'-30

DEAL ET AL.
SUPRAVENTRICULAR TACHYCARDIA IN [NFANCY

JACC Vol. 5, No.1

January 1985:130-5

was based on a short PR interval for age (:50.08 second),
a prolonged QRS complex (> 0.08 second) and a delta
wave. The electrocardiograms were classified into type A
(positive delta wave and positive QRS complex in right
precordial leads, simulating right bundle branch block), type
B (positive delta wave and positive QRS complex in left
precordial leads, resembling left bundle branch block) and
type C (positive delta wave, positive QRS complex in leads
VI to V 6 ) (12,13).
Among the 90 infants, 48 were seen at Texas Children' s
Hospital and the other 42 at Children's Hospital in Boston.
A complete history, physical examination, chest roentgenogram and electrocardiogram were obtained for each patient;
more thorough investigations were made in those patients
with evidence of underlying heart disease. Complete 12 lead
electrocardiograms taken during the initial episode of tachycardia were available for analysis in 65 patients; rhythm
strips were available in the remaining 25. All patients had
complete electrocardiograms after conversion to normal sinus
rhythm.
Follow-up. This included a detailed history of the frequency of tachycardia episodes, a record of all medications
taken, electrocardiograms (obtained in 89 patients) and further tests as indicated. Contact by telephone or letter was
attempted for any patient not seen within the last 3 years.
Statistics. Statistical analysis of continuous data was
performed using the Student' s t test; categorical data were
evaluated using chi-square analysis.

Results
Clinical features. Of the 90 infants, 57 (63%) were
male and 33 were female (p < 0.05). No structural heart
disease was present in 72 patients (80%), while heart disease
was identified in 18 (20%) (Table I). Among the latter, IO
were female and Ebsteins anomaly was the most common
lesion encountered (5 patients).
Pattern of presentation. All patients presented initially
with tachycardia, and Wolff-Parkinson-White conduction
Table 1. Cardiac Lesions in Infants With Wolff-ParkinsonWhite Syndrome and Supraventricular Tachycardia
Lesion

No. of Patients

Ebstein' s anomaly
Patent ductus arteriosus
Cardiomyopathy
Corrected transposition of
great arteries
Mitral insufficiency + VSD
Single ventricle +- PS
Aortic stenosis
VSD
PAPVC

5
3
3
2

PAPVC = partial anomalous pulmonary venous connection: PS
pulmonary stenosis; VSD = ventricular septal defect.
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was first noted only after conversion to normal sinus rhythm.
The mean age at presentation was 29 days, with 69% presenting in the first month of life. Tachycardia was detected
in utero in seven patients (8%), two of whom were delivered
by emergency cesarean section for congestive heart failure.
Signs of congestive heart failure were the presenting features
in 54% of the patients (49 of 90); most asymptomatic infants
had the arrhythmia identified during a routine evaluation.
Three patients presented in shock that in two of the three
progressed to cardiac arrest from which they were successfully resuscitated. In addition, two infants underwent an
exploratory laparotomy for unexplained neonatal ascites before the tachycardia and then the Wolff-Parkinson-White
pattern became manifest on electrocardiogram.
Electrocardiogram. During the initial episode oftachycardia. the heart rate was regular in all infants with rates
ranging from 215 to 350 beats/min (mean 280); the QRS
complex was narrow in all. There was no correlation between heart rate during tachycardia and the presence of heart
disease. No arrhythmia other than supraventricular tachycardia was identified with the exception of one occurrence
of atrial flutter. Subsequently, three patients developed a
wide QRS tachycardia (QRS interval > 0 . 12 second).
Classification of Wolff-Parkinson-White pattern . A
summary of the types of Wolff-Parkinson-White pattern on
the electrocardiogram for all patients and for those with
heart disease is presented in Table 2. It can be seen that
although type A was most common (49%), only II % of
patients with heart disease had this pattern. In contrast. type
B (present in 32% of all patients and in 22% of those with
a normal heart) was by far the most common pattern seen
in those with heart disease (72%). Among all patients with
type B Wolff-Parkinson-White conduction, 45% were found
to have heart disease. compared with 5% of patients with
type A (p < 0.001) and 13% of patients with type C (p <
0.05).
Initial treatment. Table 3 outlines the methods used to
obtain normal sinus rhythm during the initial episode of
supraventricular tachycardia. Spontaneous conversion to sinus
rhythm occurred in eight patients, whereas normal sinus
rhythm was achieved in 58 (88%) of 66 infants treated with
digoxin and 13 (87%) of 15 patients treated with electrical
countershock. After conversion to normal sinus rhythm, five

Table 2. Classification of Wolff-Parkinson-White Patterns
All Patients
(n

Type
A

90)
(% )

44(49 )
29(2 )
16(IX)

B

C
A

=

No.

+

B

/( I )

Patients With
Normal Heart
(n

=

No.

72)
( %)

Patients With
Heart Disease
In = IX)
No . 1%)

42(5X)

2(II )

[ 6 (2 2 )

13 ( 2 )

14(20)
0

2( II )
1(6)
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Table 3. Methods of Conversion to Normal Sinus Rhythm

During Initial Supraventricular Tachycardia
No. of Patients ( %)
Spontaneous conversion
Digoxin administration
Electrical cardioversion
Other*
Total

8(9)

58(65)
13(14)
11(12)

90(100 )

*Includes admini stration of multiple drugs (six patients ), vagal maneuvers (one patient) ; ice to forehead (one patient), verapamil (one patient),
methoxamine (one patient ) and phenylephrine (one patient).

of the eight patients whose arrhythmia converted spontaneously were discharged taking no medication; all of the
remaining 85 infants received digoxin. Among these infants,
15 required the addition of one or more drugs to maintain
sinus rhythm during their initial hospitalization. No deaths
occurred during treatment of this initial episode of supraventricular tachycardia.

FoLLow-Up
The 90 patients were followed up from 0.5 months to
27 years (mean 6.5 years) (Fig. 1). The Wolff-ParkinsonWhite pattern persisted in 64% (57 of 89) of the patients,
and was not seen again in the other 36%.
Mortality. There were five deaths during this period
(Table 4): all five patients were receiving digoxin. The first
patient presented with tachycardia at birth and was maintained on digoxin therapy after successful conversion to
normal sinus rhythm with this drug. This infant with type
A conduction was found dead in his crib at I month of age.
Postmortem examination was unrevealing . The second patient had severe cyanotic congenital heart disease, type B
Wolff-Parkinson-White conduction and had undergone a
Potts shunt 10 days before dying during an episode of tachycatdia on the way to the hospital. The patient was receiving
digoxin and quinidine.

Figure 1. Duration of follow-up (in years) of patients after first
documented episode of supraventricular tachycardia. Median =
4.5 years.
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Table 4. Mortality in the Patients Studied
Age at Death

Circumstance

Card iac Lesions

I mo
4 mo

Dead in crib
During tachycardia

6 mo
18 yr
15 yr

SYT , YF
SYT. YF
Acciden tal

None
Single left ventricle
(d-loop) and PS
Cardiomyopathy
Ebste in' s anomaly
None

PS = pulmonary stenosis; SYT
YF = ventricular fibrillation .

supraventricular tachycardia;

In the third patient , with type B conduction , supraventricular tachycardia at birth was converted by treatment with
digoxin, which was continued as maintenance therapy. On
the basis of physical examination and chest roentgenogram,
there was no evidence of heart disease at this time. At 2
months of age, she had a cardiac arrest outside the hospital
and received several electrical countershocks up to 75 watts/dose for recurrent ventricular fibrillation for the next 2
days. She died at 6 months of age and was found to have
a cardiomyopathy thought to be related to the high electrical
cardioversion doses.
The f ourth patient, with Ebstein's anomaly and type B
Wolff-Parkinson-White conduction, developed frequent
symptomatic supraventricular tachycardia with a wide QRS
complex; this represented the antidromic form of accessory
pathway conduction . He was treated with digoxin and quinidine and had multiple admissions for electrical cardioversion. During one of these admissions , supraventricular
tachycardia degenerated to ventricular fibrillation and the
patient died at 18 years of age. Neither digoxin nor quinidine
serum levels were available in these four patients; although
they were receiving standard doses, it is not possible to
exclude drug toxicity as a contributing factor in their deaths.
The remaining patient died because of an accident.
Wide QRS tachycardia. Three patients, each with heart
disease, developed a wide QRS tachycardia during subsequent episodes of supraventricular tachycardia; the first is
the fourth patient just described. A second patient, also with
Ebstein's anomaly, had brief recurrent episodes of narrow
complex supraventricular tachycardia in the first year of life
and was maintained on digoxin therapy for 8 years. At 9
years of age, without digoxin treatment, she developed a
wide QRS tachycardia (antidromic conduction) with chest
pain, requiring electrical cardioversion. Digoxin therapy was
resumed but she continued to have frequent symptomatic
episodes of wide QRS tachycardia , later accompanied by
atrial fibrillation at age 24 years. Digoxin was discontinued ,
and after failure of quinidine and propranolol therapy, she
is how well controlled with amiodarone treatment alone .
The third patient was born with atrial flutter. the only
patient with this arrhythmia in this series. Later, while receiving digoxin, she developed a wide QRS tachycardia
along with a variety of atrial arrhythmias including atrial
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fibrillation-flutter. This patient was successfully treated with
and maintained on procainamide after failure of cardioversion and propranolol therapy.
Recurrent supraventricular tachycardia. Among the
90 infants, 37 (41 %) experienced supraventricular tachycardia as a single episode or as brief recurring episodes only
during their initial hospitalization. Another 30 patients (33%)
continued to have recurrent supraventricular tachycardia after
I year of age. All 30 patients also continued to have recurrences beyond 18 months. Twenty-five (42%) of 60 patients followed up for more than 2 years continued to have
recurrent episodes of tachycardia. Recurrence of tachycardia
after I year of age was not related to sex, presence of heart
disease (with the exception of Ebstein's anomaly) or persistence of Wolff-Parkinson-White pattern on the electrocardiogram (chi-square analysis). Recurrences were significantly more likely to occur in patients with type B WolffParkinson-White conduction than in those with type A
(p < 0.05) or type C (p < 0.05) and in those requiring two
or more drugs to maintain normal sinus rhythm during presentation (p < 0.001). Among patients with type B conduction, 45% had recurrent supraventricular tachycardia after
I year of age, compared with 25% of patients with type A
and 20% with type C conduction. Three-fourths of patients
requiring multiple drugs initially continued to have late recurrences, as did four of the five with Ebstein' s anomaly.
Maintenance therapy. Two patients had no further episodes of supraventricular tachycardia after spontaneous
conversion to normal sinus rhythm and received no medication. Digoxin was the only medication used in 55 patients
(61%); 33 patients (37%) required additional therapy to
control recurrent supraventricular tachycardia. Among the
15 patients recei ving multiple drugs to maintain constant
normal sinus rhythm at presentation, II continued to have
recurrent supraventricular tachycardia beyond I year of age;
6 required additional medical therapy and 2 eventually
underwent surgical division of the bypass tract. In contrast,
only IS of the 70 infants managed initially with digoxin
alone required additional medical therapy.
In patients experiencing frequent recurrent supraventricular tachycardia while receiving digoxin, various combinations of digoxin, quinidine and propranolol were used
to maintain normal sinus rhythm. In addition, one patient
with Ebstein's anomaly with recurrent symptomatic episodes of wide QRS supraventricular tachycardia while taking these medications is now well controlled with amiodarone alone. Verapamil was successful in one of three
patients in whom it was tried after failure of digoxin, quinidine and propranolol therapy.
Three patients underwent surgery for division of Kent
bundles after failure of medical therapy. Postoperatively,
two patients have had no recurrences of supraventricular
tachycardia without medication, with disappearance of the
Wolff-Parkinson-White pattern on the electrocardiogram.
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The third patient has had a decrease in episodes of tachycardia, but continues to have the pre-excitation pattern.
Electrophysiologic studies. Twenty patients underwent
22 studies at Texas Children's Hospital; most have been
previously reported (14). The anterograde effective refractory periods of the accessory connection and the atrioventricular node were measured in 14 and 5 patients, respectively; in eight more recent studies, the response of the
refractory period to ouabain administration was determined
as a guide to future therapy with digoxin. The anterograde
effective refractory period of the accessory connection was
longer than 200 ms in all but one (170 ms) and exceeded
that of the atrioventricular node in three patients in whom
both measurements were available. After ouabain administration, the anterograde effective refractory period of the
accessory connection decreased in four «200 ms in one),
increased in three and was unchanged in one patient. One
patient with Ebstein's anomaly developed rapid anterograde
conduction over the accessory pathway with atrial fibrillation during the study after receiving ouabain; her therapy
was therefore changed from digoxin to quinidine.
No accessory pathway could be identified in two patients
in whom the electrocardiographic pattern of WolffParkinson-White conduction had disappeared; in one of these,
an accessory pathway had been documented previously.

Discussion
Analysis of this series of 90 infants with Wolff-Parkinson-White conduction and supraventricular tachycardia confirms the previously reported male preponderance
(3,6,10) and the incidence of congenital heart disease in
approximately 20% of patients (6,10,11). Although classification of Wolff-Parkinson-White conduction into three
types may be of some use in localizing the bypass tracts
(7,15,16), it has not been thought to be clinically helpful
in patient management (12,17). In our patients with WolffParkinson-White syndrome presenting with supraventricular
tachycardia in early infancy, type A conduction was most
common (49%), was associated with heart disease in only
5% of patients and had a relatively low risk of recurrent
supraventricular tachycardia (25%) after I year of age. Type
B conduction occurred in about one-third of our infants and
was associated with a high incidence of both heart disease
(45%) and recurrent supraventricular tachycardia (45%).
Overall, the Wolff- Parkinson-White pattern disappeared on
subsequent electrocardiograms in 36% of the patients; however, recurrent supraventricular tachycardia was not significantly less in these children, perhaps because of the small
number of patients in this group or because retrograde conduction only over the accessory pathway persisted. In one
patient, the accessory pathway could not be detected at a
subsequent electrophysiologic study. Therefore, at least in
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the infants and children, classification of Wolff-ParkinsonWhite conduction into types may provide useful diagnostic
and prognostic information.

Treatment of Supraventricular Tachycardia: Use of
Digitalis and Recommendations
It is well documented that in adults, atrial fibrillation
may be associated with rapid anterograde conduction over
the accessory pathway, leading to ventricular fibrillation
(7,9,17-19). It has also been shown (9,18,20) that digitalis
may shorten the anterograde refractory period of the accessory pathway and result in ventricular fibrillation in both
adults and children.
Initial episode of supraventricular tachycardia. All
of our patients presented initially with tachycardia, and WolffParkinson-White conduction became evident only after conversion to normal sinus rhythm. No patient was found to
have either atrial fibrillation or a wide QRS tachycardia at
onset, although a single neonate with these features was
recently reported (21). Digoxin, administered to 66 infants
in stable condition, was successful in restoring normal sinus
rhythm in 58 (88%) and no deaths occurred. Therefore, in
the initial management of infants in stable condition with a
regular narrow QRS supraventricular tachycardia, digoxin
and electrical cardioversion (0.5 watt-s/kg) were both safe
and equally effective in this selective series of patients.
Direct current countershock remains the treatment of choice
for urgent conversion of life-threatening tachycardia. In the
future, the technique of esophageal pacing (22,23) may
become more widely available for use in the infant and
provide an alternative to electrical cardioversion.
The choice of medication for maintenance therapy in
these infants presents a more difficult problem. Mortality
associated with the use of digoxin in this patient group may
be at least 2%, and could be as high as 5%. In addition,
excessive amounts of digoxin may precipitate ventricular
fibrillation in these infants (24). Therefore, on the basis of
this experience, the use of digoxin in these patients may
carry a small but significant risk; the results of a multicenter
investigation now in progress may help clarify this issue.
Thus, in the absence of electrophysiologically demonstrated
safety of digoxin, the use of propranolol should be considered, particularly in the setting of recurrent supraventricular
tachycardia.
Recurrent supraventricular tachycardia. Among those
patients with significant recurrent episodes of typical supraventricular tachycardia, other drugs such as propranolol,
quinidine or procainamide alone or in combination may be
necessary. Verapamil, effective in older patients, may be
used in older children, but experience with its use in infants
is limited. Bradycardia and hypotension have been reported
with use of verapamil in this age group (25); thus, if this
agent is used, pacing capabilities should be readily available.
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In patients who manifest a wide QRS complex tachycardia or atrial fibrillation, or both, the use of digitalis is
contraindicated. Wide QRS tachycardia appeared in three
of our patients, two of whom had Ebstein' s anomaly. Atrial
fibrillation occurred in only two patients in this series, in
one, a patient with Ebstein's anomaly, at age 24 years.
Drugs other than digitalis should be used in these patients
and electrophysiologic studies should be strongly considered.
We recommend electrophysiologic studies in addition for
those children older than I year of age in whom supraventricular tachycardia is not adequately controlled by medical
management, to locate the bypass tract, to measure its refractory period as well as that of the atrioventricular node
and to determine the response to medications, including
ouabain. Surgical division of the accessory connection is a
very effective method of treatment (26,27) and should be
considered as an alternative to life-long drug therapy in older
children.
On the basis of our experience, overall mortality, related
in part to arrhythmias, in patients with Wolff-ParkinsonWhite syndrome and supraventricular tachycardia is 5% and
may be associated with heart disease in some cases. Approximately one-third of the patients will continue to have
recurrent supraventricular tachycardia after I year of age;
all patients presenting in infancy deserve long-term followup.
We extend our thanks to Jane Newburger, MD. for statistical analysis and
to Barbara Cesaro and Mary Durkin for preparation of the manuscript.
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