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Normal Contraction Atrial Fibrillation

What We Know About AF

Substrate Triggers 
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What We Know About AF
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Miyasaka et al. Circulation. 2006;114:119-125.
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20% of Strokes

$20 billion/year

What We Do Not Know 
about AF: Everything Else 

Mechanisms Time Course Environmental
Factors

Genetics



The CARMA Mantra
“AF is a heart tissue disease” 

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

Normal  Early stage Mid stage Late stage

Structure Matters



Effective Treatment of AF 
Eventually Involves Intervention

Triggering
Foci

Atrial Septum

Superior
Vena Cava

Inferior
Vena Cava

Left
Atrium

Pulmonary
Veins

Right
Ventricle

Left
Ventricle

Right
Atrium

Mapping
Catheter

Ablation
Catheter

CARMA Started Here
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Utah Scoring Scheme: 2011

Akoum et al. J Cardiovasc Electrophysiol, 22:16-22, 2011
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Utah Score Predicts Outcome
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Utah Score Predicts Outcome

Utah I
Utah II
Utah III

Utah IV1200 Days

MRI & Fibrosis: Blue is Normal

epi

endo

Chris 
McGann

Amit Patel



MRI & Fibrosis: Green is Fibrosis
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Histology Summary
Control AF-mix AF-fibrosis



Treatment Option:  Ablation

Treatment Option: Ablation



Not All Lesions Can Be Effective

Epicardial

Not Effective

Potentially Effective

Likely Effective
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DE-MRI Determinant of 
Successful Catheter 

Ablation of Atrial Fibrillation 
(DECAAF)



Inclusion

CARMA/SCI - Univeristy of Utah

DE-MRI Ablation Followup

AFIS

Image Processing
& Analysis

Statistics
 Core

FTP (SCI) WWW

Collaborator

DECAAF Organization

Results Support Utah Reports



Results Support Utah Reports

Fibrosis Analysis



Ablation Scar Analysis

Pre-treatment 3 month Post

The CARMA AF Workflow



The Corview Workflow

CARMA 
Special Sauce

The Slicer Workflow



CARMA Modules

Slicer: Intensity Correction



Slicer: Registration

Slicer: Scar Detection



Slicer: Pulmonary Vein Removal

Tutorials



Good Tutorials

2013 Slicer Demo



Collaborative Projects

Open Data 

http://www.insight-journal.org/midas
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What Has CARMA 
Brought to NA-MIC?

Access to Image Based 
Medicine



Access to Data

Real World Testing

• KCL: Left atrium segmentation for atrial fibrillation 
ablation, Karim, et al., Proc. SPIE Medical Imaging, 
2008

• MIT: Robust atlas-based segmentation of highly 
variable anatomy: left atrium segmentation, Depa, 
et al., Statistical Atlases and Computational Models 
of the Heart, 2010

• GA Tech: Segmentation of the Endocardial Wall of the 
Left Atrium using Local Region-Based Active 
Contours and Statistical Shape Learning, Gholami, 
et al., 2010



Dissemination
CARMA
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What Next?
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Improved Segmentation

Segmentation Performance
Case 1 Case 2 Case 3

2 mm

4 mm

8 mm



Segmentation Performance
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Image Guided Ablation



RF Ablation

Not All Lesions Can Be Effective

Epicardial

Not Effective

Potentially Effective

Likely Effective



Image Merging

Fluoroscopy

+ = ?

Fluoroscopy Results



EAM (Carto) Results
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Shape



Shape Analysis

LA Shape LAA Shape

LA Shape Change over Time

Greg Gardner

Josh Cates

Jason 
Jenson

LA Shape and Outcome

152 AF Patients

6 Shape Parameters



LA Shape and Outcome
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Joint Shape and Image 
Prediction of Outcome

Gray: no-statistical difference. Color region: statistically different regions. 

Yi Gao, LiangJia Zhu, Rob MacLeod, Josh Cates, Allen Tannenbeum



Shape Based Registration

Greg Gardner

Koji Higuchi

Alan Morris

Josh Cates

http://healthsciences.utah.edu/carma/education/waf



Visionaries

Ron

Visionaries

Thanks Ron!


