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Anatomy of LV summit 

Card Electrophysiol Clin 8 (2016) 99–107 
Circ Arrhythm Electrophysiol. 2013;6:e80-e84 



Anatomy of LV summit 

McAlpine, Heart and Coronary Arteries, Springer-
Verlag, Berlin - Heidelberg, 1975  



Approach to LV summit 
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1. Epicardium 
-GCV/AIV 
-Epicardial Access 
2. LCC 
3. LV endocardium 
4. Septal branches 
5. RVOT 
6. LAA 
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McAlpine, Heart and Coronary Arteries, Springer-
Verlag, Berlin - Heidelberg, 1975  



ECG characteristics of LV summit 

 RBBB with inf axis 
 III/II ratio >1.25 
 aVL/aVR ratio >1.1 
 Early transition zone (V2 or V3) 
 S waves in V5 or V6 
 QS pattern in lead I  

 30% of patients 
 “pattern break” in V2 

 Abrupt loss of R wave in V2 followed by 
return of R wave in V3 



Berruezo A et al. Circulation 2004 

Failed endo Failed endo Success endo 
 Predictors of failure of 

an endocardial VT 
ablation 
 Pseudodelta wave ≥ 34 ms  
 Intrinsicoid deflexion time 

≥85 ms  
 Shortest RS interval 

≥121ms 
 QRS duration ≥211ms 



 Q-wave ratio of >1.85 in 
aVL/aVR  

 R/S ratio of >2 in V1 
 absence of q waves in 

lead V1 

Santangeli P et al. Circ AE. 2015;8:337-343 

Appropriate candidates for 
epicardial ablation 



Mapping and ablation of LVS VA 

Coronary sinus and GCV/AIV  
Coronary cusps  
LV endocardium below the LCC  
RVOT 
Percutaneous epicardial approach 
Surgical approach 
Others  



Mapping the coronary sinus and GCV/AIV 

Enriquez A, Garcia F et al. Heart Rhythm 2017;14:141–148 

• 4Fr quadripolar 
catheter (Inquiry, St. 
Jude Medical, St. 
Paul, MN) 

• 4Fr hydrophilic 
coated catheter 
(Glidecath, Terumo 
Somerset, NJ) 

• 0.14-inch, 175-cm 
wire(Visionwire, 
Biotronik, Berlin, 
Germany 



Ablation at the GCV/AIV 

Enriquez A, Garcia F et al. Heart Rhythm 2017;14:141–148 



Limitations for ablation within the GCV/AIV  

 Difficulty in advancing the ablation catheter to the site of 
interest  

 Inability to achieve adequate power because of 
impedance or temperature raise  

 Proximity to coronary vessels 
 RF ablation is not recommended within 5 mm of a coronary 

artery visualized in at least 2 fluoroscopic projections 
 Stepwise incremental of RF energy if possible (target 

20–40W) is recommended 



Mapping the coronary cusps  



Mapping the LV endocardium below the LCC  

Enriquez A, Garcia F et al. Heart Rhythm 2017;14:141–148 



Abularach MEJ, Marchlinski FE  et al. Heart Rhythm 2012;9:865– 873 



Successful endocardial ablation Endocardial ablation failure 

Nagashima K, Stevenson WG et al. Circ AE 2014;7:906-912 



Mapping the RVOT  

Enriquez A, Garcia F et al. Heart Rhythm 2017;14:141–148 
Ho SY. Anatomy for Cardiac Electrophysiologists 



RVOT and coronary artery 

#43480401 



Epicardial ablation at LVS 
 Radiofrequency delivery on 

the epicardium was 
attempted only in 14 (61%) 
patients;  

 in the remaining 9 (39%) 
cases, radiofrequency 
delivery was aborted because 
of close proximity to either 
the left anterior descending 
or circumflex coronary artery  

 Of the 14 patients in whom 
radiofrequency energy 
delivery was attempted, it 
was acutely successful in 
suppressing the VAs in only 5 

Santangeli P et al. Circ AE. 2015;8:337-343 



Choi EK, Roy JM et al. Heart Rhythm 2015;12:1128–1136  

• March 2009 to March 2014 
• 190 consecutive pts with 

focal VA from LVOT ablation 
• Brigham and Women's 

Hospital, Boston  
• 4 patients (2%) underwent 

surgical cryoablation 
• Handheld argon-powered 

probe (Cryoablate CryoFlex 
surgical ablation probe, 
Medtronic) 
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Case1. Case3. Case2. Case1. Case3. Case2. Case4. Case4. 

Choi EK, Roy JM et al. Heart Rhythm 2015;12:1128–1136  
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Case 1.  
PVC 

Pacemap at LV 
summit • Three previous catheter ablation 

procedures failed 
• Earliest activation (20 ms before 

QRS onset) with a pacemap QRS 
identical to the VT was recorded in 
the distal GCV, close to LM 

• In OR, frequent PVCs were induced 
with isoproterenol infusion in 
escalating doses to 4 μg/min 

• Pacing and cryoablation at LV 
summit area (-150℃ for 3 to 
5minutes, total 25 minutes  of 
cryoablation)   

Choi EK, Roy JM et al. Heart Rhythm 2015;12:1128–1136  



Choi EK, Roy JM et al. Heart Rhythm 2015;12:1128–1136  

Case 2.  
• Three previous catheter ablation procedures failed 
• Earliest activation (40 ms before QRS onset) with a 

pacemap QRS identical to the VT was recorded in the distal 
GCV, close to LM 

• Medtronic model 4196 bipolar pacing lead  
• Failed induction PVC/VT at OR room 
• Diagonal branch of the LAD overlying the AIV 
• Five-minute cryoablation applications (3 lesions) 
• Brief ST elevation and high lateral wall LV hypokinesis 

during the final cryoablation 
• No VA during 41 months of FU     



Choi EK, Roy JM et al. Heart Rhythm 2015;12:1128–1136  

Case 3.  
• Failed catheter ablation via CS (high temp at low energy) 
• Epicardial approach: within 2 mm of the LCX and LAD 
• Pacing lead was positioned at the junction of the GCV within the 

anterolateral branch (Medtronic model 4196, 78 cm) 
• No inducible PVC at OR room 
• Cryoablation at region just beneath the distal GCV 
• Anterior ST-segment elevation and LV dysfunction attributed to coronary 

spasm  



Case 3.  
• Different PVC during postop 
• RFCA at LVOT endocardium below the epicardial ablation area, below the 

aortic annulus at the level of jxn of the RCC/LCC commisure 
 

• 3 months later, angina->CAG: 90% stenosis at LAD->PCI 
• No VA during 39 months FU 

Choi EK, Roy JM et al. Heart Rhythm 2015;12:1128–1136  



Aziz Z et al. Heart Rhythm 2017;14:135–138  

Electrocautery-assisted dissection of 10–15 mm off at to allow for more 
complete mapping with direct epicardial contact 



Different ablation strategy 
Bipolar ablation Needle ablation 

Circulation. 2013;128:2289–2295 
J Cardiovasc Electrophysiol. 2014;25:1093-9 



Venous ethanol ablation for LVS VT 

Kreideieh B, Valderrábano M et al. Circ AE 2016;9:e004352 

16.0% 



Take home message 
 Anatomy of LV summit 
 ECG characteristics: III/II ratio, aVL/aVR ratio 
 Systematic approach in EP lab 
 Coronary sinus and GCV/AIV  
 Coronary cusps  
 LV endocardium below the LCC  
 RVOT 
 Percutaneous epicardial approach 

 Ablation: conventional, bipolar, needle, and EtOH 
 Surgical approach: cryo, RFCA 

 
 
 



Seoul National University Hospital 
Cardiac Arrhythmia Laboratory 

Thank you for your attention 

Animal Lab 
Moo-Kang Kim 
Jee-Hee Chang 
 
 
Clinical Research 
Hyun-Joo Yu 
Ji-Hee Min 
Sein Hwang 
Da-jung Hur 
Bo-mi Yu 

Soon Chun Hyang 
University Hospital 
Seoul 
So-Ryoung Lee, MD 
 
 

SNUH EP lab 
Seil Oh, MD, PhD 
Eue-Keun Choi , MD, PhD 
Myung-Jin Cha, MD 
Euijae Lee, MD 
Inki Moon, MD 
SNUBH EP lab 
Il-Young Oh, MD, PhD  
Youngjin Cho, MD 
SMG-SNU Boramae 
Medical Center EP lab 
Woo-Hyun Lim, MD 



Anatomy of LV summit 

Circ Arrhythm Electrophysiol. 2013;6:e80-e84. 
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Choi EK, Roy JM et al. Heart Rhythm 2015;12:1128–1136  
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CT and fluoroscopic images of LV summit 

Yamada T et al. Circ AE 2010;3:616-623 


	LV summit VT
	Anatomy of LV summit
	Anatomy of LV summit
	Approach to LV summit
	ECG characteristics of LV summit
	슬라이드 번호 6
	슬라이드 번호 7
	Mapping and ablation of LVS VA
	Mapping the coronary sinus and GCV/AIV
	Ablation at the GCV/AIV
	Limitations for ablation within the GCV/AIV 
	Mapping the coronary cusps 
	Mapping the LV endocardium below the LCC 
	슬라이드 번호 14
	슬라이드 번호 15
	Mapping the RVOT 
	RVOT and coronary artery
	Epicardial ablation at LVS
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	Different ablation strategy
	Venous ethanol ablation for LVS VT
	Take home message
	슬라이드 번호 29
	Anatomy of LV summit
	슬라이드 번호 31
	CT and fluoroscopic images of LV summit

