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A young man with an unusual
cause of palpitations

A23‘YEAR—OLD MAN presents to the emer-
gency department with the sudden on-
set of palpitations, lightheadedness, and
dyspnea, accompanied by weakness and nau-
sea, which started earlier in the evening. He
estimates that he has experienced 15 simi-
lar episodes, lasting minutes to hours, since
the age of 16, with the last one 3 years ago.
These episodes typically end by themselves
or with self-induced vomiting and lying su-
pine. The current episode did not resolve
with these maneuvers.

He has never received medical attention
for these symptoms. He has no chest pain, or-
thopnea, paroxysmal nocturnal dyspnea, lower
extremity edema, or syncope. He has had no
recent illness, contacts with sick people, or
travel.

The patient’s history includes a “childhood
heart murmur,” which resolved, and also mild
asthma. He is otherwise healthy but has not
received regular medical care. He used to play
competitive soccer but quit because playing
made his symptoms of dyspnea on exertion and
palpitations much worse.

He uses marijuana frequently and alcohol
occasionally. He does not smoke tobacco or
use other recreational drugs. Other than in-
frequent use of albuterol, he does not take
any prescription or over-the-counter medi-
cations. He has no allergies. He knows of no
family history of arrhythmia or sudden car-
diac death.

Physical examination. On initial examina-
tion, his temperature is 36.4°C (97.5°F), heart
rate 230 bpm, systolic blood pressure 60 mm
Hg, respiratory rate 30 breaths per minute,
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oxygen saturation 100% while breathing room
air, and body mass index 25 kg/m?.

He is awake, anxious, and appears ill. He
speaks only in short sentences. A focused car-
diac examination reveals a regular tachycardia
with no appreciable murmur or extra heart
sounds; the apical impulse is not displaced. His
lungs are clear. His abdomen is soft and non-
tender. He has 2+ pulses on a scale of 0 to 4+,
with no peripheral edema.

His initial electrocardiogram (ECG) (Fig-
ure 1) shows a heart rate of 260 bpm and a
regular wide complex tachycardia, defined as a
rate greater than 100 bpm and a QRS complex
wider than 0.12 seconds.

I FOCUS ON REGULAR WIDE COMPLEX
TACHYCARDIA

Which of the following is not in the dif-
ferential diagnosis of regular wide complex
tachycardia?

(] Monomorphic ventricular tachycardia

[ Orthodromic atrioventricular reentrant
tachycardia

[l Antidromic atrioventricular reentrant
tachycardia

[] Sinus tachycardia with bundle branch
block

Orthodromic atrioventricular reentrant tachy-
cardia is not in the differential diagnosis.

Wide complex tachycardia can occur when
the impulse originates outside the normal con-
duction system or when there is abnormal ven-
tricular activation through the atrioventricular
(AV) node and His-Purkinje system.

The main distinction to make when diag-
nosing the cause of a wide complex tachycar-
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The patient’s initial electrocardiogram
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FIGURE 1. The patient’s electrocardiogram on presentation demonstrates regular wide complex tachycardia
with a heart rate of 260 bpm. Note the “buried” retrograde P waves, best seen in the continuous strip of
lead Il (circle). This is consistent with supraventricular tachycardia with aberrancy, where the atrial impulse
is conducted down an accessory pathway, resulting in a regular wide complex QRS.

dia is between the following:

Monomorphic ventricular tachycardia,
which originates from a single ventricular fo-
cus that depolarizes the adjacent myocardium
in a stepwise fashion, causing a wide QRS
complex that does not begin in the native
conduction system, and

Sinus tachycardia with bundle branch
block, ie, supraventricular tachycardia with
aberrant conduction within the normal con-
duction system.

Three different conduction patterns are
seen with atrioventricular reentrant tachycar-
dia (Figure 2):

Sinus depolarization (Figure 2a), in which
the atrial impulse travels down the AV node,
and the accessory pathway can be hidden and
not contribute to the surface ECG.

Orthodromic atrioventricular reentrant
tachycardia (Figure2b), in which the depo-
larizing impulse travels antegrade down the
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AV node, then propagates from the ventricle
back to the atria via the accessory pathway,
resulting in a narrow QRS.

Antidromic atrioventricular reentrant
tachycardia (Figure 2c), in which the depo-
larization travels antegrade down the accesso-
ry pathway then propagates from the ventricle
back to the atria via the AV node, resulting in
a wide complex QRS with a delta wave.

Important features of the patient’s elec-
trocardiogram (Figure 1) are consistent with
antidromic atrioventricular reentrant tachy-
cardia:

e “Buried” retrograde P waves, which are
best seen in the continuous strip of lead

I as a positive deflection notching in the

negative nadir of the wave
e The PR segment is short, suggesting ret-

rograde atrial depolarization
e The P wave is followed by a slow slurred
upstroke (delta wave), best seen in lead I.
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Electrical conduction in atrioventricular reentrant tachycardia

Three conduction patterns are seen with
atrioventricular reentrant tachycardia (AVRT). AV node

During sinus depolarization, the atrial
impulse travels down the AV node; the accessory
pathway can be hidden and not contribute to the
surface electrocardiogram, which appears normal.

Accessory
pathway

During antidromic AVRT, the depolarization
travels antegrade down the accessory pathway, then
propagates from the ventricle back to the atrium via
the AV node, resulting in a wide complex QRS with

a delta wave.

During orthodromic AVRT, the depolarizing
pulse travels antegrade down the AV node and then
propagates from the ventricle back to the atrium via
the accessory pathway, resulting in a narrow QRS.

FIGURE 2.
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Distinguishing ventricular tachycardia
from supraventricular tachycardia using the Brugada criteria

Wide complex tachycardia

Is the RS complex absent in all precordial leads?

Yes

Ventricular
tachycardia

es
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Ventricular
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Ventricular
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FIGURE 3
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Is the RS interval > 100 ms in one precordial lead?

No

Is atrioventricular dissociation present?

s

Are morphologic criteria for ventricular tachycardia present

No

Supraventricular tachycardia
with aberrant conduction

Adapted from Brugada P, Brugada J, Mont L, Smeets J, Andries EW. A new approach to the differential diagnosis of a regular tachycardia with a wide
QRS complex. Circulation 1991; 83:1649-1659, with permission from Lippincott Williams & Wilkins.

Treatment depends on diagnosis
Distinguishing supraventricular tachycardia
from ventricular tachycardia is important, as
the treatments differ. Supraventricular tachy-
cardia is treated with adenosine, calcium
channel blockers, and beta-blockers, which
are not only ineffective for ventricular tachy-
cardia, but rarely may precipitate hemody-
namic deterioration.

Also important is distinguishing pre-ex-
citation atrial fibrillation from other types of
supraventricular tachycardia with aberrancy,
because the nodal blockade used to treat other
causes of the condition may worsen the tachy-
cardia via the accessory pathway. If pre-excita-
tion atrial fibrillation is suspected on the basis
of an irregular wide complex tachycardia with
delta waves on ECG, then procainamide—a

CLEVELAND CLINIC JOURNAL OF MEDICINE

sodium channel blocker that affects the car-
diac action potential and prolongs the refrac-
tory period of the accessory pathway—can be
used to help control the arrhythmia.!

Brugada criteria aid diagnosis

In 1991, Brugada et al’ devised an algorithm
to differentiate ventricular tachycardia from
supraventricular tachycardia with aberrancy
in the setting of regular wide complex tachy-
cardia (Figure 3). It has a sensitivity of 98.7%
and a specificity of 96.5% for diagnosing ven-
tricular tachycardia and 96.5% sensitivity and
98.7% specificity for diagnosing supraventric-
ular tachycardia with aberrant conduction.
Using the algorithm, only 11 (ie, 2%) of the
544 tachycardias in their study were misclas-

sified.>*
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Hemodynami-
cally unstable
patients with
tachyarrhyth-
mias need

immediate

cardioversion
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The patient’s electrocardiogram after cardioversion
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FIGURE 4. The patient’s electrocardiogram after cardioversion demonstrates positive delta waves (seen in |
[circled], aVL, V., and V) and negative delta waves (seen in aVR, Ill, aVF, and V,). This tracing is consistent
with sinus rhythm with pre-excitation due to type B Wolff-Parkinson-White syndrome.
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The Brugada algorithm consists of four
criteria, with the presence of any leading to a
diagnosis of ventricular tachycardia:

e Absence of an RS complex in all precor-
dial leads (the QRS complexes in precor-
dial leads have all negative or all positive
deflections).

e An RS interval in at least one precordial
lead of at least 100 ms (the interval is mea-
sured from the onset of R to the nadir of
the S wave).

e AV dissociation, as determined by the ex-
istence of P waves marching out indepen-
dent of the QRS complexes, capture beats
(narrow QRS complexes resulting from
the rare occasion when an intrinsic P wave
conducts down the native pathway), or
fusion beats (combined capture beat and
ventricular beat, resulting in a different
morphology than most of the wide QRS
complexes present).

e Leads V,, V,, and V satisfying the classic
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morphologic criteria for ventricular tachy-

cardia.

If none of these criteria are met, supraven-
tricular tachycardia is diagnosed.

In our patient, we can further confirm the
diagnosis of antidromic atrioventricular reen-
trant tachycardia by using Brugada criteria to
exclude ventricular tachycardia (Figure 3):
the ECG (Figure 1) shows an RS complex in
multiple precordial leads, the maximum RS
interval is less than 100 ms in the precordial
leads, there is no evidence of AV dissociation
(lead II in the continuous strip shows buried P
waves associated with QRS), and morphologic
criteria are not met for ventricular tachycardia

in leads V,, V,, and V,.

Il IS CARDIOVERSION NEEDED?

According to the American Heart Associa-
tion guidelines for advanced cardiopulmonary
life support, patients with tachyarrhythmias
who are hemodynamically unstable should
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undergo cardioversion immediately.’

Our patient, who has a heart rate faster
than 200 bpm and a systolic blood pressure
of only 60 mm Hg, undergoes synchronized
cardioversion in the emergency department.
Immediately afterward, his ECG (Figure 4)
demonstrates sinus rhythm with pre-excita-
tion consistent with type B Wolff-Parkinson-
White syndrome.

Once he is hemodynamically stable, a
more thorough physical examination is per-
formed. Examination of the head, ears, eyes,
nose, and throat is unremarkable. He has no
jugular venous distention or carotid bruits.
His lungs are clear to auscultation bilaterally,
without wheezes. His cardiac examination
shows a regular rate and rhythm, normal first
and second heart sounds, and no murmurs,
rubs, or gallops.

Il WHICH DIAGNOSTIC STUDIES
ARE NEEDED?

Laboratory tests

In an otherwise healthy young patient pre-
senting with an arrhythmia, the initial labo-
ratory workup should focus on a precipitating
illness or a disease state that may incite an ar-
rhythmia.

Our patient is evaluated for infection or
septic shock (white blood cell count with dif-
ferential), anemia (hemoglobin), thyrotoxi-
cosis (thyroid-stimulating hormone and free
thyroxine levels), drug abuse (urine toxicol-
ogy screen), and cardiac syndromes including
structural heart disease and myocardial injury
(cardiac enzymes and B-type natriuretic pep-
tide).

His initial laboratory tests show normal
electrolyte levels and renal function, leuko-
cytosis with a white blood cell count of 15.6
x 10°/L (normal 4.0-10.0), mildly elevated
thyroid-stimulating hormone, and a negative
urine toxicology screen.

Transthoracic echocardiography
For a young patient presenting with pre-exci-
tation on ECG and hemodynamic instability,
transthoracic echocardiography to evaluate
chamber size and look for structural abnor-
malities is a reasonable option.

Our patient undergoes transthoracic echo-
cardiography, which demonstrates normal
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The patient’s echocardiogram
demonstrating Ebstein anomaly
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FIGURE 5. A transthoracic echocardiogram apical four-
chamber view demonstrates apical displacement of the
septal leaflet from the tricuspid valve annulus, consistent
with Ebstein anomaly. There is also atrialization of the
right ventricle.

left ventricular size and function with a left
ventricular ejection fraction of 69%, moder-
ate right atrial enlargement, and mild right
ventricular enlargement (Figure 5). The sep-
tal leaflet of the tricuspid valve is apically dis-
placed, and there is mild regurgitation.

I DIAGNOSIS: EBSTEIN ANOMALY

These findings are consistent with Ebstein
anomaly. It can be recognized on transtho-
racic echocardiography as adherence of the
septal and posterior tricuspid valve leaflets
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to the myocardium due to failure of the tis-
sue to detach during embryogenesis, apical
displacement of the annulus, right atrial
enlargement, and right ventricular enlarge-
ment.” ' Apical displacement of the tri-
cuspid valve is a hallmark finding and must
be more than 20 mm or 8 mm/m? of body
surface area to make the diagnosis.!'™"* ECG
often demonstrates right atrial enlargement,
first-degree atrial ventricular block, and right
bundle branch block.

Ebstein anomaly is a rare embryonic de-
velopmental abnormality of the tricuspid
valve. It occurs in 1 to 5 of 200,000 live
births, accounting for approximately 0.5%
of all congenital heart disease.!*!®> Most cases
are sporadic and result from failure of the
ventricle to delaminate during embryogen-
esis of the tricuspid valve, resulting in apical
displacement of either the septal, posterior,
or, very rarely, anterior leaflet of the tricuspid
valve.”® The prevalence is higher in infants
whose mothers took lithium during early
pregnancy.'®

Which of the following is not a common
finding associated with Ebstein anomaly?

[] Apical displacement of the septal leaflet
of the tricuspid valve

[] Wolff-Parkinson-White syndrome

[J Accessory bypass tract

[J Tachyarrhythmias

[] Increased risk of sudden death

[] Left-sided heart failure

The answer is left-sided heart failure. Ebstein
anomaly is associated with increased risk of
tachyarrhythmias, right-sided heart failure,
and sudden death.”®!7!8 In Ebstein anomaly,
the tricuspid valve forms closer to the apex,
so the part of the right ventricle that is supe-
rior to the displaced tricuspid valve functions
as the right atrium, thus the term “atrialized”
right ventricle. These abnormalities create
an environment for accessory pathways, most
commonly type B Wolff-Parkinson-White
syndrome." Biventricular dysfunction can oc-
cur in rare severe cases.”>!8

Our patient is found to have an accessory
tract-mediated antidromic atrioventricular
reentrant tachycardia in the setting of Wolff-
Parkinson-White syndrome and Ebstein

anomaly. This is further confirmed with an
electrophysiology study demonstrating a right
posterior accessory pathway.

I TREATMENT FOR EBSTEIN ANOMALY

Which treatment is advised for Ebstein
anomaly?

[] Observation alone

[] Standard heart failure medications
[] Radiofrequency catheter ablation

[] Tricuspid valve repair or replacement
[] Biventricular reconstruction

[J Heart transplant

The answer is all of the above. Observa-
tion alone is advised for patients with
mild symptoms, no evidence of right-to-
left shunting, and only mild cardiomegaly.
Medical management includes an angioten-
sin-converting enzyme inhibitor or angio-
tensin receptor blocker, a beta-blocker, and
diuretics. Radiofrequency catheter ablation
is the first-line therapy for patients with
symptomatic Wolff-Parkinson-White syn-
drome.?® A patient who develops worsening
right-sided heart failure, cyanosis, paradoxi-
cal emboli, or frequent tachyarrhythmias
should be considered for corrective surgery,
which may include tricuspid valve repair or
replacement, or biventricular reconstruc-
tion.”%?! Cardiac transplant is reserved for
severe cases.’

On hospital day 4, our patient undergoes
successful radiofrequency catheter ablation
without complications. At follow-up 3 months
later, he continues to do well, with resolution
of his symptoms and no further evidence of
pre-excitation. His postprocedure ECG no
longer shows delta waves.

I TAKE-HOME POINTS

e For a patient with regular wide complex
tachycardia, the first step is to assess he-
modynamic stability. If the patient is he-
modynamically unstable, emergent cardio-
version is indicated.

e The differential diagnosis for regular wide
complex tachycardia includes supraven-
tricular tachycardia with aberrancy (ortho-
dromic atrioventricular reentrant tachycar-
dia, antidromic atrioventricular reentrant
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10.

11.

tachycardia, atrial tachycardia), and ven-
tricular tachycardia.

When pre-excited atrial fibrillation is
suspected, AV nodal blocking agents
should be avoided, as they may wors-
en tachyarrhythmia. Sodium channel
blockers such as procainamide can help
slow down the conduction of the acces-
sory pathway.

Patients with Ebstein anomaly have a high-
er risk of death from right-sided heart fail-
ure and tachyarrhythmias, most commonly
type B Wolff-Parkinson-White syndrome.
Ebstein anomaly is medically managed with
standard heart failure medications, includ-
ing neurohormonal blockade therapies.
Patients with Ebstein anomaly and cya-
nosis require surgical intervention with

Ebstein anomaly is diagnosed on transtho-

either valve repair or replacement. |

racic echocardiography as apical displace-
ment of the tricuspid valve resulting in
atrialization of the right ventricle.
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