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Patient Name: H-SJ, Sex/Age: M/64, Procedure Date: 28/May/2015
Clinical Diagnosis: 
Hypertension
2002, Idiopathic CM, moderate LV dysfunction (EF, 42%)
2012, Sustained VT, NSVT……s/p ICD implantation
Ventricular tachycardia storm



VT1 VT2 VT3 VT4

VT 1 VT2 VT3 VT4
Isuprel (-) (-) (-) (+)
TCL 260 320 230 270
QRS duration 160 175 170 160
V1 RBBB RBBB RBBB RBBB
I QS qRs rS R
V5, V6 rS Monophasic R rS R







Circ Arrhythm Electrophysiol. 2011;4:49-55

Unipolar Reference Values 
95% of LV ENDO unipolar signals
> 8.27 mV (mean, 19.6±6.9 mV), 
defined as the value of normal LV 
ENDO UNI signal amplitude.



Unipolar voltage mapping in RV

Normal unipolar electrogram
95% of unipolar signals had an 
amplitude >5.5 mV and 
defined a normal unipolar 
electrogram amplitude. 

Heart Rhythm 2011;8:76–83



Endo, Bipolar Endo, Unipolar Epi, Bipolar



Figure 2. Substrate voltage mapping and RFCA images
Gray dots denote scar
Pink dots denote delayed potentials
Red dots denote ablation points (target of circuit exits and isthmus)
Sky blue dots denote fractionate potentials
Yellow dots and white lines denote phrenic nerve captured points
Purple dots denote good pace mapping points



Bipolar egm voltage (perivascular, AV groove)

J Am Coll Cardiol 2009;54:799–808

1. Wide, electrograms > 80ms duration
2. Split, electrograms w ≥2 distinct components w 20ms isoelectric segment

between peaks of individual components; 
3. Late potentials, electrograms w a distinct onset after the QRS. 



Ablation Strategy

Linear lesion connecting dense scar to normal myocardium (Marchlinski)

Short linear ablation parallel to the border zone (Soejima)

Channels ablation – EUS(Soejima), voltage-define CC (Arenal)

LAVA (local abn. Ventricular activity) ablation (Jais)

Scar dechanneling (Berruezo)

Circumferential scar isolation (Tilz)

Scar homogenization (Di Biase)





*



      

Heart Rhythm 2009;6:59–64

Phrenic N course within the 
epicardial substrate of patients with 

non-ischemic CM and VT

Eight of 10 patients had low-voltage areas 
involving the lateral epicardial LV, and 
7 of these 8 patients had sites of phrenic 
capture within these areas. 



Multidetector CT detected PN in 81 patients (85%). LAVAs were
located within 1 cm from CAs and PN in 35 (80%) and 18 (37%)
patients, respectively.



VT2-pace map VT3- pace map



Figure 2. Substrate voltage mapping and RFCA images
Gray dots denote scar

Pink dots denote delayed potentials
Red dots denote ablation points (target of circuit exits and isthmus)
Sky blue dots denote fractionate potentials
Yellow dots and white lines denote phrenic nerve captured points
Purple dots denote good pace mapping points



Elimination of epicardial delayed potential after endocardial VT exit ablation



DCM VT ablation
Multiple VTs are common,
Hemodynamically unstable, unmappable

Threshold for epicardial access should be low.
ECG, 
small (bi) abn. egm area, large (uni) abn. area

Epicardial egm interpretation
normal value (1.5mV in endo, 1.0mv in epi)
overlying fat vs low voltage zone: DDx

Ablation strategy
isthmus, LAVA, de-channeling, circumferential, 
transection, homogenization,
Endocardial ablation for epicardial delayed potentials 



Arrhythmogenic RV dysplasia

Clin Res Cardiol (2011) 100:383–394

predominantly genetically determined 
estimated prevalence, 1 in 2,000 to 1 in 5,000,

replacement of myocytes by adipose and fibrous tissue 
RV failure, arrhythmias, and SCD 

AD disease with reduced penetrance and variable expression,
genes encoding cardiac desmosome

Dx: FHx, ECG, cardiac imaging, endomyocardial biopsy 

Tx: limited because of the progressive nature of ARVC/D. 

Sotalol proved to be highly effective in pts with ARVC/D VT
The role of EPS and VT ablation: palliative for refractory VT.



Patient Name:  K BH, Sex/Age: M/55
Procedure Date: 26/Jul/2016

RV
Epicardial
Triangle of dysplasia
(RV inflow, diaphragmatic area, 

the apex and the infundibulum

2009년 ICD 삽입
최근 수개월 간 shock 7회 가량 발생함.
운동하거나 스트레스 받을 때 주로 발생하였으며
2014년 경 수면 중에도 증상 발생하고
2016년 5월, 6월 증상 연속해서 나타나
2016/6/22 amiodarone 투여함.

최근 식사하기만 해도 증상 발생하여 거의 식사하지 못하고
지내어 체중 4kg 감소--상기 증상으로 ablation 위해 입원함.







VT1 VT2           VT3 VT4           VT5 VT6           VT7











VT 
focal from anterior wall, inferior wall
multiple, focal from proximal HPS
reentry in the antero-lateral RV wall

Importance of epicardial substrate
ECG criteria?
Endocardial unipolar voltage map

RF ablation
Endocardial ablation alone: longterm?
combine endo, epi ablation

Case summary: ARVC





Circulation. 2005;111:3209-3216

Short-term success was achieved in 18
patients (82%). VT recurred in 23%, 27%, and
47% of patients after 1, 2, and 3 years’
follow-up, respectively.

Substrate-based ablation of VT in ARVD can
achieve a good short-term success rate.
However, recurrences become increasingly
common during long-term follow-up.





(Circulation. 2012;5:111)



Systemic inflammatory disease of unknown cause

Formation of non-caseating granulomas and tissue 
scarring involving lung, eye, heart, etc.

Clinical manifestations of CS: CHF, VT, SVT, AV block, 
and sudden cardiac death. 

Myocardial involvement is associated with 
widespread multi-organ disease and carries a 40% 
mortality at 5 years.

Cardiac sarcoidosis

Circ AE. 2014;7:407-413



CircAE. 2015;8:87-93.







Circ AE 2014;7:407-413



ICM D-CM ARVC Sarcoidosis HCM

vascular Peri-valvular Peri-valvular
(triangle)

Peri-valvular,

Basal, septal

Basal/RV-LV 

Apical, 

Endo Epicardial
(collateral damage: CA, PhN, lung)

Scar-related reentry
Non-scar-related, non-reentrant (RVOT, HPS, BBRVT)

linear exit, LAVA, scar isolation, 

scar-dechanneling homogenization 

Substrates/ablation strategy in NICM



1. Multiple VTs are common. Majority of them are un-mappable.

2. Threshold for epicardial access should be low in ablation of NICM.

3. Ablation strategy is diverse. Anatomic approach is important.

(linear exit, LAVA, scar isolation, scar-dechanneling, homogenization) 

4. Reentry (Focal, esp, HPS origin, BBRVT  possible)

5. Irrigation catheter is necessary.

6. Collateral damage (coronary artery, phrenic nerve) – CAG, balloon

7. Sarcoidosis, ARVD, HCM

Conclusion
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