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Idiopathic Ventricular Tachycardia 
Ventricular Tachycardia (VT) 

   90% with structural heart disease: ischemic heart disease, congenital heart disease, valvular dysfunction and 
myocardial dysfunction 

  10% without structural heart disease (idiopathic) 

 

“Idiopathic”, absence of clinically apparent structural heart disease 

Two main groups 

  Outflow tract  vs  Idiopathic Left ventricular VT (fascicular) 

 

Usually presents in younger patients 

Generally good prognosis, but sometimes remarkably disabled, tachycardia induced CMP, ventricular dysfunction 



Origins of idiopathic VT, multiple anatomic lesion 

Right Ventricle origin: ⅔ 
 

Outflow tract (Lt, Rt): 50% 

Left fascicular system: 7~12% 

Mitral, tricuspid annulus 

Papillary muscle 

Moderate band 

Cardiac crux 

Epicardial origin 

 Schreiber. Curr Cardiol Rep 2010 



Outflow tract VT (OT VT) 
More than half of idiopathic VT 

RVOT origin: 70% 

 

Typically young to middle-aged patient 

Trigger: caffeine, emotional stress, exercise (recovery period after 

exercise), hormonal flux in women 

Circadian variation with morning and later afternoon peaks 

 - sympathetic activity and circulating catecholamine 

Generally benign clinical course 

J Cardiovasc Electrophysiol. 2013 Oct;24(10):1189-97 



Mechanism 
Ca dependent, Cyclic adenosine monophosphate (cAMP)-mediated delayed 

afterdepolarizations (DADs), Triggered activity 

 

β-adrenergic receptor stimulation, cAMP increase 

  intracellular Ca↑ and DADs, triggering OT VT 

 

Terminated with adenosine, verapamil, β-blocker 

  interfere with cAMP-mediated Ca flux 

delayed afterdepolarizations  



Signal transduction schema for initiation and 
termination of cAMP-mediated triggered activity 

Lerman B. Heart Rhythm 2007;4:973–976 
AC = adenylyl cyclase; ACh = acetylcholine; ADO = adenosine; A1R = A1-adenosine receptor; β-AR = β-adrenergic receptor; CCB = calcium channel blocker; 
DAD = delayed afterdepolarization; Iti = transient inward current; M2R = muscarinic receptor; NCX = Na/Ca2 exchanger; PLB = phospholamban; PKA = protein kinase 
A; RyR = ryanodine receptor; SR = sarcoplasmic reticulum. 



Mechanism, Heterogeneity 

Perivalvular muscle, anatomically predisposed to fiber disruption 

Proximity to epicardial fat pad containing ganglionated plexuses 

 

Outflow tract heterogeneity 

 



Outflow tract (OFT) embryological heterogeneity 

Boukens. CircRes2009 

Fgf10 gene (+) 2nd 

heart field, not 

contribute to LV 

RV, fast conduction and rapid 

contraction 

OFT, slow conducting 

OFT, Cx43 
expression (-) 

OFT, Cx40 
expression (-) 

OFT, Tbx2, 
expression (+) 

Tbx2, suppress 

working myocardium 

differentiation of OFT 

Cx40, Cx43: differentiate into 

working myocardium & initiate 

expression of genes permitting 

fast conduction  



RV outflow tract origin 

70% of OT VT, Female predominance, twice times than male 

LBBB pattern, inferior axis QRS morphology 

Anteroseptal RVOT: adjacent to LV epicardium near Ant. interventricular vein - The majority of RVOT-VT originates  

Posteroseptal RVOT: overlies right coronary cusp 

Mid-septal RVOT PVC 

PVC, precordial transition: V4, 

later than sinus QRS: V3/4 

Curr Probl Cardiol. 2013 Apr;38(4):131-58 



F/38. Syncope with chin laceration & Palpitation 

PVC triplet 
LBBB pattern, Inferior axis QRS morphology 

Sustained VT with Syncope 



EP study & RFCA for RV outflow tract VT 



LV outflow tract/Aortic cusp origin 

10%-15% of idiopathic VT originates 

Rt. coronary cusp: just superior to His bundle, Noncoronary cusp: close to the AV junction 

Base of Lt. and Rt. Coronary cusps lies in direct contact to ventricular myocardium 

LV muscle fibers may extend into aortic root, serving as source of these PVCs (arrhythmogenic substrate) 

Noncoronary cusp does not directly contact ventricular myocardium, ventricular arrhythmias are rare 

Rt. coronary cusp PVC 

PVC, precordial transition, V3: 

earlier than sinus QRS 

Monophasic R wave in lead I 

Curr Probl Cardiol. 2013 Apr;38(4):131-58 



Fascicular VT 
7~12% of idiopathic VT 

Arise from fascicles of Lt. bundle branch 

Usually paroxysmal nature, occurs with exertion 

 

Lt post. fascicular VT:  most common, narrow RBBB pattern, Lt. superior QRS axis 

Lt ant. fascicular VT: RBBB pattern, Rt. inferior QRS axis 

 

Verapamil-sensitive fascicular tachycardias 

Young adulthood with slight male preponderance 



Yan Yao, Left Fascicular VT 



Mechanism 

Shim, Arrhythmia 2015 Pre-Purkinje potential (pre-PP, P1), Purkinje potential (PP, P2) 

Macro-reentry using  

  Anterograde limb: Abnormal Purkinje tissue with decremental 

property  

  Retrograde limb: Lt. posterior (or less commonly anterior) 

fascicle  

   



Papillary muscle VT 
7% of idiopathic VT 

Focal arrhythmia, non-reentrant mechanism 

Usually exercise-related, catecholamine sensitive, may be induced by isoproterenol or epinephrine or burst 
pacing, not programmed stimulation 

 

In RV, any of the 3 papillary muscle may be the site of origin 

In LV, Posteromedial PM origin > Anterolateral PM origin 

RBBB, superior QRS axis, more wide QRS than other ILVT 

Do not show diastolic potential during sinus rhythm or VT: Not involved Purkinje network 

Multiple VA QRS morphologies, 47%, ablation on both sides of PM is required in some patients 

2017 AHA/ACC/HRS Guideline. Circulation. 2018;138:e272–e391 



Fascicular vs Papillary muscle VT 

Initial Q waves in leads I, aVL qR pattern or monophasic R  
wave in lead V1 

Zipes. Cardiac electrophysiology 



Bundle branch reentrant tachycardia 



Mechanism of bundle branch reentry 

Purkinje system under 

simulated temporal 

conduction block in the Rt. 

Purkinje branch 

Excitation goes from the LBB to the 

septum, up the RBB, toward the LBB, 

where it runs into the previous excitation 

wave 



Intracardiac recording 

His activation precedes ventricular depolarization 

 

H-H interval change precede V-V interval change 

 

H-V interval during BBR > H-V interval during sinus 



Purkinje fibers and arrhythmogenicity 
Purkinje fiber (PF), compared other ventricular myocardium 

  Action potential propagate three times faster, faster upstroke velocity, larger amplitude, much longer action potential 
duration and refractoriness 

  More early afterdepolarization occur, attribute inward Ca currents 

  Ion currents and ion-channel expression differ, associated with different Ca handling 

   

Gating mechanism 

  At the end of MB-RV free wall junction (subendocardial ventricular plexus) 

    Longest action potential 

  Distal sites collectively act limiting segment or “gates” for passage of PVC between specialized conduction system and 
ventricular muscle 



Moderate band, arrhythmogenicity 
Rich autonomic ganglia innervation of the Moderate band (MB) 

  lead to significant changes in overall myocardial conduction velocity and 
refractoriness 

 

Particularly during bradycardia and ventricular filling ↑ 

→ MB predisposed to mechanical stretch 

 

Gating mechanism failure of MB 

 

LBBB morphology  with Lt. superior QRS axis, Relatively narrow QRS width 

Late precordial transition pattern, typically after V4 

Always, transition later than sinus QRS 
Sadek et al. Heart Rhythm2015 



Moderate band origin VT 

Sadek et al. Heart Rhythm2015 



Tricuspid annular VT 
5~8% of idiopathic VT 

  septal portion (74%), free wall (26%) 

 

LBBB pattern 

ECG, similar to RVOT VT 

But R or r pattern in lead I, aVL 

 



Mital annular VT 
5% of idiopathic VT 

Posterosuperior portion (58%), paraseptal area (30%) 

 

RBBB pattern 

Anterior mitral annulus origin, common (proximity to AMC) 



Cardiac crux origin 
Epicardial location near junction of middle cardiac vein 

and coronary sinus 

 

ECG, Lt. Sup. axis QRS morphology with an early 

precordial transition and delayed intrinsicoid deflection 

 

The earliest activation, middle cardiac vein or proximal 

coronary sinus 

Curr Probl Cardiol. 2013 Apr;38(4):131-58 



Epicardial origin VT 
10% of idiopathic VT 

 

At the LV summit, arise in close proximity to coronary venous 

system 

In precordial leads (so-called slurring) 

  Longer interval from QRS onset to earliest maximal 

deflection  

Consistent with late access of the wave front to the epicardial 

Purkinje system 



Epicardial origin VT, “Transition break”  
“Transition break”  signifying epicardial 

PVC origin 

V1, monophasic R-wave 

V2, RS 

V3, monophasic R-wave 

Lead I, QS 

Curr Probl Cardiol. 2013 Apr;38(4):131-58 



Thank you for your attention 
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