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• Arterial spin labeling (ASL) is a recent magnetic resonance imaging (MRI) technique 

that allows for noninvasive measurement of blood flow.

• The technique employs specially prepared radio-frequency (RF) pulses 

to magnetically label arterial blood water prior to data acquisition.

• Various technical advancements have been made in the past for ASL.

• ASL is a popular MRI technique with growing field of interest in both 

research and clinical applications.
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 Arterial Spin Labeling (ASL)

• MRI methods for measuring blood flow

• Injection of Contrast Agent

• Arterial Spin Labeling (ASL)

• ASL applies radio-frequency (RF) pulses to invert magnetization of arterial blood water

• Acquisition of one image with inverted magnetization in arterial blood water (Label)

• Acquisition of another image with no inverted magnetization in arterial blood water (Control)

• Perfusion map acquired by subtraction (Control – Label)
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FIG 1. Schematic Diagram of ASL Acquisition and Labeling of Arterial Blood Water
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Magnetization Transfer (MT) Effects in ASL
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• Application of labeling pulses causes off-resonance saturation, i.e., magnetization transfer (MT)

• MT effects are not symmetric around water resonance frequency

• MT effect causes measurement errors in ASL

• Potentially problematic for subtraction from control

• Signal-to-noise ratio reduction

 Suppression of MT effects important for ASL

FIG 4. Precession Frequency Distribution and Magnetization Transfer Effect in ASL
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 Arterial Spin Labeling (ASL)
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• Three main categories based on labeling scheme:

• Continuous ASL (CASL)

• Pulsed ASL (PASL)

• Pseudo-Continuous ASL (pCASL)
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FIG 3. Example Brain Slice Image of Control, Label, and Perfusion Map 

FIG 2. Schematic Diagram of ASL Pulse Sequence



 Pulsed ASL (PASL)
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• Application of instantaneous RF pulse as labeling

• RF pulse typically 10-20 ms duration

• High tagging efficiency

• Largely insensitive to blood flow variations

• Examples

• FAIR

• EPISTAR

• PICORE



 Continuous ASL (CASL)
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• Application of continuous RF pulse as labeling

• RF pulses with 1-2 second duration

• Longer duration of labeling provides higher SNR

• Application of long RF pulse limited in many commercial scanners

Single Slice Multiple Slice



 Pseudo-Continuous ASL (pCASL)
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Wu et al., 2007 [5]

Dai et al., 2008 [6]
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CASL

• Application of train of multiple short RF pulses as labeling

• Developed to take advantage of both PASL and CASL

• High tagging efficiency

• High SNR

• Variations

• “Balanced” Gradient Method

• “Unbalanced” Gradient Method

Balanced Unbalanced



 Different Readout Schemes
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• Fast data readout scheme preferred due to typically long duration of labeling in ASL

• Echo planar imaging (EPI) typically used since fastest acquisition method in MRI (e.g. ~0.1s/image)

• EPI susceptible to magnetic field inhomogeneity and image distortions

• Recently, non-EPI readout schemes have been applied to ASL

• Rapid Acquisition with Refocused Echoes (RARE)

• GRadient- And Spin Echo (GRASE)

• Balanced Steady-State Free Precession (bSSFP)
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Park et al., 2013 [8]
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IMAIOS 2014 [7]
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 3D pCASL-bSSFP: Preliminary Results
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• Advancement of pCASL-bSSFP for 3D acquisition

• Long labeling duration required in ASL

• 3D acquisition to increase efficiency



FIG 6. Retrospective Down-Sampling Results for 2D pCASL-bSSFP
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 pCASL-bSSFP with Compressed Sensing (CS)
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• Combination of pCASL-bSSFP with CS to increase spatial coverage

• CS Problem Formation: 𝐦𝐢𝐧
𝒙

{ 𝑨𝒙 − 𝒃 𝟐 + 𝝀 𝒙 𝟏 }

where    𝒙 : x-f domain information and 𝑨𝒙, 𝒃 : k-t domain information

• Exploits temporal redundancy for reconstruction of perfusion information



 ALADDIN
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• Alternate Ascending/Descending Directional Navigation (ALADDIN) 

• Usage of 2D inter-slice blood flow and MT effects

• Allows for simultaneous acquisition of perfusion, MT asymmetry imaging

• Separation of perfusion and MT signals via combination of different datasets

Park et al., 2011, 2012 [9][10][11] 
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• ASL is a noninvasive MRI technique that allows for measurement of blood perfusion 

via magnetic labeling of arterial blood water.

• ASL is categorized into three main categories depending on labeling scheme: PASL, CASL, and pCASL.

• Various data readout schemes have been developed for ASL.

• New developments are being made to improve the technique in various aspects.

• ASL is a promising tool for clinical diagnosis as a substitute for contrast-agent based perfusion imaging.
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