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Background

First-pass perfusion CMR utilizes accelerated imaging to
achieve high spatial resolution and coverage within a
small acquisition window. Several compressed sensing
(CS) methods have been proposed to accelerate perfu-
sion imaging' . However, patient motion due to imper-
fect breathholding and other factors leads to degraded
quality of CS-reconstructed images. We recently demon-
strated a CS method (Block LOw-rank Sparsity with
Motion guidance, BLOSM?*) that exploits regional low-
rank sparsity and compensates for the effects of motion,
and the dvantages of BLOSM were demonstrated using
retrospectively-undersampled first-pass data®. In the pre-
sent study, prospectively-accelerated first-pass data were
collected from patients undergoing clinically ordered
CMR studies, and we compared image quality for
images reconstructed using BLOSM and the k-t SLR
method?, a reference CS method that exploits global
low-rank sparsity.

Methods

Multislice 2D saturation-recovery first-pass gadolinium-
enhanced data were collected from 10 patients on a
1.5T Avanto scanner using the standard body phased-
array RF coil. For each patient, 3 short-axis slices were
acquired per heartbeat for 50-70 heartbeats. A variable-
density ky-t undersampling pattern following the pois-
son disk distribution was implemented to achieve an
appropriate sampling pattern for CS reconstruction .
With rate-4 acceleration, the acquisition window for one
slice was 96 ms. Other parameters included: Cartesian
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trajectory, spatial resolution=1.8-2.1x1.8-2.1mm?, slice
thickness=8mm, repetition time=2.4 ms, and saturation
recovery time=100ms. The undersampled data were
reconstructed using BLOSM and k-t SLR. Multi-coil
data were combined using SENSE, with sensitivity maps
calculated from temporally-averaged undersampled data.
For a fair comparison, both BLOSM and k-t SLR were
implemented using the same optimization algorithm
and the reconstruction parameters were optimized for
each method. Two cardiologists scored the overall
image quality (scale of 1-5, where 1 is the best).

Results

Figure 1 shows example BLOSM and k-t SLR recon-
structed images from one slice at multiple time points.
This example demonstrates that with prominent respira-
tory motion (see the x-t profiles in (D) and (H)), BLOSM
(A-D) provides consistently good image quality, while k-t
SLR (E-H) shows blurring (E,F). Figure 2 shows BLOSM
results from three slices from a patient with a perfusion
defect and prominent respiratory motion (D), along with
a corresponding LGE image showing scar (E). Image
quality scores were better for BLOSM (2.1+0.8 for
BLOSM vs 2.940.7 for k-t SLR, p<0.01).

Conclusions

High-quality prospectively-accelerated CS-reconstructed
first-pass perfusion imaging was achieved in heart-disease
patients using BLOSM, even when substantial respiratory
motion occurred. These findings support the use of
regional low-rank sparsity with motion compensation.
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Figure 1 Example reconstruction results of one slice using BLOSM (A-D) and k-t SLR (F-l) from one patient at multiple time points. Images at
three different time points (t;,t,,t3) and the corresponding spatial-temporal (x-t) profiles are shown in separate columns. The x-t profiles show
that substantial respiratory motion occurred during the scan. BLOSM images demonstrate good motion compensation (A-C) whereas k-t SLR
images suffered from blurring when motion occurred (t;, t,).
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Figure 2 Example BLOSM reconstruction results from one patient with amyloidosis. Multi-slice images from one time point are shown (A-C),
along with the x-t profile (D) and a corresponding LGE image (I). A subendocardial perfusion defect is clearly depicted by BLOSM, even in the
presence of respiratory motion during the scan, as illustrated in the x-t profile. The subendocardial perfusion defect location matched closely
with enhancement on the LGE image.

BLOSM

\

Funding doi10.1186/1532-429X-17-51-040

This work was supported by NIH grants RO1 EB Cite this article as: Chen et al. Prospectively accelerated first-pass

001763, RO1 HL 115225, K23 HL112910, American myocardial perfusion imaging in patients using motion-compensated
’ L ’ ? compressed sensing exploiting regional low-rank sparsity. Journal of

Heart Association Predoctoral Award 12PRE12040059 Cardiovascular Magnetic Resonance 2015 17(Suppl 1):040.

and Siemens Medical Solutions.

Published: 3 February 2015

References

1. Otazo, et al. MRM 2010.

2. Lingala, et al IEEETMI 2011.
3. Akcakaya, et al: MRM 2013.
4. Chen, et al: MRM 2013.




	Background
	Methods
	Results
	Conclusions
	Funding
	References


<<
  /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




