
ciated hemodynamic symptoms, is well defined, the
treatment of individuals without such tachyarrhytmias
is less clear. The literature reports that 12% to 27% of
survivors of ventricular fibrillation and WPW had no
prior tachyarrhythmias.4,5 Thus even individuals with
only the WPW electrocardiographic (ECG) pattern are
at risk for sudden cardiac death. However, the natural
history of WPW for the development of SVT and sud-
den cardiac death has not been well defined. Several
studies have examined the natural history of WPW for
the development of arrhythmias and sudden cardiac
death but most have had relatively small numbers and
limited follow-up.5-8

Although the prevalence of the WPW ECG pattern in
the general population is estimated to be 1.0 to 3.0 per
1000,9-13 the true prevalence is probably higher. Inter-
mittent pre-excitation may not be diagnosed and many
people do not routinely have an ECG.14 In a population-
based study, Munger et al8 reported that pre-excitation
was absent on initial ECG in 22% of all patients who
were later diagnosed with WPW syndrome. Intermittent
pre-excitation may be related to the length of the acces-
sory pathway effective refractory period, the location of
the accessory pathway, or to variations in autonomic
tone.15-17 Because of small reported numbers, the devel-

Every year many individuals with no history of
organic heart disease die from sudden cardiac death.
Autopsy may reveal underlying pathologic conditions
such as coronary artery disease or hypertrophic car-
diomyopathy. However, there may be no apparent
structural heart disease; one possible cause for death is
a tachyarrhythmia involving an accessory pathway.1

The association of Wolff-Parkinson-White (WPW) syn-
drome and sudden cardiac death has been known
since the 1930s.2 The mechanism is thought to be
degeneration of supraventricular tachycardia (SVT)
into atrial fibrillation, resulting in a rapid ventricular
response over the accessory pathway and degenera-
tion to ventricular fibrillation.3 Although management
of individuals with frequent SVT, especially with asso-
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The natural history of Wolff-Parkinson-White
syndrome in 228 military aviators: A long-term
follow-up of 22 years
Patrick J. Fitzsimmons, MD,a Paul D. McWhirter, MD, FACC,b David W. Peterson, MD, FACC,b and William B.
Kruyer, MD, FACCa Brooks AFB and Lackland AFB, Tex

Background Wolff-Parkinson-White (WPW) syndrome poses a risk for tachyarrhythmias and sudden cardiac death.
Most WPW studies have relatively limited numbers of subjects and brief follow-up periods.

Methods We reviewed records of 238 consecutive military aviators with WPW syndrome evaluated from 1955 to
1999. Follow-up was by questionnaires, telephone interviews, or death certificates. Events included sudden cardiac death
and supraventricular tachycardia (SVT) (by electrocardiographic [ECG] documentation or suggestive symptoms).

Results The mean age was 34.3 years (range 17-56 years). Forty-two (42/238, 17.6%) had SVT (WPW syndrome)
and 196 of 238 (82.4%) had the WPW ECG pattern only. The mean follow-up of 21.8 years (range 2-41 years) was
obtained on 228 of 238 (96%) for a total of 4906 patient-years. Sudden cardiac death occurred in 1 of 228, an incidence
of 0.0002 per patient-year (95% confidence interval 0.0-0.001). SVT occurred in 47 of 228 (20.6%) or 0.01 per patient-
year. One hundred eighty-seven (187/228, 82%) initially had the WPW ECG pattern only; 28 of 187 (15.0%) reported
SVT during follow-up. Forty-one (41/228, 18%) initially had WPW syndrome; 19 of 41(46.3%) reported additional SVT
during follow-up.

Conclusion Sudden cardiac death risk was low (0.02%/patient-year) in this WPW population. The SVT incidence was
1% per patient-year. Referral bias and some characteristics of the unique military aviator population may partly account for
these low event rates. However, these results may be more applicable to unselected populations than are tertiary referral-
based studies. (Am Heart J 2001;142:530-6.)
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opment of SVT in intermittent pre-excitation has not
been explored.

Many tertiary care–based studies of WPW suffer from
referral bias and may not reflect the true incidence of
SVT and sudden cardiac death in a local community.9-13

The purpose of this study was to report the natural his-
tory of WPW in a nontertiary care population for the
development of sudden cardiac death and SVT.

Methods
In the US Air Force a screening ECG is performed on all fly-

ing training applicants and also periodically on all trained avia-
tors beginning at age 35 years. Training applicants found to
have WPW syndrome are generally disqualified. Trained avia-
tors with newly diagnosed WPW syndrome are referred to a
central facility for evaluation and recommendation regarding
continued flying status. We retrospectively reviewed records
of 238 military aviators who were referred with WPW syn-
drome. To ensure the diagnosis of the WPW ECG pattern and
determine intermittent versus continuous pre-excitation, an
internist or cardiologist reviewed all ECGs of each subject.
Subjects were separated into 2 categories: those with continu-
ous pre-excitation and those with intermittent pre-excitation.
To be classified as having intermittent pre-excitation, the sub-
ject had to have at least one ECG with no pre-excitation and a
later ECG with pre-excitation consistent with WPW syn-
drome. Data collection began in 1955 and was completed in
1999. All individuals received comprehensive medical history
and physical examination by an internist or cardiologist.
Holter monitoring and graded exercise treadmill tests were
performed as the technology became available. For the pur-
pose of this study, initial presentation was defined as the com-
bination of the local evaluation diagnosing WPW syndrome
and the results of our initial central facility evaluation. After
initial evaluation, individuals were divided into 2 groups:
those with WPW syndrome (WPW ECG findings plus SVT by
ECG documentation or by suggestive symptoms [rapid or rac-
ing heart sensation]) and those with WPW ECG pattern only
(no documented or suspected SVT). ECG-documented SVT
was defined as 3 or more consecutive nonsinus supraventricu-
lar complexes at a rate ≥100 beats/min.

Forty-five of the 238 subjects returned to the central facility
for multiple occupational evaluations. These individuals had
repeat noninvasive testing, and the data from these multiple
evaluations were separated from data collected from the initial
evaluations.

Follow-up was conducted by questionnaire, telephone inter-
view, medical records, and death certificate with 228 individu-
als completing follow-up requirements. These individuals
were also separated into the 2 groups, WPW syndrome versus
WPW ECG pattern only, on the basis of their initial presenta-
tions. End points were sudden death and SVT. These groups
were further divided into patients who had intermittent or
continuous pre-excitation. At the initial evaluation, associated
cardiac diagnoses were also recorded.

Statistical analysis
Data analysis was performed on a VAX 6320 mainframe

with a Smartstar structured query language addressing a Share-

base 700 relational database. Statistical analysis was performed
with use of programs from the SAS Institute18 on a VAX
11/780 minicomputer. Results are reported as the mean ± SD.
The Cochran-Mantel-Haenzel method was used to estimate
common relative risk. Calculations used to obtain the confi-
dence limits were based on those described by Gail and
Ware.19 Hypothesis testing methods to obtain confidence
intervals were used as described by Kleinbaum et al.20

Results
Initial presentation

Demographics. The study cohort totaled 238 sub-
jects who completed the initial evaluation, including
232 (97%) men and 6 (3%) women. The mean age at
the initial evaluation was 34 years (±8.9 years). The
median age was 35 years and the range was 17 to 56
years. At the time of initial diagnosis, 88 patients were
<30 years old, 96 patients were between 30 and 40
years old, and the remaining 54 patients were >40 years
old. From review of prior ECGs, 49% had intermittent
pre-excitation and 51% had continuous pre-excitation.
Forty-two of 238 (17.6%) initially had WPW syndrome.
The age group with the highest prevalence of SVT was
the 30- to 40-year age group. In this age group 21 of 96
(22%) had SVT (WPW syndrome) at initial presentation.
Nearly 15% of patients younger than age 30 years or
older than age 40 years had WPW syndrome at the time
of initial presentation. Age and presentation status are
summarized in Figure 1.

WPW syndrome at initial presentation (Table I).
Twenty-eight of the 238 (11.7%) had SVT only by sug-
gestive symptoms (racing heart sensation). Thirteen of
these 28 had hemodynamic symptoms associated with
their episodes of suspected SVT. One had syncope and
the other 12 had presyncope, lightheadedness, dizzi-
ness, or dyspnea. Fourteen of the 238 (5.9%) had ECG-
documented SVT, 6 on ECG rhythm strip, 4 on 24-hour
Holter monitoring, and 4 on graded exercise treadmill
testing. Three of these 14 subjects had hemodynamic
symptoms associated with SVT.

Six of the 238 were seen in a local medical facility
with complaints of palpitations or racing heart sensa-
tion and had SVT documented on an ECG rhythm strip.
Two of the 6 also had associated hemodynamic symp-
toms. One had lightheadedness and the other had dysp-
nea and chest discomfort.

During the initial evaluation, 100 patients (100/238,
42%) received a 24-hour Holter monitor. Four had SVT
and one had a wide complex tachycardia felt to be ven-
tricular tachycardia rather than antidromic SVT. None
of the patients had hemodynamic symptoms associated
with Holter monitor–documented arrhythmia. Other
Holter monitor findings are summarized in Table II. The
most common Holter monitor finding was rare prema-
ture atrial contractions followed by rare multiform pre-
mature ventricular contractions.
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Graded exercise treadmill testing was performed on
228 of 238 (96%) patients during initial evaluation. Four
had SVT. One patient with SVT on graded exercise
treadmill testing had associated hemodynamic symp-
toms. He had SVT for nearly a minute at a rate of 220
beats/min with associated racing heart sensation, pre-
syncope, dyspnea, and chest discomfort.

In summary, at initial evaluation, 15 patients had a
documented tachyarrhythmia (14 SVT, 1 ventricular
tachycardia) on ECG rhythm strip or noninvasive test-
ing. Three (all with SVT) had symptoms suggesting
hemodynamic compromise. These arrhythmias are
summarized in Table I. Tachyarrhythmia on noninva-
sive testing did not predict patients who had additional
SVT during the follow-up period.

Additional diagnoses at initial presentation. Physi-
cal examination and echocardiography revealed 3 indi-
viduals with mitral valve prolapse, 1 with hypertrophic
cardiomyopathy, and 1 with mild aortic insufficiency
and an otherwise normal 3-leaflet aortic valve. One
patient had the concomitant diagnosis of left bundle
branch block on ECG. Thirteen subjects underwent
occupational coronary angiography for abnormal non-
invasive testing. Six (46%) of these 13 had asympto-
matic, significant coronary artery disease (single lesion
≥50% luminal diameter reduction), and 3 had nonocclu-
sive coronary artery disease. Three subjects had SVT
(WPW syndrome) at the time of initial presentation.
Two of the subjects with mitral valve prolapse and the
subject with mild aortic insufficiency had ECG-docu-
mented SVT; none of these 3 had associated hemody-
namic symptoms. During follow-up, there was no SVT
in any of these subjects with additional cardiac diag-
noses at initial presentation.

Follow-up
Demographics. Follow-up was obtained in 228 (96%)

of 238 individuals. The mean follow-up period was 21.8
years (±11.7 years) with a range of 2 to 41 years for a
total of 4906 patient-years.

Mortality. There were 34 total deaths; 21 were non-
cardiac (17 medical illness, 4 traumatic), 12 were due

Figure 1

Age and status at initial presentation.

Heart
Noninvasive rate Duration 
test (beats/min) (min) Arrhythmia

Initial evaluation
Rhythm strip 150* 7 A flutter
Rhythm strip 250* 7 SVT

GXT 220* 1 SVT
Rhythm strip 167 4 SVT
Rhythm strip 168 5 SVT
Rhythm strip 180 4 SVT
Rhythm strip 230 5 SVT

HM 126 3 SVT
HM 130 5 SVT
HM 185 1 SVT
HM 210 7 SVT
HM 300 <1 (10 s) VT
GXT 180 9 SVT
GXT 200 8 SVT
GXT 220 5 SVT

Follow-up evaluation
GXT 160 <1 (12 beats) SVT
GXT 210 9 SVT
HM 177 <1 (3 beats) SVT
HM 150 <1 (3 beats) SVT

GXT, Graded exercise test; HM, Holter monitor; VT, ventricular tachycardia.
*Hemodynamic symptoms (syncope, presyncope, lightheadedness, dizziness, dys-
pnea).

Table I. Documented arrhythmias on noninvasive testing
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to atherosclerotic coronary artery disease, and one was
due to sudden cardiac death associated with WPW syn-
drome. The incidence of sudden death associated with
WPW was 0.0002 per patient-year (95% confidence
interval 0.0-0.001).

The mean age of the 17 patients with noncardiac med-
ical illness deaths was 60.9 years (range 50-79 years).
Three of these 17 subjects had WPW syndrome before
death. The 4 traumatic deaths included 2 resulting from
motor vehicle accidents and 2 suicides. These 4 subjects
all had WPW ECG pattern only and the 2 motor vehicle
accident subjects had intermittent pre-excitation.

None of the 12 patients who died from atheroscle-
rotic coronary artery disease received coronary angiog-
raphy during their initial evaluations. The mean age at
death was 67.6 years (range 57-80 years). Only 1 of
these 12 deaths was sudden and occurred in the setting
of an acute myocardial infarction at age 61 years; this
individual had only intermittent pre-excitation and
WPW ECG pattern only. Only 1 of these 12 patients had
WPW syndrome; he died at the age of 75 years.

The one patient who, in our opinion, had WPW-
associated sudden cardiac death was initially seen by
us with WPW syndrome and continuous pre-excita-
tion. He had no family history of sudden cardiac
death. We were able to obtain only limited medical
records from the family. During follow-up he report-
edly had recurrent SVT and atrial fibrillation and was
placed on metoprolol and encainide. At the age of 60
years, he had an episode of atrial fibrillation with rapid
ventricular response and was hospitalized with a diag-
nosis of congestive heart failure. Later during that hos-
pitalization, coronary angiography demonstrated nor-
mal coronary arteries, according to the patient’s later
report. No information was available to us regarding
left ventricular function. After the hospitalization,
encainide was discontinued, and metoprolol was
changed to propranolol. While he was taking propra-
nolol, the ECG no longer showed evidence of pre-exci-
tation. He reportedly was seen in an emergency depart-
ment 18 months later with an unspecified
tachyarrhythmia that quickly decompensated into car-
diopulmonary arrest. Resuscitative efforts were unsuc-
cessful and the patient died within 90 minutes of symp-
tom onset. From the limited records available to us, it
appeared that his dyspneic symptoms (diagnosed as
“congestive heart failure”) occurred only during tach-
yarrhythmias. In one earlier outpatient note, the patient
reported direct current cardioversion at his home by
emergency medical technicians for a heart rate in the
300s. Additionally, 2 ECGs dated 2 and 3 days before
his death were available for our review. Both clearly
demonstrated atrial fibrillation with rapid ventricular
response and pre-excitation. It appeared therefore that
his death a few days later was likely due to atrial fibrilla-
tion with rapid ventricular response and degeneration

to ventricular fibrillation. Although his pattern of pre-
excitation resolved on propranolol therapy, we classi-
fied this patient as having a continuous WPW syndrome
because of his initial presentation and persistent WPW
pattern off treatment.

SVT. Overall, 47 of 228 (20.6%) had SVT (first or recur-
rent episode) during the follow-up period. The occur-
rence of SVT during follow-up is displayed in Figure 2.

Forty-one (18%) of the 228 patients initially had WPW
syndrome. Nineteen (46.3%) of these 41 patients
reported additional SVT during the follow-up period
and 8 of the 19 reported associated hemodynamic
symptoms. Eleven of the 19 reported only one episode
of SVT during follow-up and 8 of the 19 reported recur-
rent episodes of SVT (7 with ≤2 episodes per year and 1
with >2 episodes per year). Of these 19 subjects who
were seen initially with WPW syndrome and who had
additional SVT during follow-up, 10 had continuous
pre-excitation at the initial evaluation.

One hundred eighty-seven patients were initially seen
with the WPW ECG pattern only. A first episode of SVT
occurred in 28 (15.3%) of these 187 patients during fol-
low-up. Four of these 28 subjects had their first episodes
of SVT on follow-up noninvasive testing (Table I) at our
central facility; the other 24 reported their first episodes
on the follow-up questionnaire. Nineteen of these 28
subjects reported associated hemodynamic symptoms.
Fourteen of the 28 reported only one episode of SVT
during follow-up and the other 14 reported recurrent
episodes of SVT (5 with ≤2 episodes per year and 9
with >2 episodes per year). Nineteen of these 28 sub-
jects who later had WPW syndrome had continuous
pre-excitation at their initial evaluations.

Thus 19 (23%) of the 84 patients who initially had
the WPW ECG pattern only and with continuous pre-
excitation had SVT during follow-up. Only 9 (8.7%) of
the 103 patients who initially had the WPW ECG pat-
tern only and intermittent pre-excitation had SVT dur-
ing follow-up. Although there was no statistical differ-
ence between patients with WPW ECG pattern only
and continuous or intermittent pre-excitation regard-
ing the occurrence of the first episode of SVT, a higher
percentage of patients with continuous pre-excitation
(23% vs 8.7%) had SVT during follow-up.

The overall event rate for SVT was 1.0% per patient-
year. The 41 patients who initially had WPW syndrome
had additional SVT at a rate of only 2.0% per year. The
187 patients who initially had WPW ECG pattern only
had a first episode of SVT at an event rate of 0.7% per
patient-year.

Invasive cardiac testing and antiarrhythmic ther-
apy. Only 16 of the 228 (7%) underwent electrophysio-
logic testing during follow-up. The indications included
8 patients with SVT, 4 with syncope, 1 with congestive
heart failure (from chronic atrial fibrillation and uncon-
trolled ventricular response), and 3 with WPW ECG
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pattern only for elective ablation. Sixteen of the 228
patients were placed on antiarrhythmic therapy. Refer-
ral for electrophysiologic testing was low, but most of
the follow-up period was before the current techno-
logic development of electrophysiologic testing and
radiofrequency ablation as curative therapy.

Discussion
Sudden cardiac death

Previous natural history studies have reported sudden
cardiac death rates of 0.0% to 0.6% per year for patients
with WPW.21-24 Our study included patients with both
WPW syndrome and WPW ECG pattern only, and 49%

of our subjects had only intermittent pre-excitation.
There was only one definite WPW associated with sud-
den death. There was one other sudden cardiac death,
occurring in the setting of acute myocardial infarction,
and there were 2 automobile accident deaths. All 3 of
these individuals had intermittent pre-excitation. It is
therefore very unlikely that WPW was related to their
deaths. Our sudden cardiac death incidence of 0.02%
per year was similar to other natural history studies, as
summarized in Table III.5-8 Generally, patients with
intermittent pre-excitation are thought to have an
accessory pathway with conduction characteristics that
provide a lower risk for sudden cardiac death during
atrial fibrillation. Electrophysiologic testing has demon-
strated that antegrade conduction through these acces-
sory pathways is poor. These patients cannot therefore
propagate a rapid ventricular response during atrial fi-
brillation, conferring a lower risk of sudden cardiac
death.25 With only one WPW-associated sudden cardiac
death, our study is underpowered to address this risk in
patients with intermittent preexcitation.

SVT 
For the purpose of this study we included individuals

with any SVT, including short runs of asymptomatic
ECG-documented SVT. The clinical significance of non-
sustained SVT in WPW is not defined. Our institution is
concerned about any SVT as a potential risk for sudden
incapacitation during military flight. This combined with

Figure 2

Long-term follow-up for suspected or ECG-documented SVT in 228 patients with WPW syndrome.

Rare Occasional Frequent

PAC 30 2 0
Uniform PVC 24 3 3
Multiform PVC 3 1 0
PJC 2 1 1

PAC pair 5, wandering atrial pacer 3. Rare ectopy was defined as ≤0.1% of total
beats, occasional as >0.1% and ≤1.0%, frequent as >1.0% and ≤10%, and very
frequent as >10% of total beats (no subjects had very frequent ectopy). PAC, Pre-
mature atrial contraction; PVC, premature ventricular contraction; PJC, premature
junctional contraction.

Table II. Spectrum of other Holter monitor findings in patients
with WPW syndrome (n = 100) during initial evaluation



American Heart Journal
Volume 142, Number 3 Fitzsimmons et al 535

the lack of a standard definition for sustained SVT led us
to include all SVT for data analysis. However, there were
only 3 individuals with clearly nonsustained SVT (12
beats or less duration, Table I). These 3 all presented ini-
tially with WPW ECG pattern only and had nonsustained
SVT recorded on follow-up noninvasive testing. None of
the 3 reported any other SVT during the follow-up
period. Thus this inclusion had little impact on the
results. Removing these 3 from consideration would fur-
ther reduce the low (0.7%/y) incidence of SVT in those
seen initially with WPW ECG pattern only. However, this
small number of clearly nonsustained SVT allowed no
conclusions about the significance of ECG-documented
nonsustained SVT in WPW syndrome.

Approximately 20% of our patients had SVT (first or
recurrent episode) during a mean follow-up over 20
years. Although electrophysiologic studies have
demonstrated weak antegrade conduction down the
accessory pathway in patients with intermittent pre-
excitation, thus minimizing the likelihood of sudden
death, retrograde conduction up the accessory path-
way may be quite functional and able to propagate
orthodromic re-entrant SVT. But the development of
SVT in these patients may be less frequent because of
pathway location, longer refractory periods, or vagal
tone. Debate remains whether some intermittent or
continuous pathways become nonfunctional over time,
reducing the incidence of SVT with advancing age.
This report argues against prior natural history studies
that have suggested a benign course for asymptomatic
patients with no family history for sudden cardiac
death who present at >40 years of age.14 In our study,
11% of WPW ECG pattern, only subjects that initially
presented older than age 40 years later had WPW syn-
drome. None of these patients had a family history for
sudden cardiac death. These patients may not be at
risk for sudden cardiac death, but all patients appear to
be at risk for SVT regardless of age at initial diagnosis.
Noninvasive testing did not predict patients who were

at risk for development of SVT (first or recurrent
episode) or sudden cardiac death during the follow-up
period.

Study limitations
There are several limitations to this study. The largest

limitation is selection bias regarding the reporting of
SVT. Before radiofrequency ablation, US Air Force avia-
tors with WPW syndrome were permanently disquali-
fied from flying. Therefore many aviators who pre-
sented to our central facility may have underreported
symptoms suggesting SVT and some with ECG docu-
mented SVT may not have even been referred. Report-
ing of SVT during follow-up is more accurate because
most patients were retired or no longer required qualifi-
cation for flying status to continue their current career.
And our annual event rate of 1.0% per year for SVT is
comparable to other natural history studies,5,7,8 as
shown in Table III.

A second limitation is the large percentage of individ-
uals with intermittent WPW. Prior studies have sug-
gested that 20% to 60% of patients have intermittent
pre-excitation.14,26 US Air Force pilots typically have a
screening ECG before entry into undergraduate pilot
training. Applicants with WPW syndrome or with WPW
ECG pattern only are typically disqualified from enter-
ing into undergraduate pilot training. However, if WPW
syndrome is initially diagnosed in a trained aviator, con-
tinued flying may be allowed for those with WPW ECG
pattern only. All pilots on flying status receive serial
screening ECGs beginning at age 35 years. Thus many
may have a normal ECG in their early 20s on applying
for flying training and later have an ECG with a WPW
pattern of pre-excitation at age 35 years or older. The
large number of intermittent WPW patterns allows
comparison with continuous pre-excitation but may
cause the risk for sudden cardiac death to be lower
than other studies.

Finally, the demographics are concentrated around

Author

Berkman and 
Leitch et al5 Guize et al6 Lamb7 Munger et al8 Current study

Years 1980-1988 1971-1980 1933-1961 1953-1989 1955-1999
No. of patients 75 170 128 113 228
Total patient-years follow-up 348 695 1157 1338 4906
Average years of follow-up 4.3 4.6 9 11.8 21.8
Age range (y) 7-77 20-70 25-40 0-77 17-56
Percent follow-up 100 89 100 95 96
No. with sudden cardiac death 0 1 0-1 2 1
Sudden cardiac deaths per year 0.000 0.0014 0.000-0.0009 0.0015 0.0002
SVT (per patient-y) 1.7% NA 1.5% 3% 1%

NA, Not available.

Table III. Summary of natural history studies of WPW syndrome
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relatively young men. There were only 4 female
patients and no children in the study. With the absence
of children who may seek medical attention at a young
age, the study group may imply a lower rate of symp-
toms and sudden cardiac death, a survivor bias. Because
of the age range of military service, this study does not
provide event rates in older age groups of patients with
WPW syndrome. And the Air Force has had female
pilots for only a relatively short time.

Despite these limitations, this study provides impor-
tant information for the most frequently diagnosed age
groups of patients with WPW syndrome. This study
reveals lower event rates for sudden cardiac death and
SVT than other tertiary care referral-based studies and
may more accurately reflect the natural history of WPW
syndrome in the general population. The large percent-
age of patients with intermittent pre-excitation suggests
that other studies may underestimate the true preva-
lence of WPW syndrome.

Conclusion
The risk of sudden cardiac death appears to be low

and may be more likely to occur in patients with WPW
syndrome with continuous pre-excitation. The inci-
dence of a first episode of SVT in those presenting ini-
tially with the WPW ECG pattern only was 0.7% per
patient-year, and subjects initially presenting with
WPW syndrome had recurrent SVT at a rate of only 2%
per patient year. However, the cumulative lifetime risk
of SVT might be considered clinically significant. Non-
invasive testing did not predict the development of
SVT (first or recurrent episode) or sudden cardiac
death. SVT appears to occur more frequently in
patients with continuous pre-excitation than in
patients with intermittent pre-excitation and it can
occur at any age. Sudden cardiac death can also occur
at any age but is likely a risk only in patients with con-
tinuous pre-excitation. Patients who are diagnosed over
the age of 40 years should be treated as aggressively as
their younger counterparts. The occurrence of SVT in
all age groups requires regular medical follow-up.

We thank Mr Al Adair and Mr Bill Besich for com-
puter assistance and database development. Special
thanks go to Mr Bill Thompson for data analysis and
statistical support.
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