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Introduction
A 21-year-old competitive cyclist presented to the emergency 

department complaining of palpitations, chest pain, lightheadedness, 
and shortness of breath. He denied previous syncopal episodes or 
comorbidities. The family history was positive for premature coronary 
artery disease in his paternal grandfather; however, a history of sudden 
cardiac death (SCD) was not identified. 

The electrocardiogram (ECG) on admission showed a wide 
complex tachycardia that is displayed in Figure 1A. He was electrically 
cardioverted to sinus rhythm, but soon thereafter went into a second 
tachycardia, shown in Figure 1B. A repeat cardioversion was performed, 
followed by the initiation of intravenous metoprolol and amiodarone. 
The patient was admitted for monitoring and cardiac workup. His ECG 
in sinus rhythm was unremarkable, with normal PR and QT intervals, 
and no evidence of Q waves, epsilon waves or Brugada pattern.

Based on the ECGs what is the most likely mechanism of the 
arrhythmia?

a) Bundle branch reentrant tachycardia
b) Idiopathic right ventricular outflow tract (RVOT) ventricular 

tachycardia (VT) with variable exit site
c) Left ventricular outflow tract (LVOT) and RVOT VT, 

respectively
d) Scar-related VT
e) Supraventricular tachycardia with aberrancy 

The correct answer is d: scar-related VT.

Figure 1A shows a regular, wide complex tachycardia (WCT) with 
left bundle branch block (LBBB) pattern, inferior QRS axis, negative 
lead I, and transition at V4, suggesting a VT originated in the anterior 
and septalaspect of the RVOT.Figure 1B shows a second VT, also 
with LBBB pattern and inferior axis, but with positive lead I and later 
transition (V5), suggesting a more posterior and lateral origin in the 
RVOT1.

A transthoracic echocardiogram and a cardiac magnetic resonance 
imaging (MRI) revealed mild right ventricle (RV) dilatation and 
dysfunction, without areas of late gadolinium enhancement (LGE).
The patient underwent an electrophysiology study under conscious 
sedation guided by electroanatomic mapping (Ensite Precision, Abbott, 
St Paul, MN). A voltage map of the RV showed endocardial voltage 
abnormalities in the perivalvular region and programmed stimulation 
under isoproterenol infusion easily and reproducibly induced VT 
(Figure 1A), which was hemodynamically tolerated. Mapping of VT1 
showed earliest activation at the RVOT free wall, but the area of earliest 
activation was diffuse and pace map was poor. Ablation at this area 
resulted only in late VT termination with persistent inducibility. An 
epicardial origin was therefore suspected and percutaneous epicardial 
access was obtained. Detailed mapping in the epicardium revealed 
evidence of epicardial scar, with late and fractionated potentials at 
the basal anterior portion of the RV (Figures 2A and 2B). Both VT1 
and VT2 were inducible and a full map of both arrhythmias was 
created. Activation and entrainment mapping were consistent with 
two reentrant circuits sharing a common isthmus at the basal RV while 
exhibiting more anterior and posterior exit sites, respectively (Figures 
2C and 2D). Ablation of the isthmus site resulted in VT termination 
and none of the VTs were inducible at the end of the procedure. A 
diagnosis of arrhythmogenic right ventricular cardiomyopathy (ARVC) 
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was made based on the clinical presentation and the finding of a 
pathogenic mutation in the plakophilin-2 gene (PKP2)2. The patient 
declined implantation of an ICD, but he has remained asymptomatic 
and arrhythmia-free after more than a year since ablation.

It is known that most RVOT VTs are idiopathic and carry a benign 
prognosis, but in a minority of cases, they can be the expression of an 
underlying cardiomyopathy. When multiple RV-origin VTs are present, 
ARVC should be strongly suspected, especially if someVTs have late 
precordial transition (V5 or later)3. Electroanatomic mapping has good 
sensitivity and specificity for the detection of abnormal substrate in 
ARVC and may identify areas of scar in patients with LGE-negative 
MRI. In this case, epicardial mapping was diagnostic for reentrant VT 

and supported the clinical suspicion of ARVC2, 3.
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Figure 1: 12-lead electrocardiogram on admission.

1A. VT with exit in the anteroseptal region of the RVOT, 1B. VT with exit in the posterolateral region 
of the RVOT. 
RVOT: Right ventricular outflow tract, VT: Ventricular tachycardia 

Figure 2: Epicardial electroanatomic map

2A.Epicardial voltage map showing voltage abnormalities at the base of the RV.
2B. Late potentials (dashed white rectangle) at the base of the RV (black star in figure 2A) during 
sinus rhythm as manifestation of abnormal substrate and activation delay.
2C. Activation map and 12-lead ECG of VT1, showing a reentrant circuit with central isthmus at the 
basal RV (central dashed arrow) and exit with toward the RVOT free wall.
2D. Activation map and 12-lead ECG of VT2, showing a reentrant circuit with a shared isthmus 
(central dashed arrow) with VT1, but a more anterior and septal exit.
ECG: Electrocardiogram, RAO: Right anterior oblique (RAO), VT: Ventricular tachycardia


