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Purpose: Recent work on a dedicated head-only gradient coil (Timfs)  (ps) ~ Mean/s.d.  Mean/s.d.  Mean/s.d. Mean/s.d.

demonstrated maximum gradient amplitude of 80 mT/m and a 500 T/m/s shiftimm) _ intensity  shift(mm) _intensity
slew rate (SR) [1]. Peripheral nerve stimulation (PNS) studies indicated 200° 2 o782 0760014 1152 063019
no significant PNS in volunteers using a train of trapezoidal waveforms. A 200 288 ORI 082043 931067019
second iteration of the head-gradient coil has recently been completed 300 475 3722 088012 7509 0.71/018
allowing a SR up to 700 T/m/s. Such SR has hitherto been possible only 500 35 287 093010 5807 0.76017
in small-bore animal scanners, but is now available for in-vivo brain 700 344 -26/16 095009 -54/0.7 0.79/0.17

imaging. We are exploring the advantages of using high SR up to 700 |Table 1. The tested gradient slew rates, the resulting EPI echo spacing

T/m/s to improve the quality of echo planar imaging (EPI) Spe cifi cally a (ESP), shifts in the phase-encoding direction, and normalized intensity
. ) . ’ ’ changes in the right and left temporal lobes. With the exception of (*),

hlgh. SR .Can Ijeduce EP I echo spacing, which C.Onsequem.ly. I:educes both whole-body PNS limits on gradient waveforms were disabled.

spatial distortion and signal loss due to magnetic susceptibility [2, 3]. In

preparation for imaging tests and in-vivo validation, we explore simulations to understand the extent of improvements to EPI at SR

ranging from 200 T/m/s (attainable in whole-body MRI scanners) to 700 T/m/s (as in our dedicated head-only gradient coil).

Methods: A T2-weighted FSE scan (FOV = 24 cm, TR/TE=0.1/10 s, 256x256 sampling in-plane, slice thickness=3mm) was acquired
as a reference, in two normal subjects (under an IRB-approved protocol) using a conventional 3T MRI (GE MR750) with a 32-channel
brain coil (Nova Medical, Wilmington MA). A 3D multi-echo gradient-echo acquisition with identical spatial sampling was used to
obtain the BO-map needed to simulate EPI effects. The echo spacing was determined on the scanner without imaging by increasing SR
from 200 T/m/s to 700 T/m/s (keeping maximum gradient amplitude at 50 mT/m), using a standard spin-echo EPI protocol for
diffusion imaging, where the phase-encoding direction was in the anterior-posterior direction (FOV = 24 cm, TR/TE = 0.06/5 s,
128x128, slice thickness = 3 mm, parallel imaging R = 2). A spin-echo EPI image was also acquired at SR = 200 T/m/s (ESP = 724
us) to compare the simulated EPI-distortion on the T2-FSE image. Spatial distortion and signal loss were simulated by applying the
inverse of EPI-correction in k-space [5,6] on the T2 FSE reference. Spatial shift (distortion) and the normalized signal level in a 1 cm®
ROI in the temporal lobe of the brain were recorded.

Results: Table 1 summarizes the results of ESP, spatial distortion and signal loss vs. the gradient SR. The disabling of the PN'S model
alone reduced ESP by 19%. The final ESP at SR=700T/m/s was less than half that achieved in conventional whole-body MRI. The
improvement in shift (distortion) in the phase-encoding direction was also approximately proportional to the improvements in ESP.
There was improvement in the intensity values with ESP, but these were not proportional to the ESP. Fig. 1 compares the T2-FSE
reference against the acquired spin-echo EPI image and the EPI simulations on one subject. The extent of spatial distortion and signal

loss in the image are visibly reduced in the SR700 result compared to the SR200 result. The differences between SR500 and SR700
were subtle. : H :

Discussion and Conclusion: The dedicated
head-only gradient system is predicted to
provide a feasible means for low-distortion EPI
at 3T. These simulation results will be validated
experimentally over the next few months. The
high SR capability will benefit complementary
approaches to improve EPI quality, such as
image distorion correction [3,5,6] and multi-shot
EPI [7]. Whereas high gradient amplitudes
primarily provide reduced echo times in
diffusion MRI [8], a higher SR benefits EPI, as
well as other pulse sequences such as spiral.
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