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Abstract: In the present study, we developed a real-time MRI-guided navigation system with MR compatible high
definition flexible endoscope for 3T closed bore MRI to perform minimally invasive surgery. The MR compatible
endoscope had a CMOS image sensor at the tip of the endoscope to produce high definition images with 720×720
pixels which was about 295 times higher than the imare resolution of the fiberscope type MR compatible endoscope
we had developed. The MRI sequence used in this system produced real-time images with the minimum 0.8 sec/plane.
The feasibility of the navigation system was assessed by phantom studies for evaluating the resolution of the camera
and animal studies by observing the liver of a mini pig with the real-time MR images and the endoscope images
simultaneously to evaluate these image qualities.
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1. ͡Ίʹ

զʑɼஅ-ྍ࣏-ධՁΛγʔϜϨεʹ͓͜ͳ͏ͨΊͷํ๏ͱ
ͯ͠ɼମ࣮࣭ଁثʹૠೖͨ͠ثػपลʹ͓͍ͯɼ1) जᙾɼ݂
ͳͲΛؚΊͨೈੑ৫ͷมܗ; 2) ΞϒϨʔγϣϯʹΑΔম
ऊൣғͳͲͷޮྍ࣏Ռͷؒ࣌มԽ; Λɼਵߋ࣌৽͞ΕΔஅը૾
ʹͯ֬ೝɾධՁ͢Δ͜ͱͰɼ҆શͰ࣮֬ͳ৵ऻྍ࣏Λ࣮͢ݱΔ
ϦΞϧλΠϜ MR ը૾༠ಋखज़Λఏএ͖ͯͨ͠ɽͦͯ͠ɼͦͷ
ՄੑΛධՁ͢ΔͨΊʹɼϦΞϧλΠϜMRIφϏήʔγϣݱ࣮
ϯγεςϜΛߏங͠ɼ 2 ඵ/ຕͷͰ૾ࡱՄͳΦʔϓϯϘ
Ξͷ 0.5 T μϒϧυʔφπܕ MRI εΩϟφ (Signa SP/2, GE

Healthcare, Waukesha, WI, USA) ͱܕͷϚΠΫϩমऊϓ
ϩʔϒΛ༻͍ͨϦΞϧλΠϜ MR ը૾༠ಋԼϚΠΫϩઠম
ऊྍ࣏๏Λ։ൃ (1) (2) (3) ͠ɼྟচԠ༻Λ͓͜ͳ͖ͬͯͨɽ·ͨɼ
߹๏ͱΈྍ࣏هॿϩϘοτΛ։ൃ͠ɼ্ิରԠͷઠ࣓ߴ
ΘͤͯྟচԠ༻͢Δ͜ͱͰɼ؊जᙾʹରͯ͠ 200 Ҏ্ͷྫΛ
Δ͜ͱʹޭͨ͢͠ߦࢪ (4)ɽ͞Βʹɼ͜ͷγεςϜΛ͘அ
Ε͍ͯΔΫϩʔζυϘΞͷMRIεΩϟφʹରԠͤ͞Δ͞༺ʹ
ͨΊɼ࣓ߴରԠϑΝΠόʔείʔϓܕڸࢹ (5) Λ৽ͨʹ։ൃ
ͨ͠ɽ·ͨɼεΩϟφͷ࣓ࣼΛར༻ͨ͠Ґஔηϯα (6) ͓Α
ͼϦΞϧλΠϜ MR அը૾Λར༻ͯ͠ڸࢹΛφϏήʔγϣ
ϯ͢Δը૾༠ಋஔ (7) (8) (9) (10) (11) (6) (12) ͷ։ൃΛ͓͜ͳ
͍ɼΫϩʔζυϘΞͷ 1.5T MRIεΩϟφ (SIGNA Excite, GE

Healthcare, Waukesha, WI, USA)Λ༻͍ͨ NOTESखٕΛ͓
͜ͳ͏γεςϜΛ։ൃ͖ͯͨ͠ɽ͔͠͠ɼ࣓ߴରԠೈੑڸࢹ
ϑΝΠόʔείʔϓͰ͋ΔҝʹɼΧϝϥ͕ղ૾ (1660 ը
ૉ)Ͱ͋ͬͨɽ·ͨɼϦΞϧλΠϜMRIͷ૾ࡱ (2ඵҎԼͰ
1 ຕ૾ࡱ) ͕ྟচԠ༻Λఆͨ͠߹ʹෆेͰ͋ͬͨɽͦ͜
ͰຊߘͰɼྟচԠ༻ՄͳੑΛ༗͢ΔγεςϜͱͯ͠ɼΑΓ
ղ૾ߴରԠ࣓ߴղ૾ͷߴ (HD: High Definition) ೈੑ
ߏMRIεΩϟφΛ༻͍ͨը૾༠ಋγεςϜΛ࣓ߴΑͼ͓ڸࢹ
ங͠ɼಈ࣮ݧʹΑΓͦͷ࣮ݱՄੑΛఆੑతʹධՁͨ͠ɽ

2. ఏҊγεςϜߏཁૉ͓Αͼ࣮ࡐݧྉ

2.1 MRIεΩϟφ

ΫϩʔζυϘΞͷ 3T MRI εΩϟφ (Magnetom Verio

3T, VD13A software, SIEMENS Healthcare, Erlangen, Ger-

many) Λ༻͍ͨɽΨϯτϦ 173 cmɼϘΞܘ 70 cm Ͱ
͋Δɽ

2.2 ڸࢹղ૾ೈੑߴରԠ࣓ߴ

ରԠͷ࣓ߴ HDೈੑڸࢹΛ։ൃͨ͠ɽػ࡞ࢼΛ Fig.1ʹࣔ
͢ɽૠೖ෦ઌ֎ܘ 11 mmɼ༗ޮ 1200 mmɼઌੑۂɿ
ํ্ 120 ɼԼํ 100 ɼࠨӈํ 100 ͣͭͱͯ͠ઃܭ
ͨ͠ɽᭆࢠνϟωϧ 2 mm༻Λ 2ϙʔτɼ2.5 mm༻Λ 2ϙʔ
τͨ͠ࡌɽϥΠτΨΠυ͓ΑͼΧϝϥϢχοτݻఆػɼকདྷ
ͷϩϘοτԽΛݟӽͯ͠ϚχϐϡϨʔλଓߏΛ࠾༻ͨ͠ɽᝑ
ମɼ࣓ߴରԠۚଐૉઢʹͯγʔϧυͨ͠ɽڸࢹΧϝϥͱ
ͯ͠ɼըૉ 400×400(ղ૾ٕज़ʹΑΓղ૾ 720×720 ૬
) ͷ CMOS ΠϝʔδηϯαΛ࠾༻ͨ͠ɽΠϝʔδηϯαߴ
࣓ʹରԠ͢ΔͨΊʹγʔϧυ͞Εͨܘ 2.10 mmͷϨϯζ
͖γʔεʹ͞ࡌΕɼγʔεڸࢹઌʹݻఆͨ͠ɽΧϝϥࢹ
֯ 100Ҏ্ɼযਂ 5 mm-50 mmɼϑϨʔϜϨʔτ
 30 fpsͰ͋ΔɽϥΠτΨΠυͷޫݯ RX-3300ʢࣜגձࣾொ
ా࡞ॴɼઍ༿ʣΛ༻͍ͨɽ

2.3 τϥοΩϯάγεςϜؾ࣓

ڸࢹઌͷҐஔ͓Αͼ࢟ΛಘΔͨΊʹɼMRI εΩϟφ
ͷ࣓ࣼʹͮ͘جτϥοΩϯάγεςϜʢEndoScout II ,

RobinMedical Inc., Baltimore, MD, USAʣΛ༻͍ͨɽηϯα
ɼܘ 2.0 mmͷΧςʔςϧλΠϓΛ༻͍ͨɽηϯαɼ࣓ߴ
ରԠ HDڸࢹͷ 2.5 mm༻ϙʔτʹૠೖͨ͠ɽ

2.4 ରԠσΟεϓϨΠ࣓ߴ

MRI εΩϟφۙͰڸࢹը૾Λ֬ೝ͠ͳ͕Β࣓ߴରԠ
HDೈੑڸࢹΛૢ͢࡞ΔͨΊʹɼ࣓ߴରԠσΟεϓϨΠΛ੍
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ɽσΟεϓϨΠըૉͨ͠࡞ 1920×1080 ͷ 3D ରԠ 32 Πϯ
νӷথύωϧ 2໘Ͱߏͨ͠ɽσΟεϓϨΠ৴߸ɼมثΛ༻
͍ͯ HDMI έʔϒϧ͔ΒޫϑΝΠόέʔϒϧʹม͞Εɼϖω
τϨʔγϣϯύωϧΛհͯ͠ MRI ͔ࣨΒૢࣨ࡞ʹઢ͞Εͨɽ
ޫϑΝΠόέʔϒϧΛܦ༝ͨ͠σΟεϓϨΠ৴߸ɼ࠶ͼ HDMI

έʔϒϧʹม͞ΕɼϫʔΫεςʔγϣϯʹଓͨ͠৴߸ίϯ
όʔλʢDVI2USB 3.0ɼEpiphan Systems, Ottawa, Canadaʣ
ʹͯΩϟϓνϟ͞ΕͨɽσΟεϓϨΠɼϖωτϨʔγϣϯύ
ωϧ͓ΑͼϊΠζϑΟϧλΛհͯ͠ૢࣨ࡞ͷిݯஔʹଓ͞
Εͨɽ

2.5 φϏήʔγϣϯιϑτΣΞ

ϑϦʔɾΦʔϓϯιʔειϑτΣΞͷ 3D Slicer (13) Version

4.4 ΛϕʔεʹɼφϏήʔγϣϯιϑτΣΞΛ։ൃͨ͠ɽιϑ
τΣΞɼOpenCV ϕʔεͷΧϝϥը૾ϏϡʔϫϞδϡʔϧ
(EndoscopeConsole)ɼεςʔλεදࣔϞδϡʔϧ (CornerAn-

notation) ͓ΑͼػସϞδϡʔϧ (WorkflowOrganizer) Λ
ͦΕͧΕ։ൃͯ͠ߏͨ͠ɽϦΞϧλΠϜMRI૾ࡱγʔέϯε
ͱͯ͠ɼSIEMENSͷWork In Progress (WIP)Ͱ͋Δ BEAT-

IRTTTΛ༻͍ͨɽ૾ࡱ͕ 0.8ඵ/ຕ͓Αͼ 1.2ඵ/ຕͱͳΔ
Α͏ʹγʔέϯεύϥϝʔλΛઃఆͨ͠ɽͨ͠૾ࡱMRIը૾
OpenIGTLink (14) Λ༻͍ͯ 3D Slicer ʹసૹͨ͠ɽφϏήʔ
γϣϯιϑτΣΞɼOS X Yosemite 10.10.5 ΦϖϨʔςΟϯ
άγεςϜࡌͷϫʔΫεςʔγϣϯʢMac Pro, 3 GHz 8-core

Intel Xeon E5 ϓϩηοαɼ64GB 1866 MHz DDR3 ECC 
RAMɼAMD FIrePro D700 6144 MB; Apple Inc., Cupertino,

CA, USAʣʹͯՔಈͨ͠ɽ

2.6 ಈ༺ݧ࣮

ຊ࣮ݧେֶಈ࣮ݧҕһձ͓Αͼಈੜ໋Պֶྙڀݚཧҕ
һձʹͯঝೝ͞Εͨɽ࣮ݧ༻ಈͱͯ͠ɼϛχϒλʢSus scrofa

domesticusɼ 32 Kg, ϝεʣΛ༻͍ͨɽϛχϒλɼਓٵݺ
ʢComposثΑͼಈ༻ຑਲ͓ث X͓Αͼ Compos Ќɼࣜגձ
ࣾϝτϥϯɼ࡛ۄʣΛ༻͍ͯɼΠιϑϧϥϯ 0.5-5%Λ༻͍ͨٵ
ೖຑਲ͕͞ࢪΕͨɽ

3. ݧ࣮

ʣ͓ΑͼݧʢϑΝϯτϜ࣮ݧΧϝϥಛੑධՁ࣮ڸࢹɼݧ࣮
ϦΞϧλΠϜMRIը૾͓ΑͼڸࢹΧϝϥը૾ͷಛੑධՁ࣮ݧ
ʢಈ࣮ݧʣͷ 2छྨΛͨ͠ߦࢪɽ͡ΊʹɼϑΝϯτϜ࣮ݧΛ͓
͜ͳͬͨɽ͜ͷ࣮ݧͰɼզʑ͕͜Ε·Ͱʹ։ൃͨ͠ϑΝΠόʔ
είʔϓܕͷ࣓ߴରԠೈੑڸࢹͱɼຊߘͰ։ൃͨ͠ CMOS

࣓ߴܕࡌରԠ HDೈੑڸࢹͷΧϝϥө૾ͷը࣭ΛMRIࣨ
֎ʹͯൺֱͨ͠ɽඃࡱӨը૾ϑΝϯτϜͱͯ͠ɼΧϥʔϚοϓ͓
ΑͼαΠζ 0.5 mmͷจࣈΛෳҹͨ͠ΩϟϦϒϨʔγϣϯ༻
ϓϨʔτΛ༻ҙͨ͠ɽ࣍ʹɼಈ࣮ݧΛ͓͜ͳͬͨɽϛχϒλʹ
ɼେֶಈखज़ࣨʹͯٵೖຑਲ͕͞ߦࢪΕͨޙʹτϩοΧ͕
ૠೖ͞Εͨɽͦͷޙɼಈखज़͔ࣨΒMRIࣨʹҠಈ͠ɼτϩο
ΧΛܦ༝࣓ͯ͠ߴରԠ HD ೈੑڸࢹΛϛχϒλͷ؊ଁۙ
·Ͱૠೖͨ͠ɽͦͷঢ়ଶͰϦΞϧλΠϜMRI૾ࡱΛ։࢝͠ɼૢ
ΧڸࢹରԠσΟεϓϨΠͰ࣓ߴMRIࣨʹઃஔ͕ͨ͠ऀ࡞
ϝϥը૾Λ֬ೝ͠ͳ͕ΒɼڸࢹΛૢͨ͠࡞ɽૢ࡞தͷφϏήʔ
γϣϯιϑτͷϢʔβΠϯλϑΣʔεΛըͨ͠ɽૢ࡞தͷ
ը૾͓ΑͼMRIը૾ͷΫΦϦςΟ͓ΑͼγεςϜͷ҆ఆੑڸࢹ
Λൺֱͨ͠ɽखٕେֶ͓ΑͼଐපӃॴଐͷ֎ՊҩʢS.N,

P.M.N, D.T.KʣʹΑΓ͓͜ͳΘΕͨɽ

4. ݁Ռ͓Αͼߟ

ϑΝϯτϜͷൺֱը૾Λ Fig.2 ʹࣔ͢ɽैདྷͷϑΝΠόʔε
ίʔϓܕΧϝϥը૾ͰϑΝϯτϜʹҹ͞ΕͨจࣈΛಡΉ͜ͱ
ͳͰ͖ͳ͍͕ɼͨ͠࡞ࢼ HDೈੑڸࢹͷΧϝϥը૾Ͱɼͬ

Fig.1 MR compatible high definition flexible endoscope.

There are four ports at the tip of the endoscope. The two

of them has 2.5 mm inner diameter and the others has 2.0

mm inner diameter. The light guide is at the center of the

tip face. The base of the endoscope has an interface to

connect to robot manipulators.

Fig.2 Result of phantom experiment. Camera images

of conventional fiberscope type MR compatible endo-

scope(A) and camera images of MR compatible high def-

inition MR compatible endoscope (B). The left images

show geometirical patterns with 0.5mm characters and

the right images show color maps.

͖Γͱ 0.5 mmαΠζͷจࣈΛผՄͰ͋ͬͨɽ·ͨɼΧϥʔ
Ϛοϓͷ৭ຯʹؔͯ͠ͳ͘දࣔ͞Εͨɽػ࡞ࢼͷղ૾
ʢ700×700ըૉʣɼϑΝΠόείʔϓܕͷղ૾ʢ1660ըૉʣ
ͷ 295ഒͰ͋ͬͨɽըͨ͠ίϯιʔϧը૾Λ Fig.3ʹࣔ͢ɽ
ίϯιʔϧ্ʹఏࣔ͞ΕͨϦΞϧλΠϜ MRI ը૾ͷ֤அ໘ɼ
ϊΠζ͕গͳ͘ଁ͓ثΑͼपล৫ͷผेʹՄͰ͋ͬ
ͨɽڸࢹը૾ϊΠζ͕΄ͱΜͲͳ͘ɼMRI ࣨ֎Ͱ֬ೝͨ͠
Χϝϥը૾ͷը࣭ͱͷҧ͍ೝΊΒΕͳ͔ͬͨɽ·ͨɼϦΞϧλ
ΠϜMRIը૾γʔέϯεύϥϝʔλͷઃఆʹΑΓɼ0.8ඵ/ຕ
͓Αͼ 1.2 ඵ/ຕͰ҆ఆͯ͠ࡱӨ͕ՄͰ͋ͬͨɽͦͷͨΊɼै
དྷͷγεςϜͱൺֱͯ͠ेΒ͔ʹଁثͷมܗΛଊ͑Δ͜ͱ͕
Ͱ͖ͨɽ

5. ·ͱΊ

ຊߘͰɼ1.5T MRIεΩϟφΛϕʔεʹߏஙͨ͠ϦΞϧλΠ
Ϝ MR ը૾༠ಋԼڸࢹγεςϜΛ֦ு͠ɼ3T MRI εΩϟφ
Λϕʔεʹ࣓ߴରԠ HD ೈੑڸࢹγεςϜΛ༻͍ͨखज़φ
ϏήʔγϣϯγεςϜΛߏஙͨ͠ɽ֎Պҩ͕ڸࢹը૾Ͱϒλͷ
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Fig.3 Userinterface of the navigation system developed for real-time MRI guided system. The navigation system was

based on 3D Slicer (13). The upper right pane shows endoscope camera image displaing a liver of a mini pig. The other

three panes show axial, coronal and sagittal planes of abdominal MR images obtained by real-tiem scanning.

؊ଁΛ֬ೝ͠ɼϦΞϧλΠϜMRIը૾ͰଁثͷมܗΛѲՄ
Ͱ͋Δ͜ͱΛ֬ೝͨ͠ɽ͜ΕʹΑΓɼγεςϜͷ֤ཁૉɼ͜Ε
·Ͱʹߏஙͨ͠ػ࡞ࢼͷੑΛΔ͔ʹ྇կ͠ɼྟচԠ༻Λݟӽ
࣭ͨ͠Λҡ͍ͯ࣋ΔͨΊɼ࣮ݱՄੑ࣮ݱຯΛଳͼ͖͍ͯͯΔ
ͱ͍ͯ͑ߟΔɽຊߘͰ࣮ߦՄੑΛධՁ͢Δݧ࣮ૅجͱͯ͠ఆ
ੑతͳධՁʹͱͲΊ͍ͯΔͷͰɼఆྔతͳධՁΛ͓͜ͳ͏༧ఆͰ
͋Δɽ·ͨɼຊ࣮ݧͰ࣓ؾτϥοΩϯάγεςϜΛ࡞ಈͤ͞ͳ
͔͕ͬͨɼ࣓ؾτϥοΩϯάγεςϜΛ༻͍ͯڸࢹઌͷҐ
ஔɾ࢟Λݕग़͢ΔͨΊͷ૾ࡱγʔέϯεΛ։ൃதͰ͋Δɽ
ஶऀΒ͜Ε·Ͱʹɼ1.7 Fr. ܘ֎) 0.58mm)ͷΞΫςΟϒΧ

ςʔςϧ (17) Λ࣮͢ݱΔ΄ͲεέʔϦϯά͕ՄͳϢχʔΫͳػ
ରԠͷૢՄ࣓ߴΛίϯτϩʔϧՄͳ֯ۂΛ༻͍ͯ۶ߏ
ͳ (15) Λ։ൃ͍ͯ͠Δɽ·ͨɼϚΠΫϩΛΤωϧΪݯͱͨ͠
֎Պతثػྍ࣏ͷ։ൃܧଓ͍ͯ͠Δ (16)ɽ͜ΕΒΛ࣓ߴରԠ
HDೈੑڸࢹͷϙʔτΛհͨ͠ثػ༺ྍ࣏ͱͯ͠౷߹ར༻͢Δ
͜ͱͰɼҩ͕҆ࢣશʹ৵ऻྍ࣏Λ͓͜ͳ͏ͨΊͷ౷߹ྍ࣏γε
ςϜͷߏஙΛ͢ࢦɽ
ຊڀݚ JSPS Պݚඅ (16K18050) ͓Αͼཱੴڀݚஂࡒॿ
ۚ ॿڀݚ) A, 2161026)ͷҰ෦ॿΛड͚ͨɽ·ͨɼಈ࣮ݧ
ͰɼPham Minh Ngocઌੜ͓Αͼ Dang Tran Khiemઌੜͷ
αϙʔτΛड͚ͨɽ͜͜ʹँײͷҙΛࣔ͢ɽ

ݙจߟࢀ

(1) Naka ShigeyukiɼKurumi Yoshimasa, Murakami

Koichiro, Shiomi HisanoriɼHasnine A Haqueɼ
Morikawa ShigehiroɼTani Tohru: MR gradient-based

tracking system for MR-guided Microwave Ablation

of Liver Tumor, Int J Comput Assist Radiol Surg,

3(Suppl)ɿS376, 2008.

(2) Shiomi HisanoriɼNaka ShigeyukiɼSato KoichiroɼDe-

mura KoichiɼMurakami KoichiroɼShimizu Tomoharuɼ

Morikawa ShigehiroɼKurumi YoshimasaɼTani Tohruɿ
Thoracoscopy-assisted magnetic resonance guided mi-

crowave coagulation therapy for hepatic tumors, The

American Journal of Surgery, 195(6)ɿ854-860, 2008.

(3) Shigehiro Morikawa, Shigeyuki Naka, Hiroyuki Mu-

rayama, Yoshimasa Kurumi, Tohru Tani and Hasnine

A. Haque: MRI-Guided Microwave Ablation, Inter-

ventional Magnetic Resonance Imaging,Springer-Verlag

Berlin Heidelberg 2012.

(4) Hata, N., J. Tokuda, S. Hurwitz, S. Morikawa: MRI-

Compatible Manipulator for Ablation Therapy for

Liver Tumors using Synergistic Virtual Remote-Center-

of-Motion Control, J Magn Reson Imaging 27:1130-

1138, 2008.

(5) Naka ShigeyukiɼKurumi YoshimasaɼSato Koichiroɼ
Murakami Koichiro, Shiomi HisanoriɼHasnine A

Haqueɼ Morikawa ShigehiroɼTani Tohru: MR-

compatible flexible endoscope for Natural Orifice

Translumenal Endoscopic Surgery (NOTES), Int J

Comput Assist Radiol Surg, 4(Suppl):S242-S243, 2009.

(6) H. Murayama, S. Naka, K. Murakami, K. Sato, H. Sh-

iomi, H. Haque, Y. Kurumi, S. Morikawa, T. Tani: De-

velopment of MR tracking system for the MR image

guided endoscopic surgery, Int J CARS, 2011.

(7) Naka ShigeyukiɼTani Tohru Murayama Hiroyuki, Has-

nine A HaqueɼMorikawa ShigehiroɼKurumi Yoshi-

masa,: MR-image guided surgical system for endo-

scopic surgery, Int J Comput Assist Radiol Surg,

7(Suppl):S231-S232, 2012.

(8) S. Naka, T. Tani, H. Murayama, H. Haque, S.

Morikawa, Y. Kurimi: MR-image guided surgical sys-

2016年9月4日～6日，仙台（東北大学）

680



Fig.4 Experimental scenes. (A) Pig on MRI bed (B)(C) Operations of MR-compatible high definition flexible endoscope

using the MR compatible in-room monitors (D) Operation of MR-compatible high definition flezxible endoscope inserting

through the trocar and controlling the tip angle of the endoscope.

tem for endoscopic surgery, Int J CARS, 2012.

(9) Hasnine A Haque, Shigehiro Morikawa, Shigeyuki

Naka, Yoshimasa Kurumi, Hiroyuki Murayama, Tohru

Tani, Tetsuji Tsukamoto: Simultaneous Endoscopy and

MRI Acquisition, Interventional Magnetic Resonance

Imaging, Springer-Verlag Berlin Heidelberg 2012.

(10) H. Haque, S. Morikawa, S. Naka, Y. Kurumi, H. Mu-

rayama, T. Tani, T. Tetsuji: Augmented reality based

MR image guided navigation system for flexible endo-

scope, 8th Interventional MRI Symposium, 2010.

(11) S. Naka, H. Murayama, K. Murakami, K. Sato, H. Sh-

iomi, H. Haque, Y. Kurumi, S. Morikawa, T. Tani: MR

image guided NOTES (Natural Orifice Translumenal

Endoscopic Surgery) system, Int J CARS, 2011.

(12) Hasnine Haque, Shigehiro Morikawa, Shigeyuki Naka,

Hiroyuki Murayama, Tohru Tani, Tetsuji Tsukamoto,

Intraoperative MR image Guided Endoscopic Surgery

on a Closed Bore MR Scanner, Proc. Intl. Soc. Mag.

Reson. Med., 20, 2012.

(13) 3D Slicer: www.slicer.org

(14) Tokuda J, Fischer GS, Papademetris X, Yaniv Z, Ibanez

L, Cheng P, Liu H, Blevins J, Arata J, Golby AJ, Kapur

T, Pieper S, Burdette EC, Fichtinger G, Tempany CM,

Hata N. OpenIGTLink: an open network protocol for

image-guided therapy environment. Int J Med Robot.

2009 Dec;5(4):423-34.

(15) Yamada, A., S. Naka, S. Morikawa, and T. Tani: MR

Compatible Continuum Robot Based on Closed Elas-

tica with Bending and Twisting, The 2014 IEEE/RSJ

International Conference on Intelligent Robots and Sys-

tems (IROS2014), 3187-3192, Chikago, Illinois, 9/14-

18, 2014.

(16) Nguyen Quoc Vinh, Tohru Tani, Shigeyuki Naka, At-

sushi Yamada, Koichiro Murakami: Thermal Tissue

Change Induced by a Microwave Surgical Instrument

In a Rat Hepatectomy Model, American Journal of

Surgery, 211:189-196, 2016.

(17) ɼໜኍɼ୩పɿActiveɼٱɼ৽ా࢙ಞాࢁ Sheath

Λ༻͍ͨ 1.7Fr ಈϚΠΫϩΧςʔςϧͷ։ൃɼୈ 24 ճ
ຊίϯϐϡʔλ֎Պֶձେձɼ౦ژେֶɼ11/21-23, J

JSCAS vol.17 no3 225-226, 2015.

2016年9月4日～6日，仙台（東北大学）

681




