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Introduction
The acquisition efficiency of the continuous

arterial water labeling (CAWL) perfusion imaging
method (1) has been limited by the necessity to acquire
multiple slices as separate experiments. This is due to
the sensitivity of the magnetization transfer (MT)
effects on tissue to the frequency of the off-resonance
RF used for arterial water labeling. Recently, two
approaches to multi-slice CAWL perfusion imaging
have been proposed: 1) Use of separate coils for
adiabatic inversion of arterial blood and imaging (2,3)
and 2) Acquisition of water unlabeled images using
cosine amplitude modulated RF (4). Here, we
demonstrate a different approach for multi-slice CAWL
using simultaneous proximal and distal RF irradiation.
Method

In this method, equal RF power is applied
proximal and distal to the slices to be imaged.
Application of RF simultaneously at two frequencies
generates a MT profile which is symmetric and
reasonably flat over a small range of frequencies about
the midpoint of the two frequencies. When the two site
irradiation is applied in the presence of a gradient, the
proximal site serves to label the arterial water by flow
induced adiabatic fast passage. The arterial water
unlabeled images are obtained by applying the same
RF scheme but in absence of the gradient. Since MT
effects are the same with and without the gradient for
the slices within the flat portion of the MT profile, the
perfusion related signal change can be detected for
multiple slices within a single experiment.

This method was performed on human brain
and kidney using 1.5T GE Signa/ANMR Instacan. RF
at two frequencies was obtained by cosine amplitude
modulation at 15.625 KHz. A train of 70.4 ms,
amplitude modulated RF pulses (70 mG) were applied
at 86% duty cycle for -4 s prior to acquisition of 6
slices in rapid succession. A delay (750 and 500 ms
for brain and kidney studies, respectively) was inserted
before image acquisition. Axial, 5 mm spin-echo EPI
images were acquired with a 1 mm gap. Arterial water
unlabeled and labeled images were acquired
alternatively. The arterial water labeling site was
positioned -1 15 mm from the center of the imaged
region. For the brain studies, 50 pairs of arterial water
unlabeled and labeled images were acquired. For the
kidney studies, 15 pairs of unlabeled and labeled
images were obtained with 1 pair per breath-hold.

Rat brain studies were also performed using a
4.7T Bruker Avance system.
Results

Figure 1 shows the MT profiles (gray matter
ROI signal normalized to the equilibrium value) of
single and double frequency RF schemes. Irradiation at
2 frequencies produces a symmetric MT profile. Figure
2 shows the residual MT profile (brain ROI signal
normalized to that when the offset is zero) when using
the two frequency irradiation and a 500 ms delay
before image acquisition. The residual MT effects are
<0.5% for a frequency range of -4 KHz. This implies

that a distance equal to -1/4 the separation of the center
of the imaged region and the labeling site could be
imaged with minimal residual MT contribution. Similar
results were also obtained in rat brain studies.

Figures 3 and 4 show CAWL difference
(unlabled-labeled) images of the human brain and
kidney obtained using this method. In the brain, the
difference signal is -1.5% of the unlabeled image, in
all slices. In the kidney, the difference signal is -5.5%
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Figure 1:
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Figure 4:
Multi-slice
perfusion
images of the
kidney.

Discussion
These results demonstrate that multi-slice

CAWL perfusion images can be obtained using
simultaneous proximal and distal irradiation to flatten
the MT profile and that the method is applicable to
organs with different flow conditions. The spatial
coverage may be increased by increasing the frequency
separation between the two irradiations.
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