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Building the core of a successful VT ablation: the 
importance of substrate location  
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Arrhythmia Department and Clinical Electrophysiology Laboratories  
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The concept of “wavefront phenomenon” 
of myocardial death 
Myocardial necrosis progresses with the 
duration of coronary occlusion, 
extending from the subendocardium 
towards the subepicardium, as to involve 
the full thickness ventricular wall. 
Coronary occlusion leads to transmural 
AMI when exceeding 6 h.  

ISCHEMIC CARDIOMYOPATHY - prerecanalization era  

Microvascular injury, 
evidenced by interstitial 
hemorrhage 

Central core of 
necrotic muscle 

Organizing necrosis  

KA Reimer, JE Lowe, MM Rasmussen and RB Jennings 
Circulation 1977, 56:786-794 

1 WITHOUT RECANALIZATION 

2 WITH RECANALIZATION 

DIFFERENT SCENARIOS 
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Jessup, M. The NEJM 2003 

Jugdutt, B. I.Circulation 2003 

1 DAY         

1 MONTH         
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Komatsu, Y.,. Regional Myocardial Wall Thinning at Multidetector Computed Tomography 
Correlates to Arrhythmogenic Substrate in Postinfarction Ventricular Tachycardia: Assessment of 
Structural and Electrical Substrate. Circulation: Arrhythmia and Electrophysiology 2013 
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The treatment group 
- a higher Cellular Response Index, P < 0.017 
- more hemorrhage within the infarct, P < 0.001; 
- a greater extent of selective myocardial cell 

necrosis, 
- a lesser extent of coagulation necrosis, P < 

0.05; 
- more patchy, nontransmural distribution of 

necrosis, P < 0.04  
- a more florid cellular response, specifically 

more macrophages, P < 0.034,  
- a reactive stromal cells, P <0.05.  

MJ Cowan HUM PATHOL 22:154-163. Copyright C 1991 

ISCHEMIC CARDIOMYOPATHY - in the reperfusion era  
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Sosa E, Nonsurgical trans-thoracic epicardial catheter ablation to treat recurrent ventricular tachycardia 
occurring late after myocardial infarction. J Am Coll Cardiol 2000;35:1442– 1449.  

39% of all mappable VTs late after inferior MI were terminated by epicardial ablation.  
 
Sacher F. Epicardial ventricular tachycardia ablation: a multicenter safety study. J Am CollCardiol 2010;55:2366–
2372.  

16% of patients with ischemic cardiomyopathy required epicardial mapping and/or 
ablation.  
 
Nakahara S. Distribution of late potentials within infarct scars assessed by ultra high-density mapping. Heart 
Rhythm 2010;7: 1817–1824  
4 of 14 patients (29%) with PI-MI and 0 of 7 patients (0%) with A-MI required epicardial 
ablation following endocardial and epicardial high-density mapping 
 
Yoshiga, Y. Correlation between substrate location and ablation strategy in patients with ventricular tachycardia 
late after myocardial infarction. Heart rhythm : the official journal of the Heart Rhythm Society, 9(8), 1192–1199. 
2012 
6 of 40 patients (15%) with PI-MI and none of the patients with A-MI required epicardial 
access after initial endocardial ablation  
 
Silberbauer, J. Noninducibility and Late Potential Abolition: A Novel Combined Prognostic Procedural End Point 
for Catheter Ablation of Postinfarction Ventricular Tachycardia. Circulation: Arrhythmia and Electrophysiology, 
7(3), 424–435. 
a combined endo-epicardial approach was used in 32 pts (21%) procedures.  

ISCHEMIC CARDIOMYOPATHY 
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Gao, P., Yee. Prediction of Arrhythmic Events in Ischemic and Dilated Cardiomyopathy Patients Referred for Implantable Cardiac Defibrillator: Evaluation of Multiple Scar 
Quantification Measures for Late Gadolinium Enhancement Magnetic Resonance Imaging. Circulation Cardiovascular Imaging, 2012 

COMPULSORY EPICARDIAL  ABLATION 
ENDOCARDIAL THROMBUS OR CALCIFICATION 

ISCHEMIC CARDIOMYOPATHY 
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The most striking morphological feature of the disease is the 
diffuse or segmental loss of RV myocytes, with replacement by 
fibrofatty tissue and thinning of the RV wall. 
 
Patchy inflammatory infiltrates can be present in areas of 
myocardial damage. 
 
Fibrofatty replacement usually begins in the subepicardium or 
midmural layers and progresses to the subendocardium.  
Only the endocardium and myocardium of the trabeculae may 
be spared.  
 
The sites of involvement can be localized and in early disease 
may show a characteristic pattern involving the basal inferior 
and anterior RV, (and the posterolateral LV). The RV apex is 
only involved in advanced ARVD/C, typically as a part of global 
RV involvement .  
RV aneurysms, and segmental RV hypokinesia are typical. 
Diffuse myocardial involvement leads to global RV dilation.  
However, the fibrofatty pattern of ARVD is limited not only to the 
RV; the disease also can migrate to the LV,with a predilection 
for the posteroseptal and posterolateral areas, with relative 
sparing of the septum 

Arrhythmogenic Right Ventricular Dysplasia  

TeRiele:JCE,2013 
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Epicardial VTs were targeted opposite normal endocardium in 10 patients 
(77%) and/or opposite ineffective endocardial ablation sites in 11 patients 
(85%). During 18±13 months, 77% of patients had no VT, with 2 patients 
having only a single VT at 2 and 38 months, respectively. 

Epicardial Substrate and Outcome With Epicardial Ablation of Ventricular Tachycardia in Arrhythmogenic Right 
Ventricular Cardiomyopathy/Dysplasia 
GARCIA . CIRCULATION 2009 

Arrhythmogenic Right Ventricular Dysplasia  
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Ablation of Ventricular Arrhythmias in Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy Arrhythmia-Free Survival After 
Endo-Epicardial Substrate Based Mapping and Ablation 
Bai. Circ Arrhythm Electrophysiol. 2011;4:478-485.  

Follow-up: 3 years  
 

 Group 1  Group 2  

Freedom from VAs or ICD therapy  
 

52.2% (12/23) 
 

84.6% (22/26) P=0.029  

 Off antiarrhythmic drugs with 21.7% (5/23 69.2% (18/26)  P=0.001 

Forty-nine patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy  

Arrhythmogenic Right Ventricular Dysplasia  
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Philips, B. Outcomes of Catheter Ablation of Ventricular Tachycardia in Arrhythmogenic 
Right Ventricular Dysplasia/Cardiomyopathy. Circulation: Arrhythmia and 
Electrophysiology, 2012 

Berruezo, A. Combined Endocardial and Epicardial Catheter Ablation in 
Arrhythmogenic Right Ventricular Dysplasia Incorporating Scar Dechanneling 
Technique. Circulation: Arrhythmia and Electrophysiology, 2012  

N° ICD SHOCKS 

Endocardial                  Endo-epicardial 
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V.V. 44 y, female, initial ARVD dilated cardiomyopathy with mild LV 
dysfunction  

 
9/2011 marked weakness during aerobic exercise -> syncope -> the ECG     
           shows VT (strip not available) -> treated with DC shock  
           Coronary angiography: normal 
           EPS:  inducibility of VT -> Endocardial ablation (RV) -> partial success 
           Discharged: Metoprolol 
 
10/2011 2 spontaneous VT episode 
 
REFERRED TO OUR CENTER 
 

 

Arrhythmogenic Right Ventricular Dysplasia  
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UNIPOLAR BIPOLAR 

ENDOCARDIAL RV EPICARDIAL RV 

BIPOLAR                     LATE POTENTIALS  

Arrhythmogenic Right Ventricular Dysplasia  
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RF 
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BEFORE RF 

REMAP AFTER RF 

Arrhythmogenic Right Ventricular Dysplasia  
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Arrhythmogenic Right Ventricular Dysplasia  
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Cardiomyopathies are traditionally defined on the basis of structural and functional 
phenotypes,notably dilated,hypertrophic,and restrictive.  

THE DILATED CARDIOMYOPATHY PHENOTYPE  
is the most common and is often viewed as a “final common pathway” of numerous 
types of cardiac injuries 
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ARRHYTHMOGENESIS IN IDCM 
- Myocardial fibrosis,myocyte disarray,and membrane abnormalities 
- Autopsy studies have shown substantial left ventricular subendocardial scarring in 33% of 
patients and patchy areas of replacement fibrosis in 57%, accompanied by increased 
perivascular fibrous tissue and perimyocytic fibrosis in the left ventricle  
- Slow conduction through muscle bundles separated by interstitial fibrosis can cause a zigzag 
path and promote reentry 
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Compared with post-MI VT, the scar tends to be smaller and less confluent, the total 
number of the transmural scar segments is significantly smaller, and with less 
endocardial involvement in nonischemic CMP. 

Delayed-enhancement MR imaging 
typically reveals nontransmural scar areas 
often distributed in the basal portion of the 
ventricular free wall or basal to midportion 
of the septum. 

Neilan, T. CMR quantification of myocardial scar provides 
additive prognostic information in nonischemic 
cardiomyopathy. JACC Cardiovascular Imaging, 6(9), 944–954. 
2013 

The LGE pattern was mid-myocardial in 52% of the 
patients, epicardial 26%, focal/insertion points in 20%, 
and diffuse in 2%. 
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28 Early-Cardiomyopathy: LV volume: normal or mildly dilated, EF >45% 
59 Dilated-Cardiomyopathy, LV volume: moderate or severe dilatation, EF <45% 

Patients were categorized as predominant Anteroseptal or Inferolateral scar type based on the majority 
percentage of endocardial segments (eight segments each) displaying a unipolar scar voltage less than 8mV, 
excluding the apex.  

Oloriz, T., Silberbauer, J., Maccabelli, G et al. Catheter Ablation of Ventricular Arrhythmia in 
Nonischemic Cardiomyopathy: Anteroseptal Versus Inferolateral Scar Sub-Types. 
Circulation: Arrhythmia and Electrophysiology, 7(3), 2014 
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ANTEROSEPTAL SCAR PATTERN 

INFEROLATERAL SCAR PATTERN 

Left inferior axis 
(positive predictive value, 100%) 
 
 
 
 
 
 
 
 

VT morphology:  
 
 
 
 
 
 

Right superior axis 
(positive predictive value, 89%) 

Infrequent 
(11% versus 74%; 
P<0.001) 
  
 
 
 
 
 

Late potentials 
 
 
 
 
 
 
 

Common  
(81% versus 4%; P<0.001)  
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AS-ECM 100% 
AS-DCM 100% 

IL-ECM 20% 
IL-DCM 67% 

AS-ECM 0% 
AS-DCM 15% 

IL-ECM 100% 
IL-DCM 100% 

AS-ECM 17% 
AS-DCM 13% 

STRATEGIC PLANNING 
LEFT INFERIOR VT AXIS – AS PATTERN – ENDOCARDIAL ABLATION 
RIGHT SUPERIOR VT AXIS – IL PATTERN – ENDO-EPICARDIAL ABLATION 

 VT recurrence free survival 

 Redo VT ablation free survival 

ADDITIONAL CLUES 
The higher proportion of anteroseptal patients 
fulfilling diagnostic criteria for DCM in our data may 
related to more extensive endocardial scarring and 
common intraventricular conduction delay, frequently 
as a left bundle branch block pattern, causing LV 
dyssynchrony and dysfunction, leading to a worse 
prognosis  
  
 
 
A high proportion of inferolateral patients with or 
without LV dysfunction had a clinically suspected 
myocarditis supporting the possible role of viral 
infection in this subgroup 
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Frequent pattern in IDCM 

               LV  bipolar                                   LV unipolar                                   EPI bipolar 
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2000      coronary angiography - critical stenosis CX treated with PTCA +STENT 
2001      coronary angiography - critical stenosis proximal LAD treated with PTCA 
 +STENT 
5/2012 VT (LBBB, inferior axis) treated with Amiodarone later discontinued due   to 
iatrogenic hyperthyroidism 
               Coronary angiography: no critical stenosis EF 50% 
 MRI :septal and basal-lateral intra-myocardial DE  
 Dual chamber ICD 
July 2012 Arrhythmic Storm with recurrent clinical VT. AA drugs ineffective  
 ECO normal diameters of the LV septal and posterior hypokinesis, normal EF 
 ADMITTED TO OUR CENTER 
 1 -Endocardial ablation 
 Early recurrences 
 2 - Endo-epicardial ablation: VT interruption  
3/2013 Arrhytmic storm (40 ICD shock) 
 ADMITTED TO OUR CENTER 
 3 - Endocardial ablation multiple RF explication (50-60W with multiple pops) 
    Final EPS: non inducible 
 Early recurrences – Clinical stability -Amiodarone, Metoprolol, 
 Tiamazole 

CASE 4 Never Ending Story – S.V. 78 yr old, male 

Pseudo Δ >34 msec. 

Intrinsecoid deflection time ≥ 85 msec. 

Shortest RS complex≥ 121 msec. 

VT1 

EPICARDIAL ORIGIN 

Bipolar 
Bipolar 

Unipolar 
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RADIOFREQUENCY ENERGY 

D’Avila et al Circulation, 2004  

Moreno, J. JCE in press 

ENERGY CAPABILITIES TO CREATE LESION: THE STUMBLING BLOCK 
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RADIOFREQUENCY ENERGY 

Moreno, J. JCE in press 

ENERGY CAPABILITIES TO CREATE LESION: THE STUMBLING BLOCK 

HINT 
INCREASE THE ENERGY ?? 



HSR - MILANO Berte, Circulation 2014 

MRI data before and after sixth ablation procedure.  
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Bipolar ablation 
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Koruth JS, Dukkipati S, Carrillo RG, Coffey J, Teng 
J, Eby TB, Reddy VY, D’avila A. Safety and efficacy 
of High-Intensity focused ultrasound atop 
coronary arteries during epicardial catheter 
ablation. Journal of Cardiovascular 
Electrophysiology. 2011;22:1274-1280 

Alternative energy delivery modalities 
Sapp JL, Beeckler C, Pike C, Parkash 
R, Gray CJ, Zeppenfeld K,  Kuriachan 
V, Stevenson WG. Initial human 
feasibility of infusion needle 
catheter ablation for refractory 
ventricular tachycardia. Circulation. 
2013;128:2289-2295. 

Koruth JS, Dukkipati S, Miller MA, Neuzil P, D’Avila A, Reddy VY.  
Bipolar irrigated radiofrequency ablation: a therapeutic 
option for refractory intramural atrial and ventricular 
tachycardia circuits.  
Heart Rhythm. 2012;9:1932–1941. 

Neven, K., van Driel, V., van Wessel, H., van 
Es, R., DOEVENDANS, P. A., & Wittkampf, F. 
(2014). Epicardial linear electroporation ablation 
and lesion size. Heart Rhythm 11(8), 1465–
1470.  
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Thanks for your attention 

Merci pour votre attention 
Danke für Ihre Aufmerksamkeit 

спасибо для вашего внимания 

感謝您的注意 

Gracias por su atención 

당신의 주의를 위한 감사합니다 
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BASAL ECG  

CLINICAL VT  

Echo: LVEF 20%, extensive scar of the inferior 
IV septum and inferior wall, hypokinesis of the 
other walls,  

ENDO ENDO/EPI 
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LV ENDO        BIPOLAR VOLTAGE MAPS       EPI LP MAP              EPICARDIAL SURFACE    BIPOLAR MAP 
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ENDO ENDO/EPI 

R
F
…
…
…
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Komatsu, Y.,. Regional Myocardial Wall Thinning at Multidetector Computed Tomography 
Correlates to Arrhythmogenic Substrate in Postinfarction Ventricular Tachycardia: Assessment of 
Structural and Electrical Substrate. Circulation: Arrhythmia and Electrophysiology 2013 
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