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What is Atrial Fibrillation?
= Afib = AF



Background I John C Grammer MD FACC
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Comprehensive Arrhythmia Research and MAnagement



CARMA= Comprehensive Research and 
Management 



Atrial Fibrillation Illustrated



Normal Contraction Atrial Fibrillation



Miyasaka et al. Circulation. 2006;114:119-125.
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20% of Strokes

$20 billion/year



The CARMA Perspective

“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



Late Gadolinium Enhancement
MRI

Pre-treatment 3 month Post



CARMA Started Here
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Electroanatomical Map
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Utah Scoring Scheme: 2011

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

< 5% 5-20%

20-35% > 35%
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Utah Score Predicts Outcome

Utah I
Utah II
Utah III

Utah IV



MRI & Fibrosis: Blue is Normal
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MRI & Fibrosis: Green is Fibrosis

endo

epi



Histology Summary
Control AF-mix AF-fibrosis



Fibrosis Analysis
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What Role Does Image 
Segmentation Play?



The CARMA AF Workflow



Automated Segmentation

• 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



Workflow Past



The New Workflow

CARMA 
Special Sauce



Corview in Action



Corview in Action
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Role of Shape Analysis 
in AF



Shape Analysis

LA Shape LAA Shape

LA Shape Change over Time

Greg Gardner

Josh Cates

Jason 
Jenson



Registration
Greg Gardner

Koji Higuchi

Alan Morris

Josh Cates
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Simulation: What 
Causes AFib?



Substrate

Trigger
+



Subsrate:Fibrosis

Lee KW, et al. Circ. 2006: 1703-1712.



Complex Propagation

de Groot, .... Allessie MA. Circ. 2010: 1674-1682.



LAA

PV

PVLA

Substrate: Extension of muscle sleeves



*

Pulmonary
Veins

Left Atrium

Triggers

*
*

*



Clinical Result



Patient Specific Models of AF

Josh Blauer
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Patient Specific Models of AF
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Segmentation



Goal: Identifying Structures



Segmentation in the Real World



Seg3D - 3D Segmentation

www.seg3d.org



ITK: Insight Toolkit
www.itk.org



Seg3D: Introduction



Seg3D: Layers



Seg3D: Measurements



Seg3D: Volume Visualization



Seg3D: Provenance



www.sci.utah.edu carmacenter.org


