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1 LGE-MRI
can identify LA fibrosis



Detection and Quantification of Left Atrial Structural Remodeling With
Delayed-Enhancement Magnetic Resonance Imaging in Patients With Atrial
Fibrillation
Robert S. Oakes, Troy J. Badger, Eugene G. Kholmovski, Nazem Akoum, Nathan S.
Burgon, Eric N. Fish, Joshua J.E. Blauer, Swati N. Rao, Edward V.R. DiBella, Nathan
M. Segerson, Marcos Daccarett, Jessiciah Windfelder, Christopher J. McGann, Dennis
Parker, Rob S. MacLeod and Nassir F. Marrouche

Contrast Enhanced MRI Input - Myocardial Contours Region of Interest - Left Atrial Wall A MRI-MIP B MRI-Color C Electroanatomic Map

Output - Detected Enhancement Three Standard Deviation Threshold Histogram of Pixel Intensity
overlaid on DE-MRI Detected Ehancement

Oakes, Circulation 2009;119;1758-1767



DE-CMR vs Carto voltage map

Low Voltage Tissue (EA Map)
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B MRI- Color C Electroanatomic Map

Extent of Delayed Enhancement (MRI)

Oakes, Circulation 2009;119;1758-1767




LGE-MRI (fibrosis)
predicts AF substrate
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Original Investigation

Association of Atrial Tissue Fibrosis Identified by Delayed
Enhancement MRI and Atrial Fibrillation Catheter Ablation
The DECAAF Study

Nassir F. Marrouche, MD; David Wilber, MD; Gerhard Hindricks, MD; Pierre Jais, MD; Nazem Akoum, MD; Francis Marchlinski, MD;
Eugene Kholmovski, PhD; Nathan Burgon, BSc; Nan Hu, PhD; Lluis Mont, MD; Thomas Denelee, MD; Mattias Duytschaever, MD; Thomas Neumann, MD;
Moussa Mansour, MD; Christian Mahnkopf, MD; Bengt Herweg, MD; Emile Daoud, MD; Erik Wissner, MD; Paul Bansmann, MD; Johannes Brachmann, MD

No. (%) of Patients in Final Cohort | [ Figure 4. Cumulative Incidence of Arrhythmia Recurrence Without
Included Excluded Covariate Adjustment Through Day 475 After the Blanking Period
(n = 260) (n = 69)
Sex 1.0+
5
Male 178 (68.5) 51(73.9) =
2 0.8+
Female 82 (31.5) 18 (26.1) s
a Stage 4
AF type? § 0.6
L2
Paroxysmal 168 (64.6) 36 (52.2) s Stage 3
Persistent 75 (28.8) 28 (40.6) & 047 Stage 2
Permanent 17 (6.5) 3(4.3) E 0
Missing 0 2(2.9) = Stage 1
<
O T T T T T 1
Paroxysmal AF by fibrosis stage® 0 90 180 270 360 450 540
1 49 (18.8) Days Since End of Blanking Period
No. at risk
2 HESEL ) Stage 4 24 15 11 10 7 6
3 80 (30.8) Stage3 80 56 47 4 19 12
Stage2 107 79 74 58 26 15
4 24 (9.2) Stagel 49 47 43 33 13 4

Marrouche, JAMA 2014;311:498



ICPS study
n=22, max AF duration 34.1+61.2 months

AF term. by
CFAEs ablation
21 pts =95 %

AF
spont/induced

daraloversion daraloversion

= e

SR restoration
by RF
20 pts =91 %

Seitz, PACE 2011;34:1267-1277



Time to terminate AF (min) RF time (sec) CFAE area % LA surface
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Seitz, PACE 2011;34:1267-1277



LGE-MRI
better than AF type?
(paroxysmal/persistent)




426 PAF/PsAF

PV isolation, posterior wall and septal debulking

Stage| Stagell Stagelll  Stage IV
(n=133) (n=140) (n=71)  (n=42)  PValue 5 8
I b\
Age, y 63+13  65+11  66+13 67«12 0.7 g —%
~ 4 \
Women, % 33.8 30.7 423 476 0.06 g o —
Hypertension, % 62.9 61.4 57.8 66.7 0.81 ® o
- WD 4
Diabetes mellitus, % 14 12.9 21.1 21.4 0.08 '-; o
Coronary disease, % 13.6 125 24.4 14.3 0.10 § ©
Congestive heart 6.1 13.0 12.7 7.1 0.41 g °
failure, % g
LV ejection fraction, % 58+12  59+10  57+12 5613 0.16 S 4 T T T
0 90 180 360
CVA/TIA, % 6.1 7.9 1.3 16.7 0.03 Follow Up (days)
Paroxysmal AF, % 617 464 49.3 26.2 0.002 Number at risk
Stage =1 133 133 116 105
Persistent AF, % 38.4 53.6 50.7 73.8 0.002 Stage =2 140 140 114 99
: 0 Stage=3 71 71 63 47
Previous AAD use (%) 22.6 12.9 18.5 15.0 0.11 Stage =4 42 42 19 12
Atrial volume/BSA, 48+18  51+18  52+21 64+24  <0.0001
mL/m? Stage -I- Stage -II-
. . Stage -llI- Stage -IV-
LA fibrosis, % 6.742.0 152+29 23.3+2.8 40.9+104 <0.0001

McGann, Circulation AE 2014;7:23-30



Multivariate Predictors
of AF recurrences

Univariate Analysis Multivariate Analysis
Hazard Ratio 95% Cl PValue Hazard Ratio 95% Cl PValue
Age (per 10-y increase) 1.22 1.05-1.43 0.011 1.12 0.94-1.34 0.192
Women 1.09 0.75-1.57 0.636 0.84 0.56-1.25 0.393
Hypertension 1.61 1.09-2.38 0.016 1.33 0.86-2.04 0.195
Diabetes mellitus 1.80 1.18-2.75 0.006 1.64 1.03-2.61 0.036
Coronary disease 1.19 0.75-1.88 0.465 0.75 0.45-1.24 0.260
Congestive heart failure 1.19 0.68-2.07 0.543 1.17 0.65-2.09 0.607
Persistent AF 1.47 1.08-1.99 0.014 1.09 0.76-1.55 0.648
SRM stage
Stage | Referent Referent
Stage Il 1.47 0.91-2.38 0.116 1.29 0.81-1.82 0.303
Stage Il 1.65 0.96-2.86 0.069 1.49 0.92-2.32 0.166
Stage IV 5.47 3.26-9.2 <0.0001 4.89 2.37-6.28  <0.0001
LA volume index (10 mL/m?) 1.16 1.07-1.26 <0.0001 1.05 0.96-1.17 0.279

McGann, Circulation AE 2014;7:23-30



Magnetic resonance imaging of atrial fibrosis:
redefining atrial fibrillation to a syndrome

Pim Gal and Nassir F. Marrouche®

AF patients

DE-MRI tissue
characterization

Utah stage | Utah stage Il Utah stage Ill

Fibrosis patch size and
distribution assessment

Utah stage IV

High chance of Low chance of

ablation success ablation success

Gal, EHJ 2015 doi:10.1093/eurheartj/ehv514



MRI
identifying targets?




18 (long) persistent AF pt
Patchy vs Dense DE / continuous CAFE

CFAE Map l/“l\
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Jadidi, JACC 2013;62:802



B CFAE as a Percentage of LA Surface

D DE as Percentage of CFAE
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Jadidi, JACC 2013;62:802



Approaches to Catheter Ablation Ablation of PerS1§tent Atrl.al Flbl‘.llla!l()l'l Targetmg. .
. . o e . Low-Voltage Areas With Selective Activation Characteristics
for Persistent Atrial Fibrillation o | . |
Amir S. Jadidi, MD; Heiko Lehrmann, MD; Cornelius Keyl, MD; Jérémie Sorrel, MD:
Viktor Markstein, BSc; Jan Minners, MD; Chan-Il Park, MD; Arnaud Denis, MD;
Atul Verma, M.D., Chen-yamg]'\ang, M.D., T'\mothy R. Betts, M.D., M.B., Ch.B., Pierre Jais, MD; Méléze Hocini, MD; Clemens Potocnik, MD; Juergen Allgeier, MD;
Jian Chen, M.D., Isabel Deisenhofer, M.D., Roberto Mantovan, M.D., Ph.D., Wi;'ih“'dl,]'g]’cgh""mltlgmﬁ C““;di“ f!";""e"“"gik]‘l:;jé I\[’:D ISTT:I.EV;(E“. quF
R = ousse mri, L rranz-Jose! cumani, s ke1mnno eber, H
Laurent Macle, M.D., Carles A. Morillo, M.D., Wilhelm Haverkamp, M.D., Ph.D., Michel Haissaguerre, MB; Thomas Arentz, MD
Rukshen Weerasooriya, M.D., Jean-Paul Albenque, M.D., Stefano Nardi, M.D.,
Endrj Menardi, M.D., Paul Novak, M.D., and Prashanthan Sanders, M.B., B.S., Ph.D,,
for the STAR AF Il Investigators* A
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Verma, N Engl J Med 2015;372:1812 Jadidi, Circulation AE 2016;9:e002962
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A (1) imaging
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Atrial tissue properties
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Outward currents

Cellular ionic model
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(Il) segmentation (1) 3D reconstructionS 0

Zahid, Cardiovascular Research 2016;110:443



MRI in daily practice:
How to?



MRI substrate prediction
could improve

* Patient selection / Response to ablation
e Cath Lab scheduling
* Target identification / Ablation strategy



ICPS AF ablation strategy

and schedule...
Lone AF Substrate AF
Paroxysmal — « short persistent » Comorbidties
Poor — no fibrosis on MRI Mild — important fibrosis on MRl
PVAI alone Substrate

+/- PVAI (CL in PV?)
1H30 - 2H 2H - 4H




53 years female, 15 mo PsAF, CHADSVasc 2, LA 175ml, AF cycle 150ms/amio
MRI Segmentation Bipolar < 0,5 mV




