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A New Stereotactic Frame with Radiofrequency Receiver Coil
for Intraoperative Magnetic Resonance Imaging

Hiroki TANIGUCHI, Yoshihiro MURAGAKI, Ryoichi NAKAMURA and Hiroshi ISEKI
Faculty of Advanced Techno-Surgery (Director: Associate Prof. Hiroshi ISEKI),
Institute of Advanced Biomedical Engineering and Science, Tokyo Women’s Medical University

Image-guided stereotactic biopsy of a deep brain tumor is a surgical procedure in which the biopsy needle is
guided with pinpoint precision to the target based on pre-operative images using a frame-based stereotactic sys-
tem. Positioning error of the biopsy needle occurs because of intraoperative brain shift or poor imaging proper-
ties of the modalities used (e. g. poor soft tissue contrast between tumor and normal tissues, image distortion) .
The former error can be minimized by using intraoperative images, and the latter by a low magnetic field MRI
system that produces better soft tissue contrast with less image distortion than that of a high magnetic field MRI
system. MRI-guided stereotaxy based on intraoperative imaging requires both a receiver coil with high diagnos-
tic performance and a conventional stereotactic system allowing uninterrupted MRI scanning. We developed a
stereotactic coil which serves both as a radiofrequency receiver coil for intraoperative MR imaging, and as a
stereotactic frame. This integrated coil provided adequate soft tissue contrast images for intraoperative diagno-
sis in a clinical trial. Using the integrated coil we built an intraoperative biopsy system. During experimental test-
ing, biopsy needle positioning error, based on T2-weighed images obtained at the magnetic field center, was 0.2
mm. In a clinical trial, positioning error between the estimated target center and the actual position was 0.93 mm.
Thus, this system could work as a stereotactic surgical apparatus. We conclude that our system would be clini-
cally useful and functional, allowing integration of intraoperative MR imaging and stereotactic needle biopsy.
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Fig.1 Stereotactic coil (SC)
a: Solid small arrow: upper SC, dashed small arrow: resonance circuit, solid large arrow:
lower SC, dashed large arrow: a three-dimensional device of needle insertion.
b: Picture showing the SC set on a patient’s head in stereotaxy.
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Fig.2 Methodology how to derive the SC coordinate system
a: Calculation of midpoint (origin) using fiducial markers in the virtual space MRI fiducial
image. b: Calculation of SC coordinate plane for SC coordinate system using midpoints. ¢
SC coordinate system superimposed on the diagnostic image.
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Fig.3 Preoperative images of clinical study
a: CT showing low density area in the right frontal lobe. b: T1-weighted image showing
iso-intensity of the tumor. ¢: T2-weighted image, high-intensity. d: Gadolinium-enhanced
Tl-weighted image, no enhancement. e: MRS showing the pattern of MRS metabolites in
the normal brain. f: MRS showing the pattern of MRS metabolites consisted of abnormally
increased choline, increased creatine and decreased NAA.
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Table RF coil performance (S/N and uniformity)

Coil performance MRIBC53  MR-QHC5 SC Scheffé test*

(Index) (1) (m) (m) Tvsl I vs IO IvsII
S/N 69.6 = 14 1216 =12 972 %19 0.001 0.001 0.001
Uniformity 67 £ 05 49 = 04 76 =07 0.001 0.172 0,001

mean = SD (n = 10), *: p < 0.05 was considered significant.

Y:0mm Y:20

B :40

Y:60

€Iror

Fig.4 Error distribution of measurement accuracy of SC
The upper row shows the error distribution of measurement accuracy when T1-weighted
images were used as navigation images. The lower row shows the error distribution of
measurement accuracy when T2-weighted images were used as navigation images. Posi-
tionatOmm (a e),20mm (b, f),40 mm (c,g) and 60 mm (d, h) from the isocenter of

MRI gantry in the direction of Y axis.
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Fig. 5 A stereotactic biopsy guided by an intraoperative magnetic resonance imaging

using SC

a: Target of second centesis in preoperative T2-weighted image showing low density

area (arrow) in the right frontal lobe.

b: Second MR image showing stereotactic target and the centesis. The target is seen at
the intersection of X- and Y-axis. The position of centesis is seen in enhancement area
(arrow). The position of target and that of centesis is macroscopically same.

¢: Specimens showing the normal tissue to the target and the abnormal tissue in 5 mm

deeper lesion of the target.
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AHFFEZ 720, BIRTE 2 & B FRR RSB
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B TE 7.
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Ferll e R BRARAL PSR AT 0BT, B SR E B 58 B S B
FERBARRESHEMEE T v Y = 7 M ERA R 5
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