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Background

Breath-hold (BH) segmented TURBO FLASH (TFL) is
currently used as the gold standard technique to evaluate
delayed enhancement (DE) of the myocardium, typically
with a phase sensitive inversion recovery (PSIR) approach
(1). However, many patients are unable to perform ade-
quate breath-holding resulting in poor image quality and
limited diagnostic yield. Free breathing (FB) single shot
steady state free precession (SSFP) is used as an alterna-
tive approach however respiratory motion artifact with
resultant blurring may affect visualization of smaller
myocardial scars. FB motion corrected (MOCO) single
shot SSFP with averaging (2) has been shown to be equal
or superior in detecting myocardial infarction (3), parti-
cularly in vulnerable patients. For FB MOCO sequences
to replace current BH techniques in the detection of DE,
they must be sensitive to the detection of both ischemic
and non-ischemic patterns of delayed enhancement.

Methods

16 consecutive patients, with suspected cardiomyopathy,
who underwent cardiac MRI on a 1.5T system (MAG-
NETOM Aera, Siemens, Erlangen, AG) were imaged
with FB PSIR SSFP, BH PSIR TFL and FB PSIR MOCO
SSFP. Images were graded by an experienced cardiovas-
cular physician for image quality (scale of 1 to 5), the
presence of DE, localisation (sub endocardium, mid
myocardium and sup epicardium), number of segments
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showing DE (0-17) and diagnostic confidence (scale of
1 to 3).

Results

Image qualities for FB MOCO SSFEP, FB single shot
SSFP and BH TFL were 4.56, 4.31 and 3.78 respectively
(Table 1). 6 of 18 patients (33.3%) demonstrated non-
ischemic DE on all 3 sequences. In this subgroup, diag-
nostic confidences for FB MOCO, FB SSFP and BH TFL
were 2.83, 2.67 and 2.33 respectively (Table 1). The total
numbers of involved segments for the 3 techniques were
39, 38 and 36 respectively. Of the 39 DE segments iden-
tified on FB MOCO, 2 were not identified on FB SSFP
and 4 were not identified on BH TFL. 1 DE segment
was identified on each of FB SSFP and BH TFL (with
low diagnostic confidence) but neither other sequence.
In these 2 cases, additional segments showed DE which
was detected on FB MOCO and diagnosis was
unchanged. In every segment with DE identified on all 3
techniques, the volume of involved myocardium
detected was equal or greater on FB MOCO than FB
SSFP or BH TFL.

Conclusions

All patients with DE on either FB SSFP or BH TFL were
identified on FB MOCO. More DE segments were iden-
tified on FB MOCO than either FB SSFP or BH TFL.
FB MOCO provided equal or superior image quality
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Table 1 Results of image quality and diagnostic confidence in all patients and in the subgroup of patients with non-

ischemic delayed enhancement.

Average Image quality
1=very poor and not analyzable, 2=poor, 3=acceptable, 4=good,

Average Diagnostic confidence;
1=low confidence,

5=very good 2=some confidence,
3=high confidence
Total (n = 16)
FB MOCO 4.56 N/A
FB SSFP 431 N/A
BH TFL 378 N/A
Non-ischemic DE (n = 6)
FB MOCO 4.50 283
FB SSFP 4.00 267
BH TFL 3.50 233

(high) in this case.

Image 3.

Figure 1 FB MOCO PSIR. Delayed enhancement noted in the basal anteroseptal and inferoseptal segments. Image quality 5 (very good) and
diagnostic confidence 3 (high). Image 2. FB SSFP PSIR at same level. Image quality 4 (good) and diagnostic quality high (3). Image 3. BH TFL
PSIR at same level. While the image quality is lower (4 (good) for this image but 3 overall for the sequence), the diagnostic confidence was 3

and diagnostic confidence. While some variation with
BH TRUFI and BH TFL was identified, image quality
and diagnostic confidence was higher for FB MOCO
than FB SSFP and BH TFL, which both showed low
diagnostic confidence in these cases. While further
study with larger numbers is required to validate these
findings, initial experience suggests that FB MOCO is
equal or superior to FB SSFP and BH TFL in detecting
non-ischemic DE and could replace them in clinical
practice.

Funding
Research support from Siemens Healthcare.

Authors’ details

'Radiology, Northwestern University Feinberg School of Medicine, Chicago,
Illinois, USA. *Cardiovascular Imaging, Northwestern Memorial Hospital,
Chicago, lllinois, USA. *Siemens Healthcare USA, Los Angeles, California, USA.
“Siemens Healthcare, Chicago, lllinois, USA. *Radiology, Northshore University
Healthsystem, Evanston, lllinois, USA.

Published: 16 January 2014

doi:10.1186/1532-429X-16-51-P305

Cite this article as: Flanagan et al: The validity of a free breathing
motion corrected phase sensitive inversion recovery sequence in the
detection of delayed myocardial enhancement in non-ischemic heart
disease. Journal of Cardiovascular Magnetic Resonance 2014 16(Suppl 1):
P305.




	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


