
POSTER PRESENTATION Open Access

Detection of left atrial scar and changes of cardiac
function in relation to AF ablation, by 3D late
gadolinium enhancement
Jose H Flores-Arredondo2,1*, Gerd Brunner2,1, Lucien N Abboud1, Joel D Morrisett2, Christie M Ballantyne2,1,
Amish S Dave1, William A Zoghbi1, Miguel Valderrabano1,3, Dipan J Shah1

From 17th Annual SCMR Scientific Sessions
New Orleans, LA, USA. 16-19 January 2014

Background
Atrial Fibrillation (AF) is the most common arrhythmia
in clinical practice; catheter ablation (AFCA) is a wide-
spread treatment. Determinants of AFCA success and
post-AFCA left atrial remodeling are poorly understood.
Delayed Enhancement Cardiac Magnetic Resonance
(DE-CMR) has been used to image LA scar post-AFCA
and its relation to ablation outcome. Here we explored
the role of postablation LA scar in subsequent cardiac
remodeling.

Methods
We correlated post AFCA scar with cardiac volumes and
function including LA volume, LV ejection fraction
(LVEF), and LV cardiac output (LVCO). In a retrospective
analysis, we identified 46 patients who underwent AFCA
-pulmonary vein antral isolation in whom DE-CMR was
obtained before and after AFCA (174 ± 160 days postabla-
tion). In 20 patients, a repeat AFCA procedure was per-
formed due to recurrent AF. DE-CMR procedure was
performed utilizing a navigated 3D inversion recovery gra-
dient echo sequence (Siemens 1.5T Avanto or 3.0T Verio)
approximately 15 minutes after administration of 0.2
mmol/kg Gadolinium (Magnevist). Scans were ECG-gated
and acquired during a 150 ms window in mid-diastole
with navigator-gating and fat suppression. We have devel-
oped an image analysis method and graphical user inter-
face (GUI) to semi-automatically quantify hyperenhanced
regions (scar) in the entire LA wall. Scar was quantified
semi-automatically as fraction of LA contour in every slice
from base to roof. STATA/IC 13.0 was used for statistical

analysis. Two-way Interclass Correlation (ICC) for rater
agreement was tested for LA perimeter and LA scar detec-
tion between two independent readers for 40 MRI slices.
Variable normality was assessed with the Shapiro-Wilk
test. The Wilcoxon signed-rank test was used to deter-
mine statistical significance between non-parametric vari-
ables in pre and post AFCA.

Results
ICC indicates similarity between observers in both
LA Perimeter (ICC: 0.785, CI: 0.59-0.886, p < 0.05) and
LA Scar (ICC: 0.609, CI: -0.14-0.844, p < 0.05). The
extent of LA Scar was higher in postablation (Median:
8.62, IQR: 5.43-16.4) DE-CMR compared to baseline
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Table 1 Comparison of Scar and Functional Values Pre
and Post AFCA

Variable Mean ± Std. Dev. IQR Range Prob > |z|

Pre LA Scar (%) 5.16 ± 5.66 0.55-8.3 0.0001*

Post LA Scar (%) 10.44 ± 6.98 5.43-16.4

Pre LA Vol (ml)¥ 121.622 ± 46.44 90.3-136.1 0.0006*

Post LA Vol (ml) 104.48 ± 38.05 75.6-128.4

Pre LV C.O. (L./min.) 5.34 ± 1.36 4.6-5.98 0.0056*

Post LV C.O. (L./min.) 5.90 ± 1.29 5.01-6.68

Pre LVEF (%)‡ 59.52 ± 11.98 54.91-66.67 0.0152*

Post LVEF (%) 63.30 ± 8.37 60.05-68.68

¥Higher in Persistent Afib vs. Paroxysmal. ‡ Lower in Persistent Afib vs.
Paroxysmal. LA: Left Atrium. LA Vol: Left Atrial Volume. LA C.O.: Left Atrial
Cardiac Output. LVEF: Left Ventricular Ejection Fraction. AFCA: Atrial Fibrillation
Catheter Ablation.
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(Median: 3.26, IQR: 0.55-8.3), with a p value < 0.001. LA
volumes however were found to be lower in postablation
(Median: 98.6 ml, IQR: 75.6-128.4) compared to baseline
(Median: 109.5 ml, IQR: 90.3-136.1, p < 0.05) with a p value
< 0.05. LVEF increased significantly (Pre Median: 60.69%,
IQR: 54.91-66.67; Post Median: 64.8%, IQR: 60.05-68.68;
p < 0.05) and LVCO increased (Pre Median: 5.00 L/min,

IQR: 4.6-5.98, Post Median: 5.65 L/min, IQR: 5.01-6.68;
p < 0.05), see Table.

Conclusions
AFCA is associated not only with LA scar creation but
also with significant favorable remodeling shown by
decreases in LA volume and increases in LVEF and
LVCO. The evaluation of scar and LA Perimeter through
DE-CMR, using an in-home GUI is consistent among ran-
dom readers.
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Figure 1 Pre and Postablation DE-CMR images of the left
atrium (same patient) A. Preablation Image (0.00% LA Scar, LA
Vol. of 136.1 ml and LVEF of 60.69%). B. Postablation Image
(16.24% LA Scar (arrows), LA Vol. of 76.9 ml and LVEF of 66.52%).

Flores-Arredondo et al. Journal of Cardiovascular Magnetic
Resonance 2014, 16(Suppl 1):P145
http://www.jcmr-online.com/content/16/S1/P145

Page 2 of 2


	Background
	Methods
	Results
	Conclusions
	Funding
	Authors’ details


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


