Theoretical study of a new saturation technique for magnetization transfer experiments
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Introduction

Magnetization transfer (MT) between bulk water and metabolite protons enable a new contrast in MR imaging [1-2]. MT imaging
contrast is given by the magnetization transfer ratio MTR = SsaSo. Ssat is the remaining water signal after off-resonant saturation
and Sy the image signal without saturation. If MTR is recorded for various frequency offsets the z-spectrum is obtained. Challenges
of z-spectrum acquisition are the reduction of spillover effects which is partial water saturation during off-resonant irradiation, Bo
correction, and asymmetry analysis. If these problems can be solved specific MT variants like chemical exchange saturation
transfer (CEST) or amide proton transfer (APT) can be exploited. We studied a new saturation scheme with variable saturation
power to overcome these challenges.

Theory

We introduce the condition w;,..=c4 + d (1), with variable ¢ and d, into the Bloch-McConnell equations of two transferring pools.
The result is a linear dependence of the RF amplitude B; = w,/y on the offset of the saturation frequency from the water resonance
and the analytical solution of MT derived by Henkelman et al. [3] will change:

Table 1: simulation parameters
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Here M., is the water magnetization in z-direction, R,z are the T, relaxation rates, & is the transfer rate, Ry is the RF absorption
line shape of pool B, w; is the frequency offset of pool B from the water resonance, and 4 is the saturation frequency offset. For
d = 0 these equations show for small w; only a dependence on a newly derived variable 4, = 4 — wz and no longer on 4.

Material and Methods

The Henkelman model was calculated with and without implementation of condition (1) with parameters shown in Tab. 1 for a
magnetic field of B, =3 T (1 ppm corresponds to a B, of 6 uT). For simulation of in vivo conditions (pulsed saturation, not reaching
steady state) a fully numerical solution of the 6 coupled Bloch-McConnell equations was modified with a mean B; (cw power
equivalent [4] ) that fulfils (1). Both models were calculated for different values of ¢ and d to find the optimal value for ¢ and to show
the dependence on residual constant fields d. We interpret pool A as water pool and

pool B as CEST pool. === = ——{cA+d
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method offers a higher stability as the asymmetry analysis simplifies. Figure 1: modified Henkelman
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In this theoretical study we could show that two pools in MT can be isolated by \';Iitghugieffezr.ent'-l f;#:g?f& model

modifying the saturation scheme with condition (1).This has the benefit of not

perturbing the asymmetry analysis by direct saturation effects hence correction which are generally required to maximize the
measurable effect can be neglected. Phantom and in vivo examinations are in progress to evaluate the theoretical background
experimentally.
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