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Integration of Surgical Planning and Multi-mode Navigation Improves Accuracy of
MR-guided Insertion Procedure
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Abstract

We have developed a real-time MR image-guided surgical support system. To assist the operation-guide imaging and
display technique, we developed an image controller by integrating an improved two-dimensional real-time image-guide

(Interactive Scan Control:ISC) , a three-dimensional high-resolution image-guide (3D-navigation) and an image fusion
technique (Augmented reality-navigation) that has improved the function of displaying segmented images of individual
organs. Moreover, an additional preoperative planning function has been prototyped, which perioperatively displays
positional information of access path calculated on three-dimensional MRI images using the three-dimensional
high-resolution image-guide.

Application of this system to an in-vivo experiment confirmed the operator to easily puncture the target with these four
functions.
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Fig.1 Appearance of Puncture on ISC image.
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Fig.2 Appearance of Puncture on 3D-navigation image.
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Fig.3 Appearance of GUI window on AR navigation image.
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Fig.4 Preoperative planning image on 3D-navigation.
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Fig.5 System configuration.

3D s =g VHRY 2 — AEBRITFERIERICRE L,
DICOM H— %4 LT 3D F 47—z U dfmk Lz
%, B AT —va MNEER TR 0T, R TR T

2 7 —# X DICOM $— %M LT AR T/ — =
NTHRET D 2 L THERSE T L0,

LRI TR O TSI © TIT 7R o 7219, Bt
MRI&IERFAFZEHE] (Cool-tip™, Valleylab, Tyco healthcare,
USA) &M\, K7 — 3 v v AT AOMHRER 2
UMEHE 4 4 731SCH3DF B = 5 L+ ART B~ =
T T = TR LT e a2 VONEE T, ik
TR TR ARSI A L TR 21Ty, #—F » b
SR B L 7o RS L OVERIRE BE A T U Tz, SRy
BicdhizoTE, OAZ— FOARNLE—5 y Mt
L CERAiIl A BRIA S 5 TR (Localized time), @%7iI5H
37> D I EERITE T DA% LT-IFH (Targeting time)
AFHAIL 7=

@ZEHIKEE (Precision) 1%, EBEOD T VA WHE RIES
HELRO L DICER L. T VAP 3em e L
72Cool-tip™=— R/ ZH LI=54, 1 [EDE v 3 > (12
4y) CHAESEOEENENRIRIRY, T AW REHAL %
LA 3emDERIROFENANETATRE L STV D, R
DIRFIZIRBWTIE, T OBEIRTRBIRIEN & —5 > M E N
—3% X O I ERE DB SRR A BB R A
W5, 22T, KFEBCIUT HENEEIL, BRI TEERE
ROHL GO T AR O & A —



Image
controler
PC

MRI
operation
table

]

POLARIS®
Pneumoperitoneum
Operator positon

- ioht si tool O cauterizer
(Puncture from right side) H Door

Aspirator

Window

MRI compatible
laparoscope
7

Pulse oximeter

Fig.6 Instrumental configuration in MRL

7y NOFRILOHRE Uiz (Fig. 7). RN, #78
F—var MFORSNDEFREA P — 22BN T,
St 3emA E TILE T B0 EH SN UOMBA L BL,

ERICHIT HF0IEHE, 7—F 7727 FELTRSEK
IRENDTD, BFEETOFHL (FEHlcFy ) 71—
3 L0, ZOFEMA W THEB L.

ISC, 3D 7/ — 3y, ARFTES =2, MRIH
BT > BRRORTTHI 2m (LB Z3HE L 72 MRIUAJELCD
W4 5EERRL, BN Tl Bl AIERE R L. %
IRFTEERS TS & OMRIRE B P MEHEIRAE TR L, 4
F = g ORI % paired D tHRE (BEAYE 5%)
WCEVRBRELTZ. 7235, In-vivo FHRIE UMK F o IR
BIEL (R 2RIFEMmL, —HHOTZITHLT24I28D
il EA TR o T

A, FRTOEMRIZIIT 2 7 VA a3, T,
weighted 2D gradient echo (Field of view, 300mm; TR, 15ms;
TE, 7.5ms; Flip Angle, 90° Thickness, 10mm; Freq#, 192;
Phase#, 128; Bandwidth, 21.3kHz), 3D7- &4/ —3 3 AW
7RSS, T, weighted 3D gradient echo (Field of view,
300mm; TR, 30ms; TE, 9.0ms; Flip Angle, 40°; Thickness, 4mm;

Ablation area
wemmay
Kl - " ...'

RFA needle

o
o
o
»
~
»
.
H
H
-
.
Y
)
>
“
%,
s
0 0
. .
pLTPI AL

Fig. 7 Puncture precision d.
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Table1l Summary of the puncture time and precision error.

Localize Targeting Precision Cases (The number of persons)
In-vivo
2D + 3D + AR navigation 120+ 101.4 224 +159.2 9.1+54 4
2D + 3D + AR navigation + Planning 37.3+21.9 151+99 6.8+1.7 4 p>0.05

Puncture time and precision error (meantdeviation).

Localize and Tageting values are in units of second. Precision values are in units of millimeter.
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