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CARMA



Normal Contraction Atrial Fibrillation



Miyasaka et al. Circulation. 2006;114:119-125.
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Current age-adjusted AF incidence
Increased age-adjusted AF incidence

AF Prevalence Is Increasing Rapidly



20% of Strokes

$20 billion/year



Clinical Imaging at CARMA 

Evaluation Treatment Followup



The CARMA Mantra

“Cardiac Arrhythmia is a substrate 
disease”

Ausma J, .... Allessie M ...J mol Cell Cardiol. 2001: 2083.

Control 1 Week 4 Weeks 16 Weeks



Evaluation Treatment Followup



Utah Scoring Scheme

Akoum et al. J Cardiovasc Electrophysiol, 22:16-22, 2011

< 5% 5-20%

20-35% > 35%



Fibrosis Predicts Outcome

!

Utah I

Utah II

Utah III

Utah IV



Blue is Normal

epi

endo



Green is Fibrosis

endo

epi



Evaluation Treatment Followup



Ultrasound

Fluoroscopy

Imaging Modalities in  AF Management

MR Angiography

Electroanatomical

Real-time 

Dyna CT



Ablation Guidance



Real Time MRI



Evaluation Treatment Followup



McGann et al. JACC,52(15): 1263-1272, 2008

Post Ablation Scar Mapping



Predicting Success

LGE (pre) T2w (<1hr) LGE (<1 hr) LGE (3 mo)

Time

Lesion



The CARMA Questions

“Cardiac Arrhythmia is a substrate 
disease”

“How can we track substrate 
progression?”

“How can we ablate less?”

“How can we evaluate substrate?”



The Engineering
Image Analysis

^



Segmentation Goals



Segmentation Status

WALL:	
  Easier,	
  manual,	
  TIME	
  <	
  10mins.

ENDO:	
  Difficult,	
  Manual,	
  TIME	
  >	
  30mins.



Multi-Atlas Method (Yi Gao)

http://www.na-mic.org/Wiki/index.php/DBP3:Utah:AutoEndoSeg



Automated Scar Segmentation

SPIE 2012



New Approaches

Nonparametric Approaches, Label Fusion 
(Golland)
Graph based segmentation 
(Whitaker) 

From this Meeting!

Interactive segmentation 
(Tannenbaum) 



ISBI Challenge



ISBI Challenge



MICCAI Challenge

2012 Update:
 Ventricular Segmentation



Quantification
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CARMA Workflow



CARMA Workflow



Registration

Pre-­‐AblaCon	
  (FIBROSIS) Post-­‐AblaCon	
  (SCAR)

How does the GREEN overlap with the RED?



Current Status



New Approaches

Landmark based registration
(CARMA)



New Approaches

Segmentation driven registration
(Gao)

From this Meeting!



Data Repository



Some New Ideas



Image Merging

Fluoroscopy

+ = ?



The Link

DynaCT



Some Results



Some Results



Some Goals



Some Goals

Biplanar Monoplanar



Realtime MRI Guided Ablation



Real Time MRI

March, 2011



Current Status

Lesion

Before After



Challenges



www.CARMACENTER.org


