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Kaplan-Meier curve: freedom from any sustained VT
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Substrate and Ablation of VT 
Complicating ARVC

• Anatomic substrate - perivalvular fibrosis - anatomy defined by 
bipolar voltage mapping – free wall > septum
– Epicardial changes may be > than endocardial 

• VT circuit / site of origin is in perivalvular low voltage areas and 
12 lead ECG of VT will be consistent with those locations

• Endocardial ablation can eliminated most VT - Targets:
– Mappable VT – Entrainment criteria
– Unmappable VT  

• Anatomic substrate defined with pacemaps to regionalize  
then lines extending to the valve annuli

• Other options =target late potentials/channel mapping 
• Epicardial mapping and ablation may be needed - lack of success 

with endocardial ablation/ECG clues
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Marchlinski et al Circulation 2004



Endocardial VT Ablation – Tolerated VT –
Target critical Isthmus
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Pathology Photo courtesy of Dr. William Stevenson
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Pacing from the mapping catheter to identify 
reentry circuit sites:  distinguishing “local” 

signals from “far-field” signals

Far-field

Local

Far-field signal 
visible and separate 
from pacing stimulus

Local signal 
obscured during 

pacing with capture

Use of the PPI assumes
that the electrogram 

selected for measurement 
indicates activation at the 

pacing site.



Entrainment mapping
ISTHMUS

– Concealed
– PPI = TCL + 30ms or S

-QRS = EGM-QRS +2
0ms

INNER LOOP
– Concealed
– S-QRS > 70% TCL

OUTER LOOP
– Manifest Fusion
– PPI = TCL + 30ms

ADJACENT BYSTANDER
– Concealed
– PPI – TCL >30ms

PPI

Entrance

Exit

Scar

Pacing site

Bystander

Outer Loop Stevenson et al. JACC 1997

Inner Loop

S-QRS = 51-70% TCL

S-QRS = 30-50% TCL

S-QRS < 30% TCL





For hemodynamically unstable VT-
pacemapping and substrate modification



 Pacemap match with long stimulus to QRS
 Conducting channels – Conducting 

myocardium surrounded by unexcitable 
myocardium/double potentials/High bipolar 
voltage surrounded by lower voltage (Soejima et 
al Circulation 2002, Arenal.. Almendral et al 
Circulation 2004, Hsia et al Heart Rhythm 2006, de 
Chillou Circulation 2002 )

Sinus Rhythm Clues For Identifying Isthmus
(“Dissecting Out The Border Zone And Dense Scar”)





AP

Electrically unexcitable scar (EUS)  to identify channel :  
Unipolar Pacing threshold > 10 mA; pulse width 2 ms

EUS

Soejima et al  Circ 2002;106:1678

EUS:  threshold > 10 mA

Excitable Sites

Courtesy of William Stevenson

EUS-EUS  16

EUS- annulus  3

EUS- low voltage  1
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Infarct-related 
Cardiomyopathy

Color Range: 0.5-1.8 mV

RBRS VT

IsthExitOL

RBRS VT

Left lateral

Exit

Isth

Color Range: 0.1 – 0.4mV

Channels Of Conductions in Patients with 
Tolerated VT - Adjust Color Range of Voltage 
Map (High Voltage surrounded by Low Voltage)

Hsia et al  Heart Rhythm 2006



Inferior-basal
Myocardial Infarction

RBRS VT

Posterior
Lateral

exit
isthmus
entrance

LP- LP+

Hsia et al HRS 2006

LP+
LP+

Late electrograms in 
baseline rhythm usually 
present and longest in the 
Isthmus of well tolerated VT

Late Potentials in Baseline Rhythm Near (within1.5 cm ) VT 
Circuit (29 Tolerated VTs)
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Hsia et al 
HRS 2006



VT ECG #2

VT ECG #3

VT ECG #1

VT ECG #4

VT ECG # 5

Channel

Unexcitable

0.5 -1.5mV

0.5 mV

Ablation of  Unmappable VT- “Best Approach”?

Late potential

Long St- QRS

Pacemap match



 Pacemap match with long stimulus to QRS
 Conducting channels – High bipolar voltage 

surrounded by lower voltage /unexcitable 
myocardium and barriers (Soejima et al Circulation 
2002, Arenal..,Almendral Circulation 2004, Hsia et al Heart 
Rhythm 2006, de Chilliou Circulation 2002)

 Late potentials (Arenal JACC et al 2003)

Sinus Rhythm Clues For Identifying Isthmus
(“Dissecting Out The Border Zone And Dense Scar”)

Sites with slow conduction channels





Jaïs P et al. Circulation. 2012;125:2184-2196



Eur Heart J, 2002; 23: 1131–1138
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Goal of this ablation strategy:

☞ covering entire scar with ablation lesions
targeting abnormal electrograms
(i.e., abolition of all abnormal potentials)

☞ In the first 10 patients, pacing was performed
at high output (up to 20 mA with a pulse 
duration of 10ms) from within the ablation 
area, but capture was not seen 









Berruzo et al. Circ Arrhythmia Electrophysiol 2015; 8:326-336

• E-DCs (electrograms with 

delayed components)

• Entrance

E-DC with the Shortest delay

between the far-field 

component of  healthy/BZ 

muscle and local component

(delayed, high frequency, 

usually fractionated and low

voltage)















Recurrent VT/VF episodes

2015-12-222015-10-04



VT conversion to VF

Termination with cardioversion (200J)



Epicardial local signals
• Late Potentials in RV inferolateral and anterior wall 

(dark blue dot)



Epicardial ablation
• Ablation site: RV basal inferolateral and anterior epicardium 

(dark red dot)









Stevenson
Berruezo

Marchlinski

Haïssaguerre

Natale

As a result, the same!
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