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!  Post-ischemic cardiomyopathy 

! VT related to Myocarditis 

!  Arrhythmogenic right ventricular dysplasia 

! Idiopathic dilated cardiomyopathy, inferolateral 
vs anteroseptal scar 

Indica8ons)to)epicardial)mapping)and)abla8on:)
Are)there)news?)



860)VT)abla8on)procedures)in)683)pts)
in)the)seLng)of)structural)heart)disease)Jan)2010Q)Sept)2015)

)
Rate)of)epicardial)approach/abla8on)procedures)according)to)VT)e8ology)

19% 46% 92% 67%
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Epicardial/endocardial approach according to VT etiology 
 



Epicardial approach as a first line strategy according to VT etiology 
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CARDIOMYOPATHIES 
158 

HCM 

5 familial  forms 
 

2 Neuromuscular 
disease 

DCM 

 
21 Clinically 
suspected 
Myocardits 

… 

ARVC 

27 familial forms 

RCM 

1 Fabry  
disease 

 
1 Rheumatoid 
Still’s disease 

 
 1 Sarcoidosis 

Unclassified 

 
4 Non-compaction 

1 Lamin A/C 
 

160  
I s c h e m i c 
cardiomyopathy 

16  
Valvular   
disease 

4   
Hypertensive 
cardiomyopathy 

7  
Congenital 
disease 

116 NICM STUDY POPULATION 
87 patients (CARTO) 

29 Navx procedures 
excluded  

(not unipolar map 
available) 

Methods 
Total population (345 patients) 
January 2010-December 2012  
OSR 

Different arrhythmic substrates in NIDC patients 



28 Early-Cardiomyopathy 
LV volume: normal or mildly dilated 
EF >45 
 

59 Dilated-Cardiomyopathy 
LV volume: moderate or severe dilatation 
EF <45 
 

6 
Anterosepta
l ECM 

22 
Inferolateral 
ECM 

38 
Anterosepta
l DCM 

21 
Inferolateral 
DCM 

Methods((

The endocardial LV EAM was segmented using the standardized 17-segment 
model with the aorta, mitral valve annulus and apex as references.   
 
Patients were categorized as predominant Anteroseptal or Inferolateral scar type 
based on the majority percentage of endocardial segments (eight segments each) 
displaying a unipolar voltage less than 8mV, excluding the apex.  



Results.)Unipolar)scar)distribu8on)in)the)17)segment)model.))



ENDOCARDIAL)ELECTROANATOMIC)MAP)
ANTEROSEPTAL)SCAR)PATTERN)

EPICARDIAL)ELECTROANATOMIC)MAP)
INFEROLATERAL)SCAR)PATTERN)

VT morphology:  
Left inferior axis 

VT morphology: Right 
superior axis 

Sinus rhythm:  
narrow QRS  

Sinus rhythm: complete 
AV block  



Results)



ECG)–)ANTEROSEPTAL)SCAR)PATTERN)

ECG)–)INFEROLATERAL)SCAR)PATTERN)

SR)ECG)and)VT)morphology)as)predictors)of)scar)pa\ern)

Results 



 VT recurrence free survival 

Non-ischemic cardiomyopathy. Outcome post VT ablation.  

 Redo VT ablation free survival 



26 patients (mean age 47.5 yy)  
Preserved systolic function (median LVEF 54.5%, range 40-65%)  
Previous Myocarditis: (Biopsy proven 7/26 pts). 

• Endocardial EAM 
  -Low voltage bipolar scar (0,5-1,5 mV) in 1 segment / 1 pt 
  -No LPs 
 
• Epicardial EAM 
   -Bipolar border zone scar (cutoff value 1 mV) : 14/19 pts  
       " in 12 correspondence with LE imaging (Sensitivity 63.2%) 
   -Bipolar border zone scar (cutoff value 1,5 mV): 16/19 pts  
       " in 14 correspondence with LE imaging (Sensitivity 73.7%) 
       " Segment per segment corrrspondence with LE: 39.8% 
   -Unipolar scar correspondence with LE imaging in 18/19 pts (Sensitivity 94.7%) 
      " Segment per segment correspondence with LE: 66.2% 
    - LP: 15/19 pts (78.9%) 

 
 

Increased 
sensitivity 

 
• Sustained VTs: 24/26 pts 
• Non tolerated VTs: 13/26 pts 
• PVCs and NSVTs: 2/26 pts 
• ICD: 8/26 pts (3/8" ES presentation) 
• IMAGING:  

-MRI" 19 pts 
-CT scan"7 pts 
-MRI+CT scan" 1 pt 

A detailed subset analysis focused on segment per segment correspondence of LE scar localization with EAM was 
undertaken in 19 pts with endocardial and epicardial uni/bipolar voltage maps. (MRI in 15 pts, CCT in 4 pts). 

The majority of patients had scar localizing to the basal-mid inferolateral walls 



Correla8on)between)MRI)Extension)and)
Electroanatomical)Mapping)Scar)Thickness:)

)

!  Accuracy of endo unipolar mapping in providing 
identification of epicardial substrate is related to 
the thickness of scar area (80% of segments 
with midwall LE versus 44.4% of segments with 
subepicardial LE)  

!  Accuracy of Bipolar Epicardial mapping dense 
in providing scar identification was also related 
to the tickness of scar tissue and to the voltage 
cut-off (sensitivity in detection of subepicardial 
scar from 22.2% to 77.8%).  

!  Epicardial unipolar scar was the most accurate 
in identification of subepicardial scar (100% of 
segments) 



Targets for substrate modification: 
-Epi LPs: 30/43 (70%)  

 Epi LPs  complete abolition after ablation: 20/43 (46%) 
  Epi LPs incomplete abolition after ablation: 10/43 (23%) 
  Overall absence of substrate / LPs: 13 (30%)  
   -Endo: 3 (7%) 
   -Epi:10 (22%) 
 

• BaselineVT Inducibility: 27/43 (61%) 
-Activation mapping of VT: 21/27 pts(78%) 
- Overall LP absence: 7/27 pts (26%) 
-Epi LP presence: 20/27 pts (74%) 

 "abolition: 14/20 pts (70%) 
 "limited  (coronary, phrenic nerve): 6/20 pts (30%) 

Ablation Strategy: 
-Primary endpoint: Late/fragmented potentials abolition 
-Secondary endpoint non inducibility of VT 

•  First line Endo-epicardial EAM: 40 (93%)  
•  Endocardial EAM: 3 (7%) – endo ablation 2 (basal EP 

study" morphology consistent with septal VTs) 

Abla8on)of)VT)in)the)seLng)of)previous)myocardi8s:)43/639)pa8ents)(7%))

Age, years, M±SD 62±14 

Male, N, % 42 (98%) 

LVEF, %, M±SD 37±15 

ICD, N, % 23 (53%) 

Electrical Storm, N, % 5 (11%) 

Imaging, N, %: 
• MRI 
• CT 

 
25 (58%) 
6 (14%) 



VT)Abla8on)in)the)seLng)of)previous)myocardi8s:)43)pa8ents)(2010Q2015))

No major CA-related complications 

N=43 

Inducible Patients 

N=27 (62%) 

Non Inducible Patients 

N=16 (37%) 

Endo 

N=2 

Endo-Epi 

N=25 

No LP 

N=2 

No LP 

N=5 

Epi LP 

N=20 
LP 

N=10 

Endo-Epi 

N=15 
Endo 

N=1 

No LP 

N=5 

No LP 

N=1 

No abl 

N=1 

Complete 

N=14 

Limited 

N=6 

No 
=5 

Yes 
=1 

No 
=13 

VF 
=1 

No 
=4 

Yes 
=1 

No 
=1 

VF 
=1 

Complete 

N=6 

Limited 

N=4 

PVC abl 

N=1 

No abl 

N=4 

Pre 
=1 

Post 
=1 

Pre 
=3 

Post 
=1 

Pre=8 
Post 
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Post 
=1 

Pre 
=0 

Post 
=1 

Pre=
3 

Pre=
4 

Post 
PVS  =1 Pre 

=4 
NO 

VT map 

N=2 

VT map 
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• Appropriate ICD therapies related to VT recurrences: 15/43 (35%) 
"ATP: 5 (12%) 
"ICD shock: 6 (14%) 
"ES:   2 (5%) 
"REDO procedures: 5 pts (12%) 
- amio-related thyrotoxicosis=1 
-Hypokalemia=1 

VT recurrences 

Median follow up in 43 pts: 23 (3-62 months) 

ICD pre-ablation=23 ICD post-ablation=6 

(pre discharge positive 
PVS=2) 

No ICD at discharge=14 

None=17 NIPS=6 

Pre-discharge 
PVS=9 

Refused 3-mo 
PVS=6 

3-months PVS=8 

VT Non 
inducible =5 

VT inducible 
=1 

VT Non 
inducible =5 

VT/VF 
inducible =3 

Late ICD=3 

VF in 
hypokalemia=1 

VT Rec=0 VT Rec (ICD 
shock)=1" CA redo 

VT Rec=0 VT rec=1" 
1CA redo  

no further  VT 
Rec 

Single ATP=4" AAD               
ES=1"CA redo                  
Single ICD shock=3 " AAD 

Late ICD=1 

(LVEF 30%) 

Single ATP=1"AAD               
ICD shock=2" redo                     

ES=1 " PVS negative 



Acosta J; Heart Rhythm 2015  

90 patients (92.2% men; mean age 67.4 ± 9.8 years) undergoing VT 
substrate ablation 
IT was assessed by  

 contrast-enhanced MRI (LE ≥75% of the wall thickness in ≥1 segment) 
  
 Echo (dyskinesia/akinesia + hyperrefringency + wall thinning)  
 CT scan (wall thinning) 
 SPET (transmural necrosis) 

“scar dechanneling” technique 

No) differences) in) ) acute) noninducibility) rate)
were) observed) between) groups:) 29) pa8ents) in)
group)1)(85.2%),)22)pa8ents)in)group)2)(91.6%),)
and)24)pa8ents)in)group)3)(75%)))



! Endocardial bipolar dense scar area ≥ 7cm2 was the best predictor of the presence of epicardial 
LPs  

(sens: 0.88 – spec: 0.67). 

 

! Endocardial bipolar dense scar area ≥ 38cm2 predicted the presence of epicardial LPs with a 
specifity of 100% 

 

Clinical)and)mapping)characteris8cs)predic8ng)presence)of)epicardial)LPs))

Study population: 100 pts with post-MI VT 
Anterior: 36 pts,inferolateral: 64 pts  
Epicardial mapping: 26 pts 

Electroanatomical Voltage and Morphology Characteristics in Post-Infarction 
Patients Undergoing Ventricular Tachycardia Ablation: A Pragmatic 

Approach Favoring Late Potentials Abolition 

Tsiachiris D; Circ Arrhythm Electrophysiol. 2015  
 



Philips B; Heart Rhythm 2015 

VT)abla8on)in)ARVC)pa8ents:)results)

Single-center study 
30 ARVC pts  undergoing endo-epicardial mapping  
Previous endo failed ablation in 50% of pts 
8 patients (27%) experienced VT recurrence (mean FU 19,7±11,7 months) 
 
VT burden significantly decreased among all patients 

70%  



 Effusion 4.5% 7 %-§ 
- 

 3.1% 8.8% Effusion: 6.7% - 

- 
4.1% 

Tamponade: 

3.7% 
7.8% 

   

Pts) Minor)
complica8ons))

Pericardial)Effusion/)
Tamponade)

Major)complica8ons) Death)

Della)Bella)P.)Circ)Arr)EP.)2011)

Sacher)F.,)JACC)2010)

Tung)R,)Heart)Rhythm))2013)

134 
RV puncture: 17% 

Pleural  lesion 1.5% 

-§: related  to epicardial  approach 

222 

56 (57 proc) Sarkozy)A.,)Circ)Arrh)Electrophysiol,)2013)

8 pts- 14% 

4  Minor (<200 
ml) pericardial 

effusion, 3 
tamponade 

1 fatal 
pulmonary 
embolism  

2 cardiogenic 
shock after 
intraprocedure 
ES 

 

95 

Complica8ons)in)epicardial)VT)abla8on)



Complica8ons of Epicardial Approach-OSR experience 
Jan 2010- Sept 2015 
 
345 procedures (11 failed percutaneous puncture; 5 surgical approach) 
 

Patients, N 

In Hospital Outcome 

Abdominal Haematoma (subdiafragmatic damage) 
Cardiac Tamponade requiring surgery 
Cardiac Tamponade requiring drainage 
Retroperitoneal Haematoma 
Phrenic nerve Injury (without sequelae) 
Coronary artery damage 
Liver damage 
Stroke 
Pericarditis (anti-inflammatory agents) 
 
 
In Hospital death (complications after surgery for tamponade) 
              

2 
3 
2 
1 
3 
0 
1 
0 

20 
 
 

1 (0.2%) 

Major complications related to epicardial approach/ablation : 3,4% 
Transient pericarditis: 5.8% 



CONCLUSION)

! Epicardial approach is useful and efficient in 
many types of non-ischemic VT etiologies and 
can be considered at first line ablation 
attempt 

 
! Imaging provides a substantial guide to drive 

decision in specific settings (post-MI; IDCM) 

! The whole safety profile of epicardial 
approach is high, provided a proper physician 
training and a specific operative network to 
deal with complications 


