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alpitations are a common presenting symptom in the emergency department (ED). Typically, the cause of palpitations is benign, especially in otherwise young, healthy patients.
For example, premature atrial contractions, infrequent
premature ventricular contractions, and sinus tachycardia may be caused by anxiety, stress, and excessive intake of stimulants such as caffeine. However, clinicians
must be aware of and alert for more serious underlying conditions. In this article, we report the case of a
young man who presented with palpitations and a wide
complex tachycardia on electrocardiogram (ECG). The
patient’s symptoms were caused by atrial fibrillation with
a rapid ventricular response due to underlying WolffParkinson-White (WPW) syndrome.
WPW syndrome, which is classified among the paroxysmal supraventricular tachycardias (PSVTs), is a
relatively uncommon cardiac conduction disorder that
occasionally may cause early excitation (preexcitation)
of the ventricles due to antegrade atrioventricular (AV)
conduction through an accessory pathway. Patients
with WPW syndrome may present with preexcited
atrial fibrillation. ECG tracings of patients who have
WPW syndrome typically reveal a narrow QRS complex, but WPW syndrome associated with preexcited
atrial fibrillation may produce a wide QRS complex
on ECG. These ECG findings are commonly confused
with other causes of wide QRS complex tachycardia,
such as ventricular tachycardia.
Atrial fibrillation can lead to congestive heart failure
(CHF), cardiogenic shock, and even sudden cardiac
death unless it is correctly and expeditiously diagnosed
and treated. In patients with WPW syndrome, prompt
recognition of the underlying mechanism is essential
so that appropriate therapy targeting the accessory
pathway can be initiated. This article highlights the
challenges of diagnosing preexcited atrial fibrillation
and reviews its acute management as well as discusses
important causes of PSVT.
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CASE PRESENTATION
Initial Presentation and History
A 25-year-old man presented to the ED with shortness of breath and palpitations. He stated that he first
noticed the palpitations and difficulty in breathing
when he was taking a shower about 1 hour prior to his
arrival at the ED. He had no fever, chest pain, nausea,
vomiting, or diaphoresis. He also denied any recent
chest trauma. The patient reported a hospital admission for an episode of “rapid heart beat” that occurred
4 years ago. At that time, he was discharged against
medical advice. Since then, he had no other episodes
of palpitations until the current presentation. He was
not taking any medications and denied any other medical problems. His social history was significant for a
5 pack-year tobacco history, occasional alcohol use, and
no use of any illicit drugs.
Physical Examination and ECG Monitoring
On physical examination, the patient was uncomfortable and was clutching his chest. Pulse was well
over 200 bpm but still palpable. Blood pressure was
119/58 mm Hg and respiratory rate was 20 breaths/
min. On auscultation, his chest was clear and air entry
was equal on both sides. There was no murmur. The remainder of his physical examination was unremarkable.
A 12-lead ECG showed a heart rate of 240 bpm with
wide QRS complexes (Figure 1). The working diagnosis
at this point was PSVT with aberrant conduction.
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Figure 1. A 12-lead electrocardiogram showing a heart rate of 240 bpm and wide QRS complex tachycardia.

Diagnosis and Management
The patient remained alert and awake with stable
blood pressure. Carotid sinus massage did not affect
his ventricular rate, making the diagnosis of PSVT less
likely but not completely ruling out this possibility. As
PSVT with aberrant conduction still appeared to be
the most likely etiology, rapidly delivered intravenous
(IV) adenosine was administered initially at 6 mg and
then 12 mg in an effort to convert the rhythm, but it
did not slow the heart rate. This failure to respond to
adenosine made the diagnosis of PSVT much less likely
and made other causes of wide complex tachycardia,
such as ventricular tachycardia, more likely. The patient
was then given an IV dose of 150 mg amiodarone over
10 minutes followed by an infusion of amiodarone at
1 mg/min, which slowed his ventricular rate somewhat
but did not convert his rhythm. He was admitted to the
intensive care unit.
Because the patient became hypotensive with signs
of poor perfusion, he underwent synchronized cardioversion, which successfully converted his tachydysrhythmia to sinus rhythm. Repeat ECG following
cardioversion showed a shortened PR interval with
a distinct slurring of the QRS complex (Figure 2),
which is diagnostic for the WPW syndrome. The
original ECG (Figure 1) was subsequently reviewed
and interpreted as a wide complex preexcited atrial fibrillation due to underlying WPW syndrome.
The patient was started on oral amiodarone therapy (200 mg/day) and was closely monitored for
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2 days. He did not experience any recurrence of dysrhythmia while hospitalized. On discharge, the patient
was referred to a cardiology clinic, where he underwent successful ablation therapy. Subsequent follow-up
revealed that the patient was doing well without any
recurrence of dysrhythmia.
DISCUSSION
The case patient’s ECG shows a rapid, wide QRS
complex tachycardia (Figure 1), which is defined
as tachycardia having a QRS duration greater than
120 msec (0.12 sec). Wide complex tachycardias are
often caused by ventricular tachycardia and should usually be considered as such until proven otherwise.1,2 As
this case illustrates, other causes of wide complex tachycardia that must be considered in the differential diagnosis are PSVT with underlying bundle branch block or
aberrancy and preexcitation syndromes with antegrade
conduction through an accessory pathway, such as
WPW syndrome.3–5 Distinguishing among these conditions is important because an incorrect diagnosis can
lead to inappropriate treatment and poor outcome.6,7
The typical ECG pattern of preexcited atrial fibrillation can be confused with ventricular tachycardia
as they both have very fast ventricular rates and wide
QRS complexes. A clue to the correct diagnosis in this
patient’s ECG (Figure 1) is the extreme irregularity
of the QRS complex, making ventricular tachycardia
and other PSVTs unlikely diagnoses. Rarely, ventricular tachycardia can be irregular (eg, polymorphous
www.turner-white.com
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Figure 2. A postconversion electrocardiogram showing slurring of the wide QRS complex and shortened PR interval consistent with
the diagnosis of Wolf-Parkinson-White syndrome.

ventricular tachycardia); however, when these rhythms
are sustained, the patient rapidly deteriorates and
requires defibrillation. It is important to note that irregularity in the rhythm can be difficult to detect at
extremely rapid heart rates. In this case, the ECG obtained after the patient underwent cardioversion (Figure 2) revealed evidence of a preexcitation syndrome
(short PR interval and a slurred upstroke of the initial
portion of the wide QRS complex, the delta wave).
This patient’s heart rate also suggests that ventricular tachycardia is less likely. Some of the cycles in this
patient’s ECG tracing show a heart rate that exceeds
300 bpm, while the heart rate in ventricular tachycardia
is typically between 140 and 200 bpm. This tracing is
therefore more likely due to antegrade accessory pathway conduction. Although there are other etiologies
besides WPW syndrome that can cause extremely rapid
tachycardia (eg, Lown-Ganong-Levine syndrome, polymorphous ventricular tachycardia), any tachycardia in
an adult greater than 200 bpm with a wide QRS complex
should raise the possibility of a preexcitation syndrome
with antegrade conduction down an accessory pathway.
WOLFF-PARKINSON-WHITE SYNDROME
The normal conduction system of the heart confines movement of electrical impulses from the atrium
to the ventricles to a single pathway through the AV
node. The AV node limits the electrical impulses that
www.turner-white.com

are conducted to the ventricles and slows down individual impulses, resulting in a delay in activation
between the upper and lower chambers (as manifested
electrocardiographically by the PR interval). Patients
with WPW syndrome have an accessory electrical conduction pathway that directly connects the atria and
ventricles, bypassing the normal route of conduction
through the AV node. Accessory pathways usually do
not have a significant conduction delay, and an impulse conducted through such a pathway will activate the ventricle earlier than an impulse conducted
through the AV node.8 Rapid transmission across an
accessory pathway during atrial fibrillation may result
in ventricular fibrillation and sudden death.
WPW syndrome is considered to be the classic form
of ventricular preexcitation. The prevalence of the WPW
ECG tracing is 0.1 to 3 cases per 1000 persons, and it has
a male predominance.8 The clinical hallmark of WPW
syndrome is paroxysmal tachycardia at a rate of 150 to
300 bpm; this rate is the direct result of the loss of normal AV node conduction restraint. Patients often may
report associated symptoms, such as palpitations, shortness of breath, dizziness, and chest pain. Although WPW
syndrome usually presents with a narrow QRS complex,
the classic ECG pattern seen in WPW syndrome with preexcitation is a short PR interval (< 0.12 sec), a delta wave
(slurred upstroke of the initial portion of the QRS complex), and a wide QRS complex (≥ 0.12 sec; Table).9 The
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Table. Electrocardiogram Criteria for Wolff-Parkinson-White
Syndrome
Short PR interval (< 0.12 sec)
Slurred slow rising onset of QRS complex (delta wave)
Prolonged QRS complex (> 0.12 sec)
Data from Al-Khatib SM, Pritchett EL. Clinical features of WolffParkinson-White syndrome. Am Heart J 1999;138(3 Pt 1):403–13.

short PR interval reflects the decreased time between
activation of the atria (P wave) and activation of the
ventricles (QRS complex). Similarly, the delta wave occurs because of earlier activation of the ventricular myocardium by the impulse conducted through the accessory pathway followed by later activation by the impulse
conducted through the AV node. The delta wave seen in
the WPW syndrome may masquerade as an inferior wall
myocardial infarction (MI) (seen as a QS pattern in leads
II, III, and aVF) or as a posterior wall MI (seen as a large
R wave in leads V1–V3). Apparent wide complex tachycardia after ST-segment elevation MI has been reported.10
The short PR interval is evident in most leads, whereas
the delta wave is usually best seen in the precordial leads.
It is important to recognize this WPW pattern on ECG
because the symptomatic patient with WPW syndrome
has an increased risk of atrial fibrillation and a small but
significant risk of sudden cardiac death.11–13
Forms of Paroxysmal Supraventricular Tachycardia
The WPW syndrome may remain undetected until
it manifests as PSVT.14 The following section reviews
tachycardias that may occur with or be confused with
WPW syndrome. They can be characterized by whether the AV node, an accessory pathway, or both are involved in perpetuating the tachycardia.
Atrioventricular nodal reentrant tachycardia
(AVNRT). In AVNRT, the electrical impulse is conducted into the ventricle via the normal conduction system
and is perpetuated by “reentering” the conduction
system via pathways in the AV node or perinodal atrial
tissue. This type of reentry tachycardia is considered
to be the most common form of PSVT, accounting for
approximately half of the PSVTs that are referred for
diagnostic electrophysiologic studies.15 AVNRT is not
a form of WPW syndrome as an accessory pathway is
not required for the tachycardia to occur, although
AVNRT may coexist with WPW syndrome. In AVNRT,
the rhythm is very fast (150–220 bpm) and regular,
and the QRS complex is narrow unless an underlying
bundle branch block or aberrancy is present.
Atrioventricular reentrant or reciprocating tachycar-
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dia (AVRT). AVRT is a reentrant tachycardia that occurs
in WPW syndrome. In AVRT, the normal AV node and
an accessory pathway along with the atria and ventricles
form a circuit that allows reentry of impulses. There
are 2 forms of AVRT: orthodromic and antidromic. In
orthodromic AVRT, the atrial impulse is conducted to
the ventricles via the normal AV node route (ie, orthodromic conduction) and is conducted retrogradely via
an accessory pathway; this retrograde conduction allows
the impulse to reenter the conduction system and perpetuate the tachycardia.
Orthodromic conduction occurs in most symptomatic patients (~ 90%) with WPW syndrome.8,15,16 The rate
in orthodromic AVRT is very fast (150 to > 250 bpm),
the rhythm is regular, and the QRS complex will usually
be narrow. Although the classic finding for diagnosing
WPW syndrome is a short PR interval and delta wave
with a wide QRS complex, the most common dysrhythmia is a narrow QRS complex ventricular tachycardia.
Usually, it is not possible to differentiate PSVT caused
by AVNRT from PSVT caused by orthodromic AVRT
because they are both rapid, narrow QRS complex
tachycardias. Clues that a PSVT is caused by orthodromic AVRT are ST-segment depression and a beatto-beat oscillation in QRS amplitude. When the normal
rhythm is restored, the short PR interval and delta wave
may be seen. However, it is not necessary to distinguish
PSVT due to AVNRT from PSVT due to orthodromic
AVRT, as they are both treated with maneuvers or
drugs that block the AV node.
In AVRT with antidromic conduction, the accessory
pathway conducts the impulse antegradely, resulting
in preexcitation of the ventricles, which is followed by
retrograde conduction through the AV node. The QRS
complex in antidromic AVRT is wide, which can make
this form of AVRT difficult to distinguish from ventricular tachycardia and preexcited atrial fibrillation due to
antegrade conduction through an accessory pathway.
AVRT can be distinguished from preexcited atrial fibrillation by its rhythm, which is usually regular.
Preexcited atrial fibrillation. Atrial fibrillation can
also occur in WPW syndrome and result in an extremely
fast, very irregular wide complex tachycardia.17,18 Atrial
fibrillation is seen in approximately 10% to 30% of
patients with WPW syndrome, which is higher than the
prevalence of atrial fibrillation in the general population.19,20 In patients with WPW syndrome, the accessory
pathway provides a direct route for conduction of the
atrial impulse to the ventricles, resulting in ventricular
preexcitation. The refractory period of the accessory
pathway determines the ventricular rate, and a rate as
high as 300 bpm may occur in WPW patients with atrial
www.turner-white.com
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fibrillation and antegrade conduction through the accessory pathway.21,22 Rapid transmission of impulses across
an accessory pathway during atrial fibrillation may result
in CHF, hypotension, ventricular fibrillation, and sudden
cardiac death.23
The characteristic ECG findings of patients with
preexcited atrial fibrillation are an irregular rhythm,
usually with a very rapid ventricular rate, a bizarre and
changing wide QRS morphology, and QRS complexes
often appearing to be “clumped.” These findings help
distinguish this rhythm from other causes of a wide
complex tachycardia. In cases of an extremely rapid
ventricular rate, it sometimes may be difficult to make
an exact diagnosis of a wide complex tachycardia, and
consultation with a cardiologist may be needed.
Acute Treatment of WPW Syndrome
Acute treatment of patients with WPW syndrome
presenting with a tachydysrhythmia differs depending upon the patient’s clinical presentation. Unstable
patients, regardless of the QRS duration or regularity,
should receive immediate synchronized cardioversion.
If time and the patient’s clinical condition allow it, the
patient may be sedated first. Electrical cardioversion
also should be used if the patient is not responding
to pharmacologic therapy and is showing any signs of
clinical deterioration.
Stable patients who present with PSVT with a narrow
QRS complex, due to either AVNRT or orthodromic
AVRT, should be treated with vagal maneuvers initially.
If these maneuvers fail, drugs that block the AV node
should be administered. Adenosine, calcium channel
blockers, β-adrenergic blockers, procainamide, and
amiodarone are all suitable agents for treatment of
these dysrhythmias. Although uncommon, antidromic
AVRT should be treated with procainamide or amiodarone, as opposed to adenosine. Should the patient
become hemodynamically unstable, synchronized cardioversion should be performed.24,25
Stable patients who present with a wide QRS complex tachycardia caused by preexcited atrial fibrillation
must be monitored very carefully due to the increased
risk of sudden death. Pharmacologic agents that block
the AV node should not be used in patients with preexcited atrial fibrillation because the AV node is not
causing or perpetuating the dysrhythmia, and these
agents may actually worsen the patient’s condition. Digoxin should not be used as it shortens the refractory
period of the accessory pathway and can increase the
ventricular rate and induce ventricular fibrillation.26,27
Adenosine is also not considered a suitable agent in
this situation, as it does not convert the atrial fibrillawww.turner-white.com

tion, and deaths associated with its use in atrial flutter
have been reported.28,29 Administration of IV adenosine
also can result in provocation of orthodromic AVRT.30
Therefore, all AV nodal blocking drugs (especially calcium channel and β-blockers) are contraindicated in
patients with preexcited atrial fibrillation.31
Acute treatment of preexcited atrial fibrillation requires a rapid acting drug that can be given intravenously and can slow conduction in the accessory
pathway. Procainamide is considered to be the drug
of choice for acute therapy of WPW syndrome complicated by preexcited atrial fibrillation.24,25,32 However,
procainamide has the potential for increasing the QT
interval, thus causing torsades de pointes.33 Another
problem with procainamide is that it is a negative inotrope and can worsen CHF. Ibutilide also has been used
successfully for treating preexcited atrial fibrillation.34,35
However, ibutilide can cause polymorphic ventricular
tachycardia and thus induce torsades de pointes.36
Patients with impaired left ventricular function are at
higher risk for life-threatening ventricular dysrhythmias
when this drug is used.
All patients who present with WPW syndrome
should be referred to cardiology for definitive treatment with radiofrequency catheter or surgical ablation
therapy.37 Until definitive treatment can be undertaken, these patients will require chronic pharmacologic
therapy based on electrophysiologic testing. This drug
therapy, which may include oral amiodarone, procainamide, or β-blockers, should be initiated by a cardiologist based on electrophysiologic studies.
CONCLUSION
Atrial fibrillation with a very rapid ventricular rate
may be life threatening in patients with WPW syndrome. When confronted with a wide QRS tachycardia,
physicians should always be concerned that this might
represent preexcited tachycardia. A wide-complex irregular tachycardia at a rate of 250 bpm or greater is
highly suggestive of atrial fibrillation and the WPW
syndrome. Early recognition and correct treatment allows rapid restoration of normal sinus rhythm and may
decrease morbidity and mortality.
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