A Prepolarized MRI Knee Scanner
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Introduction: Prepolarized MRI uses a pulsed strong (but inhomogeneous) polarizing magnet and a separate,
homogeneous low-field readout magnet during image acquisition (see Fig. 1) to dramatically decrease system cost. SNR
efficiency and contrast with a 3D-RARE pulse sequence is nearly identical to conventional midfield MRI scanners [1].
Susceptibility artifacts are significantly mitigated with Prepolarized MRI [2] due to the low-field during imaging. Here we
present the first in vivo data, including normals with metal implants, from our knee Prepolarized MRI scanner.

Methods: A 4-coil homogeneous water-cooled readout electromagnet (up to 0.2T) [3] and an insert polarizing
solenoid designed with hollow copper wire were constructed (Stangenes Industries, Palo Alto, CA) to accommodate the
knee. Total polarizing field strength was 0.4 T and readout field strength was 0.06T (2.55 MHz). A 25 mT/m gradient coil
was constructed with copper wire inlaid into a plastic former with pattern from [4]. A litz wire receiver coil was constructed
to optimize sensitivity [5]. The polarizing coil used a switched power supply [6]. Fig. 1 shows the knee scanner, which
was controlled by a Tecmag Apollo console. Prepolarized MRI studies on normals (including two normals with metal
implants or a total knee replacement) were compared to a GE 1.5 T Signa MRI with a 3D spin-echo (RARE) sequence
with matched resolution (192x192 matrix with 0.7x0.7x4mm resolution) and matched scan time (4minutes).

Results: Figure 2 compares knee images from a normal volunteer on the 0.4T/0.06T PMRI scanner and the 1.5 T
scanner. Note the excellent definition of the cartilage. As expected, the SNR is about a factor of 5 better for the 1.5 T
MRI scanner. The water/fat shift was not noticeable with 0.06T readout field. Figure 2 shows a comparison between MRI
and Prepolarized MRI in a normal volunteer with stainless steel screw implants (susceptibility = ~1000 ppm). Note the
significant improvement of susceptibility artifacts with PMRI acquisition.

Discussion: Prepolarized MRI image quality near metal implants is significantly better than conventional MRI.
SNR efficiency using 3D RARE is excellent [1]. With a modest increase in cost, 1.0 T polarizing will be feasible, and
further litz coil optimization will also double the SNR [5]. This combined 5x increase in SNR will render PMRI comparable
to 1.0T conventional MRI. The total magnet cost, including the readout, polarizing, gradients, and RF was less than
$30,000. Hence, PMRI shows great promise for high-quality MRI in developing nations. References:
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Mote that the excellent visualization of the articular cartilage and lateral meniscus in the PMRI scan

Figure 2{Right) Comparison of normal with stalnless steel screws In knee, Note that PMRI shows

significant improvement near metal,

Figure 1 (feft) Photo of 0.4T/0.06T Prepolanized MRAI knee scanner. (Right} Timing diagram for
Prepolarized MRI scan.
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