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I EEMREE 28 ¥ 260 B ERE)EOBEERNETME

B EEE £ ¥ — (RadiMedical ¥t 8 @ Pressure
Wire™) F7203, BERBEMTE2ESLATA4FD A
¥ — (FloWire XT, Cardiometrics Inc)® 1 ADOHF A4 K7
AXY—EBLTFy 750 0L 3 —2%sh
7oA A4 F7 4%~ (ComboWire, VOLCANO Corporation,
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T, BREORECHBYREOHEIBOTER
THhbH, INHOHEECCEmMATEEL M3 58
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NRIZ B A REEHIROMEEE, APV (time-aver-

aged peak flow velocity), CFR{coronary flow reserve)

OIEFEIRT (K 2). Db ORI TIIHEN B X U
WMOBECICIZHEBECHEEEIRDLRT, ARICE
% APV O % 15 cm/sec 12, CFR O3 % 2012
FELAEY. —H, RA#HBRIZBIT S CFROERHO®
BB 20 LETH D, DRSBTS HEERA RO
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FEREABDOZ ERHEE IR
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shear stress 24 M-+2 2 EHWHETH 5. BKIS T
(shear stress)idFE & UCTImAEMEMBICIERL, MmN
RUEBHEDE L L TATHRBIIS KR ERE RIZT 0
WMICBRTAEAIZANA I ATHS.
Shear stress = {dxuxAPV) /R

%8, pUlEEsE)=3 cp (cp=0003 Pa-sec, 1 Pa=10 dyne/
em??, R:MFOFE
REBIARA BN L 209 I 2 <, 40 dye/ecm* %2 &
DTFEBTHNROKEREFE L2(R2). &b, bhb
NAETE S APV MO RRBTCHOMETH Y, e
TRBRBIDLETLTWS, (o TMFRIE VY
2 shear stress & L DV E 2 5.
2. Ty Yo — T4 Y~ & BT I TEIEE O BM

PA R Sl R Gt MO U2 TN RAS A Ky U
X FFRmyo (fractional flow reserve : [0 585 LK Vi
) Th 5. MBEMEREC X O RAMAF AR L
ORI EIUIE RN E 2 0, il & ENE LN
MPRBMRE LS. o T, EWHEEHIRE KR OE
BIRFHNE (P, EEIRALBESIE (Pa) OFERIZZ
OMEHFETIMRE(EL LTHEBRERE) I VRS L
MR EERT. 2F ), FFRmyo DHOFE LT
&, EORFEHIROEROHEROBMAERET 5.

BELEDLNLEEHMRECHEAL, FFRmyo 241
L72Y(%3). EBIRBES S X OERBOR X 2 EREH
OHHENT, 075 kBEPBIIBYIREHECHREL.
BASIRIC BT 5 FFRmyo DR FHMOMEIE, 075 Kl
TH Y, BARIEBNTHRAFEIRE B MK HE A7
Sz BASEBRIZBWTEE, FFRmyo @ 075 13 IVUS
5 A BAOMFNEEI N 30 mm® B & U
06 & R MHMHERSROONE LOWENH DY,

Bnb

MET Lo

Flow wire
Pressure wire

Flow and pressure wire
{Combo Wire)

HEER, APV, CFR, shear stress
HEWNE, FFRmyo

IR, €Ol Pressure wire 3 £ U Flow wire
ELTOEREFROEE(APV, CFR, FFRmyo,

shear stress)

APV: time-averaged peak flow velocity (RS9 M3 8BE). CFR: coronary flow reserve (LI
W HAE), FFRmyo: myocardial fractional flow reserve CUNEEE4 ik M )

M67 .
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2
BREMom/ sy —», APV, CFR
FEER R EWHE — BERAGR ik AT A APV (cm/sec) CFR
R ot
EMNTiTER 132 11.3432 100% pulsatile 2311438 50.245.7 259028
R 110 116431 100% pulsatile 23.8+4.0 602459 2.5840.32
FRRRE 130 11.2426 1009% pulsatile 240437 605464 2633030
IR shear stress
FEBhIRTE I APV (em/sec) %%  Shear stress (dyne/cm®)
R TTas: 54 241442 ; 29106 56.3:6.8
[l ek i 43 25.125.2 28104 54.846.3
HRESR R 61 25.5+4.3 30407 614478
3
RIS O FFRmyo ‘
FEFIR RERs A i TEBIRA DRREISE (R W) ERRTHNE (ATEE) FFRmyo
EM T 112 124134 614444 55.6:46.1 0934008
- [EEEE 94 133441 62.1+3.7 56.145.1 0.90+0.06
FEFTR ] 131 128446 64.345.1 585442 09110.05
SEERB AR B0 o0 SR i BT
EEIRE I TEHIE APV M BRENIE APV e
(FhanE) (W) () (BT (B ) (BTR)
(mmHg) (cm/sec) (cm/sec) (mmHg)
EWNTIER 35 678172 23.3+4.0 2914052 55.646.1 56.745.6 0.98+0.23
) 2o 28 650458 237439 278048 56.145.1 58.845.5 0.95+0.34
R IR 39 69.3478 24.2438 2883043 58.5+4.2 59.1+6.8 1.0040.36

T MBS0 20 BRAG & RERR 2 BRI O — BB S h 5 L FIR
12, FFRmyo<0.75 # BH LT BHEMEB LI TWA,
3. Ry7S504v—8&U0TLbyde—T4v—k0H
5 h 3 REMEER

ESIRMERE - SERAEL & R LEER T S H T
HIEHFTURTHS. bhbhi@mEiks X {AHMT
5 APV & BT APV - FEEEIRAELE MM L—Mo
REMEENE UCTHRICHRL T2, RBRBIUN
CHERORHMEERZ M L., B 40, 0¥
WBRIZ 205 COFECIARBEL LTHREL, oh
HPEEREMBEEROREHEE L2 (383).
4. BEHFRMEOE I & 2 B0SFHBORE
(MAEBRRBERELZEH L T2 EBRENS LU
FOFEMBICBIT B MTHE
@ BRIC BT 5 AT

BHRNEBRERERN) OnfTHBEZRTAS &, MER

PR (5 BRI TRNEL mm B, 5BULETIESD
REPNED 15 HRE) NOMEEE/ 5 — v id&man
#TH Y, APV, CFR, shear stress b EHMEHAT
Hodz —F, PEBIREGRERCEINEL mm L
S mmBTF, SR LETIREFOREAED 15FUL4
R ACIREE LTHONEORKIC L b mIEEH <
o VXA — PSRN — VICE L.
¥ 72, APV, CFR, shear stress, HIMEIEHIIED
HEOEKICHE-—RBREELE L. —F, EXED
RECIRIZIZLPNEE sy - %2 L, APVIZ 10 e/
sec BUF, CFR X 15 BAF, shear stress b 10 dyne/cm?
DTFEAEBICETLAY, 4 RHEmMEERLIEIZLA
EOEMCREEHEEELL. LPL, FFRmyo lZBWT
BEERZEDZED Lo 2(E .
PEo#SRIGEHREN, BCEXERTRERED
ETRFED LI vAishear stress WBDTETL, #

m68m
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FAUCBIT B/ % — >, APV, CFR, shear stress, FFRmyo 3 & USM S #E51

n /s — APV CFR Shear stress FFRmyo MAFIEH
2
(cm/sec) (dyne/cm®) B Jop.
INTEBDAR S B 44 100% pulsatile 23.1£38 2.20+0.20 422451 0.90+0.07 24+0.2 14402
TR BRI B 36 77.8% pulsatile 185+4.6 1.78+048 386178 0.86+0.06 25407 1.7+0.3
22.2% turbulent
FLRRE bR 21 4.8% pulsatile 86+2.8° 1.10+0.28° 42428 0.83+0.08 5.810.6° 53+0.7
95.2% turbulent
*p<0.05 vs. ML BYIR B
FEMIIBIT B MY — >, APV. CFR, Shear stress. FFRmyo 3 X USR5 65T
n M8y — APV CFR Shear stress FFRmyo MAFHEH
2
(cm/sec) (dyne/cm®) . -
AN BRI 43 100% pulsatile 235432 2.25+0.19 48.3+4.9 0.89+0.07 23103 1.2+04
BRI B 34 778% pulsatile = 19.2+38 1.82+0.46 438459 0.88+0.08 2.5+0.7 1.5+0.3
22.2% turbulent
BEREBRER 18 4.8% pulsatile 102+32° 1.18+0.33" 12.1£3.2° 0.84+0.09 49+0.9° 44307

95.2% turbulent

*p<0.05 vs. M BIRIE B

LWILENEMBEBERESER SR TWE I &2
. MERICHEI NEMBEECmME T, LTHECR
WIS NEMBEEIME - T, EABANTIRER
MENEMRBEIRI > TWAIENBHENS. @
EHNEMBOBERTIZ, mBPETE2ZTEsSYE,
RVEH, PURAEMER, PORMELER, WBIMLER, RS
IREEALVER 2 2 58 S8 5. 51 NIt 058 B IR 3
WTIRIMRTEEA—FOMBEE % 5. Shear stress DIET
BMENEMREBELT, YUy T3V LR NO
OEARES VL ERL, M/EREL TESES, F
7z, MEEHETF (TF) MY % human protease-activated re-
ceptor-l DRBOMEEL®, o rKET 2 L 0%
BREMW T2 L2 E ) BREELES T2, &
512, shear stress DETICHEV, TS5 R3 /—4 >
77 FR—5 (tPA)OEERES YL, TSI /=5
TIZFR=54 ey — 1(PALLDOEALEIZL YR
WRIZAM S D, M/MKEEIES X UBBEREO T,
MIEROMHE 2 LIS LY EHICMRNBRENS. o
T, EHREIN, FICEXHEHNO shear stress El &3
SMATENEE +5ICBT A 2 L X F 0RO BRI
VCAECEEERDL, 7L, HHESS mm 28
H2E)BHETHEZORRICEY, MEHEK Y — >,
APV, CFREXZERTHEHELHS. #oT, HIZE
EMCERBE V> THMABEMCIZIZZEETHS
BELSHHEL, Tho2BET 5 LT, Chook
TERYRFIX A TH 5.

@ WOERMICBT 5 MITHE

MBI IEHREANE ROy — 2B L
APV, CFROEL BN EIZIZREETH - 7245, shear
stress (RO AEI AL BN LATICAR
W0HBEAOHEL Y EEERE L

~—%. FFRmyo 2F L Tab L, #HOAkEX, Tk
DU Db & T AR L PEERE 2 VIR Y IEH R
WThotz. E6IC, BEXEEHT SRR O ME
ERLEOSDERHL2bO0FRICHMEEE L. oF
D, BEXGEBIIRE O RO TEA BRI % <
ELHERMBER OB T IS MENERERE, O%E
ifil, &5ICRUMNERREEOFEI TR ENI(54).
@ PAPEME ORI B 3 AT BHE

AWEOH Y Y FITR & LRI E S EE IR e 22 B
ELHmEBMENEDZVIRERBEIZAHEL, CFR
FFRmyo, shear stress, R IRLOZIBEIcox
BOMGE L7z, BB &B 0% EosEEL H L Tw
oo =0, FEBMBFOPIIE Y EBIIR AT 90% L Lok
BUREEZALTOLENIH 0% EETN T, &
N DFEF T4 L2 MBIITBROEENRD ST
5. MERTRATRRBEHRECE, FHICRMmTS
BHBT AL, 20X 5 LERNORTERE O
BEBERFM2Z TR+ TR, #S5IET LD
2, BMBEICEB T, CFR, FFRmyo, shear stress,
AWMEEPE I, BB LAECEHL, »
D, ZDEHERE LA EEEE B L Tw(F5). B
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55 BBEHEOERMEICHEITS APV, CFR. shear stress, FFRmyo 3 & UM I I

iE P B APV CFR Shear stress FFRmyo MERHT (R iR)
HE M 31 13.2+34" 1.21+0.33° 14.3+2.8° 0.61+0.07" 3.8+0.5°

FER M 43 487448 2.21+0.16 39.7454 0.84+0.06 1.3:04
*p<0.05 vs. FEHE M B

ﬁgﬁ@ N S —— e

- HEB VA YUERSE
T
S ‘ i ; )
JHHHL T ] + i 4 :
B0 A R VA MDA )
4 S TR

a FAL

2 PR IC BT A FFRmyo % v 7: BAEFE O S

A TITROBMICH 0% O BFER RO b hS.

HAFA T A TF—FVLEBEBRALRE, YLy dr—74% -2k
HEBIRAE 2 RS Ty v — 74V — i A a8 %a i
HEHRAERET. HBAAXY VoEHRNECEIDEICETL,

FFRmyo {3 065 L iz B L /2.
FFRmyo: fractional flow reserve

L&y, FUERMATE 2 & G PR VAN A o AT B) 18 o 3F i
WK, Fo79794%—, 7Ly irx—94F%—-»bl
LRAHBRORNVPARLBDbNS. IhoO#HEN
REEE BT % PR R 2 R A o0 il 5 i Ak i3 A
L, WE#ERE, OHEBNIERERTHS Z LR
Eha, EHICHREDETLTYSA, Thit LR
HMBEROETAIRIY, KMOMFEIE LATHLE
A5, REEHEREZFMT S EIIBWTHWAREL LT
¥ FFRmyo ®754%, CFRICHL, LB LR,
WIER EIC L 2B LTI SCERTYS (R 2).

V. JIIBREEE OB AR O R8s

BEHREnERIDRECREORBREFO—2H
B, HoTE&EMMERTH 5 NBHEEEE AR AN %
Mz B, BEAMIELCERCHRELCZAELL
FTuDEIPHHEEE 25, FOMIVEBHRKEL S
PEL TR VIERIE, SIERMS 10 FREORABE L2
ZERTBLY, THICHLTET27% evidence 135
hTwiwd, BENERBEFASLLHDL. LHL,

N & 5 688IE & L CORBBIRBENSRE L EH
TREBMICB VT L ZOREIBM MBS R
MERVPHFETZEOHREVRHA IR, BELLED
WRARZEIRAL % P B IRBE L DR S h 3T wiRIBICH
LB EBHEBSNSG,

1. BpREE{ LR O RRES

MWL — MRI 2 EOERZH O L Y EH
MREEDTEIE % PO IS IRFEL IR A ORI A LB A S 12
fibhad &Hitho7:, BHRMENZOON 2,72
BTl MEEORERBEIATHR2VY, —#@%o
BRBEOBEALED, THRKICIEBERD - 2EHR
T3, FEMICHE, PEOBE EEL, BRBELO
FEMNRBEILY, SHEEBHRBOMBHRRIIBVT
AT LW RBIRBAABESBE ST RY, —
F, SEBRFEZA LIBT3 RERDIN OB
J"ToORBMBENFRIPERICEREIRA TV RWD
T, FhoOBUTOBHRELLOFELHIH LT
Ewv. B, RSB 5 EBIRE O & K
AFRTOBHRBILBZODRBMIZITIZ-HL TS
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®6 EERIFEIATHROMTHBEROEE)

HRE EWER APV CFR Shear stress FFRmyo i 5
i) wis g it #Al Witk o) Hitk o] itk

CABG ¥ 10 91413 536£35 1124022 233+0.16° 112436 48.6+134" 059006 092+009° 4.1+09 1.3+0.8°

AT 6 98x1.7 528%£39° 1.13+0.16 2264+0.13° 62+29 389+108° 069+0.10 0.88+008° 4.2+06 14405°

*p<0.05 vs. #Hi

D, 2Lz, BUNOBMEMELZWEERLZELT
b, BORFCHFETIHRBEICERELDNRBLE L
T, RAMBOEHRECH R L T EERIBEET
&\,

2. ME R HEEDIRET

MEANEBREOET & BIREIIRBBTIEL VA, W
BEBREOETREREIAOFELZBIRRT S, 7TEF
Vg v, WEAVYNE FiEOmELERAFR%
TOMEELMBEROBEAIREF ENT S, BRI
e LT, EBiRER, SBRNTI—, flow wire &
EEHWT, Iz FRBMWHELLTCRRI by CT
(PET) %, LEBIEIRO M LR (low-mediated vasodi-
latation: FMD) %2 L Ol % VTR S Tw5b,. PET
DFMTIE, EHREEOEGHOFELMDLY, HEHE
HBIETLTYWS LOMEDLH B2, —@%EAED
BHEALERE, THRICEENZD O Lo LERND
NEBERAHTEETHADBY  BE, BHREOHBE
%, MELZEBLBIL BBELHEELHRLLLD
EFIMEIHRENEED, T, —BHEDLNI, &
BROUEERELFTHEMICBV L, & AHEE
EREBRABERERELLZE o T, BIRBEILIZRSE
L. E5ICZ0#ERBICHE, BAM R R RSB
PEESNLZTEEZAEL TSI L2 SHICELIR
EThH5.

—7, EEHRBEED R LES Tl mE M E MR o ®
BRIXARICETL, BRELOSHERBLTHEED,
BHLC, BIRMEZ AL LD REEMTIE, HEBU
ST L MENEREMEOFENSREENED BIRTEL
EEPLCWAWMEESBHRENS., 2L, TBHRE
EUNOMEOBRBILOEPIZOWTIEE LR 5 #3672
BEPLETHB.

T, NEHETIIOEHREENE VI ERRERE
ETL TS EENECI L IRESRTWED, s
WHREOETZTTOBMBELCRB L AT 5 T REMEA
B BDIT, 2T, BIREASMRENRSZ LI
D, LNEFEETHIILIBEENG.

V. DERNORETEHIRICKH T 3 A REERET®RO
BERBEDFME

APV, CFR, shear stress, FFRmyo, F#HMEEHRD

ZFHRBEEHVT, ESHRAFERIZTCOTMITERZ
EL T R DAY
1. CABG #i#i ¢ DR /@I EH4E

CABG(coronary bypass graft)#f 10 BliZ BT 5 a1
O FM % AT o 2. WA O M7 B (X APV, shear
stress, FFRmyo PEEOKT, B X URMHMEEIAH
BECZHENLTEBY, MF~NOBERMKROBT, FH
BEOET, SHICKMBREENRBEIRALY. YKT
i3 CABG # % 173" A B2iC native flow (3R 82 5
ZWoTw5h, #kd native flow PRE L TV AERE
TRIZ/NA R AMBE Tid 7 { native flow DEDH LN LM
FELD7A4Y—%#D, YWEEMSEOTHEREE DM
iTo7: HEgRE, £PICBVWTCABGYAERBIIBITS
BREREOHBIEDON o7 85612, BEN
BTy, /8% — >, APV, CFR, shear
stress, FFRmyo, EHMBFEHOWTRIIBWTLHSE
MEDH LN, WHER CABGHIC X h EREBRBIEOSHN
blbE&ND T EFHRTEI(EE 3.
2. REBW IR OB RERENLE
LRECRAELRBEREZEHL T RVERTE
WREzETHEATEORBICOHBMAEZD LR, »
D, NEHRBEL YV BEUNT, BERCICEELRAIK
bR o TR VEFNIHN L, EEIRE O R % KT
LTwa, BXRREMICLY, mMEEZHEMEET2
T LIZL Y shear stress SFHL, FHICHEVIAENEE
BEgsWE L, MREBESEIEEh, 7—770 vH5
BRI 22 eREE 20 5. CABGW & BIRIZHRTICIX
CH~NOERMBERDOBT, FHEOKT, 510K
BREEIRBRENLEFATS, +ooRHEM» T T
EoEICE, ERERHEIUFSN, EMICL-> T
T=77 ) rirbDBROERE o7 (K6, K4).

VI £&8

MNEHRICEHTHEHREN. HICEXEBHRENT
FHRIGELE & 2 ), shear stress AHEICETL, Mm%
NEBEEDE TR I, T4, EXBORNEET
BEBRRPREREZ AL T { TH shear stress @
BT, CFROET, KHMEEROHMED SN, 1
ENEREEE, LHERMN SS5ICMMNERBRBEEDE
ERRMBENT. —F, AELREREREDORYBY T
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bypass graft

o U SRR ./ f £ siildguidlanibiyobisaititing
Pv Pa L i A

H
el S0MHE, WW,WW,WQA/MWMW

e

3 CABG #7#® FFRmyo % BIv7- 8622952 o AL O 570

6B, 1 RBICNERICHEE, BEMSICHBENEVS 90% ORAERENZD
L, KEOH - PREECOH BN BSOS SN, FFRmyo 12063 L RERHEEL
7z C%{?g OIS LB L, LITA-LAD OS54 S A/ % 54T, ##:® FFRmyo i
094 &2k,

CABG: coronary bypass graft, LITA: left internal thoracic artery, LAD: left anterior
descending artery

T e R

B4 EHIREEEMTRomE sy — >, APV, CFR O%H) A
A GREBIRE, BAKIZ14 mm TAPVIZI0 cm/see, CFRIE
10, M8y — S iEEF Ay — . B

B: 8 EET L, BMoOBRAEIZS mm S/ 2RIV APY
20 em/sec, CFR 32, My 8% — > LW/ 7 — > & $_CIE
BICEL, 97779 X OMETEE 2o
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IR EGI A L, MR EEREE, ORI ASER
Eh, SHICHERENETAER T 2HMMBROKT
ARIY, KMOMBFENEEATLIENERS L
2. SOL) EBRFEEO MR BIFE LM 51
BEREBE 2T TR THY, Foy 7774 % —,
Ty ix—TJAXY—LDBONLMBEFBLDIINY —
v, APV. CRF, shear stress. FFRmyo, X#Mm&EKH
R EDERERRHVWAZLIZLY, XY IEREICHMT A
CENHREEEZA.
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Dynamics of Reactive Oxygen Metabolites and
Biological Antioxidant Potential in the Acute Stage
of Kawasaki Disease

Tomoyo Yahata, MD; Chinatsu Suzuki, PhD; Akiko Hamaoka, MD;
Maiko Fujii, MD; Kenji Hamaoka, MD

Backgrbund: The dynamics of oxidation/reduction control system activities using reactive oxygen metabolites
(ROM) and biological antioxidant potential (BAP) in acute stage patients was evaulated to understand the mecha-
nism of vascular injury and remodeling in Kawasaki disease (KD).

Methods and Results: ROM, BAP, high-sensitivity C-reactive protein (hs-CRP), interleukin-1,2,6, and tumour
necrosis factor-« in 19 KD patients were measured. ROM decreased in good correlation only with hs-CRP (P<0.05)
at 2 weeks after intravenous immunoglobulin (IVIG). Patients were further classified as responding well (Group A)
or responding poorly (Group B) to IVIG. Both treatment groups had significantly higher ROM values than the control
group (P<0.01). ROM decreased in Group A both immediately and 2 weeks after the IVIG treatment (P<0.05), but
it did not decrease in Group B until 2 weeks post-treatment (P<0.01). BAP levels were unremarkable in Group A,
but were significantly lower in Group B than in both other groups (P<0.05). BAP increased in Group A 2 weeks after
IVIG treatment (P<0.01), but remained low in Group B (P<0.01).

Conciusions: Acute stage KD patients suffer from obvious hyperoxidant stress, and improved in response to IVIG
treatment in most patients. Blood BAP level might be a useful index for predicting responsiveness to IVIG the
treatment. (Circ J 2011; 75: 2453—-2459)
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whose main clinical condition is pan-angitis in the
medium- and small-sized arteries throughout the
entire body.’”* Although the pathology of this condition has
not yet been clarified, it appears that vasculitis occurs as a
complication of systemic infection.®
A key component of the infection process is oxidative
stress, which occurs when there is a disruption in the balance
between the production and elimination of reactive oxygen
species (ROS), resulting in the accumulation of excess in the
body.57 Because oxidative stress was recently shown to play
a role in amplifying inflammation during the progression of
arteriosclerosis to more advanced stages,3” it has been hypoth-
esized that oxidative stress might also be related to the acute
and chronic vascular disorders associated with KD (eg, KD
vasculitis). KD vasculitis is marked by the presence of inflam-
matory cells!® and various cytokines/chemokines in lesions.'*-13

Kawasaki disease (KD) frequently occurs in infants

This appears to be part of a vicious cycle in which pan-angitis
develops (the acute stage of KD), thus activating inflammatory
cells and causing the production of ROS. These cannot be
processed by the innately-equipped ROS elimination mecha-
nism, and therefore stimulate the spread of inflammation via
the production of various cytokines and the expression of
adhesion factors, further stimulating ROS generation. Evi-
dence of this cycle is the increase in 8-isoprostane, a marker
of oxidative stress, in the urine of patients in the acute and
distal stages of KD.!-18 However, reports of this pattern have
been inconsistent, and the clinical significance of this result
has not yet been verified.

Further, previous studies have focused only on oxidative
stress levels, while ignoring the activity of the body’s natural
ROS elimination system. It is important to consider both of
these in tandem, as the oxidation/reduction control system has
evolved specifically to maintain homeostasis in response to
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Table 1. information of Patients (n=19) I D
Patient no. Resg;) lnvsli(lgility Gender (mgr%teh s) The 3:3 |(r)1fnmg (ig;?;l:;y Dilatation I,;ggitﬁ?:;' iIlS:;Ise; I:xd(:x
treatments (7-score)
1 Favorable F 70 5 - - - 0
2 Favorable F 22 5 - - - 3
3 Favorable F 24 4 - - - 3
4 Favorable M 12 4 - - - 3
5 Favorable M 11 5 - - - 1
6 Favorable M 17 4 - - - Unknown
7 Favorable M 18 3 - - - 2
8 Favorable M 26 5 - - - 2
9 Favorable M 14 3 - - - 2
10 Favorable F 23 6 - - - 0
11 ) Favorable M 11 3 - - - 3
12 Favorable F 11 9 - - - 1
13 Favorable F 39 4 - - - 3
14 Unfavorable M 24 3 O O IVIG+PSL 6
15 Unfavorable M 10 4 - - IVIG+PSL 5
16 Unfavorable F 28 4 - - IVIG+PSL 6
17 Unfavorable M 24 4 - - IVIG+PSL 6
18 Unfavorable F 36 5 O O IVIG+PSL 6
19 Unfavorable F 10 3 - - VIG+PSL 5

IVIG, intravenous immunoglobulin; M, male; F, female.

systemic challenges. To more fully investigate these complex
dynamics, we measured levels of reactive oxygen metabolites
(ROM) and biological antioxidant potential (BAP) in the
blood of 19 patients receiving treatment for acute stage KD.
These measurements were designed to evaluate oxidative
stress levels and the activity of the ROS elimination system,
respectively, in immunocompromised individuals.

In addition, having used ROM and BAP for this oxidation
stress evaluation has a significant meaning. Up to now, the
measurement of the oxidant stress was not easy. Electron spin
resonance (ESR) method as a golden standard of the free
radical measurement requires skill and expertise because of
the use of an extremely complex technique, and the measure-
ments of various oxidative-stress markers already known are
time-consuming because of their use of immunological meth-
ods. Therefore, there were a lot of problems in clinical use
although they were useful for the investigative purpose. How-
ever, the measurement of ROM and BAP is very handy. We
can get both results in 10 min and it shows excellent reproduc-
ibility. To sum up, handiness, promptness, and reproducibility
are all factors that are indispensable characters in the clinical
application. In this respect, we can estimate high usefulness of
the procedure that makes a clear distinction with the current
oxidation stress evaluation.

Methods

This study focused on 19 patients (Table 1) with acute KD
(median age: 1.8 years, range: 0.8-5.8 years) and 7 control
subjects (median age: 1.1 years, range: 0.8-6.3 years). All
patients were diagnosed with KD according to the diagnostic
standard of the Japanese Society of Kawasaki Disease (JSKD)."
As recommended by the JSKD, patients were treated with
intravenous immunoglobulin (IVIG; 2 g/kg single administra-
tion) and oral aspirin (30mg-kg'-day').* Blood samples
were collected immediately before, immediately after, and 2

weeks after the IVIG treatment so that ROM, BAP, high-sen-
sitivity C-reactive protein (hs-CRP), interleukin (IL)-1,2,6,
and tumor necrosis factor (TNF)-«a levels could be measured.
Blood samples were also collected from control subjects, for
comparison. When possible, blood sampling was performed
in the early morning, after patients had fasted overnight.

Thirteen of the patients responded well to treatment (Group
A). The remaining 6 patients continued to experience a fever
of 37.5°C or more during the 48 h following the initial IVIG
administration, and required additional IVIG or steroid treat-
ment (Group B). However, the fever had decreased to 37.5°C
or below by the time of the final blood sampling.

All study protocols were approved by the ethical committee
at the Kyoto Prefectural University of Medicine Graduate School
of Medical Science. Informed written consent was obtained
from the parents of all study subjects and particular care was
taken to protect human rights and personal information.

Measuring ROM and BAP Levels

Levels of both ROM and BAP were measured with a Free
Radical Elective Evaluator (FREE®; Wismerll Co Ltd, Tokyo,
Japan).?-2} Measurement of ROM levels is based on the abil-
ity of transition metals to catalyze, in the presence of perox-
ides, the formation of free radicals trapped by an alchilamine.
The alchilamine reacts to form a colored radical that is detect-
able at 505 nm. The results are expressed in conventional units
called U.CARR (Carrtelli units), such that 1U.CARR corre-
sponds to 0.8 mg/L. H202. To measure BAP, blood samples
[BP (e-), containing the electron-donating, antioxidant blood
plasma barrier molecule] were added to a colored solution
containing ferric chloride (FeCls; a source of ferric ions, Fe**)
bound to a chromogenic substrate (AT, a derivative of thio-
cyanate). This caused the Fe** to be reduced to ferrous ions
(Fe?*), leaving oxidized blood plasma barrier molecules (BP)
and a decolored solution:
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Immediately
after IVIG

93.6 (101.3/83.5)

Table 2. Change Rate of Each Parameters (Measurements)
Pre-lVIG
ROM
Change rate 100
Vaiue 615 (668/539) 555 (638/485) 430 (492/372)
BAP
Change rate 100 100.5 (105.9/93.9) 106.4 (110.4/99.8)
Value 2,555 (2,778/2,460) 2,552 (2,850/2,377) 2,719 (3,000/2,638)
hs-CRP
Change rate 100 63.0 (87.1/45.7) 0.8 (2.2/0.5)
Value 6.6 (12.3/4.3) 3.7 (8.1/2.6) 0.07 (0.10/0.04)
-1
Change rate 100 67.9 (110.2/ 56.7) 67.2 (104.5/51.2)
Value 240 (317/174) 169 (237/138) 163 (231/146)
-2 ‘
Change rate 100 63.0 (116.5/48.0) 61.3 (97.3/43.6)
Value 596 (1,054/387) 342 (616/265) 344 (516/268)
IL-6
Change rate 100 14.8 (63.0/7.3) 9.3 (14.0/5.8)
Value 2,768 (4,821/1,279) 395 (558/253) 221 (305/184)
TNF-a
Change rate 100 777 (112.2/65.5) 82.7 (121.9/57.1)
Value 245 (349/182) 219 (255/166) 216 (242/182)

2 weeks
after IVIG

70.6 (78.1/64.9)

Each number show median and (upper/lower quartile).

ROM, reactive oxygen metabolites; BAP, biological antioxidant potential; hs-CRP, high-sensitivity C-reactive protein;
IL, interleukin; TNF, tumor necrosis factor. Other abbreviation see in Table 1.

! ‘ub]ectfv inthe Contro‘ (n=7) an:‘ “Treatment G ups,’(n;13 Group A n-6,

'ROM (U.CARR)

ent

BAP (moIIL)
Pre-IlVIG Post-lVIG 2 weeks after Pre-IlVIG  Post-lVIG 2 weeks after

Favorable response (n=13)

Median 633 555 466 2,705 2,714 2,778

Upper/lower quartile 687/555 646/478 506/381 2,883/2,510 2,940/2,462 3,015/2,705
Unfavorable response (n=6)

Median 564 557 381 2,474 2,438 2,622

Upper/lower quartile 611/531 610/483 423/304 2,557/2,413 2,626/2,313 2,703/2,380
Control (n=7)

Median 312 2,674

Upper/lower quartile 327/300 2,745/2,572

Abbreviations see in Tables 1,2.

1. FeCla+AT (uncolored)—FeCl3-AT (colored)
2. FeCls-AT (colored)+BP (e-)—FeCl+AT (uncolored)+BP.

The chromatic change that results from this process can be
measured by with a photometer at 505nm, and is directly pro-
portional to the ability of the plasma to reduce ROS. Ten-micro-
liter blood sample aliquots were required from each patient for
these protocols. The samples were mixed with the colored solu-
tion and incubated for 5min at 37°C prior to photometric analy-
sis. The pH of the FeCls — AT solution was 2.3 and it remained
in the range of 2.3-2.4 throughout the procedure.

Statistical Analysis

Data values are presented as medians and interquartile ranges
because almost all the values are not normally distributed. All
data were analyzed using SPSS software version 11.0 (SPSS

Japan Inc, Tokyo, Japan). Paired t-tests or Mann-Whitney U-
tests were used to make comparisons between groups. Sig-
nificance was defined as P<0.05.

Results

Change of Each Parameter
We measured each parameter in all patients and calculated the
change rate by assuming the value at pre-IVIG to be 100
(Table 2). We examined whether there was a correlation in
the change of the oxidant stress and that of hs-CRP and the
proinflammatory cytokine.

The levels of ROM and BAP did not show the correlation
with neither hs-CRP nor the proinflammatory cytokines in
their variation from pre-IVIG to immediately post-IVIG. The
ROM showed the correlation only hs-CRP, although BAP did
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Figure 1. Changes in reactive oxygen metabolites (ROM) level in both treatment groups in response to intravenous immuno-
globulin (IVIG) treatment. *P<0.01 vs. Healthy group, $P<0.01, #P<0.05.
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Figwre 2. Changes in biological antioxidant potential (BAP) leve! in both treatment groups in response to intravenous immuno-
globulin (IVIG) treatment. *P<0.01 vs. Healthy group, $P<0.01, #P<0.05.
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