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14~16i8

17~20:8

RMREDEBICHT 2AE
BERBREFICELT S

21~2438

B2 BRERE~OREENTI0—F (BLRBEBRESR)

R PE RIS A3 B R S interven-
tion DIRH

CHhETORAEERBEBIINTLFEN
intervention (JERIIDREEEE - BEM) O
ZhETOHER, WIhd B small ¥
V=X hBEICLAEDBOT, WELZKBEES
multicenter study % \» L randomized trial i
EiishTwhw (ZOEKTE, 1985E0
international registry® O R H 3 TIZHE
reliable Tid7%z\2). L7z4%> T, # interven-
tion IXFAEMREEBOBR S NIEFIIH LT
HMTHYIBLEEZLNTNWEE D HDD,
FOEMRFEMET I LR TERVERRIZH
5., ThooHEIIBVT, FEWinterven-
tion IZBA LD LRRVFEH E N WTE, €0
BHE L TKREBREAZEOZHFICT CUEE
FREENHETL T HESR, HARNICHET LE
BAo MOEREEHFADOHFELBH I T
5. I7, BEBRE»OATRELZFTHEIH
FT& 5% L LTintervention # Z}7EFICEH
WThH, TORMBIBKRIZOWTIIRDHDIHR

(from Johnson MP)

BEshaictlEoTwa, ThbHINED
GRS TN CHAEBERICHEERICTRZ
)T LRBLL) B, HAEBSESE LK
AT, BREDIVERBEREEZRD LD O
FRTLAZVWEIZDOIZAZ LS, BRENE
FREFOTEIRE ) BEIERLILEVWHIZ LT
Hb. DX RME, shunt intervention
DEBEICHET2EROYMERE L IL-A
BHREICHEEL T 5D,

ZO#HE THEHEKh B EIE, shunt inter-
vention BLED A GFEE (shunt-related complica-
tions) FEHAEE A 45%I2E T A Z & (interven-
tion B D RAETFEI 47% & B  E B WIZH 2D
b 53), B LU intervention 2K K & K
BT 2L THERMFHREEELIBL VD
2t (BOBBELLTLIEELZVIZD D
Pb5T) Thb. BREOHROELEME, T
TRZEKBLER LT EFADORTEIH S
2B L, O intervention AEKEEERR
RIRERP o T2HEDFETES 100%E L T
WhZERPLH IR S.

Johnson (2001) ¥, HEEERTOBEREM



REHRB 55 BIIZ D&, HHIN, REIA 7%
2T oTCWw5Y,

TTEMNBETH 545, BESNIZ55E
DX AFFRIE, PUV 24%, urethral atresia
20%, prune belly syndrome (PBS, urethra
patent) 16%Td» v, HAR RO EEE
BEEFili/urinary profile T 60%43F #% B&F, 40%
PRREHZBISNTVS, FHBEBIO 64%5
vesicoamniotic shunting # Z1F, # D 64%7%¢
AFL T (ZOF# AIFH T2 nonshunt-
ed fetuses ® 45%H £ HF L T\ % A%, non-
shunting & % » 72 BRND% { 13, AR SHE
KERBLOAONLE o2 EildB). H
ARICTTIZFHRRBLFME NI 40% (22
Bl) D»T, shunting 25T (HPOEE)
SNTZ227%D ) b 50%IEEFE LA 724, BB D
nonshunting FEFNIEFIFEC L TW5E (F275L,
% < I& pregnancy termination 2k %), Zh
5 55 Pl ko i, D 40%2EE LS
I N7z2%, VbW 5B shunted survival + 61%
Thol, TOF—5 Z#EBHEBRT LA
EOEFESE (B LU shunted Survival) i3,
PUV T 46% (3B £ U 67%), PBS (urethra
patent) Tid 67% (B XU 100%) TH Y,
shunting DEHFFRR L TARAR TRV, —
%, urethral atresia SEfFITIX, DY) —XIc
DWTIRAEFHALNT, BETHEDRT
(MAERTZEEE) Chhb o T FHuE I
EZER DN (72722 0%, urethral atresia
THEFBIDE S NED TN B),

RO TRBEIZ DV TIE, vesicoamniot-
ic shunting 2%\ T THAEL, 4£B2ELEB2 7
1451 CPHTES 543 # A ; MERIE PBS 50%,
PUV 29%%) IZO&MEMNLXhTws, B
£ - HREBMBZVCTINITRET, &40 29%1%
AEROANTINRER, Zo—8Hi3—» AR
WOFR— FBIER 27275 BREEOMET
ZFOBREBHHFIRLEL 2 RIZATH R (7272

EER LIBAR - 2006 F - 45 (95) 515

L, —#Bid asthma, bronchitis % & D KEME I
WBHBEIEDH Y ).

—%, B - BRRiETH 55, 2FD 57%IC
BHERBEEZ ALV RV, MOIrORET
AT =T VLB HBBREET) DO,
PUVEFI D 4 i 2 Bl CHEF4#H (bladder
augmentation) 2 E L. & S5IZBEBEE (cre-
atinine clearance) 25k 5 &, 46%IXIEHIH_
M, 21D BREREIZDH D, 36%DEHE L
BEfE (end-stage renal disease) D7z HEBH
EZTV A, )

k52 Johnson @ # & LL# [ U HiEk 0 Wilson
(2003) &, HERFIZED 2R vesicoamniotic
shunting DHEAKIZ D & LAY review (1987 ~
2003) 27> T30, ZOWIHTIEBERE
MEZE2B1HET (1221, —HOEFESR
1), 45 BT shunting 2L T3, BIRE
TWiRE D ‘P (B RIFH TIZ 8% T
TorEREIEOh, To—FlERO ‘B
BELAREE TIIHAERICH BEREOET 27
RENTWA, FEMA intervention 12 & b 2EkK
BEHEzALHTERESNS Z LiE, HARIC
FREEE ALERHO R P72 HTH 5. FE
M intervention % ZT A DOEFEL TV B IRIZE
WTId, HAERICEMAET 6% BHRERE/ T
FEEZRELTW, 2L, BHEEE/ SR
EDFERIEBLRIVBIDOLBEESL
Twb, ZhiE, ENERTOEFERN 4%L
BETH Y, D review L 723XHEEIC follow-
wp BIFIIN S VX DB o727 TH 5.

Z D Wilson 12 & % review® XEKD 72 2T,
Harrison 7 V—=7H 6D b D» AFEE SN B,
ZD,ETIE, FEWM intervention % M7 L 7=
PUV D 14 61 (1981 ~ 1999 % ; wIhblgle
Ry 7V OFE THERESR N TWE L
E) oS HABORYM 7+ a—7 v THREY
HELTWwA, FEWintervention i3 FHRE S
¥y 225 B TiTbh, #3Xid, vesicoamniotic



516 (96) ERELBARL - E73% - 45

shunting 9 #, RERYVEF (HREN) 261,
BEEERAN 24, RERBEERF1HATDH
b, HmRELT, BCH - EFHNIEA 43% -
57% T, SERBEKRARGHELHEPE (v~
MREDOE) THY, EHEFADOFH 7 + u—
Ty 7HBRI6ETCHo7. BHERBA
2, £FEHDH DL 63% IIBHBEEREESTY
clE QHERTTIEBHEEZZY, 15138
HFEDR), BLURIEY 63%TIRAL»ID
RESZSEAg (BERGEE, REFE, BERERK
%) PHITENTVWZETH S, ZOHEE,
Harison 5 DB X 20 FiCh7-2BRFWF -
intervention FEBI % b LWL 2dDTH Y, &
FTLOBEFOBHMEZIEL BT AHIDTIER
WA, EREOLBUTOAEEHRLELTVA, T
hb, BREMII—EDOVAZZEIDBDOT
HBHLEARICHABROEAFHELELCLTLD
FE5LEwIE, T, FHBIOKIRERES
fli BEREBEBREL L ISR BLd
LHbMABBRRBICKBENLEWI EETHS.
BEINE, FEWintervention 1R ZFE
PICHEHAE T TROEBLCEBREAT S, &
LS PUVOBBIELZBIEL ) 2 LIXBST,
S & HFEM intervention IZF DB F Vo
ZOWEEE L, OO NERICITIRED
DEVZEI.

FEPHIETEBIP I & 2 IR R

1. Prune-belly syndrome (PBS)

PBS 3B IRICEEMICE L, —EOBREHE
# (EEEMpEEHRBXRIE REBEE BRCTE
ERBE) 2ATHHDOTH B, ZORAEIC
A DESRAYHOND, EEIR, BIREHO
ZHLEBEME (£ { X megacystis 2 &¥iZ &
B) Tk hFlEsmIshiz (R $HEORE
BRELDEZDHAENRINTHS, ZORIRE
BEEBIE ERECOEHEHRES2KRITIE)
PUV DERITEPL TV 528, BB RS, —2

TIHHABICHAOIZRBRAEZAED RV,
L7220, BfEBICE > TR PBSIZHT B F
& M intervention (in utero urinary diver-
sion) DERILOVWTEMZETHMED D
5P, P2 LAFETR, BREBICEFEL:
AorORERENTFENTERERLLL D
Zz 060, ZOHEEH» L PBS I—HEOREN
REERLEZZ 6Nh5A, Lidd, PBSIEERL
B9 EKBD EMERRICE ) HEBRTFESS
BLRZERTHY, dLBOEHEENLL
FRENEEBICHH2HEI10E, FKED (B
X UMERESEDY A 2) IIX$ 5, FHBTF
H M vesicoamniotic shunting I2 T, £F %
(BLUBRE) OUBLZEPILILOERIT
ROoHHhEH D,

2. HHEEHEZE (myelomeningocele, MMC)

MMC BB XERBEROBEHRE CII LW
A, BROMEZEN - BENREY O, KBIE
REALDETIERBRE (BREBRE/
VUR - #THOKEES) 2& T IL¥dH
5. LA LEREIZIE, MMC 0% THAERIC
DX BERBREIAONTS, Lo T
HIZ, MMC DlisRIIBER A ERER - /MNEsE
HEEREL OMETERELRRBE 2o Tn5H»,
RELINETCOHRETALRY, MMC D5
REMBEMN BT 2BKOERIE, BROEFH
F# - QOL # & b 7% 9 Chiari D FHDOFRIEE
R - EREE, ThIOKEEREELREY v~
FEKOULEREABRLISEVIRILHY,
o OMREFBORERE (BENE - AJAKERE, THROM
B EBRERE) OFMIIVE2Z+5HL 2
IZE R Tidwvwizvy, ZThiZTH LT Harrison 7
V=7 %, HEIR 24 BRI Tl R BEN %
Z4F, 32ERNCAE S iz MMC (BERE - FEAL
B D4fIBWT, &%l 4R ORATER
ek (BEREE, FRHICEIREHER, BRR
B) BIURBEE (KBEBITVUR) &
HFOFECOERFT 2T o7, TOHR, B



FHBCIIABELUREEELZDO LD 572,
COBHBHLITIR 2V, LA LI ORI,
BRABER»TONE XY 10 BT ORE
BEIZ, MMC L 0OHFBL AVICET 200
K&y, HERDBRBEREIRESNS 5
CEETRTHLELBRENS, LArLDL
DBFHEE, ABIAREVIBEIYSLIC
RANGHRATEShDOBRYTHY, 2%
DRPT7 +0—7 v 7TOEEREN D,

Bbyic

SEE, BRERERRBRBICHT IFER
intervention DEHE - FMHE VI REAI S, &
EOBH - ZXHIZOERRTAHS, BRI
EIREN S intervention FH & LTI, Bk
DAL O TERBEROERNRERBRL DL
bRV DTHHILHFETIL Y, HED
intervention ¥ & U TiX, IEIBREREH
(BEFWA 1 FTF vesicoamniotic shunt %) &
SVIRIERREAED (BRHBESICL )
EEOBBEREED IGBREATVE, 0k
IBRWHIZH - T, BIBEKICB 2 48m
(BR—BER) H4 7V ERTE, S5
BREOSLLZLFHARE LD, X YAER
ZERBREROBRREILEINES. /2, Th
5 DFE WM intervention DEHE FDOTW ¢ K
AV MELT, —BRHA»OERZIEESREE
LD DR TRTH 5.

—RAERSB U - XOERERT B H ) —

FEEIL, INFTERIY —XiiBnT, HHERL
BRADIFEL & LTORBRNBEROERLEIK
Ko&, FEREISLICHABPBAB L WIBADDS 26
Ol BHEIT>TES, 220, THEEI
DEBIZARLA/4HT LT, Z0L Y —X%
BRTTHILLLV, Z0L)BE L WESESE
D%, FH, BBEDIIRAREEIHEE T2 L
VIORKBIIBWT, BECb-hBEr A L

EREBAR - 20064 - 45 (97) 517

EERDIRATEY THET E -7, BEHEFE,
BIUEG OB EBEROR S v 7DH £ 124, =
DEEE)TUDTELBIELDITLRETH 5.
FITHE) TEwE L
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143.
Ex utero intrapartum treatment
BYREERL v F —FHhSHED
FEEU#

Toshio Chiba

Key words : 14 12 BB & &, CHAOS(congenital high
airway obstruction syndrome), #8 A\ ZRERE:/
FEREE, RRIEER, Bl
EXIT (ex-utero intrapartum treatment) & &, =&
BREERrAETRAET, HEBORRESE - X
EREAERENTFEI N S5 E D lifesaving proce-
dure Th 2, Thbb, HEFCREREE FEY
BT CRERBH L, BEEIHT (Thbs, Kl
BEIME - n - BE T placental support/bypass)
TRIBHERL LV LEERR TV, FEALS
FENBE~OME - 2287 % 1 5 (anoxic
brain injury %8} 3)fi L w2 3,

EXIT FiiD i@

1) SEBEREM LT L o REERE~V =T
(congenital diaphragmatic hernia, CDH) & & i
3 5 IS SOE AR (RUETER) .
2) AT - O EEREE (AHE cervical teratoma,
1) v 8% lymphangioma 7 &) I & % XGEAZE
(F = 4+ H #), CHAOS(congenital high airway
obstruction syndrome, REDHEHRHFIZ LS
WEHEOGEERE), Zhs DBE, WIAERG
2L bEIG & DRI E L,
3) o @HIM%E D RKIRKAK, EXIT-to-CCAM
resectionBE W R B2 27 2 A M ER
CCAM O 4y # B 81 BR), EXIT to ECMO strategy
(EXIT with trial of ventilation ; & B {» [k 88 IZ
=557 5%, EXIT TicMHE ECMO B#
CRBTE L3 FER),
1. BR\REESERRIES

BEOYAXED b, Z0RTE(ER - EEH S5\
O - SR, S8 A DR & DA ERR) PROEE
FE% - distortion DEEIEICRE TIIEETH
%2, SEEEE T, INOEHERREECEB L
(SEERBMHE T carina PSHEEICZES| X 1, FiE&ER
BEREERICRMAZINSG), 7z goiter & D&
MAPSEICB(REILDPEETH 3 (EREREIC

DEEAPERIRSA S Wi, FKERANDHEBRR
% thyroxine 5 /$BEE TN D),
2. CHAOS

NEGESEEE (BE/AEHRE, BRR2E)TD
h, O EROEAX(BEEOFELP F—2KTH
ZEH) & echogenecity 311, @ (BAZZAKMD)FE
KiE @OBEARLwv L KRKEG® X U placen-
tomegaly, ¥/KBZ)OHHERY, —EOMRAZZ
R '

BEFRE~DHEHA Y v ) YT, O
EXIT 7z £il & 2> fetal intervention 7 LICEIRZ
HETLILREETHE L, @BHT BRER
{LEREEOHEER I X 3) PHBESRERES (I
BEOKBLHBFBICMA ) ) I X h HER —EH
R ventilatory support 28 L7 b, {5 »OHER
SEEBENRELENBLI L, HEVIOEAN
REEYHEBRCRANSEREEOWHEMEICOWT
ERLTBL ZEWEE LY,

EXIT (DHETTHFH

% { 13FEH 31~36 BTHTE TV 3 (BE R
sa4 PR oL oEEENS), LL, Kk
(B8R BB / D BSEERE S, preterm labor 72 &) ic & o
Tik, BadsvIizRH0 EXITQ0@E#Y), &
2 i3 5 B DEE A D intervention bER E 1
% (7L, B0 fetal intervention Ti&, REAR
e EERME I X 2 EHBRHFED ) R 7 ICER
L),

EXIT & (f5#1) N5k & DOHEE

FELYE L TRERET LD B L) /B
TERICHEAILIZ E AR, BROEELHEERI
BB B D, 2 0 HS BEXIT OFRD Y 27 (RHE
W) % b7 69, Thbb, BHE regional anes-
thesia( & ¥ ISR ARREIAIC & 5 2/) 2T
LNawE EIEER D, EXIT RHEICERTT, L
b AL i FE o % (complete uterine relaxa-
tion) + FEMEEFER BB HORBBERA
BREHT b 57 ®IC, uterine atony/ B EHIME
FURBKENE (FEERET - BREERR DY R
rRERTIEICRD, Bl Y R 2L TA,
FE4JE % uterine stapling device 12 THT\> (T4
B5 1k 0 7= & WRINHE staple FEF), BERFLDMTRTIC AHE
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KAF b v E5303, *7-~AHEEME R
LTR, @zw L EFEAIRE, $ic a-adrenergic
agent(F E M & IN#E 2 =¥ 72 X 7 \» ephedrine ®
phenylephrine) #® angiotensin @ # 5 Iz T 3 4t ¢
3%,

EXIT DRA >+

1) EXIT D HWIZHBRSE~O LR 7 27 & A
HYH, BELEREDTDRIBEDIZICIAE
& (BEW, MRD K & 3 BESEROFEHRD
515, tDORBMAFMO XA > Mg, 7
karyotyping/genetic disorder DR, 1EEEHE
i (lBALTa—)Th B, T, BB
fiz & (anterior, posterior), BEH DB - {5,
FKE, BRIRAKMEEZ L placentomegaly D &
B EMMD 3, MRIEEBIEE T3 goiter & D
B, MEERHRIC >LTEILEET 3,

2) WP RRE BB R ARREEIC TR I 2,
oKW DO FEHBHER 113, nitroglycerine
(BE, 5U8) LRRICHER N3 (2 DB 1Lk
KEEHFA~DERD LE),

3) BEOIMBREEBRE LM ICERL B,
O, MG VRS 0 #8 F % probe/
cable, l8"2f pulse oximeter probe/cable, &
JEERAEEY T —F B X OMEBEEAERE
#&, ¥4 F bronchoscope/YEiE cable/ A X 5
A~y F(BLU cable) %, BEKENFEF 2 —
7, laryngoscope (3 & U ONE - Sl N%3|
afE—=), FERATIERFAER, RS
Hi stethoscope, #NICMERFEFHEIREBL -
KRy b, B tube, ZHHEMRIR), BRIRHII -
TR (TN O INR) - BB, 8 BhYael
T, BE) b&Ins,

4) BEFESHAIE, BBASHELEFEENST
EYIFEAIIC & Do 50 3 GEE I low trans-
verse abdominal incision), ¥7KBEEEHITIXF
EUIRRNC, BEBTRDORER L 2 D HBER 1k 7=
D)EFRICEKEEHBRE L FERNREL 303
(2, fetal version M7= & IZ amnioinfusion DFF
bbb dH3), FEIEE (uterine stapling
device/ Wk staple) i3, TIERENC & 2+%
B FEME(EICFEMSIC TEME) 2R L T
I B, TEBIEBEDOHEYIEAL (lower uterine

RER

segment transverse hysterotomy : X B4R « 4
RO R ER) 2IBIRT 5, L L, RELE
#84Z (low anterior placenta 7 &) + @@ OB
e RERTEER - B OMIE (B L CEBOEE), &
BEEY A Zic k> T, TEFBYE (cassic
hysterotomy) - &l ¥ = 4158 (posterior hystero-
tomy) bEB I3, FEFEHOY A X2
L& 534 (BEAFERCREEKORS -
Bt zscERTH 2,

5) TEUBM®IE T, KREDEDR - T - mERE

D & % 5| # H L (“half”delivery, partial expo-
sure), BRESUERER - BEHUIMI IR E N B £ Tk
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3 Results

Postoperative MRI investigations of the nine patients treated with
image-guided transsphenoidal microsurgery, showed total tumour
removal in seven patients (77%) and subtotal in two patients
(23%). One patient (11%) developed cerebral a cerebral spinal
fluid (CSF)-leak and was treated conservatively. One patient (11%)
had preoperative insufficiency of the corticotrope axis which re-
mained unchanged postoperatively. Of the remaining eight patients
who did not have preoperative endocrinological disturbance, only
one (12%) developed postoperative insufficiency of the cortico-
trope axis. Out of the seven patients with hormone active tumours,
five patients (72%) showed no more postoperative hormonal
activity.

4 Conclusion

Microneurosurgical transsphenoidal techniques combined with image
guided systems can precisely define the localization and removal of
lesions in the sella region with respect to the margins of important
anatomical structures in the neighbourhood and the endocrinological
functionality of the pituitary gland.

Neuro-navigation system with colour-mapped contour generator for
quantitative recognition of task progress and importance
R. Nakamura® - H. Suzukawa” - Y. Muragaki® - H. Iseki®
*Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, Tokyo, Japan
*Infocom Corporation, Tokyo, Japan
Keywords Navigation system - Neurosurgery - Segmentation -
Tumor resection
1 Introduction
On this research, we focused on the problems: (1) it is difficult for
surgeons to recognize the task progress and value of treatment
shortly from rich information on medical images shown on the nav-
igation system, (2) it is difficult for surgeons who concentrate to
surgical field to see navigation window directly and carefully. In this
paper, we report the development of novel navigation system with
colour-mapped contour that helps surgeons with intuitive recognition
of task progress and values.
2 Method
The segmented tumor volume (or volume of interest) of patients’
MRI data is generated by semi-automatic segmentation module [1]
and is transferred to navigation system. After the registration be-
tween images and surgical fields is completed, contour lines of seg-
mented volumes are generated using the distance between each voxel
inside of segmented tumor and the center point of microscope’s lens.
Segmented volume represents the distance from original volume’s
boundary with different colors and sounds. We evaluated this navi-
gation system with colour-mapped contour generator using phantom
and under clinical trial. We measured computation time to generate
colour map on several phantom data and different position of
microscope. In clinical trial, we evaluated the availability of naviga-
tion system qualitatively by surgeons’ review.
3 Results
The computation time of colour map is from 0.20 (tumor size
@25 mm) to 6.14 s (®100 mm) on each data. There are no significant
differences in calculation time with different microscope positions. In
clinical trial, the representation of the quantitative progress and
importance of removal procedure, which was not provided under the
traditional navigation system, is useful.
4 Conclusion .
We developed new navigation system which offers the intuitive and
quantitative understanding of a work progress/importance, by dis-
playing a tumor region with contour lines which is generated using
the distance between tumor outline and surgeon’s viewpoint. We
extracted the utility and examination mater on use in phantom test
and clinical trial. We will add evaluation and improvements of sur-
gical effectiveness of this system thorough clinical test.
Acknowledgment This research is supported by Health Labour Sci-
ence Research Grant for medical device for analyzing, supporting,
and substituting the function of human body, the Ministry of Health
Labour and Welfare.
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MRI-based surgical simulation of transtrochanteric rotational
osteotomy for femoral head osteonecrosis

T. Koyama - N. Sugano - T. Nishii - H. Miki - M. Takao -

Y. Sato - H. Yoshikawa - S. Tamura

Graduate School of Medicine, Osaka University, Osaka, Japan
Keywords MRI-based surgical simulation - Transtrochanteric
rotational osteotomy - Osteonecrosis of the femoral head

1 Introduction

Transtrochanteric rotational osteotomy (TRO) [1] is an effective
joint-preserving treatment for osteonecrosis of the femoral head
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Two-DOFs Bending Forceps Manipulator of 3.5-mm diameter for
Intrauterine Fetus Surgery: Feasibility Evaluation

H. Yamashita’, K. Matsumiya®, K. Masamune’, H. Liao®, T. Chiba, T. Dohi-,

“Graduate School of Information Science and T echnology, The University of Tokyo, Tokyo, Japan
*Graduate School of Engineering, The University of Tokyo, Tokyo, Japan
‘Department of S trategic Medicine, National Center for Child Health and Development, Tokyo, Japan

Abstract. This paper proposes 2-DOFs bending forceps manipulator of 3.5-mm
diameter for intrauterine fetus surgery, especially for twin-to-twin transfusion syndrome
(TTTS). Recent therapy for this case requires endoscopic approach toward placental
anastomotic vessels on the placenta through a small trocar. For this purpose, we
developed newly designed 2-DOFs bending mechanism. Each DOF bending mechanism
consists of 3 frames, 2 links and a pair of guide-wire with simple driving mechanism
from —90 to +90 degrees, suitable for a miniaturized design to minimize surgical
invasiveness. The central channel diameter is 0.8mm to pass various end-effectors. In
feasibility study using a phantom model of placenta, this miniature manipulator enabled
underwater laser photocoagulation owing to its bending motion of maximum 66 degrees.
In conclusion we are sure that the manipulator with 2-DOFs bending motion is
clinically useful for TTTS laser therapy.

Keywords: Twin-to-twin transfusion syndrome; Multi-DOFs miniature manipulator; Intrauterine surgery

1. Introduction

Twin-to-twin transfusion syndrome (TTTS), which occurs in 10-15% of
monochorionic twin gestations, is a disease caused by circulatory anastomoses resulting
in an imbalance in the blood volume between recipient and donor twins. In severely
affected case this syndrome is likely to be associated with high perinatal mortality or
survivor’s life-long handicap [1]. Recently endoscopic laser photocoagulation of
anastomotic communicating vessels has been widely accepted as an intrauterine
therapeutic option [2]. However the outcome of this procedure is significantly
dependent on the placental location. In case of anteniorly located placenta, it might be
hard to approach the placental vessels using conventional technologies.

The purpose of this study is to develop a 3.5-mm diameter forceps manipulator with
2-DOFs bending mechanism which enables highly successful endoscopic laser
photocoagulation of placental anastomotic vessels. The results of feasibility study using
phantom model are also presented.

2. Methods

We designed a new 2-DOFs bending mechanism to miniaturize the diameter of the
manipulator suitable for using in intrauterine fetus surgery. This bending mechanism
was based on the multi-slider linkage mechanism for laparoscopic forceps manipulator
that we had presented previously [3][4], and was vastly-improved to minimize the
number of component parts.
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2.1 Bending Mechanism

One DOF bending mechanism consisted of three outer frames and one linkage
including two links (Fig. 1). The first tip-side frame (Framel) and the third base-side
frame (Frame3) were jointed by the second middle frame (Frame2) with their arc-sides
(Arcl on Framel and Arc2 on Frame3) faced and being in touch each other. Frame2
was connected with an actuator by the linkage, and rotated by sliding motion of the
linkage around Frame3. Simultaneously Framel rotated around Frame2, Arcl on
Framel describing an epicycloids curve along Arc2 on Frame3. Radius of Arcl and
Arc2 were same, therefore when Frame2 rotated 6 degree by sliding motion of the
linkage, Framel would rotate 20 degree against Frame3. Relational expression is
formula (1) between the displacement x of Link1 and rotational angle 8 of Frame2 with
dimensions in Fig. 1.

x=L+a(cosG~1)+bsin b

_\/L2 - 2@’ +b*)1-cos 8) + {a(cos 6 - 1) + bsino} (1)
= f(a,b,L,0)

Each frame could rotate maximum +45 degrees, so this mechanism gave totally +90
degrees with simple rotational procedure (Fig. 2). Because there was no geometric
singularity in this mechanism between driving outer frames and links, it was possible to

manipulate smooth bending motion.
3. Frame
§ Rotation

2. Link

ﬁ Rotation

1. Link Linear Motion

Arcl——t
[rame2 gd ' h‘ T Point of
Arc? ‘_t_(: Osculation e

mmms| EEBEL 4 A i
Link? gd Link Joint

Fig. 1 Basic concept of 1-DOF bending mechanism. Left is component of the mechanism. Right is rolling
of Framel around Frame3 jointed with Frame2 by linear motion of Link joint,

0° —45°

Fig. 2 Bending procedure of 1-DOF mechanism from —90 to +90 degrees with only a link linear motion.
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In order to prevent a slip between Arcl on Framel and Arc2 on Frame3, we adopted
wire-restraint mechanism between Framel and Frame3. A pair of fine stainless-steel
guide-wire (ASAHI INTECC Co., LTD., F-20) followed Arcl and Arc2, and connected
Framel and Frame3 altemately crossing across the point of osculation between Arcl
and Arc2 to enable slip-less both directional bending motion (Fig. 3). These guide-wires

were fixed in the frames through the tension guide with springs and guide-rollers to be
adjustable flexibly.

2.2 Miniature Manipulator

* We connected two 1-DOF bending mechanisms in line with 90 degrees phase
difference to realize 2-DOFs bending manipulator, one was for vertical bending and
another was for horizontal bending. In order to merge two 1-DOF bending mechanisms
for directional indépendent manipulation, the linkage to drive tip-side bending

mechanism was connected with an actuator by the two-axes rotational joint which had
the function like a ball-joint (Fig. 4).

ReStraintbyGuide-wireA}lllﬂﬂﬂllﬂlnlnlﬂul!BIHIEHIII!IEBIIIIIB!III)

Crossing
Point

X Fixation

Tensioner

Unit

(lllllllllllllll..lll.IIIIIIIIIIIllIlllIl{RCStrai]]tbyGuide-wireB—I

Fig. 3 Wire-restraint mechanism with a pair of guide-wire realizes 1-DOF slip-less bending procedure.

Linkage for
X\, horizontal bending

G [
L] .
Ytaagannt

)

rotational
joint

Central channel
<Section view>

Fig. 4 Architecture of 2-DOF's bending mechanism that consists of 3 outer frames and 2 inner linkages.
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Fig 5 View of the 2-DOF's miniature manipulator of 3.5-mm diameter and tip’s bending part manipulated
by independent motions.

Outer diameter of the manipulator was 3.5 mm, and an end-effector channel at the
center of frames had 0.8-mm diameter to work various functions depending on the
clinical application, such as forceps, scissors, scalpel and even CCD-camera unit for
therapy of myelomeningocele (MMC), congenital diaphragmatic hernia (CDH) and so
on. In this study, we have mounted a glass-fiber (Domier MedTech, E-6100-B) for
Nd:YAG laser photocoagulation, which is solid-state and continuous-wave laser, and of
which outer diameter was 0.7 mm including 0.4-mm core part. Constituent materials of
2-DOFs bending mechanism were all stainless-steel (SUS304 and SUS316) for less
friction driving between frames and linkages.

. About control system of 2-DOFs bending mechanism, we equipped two AC-servo
linear actuators (CHIBA PRECISION CO,, LTD., MASC-D16H06) which enabled the
accurate PD feedback control. Resolution of these linear actuations was minimum 0.25
pm leading highly accurate bending manipulation. Base-side bending motion interfered
in tip-side bending motion, so we calibrated the displacement of shding linkage for tip-
side bending motion so that surgeons using the manipulator needed not consider the
characteristics of bending mechanisms. Operation of the manipulator in this study was
by the handheld-type controller attached on the actuator-side body (Fig. 5), and
surgeons could rotate two dials, which were absolute counting encoders (BOURNS,
EAWO0J-B24-AE0128) corresponding horizontal and vertical directional bending angles.
This controller was detachable easily to be suitable for various clinical applications.
Total weight of the manipulator was 470 g including this controller which realized easy
and flexible maneuverability for fine intrauterine fetus surgery.

3. Results

In laser photocoagulation evaluation using phantom model of placenta (boneless
chicken leg), we examined performance of the manipulator’s photocoagulation function
with 2-DOFs bending motion (Fig. 6). Nd:YAG laser was set up output power of 50 W
and 1-second laser irradiation for clinical practice in TTTS. And fitting in embryonic
environment, phantom model was fixed in water during this experiment.

We confirmed that our new manipulator enabled efficient laser photocoagulations of
phantom model surface with base-side DOF in the extent of maximum 66-degrees
bending angle. Bending torque of maximum 27.9 mNm, which leaded bending power of



