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Introduction
The magnetic reonanceimaging (MRI) ismuch useful for theanatomical investigation such asexcellent tissue contradt, absence of ionizing radigtion, intracoperdive
imeging. However, as far asthe noninvasive imaging technique of luminal region is concerned, it might be too difficult to visudize the anstomica Sructure and to
diagnose the leson precisdly. Therefore, the diagnods of the tumor infiltretion in the luminal organ could not be facile. To overcome this limitetion, a few
M R-endoscope sysems have been proposed [1]-{3]. In this study, we have proposed a dedicated MR-endoscope system that could provide the high quality imege
focused on the target area.and hes the feedihility for the both gpplications of the endoscopy and the MRI smultaneoudy. The proposed system is comprised of the
navigation based on MR volume data.obtained before the endoscopy, the motion compensation techniquee, thered time MR image processing, and the display of pre-
and intra-operative imageswith the optical image viathe endoscope
Methodsand M aterials
The qudity of MR image depends on the RF coil and its placement to thetarget region. When the RF cail is dosed to the target, not only the resolution but sgndl to
noise ratio (SNR) could be sgnificantly increasad. The 2-turn saddle type with copper wire in diameter of 0.2mm RF ooil integrated on the endoscope tip was
developed and mounted onthe siliconetubein diameter of 12mm asthe mode of M R-compatible endoscope (XGIF-MR30C, Olympus Corporation, Tokyo, Japan).
Totrack the endoscopetip position inside the bodly, the multi-element loop coil was mede of the copper wirewith thediameter of 0.1mm and built onthe samesilicone
tube These coils weretuned to the resonant frequency in 0.5T Open MRI (Signa SPi, GEMS, Milwaukee, USA) and metched to 50 ohm (Figure 1). The navigation
sysgem condgted of AR (Augmented Redlity) and VR (Volume rendering) wasaso developed. AR sysem hasvisudization capahility of thelive optical imegeviathe
endosoope, multi-plane MR images such asaxid, sagittal, and corond obtained before the operation and the MR image by the endoscope coil. VR system can cortrol
the MR volume data, which could berotated by the endosoopetip location. Beforethe operation, the volume rendering process should be done with the obtained MR
volume data In this sysem, the motion compensation was dso gpplied by using the synchronization of the respiratory phase, which was detected by an optica
displacement detection sysem (AZ-733, Anzai Medica Co., Tokyo, Jgpan). With this method, the MR imeges displayed in AR and VR sysemwere modified to the
imege correspondents with the repiration. The calculation process for this system is as follows;, fird, the volume deta of the patient body, especidly around the
abdomen, should be obtained before the endascopy, and needed to be processed for the 3D volume rendering. Second, the location of the endosoope in the patient
body mugt be detected bytheuwof the MR scanwith tr‘etra:kir‘g ooil, and hence the accurate coordinate of the endoscope ool is calculated with thisdeta Third, the
MR imageof thetarget region should be acquired by using the endoscope coil dosed to the surface of the interested tissue Fmdly, thaelrmgesarﬁthemforrralonof
endosoope postion areindicated onthe display of the AR and VR sysem. The scan with thetracking coil and the endoscope
coil should be operated in such away thet the coil is sdected autometically for the next deata acquistion. In this gage, the
ability of the endosoope coil was examined with the bucca of the voluntesr, and the location of the endoscope wes
investigated inthe water bath with the tracking cail. To smulate the navigation sysem, MR imagesfor AR and VR sygem
were collected and processed with the heed image of a volurteer. Then, the opticd image was taken in the mouth of same
volunteer using the M R-compatible endosoopein imitation of the endosoopy inthe MR room. Theoff-line processwasdone
to superimposetheseimeges
Reaults
Fg.2 showsthe M R image by the endoscope coil placed inddethe volunteer mouth acquired with
SPGR, FA=10degree, TR=100ms, TE=8ms, RBW=7.81kHz, matrix=256x128, FOV=6x6cm,
dice thickness=5mm, 2NEX. In this figure, the region near the coil was expressed well and the
gructure likethe layer could be observed. The SNR in the buccaregionwas about 10. Theimage
from the tracking coil shown in Fg.3 was olatained with SPGR, FA=10degres, TR=100ms,
TE=15ms, RBW=6.94kHz, metrix=256x128, FOV=24x24cm, dice thickness=10mm, INEX.
The signd around the loop coil was extracted clearly to detect the endoscope position accurately.
Fgs 4 ad 5 show the Smulated display of the navigation sysem. Fig.4 wesilludrated as AR
sygemwith 5 images, A was optica image of the endosoope, B, C, and D werethe MR imege of
axial, sagitta, and corond, and E wasthe MR image by the endoscope coil. Fig.5 wasexhibited as
mgig;gsecltmivdy. F, G, and H were perpendicular, in plane0, and in plane0 to the Fig2 Obliueiegedt e Fig MRieged tracking
Condusion endosoope coil
Theimage by the endosoope cail might have higher resolution then thet by ultrasound endoscope
system, and could facilitate the precise diagnosis of the luminal lesion astumor invasion. The navigation system could have the useful informetion asthe 3D volume
image, the ructureimage of thetissue by MRI and the optical image by the endosoope lens The proposed system should be worked out countermeasuresto reduce
the affect from the motion of the organ and the blood flow, but this problem could be sattled. In condlusion, the newly developed M R-endoscope system could meke
thediagnosis of the endosoopy more accurate R -
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Fig.4: Smulated display for AR system Fg5: Smulated display for VR system
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