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Fig. 1. The schema of perfusion imaging (AM) acquired by subtracting labeled image from con-

trol image.
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Fig. 2. The schema of continuous arterial spin labeling (CASL). A continuous RF field is ap-
plied for a few seconds, at the same time the field gradient is applied along the feeding artery
(carotid artery). Flowing spins in the arteries move through the field gradient and as they pass
through resonance the magnetization of the spin is inverted. After a certain delay time, the lon-
gitudinal magnetization is measured using snapshot imaging such as EPI.
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Fig. 3. The schema of pulsed arterial spin
labeling (PASL). In contrast to CASL, the
labeling for PASL is done by single RF pulse in
large slab proximal to the image slices.
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a: CASL

Control

c: PASL (FAIR)

Fig. 4. a: CASL for multislice acquisition using sinusoidal modulated
adiabatic inversion for control image, where spin gets inverted during
passage of the first plane, and gets back to its equilibrium during subse-
quent passage of the second plane.

b: EPISTAR (asymmetric PASL) for multislice acquisition. A single
adiabatic pulse is used to invert the spins for labeling and two 180 degree
pulses which has half power of labeling pulse for control, at the same po-
sition. In contrast, TILT uses two 90 degree pulses, which are applied
consecutively for labeling, and with opposite phases for control so that
they have no net effect.

c: FAIR (symmetric PALS). Labeling is done by using a non-selective
inversion pulse, while for control slice selective inversion pulse is applied
in just same area as image acquisition.
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Fig. 5. The simulated AM curve based on Bux-
ton model, showing 3 kinds of perfusion. The
solid line shows the normal perfusioin. The dot-
ted line shows reduced perfusion. The dashed
line shows the normal perfusion with delayed
arrival. When measuring signal after 1.5s
(solid vertical line), it is not possible to distin-
guish the reduced perfusion and normal perfu-
sion with delayed arrival.
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QUIPSS I Q2-TIPS

In-plane
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In-plane
presaturation slab

Imaging slice

/ Periodic
S&Tur‘a‘rion | saturation slice
slab Labeling slab

Labelinglj slab

Fig. 6. QUIPSSII : A saturation pulse is applied to the labeling region
after delay time TI1 to make it sure that bolus duration is constant.

Q2-TIPS : Instead of saturating whole labeling area, only distal end is
saturated by a periodic train of thin slice saturation pulse which achieves

sharper edge and improves accuracy of perfusion quantification.
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labeling pulse

AM curve

Fig. 7. Look-Locker readout measuring signal at multiple delay time to observe entire AM curve

in single labeling.
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Fig. 8. QUASAR with Look-Locker readout shows delayed arrival of labeled blood (arrow).

Fig. 9. CBF map of healthy volunteer acquired
with QUASAR. (Courtesy: Tohoku Universi-

ty)
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Fig. 10. a: PULSAR (RPI) planning of labeling slab. b : Healthy volunteer image with PUL-
SAR (RPI). (Courtesy: National Neuroscience Institute, Singapore)

Fig. 11. A patient with acute left MCA infarct and severe stenosis of the left ICA (at least 90%, as evidenced by
DSA). a: T2 weighted image. b: PULSAR (RPI). Presented with some collaterals from the ECA, unfortunately
not sufficient to prevent MCA infarct. RPI images also shows collaterals from the contralateral ICA and posterior
circulation, and a reduced CBF in the infarcted area (arrow). (Courtesy: National Neuroscience Institute,

Singapore)
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Perfusion is a very important biological function by which oxygen and nutrients are delivered to tis-
sues by blood flow in the capillary bed. Arterial spin labeling (ASL) is a completely noninvasive per-
fusion imaging method. ASL sometimes suffers from systematic errors that affect quantification, but
several groups have developed methods that more accurately measure perfusion.

ASL has benefited from the availability in clinical use of magnetic resonance (MR) systems with
high field strength (3.0 tesla) that allow higher signal-to-noise ratio (SNR) and sensitivity as a result
of longer T: value. However, radiofrequency (RF) inhomogeneity has been problematic and should
be considered when higher field strength is used.

We review the theoretical background of ASL, revisit its difficulties and examine 2 new sequences
that consider those difficulties, and introduce in particular the advantages of applying higher field
strength.
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