Vol. 56, No.12, 2005

EEmETEE

897

TAVELF A0 H—RoELU
TIRRNMIAVYELFSA o h—RoDERGHA
~EFICRBRNOT /AT 1 AT RAFRBR OB 12OV T~

RATOLRS™, LEEE, HE B, SEEEe, sikEds

BB RS MITHEFER B - A - i 0¥ 518 BTSRRI ER
(7223-8522 MEBMIETES 3-14-1)
TERABBHREESESS WFER RERHT100-8531 SR TENT 4-2-22)
*HERAEEEEHERS S (T113-8655 FEEHEIETIKAR 7-3-1)

Diamond-Like Carbon and Fluorinated Diamond-Like Carben Films for
Cardiovaseular Medical Devices

Terumitsu HASEBE*** Aki KAMIJO***, Atsushi HOTTA*, Koki TAKAHASHI**
and Tetsuya SUZUKI*

*Center for Science of Environment, Resourse and Energy, Keio University Faculty of Science and Technology
(3-14-1, Hiyoshi, Kohoku-ku, Yokohama-shi, Kanagawa 223-8522)
**Department of Radiology, Tachikawa Hospital(4-2-22, Nishiki-cho, Tachikawa-shi, Tokyo 180-8531)
***Department of Transfusion Medicine, the University of Tokyo Hospital(7-3-1, Hongo, Bunkyo-ku, Tokyo

113-8655)

Key Words | Diamond-Like Carbon {DLC), Fluorinated Diamond-Like Carbon, Medical Devices, Surface Coating,

Nanotechnology

1. GLalc

DYPEOESEBFTCERTH S, BA, AR, BIRE
1Lz BhE S 2 BESE - MM & ORATEE P OHEER
EOEFEBERRECHL, BE, £afEoazsTIERE
DRERHEROESFEL LEEOBERIERT
EMERFA LTV S, FROBEROKE, THEISBOEE,
EROXELWESEO—D>THY, WMEOMALRITEL
T, =a2—, CT, MRI & FOEGRE &8 0REEMNE
HLizZ &, ERNFECmZERESCEEET EOREE
PHERAT A EREFEIERLE I 2 P EREEOA L
B LTn5, AEEEECDLYZAAR KL TR,
BINF, HRF, BRECR OB EECHET sER
BFThH5 LEBaN, SELSLRBORY, EHHEE
OEFB I VMITHEREORRC LD, EGMRELDE
QOL{quality of life) *HETSEBBOLNLTVE, B35
EREFLVWERL LT, BBV BIUEEI Yy 7 DR
BC XY AMFEL CoNBERI T 2IRBMREREE L
TOEMEBMEBESES L, MofiRrE, FLRE B
EREESTLWESRERE L THEESRDOH 5, Y
KEZE, BABEEHOBRESEZLLBD TEVKED
EREBEBINDDOHELE-TRVLE I BN S,

L LadsEBE TR, ERAROME, I onT
2, 2—V—BTHEERY 4 POESHIERZLL, FH

—181—

—181—

Z [HOTLD ] whBRAERTHD [BLEE] ¥y X7 4
NEOCEW TRERIZ N TRV E WS BERXLMENSH 2 &
Erzohd, BELLEREBER T AEHRBARDE N
SETHREALERTHY, N> SEREINITERE
BDTNEDEWIBERTDIEETH D, SHKEELRIL
B, SRR EHESED 5 v R Ao RES- RS
NTWEEREVHWEWITERTH B, 2 L, —8HN
BEELUERASNB L3Rk TER, ATHE, X7

b, ALE, ALBE BRA 75 R ER0ENME
EHPNCFE L 8BS 02 D v T2 BREADERSH
£, REL WS EHPERTAEYEEOV AT LAREL,
MBERLOFBC TSN, 35 XBRROFHRELT
ko TERRIITRIEE COMBERERT 28N 2 &4
Wi, REBCHL Y BELUES2EHRAEORERLTLY
BETRWERLND, BLWRER IV T—T 2L,
B2 BRSFOPFRESERPFO-— X2 EWL, #£8
OBE, LEOMEEROTR, EYS IV THOFEES
PEENCRNT 2 [ETERE] ks -2y, /4
FAANTAL ADRFELED T I ENBEEEE X T
%,

FAMBBE LTV [7yRENDLC & X 2 il
=T 47, TERMEEOERY TR ZHEER,
LTEOBLWEEOEFICHOTRMEBRLTWS IS
Thb, BEARBETIHELWERFAENHCEC TN



898 2

EREAEL (V0T Y] OFMROBEBRF4 A H Y
YaimETSHABRERCLY, Ty ANl
BERBLTEBY, AFPEELTEF /77 /045
LERBSRSE L OREP B, RHRNCEF LOEEREDOE
B BARETEILMFLTVE, A TR
¥ EFORETESL, A RETHOEREEZ:
Bx DEEFEMFRPII OV TEEE LIz v,

2. EEEESMHEB (A AT UTIVRREF /T
& /0

REZTTVTNVECIEEBEENTALY, HEET
QLA &8, ¥9iv 7 A, §AF(RI)BTFHER
NAZ=FVFNELTEERATHEINT &, N1 4=
FTITNRRDENBEER, [EBRKEL L hoReis
WOHE Ewd T EBKRIRTH S, EERCEDREN
THREShBESE, MROBENTEEL UT, S40R
WHS, SEEGEBOURVWLONROSEND, F5
BEREZBWTR, HEAFBEWSIFy 7 R LD, Fi
RIS RAF oI ABHINRT AR ELRERREWNS T
LB, B, ML AEATESE LTHAT AEER,
BRI BW T KERTWESRPENC 0208, BEPED
BUBEREEOM, hENHEAEE o { AT YT
WISREE AN, BRTREZ Ly IR, SEMHESRAVS
nTwa,

SRR LT Ao T VTR EREANLEN
i, $BEACEEOAERGS, RERGEARICERLLE
WHE - METHD L BMNERETH D, DD [EiEE
Al 2ETLLLBEECH D, EEHSHOBERR &£
VSR ERLCEHYO R THOLASERR I & - THSE
TR EINTWE, 20X ENNAFTFITA%E
Mbulk] & UCT&ERTRET 3 - L B cESTH S,
L Lids, N4 AT Y P [HOEEESYE] 28
BLTL DI, REDEERERS [EHlllse ATH
BORE] oW TH/ » 370XV THREELT L
WFIFr/ aP—ERDY —F v P RRET L LETRLVE
BRIULRAERBEELD,

THimAeE: ] »EERCERS W ZRATHRERD—2
EWER, N AT VT AORNRERREERE DI
B, (IERDCZENELAELE - IVMER ¥ SRR R
KAESREEHLE T3 LAEETH . BEO—FELT
B, EECEMLRIEEREEMPC; 2-£F7 27V 0 0
FRYIFARARINTY VREVP, B~ ok
SV REFLAERHCESTHERP I -F 4 VB Y
DREDBTHN T 5, FIREIC D WTE, SEfidEic
MIEEE LT, Lizdwn] buo kB iFls
EMNESBOTLTH oD, BETE, MEXRMEFTL~T
U7 AREZO D OWEOEBRNZER L U TIMEHES
REa NI LEEINODHY, DEEEARAI AL
Fe—, Bk - Bk, SR ufSEERSL B/
FEESEFMRECHEET b Twd, 2L, ¥
BoFEELINF—PHESII FREEE, HoWIENRE-
BRAERMET 2 2 EAIBMSREBL R T LY

& FRELTH

A, BFLb—ETEnl, =7V 7AC L EETRT
PEET 2, EPENREAS 5, MUME, BIMmER, Mg
F Ry OEOHA, hIVMERBIR EoEERE
O EFE L TR ERET20», 2k, THEWLR
B, BkiErEfitd, BOEE O ER
IR REE S, XEES, SEO-E0RIMLS TS
Hz )D& D kit 28T 302 EOPRER
BB,

BERSRTERED W, NA4F<F Y TAREIBTEE
HEEE - RORECEST 3T RTD7 72 F— BT
Lhriwkot, HEEEEF / VLTEEL( /T
Jayv—), (48] o&aEEE - ke E 304
TTFVFNRERET 2 L BSBROBEFELEoTn5,

3. BAFORYv—) LERH

EATIR T OERLREEED & { 2 E4HE, SHREN,
FHHREND, N ATFVTFALELTREVVAVLRTY
SZHRO—DTH D, Bk, EFEAEZEDINVEBIDZE
EZNEEW0bH0E [ESTHE] LLwid I bhbd,
SHEARELNLIHE L LTRSTHPEHEA T2 0RE
Ko Twh Wb, ROTRERERBRELLTE
KELEREN, TOHASBTFEREL 32ETFH I LM
TE2, H—W, ERBBRLLTORRTH S, B2
TEBLLTOARTH S, FLIBSRER(FZv /)L
LTOB®RTH D,

EFEASEoF: LTRATF—F v, B4E, #EER
Ny F{NTE Ay 7 E), BEHPHRERFNEE 2 EBHY
5, ¥V =F L (PE), ®Y 7atd L (PP), RYRF
Ly (PS) e YORB7SRF v 7 AR I—RA—1
(PC), RUw L& (PU), XVF I 7AFnTF
(PTFE), =+ L Y —EfB © = L B & HKEVA), ¥
A—rTAREORETERTFTAF v 7 AP T LW FERF
RELNTWE, Ths ZMEERLENT L), BA
, HMARENERS D,

ATESEE LT, BHFRU ) BBRI0OEERLE
BfEbhTwaorRa¥F 7 b vy XThHEH, IR
FEHPNRY RF 7 VABEAF N (PMMA)BELIL TN S,
L5 CRATERSATOE, ATDER2rEEOREEL
DIRTWREFELALYOLOREY), BRERTEME LA
TMFEE TR LRV v —BEHSNEBALZ>TWw D,

ERELTOBESFOREFRFZ v 77NV - R T
2 (DDS)CHB I, CETHENTREFI» I ¥y U7 8
EARATZ 47 LLTEFOMESH 2 RERCAE {HEL
Twa, DDS E LTHERAT 28813, BEREWE 4SS
PEDIESNTETHD, BEPREAEY-—FEaYio—
TELI MG EERE, BT REMERE LB
OFV v —FREEY, BN TEEERAERRERWI LN
kB oD, BEOREL LIOBSTFEBSWTR, BEiH
oAb LniiEs X CEEESERAINT 2725l
THET, BAFFNEFRE L RNMIROES T SEaEE
PAEL, FE LT, EHcERBEeRE8 s "1 4
<y BAIY BB EMEREEE D, BRAIELTO

—192—

—182—



TAFEYFSA TRV B LY
Vol. 56, .12, 2005 ZORBMIAFEY R4 v h—RYOEREE 899

BT, ERAL=h S, SREST, Bl
OBEBA, T 27U A X TOFELSEE TS
Bledh, F/TFYTALLTOHEES - BTSSR Y
BRBEERSTL B, ZDLD CESFOERGHEE, 4
ART VTR FIOHEE VIO S BEEE L T
RHEEBTOR TV EAFTH 2, BRSBTSV, &
SFARHE T BRI TR, EBEHNE L vEae
DENTEATES, HBWIRI—F 2 Y7 Dh00OHLE
RER LD D BAELESSHY, R 51K OMGEEESTA
BhTETHE,

4, TAVEVRSA O h—R (BB OISHLE
BisA

NAZ =T U T NOEEREGYE - funerREo R0 —
DELT, SEEEWRI—T 4 Yk A RERE ST
SNb, MEREWXRFEARTHRINTEY, RERE
MR EEHE Y L OS2 L » o BB ENT
Ve, BEEROREE D BETFEES6 LEEFESTHD,
722 AERRTRSIOoLEL, $EEOEELE
T3, T, 3) YW RELAIBEEETII L s,
OTRER N WiFEE R T,

BABBEEHLTOWR A YEY I AL 7 9—F >
(Diamond-like carbon : IFDLO) R F A ¥ £ F £ 75
774 FORMOBESREL, &7 XL ERESESEEEY
ThHd, BAREZIv 7 ADE DL, E-EBHFEC
Bh, FEARE LT NASA TOBEEESS 2, T4,
DLCEOEN - BBNEEEFB LIRSy —p%E L |
RTH~GHEUSAB ISk, EHeEHMBIFLT
W3, DLCOITESE~OEAMER, ${Dav¥a-¥
DN—=RFL A7 ERAENT R, N—FF 4 A2 i+
7 /A—MVODLCHB*HET 2 - 2wk Y Sl EE -~
BilL-BEEE-OBEBIEHL 5 I LB TE 5, ¥,
DLCEERENL A AN THEEET 2 2 L ¥ERE LT
BYY, PETRFVORNEHCHEEL, BREO|E,60BA
B URBOABA~OEE LT 2R ERbIMET
HEATOD, ZOXSE DLCERRESSER AN, B
BRI S MR B T 3 L ER L Msh
Twd, E/0ETE, DLCOEA S rERCRET
5 ENEEENDDOH B,

EloEAR, ER2EOBMLLEEMEYRT 50T,
DLCEZN- A BEEBHS THEET 27y RBEM
DLCLF, FDLO o#E ZEEFHE 2R LD Twa, F-DLC
i, DLCEEROBEAZ v FADB0WET 2F 1L Ui R
W7y B RAERIGRES UM hEEEE  CVDRI$5 2
ETERTEAESEE Vv REINRERETS Y, 40~50nmm
BEQF/Z-F—-TOEBEREVSARE 2T 3,
DICR 7 vyHEEHEMTAI e TDLCEDORHIETAD &S
CELT 3, BV L OBEEERSKEZ LD FDLCK
LepEEER TR CEOMBCYHIGTES I WAL,
A HEHLE, FDLCOEN L EEESHE? B L UL
a9 EiRL, FDLCH2WE DLCE#2EREARCHEEL
WHT 284 2HDTEY, HLORBEELTTnwD, B

HizowuTi, MTo4.6 T bEET 3,

BT, EimEmEcss 2857354 2 & DLC ikl
T3HL OV RFRIZ OV TREB LU ZOBR IO WTH
&35,

4.1 BHBIZH T2 0MEEROBR S

EERMBE TR, TS L UCREEOBETELICLD,
W5 [BLARE] (EEBIER BESBEL Twa, %
M2, BIUE, SEOER, SS0nERESEEEL,
ERuHREELS SR T, DIETREROTRE LT
i, BIEHEDE 0% L BADERE RoT w3, 1A
RIRS L UBMER 2HE L MERREIC & 25681, &
WY L BBCES LELFROEH L 2D, BHEOE
BOBBI B THERCEARBEEL - TnD,

MERZ, BHCBERME - BRI X > T3I88Z 38R
LEBDWBEL L TR, VHOBRETIIAEREPHER
MEEMSEIREND, L L—ERBoTLE >[0T,
WeHEL T € oL kBREE 2T T L ik
FECHETHE LD, FEMEETEL, [ATDE)
CERY 5758, D% VABIMERE=FIRIRENE, ¥
7o, EFOERBINOEE I, AMEck>Ts sk
B [MEPRE] PERLTETWS, MEFRBEER
BTk, EOTUIRES OXEEEIRD 2 v 3O EIRE s
L DERIL, FA P74 ¥y—%FENT, IMBEcLoT
B 7e A 6 FE R F o — T ROFEMBETH I H T —
TARMEDHMEEAL, BEFAEEC UIEHREEETT
B - MERBREIT ). BELE L T, ~Ar—>
CEAR) T & & 7 —F V2 A BRI 21T, H5vl,
FRICHIEHEE (A7 ] @ L) EMRER S b3k
(ZRER) DEBEEANT, BUIMIERET 5, ZOBRE
BEFBEROSTTHhY, BELHEENELELTS,
L LiEE OZS BB T COFMctL T BE SEMEH s
N3, HERECELERLTBD, T ESRoWER

M1 EHCHEBHESEBATYbO—f

MEREEAF >~ M, FWOHHEES L UBRLEIR
YD EENIREAE - BERE, PEHIRELERE b
%5 WEIRCTEMIROME - REEELBE0EEY
AR LTHRETARFEETH R, "\ V—VAF—7F
rESATOE) EHERLTERINDI IS HN S B,
EAFIPRENITIGETTE TS D BT & &)
HEHT S,

—193—

—183—



900 B®

BOAaZLEY, 27V BHROFRITOA TS,
BEBRETTCOAT > MEROAAER, o ALRESE
B X KR, 771 (et (=AENTOERD) 27
o P LW EERLELT, ERFOTFVA VORI
FRDBLHNTER, L Lns, SEEhieashmEL,
EHZERSEOMLARD SN IR BL TR, TR
R, B LCoRISEEET 2>, 250 [EREGE,
WA w3 BREAPB REESEERDORE LS
KRS TETY S, B, BEOPLEATY b&ELLT
DOBEEEL WA RRERT 2 L2525, AF ¥ FHPIEA
REDKE & At 2 [ARE#EE] OBRNEEBRBELT
BEEERr v, Z3wvokfihodpT, M- STV
N~ATHRERET 2EH L OBIEHER, BEEA VA
NETRRBELDDOHBF/ T2/ ay—2RALEAT >~
FEEREOBRMSTEE NS,

BF, LIEEROBRECELNIATONES L URAT »
FOBRKIE DOWTEEL, REREANORDESL, H—FK
VHEMRF A TEY RS T 08I —DEEI DN T
%,

4, 2 ATIE

ATOME (A TI) A CRE RFENZEENE 21
BEEZ, NANABBVEY Y N TI2HEERAENS,
1952 4, Voorhees B3¢0 TATH WD TIHME
OREIT 3 BB Ui, ATMEREN, R
5ANREELTLE> T OMTFORBRELLTALY
WEDEL L H AW, TR &S BRI o
Y7L THBH, ALMER, BEEREDAZHETDH
n, EHEEE - BAESERENS, BIERRRTNE
ALMECET2HPRIAST 70028, BATHE
(PTFE) 3 \»i3, &bk t, HERM L ESEr
HBLTHEWBAT LT3, BERES BT ALIER,
KB (Fh— AR LRV TRIBR T E ABREREE LT Tw
24, smmUToFVERTRECEHRIAS, s L<
REALOBEDRA DT T2 DRBEELMNS, B
v, Zhil, AECMECRIFENIDVEBELYT, B
BEORMEELTHAER L WA ES S, FHMROR
HBBLEDHTHD,

£, ¥TEE, RF¥ M7 E2)ERETRE, Thb
ALB 2 b cEBORLEHB LIS A 7OATIVE S
Bt h, TRABIREOBEBECIET LT Tnwa, Ll
BBE TR, ATV 37 ML BRBIRERRIESE,
BEEEEGNED SN b 00, EBRERTRTENT
VBTSSR (B BITFEL Y, EWIKRERFEIFE
LTwd, 2OROERTE7/54 AW, B 6DENE
ADHZVRERTE—A « A4 FIOEWTECES, &R0
BESESEREESIYTERL T I2OPEETH D, &4
5, (BAWS | BERBAEFERBESRZER  BhE
R BRERBO [F—b + A4 FFATOAT VT
SN R [HLEATY 27 (E2)] BRAWTKRER
ROV AR 2T > B85 DEAREHREL T
VBB, 2O, WMABKDOWTREREELTS
57, BAKBT AR  BEERBIEHETH L,

g&g

SR

4. 3 AT BEREORR

Bk A THn% it 3w Ak & 2 I RE OB R
ENDB T LREWR, ATV OBECTRERG R AR
Y A= bAROBINEETSH 2, TR, DHES
P, MECKRBHLOLNTWLS, SBEXF > VEERA
T 22 Y EEHRER T TonERNFR(EEROZ
AT 2 G Lz | Intervention) THIATAIEETH %,
ERNEOBERER LB LTS D, BT T CHETTERE
B0, BEKESZ 35BN BERSIMERT LI TER,
0z, ARHMOERER BE QOL (quality of life) 0.k
B kE{ERT 5, LaLads, A7 OPRMER
ERIEEBOREERT Y00, I~BEics
MEOB\HRENAs 2B 3. IR, BATY v %
DyOF [BY) L LTIENCES - LT 2E401R
BRI MR 5 R0, A7 FERE By TREDR, Mg
BEBRI Y, ThE5&d s L TNEREHEROMEE -
B, MERBEOBRLGHFENEI>CL 3. TLTHUR
FUrOREREELTLES, TOLD, MECHYE L
B A A7 FOFREEEONT, WENEETRZ-TL3
DTHbB.

4, 4 AT MEMEREWRE | EEBEEOREICK

BB '

A5 v P REROBEHEHLEKEE LT, SRS
& UERIRY L EDRS (BETERRELAD) 0BAPR S
NTETWEY, BENERTEYIREEShTwEL, R
Fv FEEORBEAOERE, Lz exT - EH
DEYMES RO AT v e LTET NS, B
7, BELEFIATEE R —RAs R A 7 v P EH R, AT VA
AF—N{SUSIBL) BB ViR F A4 F/—NEE&ETHD, T
4F =N, v rN—FF bz RET, BHRER
REEESE UGRESRAENTE T3, SUSIIEL %

M2 RFVV 757 bO—BEHERAFVYFZ7 )
ALINE (F 279 8 OREBI Y Y 7RO 7 A ¥ -8
Bah T(BVECEENE2ET L, BEFEH Tl
Lz, BEOFMFFROBIRCEBEIR » SBEMEME
AL, AF V757 bEEBUERETLIILICEIDKX
BRI RGBT A LM TEL, FATF VIS FIT7 M,
MENEFTGTOAS CTAF x YRELTEZES A
OINEZEOEREEREL, LY 7 L2 TH -5
AL FERARA L V= NI L FOREIRAT VNS T
7 MTH L, ALERHEALRESRKb LR, AT
MEOHEEMEL LoD BB LEET S I LR
HOND, T—F 4 IR E, WELALOREMI %
TEZ2I i —RRIGx oNBAEERNS S,

—194—

—184—



FAVYERIA 7 H— KB Lf

Veol. 56, Ne.12, 2005

NEE, FMREr SEEEREERERR A A~ F Y
ThEVWDRTWEY, 35Hmedont, &Es
HORLSBRR LOBYROMBSEHATEROERD D
270, HROPWEEOR TS 2 ¥ 2 RBRBEFIEATE
Twb,

A7 ¥ b ASBHHEROBE, WHOLDI ¥y
BEEE QI —F 4 I/ BEEINTwE, 2—F 4 I
Fhoi, &4EUHE, SEENYWE, B5FHEE. SBME,
EEHAR YD, EEMECEBENYED T —T 4~
TELT, ~SY Y, avRad FURRE, ETLDVE,
47V, RAFIAIY VB ERD L, BOFHEO
I—F 4 7 ELTERIHRAT, KYZFVITFLrIF L~
FPET), BV vy (PU), X2V XYoLy
(SPW), ¥V ar, #UFEPLA), ¥VH705s b,
o ZERBZF LN Y, SECEEMRRO 2T 4
YTELTEY, REFRI—T 4 IHLELTIS7 74 b,
YA H =N RSO R ERDHVRAT I NHa—F 4~
THICRAENTVEY, BLBEFAL TWERERZERT
HEDLCH»IDAT LY —IKBET 5,

INSI—F 4 Y IIHMOBRENRERI—FT, TON
AELERE N TS, ERMEPEMEIMED I —T 4
CITHMOBE, BHEAN—F—OESHDFS B4
VEAEOBECEBELRI) MRS, 1—F 4 ¥ IHE
HEORRENEL OIS, BATFRI—T 4 Y ITHOBHSE,
EH L OEEREDBEICERT 3R BLa—-F 4 7h
BEET2EA0ME, £ L TENTOEYESE, BER
ICOFEFRR COMEND 2, ZLTEBYEERa—F 1>
THOBECS, B LoEEHOBICERT R (HEE,
BWECIEHWERT 227 5 v OREPRERISOHERL
COBENH L, HMEOFMLRMET, MEEEHEE T,
IR TR, SEMERGET L TRERICOFERH D,
in vivo COEREER 2 FHT 5 ECHEEBFHET 20 TR
ERFCEHET 2 - b BSRETHBEEITwE, 14T
FUTPNERICE LS Z L2, i rBhi- s
FLHEFEGECRENEWBELH D, ERCEDRAZ
N34 77y  Feimiet, ERBIREORES SO
MBHETH 2, a—T 4 »IH BRSO CET 3
EERIGE, mREcEng < LY mENE & oFako
BoRESERTEOB IR THNE, FRCEENT
B UEARmREMNEE WG, ABREESE : comg
ARG ERT, HREE TR heRUMIEIZ X 200
BEPMESNIMGEHEZE, £ L TS X 2 AEOBRBN
BEFENBAREES D2, BFrNERNEDALEREES
Wik, Wl EEEstoRECEN2 TR ST,
B TS SLE 2B,

Kz, BERRAT >~ M2 —7 4 v 7 OMENEEED
WTHE LD, BENEHNOMEREINTH R0, XF
YYAI-F 4 YOHCRBIFRERERY b bh, <
WORLTRLCELERLR EOYBNEESERE NS,
I—F 4 PIHRREREEER YD, BRETHZ LB
PR REALCOERELSSE S 2 L TIMEABLERah, &
Mook {HOMEELE {23 AT EORER,

ToRBMEAXYEL PS4 2Ry DEREE 901

TRCDI—F 4 »7HDPFEORE L TRl & wiE
ThHd, AT7T¥ 0, TORERCITELTHES ThHS
AP rEHATOERBEBKEL, a—F 42wk o7T
WELRGEERD, B, BLDATF Y MNEI—F 4 VI H
B, BAEPI—FT 4o RRBIT I EBEHIATY
Bo INREM L OBEFESEGZ ERBEEINRZT o T
HHEEIBND, DLCEBWTH, vVardyyay
A=A PEPEBE UCEBRT S Ein kD ESENEE
THILWRBEERTWBSY, 27, DLCBERMOTRE
BT @ LoT(ZEIRS Y02 YY), #EKD
DLC & 9 $ SR THONEMIGH OB WEE £ /EE T 5
TER Lo TEE~OBEHEBH ET 2, 2—F 4 > THO
WEEORER, BELMELETHY RHCHES LT
sz,

4. 5 PIRMI—T 1 »FIZETRITHA LOEEIC

2WT—EEE BV BEROBEEE—

I, THRE>S b, BWAkOEREHOTLEIT Dy
T, BBELNEERREE AN TWE, L2, 2F—
FOFMBREEROHOAS) ya~F 42 7Y, B
BRTHD, TOBMNLRSEORE L v ATERENE
BB (RMD T A NARTBE~DEERY), SBOAEE
LTHTELSRETHDDDERFTL I ENEENTV S,
BFRNE, WEEEEEOBIZB T, » < o0 ME PR
235 L TEEREREEPENEERY 7 — 7 VOFERS
RS, BFEE2TH L TCEEROTHRLZD RN
RECERT 52285 ), RBEGHOMERIEHETH 2.

LEETHRTe DLC B H & kR (AR ORBERS) TR
BNTED, BEHIDPPEILHEEL-TW»3, B3
Ay LEROATIEPRPAT >  UHOS SO IEEBRRA
TESE2E~D2—T 4 I BAELEI N3, 2T
D—F 4 e LTAVRIES, TOEWSY FHER, &
e o OHFEREDBER A & OBE R TS 5 RN
D, EREHMOS A YRMEF 2 —7 2 Y OREHE
TRWSRATWERIEEY = ABSc D w T, Bhlrs
BEERIET 20 E P TSRS N T 328,
MR EAS 2RI ATEA(DERP : 7 MBS — 2 ~
IFNANFVIVIBERL T 328850 T3,
DEHP 3% & UTHERHEE T 5 BESDETH BT
b, HE—BERESBRESLTWS, BEES - BEA
BEZeHER 12 5 (BEFHEEER FERI4E108)
&) EREREEAOERBE L BREHARE A~ b —~ 08
FHHTED, DEHP 28R L 2 wREBLHEESESNS,

4 6 H—HErF ST/ OV—OEFSBERE

PlER~RI & 51, MERECHRECRLTAWLRTY
ZATLOEPR, A7 bEEHCOEVERCEDASET
EREE DR, S5 EEESY, kDRt
NEELZRELEZ S,

RERAT Y OFHTE, [ERBEHRERT Y M eE
NBATYIPIBEL, BBRRA7 - N EEROBHN R
(—88, PE)BRERIREACEEL LY, Ldlh
Mo, BHIEBEHEAT Y VRBATF VYLV RAAF =LA F
S VEROECEER) v -3~ 4 7L, FICE

—195—

—185—



902 4

FlegBasvws, culEHc8deBRifieEoTv23, 0
2h, WAL LTIRDAT » b EMPEEOBHEL 21K
Ve —MEN (B L LTEELD T2, 235010
e b3, REOMBMHEL Y 2HET LW IREL T
TETW3, g, HMEDTHER(SERBEIRE &) 0%
CBWTE, BHEEEAT P ERWTL LulEREs
N w» I EBRBAEERFEE Thr > T3,

B2, ERIESTCEN-EISE (EEERD LT
BRI BB OMRI L LTEE SR TE T REROF
L, DLCEHEL, X7 ¥ r DA RS, HE
F2THRELTELDOE3I), KERERETH2 DLC
BEFERSECENLSE L MBHHaNTED, Rt E
NZELAT Y RAI—-F4 v IHELTHEETH S L
Lize D TDLCH, BEEHCEBOALZNN—FI—T 4
VI THolk, WETRFOURPEIEHOER LB
T 2EEDLC R s ha L3 wa b, FOERKA
LIEN SRR T &V, BAWEI V-7, ZOE
ELADLCR AT v b ERwEET 2 Z LWL, A7
FEIO—FA I HELTOFMEET 2. COHER
DLC % in vitro QUM HTE T o7t £ 23, A7 ¥
A SUS 316 L o t: 2 MRSk - EESROMARTE %
HEHEST D Edbholz, TODLCERATF Y MK
B3 szt EHREMeERECIE TE 2 R6RE
WRBa NI, £z, BUO—EDESHBEHFMESL Y,
Pl s » CEEESHICEND I L BRI i,

Rt Lz B0, Belk, E3BEomMELEESEER
BTAipR, DICR-AKEEEBRITHBEET 2
7 v REMDLCF-DLO) OB 2HFEER LD TV S, F-
DLCiE, EENRAELTAF Y FADDI R EFLVY
A7 HFAERFENL, BETETHERR 77 X<

SI:IE

R
BHEEERERCCVDE) 2 TEE~AODI—F 4 > 7
2179, DLC K7 v REWINEET 2 2 L ¢ DLCEDH
BTHD S oIk 5700, ERAOEHESEET 2
EEIOND, BADEBRBWTR, 2EOF AT S
7UvHRAOHNELE 0%~60% s, s €8xk
F-DLC OREIER{To ¥, HRESR XPS THIEYT 2 &, ER
%, BROZ vHZEEERPUBUT LS Z0wEETH>
Yodt, BERBEICHFLTWEZ EMNFEHEE A9, 88
CEEADEOBEREED, HREoMErEkbRukd
WA BE O F ) AT OHBERRS TR
BoTwd, B2O I V—77RFHIER L LT, FDLC
D in vitro TOWIBRERB 2To7c L &3, $#3EDDLC
% BB 2 BREED & a9 ([ 4), F-DLC O bicen-
gineering DSFE BT 24 >332 V2 OEEOE s %
ELHEFECKRERDODURIVOLEbRS,
A7 RF2 /09— BROSFIEBVWTHIE
WROEREHTHY, BRRIOSF THRBESROR
KB HB, Fl, 7T/ 0P -OEEERY, 5K
TWha—7 4 7 OEE, b2VRIERABOFEZTOLD
DEEIEERMWT I it d» T, XVERLF A AN
HREFETH B LELOND,

4. 7 EHICHITB DLC OERGH S BRI
BRI, TOBENEATELARE>TwRZHEDL
&7, TEHL T UNHAIIE> T3 ORHRIRT, &Iz
ATLRIEIR % 7 —F A D & 5 BB DA A& PEREA
B DWW THAREBSBACHE > Twd, MAERORES
BeTwa, BRESAROEE T PiEb, TE Li-EEs
B o bBETH LT bbb o, ATIMERAF Y
PRELTREFORELPGARE>TWEOTR, BELS
HE2BMEREOBEMED & LT, FEEREFLNWREIS

{C)

1mm

[3 &BAFr~ODDLCBLUFDLC 27 4 X7 DHEHA
HEROEBRAT v v EBELI, LF¥FEZEICLYDLCH A FDLC #Bui-fimgto — 7
4 YT ERSI, MAERELD2WTHE, 25238V LETHRS, FREBOTEAL» L
DICBEUVERDLCO—F 4 Y FRIEERCEEZ W, Al =T 4 7R UATFY >, BIDLC22
—F 4wl AFyh, CIFDLCI—F A4 ZAFY MEE v 7o, TE:SEME)

—186—

—196—



FAYELYRIA 2B —KBLY

Vol. 56, .12, 2005

HEWR B,

AEMERBE T2 /52 /0y ERESESF L
OREE» 5, BRICEFLWEAOERES MR 2
BB S, TODIk, Pl s F8cTET 5 2
CHETFARTH D, FURHERHEE, MR ERS 2ERE
FREHERTIRAI I THEY, TOHEREFERTLE
BT Y, SEESZTRTNOFET, ThehOTE
ETLTw20O8RRTHES, LdioT, £EE» 5%
ENLF—r 2R 2BETHEETS L LI TRE T, HE
ELUTENBEEOEBEEB LI FTOT—F 2B -EE
BERFEDOBT 2o T, $4E£3 F, OHEEERR
EOBE Ty OB RBYERELTVE I —
oy o0 3EEPRER, [DLC 0BRSS~ ORH] My
HRERFMU 7 (RS LRSS,

4, 7. 1 University of Nottingham

University of Nottingham o > R >dubifs 5, Jh~
BIFHEIEMP D, BTREWAFY RAOESHITH 5,
B2—0 vy, [Buropean union]) X W HFEZ M|, B
Faog vBSEOTFERE-TB), BrELOBEELR
Vi, D.M. Grant 8% b, 3—-m v OELERCEIZL
T, KERTITEFEOEWIZ L DB HENINE

Y o ER

PORBIMIAVYEYRSA 2 2 —FVOERKE 903

W ARB7OYx 7 OFERHFTY S MBEE->TH
D, (BFETWI)BFEZEPEEEECHN TEFRL, B
EFFHELBALTEHRT 202 TH D, BEIWHANT
RABSEOCOTETHOERE D EFvwoTwaohblh
By, Fa—TORNEI—T 4 VI OBRESEBOTEHL, M
HTZLEVDZLOI LR o7z, bBDARRTHE LS
h ?ff Lzl b TRB%H, BLUEREBESALTHWw, &
%, ERGHEEEORSLTPERE2 TLEDZLENSD
b LhBw, AF Y FOFRHEATF v R &% Ni-Ti
ERTHHY, T—F 47 U CHRIMRERA LS 2 L]
, REHEPNIGORMEVER TS 57, iz Ni-Ti
BEOTEE NI PRITLCH D, R BEEns s
LD 5T, COEIWEBAFVOBEHEHLTHE
EESENEL, NV TEBEWDLC -7 45 YA HEA
ThHha3LEIOND,

4. 7. 2 University of Ulster, Nanbtechnology

Research Institute

University of Ulster iz 0NV 7 7 X bOIEH 15km ich b,
BLWEBICA S RBYH 4~ 585 T 5, Nanotech-
nology Research Institute XA 2EEiN 2Bl h b, 73
A4 VIEREROWERT o7, ] A McLaughlin 8038 5 Lk

DLCa—F 4 &

F-DLCa—F 47

a4 m/MEAERER(s ) o vEiR, DLC, I-DLO)
YA vEH(I X1 it DLCBIUFDLC #0—F 4 V7R, £V /L 2EBE
HEAMRIE(PRP) i 30 SRIBE L 2%, Bk - &g, 0%, SEM k TIvMRAE
SLTEEL (BEREBT2RBET Y ZVERT), YV I VAR, {0
BRI NEIVNE (R E D ELTT A t-RICEEZFEL TR 2 3 0) BAEL T
2o DLC TRV ark 0 2RgHEHES PR, FDLCEBWTR, FHi{dHEH
B &, DB S N IV/MESE W LD VIR D IMED F ), F-

DLC 0FEZFAMREITE LI NS,

—197—

—187—



904 i

U P. Maguire HIEWPHEF — LA BEH TR D,

&BAT Y FDDLC a—~7 4 7 B X URAE ZED
TRENT, EEOKLIORE - 743X - BE
RE P WEE THFRCHEA L Twiz, DLCOERIEH
CEELTHE, B SiEmDLC R AL ¥ F—= & LTHE
LTsD, Bx0DF-DLC L E# RIFLhlREs®REL
TV B399, Medical application 87 V—7D A 4 > 5 —
2 THBY, A—RF/Fa—=7, Ry R ALORE
D—F 4>, RREFIX-HEMBLUF /Ry —= 7
REBERLTWE, IO V70883, University
of Nottingham £ Y $, fiAFOFREF 1 2O N7
MED TS T e, HERE, 77 A5, B,
feE, EAl, SEXBEOEMT, BEBOKEIL TV,
Queens University ¥ 3@, [NanoTec] Lo &f% 3%
L, L OEEEBHELTVT 7 A MNEBOEEOHESA
EEHTOE, AT A LSV PRI E, BEBFHAT
RPN SERREL B, 2O—RELTZOI M —
TTCE LN TER LS THD, BREEDTHET, &
FEBRSEVWANR—ARY 22D EBEWTHZ, 50X
BRUTR{AELOEELE L, B rr¥yfay
FATAvIRAR POy DL S RAFEREESHE
HEBMFBEERL T, HEROT Ve DFFERFERIS B
{Hl-TBY, [ERBSBOEMAML] EwSBEA»SBEE
BRHEOC OEERWTWE EEL SN2,

4. 7. 3 AA AEFHERBRPERH(EMPA) [ Labora-

tory for Nanoscale Materials Science

EMPARF2—V v DB dHb, RFv 7 E2EDH
FERBITRS00 A LI KERENIWIITH 2. TR,
DLCO WL D DB 2R L T3 R Havert i§ %
(Head of Surface Technology)¥ & (F EMPA DR D
L. Schlapbach ZHiZ %M Lze A4 A LS BEBE» O,
RS (EEH) ~D DLC a—7 4 Y7 OEALOFERER
BTholr, BEEHE, A4 TEHRHET 2, Th
B0EHORETHEO LY, LMo T2HFEL 5D
LHGLEWDI L EWR B, DLCREXKANEWNS ZLTE
BILEnTW3, L, 2X0EE- T RO TER
BTy, $hBEFSY ETH, SET7VAF RS
BERTDLCa—F 4 Y/ RERLIATWS, MERERK
YIRLEHA~DGARALE BB 5 LY, EffbznT
WERRTETH D, L2495V 7OERBERNFO
Y —1Y > (SORIN) i3 DLC i EhE L 72 RRR B8 2 Bl
LT3 5 L, (BFEH B8EI(L] ~DEER IR 72,
A4 A DS “Swiss federal office of public research” %
BERE LT, HERKEO FDA (Food and Drug Administra-
tion: BREZERR CEN®B s Ly, BHET-VF
U4 RBET 2SR FDAORAILRE LTRSS
v, ©FELT, EFEBHOBER IR/ —2
72, ETEBRES R oy ATHALL, BTEREN
CHABHTEA L IALHSDEAH D LELUL,

5. &h¥IC
£HhELT, SHRENEEFBLTH L ERBR 2

e FREBT

FIRETHITHLY, UTOAPEEEE 2 /0,

1) SEHRENEACEE - BHEL TS Z LNSL
HD, HEALGLRWHEERHS (& 24, MEBER®K
HALDHEFEAOHF NS OWEENEL, BESPHEA T2
WIEREES L THERSKTES « - ), BIENHEA
KHESZWEHITE20RBADER CRE LRI NS

. BRCRoTHETH D, ARADIDIH 2B R ek

DEERFAEECEB L LTH, XE L OFEK IR
2 EP»D T, BREZERERERCBVLTHER
[e—2rw bl ERIHEZDBDELD, KRKOZ-X%
BEERL, SAREBEVI»»ZERCHEBNTEALEE
ZR o (EECHERIDLIEZILLHD 53), Zhbd
DBERER, BEROFELIEREBYTY, EREOERE?
FoTw{EFHOIIE» AT HEL LEEETHY, %4
BEEFoBhe o bHMEABOBROHEE - WRoEERE
BTHD, Zhit, BEESHORZWIEH % b >lq/h
EEETERL, BRBARIE -HBEA -V -0OBEEL{T2
TEBRBTH S,

2) BB OEMT(EEAOBRL) CHEENEE T2
I RMWEEREFEDERETHB, LI, €BAT Y
DT i ¥ic bEDPEER OEERO L S LT
ST E BEEENESD 5,

3) FHOMSHER FEES>OTRE {, EEORERE
RAEBPHN U BEEREESFRNIBRT AL HEELR
FoSLEizb 5,
PErOEEERT LD F—A LT, BEE, T%-
gt BRSE, 8ETFRY, £4F0F 20—t
BRREGIEEER LA I NP ETHL, IOLSRF—
ARBRE, EEZEFHANODH 2D, FIBIHEL L, &Y
DERTCHEESTE TR oY P RPBVENRLT
v, BEHO-—ASPERBCHEL, EEOBERSG YL
BLEaNTW 3 HEBREEROD AT 1 734 2 2HE,
FHIGAR ORI TuELLEELTwE,

(2005-9-6 &)

X ®|

1) S. Yamamoto, H. Kodama, T. Hasebe and A. Shirakura ;
Diamond Relat. Mater., 14, 1112 (2005)

23 T.Hasebe, A. Shimada, T. Suzuki, Y. Matsuoka, T. Saito,
S. Yohena, A. Kamijo, N. Siraga, M. Higuchi, K. Kimura, H.
Yoshimura and S.Kuribayashi ; /. Biomed. Mater. Res. Part
A, (2005) (in press) (available online, Sep. 1)

37 T.Saito®, T. Hasebe*, S. Yohena, Y. Matsuoka, A. Kamijo,
K. Takahahi and T, Suzuki ; Dimnond Relat. Mater., 14, 1116
(2005) {*T.Saito and T. Hasebe | equal contribution)

4) T. Hasebe, Y. Matsuoka, H. Kadama, T. Saito, S. Yohena,
A. Kamijo, N.Shiraga, M. Higuch, S.Kuribayashi and K.
Takahashi, T.Suzuki; Digmond Relat. Mater., (2005) (in
press) (available online, Sep. 12)

5) ME—%, BE & A % IRER BOBLE PEE
2, EMER, AR | OREERGRESER, 64, (2), 8111
{2004)

6) AZTEBAHE, MBA B EANER, WE R, BN, R
R, BE—F, REHe, HE8% ) verventional Radiolsgy,

—198—

—188—



FALrEUF

Vol. 56, No.12, 2005 7w SRS 4 v
18{Suppl.), 56 (2003)

7) REEER, B4 B RERZ, Wk, BERER, HLE
W, NE O Interventional Radiology, 18(Suppl.), 54 (2003)

8) BEWERR BE E Bk B hERE BE—% SR
¥, ZERREER | Interventional Radiology, 17, (2), 102 (2002)

9) P.D.Maguire, J. A.McLaughlin, T.L T.Okpalugo, P.
Lemoine, P.Papakonstantinou, E.T.McAdams, M. Need-
ham, A. A, Ogwu, M. Ball and G. A. Abbas ; Diamond Reluat,
Mater., 14, 1277 (2005)

10} J. A. McLaughlin, B. Meenan, P.Maguire aad N.
Jamieson ; Digmond Relat Mater.,, 5, 486 (1996)

1) EBREER BB E #KEHh, gmEse, 80 B, AT
an, WM, HRRAR, BT L, SOSE, BEakgek | EIK
FeBER, 49, (13}, 1771 (2004)

12) T. Hasebe, A, Shimada, K. Kimura, H. Yoshimura, K. Kan-
darpa and S. Kuribayashi ; Radiological Society of North
America (RSNA) 2002, p. 711 {Radiology (Supple.), 221 (p)
(2001))

13) T.Hasebe, A.Shimada, K.Kimura, H.Obara, H. Yo-

7
¥ F

TH—RrBLU
A7 —RKOERAGHE 205

shimura, K. Kandarpa and S. Kuribayashi; Radiological
Society of North America (RSNA) 2001, p. 131 (Radivlogy
(Supple.), 217 (p) (2000))

14) T.Hasebe : The 8th International Symposium on Inter-
ventional Radiology & Vascular Imaging cooperated with
The 31 st Annua] Meeting of the Japanese Society of Angio-
graphy & Interventional Radiology, Tokyo, Japan, p.l
(Cardiovasc Intervent Radiol (Supple.), 25 (2002))

15) WTAE L, BARCLRE, BN, NN3E0E, HEmg, 5%
EE HAREN BIBREY A TRV FYHEY T A (D EH),
pLBF A ¥y Py ®EY Y ABHES S Vol. 18th,
{2004} }

16) HiRah, BRBEAER, BEATL MBS, LEEL, &R
FE, AT FI8ES A YEY RYUEY YA (DLW,
P.32(5 4 PEYF ¥ RS T ABRESHE Vol. 18th, (2004))

17) D. A, Armitage, T. L.Parker and D. M. Grant ; J. Biomed.
Mater. Res.Part 4, 66, 128 (2003)

18) R. Hauert ; Diamond Relat. Mater., 12, 583 (2003)

—199—

—189—



ELSEVIER

Available online at www.sciencedirect.com
SGIENCE@DlRECT‘

Diamond & Related Materials 15 (2006) 129 - 132

DIAMOND

www.elsevier.com/locate’diamond

Lubrication performance of diamond-like carbon and fluorinated
diamond-like carbon coatings for intravascular guidewires

T. Hasebe *°*, Y. Matsuoka ®, H. Kodama ?, T. Saito ®, S. Yohena ®, A. Kamijo €, N. Shiraga b
M. Higuchi °, S. Kuribayashi ¢, K. Takahashi ¢, T. Suzuki ®

* Center for Materials Science, Depariment of Mechanical Engineering. Keio Universiny Faculty of Science and Technology,
3-14-1 Hivoshi. Kohoku-ku. Yokohama. Kanagawa 223-8322. Japan
0 Deparment of Radiology, Tachikawa Hospital, 4-2-22 Nishiki-cho. Tachikawa, Tokyo 190-8531. Japan
¢ Department of Transfusion Medicine, The University of Tokvo Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8635, Japan
4 Department of Diagnostic Radiology, Keio Universin: School of Medicine. 35 Shinanomachi. Shinjuku-ku, Tokvo 160-8582, Japan

Received 20 April 20035 received in revised form 21 July 2003: accepted 6 August 2005
Available online 12 September 2003

Abstract

Diamond-like carbon (DLC) and fluorinated DLC (F-DLC) films were deposited on SUS316L guidewires using radio frequency (RF) plasma
enhanced chemical vapor deposition (CVD), and the lubrication performance of DLC- or F-DLC-coated guidewires was then evaluated under in
vitro conditions using a novel friction simulator developed for this study. Scanning electron microscopy (SEM) demonstrated that DLC or F-DLC
film completely coated the specimens (SUS316L guidewires) and that polishing scars were substantially reduced. In the torturous vessel model.
DLC- or F-DLC-coated guidewires exhibited significantly improved lubrication performance (by approximately 30% over that of uncoated wires).
DLC and F-DLC films are thus promising candidates for lubricious coating of intravascular guidewires.

€ 2005 Elsevier B.V. All rights reserved.

Kevwords: Diamond-like carbon: Fluorinated diamond-like carbon: Lubrication: Guidewire

1. Introduction

Intravascular guidewires are widely utilized to guide and
place catheters for diagnostic angiography and balloon
catheters for percutaneous transluminal angioplasty (PTA) in
the vascular lumens of human body. For example, to perform
diagnostic angiography followed by therapeutic intervention in
the human vascular system, a guidewire is first inserted into the
vessel and guided through the tortuous path desired for the
catheter, after which the catheter is threaded over the guide-
wire. As the catheter is inserted and advanced over the
guidewire, it ultimately negotiates the same tortuous path.
However, the inability to pass the guidewire through tight
stenoses or torturous vessels is the most common cause of

* Corresponding author. Center for Materials Science (Tetsuya Suzuki lab.).
Department of Mechanical Engineering. Keio University Faculty of Science
and Technology. 3-14-1 Hiyoshi, Kohoku-ku Yokohama. Kanagawa 223-8522.,
Japan. Tel.: +81 45 563 1141: fax: +81 45 566 1495.

E-mail address: teru_hasebe@@ hotmail.com (T. Hasebe).

0925-9635/8 - see front matter ¢ 2005 Elsevier B.V. All rights reserved.
doi:10.1016..diamond.2005.08.025

failed angioplasty. Thus, the lubrication performance of
guidewires is critical for successful procedures.

After the catheter is placed in its final operative position, the
diagnostic guidewire can be removed and the catheter is used
to perform angiography with contrast material; however,
guidewires for PTA and stent placement usually remain in
the target vessels throughout the entire procedure. Because the
duration of many of these interventional procedures is
relatively long, the possibility of thrombotic embolus formation
on the guidewire surface increases the risk of downstream
occlusion in the coronary, cerebral, and femoropopliteal
regions. Therefore, the distal part of an intravascular guidewire
should be not only flexible, nonkinking, radiopaque and
lubricious, but also antithrombogenic.

Hydrophilic coatings have a relatively recent advance in
commercial catheter and guidewire technology. Hydrophilic
catheters and guidewires facilitate difficult catheterization,
particularly for therapeutic interventional procedures in which
extremely distal access 1s required [1]. This type of coating is
believed to be sufficiently lubricious for catheterization and to
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towiped with a piece of gauze dipped in
hepartnized saline. On the other hand. guidewires are
sometimes coated with polvtetrathuoroethylene (PTFE) or
siticon overlavs as the hydrophobic coating. However, these
coatings also have problems of thrombus formation in a clinical
setting.

Diamond-like carbon (DLC) films are dense amorphous
carbon fibms charactenized by their hardness, wear resistance,
electrical resistance and chemical inertness [3.4}] The me-

chanical propertes of these films fall between those of

the {ilins have a Jow-friction coeffi-
high hardness, excellent wibological
properties and good corrosion resistance [5.6]. In addition, a
number of promising results have indicated good blood
compatbility. antithrombogenicity and biocompatibility in
vartous cell culture |37 14] and animal models {1113
DLC coatings are therefore being considered for widespread
chinical use as surface coatings for coronary stents {16 18],
heart valves {191 and orthopedic unplants [ Tor humans.
Application of DLC coan to intravascular guidewires
would therefore be rational because these coatings have
advantageous wibological properties together with antithrom-
bogenic characteristics.
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this study,
2. Experimental

DLC and F-DLC films were prepared by RF plasma
enhanced CVD i a jcsruiid plate reactor with hexafluor-
oethane (C-Fg) and acetvlene (Cobny gas. DLC films were
deposited from C-H- and FmD O lm\ were fwm a mixture of
CaHa and CoF,. respectively. F-DLC films were deposited
under a ‘*')Hl'ﬁfﬂ pressure of CoF, at 60% of the towl pressure.
The RF (1356 MHz) power. total pressure and gas flow rate
were ﬁ\;ed at 400 W, 133 Pa and 20 mbmin. respectively.
Coatings were deposited o approximately 40 10 50 nm on
LS guidewires (0.4 mm t.d. X250 mm). Surfaces of
um(m(cd SUS3I6L guidewires, DLC-coated guidewires and F-
DLC-coated guidewires were observed by scanning electron
microscopy (SEM).

We designed a friction simulator m order to evaluate
the hubrication behavior of guidewires m vitro. The friction
simulator consists of g fixed frame with a drive shafl
linked to an ¢lectric motor, a load celll a gwidewire and
an artificial vessel (polvictrafluoroethylene. PTFE: 6 mm
td.). as shown mn Fig. 1. Frictional forces were measured
by the load cell while moving the guidewwe up and down
slong the inner Jumen of the artificial vessel at a velocity
of 10 mmis

In this study, we tested uncoated. F-DLC- and DLC-coated
gutdewires in order to evaluate lubrication performance in two
types of vascular setting, as shown in Fig. 2. Because it was
difficult 10 reproduce the clinician’s band manipulation and t©
avoid bending the guidewire during msertion using the drive
shaft, particularly in the torturous vessel model (Fig. 2B), we
collected and analyzed the tkgt) measured
when the guidewire was retracted from the antificial vessel as
lubrication performance data. Fxperiments were repeated 30
times with each guidewire in each umuhu setting. The ratio of
average maxtmum load for DLC- or F-DLC-coated guidewires
to that for uncoated wires was Lmuildtul Results are expressed
as meantstandard deviation (SD). Data were compared

maximum  load
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Fig. 2SER images of guidew e surkices, (AT SUS3T6L, (B) DLC-coared. and

1) VDL Cagcoated.

statistically by paired r-test and P <0.05 was considered 0 be
Iy

statistically significant.
3. Results and discussion

Fig. 2A 1s an SEM image showing the polishing scars on
the surface of the SUS316L guidewire. The DLC and F-DLC
filmg completely covered the specimens (SUS3T6L guide-
wires) and substantially reduced the appearance of polishing
scars {Fig, 313, €L

The average maximum load for

DLC- or F-DLC-coated

guidewires was compared w0 that of uncoated SUS316L
cutdewires under type-A {(Fizo 2A) and wpe-B (Fig. 2B)
vascular conditions, Fig. 4A and B show the lubrication

performance data for DLC- or F-DLC-coated guidewires
versus uncoated wires, Under tvpe-A conditions, the lubricity
of the DLC- or F-DLC-coated guidewires was almost the same

as that of uncoated guidewires, There were no statistically

significant differences between the DLC-coated. F-DLC-coated
and uncoated groups. On the other hand. under type-B

conditions, m which the \c\'sel was more torturous (Fig. 2B).

the lubneity of the DLC- or F-DLC-coated puidewires wa
improved by approximately S()" w over that of uncoated wires
{ P<<0.05). However, muc was no statistically  significant

difference between the DLC and F-DLC groups. The friction
drag agamst the inner w ,1H of the antificial vessel under type-B
conditions was thought fo be higher than under type-A
conditions. and thus the efficacy of DLC and F-DLC coatings
was apparent in the more tortuous vessel model. This suggests
that DLC- or F-DLC-coated gumidewires would be able o more

(A)
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easily navigate tortuous paths and pass through difficult
regions within arteries in climcal settings. In conwosy, the
type-A artificial vessel has o relutvely gende curve with a large
curvature, and the friction drag nner wall was
thought 1o be low: therefore. lubrication performance was not
enhanced by coating with DLC or F-DLC. In clinical settings.
advancing a guidewire through artertes with gentle curves 1g
relatively simple, rrespective of the euidewire used. Theretore,
performance in tormuous vessels s important for
evaluating the lubricity of guidewives.

In lubricity tests, Maguire et all [21] and McLaughlin et al.
72271 found that the fricdon coellicient for conventional DLC
coatings s better than that for PTFE coatings for guidewires,
Finished catheters and ¢ ;! swires are typically spray coated

against s

Imore

with a thin laver of Hl silicone overlavs and other
hvdrophilic coatings. which i‘educe the friction coefficient.
However. spraving does not produce coatings that are

g
sufficiently smooth and uniform. Consistency 15 prized by
designers whose task can be complicated by core material of
varving diameter. Lubricious coatings have been used in a wide
variety of medical including those for use in
cardiclogy. wology and neurology. and for many diagnostc
applications. Angioplasty balloons, Foley cathewrs, urethral
stents. microcatheters and puidewires all benefit from incor-
poration of lubricious coatings. Hemodialysis equipment is also
coated to reduce patient trauma.

Our coating thickness is 40 t0 50 nm m thickness, —-much
thinner than a conventional sprav coating, which usually ranges
fro u,ppxoxmmtc}\ 0.001 o 0.01
5

devices,

O
inches in} (approximately
S %107 0 2.5 % 107wy (221 This super-thin coating lets

designers increase the diameter of the core material. For
example. device specifications normally limit guidewire cores

used in percutanepus transhuminal coronary angioplasty
(PTCA) to a diameter of 0.014 . To allow for the coating
thickness, the specifications usually call Tor an unceated wire
diameter of 0.013 in. Coatings as thin as 40 0 50 nm can be
achieved with minimal dimensional changes w the subswate.
Furthermore, the coating thickness can be customized 1o meet
manufacturers” specifications. Thus, designers can increase the
size of the material to add stiffness when using DLC or F-DLC
oatings. which is a key property of the PTCA guidewire core.

N5 ah
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We recently reported the results of a quantitative and
morphological study on platelet adhesion to DLC films, F-
DLC-coated silicon (Si) and bare Si substrates incubated in
platelet-rich plasma [20]. In that study, it was found that F-
DLC possessed significantly better antithrombogenicity
when compared with the other tested samples. In addition,
F-DLC coating not only reduced the number of adherent
platelets, but also inhibited platelet activation on the film.
Another study reported that surface fluorination can be used
to create surfaces with improved blood compatibility,
hydrophobicity and chemical stability [23]. Incorporation
of fluorine into DLC films is reported to greatly reduce film
hardness while largely preserving other beneficial properties
[24]. Therefore, the antithrombogenic and elastic features of
F-DLC would be advantageous for coating three-dimension-
al medical devices when compared with conventional DLC
coatings. Magurie et al. [21] recently reported that doping
with silicon and the use of an a-Si:H interlayer in guidewire
coating help minimize the risks of adhesion failure and film
cracking. In the present study, we demonstrated the superior
lubricity of DLC and F-DLC coatings when compared with
uncoated stainless steel; however, further study is needed in
order to investigate the durability and adhesion strength of
DLC- or F-DLC-coated guidewires using an a-Si:H/a-Si:C:H
interlayer.

Other groups are working on a variety of blood-compatible
coatings, including a photoheparin formulation. Heparin
coating has also showed a reduction in platelet attachment;
however, it is unstable in the body and is derived from animal
cells. Regulators in Europe, United States and Japan are
concerned about the possible side effects of heparin, which
could make it difficult to bring heparin-coated products to
market. DLC and F-DLC coatings would thus be possible
nonbiologic alternatives to heparin.

4, Conclusions

DLC or F-DLC films were deposited on SUS316L guide-
wires using the RF-CVD method and the lubrication perfor-
mance was evaluated and compared with uncoated guidewires
under in vitro conditions. The results obtained were as
follows:

(1) DLC- or F-DLC-coated SUS316L guidewires were
observed by SEM, showing that DLC and F-DLC films
were deposited evenly over the entire specimen, reducing
the appearance of polishing scars.

(2) DLC and F-DLC coatings improved lubricity of coated
guidewires by approximately 30% when compared with
uncoated guidewires (SUS316L) under in vitro condi-
tions with strong friction drag.

(3) Further study is needed to investigate coating strength
and durability for clinical use.
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Abstract

Effects of doping with fluorine to diamond-like carbon (DLC) films on the antithrombogenicity were investigated by changing its content.
Fluorinated DLC (F-DLC) films were prepared on silicon (Si) substrates using radio frequency (RF) plasma enhanced chemical vapour
deposition (CVD) by changing the ratio of hexafluoroethane (C,Fg) and acetylene (C2H,). The contact angle measurements of human whole
blood droplet on Si, DLC and F-DLC were 24.2°, 60.8 and 95.3. respectively. Furthermore, the static evaluation of F-DLC films incubated
with platelet-rich plasma (PRP) showed dramatic reduction of platelet adhesion and activation on the surface. It was found that the addition of
fluorine into DLC films much improved antithrombogenicity. which was clearly shown by scanning electron microscopy (SEM) with
statistical analysis. F-DLC coating can be a great candidate for developing antithrombogenic surfaces in blood contacting materials.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Fluorinated diamond-like carbon: Hydrophobicity: Platelet adhesion: Antithrombogenicity

1. Introduction

Biomaterial implants such as vascular grafts, artificial
heart valves or interventional devices (stents, guidewires and
catheters) have been gaining widespread use with develop-
ment of medical engineering. Thrombogenic complication
remains as one of the main problems for blood contacting
implants, which triggers the life-threatening device failure.
For example, it has been reported that the restenosis after
coronary stenting statistically occurs 20% to 40% [1-4].
Recent study has shown that the thrombus formation after
intraarterial stent implantation provides a stimulus for
neointimal hyperplasia and, if excessive, can result in stent
thrombosis at sites of coronary stenting in humans [4].
Surface modification techniques are indispensable for

* Corresponding author. Center for Materials Science (Suzuki lab.).
Department of Mechanical Engineering. Keio University School of Science
and Technology. 3-14-1 Hiyoshi. Kohoku-ku, Yokohama. Kanagawa 223-
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0925-96357$ - see front matter & 2004 Elsevier B.V. All nights reserved.
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improving both the mechanical and physical properties of
these implants in direct contact with the blood and tissue.

Recently, diamond-like carbon (DLC) films have received
much attention because of their antithrombogenicity, which
inhibits platelet adhesion and activation [5-7). However, the
blood coagulation mechanism on DLC films in biological
environment has not been well understood so far. There have
been several reports that cell adhesion on DLC films is related
to surface energy and wettability [8-12]. They suggested that
hydrophobic surface tends to inhibit blood cell adsorption. As
for hydrophobic property, it is well known that fluorocarbon
polymers present great water-shedding characteristics. Thus,
we consider that the addition of fluorinate has potential to
develop haemocompatibility of materials.

2. Experimental

2.1. Film preparations and characterization

Conventional DLC and fluorinated DLC (F-DLC) films
were prepared on Silicon (Si) substrates using radio



f’m‘guc;’w\’ (RF) plasma enhanced chemical v

tion (CVD method by changy x; the ratio of hexafluoro-
sthane (CoF .1 and acetylene (CH3), The RF (13.56 MHz
power and total pressure were fixed at 200 W and 3.3 Pa.
respectively, DLC films were dcgmgi%sd from C-H- zmd Fe
DLC flms from a nuxture of CHHs and CaF,, and the
thickness of DLC and F-DLC lms was 40 o 50 nm,

fzxpour deposi-

rc:\pccti\f'el\:. According 1o partial pressure of Coly, each F-
DLC' film was denoted as follows: for example, F-DLC20

mdicates th(n F-DLC films were deposited under partial
pressure of C-F, at 20% of the wotal pressure,

Surface chemical composwions and bonding states of
DLC and F-DLC films were measured by the X-ray
photoelectron spccm:mcopy (XPS: IPS-9000MX. JEOL).
The wettability of Si, DLC and F-DLCS0 were evaluated by
measuring the stic contact ng es between a droplet of
human whole blood (10 uh) and the samples surfaces,

2.2 Plateler adhesion and aciivation

Huwman whole blood 145 mly from a healthy volunteer
withow any medication for at least 10 davs was collected
and mixed with 5 mi of acid-citrate-dextrose (ACD) and
then the blood was cenmrifuged at 180 Xg for 10 min ©
separate the blood corpuscles. and the resulting platelet-
rich plasma (PRP)Y was prepared. Subsequently. the rest of
whole blood was centrifuged at 2000 xg for 20 min to
obtain the platelet-poor plasma (PPP). The density of
platelets in PRP was adjusted o a concentration of 2X10°
cellsipl by diluting with PPP. After rinsing samples with
phosphate-hbuffered saline (PBS). the samples disks with a
surface 100 mum” were incubated in a 2d-wells
plate with 2 ml of adjusted PRP for 60 min with 5% of
COs gay at 37 C (=3 disks for each sample). There-
after, the supernatant was discarded, and the samples were
washed with PES. The adherent platelets were then fixed
with T mil of freshly prepared 1.0% of glutardialdehvde

area of

for 60 min at room emperature, After fixation, the
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samples were washed and dehydrated in a graded ethanol
series (20%. 40%. 60%, 80%., 100% and 100% for 13
min each) as deseribed previcusly 112} Dehydrated
materials  were put i a chamber and dried
overnight. The entirely dried materials were coated with
gold and imvestigated by a scanning electron microscopy
(SEM; S-3100H. HITACHIL

Adhermg platelets were manually counted on photo-
eraphs per unit area (06000 pm). Results of the experi-
ments are expressed as means of counts/unit area and
standard error (SE). Values were compared statistically by
unpaired ¢ test, Resulis with £<0.05 were considered to
be statstically significant. Additionally. the morphelogical
shape changes were categorized to Goodman et al. and
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Allen et al. [14.13] as (1) round or discoid, (1) dendnitic
or early pseudopodial, (111 spread-dendritic or mtermedi-
ate pseudopodial, (1V) spreading or late pseudopodial and
(V) fully spread.

3. Results and discussion
3.0 Chemical compaositions and honding

Fig. H{a) and ) shows the focal spectra of Cls and Fls
for DLC, F-DLC20. F-DLC40, F-DLC60 and F-DLCSO by
XPS. The h(‘.n'nzomai asis corresponds to binding energy
[eV] and the vertical axis o intensity, By taking curve fitting
w each spectrum. they were well decomposed into main
three peaks. which centered at ~284.4. ~287.0 and ~289.0
eV, respectively, Due 1o the surface contamination and
charging effect during XPS analysis, 111§ very complex and
also still conmoversial w wentify these peaks.

As shown in Fig. 1. the peak meensity for C-C bond
(284.4eV) gradually decreased (Fig. l(a)) and the peak
intensity for F- F bond (686.0 V) gradually increased (Fig.
Hb)y with increasing pressure of C5F, gas during deposi-
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tion. This indicates that the pressure of CLF, influences the
ratio of fluorine on the topmost surface ol films, Further-
more. in e spectra of F-DLC films, there were some peaks
indicating bonds of carbon and fluorine. The spectra of F-
DLC20. F-DLLA0 and F-DLC6O showed the existence of
C-CF bond (287.0 eV as well as C € bond, The spectrum
of F-D1L.C80 showed the exastence of € F bond (289.0 eV
in addition to C CF and € C bonds. Bonding siructures of
catbon and fuorine show fow polarizability, which leads
low surface energy with increasing the hvdrophobicity of }-
DLC films.

3.2 Compuct angle measuremants

Fig. 2 shows the results of contact angle measurements
for three different samples. These results indicated the
dramatic improvement of wettability for DLC and F-DLC
fibms. The contact angles of human blood on Si. DLC and F-
DLCRO were 2427, 60.8° and 9537, respectively. For the
DI.C films, the contact angle increased Dby 73} times
compared to that of St substrate. In particular, F-DLOS0 is
the most hydrophobic. and the contact angle 10;‘ F-DLCRO
increased by 3.94 times compared o that of Si

The more hydrophobic a surface . the higher the
mnterfacial fiee energy between the solid and liquid phases.
The interfacial free energy determines the wetting charac-
teristics and hence the wall shear stress generated when the
liguid comes into contact with the surface. Jt 15 considered
that the polavizagon of ¢ F and € CF bonds on the
topmost surface of F-DLCRD, proven by the XPS analysis,
can lower the surface energy and the results in the increase
in contact angles.

3.3, Plateler udhesion and activation

Platelets play a pivotal role in thrombogenicity of
biomaterials in blood contacting applications. and the
reduction of platelet adhesion and activation is detenminant
for the event ual suceess of any application. The initial local
response to foreign surface in the body is mamnly catalyzed
by surface-absorbed proteins, which trigger numerous
processes such as cellular activation. inflammatory and
complement activation and artraction of circulating platelets,
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During activation, the platelets attach to the sample surface,
and they change in shape in developing pseudopodia versus
their activation level [12]. Thus, the investigation of platelet
adhesion must support the thrombogenicity evaluation of
biomaterials.

Fig. 3 shows the adherent platelets counts on the three
different samples by SEM. This result clearly demonstrated
that the number of platelets per unit area for DLC or F-
DLC80 was significantly smaller compared to that of Si
substrate ( P<0.05 and P<0.001, respectively). In addition,
the number of platelets on F-DLC80 was significantly
smaller than that of DLC ( £<0.001). The morphology of the
attached platelets after 60 min of incubation is displayed as
shown in Fig. 4. Si substrate showed a dense platelet layer
with predominantly spread platelets (categories 1V and V)
(Fig. 4(a)), whereas, on F-DLC80, a few platelets adhered,
and the categories of platelets uniformly varied between I to
V (Fig. 4(c)). DLC films showed that almost all the platelets
were categorized into I to V (Fig. 4(b)).

In this present study, DLC and F-DLC coatings could
suppress the adhesion and activation of platelets compared
to Si substrate. The surface that promoted the greatest
spreading of platelets, i.e., the Si substrate, is the most
hydrophilic in the tested samples. In contrast, F-DLC
coating, which caused less activation, was most hydro-
phobic in the tested samples. This suggests that the
wettability of a biomaterial surface determines in part its
blood compatibility. However, it has been described to be
influential that blood compatibility is not solely determined
by wettability and also the specific chemical composition,
interfacial free energy and a higher ratio of albumin/
fibrinogen adsorption of biomaterial surfaces [16,17]. The
mechanism of biomaterial-associated thrombosis is not fully
clear. It is very complicated to determine all factors that
contributed to novel antithrombogenic properties of F-DLC
films in this study. Further in vitro and in vivo studies are
needed to investigate all of the factors related with
biomaterial-associated thrombosis.

4. Conclusion

We have presented an engineering analysis of fluorine-
doped DLC films and quantitative and morphological
studies on platelet adhesion to DLC films or F-DLC coated
Si and bare Si substrate incubated in PRP. In this study, we
described a novel antithrombogenic effect by doping with
fluorine into DLC films compared to Si substrate and
conventional DLC. Our experiments showed that an
addition of fluorine into DLC films enhanced the water-

shedding properties. The number of platelets per unit area
decreased in order of Si, DLC and F-DLC80. It was found
that F-DLC showed the best antithrombogenicity among the
tested samples. In addition, DLC and F-DLC coating
inhibited the platelets activation, as well as the number of
platelets on the film surface.

The presented F-DLC appears to be a promising
candidate coating material for blood contacting devices,
such as interventional devices, artificial organs and pace-
makers. However, more basic study and long-term implan-
tation are needed.
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Preservation of ovarian function by ovarian shielding when undergoing
total body irradiation for hematopoietic stem cell transplantation:

a report of two successful cases
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The purpose of this study was to evaluate the possibility of
preserving ovarian function by ovarian shielding to reduce
the irradiation dose in total body irradiation (TBI). The
subjects in the study were females aged less than 40 years,
who were undergoing allogeneic hematopoietic stem cell
transplantation using a TBI-based regimen and who
desired to have children after transplantation. For ovarian
shielding, abdominal computed tomography (CT) and skin
marking were performed in both the supine and prone
positions, prior to the TBI. A pair of columnar blocks was
placed just above the patient’s body. Thus far three
patients have been treated. The serum estradiol level
decreased to an undetectable level (<8.5pg/ml) after
transplantation and the follicle-stimulating hormone
(FSH) level increased above 90 mIU/ml in all patients
and they became amenorrheic. However, regular
menstruation recovered in patients no. 1 and 2 about
800 and 370 days after transplantation, respectively, with
a decrease in the serum FSH level. Menstruation did
not recover in patient no. 3, and sernm estradiol was
transiently detected above 20 pg/ml. The preservation of
ovarian function was made possible by ovarian shielding.
However, a longer follow-up is needed to know if normal
pregnancy and delivery can occur.
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Introduction

The conditioning regimen before allogeneic hematopoietic
stem cell transplantation is intended to eradicate tumor
cells and to promote immunosuppression to prevent graft
rejection. A combination of cyclophosphamide and total
body irradiation (TBI) is the most widely used regimen in
transplantation for leukemia. However, this regimen causes
severe germ cell injury and infertility.! ** On the other
hand, patients who have received cyclophosphamide alone
for aplastic anemia frequently recover ovarian function
after transplantation. Considering that the dose of cyclo-
phosphamide in transplantation for aplastic anemia is
usually higher than that in transplantation for leukemia
(200 vs 120mg/kg), we explored the possibility of pre-
serving ovarian function by reducing the irradiation dose
by ovarian shielding.

Patients and methods

Patients

Three female patients aged less than 40 years, who were
undergoing allogeneic hematopoietic stem cell transplant-
ation using a TBI-based regimen and who desired to have
children after transplantation, were the subjects of this
study. The study was approved by the Ethics committee of
the University of Tokyo Hospital and all patients gave
informed consent to participate in this study.

Transplantation procedure

The preparative regimen was a combination of cyclophos-
phamide at 60 mg/kg/day for 2 days and TBI at 2 Gy twice
daily for 3 days. In patient no. 3, the dose of cyclophos-
phamide was reduced to 40mg/kg/day for 1 day and
etoposide at 20mg/kg/day for 2 days was added instead,
because of impaired cardiac function before transplant-
ation. Cyclosporin A was administered as a continuous in-
fusion at a dose of 3mg/kg/day combined with short-term
methotrexate (10-15mg/m* on day ! and 7-10mg/m? on
days 3 and 6, and optionally on day 11) to prevent GVHD.
Patient no. 3, who underwent transplantation from a
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two-Jocus-mismatched sibling donor, received alemtuzumab
at 0.2mgkg/day from day -8 1o day —3.% Methyl-
prednisolone at [-2mgkg/day was added for patients who
dcve]oped grade 11-1V GVHD. Prophylaxis against bacter-
1al, fungal and Prewmocysiis carindi infection consisted of
h]k_(ﬂldﬂ)l plofloxacin. and sulfamethoxazole/trimetho-
prim. For pzop} wlaxis against herpes simplex virus infection,
acyclovir was given 750mg/day intravenously or 1000 mg/
day orally from days - 7 to 38, followed by long-term low-
dose f4()()m@ day) oral administration unti! the end of
immunosuppressive therapy. A cytomegalovirus antigene-
mia assay using C10/CI antibody was performed at lesst
once a week after engrafiment. Ganciclowir was started when
more than two positive cells were detected on two shides.

TBI and wyvarian shiclding

Puatients were treated in a mobile box made of 10mm thick
pelymethyl methacrylate 600 mm wide by 2000 mm long by
400 mm high. The box is capable of moving up 10 230m
forward and backward on the rails with a constant speed.
Beam intensity and moving velocity defined dose vate in
TBIL Normally, beam opening of the linac is 400 = 10 cm®.
Leukemia patients were usually treated in the supine
position for three fractions in the morning and in the
prone position for three fractions in the evening.

The center of the mobile box was selected to be a
reference point to attain the prescribed dose. Beam
intensity and moving velocity were determined based on
the measurement of the doses in Mix-DP slab phantoms
with an jonization chamb her . but no corrections for patient
biody fue 1o the use of the mobile box,

In TRI for the | g x i patients. most commonly, a pair
of customized metal blocks was placed on the mobile box
for Jung shielding. ThL blocks were fabricated according to
the lung shape. which was obtained by use of the X-ray fihn
taken in the box. Lung shielding was performed in a
fraction of TBI out of six fractions for three consecutive
days in most cases.

For ovarian shielding, abdominal magnetic resonance
imaging (MRI) and computed tomography (CT) were
performed prior 1o the TBI. Position of the ovaries was
checked with T2-weighted image of MRI and was projected
and marked onto the patient’s skin. Trans-abdominal
ultrasound on the day of treatment was performed for
the accurate positioning of the shields. As the ovarian
shielding was performed in all six fractions, CT scan and
skin marking were performed both in supine and prone
positions. A pair of columnar blocks {8cm in height and
5em in diameter) was placed just above the patient’s body,
as demonstrated in Figures 1 and 2. For ovarian shiclding,
beam opening was 40 < 2cm” to decrease penumbra.
FFigure 3 shows a portal image taken during an actual
TBI with ovarian shielding.

¢ size were 1o

Acrual measurement for fuumanoid phantom

Actual doses to the ovary were measured with glass
dosimeters within a humanoid phantom. Doses of 2Gy in
the supine position and 2 Gy in the prone position were
given for total body with the tracking technique. Twelve
glass dosimeters were placed at the ovarian position of the
humanoeid phantom under shiclding (Figure 4).
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Figure T A schematic llustration of ovarian shielding in TBI.

Figure 2 A pair of columnar blocks with dimensions of Sem in height
and Scm in diameter. 1 was placed just above the patient’s body.

Figure 3 A poriad image wken during an actual TBI with ovarian
shielding.



Results

Paiients

Thus far, three patients have been treated (Table 1) Two
had chronic myelogenous leukemia in first chronic phase
and had not received intravenous of antineoplastic agents
before transplantation. The other patient had acute
lymphoblastic leukemia in second remission and had
received multiple courses of intensive chemotherapy. The
donors were & matched unrelated donor. an HLA-identical
sibling donor, and a two-locus-mismatched sibling donor in
patients no. |, 2, and 3, respectively. Patients no. | and 2 had
regular menstruation before transplantation, but patient no.
3 already had chemotherapy-induced amenorrhea.

Transplamiation ourcome

All three patients had donor cell engraftment between days
15 and day 31 after transplantation. Acute GVHD was
observed in only patient no. 1. She developed grade 1I acute
GVHD limited to the skin, which was followed by extensive
chronic GVHD. Patients no. | and 2 are alive without
leukemia on days 1163 and 1055 after transplantation,
respectively. However, patient no. 3 had a relapse of
leukemia on day 223 and died on day 522.

Ovarian function after transplaniation
The serum estradiol leve] decreased to an undetectable level
(<85 pg/mhy after transplantation and the follicle-stimu-

Figure 4 Humanoid phantom experiment.
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lating hormone (FSH) level increased above 90miIU ml in
all patients and they became amenorrheic (Figure 3
However, patients no. 1 and 2 recovered regular menstrua-
tion about 800 and 370 davs after transplantation,
respeclively, with a decrease in serum FSH level. In patient
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Figure 5 Ovarian function after transplantation. Arrows indicate the day
of menstruation recovery.

Table 1 Patient characteristics
Age® Diagnosis Durarion® Prior Tx Regimien TAI dose Denor
i (J‘(\’.’
H 20 CML 7 vears HUIFN i2 MUD
2 23 ML & months HU 12 ISD
3 27 ALL § vears cor ETP/Cy/TBI 1z PMRD

antaton.
PDuration form diagnosis splantasion.
CML = chronie myelngenous leuke

aiched related donor.

ALL = acute lyrmphoblastic leukemia; HU
: TBl = towal body irradiation;

wvdroxyurea; 1FN = iniz
ST P == eloposide:

MUD =marched uar

feron wlpha: CCT = multiple courses of
ed donor: MSD =HLA-

%3

85
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