An Optimized Composite Refocusing Pulse for Ultra-High Field MRI

M. Jankiewicz'?, J. Moore'?, A. W. Anderson'*, and J. C. Gore'*
"nstitute of Imaging Science, Vanderbilt University, Nashville, TN, United States, 2Department of Radiology, Vanderbilt University, Nashville, TN, United States,
*Department of Physics, Vanderbilt University, ‘Department of Biomedical Engineering, Vanderbilt University

Purpose

At high magnetic fields, the wavelengths of the RF pulses transmitted in MRI are comparable to the size of the human torso/head [1], which gives rise to
inhomogeneous B," fields. Variations of the RF field can be reduced (for example) by the use of tailored slice-selective pulses optimized for the desired excitation
profile [2] based on spokes or an optimized composite pulse with slice selection [3]. A refocusing pulse is often needed in various imaging scenarios. Solutions
currently used in use involve adiabatic refocusing pulses, or sequences of sinc-pulses susceptible to field inhomogeneities. A design of a composite refocusing pulse
suitable for use in human imaging at 7T is presented here. With the assumption that it is preceded by a slice-selective excitation, the refocusing solution is immune to
inhomogeneities within a predefined universal parameter space of B, and AB, values (UPS).
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% 133 zee .00 533 ess oo Fig.1: All three components of the magnetization vector, together with a transverse
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magnetization, after execution of the optimized composite refocusing pulse. The
. . L. . L ) values of the magnetization are given on a UPS grid of values from 0.35-1.15 in B;"
Fig.2: Waveforms of the op tzmtz.ec{ ref ocustng p ulse, consisting of 40 1924 and +-10kHz AB, directions. The pulse is optimized for 1kHz bandwidth. The pulse
block-shaped sub-pulses with optimized amplitude () and phase (b). performance is represented for three mutually orthogonal initial conditions (1,0,0)

a), (0,1,0, and (0,0,1) (c). A slice profile is visible on M/ (c).
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pulse. The optimization was performed on an orthogonal basis of magnetization

(Mt Myi“i‘ , M,™) vectors (1,0,0) and (0,1,0) and (0,0,1), where the third component corresponds to longitudinal final magnetization (not included in the
optimization). M,™ and M,™ are the magnetization components found through numerical solution of Bloch equations in the presence of B;* inhomogeneity and AB,
frequency offset for the purpose of slice-selection and after execution of the refocusing pulse under consideration. The subscript BW (bandwidth) is here to remind us
that we are dealing with a slice-selective pulse and hence the values of the initial magnetization matrices are weighted with -1 and +1 outside and inside of the slice
profile. In the example presented here, B," range [3] of 0.35-1.15 (in 0.5 increments) as measured in units of nominal B, were selected to represent typical variations
throughout the human head at 7T. On the optimization grid, the AB, range corresponding to the 1kHz target bandwidth was divided into 47.6Hz increments and the +/-
10 kHz region outside the target bandwidth was more coarsely divided into 500 Hz increments in order to reduce computational time while still forcing the desired
slice-selection properties (selected here to represent a typical slice thickness and gradient strength).

Results and Conclusions

Figure 1 shows all three components of the final magnetization vector as well as transverse magnetization, directly after the refocusing pulse for three mutually
orthogonal initial magnetization values (1,0,0) (a), (0,1,0) (b) and (0,0,1) (c). A slice profile can be seen in Fig. 1(c) due to the nature of the corresponding initial
condition. The magnetization in the M,-direction changed direction from +1 to -1 whereas magnetization in the My-direction conserved its initial value. The
longitudinal component of the magnetization M, changed direction to the opposite, ensuring a 180° rotation of the magnetization vector along the My-axis. Figure 2
shows the designed refocusing pulse generating the desired magnetization behavior. The optimized refocusing pulse presented here can be implemented at any field
strength. The solution presented here is independent of subject specific factors or the precise geometric complexity of B," patterns, and so it represents a robust
alternative to existing refocusing scenarios. Future work involves further perfection of the slice-selection profile behavior for spectroscopy as well better optimization
within a given B,"/AB, range.
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