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Outcome & survival benefit of VT ablation 

• 2061 patients with structural heart disease 

• 12 international centers 

• One-year freedom from VT recurrence was 
70% (72%in ischemic & 68% in NICM) 

• At 1 year, the estimated rate of transplant 
and/or mortality was 15%.  

• Transplant-free survival was significantly 
higher in patients without VT recurrence 
than in those with recurrence (90% vs 71%, 
P<.001).  

• In multivariable analysis, the recurrence of VT 
after ablation showed the highest risk for 
transplant and/or mortality [hazard ratio 6.9]. 

Heart Rhythm 2015;12:1997-2007 



• 193 patients 
undergoing RFCA of 
scar-related VT 

• AHD occurred in 22 
(11%) patients 

• At 21±7 months, 
higher mortality rate in 
the AHD group 
compared with the rest 
(50% vs. 11%, log-rank 
P<0.001) 

Santangeli et al. Circ Arrhythm Electrophysiol 2015;8:68-75 



Substrate ablation approaches for unstable VT 

Santangeli et al. Heart Rhythm 2016;569-583 



Limitations of 3D-Electroanatomic mapping 

• Careful electroanatomic mapping (EAM) 
to delineate 3D distribution of the 
substrate (scar area & late potentials) is 
critical to guide entrainment maneuvers 
and ablation. 

 

• However, the accuracy of EAM for 
precise scar delineation is limited due to 
catheter contact and orientation, or 
mapping density. 

• Therefore, development of techniques to 
visualize the substrate would be of 
clinical value. 

 

• The use of late gadolinium enhancement 
(LGE) CMR to detect myocardial fibrosis 
and its arrhythmic substrate has been 
well established. 



Differentiation between 
ischemic & NICM 

Mahrholdt et al. Eur. Heart J. 2005;26:1461-1474 

• The pattern of fibrosis differs greatly from 
those found in ischemic heart disease, and 
varies between non-ischemic pathologies. 

 

• Wu et al. were the first to report that LGE-
CMR may hold promise in differentiating 
ischemic from NICM. Nearly all patients with 
ischemic heart disease & prior MI had LGE. 

 

• LGE was present in 25-71% of NICM 
patients & in almost all ICM patients shown 
in a meta-analysis. 



• No long-term significant adverse events. 

 

• No requirement of revision. 

 

• The patient’s device reset to a backup mode 
in 9 MRI examinations (0.4%). The reset was 
transient in 8 of the 9 examinations. In one 
case, a pacemaker with less than 1 month 
left of battery life reset to ventricular 
inhibited pacing; the device was replaced.  

 

• The m/c change immediately after MRI:  
decrease in P-wave amplitude (in 1%). 

• At long-term follow-up, the m/c changes: 
decreases in P-wave amplitude (in 4%), 
increases in atrial capture threshold (in 4%), 
increases in RV capture threshold (in 4%),  
increases in LV capture threshold (in 3%). 

Nazarian et al. NEJM. 2017;377:2555-2564 

 



Raymond J. Kim et al. NEJM. 2000;343:1445-53 



Kwong et al. Circulation. 2006;113:2733-2743 

LGE defined as any region with SI > 2SD above a remote normal myocardial region 

MACE Cardiac mortality 



Roes et al. Circ CV Img. 2009;2:183-190 



• Methods: The transmural extent of scar as percentage of 
wall thickness was calculated manually after tracing.  

• Results: Predominance of scar distribution involving 26%-
75% of wall thickness was significantly predictive of 
inducible VT, and remained independently predictive in 
the multivariable model after adjustment for LVEF (odds 
ratio, 9.125; P=0.020).  

• Conclusions—MR assessment of scar distribution can 
identify the substrate for inducible VT and may identify 
high-risk patients with NICM. 

Nazarian et al. Circulation. 2005;112:2821-2825 



LGE in NICM 

• 65 NICM patients underwent CMR before 
ICD implantation for primary prevention. 

Wu et al. JACC. 2008;51:2412-21 

• After adjustment for LV volume index & 
functional class, patients with LGE had 
an 8-fold higher risk of adverse 
composite outcome (HR 8.2). 

 

• CMR LGE in NICM strongly predicted 
adverse cardiac outcomes. 



19 studies enrolling 2850 patients with ICM & NICM with 423 arrhythmic events 
mean follow-up of 2.8 years. 
Arrhythmic outcomes (SCD, aborted SCD, VT, VF, and appropriate ICD therapy) 



Assessment of myocardial scarring improves risk stratification 
in patients evaluated for ICD 

Igor Klem & Raymond Kim et al. JACC. 2012;60:408-20 

Whereas the rate of adverse events steadily increased with decreasing LVEF, a sharp step-up was observed for scar size 5% of LV mass (hazard ratio [HR]: 5.2). 
On multivariable Cox proportional hazards analysis, scar size (as a continuous variable or dichotomized at 5%) was an independent predictor of adverse outcome. 



Yan et al. Circulation. 2006;114:32-39 

• Peri-infarct regions based on SI threshold of 
2-3 SDs above remote normal myocardium). 

• In multivariable analysis, LVEF & %MDEperi 
were strong predictors of all-cause mortality. 

• The extent of peri-infact zone provides 
incremental prognostic value beyond LVEF. 

 

 

 



Scar characterization to predict life-threatening VA & SCD 

Acosta et al. JACC Img. 2018;11:561-572 



Postprocessing methods for myocardial scar quantification 

• LGE-CMR techniques and diagnostic cutoffs are not uniform, and the 
assessment of fibrosis extent and heterogeneity, is still a complex and 
operator dependent procedure. 

 

• Full width at half-maximum criterion has been shown to be the optimal 
method in several studies, esp. with ICMP. But, a unified statement 
regarding the best methodology is still lacking. 

 

• Guidelines for LGE cardiac MRI by SCMR recommend to use the same 
method & software for quantitation - manual planimetry, ‘n’ standard 
deviations, or full-width at half-maximum for all studies. 

Ambale-Venkatesh, B. & Lima, J. A. C. Nat. Rev. Cardiol. 12, 18–29 (2015) 



Amado et al. JACC. 2004;44:2383-9 



Spiewak et al. Eur J Radiol. 2010;74:e149-53 



Histology 

Iles et al. Eur Heart J-CV Img. 2015;16:14-22 



• VT activation sequence map was registered with 
3D scar anatomy derived from high-resolution LGE 
MRI in a swine model of chronic MI. 

• The reentry isthmus was characterized by small 
volume of viable myocardium bound by the infarct 
border zone or over the infarct. 

• In conclusion, CMR revealed a scar with spatially 
complex structures, particularly at the isthmus 
(substrate for VT). 

• CMR-based visualization of scar morphology 
would potentially contribute to preprocedural 
planning for catheter ablation of scar-related, 
unmappable VT. 

 

Ashikaga et al. Circ Res. 2007;939-947 



Perez-David et al. JACC 2011;184-94 



Fernandez-Armenta et al. Circ Arrhythm Electrophysiol 2013;6:528-537 



• A matching process allocated any CARTO EAM point to its 
corresponding position on the MRI-reconstructed LV 
endocardial shell. 

• Electrogram (EGM) characteristics were evaluated in 
relation to scar data (intramural location & transmural 
extent). 

• A spiky EGM morphology, reduced unipolar or bipolar 
EGM voltage amplitude (6.52 and 1.54 mV), longer bipolar 
EGM duration (56 ms) independently correlated with the 
presence of scar. 

Andrei Codreanu et al. JACC 2008;52:839-42 



Qian Tao et al. Int J Cardiovasc Imaging 2015;31:369-377 



• Leiden 

• Local bipolar & unipolar voltages decreased with 
increasing scar transmurality and were influenced by 
scar heterogeneity. 

• In 3 patients, the exit site during VT or best pace 
map matching site was at a normal voltage site. 
However, at these sites, LGE-CMR identified 
subendocardial septal or intramural inferoseptal scar. 

Wijnmaalen et al. Eur. Heart J. 2011;32:104-114 



Sasaki et al. Circ Arrhythm Electrophysiol. 2013;6:139-1147 



Association of LGE characteristics & wall thickness on CMR with endocardial & 
epicardial EGM features and paced QRS duration in Nonischemic CMP 

 Jaeseok Park & Saman Nazarian et al. (submitted) 



Andreu et al. Europace. 2015;17:938-945 



Cochet et al. JCE. 2013;24:419-426 



51 years old male: history of NICM, BiV ICD. Referred for recurrent VTs on 
amiodarone. Subendocardial scar in lat & inf walls between base-mid LV. 

Courtesy of S. Nazarian 



Courtesy of S. Nazarian 



EGM-QRS = S – QRS = 300ms 
S-QRS/TCL = 300 / 470 = 64%  Isthmus 

Concealed entrainment 
PPI – TCL = 474 ms 

Entrainment with 450 ms 

VT1 (TCL 465ms, RBLS axis) 

Mid-diastolic 

Courtesy of S. Nazarian 



VT2 (RBRI axis, TCL 474 ms) 
Ablation at isthmus terminated VT 

VT3 (RBRI axis, TCL 370ms)  
Ablation at MDP area terminated the VT 

Courtesy of S. Nazarian 



Association of regional epicardial RV 
electrogram voltage amplitude & LGE 
distribution on CMR in ARVC 

Shuanglun Xie & Saman Nazarian et al. Heart Rhythm 2018 (In Press) 



73 years old male: referred for ablation of recurrent VT despite sotalol. 
Subendocardial scar in lateral & inferior walls between base-mid LV. 

S-QRS/TCL=123ms/425ms=30%  Isthmus 

Concealed entrainment & PPI – TCL = 0 

Ling Kuo & Saman Nazarian, presented at APHRS 2018 



Tarek 
• In the scar integration group, all patients with 

inducible VTs had evidence of LGE on MRI, and 
ablation within or at the border of LGE sites 
terminated the VT. 

 

• Procedural, fluoroscopy, and ablation times, as well 
as ablation burden, were similar in both study 
arms (P>0.05). 

 

• Acute procedural success(clinical VT termination or 
non-inducibility) achieved in all patients. 

 

• During median follow-up of 38.5 interquartile 
range (26–53) months, 16 (73%) patients had VT 
recurrence (7 in study group vs. 9 controls. 

 

• After adjusting for age, sex, cardiac substrate, 
epicardial ablation, and LVEF, MRI-guided ablation 
was associated with reduced VT recurrence during 
follow-up (HR, 0.12; 95% confidence interval, 0.02–
0.75; P=0.023). 

Zghaib et al. Circ Arrhythm Electrophysiol 2018 Jan;11(1) 



Take home messages 

• LGE-CMR can detect and quantify myocardial scar tissue accurately. 

 

• LGE-CMR can identify complex 3D scar structure including scar intramural 
location, scar transmurality, and scar heterogeneity. 

 

• Conducting channels detected by LGE-CMR is useful in VT ablation. 

 

• Integration of CMR-derived scar map with EAVM for VT ablation is feasible.  

 

• LGE-CMR can provide supplementary substrate information for VT ablation. 



Philadelphia, PA 





Cape May 



 

Thank you for 
your attention 
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