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—Riz, TV SBEAROTHRB LU
BIZADTHD Z LRI BHLNTEBY, F0D
HRE FLLTHERECELZDDEEXLR
TWd. —F, &b, 77 v IORAII
MmN B X AR ERTE 2N EN
bTW3H, FORIZHOVWTOBEIXIP2L,
ZFORRIIHTLH—HLTW2WY, & M 2H
RLLT, OEERLZ 21 b IET S Z L THA
REeBERBIEEE vV SETOTSvS v
JiC K DGR £33 & USRS Ris 2 FRRC T -
THE L, BRICEEAREEZ M RVE 512
ERBIVCEBROBIE2ZREL LBELOHKT
2, FRNENOARBRIZL>THBRELOUEILAD
bhichs, HABBITOUBEL RicizEzizizL,
B~ OB W BB IC kD R ~DRIRIZ
RBOonghrolclnd V., —F, it
LT FAEEEREZ 8 VAMBIETRZ Lizk»T
HWAREZER S EHTHN LT, 28 HE, #AH,
Fr—F—RERIMXTAZ I vyELFTERRELD
BRENOTEET B8 WENEELTY
TH, EAOIEROBERS 8 A M~ 02 M i
OBEEBEOR D> L Vo T RIE ORBLZ LN
LHEIRTNE2 Y,

;A R Y 01 b TR R vl ohed-Z - Tidko)
WTid, RO BERSM/NMERBIEOEILIZON
TRARLNTWVS, Kroone b 9 375 v %
OHERNBEOEILEZRS, 7 v I BIZERA

EBLIUNEBEROREN LR T D LaRLE.

Nuki 59113, 75y v FHBo( XMEEROML
HE% "Xenon 7 V7 F V AEZHVWTHRAN, 7
Sy RICBRNFERSHEMTIZLE2HS
ML, £, Peary 5912 kB L —¥F— Ko7
S—MEHERWEEHETIXZ, b MBERRBICS
S ST o %I, TLELRERO M &
AROEMERDZEVWS ., £5IiZ, Hanioka b
Tk, MR AR MABIREXRWT, 75
YV IROBMRANES v BEAES Y Y
BRERAMEAAE L. 75y Ly SEBIZIZ,

WANES aEBARBUTHEMT 225, 1 54
RRAPICEL, BROFIEE L 225200 TR
PR BERICET T L, —F, BER
FEITEBARNMES L LR LISD, 5~100%
KRR RoTEBIZBRLAIBI L, FOFEDOL
Rz s aRigET sz b exriLk. BlEknZ
25, Ty vk 3EBNRBILIERRNOK
INEBRBIER L UBRRAZRR M LIOEE R
RIELTWARZ LEELLND S, FOHMIZD
WTiX, ZBFRBAREADEN.,
WHRRFR~DOEROERITIE MM ENICEET
ZHANES O IZEDN Y, ZOBEL &
HIZMBPICIERL, MRACRBNTRE - HR
a3 ., LaL, MBboBRRO—ITHEAHE
BHBUZEEh, AR,y MZEZLEDN S,
LTeoT, BARMIEIIN BREXEEAR 7
v NBRESFCHEHEELHENCEEL2RIET
TLFEZLND, FIT, AHETIE T,
WEARY v FERRSE L HAM/MERBEEL DBE
HEZHOWTREL, ®RWT, 7oy itk
ZHEBEAIRIEOS B OBUNMESR 8BRS L U8 RE R
v NBREBBIRIETEIN B IURINEE
ZPHLPICTHZEZBNEL T, UTOERE
frote.

KR 1 @ARS vy NRESE L BRB/NMERE
e & DBEME

R2 5T &

KERKXERZHFHENEZZ LBREOH R
b, EBR~OBMZRABRLIE T, HFEOHRIN
KRBE2LRRV29BHH 8K FHFMA92 R
D324 (Blak, LI184) 2HERBREL LKL, &
BEAE 5 ERICHEBABREEZ Tz L2y
ZEEREARLE.

MR LA EMRAROEEARYY Y b O
BEEZAEL, ¥4mm L EDOEZ DD B EM DG
PEBRODEVERMEZRIENRE Uk, BKRIEEL
LT, HRZ%Es (MGD 9, @ik e v,
WEARYY hOBEE (PPD) , HAEBHEER



(GCF) /2. GCFiz~Y # b ¥ (Periotron
6000, HARCO Electronics, Winnipeg, Canada) T
LY HlE LTz,

PPD OHIENSHAM/NMERIC S X 2 EEE P72
FDlHIT, MLHS 2 ABBOBFLRICIBEA
~NES U EBELAME (S0,) LEARy Y M
#FoE (PpO,) ZRIE Lz, SO, DHIEIZ T A
RZ MASER (TS-200, ERKBRITE () .,
KR 2ERALE. F7Fohar7ru—7i #l
EFHZ 78— I XM b 3BE~DOFE S A
BMERRIZER IETRELTEIRVBRL DI
gt 4 —2An, FRRECEEICEME Y,
1 HMIZONT 10 EDO AR MAZRIE L. &
ARZ b AE, REANRYZ MBIFE? 12kY
BEHEhiz SO, 0GR F DA OREMEE L
Tee

PpO,iXBRRBREIC L VA LD .. BARY
v MIERZKBRLEZBEEY —fEDOBEE
Bizit, Pti, Agfi Cual REVZUMEN
EBRER04mm DF 7 u L Fa—TICABENT
BY, BREEBBIVBE Y —%%#H» 503
~0.5mm D& ZARHMETD L5 ICEIHL .
PpO, FREFMERERME OFV 2L PO, T=F —

(POG-203, L=—2 AF 4 N, BF) 2LV H#l
ELlk. BEYEORIEZ, BHERHE-ST, AE
HANZ, ARERT7—Ry7RIVERER
ESHTEGKRERNTT 72 9, #r v bA
DRELXY Y IL—YarBoBEOEW &
3% PpO, DMIEIX, Hedey - Whyte D' iz kD
BRI ETA-ok. BRZEEARY Y hTHEA
#%, PpO, DHIE % HHEHIZFTV, 52 LA PpO,
DOEBEETDZL2BEAL, ZOEEZHERL -
brelt

PPD OHIEIX, > ¥ —%Rry NRIZHEAL
7o, BANBOBITEYH —ize—2 %010F
T, i b~— 2 AN E TOREZ % 0.01mm B
T/ XATHR L. ZOHIEFEOTE ML
BI5kdic, BA 70— X > T0. lmm B
THRE LRy v NESLHE Lz, AEOEME
BB AT L ZAERICHWEDHEEZE D

(r=0.99, p<0.0001) , ¥/, WMHEDEZREIC
LV LERR BROENIDLIRL
ZEnh, UK, ¥ —kkoFdke—21cED
HIE XN iz % PPD & LTHOHFICH W,

MGI R PI &WolehFd Y —&E#KE 0 10
AL E F DO ERLIIZ ST, FRFRIZ0 L 1 DX
I-EREE DI/ 2. PpO, L AHEIEMOMRIT

BIHBIARE 2 AW TEM L, X5iZ, PpO, R
TR L L, thofgiEemhr i e LicBBIE S
o,

MR

BERERAI OIE DIRRRIL, PUX 01 Th
DEMMB 2 AL TH T2 DIIHN LT, PlIAS2 %
X3 THIRBE 1T TH -, T, HAE
EEDIRMEBIX, 10 BBV TMGIA0EiZ1T
Holcec BV D 22T TOMGLIZ2 £721X3 Th
D, MGl 2 4 OFLZIBD SRR 22T, FOM
DEERFAE DFERIZOVWTE 1 ITRT. Ppo, 2l
E LEAId PPD DL > Pt 3.9mm 55 9.2mm
THY, GCFOL I 12005 187.0 TH - Tz.
*7, PpO,iX, SO, IZELLT, KWL Y TP%RL
7%

HEBrORER, K217 T X512, PpO,id,
SO, & DRIZIEDHBE (r=0.69, p<0.0001) %, PPD
L ORIICA DR (1=-0.57, p=0.0005) ZRL 7.

#£1 BERUOHEM (N=32)
X PHETREREE vV

BEARS Y PORX 55+ 14 39- 92
(PPD. mm)

~UFhorii 9.2 £ 52.7 120 - 187.0
(GCPF)

WEA~TS e rBERInE 661 93 525 - 813
(SOz, %)

BARY Y NBEDE 272 £ 112 67 - 520
(PpO2, mmHg)

#2 BART Y NBRIE PpO) LHBOFRIEEELD

HEEE (N=32)

it HHER (R % pi#

W Ria% 025 0.1679
(MGD

IR -0.05 0.7798
(PID

BWRRT Y POBRX 057 0.0005
(PPD, mm)

RNYF bl 0.08 0.6720
(GCP)

WRANES ot CBEAmE 069  <0.0001
(SO2, %)

®R3iT, PpO,EERESR L L, MGI, PII, PPD,
GCF B & U SO, M EM & LTEER I E2T
ST REBERT, ZOEFNIL, DT OKER,
p {25 0.0002 LHFREOEEEE R L. £, &
EREIZ0S51ISTHY, ZDZ Lid, ZOEFAR
kv, PpO,DEHD 51.5% % HHTEDZ L&~
LTWB, MY EBDZRITIL SO,DABHERIC



3L LT PpO, L DBE#EMZ R L7z (p=0.0005) .

#3 WART Y MRRME (PpO) RHREHELE

HER2 (N=32)
B8 se) b pill

M IE -3.482 3857 -0.147 03750
(MGI)

|- BErt 5568 3266 0.240 0.1001
(PID)

BARS, Y hOFE -0.995 1.487 -0.127 0.5091
(PPD. mm)

RVF hel 0.047 0.034 0220 0.1791
(GCF)

BHRA~T/ ot BRERM 0887 0223 0739 0.0005
(SO2, %)

KR2. 875 T iC X SBBHIRIEAS SO, & 8 ARk
ROE (Tpo,) KRIETEMNEE

b2 LT

RE 10~15Kg DHBEORR 10 HEMAV, B
BELT TRTOBIZHLTAY—Y 5L
Sy rel2E, 4 BREICbloTiF>Tc. =
NHEDRBIERRVINAAEE—=ALF P T A
(30mg/Kg) DIERENES I & 2 £ B BB T TfTo
Te. HANBETHDIZ L%, £ 1 KAROHEM
DO MGIA 0T, 2»OPPD A33mm ELFTHB
ZEIZE-THERALI.

108HDA XD ETHEERMDOE 1 KEEOHER
BRI LTEUTD 4 2OFE28 Y iz, #il
BERAL & QIR ERALIZ DWW TR 1 iTR T
O FABEBREITHT DL LMIBRERB.
@ ERAEICHT D EER#E.
@ LRI AT D E LIRS B,
@ WHEL (2> bhu—n) .

pO, 1%

MIKEIN

LMBA~DE ERMBIMN
—

SO MRS

{0 A~DE EMME E7iX
Eg M

M1 Hi#s & ORI Rz

2B, BT Z VI XSBENRIBIE, BRO~
T/UEVRE SO, ZRORESEISEI&H

D LT, 200eDET 10T BSS5FE
2, B75 oMM FTREOTARSF -
(N11-FA-2-120-VSE3, HABE =23, ¥K) » 5
DBRESZ, HOTAHAIES (6M82, HEAEK
=%, KR) RTE=F—FTBHIELRIV—EK
Botz,

SO, i, MBANY MASIFEBEZFERALT, #
PORIBCERT, W1 2, So% 10005908
AT TR 10 EICHRE Liz. FREhORAIC
BOTI0EDRHARY MAZRBIEL, HARY
A bBEHENT SO, DY iR FOREMHE L
LTRAWEY,

TpO, DHIEIX, 75— BHOBEBLBEIET
=% — (POG-5500, MT £, ®R) ZHVTFT
7™, JIRIZSEIL - T35°COEBAEPIZTK
KEICHTIWEZT- k. EHRRO03mm D&EIER
HBELZHEIRICIH-THAL, BEOELZE
R E=2—1_L, La—¥—iiHKlLlk. +X
TORRBIZBNT, BA~OBEBORAN?S S 4
LIRIZ TpO, 3B Lcli R Lic. BBAREEORN
AICEBLT, £k HEA~OBRENHEEZE X
BEKBWT, BEABE» OHMBEAD NS
BiTit, RELIREREZDRIEL, OB EER
A& LTRWE. 28, Ppo, DHlEIL, 1 X
HBAOBARY Y F2S3mm EATF L &<, g
EXREETH e ledDfTbiarolk.

AR ~OBRA R #OEEHIZBITD SO,B &
U TpO, DB ELIZ DWW TiL, REAIR > #S
FEIZIVREL, BFH#IRBRIFTD 0 BELLUED
AR DEREDOREIXTY FFAMARF— |
AV M LY L. EWB&KHICIBITS Tpo,
OERALREOHBRIL, ZEEBIBMFEIC &

27,
fak

W7o Vi LS BBNRIEED SO, DELE &
412" Y, SO,i%, WEERIC—FRNIZED LcD
L, 100 LRBELY ERL, 208, LE
WIZAET LIIHHAIZ D & o 7. SO,i3, EAMIRE
P EFEERNICE X BCED LR L, 20|
%, FIEUED 2% LTz, ZORBMIZEDER
DOLERIT, PBHESTPOL00ETHRE LK.
HEAZEBLEREICIE SO, IXRABEICETE
B UEXN, ZOEROEIL2S > LrF#KE L2
ol MRS ZLZEEAITME kD SO,
DEALIINEL, ¥, ary hba—A B0 S0,



ZEALEB LT,

£ 512 TpO, DEALE R T . BBREWIEH# 0 TpO,
OEALIZ SO, DEAL L BIUL TV ehS, DEBER
DOEBLVEWHTH -, TpO,d SO, LFRRIT,
EREMBEW K 2ERRICMABAZRED®
WilEE R L. ¥, I ELT BB L
RiZ1008» 5850, Zo ERIZ80RILLE
R Lz, EAMIBHREZDRBERICINE 1215
IS TpO, D LR XRBD SN, FOLROR
BB LURREE, EBRNICE eSS

ATBELV /N Ehote, ko, FHEERICE
B A% 2B D Tpo, D LRIZ/NEL, HED
ERZF 10 BIZOABD LN, av bu— B
D TpO, ik, FEAEEHERIRP T,

7% 6 IZH BRI B D TpO, DR K L7 % Hosge
LR E2TRT. TpO,D LRENREDIRE o
DI, BEMRBRE 2 FEBRIZMZBET,
FORKLEREIZ 146% T, EARS A B BRI
MxleBe LV ERIZLER L,

R4 BT 7 VI EDBRORBBEOBA~ES 0 U REAE (SO2) OEfL

(P fE L RRERE, N=10)

R BRI EERE% ERIRBFIR Ll A
4r) OE-}: fHEHRA Lf&ER (z¥bu—N)
RIBAT 775 + 1.2 788 £ 2.0 788 + 20 79.1 £ 25
659 *+ 1.4 783 £ 29 75.0 + 3.4 781 £ 24
5 842 * 2.0 844 + 23 80.6 £ 23 791 £ 19
10 86.7 £ 1.4 854 = 2.1 827 £ 30 * 800 * 17
20 841 £ 0.4 852 £ 29 79.5 + 2.8 79.6 £ 21
30 83.4 * 1.2 825 + 23 791 £ 23 791 £ 18
40 823 *+ 1.3 80.0 £ 1.9 780 * 1.6 793 £ 19
50 81.4 * 13 789 £ 2.0 773 £ 22 78.6 £ 20
60 80.0 * 12 78.8 + 1.9 747 £ 24 786 £ 21
70 79.2 + 11 78.6 + 2.0 750 * 28 784 £ 21
80 789 * 12 788 + 2.1 773 * 23 784 £ 21
90 783 * 12 787 £ 20 747 * 28 783 = 21

*REAT L O ERZESH Y <005



£ W77 VICLOBBNVRBBROBNBRENE (TpO2) DE/L
(P iE tFRAMMZE, N=10)

R EARDW HERH# £ iR B g L
4 RE-1: L fHE®A k-3 (] (¥ ha—n)
FIBRT 248 £ 1.1 235 £ 0.7 221 = 1.8 225 = 08
1 232 £ 1.2 * 228 % 05 203 £ 17 223 * 11
5 248 * 13 239 + 09 253 * 18 226 = 09
10 301 £ 1.7 * 247 £ 09 268 = 1.9 229 = 08
20 347 £ 1.0 * 252 £ 13 266 = 22 230 = 08
30 347 £ 13 * 248 % 11 236 £ 19 228 + 08
40 337 £ 15 * 246 + 1.0 223 + 17 228 + 09
50 327 £ 1.6 * 239 + 08 221 + 18 229 * 1t
60 310 £ 1.5 * 234 + 07 221 = 18 224 = 08
70 306 £ 1.9 * 234 + 07 221 + 1.8 224 = 08
80 285 * 19 * 234 £ 07 221 + 18 224 = 08
90 271 * 1.6 * 234 * 07 221 = 18 224 = 08
*FIRETE OMICHEZEDH Y <005
6 W75 VIT L DRBITIRS O BRRRNE (TpO2) OBRK LRE
(EHE, FHELREERZE, N=10)
G AR O
IR FIBER AL BALERE (ANHE %)
EERHRH  fHERER 1462 *+ 8.0*
EAREFIY DREAR 1281 £ 31
E8Ri#% fTREA 1085 * 3.6
*EEP# A EERCm X T RA ERE L OMicERED Y ©<005
KR 3. BT 5T LD EERER BASHE AH/NE el @)
B S £ U0 Ppo, Ik RIEH BN HE TS TTT—TT -
FHE2 BN i oo O U R B B
S RN T M | | | | [ ] | ]
K2 REBRRAYVa—A%TRT. BEDAX 6 Nemsn! | A 1 | 1 | |
B (10-15kg) DH/A/PNEEBLOHE 1 KEBEIZH 44 | 1 A A AAAAAALI
LT BERERIUTT S v /2R 2EF D4 . I 1 A AA A4 A

WAV, BB %R A D MGI 250 T, 50 PPD
R3mETLRoZ 2R LE. RNWT, £
BOEAX2EEIEDHic 8 AR O% IR
BT, #ER OMBEEICY HFr —ARE%L,
JZ7r7—=FK (FV 2B ®R) 25z
SLlbizapEdRedi Ui, 8 A%, MGI
B2LUEZRSTZEEZMAB LR, VHFFvr—
FHREL, ERZHBLE.

K2 LBy Ta—n

HA~OBBNONBOREEEL AD57HiC, A
PRz 48U, HIEkRE (PRELD . BEAIR
B (MS D), BHRAIRTEE L OHEIEREHEA (MS
+PR ¥461) . MER L (NT 26D OBLE% 4
OOIIZR Y ]’oTe. FOBR, WAL EDESR
P TDkH, &3 HEOUEBEDOE Y fHiT%E, L



TEHEA TANEZX 2. PR EHMTIZ, BEZ LD
WIERMIRL— 7 A7 u—S5— it ThREL, B
HEEOBEIEIZ T AN T RICTRELE. 2
NHDOLEITHE AIZANRWE SICERELfT-
oo MS BT, BREDOHIEIZRERET, 8BS
VOERMBRE I L SBENRIEOAME . T
ST 7iE, 200 g DT 5 vV S ET 10 R,
BWEBIUMNEBRACT . 875 EIZ £
B2 LRIRRICET S O Y [T e RS
—UhrLOBXRESE BHOTAHABRRCTE=
E—FRZLREV—RBIRBoT. 2B, Zhbd
OABITHEPLLBEOBIBIZMN2NVWE S5 ITERL
THo%. MS+PR ER{ITid, MS Z{r & PR Rz
A TeABZ B LTz, S EDMEIZY R A
NEZ—AF MY YA 30me/ke) DIEMEAESIC
X522 HK®T Tfr> /. MGI, Pll, PPD, E§FK
M7 ZvFA2 MLV (CAL) , GCF, SO, 8k
UPpO,DRIEIE, B4/hEAKLE 1 KABEOZNE
OB E DR - BWABHLER 2 bAFICEE LT
TAH LEERIT LT, 2B, CAL iXFHHE
LETNVNTADOTHRPLRY v NEXTOER
L, 0HLARAIEHDER L DES CAL 0H#E

E LT BNEITY HF+ —REH 2 BEIC 28R,

BEMIZ0, 2, 4 8 10, 15HEIZRY FAAY
Z—NF MUY AOBBREHICLD2FHEET
TfroTe,

0 BIZRBIT 2 HFEO LB O BRI I K
DOHB REFRAVE. £, QIRECEBENELL
OWTRKEMESBaTELZAVWE. 0B
BOOBLLUBRDHIEELOFEREIZaY M
APART—=F A BMZEY, FLT, LBFEEO
EAZ—CORBIZNE AR L OXEERIC
XVl L. 28, 75y Y /iR XHEBEN
FI& D B2 S ARSI R 2R/ D720,
b DOIZ, FEiT, NTEHAL MS i, =L
T, PR¥ALE MS+PR BRI BT D = Lic k-
THol.

LS

RTRELBIZ LSEEKEROEILEZTRT., £
BBAthRE (0R) IKRITD 4 LEHMTD PPD D
LU 2.02.8mm Thot, HiEREL2THAR
PO NT BEUMS B Tix, LRGP i
1.53.0 ORlicH -7z, LA L, WIERERfT- T2
PR B L TXMS+PR ¥ TiZ, 4 HELIKEPILIZ0 &
ot

MGI DEAbiX, NTERAI TIZIZ LA B LR

o fehs, MS HALIZ BT 8 H HELBRIC #1 Hl{lic
HLTHROBIBA LN, BEREEZT- K
PR 3 X U MS+PR ¥RAITid, 4 H BB MK
HLUTEROBDHBED b, MS+PR HALTix
ISHEIZ0 7257, ¥/, PR & MS+PR D2
MREOHE TR, 8 HELIR, MS+PR I
BB PREBA LV HEVMGI 2R LT,

PPD iZ2WTid, NTBXUMS A Tix, 13L&
AEBIBRD b ofz, LaL, HIERE
21757 PRB LUMS+PR B Tid iz K& < #
HLT. Eie, MS+PR ¥ D PPD i, PR MO
FCHL T, 48BN WMEERR LT

CAL OBRHIZDOWTIiE, NT B X UMS A Tix
EEALEARBRRD N 2o, £z, PRENL
THEROELZA LN o7, MS+PR £
PIZRB TS CAL OBBIZARTH - k. MBEEHN
RIIZ OV T, MS+PR #{1Tix, PREM LY B, 8
HE & 10 HETERD CAL DE/BAD bivi.

% 8 KAAEIC L DMNMERBREROEILE
73. MS, PRBIUMS+PR HhizBir3 GCF
L, VHFvy—RBREK24HBETHERIIBA Lz,
SO, DHEEOBMIL, GCF 0Ly 2B T
A bfeHl, PpO,ix GCF L RBIZY HF+ —K
E# 24 HRFREOEMEZA D, NT HAITid,
INLDEBICEROELLIR D b2 o7,
¥, INLOMERBRERIZONT, NT L
MS D2 ¥R THE TS &, GCFi, 2 BELKE
IZMS B DOFHMNT T L D EWEZRL, PpO,
X, 8 HELLEIZ, SO,i%, 10 H HEIMIZ MS #REAr
DFHSNTERML L Y WMl %E R L 7. PR & MS+PR
D2 R DB TiX, GCFiZ, 4 HELLEIZ PR
ERAL & » S MS+PR B D FBENWEE SR L, PpO,
iX, 8-10 B HiZ PR EAL L D b MS+PR FRALDOF A3
RWEZR LT, SO,i%, MM TEE RS2
-7z,

# 92, BHIEMEIZHONT, AELFEHORE
ROREZBRZR L. BERERIZOVWTIZ,
MGI ik, BEFEETERETOVWThORELE
TSI L ZBEBIREIZ L > TERIIEY TS
ZLhRENKE, —F, PPD KD2OWTiZx, WTh
DOBEITBNTHE TS Vi X SHBHEAIRB D %D
Riz@Bbbhiehrofe. LAL, CALIZ, MHIEHKR
ETFT TOLBBONEIZ L >THEOBBIRE
iz, BUNMEBBEERICOWTIX, GCF i, &
EEETERETOWVWTIOR A& LBEMIRE D
BHRBREINTD, SO, & PpO, TIRMEIEHFEETT
DHFDRRBRI NI,



R BREICE DERIVE ALK BN OBKE BOEAL (Fi i E%E N=6)

BEIERR AR L HiERED Y

Luli A2 L (NT) HRRARIEL (MS) IERRE (PR)  #ROFAIRB LT
(") BRIERENA (MS+PR)
BisES (A1)

0 23 + 02 25 £ 02 25 £ 0.2 24 £ 01

2 21 % 01 24 £ 0.2 01 = 0.1 03 + 0.1

4 23 + 02 23 £ 03 0.0 £ 0.0 0.0 £ 0.0

8 23 + 02 23 + 0.2 0.0 £ 0.0 0.0 £ 0.0

10 28 * 0.0 26 £ 0.2 0.0 £ 0.0 0.0 £ 0.0

15 3.0 £ 00 26 £ 0.2 0.0 = 0.0 0.0 £ 00
BRI (MGD

0 25 £ 00 23 £ 0.1 22 = 01 2.4 * 01

2 25 £ 00 23 £ 01 20 £ 01 24 * 01 1
4 23 + 02 18 £ 0.2 12 £ 01 * 14 £ 01 =*
8 24 + 01 17 £ 02 * 13 £ 01 * 07 £01 *7¥
10 20 £ 0.0 14 £ 02 * 08 £ 01 * 02 £01 *7¥F
15 20 £ 00 12 £ 02 * 05 £ 01 * 00 £ 00 *7
BEAR,y oS (PPD, mm)
0 22 * 01 21 £ 0.1 23 + 01 2.0 £ 0.0 t
2 22 £ 01 21 £ 01 21 £ 01 22 £ 01 *
4 22 £ 01 20 £ 01 1.7 £ 01 * 1.5 £01 *+%
8 22 £ 01 1.9 £ 0.1 15 £ 01 * 1.3 £ 00 *7¥
10 20 £ 0.0 19 £ 01 13 £ 01 * 1.1 £00 **%
15 20 + 00 19 £ 0.1 12 £ 00 * 1.0 £ 00 =*7¥
BRANT Z v F A hO¥E (CALOME, mm)
0 00 £ 00 00 00 00 * 0.0 0.0 % 00
2 0.0 + 0.0 0.0 £ 0.0 0.0 £ 01 0.0 £ 0.0

4 0.0 £ 02 0.0 £ 0.0 0.1 £ 0.0 02 = 0.1

8 0.0 £ 02 0.0 £ 0.0 0.2 £ 01 05 £01 *xt
10 01 01 0.1 £ 0.1 02 % 01 08 £02 *xt¥
15 01 £ 01 02 £ 0.1 03 £ 0.2 08 £ 02 x*

*0R L OMICEEZD Y © <0.05)
T BRI TR L O EREZH Y (p <005



KR8 HUEIT & DRI ALK RN OR/IMETREE MO T L (Pl T M ME, N=6)

B AL L EREH Y
AR ALER L (NT)  #RARIE (MS)  BiEkRE (PR) BRARMB LT
() BBERR L BFH (MS+PR)
AR BH KR (GCP
0 643 + 1.0 62.1 £ 04 66.8 £ 0.2 66.0 + 0.3
2 64.5 £ 0.9 614 £ 02 F 595 £ 1.3 * 596 + 01 *
4 66.4 + 0.7 36.0 £ 05 *f 290 £ 11 * 201 + 1.8 *t
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Abstract

The objective of this study was to investigate the association of the oxygen
tension in the periodontal pockets with clinical parameters of gingival
inflammation of the maxillary anterior teeth of 32 patients. The pocket oxygen
tension (pO,) was measured by a polarographic method with electronic
compensation for temperature change. The oxygen saturation of hemoglobin (So,)
in the gingiva was determined with tissue reflectance spectrophotometry. Gingival
crevicular fluid flow (GCF) was measured with electronic impedance. No
significant association was found between pocket pO, and the modified gingival
. index, the plaque index and GCF. Pocket pO, showed significant correlation with
pocket depth (r=-0.57, p=0.0005). Significant correlation was observed between
pocket pO, and gingival So, (r=0.69, p<0.0001). When all variables were
entered into a multiple regression model, only gingival So, had a significant
independent effect on the pocket pO, (p=0.0005). These results indicate that the
oxygen sufficiency in the gingiva has a significant independent influence on the

pocket oxygen tension.

Key words: Periodontal pocket, Gingival inflammation, Partial oxygen pressure,

Oxygen saturation of hemoglobin, Gingival crevicular fluid



INTRODUCTION

Subgingival anaerobic microorganisms are associated with destructive
periodontal disease. Bacteroides forsythus and Porphyromonas gingivalis are
positively associated with attachment loss!. Actinobacillus
actinomycetemcomitans, Porphyromonas gingivalis and Porphyromonas
z'ntermedius are detected more frequently at progressing sites than at
nonprogressing sites’. These anaerobic bacteria differ in regard to their oxygen
sensitivity’ and tolerance to the toxic effects of oxygen".

A few studies have been published on the oxygen tension (pO,) in periodontal
pocket. A spectrum of pO, in deep pockets seems to define the pocket
microbiological composition®. The pO, in untreated periodontal pockets was low,
but it did not represent a completely anaerobic environment even in the deepest
pbckets of more than 10 mm® Deeper pockets contain less oxygen than
moderately deep sites. The correlation between the pO, level and pocket depth
was significant but the correlation factor was low’. These findings suggest that
oxygen in deep pockets may be supplied from gingival tissue.

Even though the amount of oxygen in the periodontal pocket may be the major
factor affecting growth of anaerobic bacteria, little attention has been focused on
the relation of clinical parameters to the oxygen supply to the periodontal pocket.
In the development to a near anaerobic environment in a periodontal lesion, the
oxygen supply from gingival tissue might influence the pO, level in the pocket,
especially in a shallow pocket.

Tissue reflectance spectrophotometry has been used to measure hemoglobin

oxygen saturation (So;) non-invasively and repeatedly in the gingivae of dogs in



situ®. A lower So, was observed in inflamed gingiva and the gingival So, was
“negatively correlated with pocket depth’. These findings suggested that the
insufficient oxygen supply in inflamed gingiva may influence the pocket oxygen
environment. The objective of this study was to investigate the association of the
pO; in the human periodontal pockets with clinical parameters of gingival

inflammation including the So,.

MATERIALS AND METHODS

Thirty-two medically healthy patients, at the Clinic of Preventive Dentistry,
Osaka University Dental Hospital ranging in age from 28 to 68 years were
selected. None of them had received periodontal treatment for the last 5 years.
Informed consent was obtained prior to data collection.

On the first day of the study, we measured the probing pocket depth at the labial
line angle of the anterior teeth of maxilla. The deepest site of more than about 4
mm was selected as an experimental site. Clinical assessment was made with the
modified gingival index'® (MGI) and the plaque index'' (PII). The gingival
crevicular fluid flow (GCF) was determined with electronic impedancet.

The patients were reexamined two weeks after the first examination for
measurements of gingival So, and pocket pO,. The So, was measured by using
a tissue reflectance spectrophotometer? as described previously’. The optical
probe was placed in gentle contact with and perpendicular to the gingival surface

in order to minimize the surface mirror reflection and to obtain diffusely reflected

t Periotron 6000, Harco Medical Electronics, Winnipeg, Canada.
 TS-200, Sumitomo Electric Industries. Osaka, Japan.



light from the gingival tissue. The spectrophotometer recorded differences in
absorption between a standard reference (halon white plate) and the tissue.
Gingival So, was calculated from differences in relative absorbance between the
specific wavelengths of oxy- and deoxy-hemoglobin, and gingival tissue®. Ten
reflectance spectra were measured at the experimental site and mean values were
calculated from each spectrum.

Pocket pO, was determined with a polarographic method'?, using an amplifier§.
A Teflon tube (0.4 mm diameter) including two sensors was used for
determination of pocket pO, and temperature (Fig. 1). The active portion of both
sensors is located at 0.3-0.4 mm from the tip. The combined polarographic
oxygen/and temperature sensor was used to monitor change ‘in pocket pO,
following tooth brushing in dogs'’. The pO, sensor was calibrated to the actual
PO, in the atmosphere before every measurement. The calibration was
conventionally made in a water bath which was bubbled with room air'>". Since
temperature differences between periodontal sites and the water bath may cause a
shift from the actual pO, at a periodontal site, we employed an amplifier equipped
with an electronic circuit for compensation of the temperature difference. The
compensation was made with electrical current of both sensors using the Hedley-
Whyte’s method'”. The temperature compensation was confirmed by measurement
at different temperature in the water bath which was bubbled with room air. The
pocket pO, was continuously monitored with a pen-recorder. When the sensor
was carefully introduced into the pocket, the pocket pO; usually reached a

constant level within 5 min. Measurement of reflectance spectra was performed

$ POG-203. Unique Medical, Tokyo, Japan.



prior to the insertion of the pO, sensor because trauma from the insertion may
cause an alternation of gingival microvascular function. Immediately after the
monitoring of pocket pO,, the level of the gingival margin was marked on the
pocket pO, sensor and the length between the sensor tip and the marker (Sensor
probing depth) was measured with a slide caliper to the nearest 0.1 mm.

The relationships between probing pocket depth and sensor probing depth, and
between pocket pO, and the other variables, were examined with simple
correlation coefficients. Since sensor probing depth was highly correlated with
probing pocket depth (1=0.99, p<0.0001) and was determined more precisely than
probing pocket depth, we employed the sensor probing depth as an indicator of
pocket depth for further analyses. Based on the scores for the categorical
variables of MGI or PlI, the sites were summarized into two groups: sites with
less inflammation or plaque (MGI or P1I=0,1) and sites with higher scores. These
groups were entered as binary dummies coded 0 and 1 for multiple regression
analysis with pocket pO, as the dependent variable. Continuous variables were
entered untransformed to maximize the amount of information. We did not include
pocket temperature in the simple correlation analysis and the multiple regression
analysis because the dependent variable, pocket pO,, already incorporated the
pocket temperature for the compensation of temperature change. These analyses

were carried out using the StatView 4.0 statistical program?.

RESULTS

Chnical assessment showed 10 sites with less inflammation (MGI=0,1) and 22

% Abacus Concepts, Inc., Berkeley. CA.



sites with more inflammation (MGI=2,3). No site exhibited score of 4 for the MGI.
Less plaque (PII=0,1) was observed at 21 sites and more plaque accumulation
(PII=2,3) was found at 11 sites. Table 1 shows descriptive statistics of the
continuous variables at 32 sites. The sites showed shallow to deep pocket (3.9-9.2
mm). A wide range of GCF values (12.0 to 187.0) was observed. Gingival So,
ranged from 52.5%.to 81.3%, while pocket pO, varied from 6.7 mmHg to 52.0
mmHg. The pocket temperature ranged from 33.5°C to 36.9°C.

Table 2 shows the relationships between pocket pO, and each of the possible
predictor variables. No significant correlation was found of the pocket pO, to the
MGI, Pl and GCF. Pocket pO, was correlated negatively with pocket depth (r=-
0.57, p=0.0005) and positively with gingival So, (r=0.69, p<0.0001)_ The
correlation between pocket pO, and gingival So, was significant even in shallow
pockets less than 6 mm deep (Fig. 2, r=0.56, p=0.0133, N=18).

Table 3 presents the results of the multiple regression analysis with pocket pO,
as the dependent variable. MGI, PlI, pocket depth, GCF and gingival So, were
entered as explanatory variables. The multiple regression analysis showed a
significant  relationship  (F(5,26)=7.59, p=0.0002). The coefficient of
determination was 0.515, indicating that the model explained 51.5% of the
variation of the pocket pO,. In the model, only gingival So, had a significant
independent effect on the pocket pO, (p=0.0005).

DISCUSSION
The Clark principle of pO, measurement'? is based on the electrochemical

reduction of oxygen in a cell consisting of a noble metal cathode and a reference



anode both of which are electrically connected by an electrolyte and covered with
an oxygen-permeable, hydrophobic membrane. When the potential applied
between the cathode and anode is adjusted to a value within the limiting current
plateau, the current measured between the two electrodes is proportional to the
pO, in the adjacent medium. The medium provides the diffusion of oxygen
through the membrane which limits the rate of oxygen transport to the cathode. If
the oxygen supply from the medium to the cathode is not maintained, oxygen
consumption by the electrode could result in a decrease of the actual pO,. In the
present study, pO, usually reached a constant level within 5 minutes after the
electrode was introduced into the periodontal pocket. Thus, the oxygen supply to
the electrode from the adjacent medium was maintained.

Since the range of pocket pO, (6.7-52.0 mmHg) was comparable to venous
blood pO, (20-40 mmHg)'®, the oxygen seems to be supplied from the gingival
tissue. The range of pocket temperature (33.5-36.9°C) corresponds with the
results (33.4- 36.1°C) of recent study'’. There is no measurable interference with
the pO, measurement from CO, and pH in their physiologic ranges'®. Since the
active portion of the sensors was located at 0.3-0.4 mm from the tip, pocket pO,
represents oxygen tension near the base of the pockets.

The amount of crevicular fluid absorbed in a paper strip during a constant time
was determined with electronic impedance. The fluid contains oxygen molecules,
and the amount of fluid may be related to the number of oxygen molecules
released from the gingival tissue. Interestingly, GCF showed weak association
with pocket pO, in the multiple regression analysis (p=0.1791). PII also showed

weak association with pocket pO, (p=0.1001). Established plaque at the orifice of



the gingival pocket may induce an anaerobic environment in the pocket, although
its influence may have been slight in the range of pocket depths examined in the
present study.

A significant correlation was found between pocket pO, and pocket depth by
simple correlation analysis, but the pocket depth did not influence the variation of
the pocket pO; in the multiple regression model. These results indicated no direct
relationship between pocket pO, and pocket depth. The influence of oxygen
diffusion from pocket entrance into periodontal pocket would increase in sites
with shallower pockets than were observed in the present study.

The So, was the only one of the variables examined that showed an independent
influence on the pocket pO,. The multiple regression analysis indicated that the
model explained more than 50% of the variation of the pocket pO,. The
unexplained 50% of the variation of pocket oxygen tension may be explained by
oxygen consumption by the host’s cells such as leukocytes and by reduction of
oxygen metabolites produced by microorganisms in the periodontal pocket, as
suggested previously’. Although removal of microorganisms and bacterial
metabolites primarily facilitates improvement of the anaerobic environment in the
periodontal pocket, increase in the oxygen sufficiency in the gingival tissue may
also contribute to improvement of the periodontal environment.

In the present study, we employed MGI, PlI, GCF, pocket depth and gingival
So; as parameters of gingival inflammation. When these variables were entered
into a multiple regression model, only So, had a significant independent effect on
the pocket pO,. This finding clearly demonstrates that oxygen sufficiency in the

gingiva contributes to variation of oxygen tension in the periodontal pockets.
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Table 1. Descriptive statistics for the continuous variables at 32 sites

Variables Mean =+ S.D. Range
Pocket depth (mm) 55 £ 14 3.9-92
Gingival crevicular fluid flow (device score) 90.2 + 527 12.0-187.0
Oxygen saturation of hemoglobin (%) 66.1 +93 52.5-81.3
Pocket oxygen tension (mmHg) 272 112 6.7-52.0

Pocket temperature (°C) 358 + 09 33.5-36.9
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Table 2. Relationships between pocket oxygen tension and each of the possible

predictor variables.

Variables Correlation  p-value
Modified gingival index -0.25 0.1679
Plaque index -0.05 0.7798
Pocket depth -0.57 0.0005
Gingival crevicular fluid flow -0.08 0.6720
Oxygen saturation of hemoglobin in gingiva 0.69 <0.0001

Pocket temperature was not included because pocket oxygen tension already

mcorporated the pocket temperature for the compensation of temperature change.
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Table 3. Multiple linear regression analysis with pocket oxygen tension as the

dependent variable (N=32)

B s.e.(b) b p value

Modified gingival index -3.482 3.857 -0.147 0.3750
Plaque index 5.568 3.266 0.240 0.1001
Pocket depth -0.995 1487 -0.127 0.5091
Gingival crevicular fluid flow 0.047 0.034 0220 0.1791

Oxygen saturation of hemoglobin ~ 0.887 0.223 0.739  0.0005

Pocket temperature was not included because pocket oxygen tension already

incorporated the pocket temperature for the compensation of temperature change.
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Legends to the Figures

Figure 1. Schematic diagram of the pocket oxygen microelectrode.

Figure 2. The relationship of pocket oxygen tension (pO,) to the oxygen saturation
of hemoglobin (So,) in the gingiva at 32 sites. The closed circles are data derived

from 18 sites with pocket depth of less than 6 mm (r = 0.56, p=0.0133).
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