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Å Conclusion 



The AF Timeline 

Camm et al. EHJ 2010;31:2369-2429 



Structural abnormalities associated with AF 

Å Extracellular matrix alterations 

ï Interstitial and replacement fibrosis 

ï Inflammatory changes 

ïAmyloid deposition 

Å Myocyte alterations 

ïApoptosis 

ïNecrosis 

ïHypertrophy 

ïDedifferentiation 

ïGap-junction resdistribution 

ï Intracellular substrate accumulation (haemochromatosis, glycogen) 

ÅMicrovascular changes 

ÅEndocardial remodelling (endomyocardial fibrosis) 

Kirchhof et al  EHJ 2009;30:2969-80 

Camm et al. EHJ 2010;31:2369-2429 



AF and cardiac fibrosis  

Å Structural remodelling involving 
prominent fibrotic changes is a 
fundamental determinant of AF1,2 

Å It contributes synergistically with 
electrical remodelling to the AF 
substrate1,2 

Å Increased fibrous tissue is seen in AF 
patients with identifiable cardiac 
disease and in lone AF3-6 

Å The degree of fibrosis and the 
persistence of AF are correlated6 

Å Even with ventricular rate control, 
rapid atrial activation causes atrial 
fibrosis7 

Å Rapidly activated atrial-derived 
cardiomyocytes secrete substances 
that enhance collagen synthesis by 
atrial fibroblasts8 

Yue et al. Cardio Res 2011;89:744-53 
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Catheter ablation for rhythm control 

Wilber et al. JAMA 2010;303(4):333-340 



Å Patients who remain 
symptomatic despite optimal 
medical therapy, including rate 
and rhythm control 
 

Å Stage of disease (AF type, LA size, 
AF history) 

Å Presence and severity of 
underlying cardiovascular disease 

Å Potential treatment alternatives 
(AADs, rate control) 

Å Patient preference 

What do the studies tell us? 

Camm et al. EHJ 2010;31:2369-2429 



Stiles et al. HR 2010;7:835-46 



LƴǾƛǎƛōƭŜΧǳƴǘƛƭ ǿŜ ƘŀŘ ǘƘŜ ǘƻƻƭǎ 

Jackman et al NEJM 1992;327:313-8 

Haissaguerre et al Circ 1992;85:2162-75 Scherlag et al. Circ 1969;39:13-18 Jackman et al Circ 1983;68:906-16 
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Where do the earthlings live? 



Å 700 patients undergoing PVAI 

 

Å LA scarring defined as: 
ï Absence of signal in multiple LA 

locations on lasso 

ï CARTO-defined parameters 
Å {ŎŀǊҐŀōǎŜƴŎŜ ƻŦ ǾƻƭǘŀƎŜ ƻǊ ҖлΦлрƳ± 

Å [ƻǿ ǾƻƭǘŀƎŜҐҖлΦрƳ± 

 

Å 42/700 patients had LAS, 
representing 21± 11% of the LA 
surface area 

Verma et al. JACC 2005;45:285-292 



Å Late recurrence higher in patients 
with LAS (57%v19%) 

Å AF-free after 2 procedures: 
ï 18% of LAS patients 

ï 49% of non-LAS patients 

Å ά/ǳǊŜέ ǊŀǘŜ 
ï 52% of LAS patients 

ï 90% of non-LAS patients 

Verma et al. JACC 2005;45:285-292 
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The rationale behind LA CMR imaging 

ÅCorrelation between ventricular LGE and 
histology during and following infarction 

ÅNot applied to the atria  
ÅLow signal to noise 

ÅThin walled structure 

ÅDefinition of normal is difficult 

ÅLA DE-MRI possible in past few years 

ÅNovel imaging sequences 

Åaŀȅ ōŜ ǇƻǎǎƛōƭŜ ǘƻ άǊŜǾŜŀƭέ ǘƘŜ atrial 
substrate  



T1 

T2 

Dickfeld et al 
HR 2007; 

4(2):208-14 



Dickfeld et al. JACC 2006;47:370-378 

Imaging of RF lesions 



LA delayed enhancement  

ÅPlanning scans 

 

ÅAnatomical scan for LA and PV segmentation 

 

Å3D inversion recovery delayed enhancement 
sequence 20-25 minutes after gadolinium 

 

ÅUsual contraindications 



Imaging sequences 

Å45 minutes 

 

Å80-90% satisfactory image quality 

 

ÅPredictors of poor image quality: 

ïAF (particularly with high rate) 

ïInconsistent respiratory navigator signal 



Image processing 

ÅControversial area 

ÅInterpretation of 2D images is difficult 

ÅMost publications use 3D reconstructions 

ÅRequires: 

ïLA/PV segmentation 

ïDelayed enhancement segmentation 

ïThresholding 

ÅMany potential sources of error 

 



LA segmentation ς 3D MRA 



LA segmentation ς 3D MRA 



Image processing - segmentation 

Whole 

heart scan 

Delayed-

enhancement 

scan 

Automatic LA 

segmentation 

Image 

registration 

Semi-automatic  

segmentation 



Representing 2D scans in 3D 

ÅAccurate segmentation: 
ïAllows registration of tissue information (eg. DE signal intensity) to 

correct part of atrial body 

ïAtrial body must be correctly identified and separated from 
surrounding structures 

 

 

 

 

 



Representing 2D scans in 3D 

ÅAccurate segmentation: 
ïAllows registration of tissue information (eg. DE signal intensity) to 

correct part of atrial body 

ïAtrial body must be correctly identified and separated from 
surrounding structures 

 

 

 

 

 



Image processing - thresholding 

Å[ƻǿ ŎƻƴǘǊŀǎǘ Ǌŀǘƛƻ ōŜǘǿŜŜƴ ΨƴƻǊƳŀƭΩ ŀƴŘ ΨŀōƴƻǊƳŀƭΩ 
atrial myocardium 

ÅSusceptibility to motion artefacts 

Å¢ƘǊŜǎƘƻƭŘ ōŜǘǿŜŜƴ ΨƴƻǊƳŀƭΩ ŀƴŘ ΨŀōƴƻǊƳŀƭΩ ƛǎ 
arbitrary 

Å Marrouche et al.: 

ïPixel intensity histogram of manual LA contour 

ïCut-off 2 to 4 SD above lower peak 



Image processing - thresholding 
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Å 81 patients undergoing PVAI for 
treatment of AF 

Å Manual LA DE segmentation 

Å Custom software to quantify 
spatial extent of DE 

Å Electroanatomic voltage maps 

Å AF recurrence at 6 months 
assessed 

 

Å A non-invasive means of 
assessing LA myocardial tissue in 
AF patients and might provide 
insight into the progress of the 
disease. 

Oakes et al. Circ 2009;119:1758-1767 

Scan quality ï 37 patients eliminated because of scan issues 



Moderate structural remodelling 

Oakes et al. Circ 2009;119:1758-1767 



Extensive structural remodelling 

Oakes et al. Circ 2009;119:1758-1767 



Oakes et al. Circ 2009;119:1758-1767 

Principle Concern: reproducibility 



Å144 patients 

ÅDE-MRI preprocedural 
fibrosis assessment 

ÅPVAI & posterior wall & 
septal ablation 

ÅDifferent thresholding 
and algorithm use for 
post ablation imaging 

ÅComparable LA scar post 
ablation across all stages 

Akoum et al. JCE 2011;22:16-22 

<5%        5-20%     20-35%       

>35% 



ÅMajority of patients had 0 
(53/144) or 1 PV antrum 
(47/144) circumferentially 
encircled 

Å4 vein encirclement in 
10/144 patients  

ÅCircumferential antral 
scarring predicts ablation 
success in mild LA fibrosis 

ÅPosterior and septal 
scarring is needed for 
moderate fibrosis 

 

Akoum et al. JCE 2011;22:16-22 



Å 387 patients with AF who underwent 
DW MRI of LA 

Å Risk factors and CHADS2 profile 

Å LA fibrosis quantified as a % of LA area 

 

Å Patients assigned to 1 of 4 groups based 
on quartiles applied to DE-MRI LA 
άǎǘǊǳŎǘǳǊŀƭ ǊŜƳƻŘŜƭƛƴƎέ ŘƛǎǘǊƛōǳǘƛƻƴ 
ï Stage I <8.5% DE 

ï Stage II 8.6% to 16% 

ï Stage III 16.1% to 21%  

ï Stage IV >21.1% 

Daccarett et al. JACC 2011;57:831-8 

2.7% 10.2% 19.4% 38.4% 



Daccarett et al. JACC 2011;57:831-8 



Pre-ablation imaging 

ÅHas been used to assess LA structural remodeling 
pre-ablation 

ÅThe extent of LA structural remodeling correlates 
with 

ïAF phenotype (duration, LA size, LA voltage) 

ïCHADS2 score 

ïStroke risk 

ïOutcome of ablation 

ÅThe findings are difficult to reproduce 



Outline 

Å Atrial fibrillation and atrial fibrosis 

Å MR imaging of the LA ς technical challenges 

Å MR imaging pre ablation ς clinical relevance 

Å MR imaging post ablation ς clinical relevance 

ï Early imaging (<24h) 

ï Late imaging (>30 days) 

Å Conclusion 



2D image quality 

ᾛ ᾟ ᾟ 



Post-ablation imaging ς initial experience 

Å 23 patients undergoing PVI 
 

Å 2D reconstructions of the PV ostia 
Å No pre-ablation delayed 

enhancement 
Å Patients scanned at >30d post RF 
Å Post ablation DE seen in all 

patients 
Å Only 62% of patients 

demonstrated >90% 
circumferential DE 

 

Peters et al. Radiology 2007; 243:690-695  

MRA       Pre   Post 



Å Extent of LA injury measured 
using a threshold-based lesion 
detection algorithm 

Å Manual contouring of epi and 
endocardium 

Å Normal and injured tissue 
defined based on a bimodal 
distribution of pixel intensities in 
the LA wall 

Å Injured tissue defined as 3 SDs 
above the normal tissue mean 
pixel intensity 

 

Å Scans before and 3 months post 
ablation 

McGann et al. JACC 2008;52:1263-71 



ÅRF injury can be evaluated 
with DE MRI 

Å It may be possible to predict 
procedural outcome from 
extent of LA wall injury 

 

McGann et al. JACC 2008;52:1263-71 



Knowles et al. IEEE 2010;57:1467-75 

Å Feasibility study of 14 AF 
patients, 3 in XMR lab 

 

Å T2-ǿŜƛƎƘǘŜŘ ƛƳŀƎƛƴƎΥ άoedemaέ 

Å 59 ƛƳŀƎƛƴƎΥ άƴŜŎǊƻǎƛǎέ 

Å Co-registration with 
intraprocedural anatomy and 
lesion set 

Å Simultaneous visualisation of 
both patterns of cardiac injury 



Knowles et al. IEEE 2010;57:1467-75 

Left PVs Right PVs 

Delayed 
enhancement 

71.9±21.4% 60.8±29.8% 

DE and T2 87.6±16% 
(p=0.05) 

90.5±14% 
(p=0.006) 

DE 

T2 



T2-weighted LA CMR 

 



Delayed enhancement LA CMR 

 


