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Evaluation and Management of \Wolft-
Parkinson\/\VVhite in Athletes

Ashwin L. Rao, MD,*t Jack C. Salerno, MD,* Irfan M. Asif, MD,s
and Jonathan A. Drezner, MD*

Context: Wolff-Parkinson-White (WPW) is a cardiac conduction system disorder characterized by abnormal accessory con-
duction pathways between the atria and the ventricles. Symptomatic patients classically present with palpitations, presyn-
cope, or syncope that results from supraventricular tachycardia. While rare, sudden cardiac death may be the first manifesta-
tion of underlying disease and occurs more frequently in exercising individuals.

Evidence Acquisition: Medline and PubMed databases were evaluated through 2012, with the following keywords: WPW,
Wollf-Parkinson-White, pre-excitation, sudden cardiac death, risk stratification, and athletes. Selected articles identified through
the primary search, along with relevant references from those articles, were reviewed for pertinent clinical information regarding
the identification, evaluation, risk stratification, and management of WPW as they pertained to the care of athletes.

Study Design: Systematic review.
Level of Evidence: Level 1.

Results: Diagnosis of WPW is confirmed by characteristic electrocardiogram changes, which include a delta wave, short PR
interval, and widened QRS complex. Utilization of the electrocardiogram as part of the preparticipation physical evaluation
may allow for early identification of asymptomatic individuals with a WPW pattern. Risk stratification techniques identify
individuals at risk for malignant arrhythmias who may be candidates for curative therapy through transcatheter ablation.

Conclusion: WPW accounts for at least 1% of sudden death in athletes and has a prevalence of at least 1 to 4.5 per 1000
children and adults. The risk of lethal arrthythmia appears to be higher in asymptomatic children than in adults, and sud-
den cardiac death is often the sentinel event. The athlete with WPW should be evaluated for symptoms and the presence of
intermittent or persistent pre-excitation, which dictates further consultation, treatment, and monitoring strategies as well as
return to play.
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olff-Parkinson-White (WPW) syndrome was first Multiple studies of children and adults report a WPW
described in 1930 in a landmark article in the prevalence of 1 to 4.5 per 1000 individuals, 1171820273143
American Hear!t Journal, in which the authors The majority of individuals with WPW demonstrate normal
reported a case series of 11 otherwise healthy patients with cardiac anatomy. However, WPW has been associated with
electrocardiogram (ECG) findings of a short PR interval structural heart disease, notably in Ebstein anomaly and
and “bundle branch block” morphology who also suffered hypertrophic cardiomyopathy. There is a greater prevalence
from paroxysmal supraventricular tachycardia (SVT) of WPW in newborns and infants compared with adults,
or atrial fibrillation (AF). Shortly after the description, suggesting that accessory pathways may represent embryologic
electrophysiologists were able to elucidate the relationship remnants.** Within the first year of life, accessory pathways
between accessory pathways and reentrant SVI.** However, it | lose anterograde conduction in up to 40% of patients, with a
was not until nearly 40 years later that rapid conduction of AF similar decrease in the rate of SVT, suggesting loss of retrograde
was identified as the mechanism of sudden death.® conduction through these accessory pathways.*!? Young
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patients with accessory pathways may be “presymptomatic,”
as they have not had time to develop symptoms or a sentinel
event.” Conversely, individuals surviving to adulthood without
symptoms may harbor lower risk pathways.” While prediction
of risk for sudden cardiac death (SCD) is difficult, high risk
factors include the following: male sex, age <30 years, history
of AF, prior syncope, familial WPW, and associated congenital
heart disease.”

RISK OF SUDDEN CARDIAC DEATH

WPW accounts for at least 1% of deaths in a long-term registry
of SCD in athletes, though it may account for a fraction of a
larger group of cases of autopsy-negative sudden unexplained
death due to challenges in making a postmortem diagnosis.”*
Numerous retrospective analyses have suggested that the

risk of life-threatening arrhythmias is higher in asymptomatic
children than in adults, with as many as 10% to 48% of
pediatric cases of WPW presenting with SCD as the initial
event.!*#3034 Several prospective studies have evaluated

the risk of SCD in asymptomatic adults and children with
WPW, demonstrating a 0.1% to 0.45% risk of SCD per year.

In 2 prospective studies following a group of 386 adult and
pediatric patients over 10 years, 4 cases of SCD were identified,
yielding a 0.1% annual risk of SCD.1*¥ Another study reported
the incidence of SCD to be 0.45% per year in asymptomatic
adults with WPW, with a mean follow-up of 38 months.*
Pappone et al followed 212 asymptomatic adults prospectively
for 5 years, with 3 patients (0.2% per year) experiencing VE! A
similar 5-year prospective study of 184 asymptomatic pediatric
patients with WPW reported 3 cases of VF, or a 0.3% per year
risk of SCD.¥

MECHANISM OF WPW

Within the normal heart, the atria and ventricles are
electrically isolated from each other by nonconductive fibrous
atrioventricular (AV) rings except at the AV node and bundle of
His. Impulses are typically initiated from within the sinoatrial
node, and conduction propagates to the ventricles via the His-
Purkinje system.

Individuals with WPW have at least 1 additional accessory
electrical pathway between the atria and the ventricles that
bypasses the AV node, allowing for the delivery of premature
electrical impulses and ventricular pre-excitation. The presence
of an accessory pathway also permits impulses to propagate
in a retrograde manner. Depending on the conduction
characteristics, this accessory connection can be associated
with reentrant SVT and sudden death.”

“Reentrant” SVT typically results when an impulse travels
down the AV node and His-Purkinje system and returns in a
retrograde manner to the atrium via the accessory pathway.
However, SCD is triggered when AF is conducted rapidly to the
ventricle by the accessory pathway with degeneration to VF.
Exercise may enhance accessory pathway conduction, but it is
unclear whether exercise has a consistent effect in promoting
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Figure 1. Characteristic ECG findings in WPW. Note the presence
of a short PR interval (<120 ms) and delta wave (slurred
upstroke of the QRS complex). ECG, electrocardiogram.

conversion of SVT to AF, though AF is more common in
trained athletes compared with the general population.’?
Despite a clear mechanistic trigger, most sudden deaths
associated with WPW appear to occur during exercise.

ECG CRITERIA AND DIAGNOSIS

The diagnosis of WPW typically occurs via ECG. The
pathognomonic ECG findings in WPW are the delta wave,
characterized by a slurred upstroke in the QRS complex and

a short PR interval <120 ms (Figure 1).#2 Depolarization of

the ventricles via the accessory pathway contributes to QRS
durations longer than 120 ms. The location and refractory
period of the accessory pathway may diminish the prominence
of the delta wave, making the diagnosis more challenging

in some cases. ECG findings associated with a subtle WPW
pattern include left-axis deviation, abnormal Q waves in leads
V5 and V6, ST-segment depression, and T-wave changes. An
intermittent WPW pattern on ECG (ie, a delta wave present on
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every other QRS complex) is considered low risk for ventricular
arrhythmia.’

Electrocardiography is used for cardiovascular screening and
in the evaluation of athletes with palpitations, presyncope, or
syncope to rule out WPW and other intrinsic cardiac disorders.
Athletes identified with a WPW pattern on a screening ECG
should undergo additional inquiry about symptoms and
familial WPW

RISK STRATIFICATION

The intent of risk stratification in individuals with WPW is to
identify those at risk for lethal arrhythmias and SCD. While
some individuals with SCD associated with WPW manifest
premonitory symptoms, as many as 50% of younger athletes
present with SCD as their sentinel event.!** Although historical
markers exist to suggest high-risk pathways, history and
physical alone are insufficient in assessing risk in the athletic
population. Further diagnostic testing should be utilized to
better understand the properties of the accessory pathway.
Accessory pathways with rapid anterograde conduction
properties are more likely to be associated with rapid
conduction of AF, which can degenerate to VF.

Noninvasive methods for risk stratification to determine
antegrade conduction and the risk of VF include Holter
monitoring, exercise treadmill testing, and echocardiography.
The Holter monitor records electrical properties of the
heart over an extended period, typically 24 to 48 hours.
Asymptomatic athletes demonstrating abrupt loss of
pre-excitation at physiologic heart rates during this study
generally have slower conducting accessory pathways and
may be considered lower risk for a ventricular arrhythmia.
Intermittent loss of pre-excitation via ambulatory monitoring
may occur in as many as 67% of asymptomatic cases."” Holter
monitoring can also identify distinctly different pre-excited
morphologies on ECG, raising suspicion for the presence of
multiple accessory pathways, which is an independent risk
factor for VE/

Exercise stress testing (EST) adds further value in the
noninvasive assessment of WPW pattern. Abrupt disappearance
of pre-excitation, as evidenced by loss of the delta wave during
exercise testing, has been proposed as a surrogate to more
invasive risk stratification measures.* Only abrupt and complete
loss of pre-excitation on EST confirms a long anterograde
pathway refractory period and, hence, a low risk profile.
Abrupt loss of pre-excitation features during exercise testing
may only be demonstrable in 15% of pediatric patients, and
confirmation of these findings is further confounded by a lack
of interobserver reliability.?

An echocardiogram should be undertaken in all patients with
a WPW pattern to rule out structural heart disease associated
with WPW, including certain genetic variants of hypertrophic
cardiomyopathy as well as Ebstein anomaly.

When noninvasive testing is insufficient in characterizing
the anterograde conduction of the accessory pathway, a low-
risk pathway cannot be confirmed, or the presence of multiple

accessory pathways is suspected, invasive testing should
be undertaken. Electrophysiologic (EP) studies, including
intracardiac catheterization and transesophageal studies, can
elucidate accessory pathway properties.”” The cardiologist
can apply pacing techniques as well as medication to induce
SVT and AF. By inducing AF, the cardiologist can measure
characteristics of the accessory pathway(s), including the
shortest pre-excited R-R interval (SPERRI) while in AF. SPERRI
measures anterograde conduction through the accessory
pathway. Individuals exhibiting a SPERRI of <250 ms are at
higher risk of developing malignant arrhythmias.” SPERRI
<250 ms implies that the accessory pathway can conduct faster
than 240 beats per minute during AF.

The incidence of lethal WPW phenotypes is relatively low
in asymptomatic individuals with WPW. However, consensus
guidelines on the management of asymptomatic young
patients with WPW recommend a SPERRI of <250 ms as
criteria for ablation.”* In addition to shorter accessory-pathway
refractory periods, malignant arrhythmias are more likely to be
associated with multiple accessory pathways and sustained AF
induced by AV re-entrant tachycardia.?

MANAGEMENT

Management of symptomatic athletes with WPW syndrome or
any athlete with a high-risk WPW pathway should include a
discussion of the risks and benefits of noninvasive and invasive
treatment strategies, activity participation, and follow-up. In
the case of the symptomatic athlete, medication management
can be chosen to prevent arrhythmias and slow ventricular
response, but these medications pose side effects that may
diminish athletic performance. In the case of asymptomatic
athletes with WPW pattern on ECG, risk assessment is
necessary to determine their preparticipation clearance and is
best performed through a referral to cardiology. A discussion
of family risk assessment should also be considered, as the
prevalence of WPW in family members is 5.5 per 1000 and has
the potential for an autosomal-dominant inheritance pattern.*
Transcatheter ablation is considered by many as first-line
treatment for WPW and offers the potential for a definitive
cure. Transcatheter ablation includes both radiofrequency
ablation (RFA) and cryoablation techniques. RFA is considered
the gold standard for invasive management due to its higher
success rate in extinguishing accessory pathways and lower
recurrence rate” RFA may be coupled with cryoablation,
which offers a higher safety profile, particularly in the
ablation of septal accessory pathways and pathways close to
small coronary arteries and the coronary sinus. Cryoablation
demonstrates a lower risk of inducing AV block than RFA
but at the expense of lower success and higher recurrence
rates.” While initial data from the mid-1990s demonstrated an
ablation success rate of 91% in adults and children, recurrence
rates reached 23% at 3-year follow-up.? More recent studies
in adults have shown increased success in ablation (95.7%),
with reductions in complications (from 4.3% to 2.9%) and
recurrence (10.7%) at 1-year follow-up.®® Results are similar in
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pediatric studies, with ablation success rates of 92% to 100%
and recurrence rates of 0% to 13% 5132624447

While complications of EP studies are relatively rare, the
potential harm of a catheterization procedure must be considered
against the risk of WPW-associated SCD. Two large studies of
>1300 adults described various complications of EP procedures,
including local venous occlusion and/or formation of an AV fistula
(2%), pulmonary embolus (0.3%-1.6%), thrombophlebitis (0.6%),
infection (0.8%), and catheter-induced permanent complete AV
block (0.1%).1%" EP studies also carry the risk of induced AF
degenerating to VF through a high-risk pathway that requires
external defibrillation, and death has been reported as a
complication of RFA in 0.22% of cases.” This mortality risk from
an EP study with ablation procedure approximates the annual risk
of dying from WPW (0.1%-0.45%). However, the risk of SCD from
WPW in an untreated individual accumulates over time, especially
in children where the long-term risk may become substantially
higher than the risks of the procedure itself. The mortality
risk is also lower for an EP study without ablation where risk
stratification identifies a low-risk pathway. Patients and families
should receive appropriate counseling before any procedure to
clarify these relative risks and ensure that the patient and family
understand both the immediate and the long-term risks and
potential benefits of treatment versus monitoring.

ATHLETE-SPECIFIC CONSIDERATIONS

While some studies suggest that exercise does not alter
accessory pathway characteristics, exercise appears to put
some athletes with WPW at risk for a lethal arrhythmia, 424
It is unclear whether these athletes are symptomatic before
SCD. The cardiovascular care of athletes may utilize an ECG
for screening or diagnostic purposes. WPW can be readily
identified in asymptomatic athletes, and ECG allows early
detection of young athletes at risk of SCD that have not
manifested symptoms.

For athletes with WPW pattern on ECG, the 36th Bethesda
Conference recommends that risk stratification with invasive EP
studies is advisable for asymptomatic younger athletes engaged
in moderate- to high-intensity competitive sports.** Symptomatic
athletes also should be considered for catheter ablation therapy
of the accessory pathway prior to returning to sport.® The
European Society for Cardiology advises a more aggressive
approach by recommending that all athletes identified with
WPW undergo a comprehensive EP study, regardless of sport.®
While American and European recommendations differ, it is
uniformly recommended that the discovery of ventricular pre-
excitation in an adolescent, regardless of athletic involvement,
should result in prompt referral to a cardiac electrophysiologist
familiar with risk stratification.”

Ablation is recommended for high-risk pathways and
symptomatic athletes. Competitive athletes with low-risk pathways
identified during EP study not undergoing ablation therapy should
be monitored for the development of new symptoms. After an
athlete has undergone an ablation procedure, return to play is
guided by symptoms and follow-up studies® Athletes who remain

asymptomatic and have normal AV conduction properties on
follow-up ECG (ie, normal QRS complex and PR interval) usually
may return to sport within 1 week.

CASE STUDY

An 18-year-old male National Collegiate Athletic Association
Division I baseball athlete presented for his preparticipation
physical evaluation before intercollegiate athletic activities.
He denied presyncope, syncope, chest pain, palpitations, or
a family history of sudden cardiac or unexplained death. His
cardiovascular examination yielded normal results. A screening
ECG revealed a WPW pattern, with characteristic delta waves,
short PR interval, and a wide QRS (Figure 2). The athlete was
referred to a cardiac electrophysiologist for further evaluation.
The patient underwent an echocardiogram with no structural
abnormalities. For risk stratification, an EST and invasive
EP study (with option for ablation for a high-risk accessory
pathway if identified) were both offered. The family elected
to proceed with intracardiac catheterization. A high-risk,
anterograde-conducting, right-sided posteroseptal accessory
pathway, with a SPERRI of 230 ms, was identified and
successfully ablated by RFA. An immediate postprocedure
ECG showed that the WPW pattern was extinguished. The
athlete was restricted from participation for 1 week to allow
for postprocedure recovery. A follow-up ECG (Figure 3) was
obtained at 1 week postprocedure and yielded normal results.
The athlete was cleared for participation and has since
participated in intercollegiate athletics without complication.

MANAGEMENT ALGORITHM

The algorithm in Figure 4 is presented to help guide physicians
who identify WPW in their patients. An athlete with identified
WPW pattern on ECG should be evaluated for persistent (every
QRS complex) versus intermittent pre-excitation. If pre-excitation
is persistent on ECG, consultation with a cardiologist familiar
with WPW risk stratification should be undertaken. Typically,

a Holter monitor or EST is offered, while an ECG is performed
to evaluate for concomitant structural heart disease, such as
Ebstein anomaly or hypertrophic cardiomyopathy. Nonathletic
patients, as well as athletes competing in low-intensity sports
who have a clear loss of pre-excitation during Holter monitoring
or EST, can be considered low risk for developing a lethal
arrhythmia and may be followed up with periodically and
counseled on symptom awareness. However, in moderate- and
high-intensity sports, athletes demonstrating intermittent pre-
excitation and abrupt loss on noninvasive testing should be
considered for further risk stratification via diagnostic invasive
EP studies. Athletes without abrupt loss of pre-excitation should
be considered for diagnostic invasive EP studies. Transcatheter
ablation should be offered as an option should a high-risk
pathway, with a SPERRI in AF <250 ms, be identified. In cases
with a SPERRI in AF >250 ms, counseling can be offered for
symptom awareness and monitoring or ablation, depending on
both patient characteristics and pathway location.
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Figure 2. ECG at initial preparticipation physical evaluation (preablation) demonstrates a

WPW pattern. Red arrows identify the

characteristic delta wave and short PR interval. ECG, electrocardiogram; WPW, Wolff-Parkinson-White.
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Figure 3. Postablation ECG. WPW pattern has been extinguished. Note the absence of a
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delta wave and normalization of the

PR interval. New T-wave inversion in the inferior leads is a result of the ablation therapy that typically resolves over time. ECG,

electrocardiogram; WPW, Wolff-Parkinson-White.
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Figure 4. WPW management algorithm. AF, atrial fibrillation;
ECG, electrocardiogram; SPERRI, shortest pre-excited R-R
interval; SVT, supraventricular tachycardia; WPW, Wolff-
Parkinson-White.

CONCLUSION

WPW syndrome is a disorder of the cardiac conduction system
caused by the presence of an accessory AV pathway, and it

is responsible for at least 1% of athletic SCD. Once an athlete
with WPW pattern is identified, risk stratification should occur
through additional studies and EP consultation. Individuals with
low-risk characteristics may be monitored closely and counseled
for symptom awareness, while those with symptoms or high-risk
accessory pathways should be considered for ablation therapy.
WPW can be appropriately managed to mitigate the risk of SCD
and promote safer athlete participation.
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