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Accelerated spiral FVEAccelerated spiral FVE

•• SSFP? Nope.SSFP? Nope.
•• T1 or T2 weighted imaging? Not really.T1 or T2 weighted imaging? Not really.
•• Magnetization preparation? DonMagnetization preparation? Don’’t think so.t think so.
•• This talk is about:This talk is about:

–– Flow Flow quantitationquantitation
–– Reconstruction from Reconstruction from undersampledundersampled kk--spacespace

MotivationMotivation

•• Peak velocity in flow jetsPeak velocity in flow jets
–– StenosisStenosis, regurgitation, atherosclerosis, regurgitation, atherosclerosis

•• Phase contrast is not appropriate for Phase contrast is not appropriate for 
flow jets (partial volume)flow jets (partial volume)

•• Fourier velocity encoding (FVE) is Fourier velocity encoding (FVE) is 
robust to partial volumerobust to partial volume
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Tang et al. JMRI 1993;3:377

•• Carvalho & Carvalho & NayakNayak, MRM 57:639, 2007., MRM 57:639, 2007.
•• FullyFully--localizedlocalized velocityvelocity distributiondistribution in a in a singlesingle
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Spiral FVESpiral FVE

•• Carvalho & Carvalho & NayakNayak, MRM 57:639, 2007., MRM 57:639, 2007.
Spiral FVESpiral FVE
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Spiral FVE: limitationsSpiral FVE: limitations

•• Low spatial resolutionLow spatial resolution
•• OffOff--resonanceresonance

•• Insufficient velocity FOVInsufficient velocity FOV
•• Moderate temporal resolutionModerate temporal resolution
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Accelerated spiral FVEAccelerated spiral FVE

•• Exploits sparseness and symmetriesExploits sparseness and symmetries
•• Techniques:Techniques:

–– VariableVariable--density spiralsdensity spirals
–– Temporal acceleration (UNFOLD)Temporal acceleration (UNFOLD)
–– Partial Fourier reconstructionPartial Fourier reconstruction

VariableVariable--density spiralsdensity spirals

•• Shorter readoutsShorter readouts
–– Less offLess off--resonanceresonance
–– Higher temporal resolutionHigher temporal resolution

•• Higher spatial resolutionHigher spatial resolution
–– Better spatial localization of flowBetter spatial localization of flow

2-fold acceleration

Tsai et al. MRM 2000;43:452

VV--D spirals: resultsD spirals: results
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UNFOLDUNFOLD

•• kk--tt spacespace

Madore et al. MRM 1999;42:81
Tsao. MRM 2002;47:202

UNFOLD: resultsUNFOLD: results
Madore et al. MRM 1999;42:81
Tsao. MRM 2002;47:202

UNFOLD: resultsUNFOLD: results
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UNFOLD: resultsUNFOLD: results
Madore et al. MRM 1999;42:81
Tsao. MRM 2002;47:202

UNFOLD: resultsUNFOLD: results
Madore et al. MRM 1999;42:81
Tsao. MRM 2002;47:202

assumption: flow jets are temporally smooth

normal flow stenosis regurgitation

UNFOLD: resultsUNFOLD: results
Madore et al. MRM 1999;42:81
Tsao. MRM 2002;47:202

UNFOLD: resultsUNFOLD: results

6-fold acceleration

Madore et al. MRM 1999;42:81
Tsao. MRM 2002;47:202

Partial Fourier along Partial Fourier along kkvv

full k-space
(24 heartbeats)

partial k-space
(14 heartbeats)

Noll et al. IEEE TMI 1991;10:629

Partial Fourier: resultsPartial Fourier: results

full k-space
(12 heartbeats)

partial k-space
(12 heartbeats)

full k-space
(18 heartbeats)

1.5-fold acceleration
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Combined resultsCombined results

non-accelerated
36 heartbeats

(216 heartbeats)

2-fold accelerated
18 heartbeats

(108 heartbeats)

12-fold accelerated
18 heartbeats

18-fold accelerated
12 heartbeats

variable-density
2-fold

temporal acceleration
6-fold

partial Fourier
1.5-fold

ResultsResults

ImprovementsImprovements

•• Spatial resolutionSpatial resolution
–– Improved from 7 mm to 3.6 mmImproved from 7 mm to 3.6 mm
–– Reduced offReduced off--resonance effectsresonance effects

•• Velocity FOVVelocity FOV
–– Expanded from 8 Expanded from 8 m/sm/s to 12 to 12 m/sm/s

•• Temporal resolutionTemporal resolution
–– Originally 26 msOriginally 26 ms
–– Now: 9 ms (33 ms for high velocities)Now: 9 ms (33 ms for high velocities)

ConclusionsConclusions

•• Spiral FVE is a recently proposed Spiral FVE is a recently proposed 
method for rapid method for rapid quantitationquantitation of flow jetsof flow jets

•• The method was considerably improved The method was considerably improved 
using three different techniquesusing three different techniques
–– 1818--fold accelerationfold acceleration
–– Several improvementsSeveral improvements
–– No increase in scan timeNo increase in scan time
–– No significant artifactsNo significant artifacts

•• Patient validation is plannedPatient validation is planned

AcknowledgementAcknowledgement

•• NIH (HL074332)NIH (HL074332)
•• AHA (0435249N)AHA (0435249N)
•• GE HealthcareGE Healthcare

http://mrel.usc.edu


