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ChicRdlt, CDRBETOLHHSEACBT 3BEIER. 261 ~

34 2unligThY. SHOFHHALUKEEFEEIZ291 . 4+
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38 . 5meligTedhY, EEEANDKOAFTOBEIEIY S EHMCH1 20
olg (29 . 2%) EWffithoc,. CHOZLELHLABETEET 3L
HENoBEIEMAR., B3040 3 0 0anlgiiths THINS.

ODHHEROBESERIOREC L >THIEH T I TFHRINZ e
b, EREARBEM TR EZREZLCOTEH LABAKBT I LRAEET®
OHHASABERIELEFMCBZELCARBZE, Fig. 15-A, Bk
ALk, MfT2EHLABERO I DLAR3IMcELEAEZRL. 24
TRTREEZ2RLAEAYE, T8ficdbTFr LA TrHmTcHh-o. TR
SAHcssERMEELTR. ¥200~40 Omlizn&EHLUAT
BER L > TEBWRELENDIBDD., TOFHHRS L YELET. 2R
30 OmmlgriteTiEB L .

HEKIL-thifTzELins, 5328 B8Lcchi®MBRL., OF4%
HHLABAKBY3O0NEETOOHAKRRIER. RRLS%KET
HETTRTHMERLAR, K EZEHRIRIEr-~. T, RE
BR2~4ADZEBTIELLHLRBREHL., 7T2E2LEBLAES TR, 12EF
EXMCEfiLE. Co b, DABRETOLBGHSENRESER,
BERUEKOATEHTYEEIREVW I L RbroR,

CoELGREETRB3ICLE. BRI - tERBKEMTHFEOmIT %
EWLAe, YUBNOBEIERIALACERE2RLEME, 4%

MRLTnfT2EHLAEST. WIDLHRETEE2RLTV R, Kk

18



MATEW R YEBLOBESERTHRAZR LA X, miTHMKFRE LR
TA3HMERLTVS, TOZEIFPO; v - ARNMNE I > TRT
3%:HBEENAN, LHHBAKBALALZPO, t¥¥ -k, HEMHERE
RIGEUERL TR L2 HEIFRTH .

F2H SHEOLHHABARDT IBEIENELL

PO: tv¥ -z, TEORKRL:OABR DM OMECRAL T,
tHEBoOLBGHABRABRIEZME L THhdEL. 34~7 6mrligT. 541
OFHAfELPERERXEE61 . 016 . 7Toeligthoh. T %
EERNoHRnbIERIELEEL A2, FHMH ¥ 3 5 4 ouls
(83 .2%) BEL, X, DRBETLYHH 23 Omelg (79 .1
%) bEVEEZRLLER, LBOTHEBERSY 2 LHHENBEIEML.
BHUHR60neligBELTHIN, ORABRETIVREIDREVHEERT
ZeBbhoic,

OABETORGLAER. EERBKOMTAE 2% Lt ERUK
M{T2EH LB RoOHTHBRBT ILHHEREENE L % &K
MrBlZBELcHBE. Fig.16-A,BRERLEIESK., EMLHK
mﬁgﬁﬁﬁmszﬁumu\#ﬁ@r%zonuirTQL\cmnu@
DL/ KT L, TOHROSDHICRBBORETREFLER, %
ERBRLTOfT2EHAT I LEFRARAEMEZRL., NTHEHN 1 IHMAK

control fHZ LT HBA3 LA #RLX.
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ol kb, LBEOGHIERSVTRORBET LY S OLHHENEER
NEOHMEMAELLIEV I LRXHAFT I LABR., CoBM RO
MARE>TELCOBHNOBRDEREHTI e8bdr ok,

HB3F OABRERoLBHSERCBT IBIRTEOEL

PO: tv¥—oifkz. RILZCOLABRETOLBHHABZKRKHAL T.
ODHAREBROLHHEABEIEZMEL THB L. 22~5 8mligT.
6D FEHM LU RENERAIZ35 .8+x13. SmallgThok. Th %
EEROBRMPOBEIEMEERLTHhSE. ¥¥37 6anlig (92 . 3
%) B, DRABETRSTILHHNOERIELYEH 2 5 6 oslg
(87 .8%) . WHEOLHARBESEIYH 25tz (41 . 3%)
EBwnfizrl, OBFERTCROABERCST 2 0HHEAN O/ E D EHR
ROEEWHEEZRL .

EERBROMTITHEEFL T, OT2EH L A2BE0LABEED
OFEHABANCBYIBENER. Fig. 17-A,BrRRLEESK,
2R PHEOOLHHBEANRESELAKE, OTENH®2HLHAK
BEECTRL., FHMCH 1 Onalg: 2 Y, controlfi K Y#H1/3 K FHEL
e TOBRSDECRBBOREFTR#EBRBLAYN, BB LCmiTE
BT, 1ALARAEREBE L. Tkt controlfiz Exhaflic
THaEeHEALR.

Lo erh, LABETOLHHEEARARSVW TR, DRBETOLE



HAENEESESVHL/S  dHBoLHHERNEESELYHGL/2 K0
BENEMERL. LHABRCRBELEVHAAERT I L Rbr >k LM
., PHBoOHAKOBE AR, CHHEROmMITR X > TELL

MR OEEIERTEHTI LI Ih L,

5 3 & s~ +5

OFFETcHKWL., BERTROBAEHR L. EXZE0EERBEKMT
FRORRFRT. OHBRET. SRE. OABEROLGEBNS 2 F
PO; v ¥ —-%2BALT. ENEFRoOLGHABARST I3BEDEZNTE
L. E2ERBEKatoBRIELHELTARSE. Fig. 18, 19K
AL &Sk, EERERNHEKn P cik¥FEH411 . Serllsg, DRABRETO
DIFHEENTREH 291 . 4anllsg, FHEOLHHAE X FHE61 . 0
npHg, OABEROLGHE I FEH35 . 8umlgT. LREE»LHLAR
> COHHEKRROBEIERREVFfEZ2RTCERAHBIA LA, HK
hHEZSUVRLABEEOLHHBARSTIBEXSER. EZEABK
mMpOBERIECHLI/T-1/12, DABRETOLHHECS T IBEDER
NL1/5-1/8 BEEVWHiz LRIzl LHRNOoMBYAIAGORE L
EEsHGERDI. T, ERBROOTEEH LAHSCOLHGHRAKE
REOEBROVTHEL. DRRETOLHHGHRERAIERLEELRE

BOHR, FHEBEZELVROABREEREOLHHABES VW TREFLIEHTS



ForlOHH&NERSERERBKONREL L - TEELR

b,
PO: tv¥ - Llifl#EARSBT S

T BT ERXT TN LA,

ERERCEHEBHEE IR,

2 2



IE ARSTSZRIERFEOLHABARRAE L LERD
AL TS

£r 1 N7 SEBRAR ar S oF T T

BIH  ERHH

EEBEHHE, BHRBL 2 -SVBALEHERAOKESH., 4D
it9flc, EWEI . 0~19.0kg (811 .7kg) bk {EH
L. ZBRAR., —REKRE, OHZRE. CEN - 0ER&E L S UK
BBXARELT>T. BBThRHLrEHEALIOEBRL .
B2H ERAE®

RRBRAELL TR, ERAZOFHEMTcHRLT, BERTROBAZH
L. OBEHEABRENELOBREE2UET I LD EBEoRBB LY R
LxoblBLi. BREBOREL#H > T controlflizMELAD S,
LOOZBERNAEBRAETYE, NAMXEREE (anoxia) #EHL
RRARBTSLHHAGHOBRAEL., LEEOE{LES VW TEHELA,
BB, RE7 1Y 0.025meg / KenflHNES chias
2TV, 1OABRvRI7ETLIO00BBEEUSHAMBRASIEL, DT
FARYZ—WF VY LACEARRET Db, KEFa—T2HESL
OFHFEBITHELE. CORADRAKMER, 7r—Lii—HTrlR7a~

HROBRARBELHEAL. B3 WB2HOKRRERECER LA,



Wb e—tey bEHVTMEL., BB TEELA. £,
Bk, OB PRBEXLUVCOLEANRK L > THEBREE2E=2— L 1%,
ThR., vk EMX 2B KBREAGIUYARBY > ¥ L%
1 Onl/kg/hredfBEL21T - =,
WBREBRRXEMRMCKREL., ABREMER I T — 7L 2 L5 SE R
SYABREBHBEFALL. I, EEEWBAI T — TV 2 ESHEK
SYEZERTCHALL. ¥6KR, BROPOFZDEMER I 7 —F 1L
EEARABBRLYBMABRI AL, IBSFXT7F54F—cBHRnbo
MEDEEZMELL, DENIEERASE 2T, BIZFIcEZH L.
FyuXxa—-SeEr=F—Lk,
DLEDBRERETLADS, Fig. 20 K RLAESRERA S 4N
HRNMEREL, ZMB4TAIHBSHMcBHRL., OBE2VHL OB
HAETRKFD L. 20 cXBRELEBL2FH L EROKIF S u—-7%
XEL. LHEBEZ2HE LA, 2¥RERBERR IS —F L ABAL.
EFAREZMELL. ChEoBEROLER., LHBELXS R KBRE.
EXE. EFELBRFVIS oclBEE 42T - .
COBGRERALAmMBEA X7+ 5 4% —1& Instrumentation Lab. 2%
Model Micro 13 (I LA—X—) %, Fi, EROKFRZAEXAXRELESD
FA 140 SR L. MEZSFURONEOMERRIAXTE® 0 2
VY7 =Y HPU-0.5-290% L. Tk, ChHboWEMBETCS Y S v

%ﬁ?étﬁﬁn?—ﬁv:—y—nmﬁb‘97+w7ntv&-&

2 4



AT Hreit- .

OHHSBENOBENIEHER., =X L 138480 PO0, MEH Y Y —
M—HOSMy@HASZXFLPO—-2080 Ml LAL (Fig. 21
—A., B) . CoEBREIRczolEERT L., I LA-F—KEBER
LAREEE2H T I3 LB EZ I boTH b, T abb, BHHELE
(polypropylene) THEIN AN B 0 umdDEHLEEBTHY ., TE L
HERACPHALTEHLAE. TOPO2 vy — AR IKLT room air
AREoERK cealibration 2TV, ZOEOffiz 1 4 SemlHglREL
THEHL X,

PO xv¥—-—nP AR, Fig. 22 RLAEKS>ERBEMT
fTEoEB 1., B2 cHINARBEOPHBOOBHHERNL., ESEAD
Bl p e L. BARDAE->TIR. 27GCGOEHARKPO, tvH4—%
AL, BEf$tC b cEMBRLEICEtryY—nEEERALLDL, BH
$tor sl vy —2FEBL. BHEZNcEELE. C0BAE.
PO: Y4 —nBREMHNECEEt Y —2RATA3 LMK, PO, v
Y—DAHNEBIBRBRTEERSZEZIT > .

B3H EBRMEEBREOERK

TRTOUEARBEBEOEXRERR > AT controlffieg WEL .
control ANEHEINALEZRELAOL, HRUEFEB TCOFR A%
HHI L. BRARX (1 00%EXR) OB E2BAISETAANCEREEY

RBEIEL, 0BG, 100BEEOBARK LT, BBERRKEZ T T



EMEREL2EHF L. FREL®RIZ2ZAHMEFENCBEZELADL, HHEK
HimR (100%BK) RLAANIWRE2T-> CEBKELEHEAI L.
GG FREEOSIDUEFATILATERBREBY, BEXBRA%L
ToTHERBEKEREHELZVWI L, FREL#HROBEEZT 202 L.
BRELZ2ZDEZEALAESTCTEDRK 1 00 %EFELRNEE T, HEEK
EoRFERIC L2 L.,

a4 OEEOMEHEH
BERITEZLUVRKLBEOREAR, KOoFHANRNF A —-X—-2 L THE
L.

1) BEDE : OHHEHABKIECO) RSV REZEENBERTE
(PLv0)iz PO vy —RKEYRHTIYZATAL (PO—-2080TY) THE
%ﬁbt.%k%ﬁm¢ﬁiﬁmwmo.ﬂﬁm*:&kﬁ%ﬁE@wm)
2, ILA—-2—THEL L.

2) BHRERLUKLHNE : KBEKE(AP) KoV Tid. KEKIR&GHE
(Aos) ZHVFRAKHMEKMBLRWE (Aod) 2HFE L. FHAHEK (Aon) ZHH L
o TOHH Aom= (Aos+Aod)/2 L LTkdDh. EENELVP) €D
F. EERARGWE(LVSP)S K CFEZHRYE(LVEIP) 2BE L. ¥ HK
LVPOEMKEDOBKAM(LY naz dp/dt) 2 H i L. EFARELAP) £o0
T, FHEFE(A) 2HEB LA, ChHsoBEFHENS S, MAFD
HELLTLVEDPB LUV LARE., RANOEELLTA DB L ¥
LVSP#2. THERKHUOHEHELLTLY max dp,/dt ##MH

L.



3) LMK : LM (HR) ik, BEKAFEFIFZ 00BN 244
HBREEADL, 7-Z2rva-YeRilrdborzv I ars y—K
f-otHEHB LA,

4) LR LHHEE (CO) oWER., ABREXBOoONKE L+ TR
MEFCEoTHMEL, F—2Lra—-F BB LEAbDELY I F LS
tod—RKLY 1EHAtE (SV) 2RAFHERC L > TtkdDE. £, CO
HSV!HROFHILHEE (BW) RLZ3ELHEZRBRIADEEKAKR LS T
ko, CO(rl/kg/min) = SV XHRX 1 /BW

5) 2XKMAMEESN (TPR) Hi: TPREAom:CONHLEKRAK
XotTtkd. TP R (dyne-sec/cm5) = (Aom/C0) X 8 0 *

* loaHg/11/min = 1333dyne/cn2/1000cm3/60sec = 80 dyne-sec/cm5

2. AXPTTHERLROBMD >S5, FRANEMEREFHHE 8%

B, ThUAOMERE Tt EmEEEcERLr.,

2 2 873 == BR Bl 8%

AR, 260 EBEERBTILHHASGHNEEIEDZTIL & O
BRRoZThc2v T, BROSRB LTS AR, BEOAZEKC ST
SRBRHOBEH SV R BEHES 2B 3 L2 HME LA, o dK
ERMoBBEEL2FHL, 2oBBAhCRIIEZOHHAKN. ESEX
BROb2OURMABRN T OBREIER S RBEAERKIG S o= /1L

KEDPEOZEH 2T L CBET I LB, OBEOEE v 35 AT



EHLURBAHNSZVIROLNGHE., LK. CHBELLFRL2KAME
EROTLEHML CRHEFEC 2Lk, COBA. OFRBTTHEAS
A—B2—RHWMLEDL., AAMREEKEEPCHBLHK, 100%
%iﬁxi&%éﬁét%4ﬁf@%§mﬁ%ﬁbto@&%mQZQML
BBRTIE., BEBARIAALIRR AT > THRBRREBHLE1 - .
FrTCHRELR2HEEB LA ST, 100 %ERIIALITRE
W, EREREAZBFIEL, LT controlrn 5B L OBRETD
BRZ A2 —%itWTHILEL .

15 OHHERNEESE (Pr0:) X
ERAZOFHKBTcHMBEL., OBAEATREHL CEZEE0ERBEK
MTHKoBL B2 cHEIRARNRBY 2FHEOLHHBEAK
PO: x4 —%2#RALT. LGHAEKRNOBENE (Pa02) ZHWEL .
roWEHKSFEIRXTable 1&ZHbUKFig. 23KRRLE.
OFRBREL->-THBIYWB2HOKBREREORBRKSBT 3 Pald: o
control ffiik. ¥ 49 .1x11 . 1losHig(n=7) thok. ER
izcontrol fiZMELADSL, OFFEE2PH LTI OO0BEXRTIAERA
THT. ABMEEBRERBCHSEd L., 43 2EBL THREFLEK
Eb., oL T Pa0; O FEHflIE, 16 .18 . 8paligvBWEET
RNHarbht, THEPREEL L CEBKECKILIOLEAL LT
ZWARETAERL. FHflit9 . 97 . 7aelig, 2H/B%LOFEHECR

9.3+8.8mmlg(n=6) 22y, FE (P£0.01) KETLX.

2 8



WREELC2HZBEALAKBET1 00 %BETCAIRREITS &,
AWEEARRLCEEBRENBEL, BEXBRARZOPEAL LA T
PmO2td¥#H 50 . 729 . 1lomHg (n=7) &t &Y. FE 2 LA (P
0.01) #xRL. BHRUFBERFH L. TDOH100BBEERALLS
AIR b LTtob, 103 28B8TIHAETTIR32.2+14.9
~47 .7233. 7TmlzZHRHBECHEBLE. CO20b, 100%
FEROBRALL - TEBERECBIT T3 cik Pl XEMKREI L. BR
B L - TEEHECH > Sl ¥HK Pa0; BELP T 5. .
LOOBBEDRARL L > TEBREFNEHLEDDI L, BBLHR2HLUA
& Pe0; BEIFET I LRBEINL.

25 EEERBEKmMbOBEEIEPW?) 2 RHABRM G 0

MEDEPO)DEH

OFHETCEZERK, PO tv¥—%2RALTELEARABKLG D
BROIEMP0:) 2HMEL., —HcRABHERK»r»HALAEAIF—-TLT
BMASROBN»GHEMLABROPOBEESE(PO)EZI LA -2 —7
FigrME L cgfisiz. Table2, 32HhUFKFig. 24RLE.

control flild., PO: ¥ ¥ — k3 PLlv0: X FHfirvl110. 4+

S0 .2mmlig (n=7) ThH¥Y, I LA-K—xkd P.0; BEHMT
115.7x11.7aalig(n=9) ©, PO; ¥4 — X3P w02
ﬁ%ﬁ&&&kémﬁ‘%@ﬁﬂ@f&&&ﬁuﬂﬁﬁéﬁbt;zoct

RE-T, EZFEABROP EMABROFOBESERZIZEFACAERL



CwBrAMBK. PO, £v¥—2I1LA—2—RKEPEMEIZ. BDHT
S —BT I EEREREINK,

FNENRE/KK controlffizELADS., 100 BEXRERATETE
MERECESES L., PLBESUKPO2HBRABKETL. 40%2&
BLTEBRE L LEBRECK - A Acid., PuwlX¥EHAT
39 .3+37.5asHg,Pa0,2321 .57 .9malg(n=7) &&Y,
R E LR 2AABEALEE S, FHMM Pl 2221 .3+£31 .4
meHg (n=6) . P02 11 .3+4 . S5aeg(n=7) ¢, tHKAHE
(P<0.01) #ETAmRLE. TOMKBEF BP0 xvy¥—-K LD
PEMIE, ILA—2-—0lEMLY B3EZTEHERAKEDL - L.

B ELH 2B BLEELAT, 100 %8BERLDIAIHRR &bt
+3¢. 1RLARKEYZEFTERL, Pvl: T FHHcl166 . 3%
88 . 1lmaHg (n=6) , Pa0212268 . 4+121 . 7nalig(n=28) %
FL. WFRbHAZE (PS0.01) LARZERA. 10 0%BBERA
% PO MK EAERL., BE 6N 2B AL A ESTEHM383 .3
+72 .8mlHg(n=7) t2Y, x0TI 0OREEATEIHIXT
391.0+87. logHgoWEAANTEH LA, Pl2id 1 00 BEKRRAR
INTFEH420.0+:89 . 2mlHg(n=8) #ZRL. Tkl 0L
£T438.7+103. OmslizRBEATEHL. ERFEOEEARAHL
hic. Tofl. PO ey ¥—REXIZEENHEKnFTOEEIEDOET I,

ILA—2—REZFEABKOFTOEBELEOEHIY S bTrRKEVET



HonH, BPUCRERLAMEMRESLN L. T, 100 BEKRORA
KEVBROnToRERER. OHHAKRNOERIELY AR LA%
L. Piv0; ©it controlfid# 365, Pal: ©ix 3 . 8f5oEmARHLb
ni,

B33 BEABIBR M ch o — B ALK K E (PaC0:) %R
OFRBTeHABEKsr b BERLAHRKm Do = BIELR KD E(PCO2)
#, ILA-—Z—THELALEE%E. Table 4, Fig.25KRL
. WABKHNOBEEAELFBCME L PiCOodcontrol filk.
F3#329 .6x11.8mulig(n=8) thok.,. OF KEAETH LT
10 0BEXRAREBRATE, 1N 2B ALAEBFEORBBY 52 ¥IM
i, 19 .7+7 . 4npHig(n=4) ctHE (P£0.05) #fET*%
KL, 40 %2BALTFRELAB Y EMEECK-> LS Tid, F3M
"617.7:t9.51ul{g(n=8) 2y, HE (P00 .01) &
BETFTR2RLE. PREELER2ALEA LML TR, FHET27 .0+
12 . 6uslg (n=7) XI%T controlfficsE<EBFE L. 100%8E
MALFARIEHBFETZRL. 1 0 0 %EXBRAHMBLRLIDOESE2H10
DERBTIHAT R, FHMATL7 .5+£5 . 0mlg (n=8) 0%H
WMefEBLAL. COZ b, EEFREZLURK100BHEBRARK
BT, BERmMPRBT S Pl02id. Pl &S5k DIYEBREEH %

REIBVWI EREEILL.



245 FHABKE (Aom)DZEH

OFMET CHERI6, ABREHBE~IT—FT U EHAL., XBEKE
(AoP) 2B L. TOKRKBKEERE» 5. KBKIR&GHE (Aos) 2H5UK
RKERERWE (Aod) Z2FHLDd. FHKEBEKE (Aon) 2HEB L &,
TORR. Table 5, Fig.26RRLAEESK, OFERTK
B B5Aomo controlfild. FHYM <99 . 9+6 . 8melig (n=9) <«
ok,
CTNEHLT1I00BEHRARAIEABSGOERERE R, LEVLK
EATHAERL., 100 %EXRALIN2EB LS cREE (P
S0.05) REALLE. BRABRE L CERBRERBRB>-EBEELE2H
EERALALKHS TR, FHRT81 . 0+6 . 2aaligkr ¥y controlfiiic
EBLTHEE (PS0.05) #TH%ZmRLE. D01 00%BIEBA
AT 22, 1ALARSHEZERS%#R"LT158 . 0+21 . 8anlig
(n=5) ¢t&Y. HEXLA (P£0.05) # RLCERIZEREH
L. ToBIERDTFORETTIHmERLANR,. controlffid ¥ X5 <
163.9+18.2~129.2+x11. 7pelign&@ERCHBL..
COZ UL BERBERBEBOTIAB0A R, % (P
0.05) REALTRAESNYEMT IR, FREL R &L > CEBRERER
Bi-ohidld, % (P00 .01) KETFTLTRANRKBRT 3. chi

BEL2HBLAHARE, ZVCEHL T controlfic & L. 5% (P<



0. 05) KEALTHUVRATNEMb- A RECHBTIZ LREE
Thi.

#5753 EEBRARKWNEGWWE (LVSP) & &

EHHROLEEERARITF—TFLEFALT. EEHNE LWP)ZESHL
e TNDEZEARERKE L L. EEHRANINGME (LVSP) 2 b U K EZHE KM
[E(LVEDP) %GB L AKRIX. Table 6, Fig.27KRLAEES
K. LVSP® controlffiid ¥FHffiv1 28 .4+8 . lamlig (n=8) Th -
e PVT 10 0BEFORARSIEBEEFORE R, MXELHoHm %
RL3NERBLAKEATFHLI54.9+16. 9aaHg (n=8) rix>
o WRAEELCEBEERKDILABETRL., BFRELE2HEZEE
LAl sETid115.4+£10. Onelig (n=8) &£& Y, controlfic
HBLTHE (P00 . 05) RETLA, LOOBBEXOBRAK LT
BRRELHL., 100 %BBFRBRALIDEZEALAKESAT216 . 2+
33 .7mlHg(n=4) 2RLERKEREAHLAL. TO®RRBETTIHME
ERLAR. 1 032@BFT5HAE TR controlfi LY $HV214 . 4
£+24.1~157.0x14. 9ualignZTHEc. EBL,.

LVEDP o) controlffiit, Table 7. Fig.28KRLALSK.
FHE10.5+1 . 1lmmHg(n=8) thHot.,. 100UBEFORAK
SOBEEBEIRORBTRIEXREAL. BRELCIVEREECKY 1 2%
EALLBEATIZ27 .01 . 7eolg (n=8) 274V controlffi H &

LTHE(PS0.01) LA %E#RLA. 100%RBREOBABEK



SoTHBARETRLAXR, 100 %8BEBALIODA2ZEHRTIRLATT
24 .6+1.1~13.9+1 . 8unlignZ#FHEm%ERL. controlfi&¥
bEBWicHER L ESEREXEHL .

Lo idb. RAHOKETHZ LVSP . BEBERECKIARE T
(FoLA2#RLCRAERAMDEZYN, BEBXEOREcRAE (P
0.01) RETLTHRANYEBE TS . Lrl. 100%EBKRRAKL
F-oTHUVHE (P00 .05) REALTRAWNEMDZ. fAWDHKE
éméLWW&%&%EK%%@ETL%L‘%&%ﬁnmotﬁ%r&
FRE (P00 . 01) REALTH b REAFOIE MR ZAERL, T
LAoRAFOMMIZ1 0 0 B EHERAR L > THEIFET I Ll
100%BMFERAZRL O 2R AT IMHBEL~.

IHE LVSP b UK LVEDPO ST Ml B, EZENEZELFOR KM
(LV max dp/dt) #HiHLcHB&. Table 8, Fig.29KRL
&K, controlfi KRBT A FHMIE2296+24 7anHg/sec (n=
8) ThHhok. lOOBEHODBRAR K> TEBKORBE R LATK
EAL. PREELED2H/HRKSWVWT2888+ 33 9anHg/sechkiRL.
mnmlmxmﬁbrﬁﬁ(Pso.o1)mtﬁt%tt.#&%tﬁ%
TRIHLREAZARLEY, FRELRK LI CEBEECKS LAKFLAY
WETL, 1112%149asHg/sec (n=8) &Y controlffiic H &
LTHE(P0.01) KETLA, 20100 %BEODBRAK LY.,

13%KIZ3274+588mallg/seck FRLTEREEXREL.



control KHELTHE (P<0.05) ZLARNZBAR.

COTLobOBREEORE L £3 LV sax dp/dt 2, ERFEOERT
BREALTCOLHORGURET 28, FREL K LI EBBEFCHBL TR,
BBEETLTOBONGHERE TS 2. 2LT100%BEORBK
Lo THEODPKEPST I LRBEZSh.

BEH TFTHEREE (LAD)0ZH

OFRBTcHRL., ZEFRKBALELIF—F LR E>TREL L
EFERECLAP) BBs 5. FHEFE(LA) 2EHLA. ToOREL,
Table 9., Fig.30KRLAELSK, OFFEBTESYA3LAMm
BR¥HM<8 . 321 . 0aaHg (n=8) Thok, 100BE5FOR/AK
SOBEMARBETRHRLAETRL. FRE LR XY EBEECKE-T15H
EEBALAHGSCOTESMIE 23 .2+ 1 . 5aaig (n=8) #xRL.
control iREKLCHE (P<0.01) KEHLA. &, 100%
BEODBRAK LT, LEVWKET2RLIOAMEcoliz23 . 1+
1.2~11.121. 2mignZBECcTEARL. EREFERXEML -
2. controlffi S Y RB\BUOMcERB LA,

COTEDL, MAWHOHEL X3 LAmZ, LVEDP b EEIE
BVWTREAZRLTHAWSEMT IR, 1 00%BRBEOBAIKE » €
BT e nEEINL,

B7H L% (HR) oXH

0Fﬁﬁ??&&ﬁ%ﬁﬁ@%ﬂ%ﬁnﬁﬁéﬁ%b5ﬁmLt&ﬁ&



(HR) o%#%%. Table 10, Fig.31&RL7, controlfid
DOFEHIX127 .8+11.3 beats/min (n=9) THort. 100%
HEOBRARE > THERBEL T2 1 RMOBEERBCRIZLALED %
REZVR, BRELCSVEREERKI LAKBCIRCKRI LTS 4.
3i4.2bmwhmtkﬂ\cmhﬂﬁk&ﬁbfﬁﬁ(Pso.Ol)
KA L. 100%BFRORAMGELFABCHRIEHELED SN, £0
EHEEEIEBESS <. 100 %BKBRAMG®R]LI ODEZEALLELT
122.7110.0b%mhmtEU\&EcuhM@Kﬁﬁbt.

T rhbh, EEEEREIAECR. DTIYVHRRKEHR A ARV
B, FREELL > TEBIFERB->-AEREKHROIAPRBEI BA LN D
Crdbhok. Th, COLSRRBETIO00BHERERAILETHMD
N%x—ﬁ—m&éc%ﬁz@@?é:&ﬁt(.%@@ﬁmﬁ&&<&%
10 O0BBERAZRL ODHREEFT I LDk,

HB8H  LiftisE (CO) 0%

OFHEBTTHRBWL., ABEREHBCERKEF 2XHFLHELL
DR (CO) 2, ERAECARLFHRACHK > CHBLA. 2o MM
2. Table 11, Fig.31KmRLAELSK. controlffio Fi9Hi
2109 .0+x14.0 nl/kg/min (n=6) THho%. 100%E£D
BARSIBEHEREcRCOREBEN AR ML, RREE 1AHKR
FEHMic140.9+24 .7 nl/kg/nin(n=86) TH-7. 100%

EXORATCHREE L LEBAREXRALARR AR B IEZRL.



57 .0+8 .1 nl/kg/min (n=6) &Y, control flix &L T
HE (P<0.05) s beERLAL. BREEZHAMTIIEILKED L,
30.6+6.6 nl/kg/mink->%aNRN, 100%HEHEDOBRABILG LK
EHELESD, BRAZHZEBLBEESTE, 111.3+4. 48l/kg/min
(n=4) Y, TDHEB1I1ONDABATIHEET105 . 1%
11.3~91.1+13.0 nl/kg/ninZEHEcHEBL., ERKER
MELLXN, controlfficZEIFLEI - .

ol bh, EEXFREBEEIHAEcRCOXNE ML, WREER
SoTEREERB-EBACREBRCELITI. Chikl100%8BXK%E
BALBGE, FOrEHTIHAMERTE, 100 %EKBEALOSD
HATRBL2REELEIV L RXEEIR®,

B9 L2XHMEEHA (TPR) 0Z%H

2KHEMEENR (TPR) B, Aom2COffirmhERIEDHTAHARL
HRARE->TkODA, ToHBMIETable 12, Fig.33KRL
&S, control i EHfMiX., 7933+2166 dyne-sec/ce’ (n
=6) ThHhok, lOO0BEXDBRARLIBEEBERECR, DFr LR
DEMERLAY. FRELDIDAMETCRBLALELERS Eo .
BRIREE K X Uﬁ&%ﬁ&ﬁﬁ&kﬁ@fk’. 14114+2844 dyne-sec/cn
5 (n=6) . FREL®H2D/MW 27697 +4658 dyne-sec/cn’s

(n=5) &Y rHK controlfi L THE (PL0.01) K
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ERLK. 100%BFoBRAZME T2 LAKEK, 3o ILETL
12468+3086 dyne-sec/ca’ (n=3) ¢ HYEBKREZRELAL
N, 100%BBRRANMGRL 0D E2EATINLAETE., 12772+
4042~11249+3861 dyne-sec/can’® X cHEBL.
control I IXEB L &R -k,

iy h, TPRIEEERBCEIAB R I YEHL RV,
BWRELIK > TEBERECBILABCHERERA 2R T L BEZ
Tk, g, CORBTlO00BBERALZT-LHEETH., 1 03LHA
i controlficEBE LRV Lok,

H1 05 LEN (ECG) %4t

OF KK T CcHEXBALEEOPIFEcEZR LALLEN (ECG) koW
Ccontrol, 1 0 0 ¥EXRBARBEESURKIPRFLE, S5K100%
BERAL L BEAMAROBHBEFig. 34—A, BRRLA.
hnEARF A -2 - LEBFERKEE LA controld LERIIZ. PEOME
(interval )X F#ffi©0 . 039 +0.002sec (n=28) ©., E
(amplitude) X ¥FHHiv0.21320.021eVeH-%k. QRSEHD
intervaliz ¥ 0. 046+0. 003sec. R#o amplitudelz ¥y
flicl .48+x0.14aV(n=7) tHok. THo anplitudeld FH{H
©0.162+0.088aV(n=8) THoi. PQ intervaliz FEH
0.083+0.004sec (n=8) ., QTc intervallz EHH T

0.359+£0.021sec (n=8) vdhY, cnboLEBEREEESV



RNl b AN EFREEFEFLERN AN L.

FHREV2E8LE0b, 100 %SHERATELERRIRE R,
WIS FERMECRPITYVBBCELZRAGRZV., BREEE L TEBR
RS rABECOHMBAREEL CREKERY ., L LOEDNBEMEHDL
REL OO EEERELTTRFEER LA, BFREL2DZEAL
AT, QRSHORAEARLTCLERENEHORERALBN L,
SV Tl00%BBEOBRAZMBG LA A cROERHFNELZEL L,
100 %BEOBRAZMBL T2 2B AL LA CcRBREIRIARCER
L. l0OD%#EBT3HECsBUREFKRBREBL L.

OB T3P anplitudeld Fig. 35 RRLALESKE, 100
BEFOBARLIYARZETEZ2RL., PREL 1R BELHECET
Lk . 1 00%BXROBRAET->-THELBRKEFE TSI LIZEL,
10 0U%BERAL~3IDAEABAL LA b HMREBHAEMEZRL.
L0 ZEABLABESATRIEIFENEBCESLL. PEo interval (X,
WRELHAGH»HEREL., 1 0 0 %UEEXRAZHBLT2~332&AL T
PHEFLEDAN, 10P2EATIHACRIZ2CEHELENL- L
(Fig.36).

PQ interval ¥, BBEL 1 DM ETCRFEEZRI VS, BREL
Embsﬁﬁﬁﬁ&b,100%&%&%%%%K@@@ﬁm%ﬁb‘
10k control kY b2 Y @WlicEABLAE (Fig.37).

R# o amplitudeld. 1 0 0BEXBRANSL 1 0 0 BEERAL2D %R



ERTodEc. HERETI2HmMERL, T0®D1 0 0 BHERRAK
SoThTFrrpfleRmLlidbon. 1 0R%2EB T35 ClE control
Rbebhpo-k (Fig.38),

QR SH o interval 10 . 04~0 .05 secollcZH L &R,
2R ArbnZPo (Fig.39),

QT co interval RFWRELHAI»HLARCEHGL. FREL 1 DK
HRGbHEHLE. lOOBBEBARS>THAEHERL., 100%
EHT Ak controlflicm{BILE (Fig.40),

T asplitudeid 1 0 0 BEHRBRARK K > CTHEKETT23HimasnRLA
B, WREEFKIIEEL, 100 %88BEBARL>TETTA3HmERL
. 1 00%ZEAL T control BB behok (Fig.41),

CoOZ b, BEEXREBrLEBERERK -~ iAc. FERBD
CEEHBEERE ROV ROENFHEOC L ERAWERRB2RAT 2

NP AR (B AN



5 3 ah +5

ARG EBEBFECSTILHHABASSLUKITOBKEIELLBEED
FEeMB T2 BMEL TRKERZIT-
EHRMERFECBST I 0HHEARN. ERZEENSTLP M ABRANOREE
NEZHMELERE2Fig. 4 2KRL &,
OFRETTHRLOGHABZRK PO, v ¥4 —%BAL CP0:2HE
LThde, 1lOOXBEXERAR S TEEBLRREBERERT IO E-
TP b ET L. IR R & > CEMEE K- AW A TRES 2P0
ETnsbhk,. Thil 00 BMELRAIELE G BTN PO,
REHEL, OHHASKFEREREISLRAST I LBEB SN A, T,
EZEPERARC PO, vy —%#WWAL TP, 2BFEL. —F., BF—F1K
o THABEKRDPO 2 I LA-2—-—THELTAHADL,. BEOHMEMRI
BEE—-KL, PO v ¥4 —MMEMBILA-Z2—-—WEMK X CBRE
FECLAREERK, S5, 100%EROBAK £ - CEBEERER
BT T23AB TR, Pl22HEHEKP W, 25U KP022 BRMEKETL,
BREEC L > TEBKXERB--ABRIACRELEBLETLERLAE. °h
K1O0O0%BMELBASES L, PLl, ZHUKP02 bRAMEEAR
MRTCEREE IR, TOFE. PC0; BERERELSFKL 00%8
KBABKBVW T HTYEHAREBRRIEL oL b, EBRERR
K88 ok, £ho_BIEtRKFoMMLY bBEORZICREET Ik

BREVBDELEX BN,



ERMEBFIECBT 3080 E{LE2Fig. 43RRLAE. RAHOD
HELLTAODBLURKRLVSPAME LSRR, FRELK K-> T
BEREAECBOIOIAECRETLEALCRAN ML, BBERBE
oAk EE (P<S<0 . 054120 .01) KETL THRAFAER
T8, 100BBERARI - THUVAEE (PL0.0S) KREALTH
AFREML., 100%BFRALD 1 0NHerkELcEHELEL>x.
Fh, HAHOHEELLTLADKSUYRKLVEDP#HELTAHAB L.
ERFECBOIIABCLAL,. BEEERK--ARBECREE (P
0.01) REALCEBRAMANAEMT . chbomATFOE M
10 0%BENRARI-THEBEBR T LR, 100%/E
RAKR L ONMERBL THRAREBL R . IR o 5588 &
&awnudwu&ﬁwbraaa\%&%ﬁ%u&ﬁf&ﬁﬁr&%&m
ROBGORGEUERE LI P EBRERK-ARBCRABKCKET T 3.
LrLl., 1lOOBBERAR LS THOICEIHTICLAEZ IR,

DHBOZHREEFRECZEIAE R I YELLRED LRV,
ERLIECK - LRRCEUREINHZENB e Rbhok. TR, 20
RBIZ1IOOUMELBRASETCHIEREBYPET, 10DHE2ETS
TERFERINL, LHBERROSOVWTREEERBCBT T34 cx M
TN, ERRECH-THATRIBEEDI T, K1 00%EEX%E
WMATELBAREENFHEOIPKEHT IR, 1 0NLLAKRELEE

ETFrh VBRI ERBbhok.



L2KRKHMEEROLEHR, EBEECK - ACABEECRY . X#
MEHPBEEIND. T 100 BHBEDNRALIT->-TH 1 ONLAKRES
KEISHET., TORARRHIBE RN AEARLER LD LEEILN
<o

ODEROZLCREBRERB->- A S CHERE. CEUHHAHELRED
PBEHERF OV PBERESRBEIRL. L2rL. 100%8E
BAK L > THENEOIPCERT I Rk,

LEORELDS., OFKBTTClI0O0%DEX4BAIE, BRELEK
o TABHMRKERIERKOELHAR, LHHAENOBRIERLUK
Bkt OBEIEREFACETL, Bl LBioBBRENRE TS
EFHB L. Th, CAK 10 0BMELRATELHAR., HEMHE®
PREIFTICLIFE S, TG, PO v ¥ —2ILA—%—
OHUEMBEED CI—RKLAMEMARE SN, LHHAKRNOBEIENE
KPO: v ¥ —RN+AEATEICL_IREINL,

ERFECBTILBEOELR, EHFRBEBTT38B8 CcREGAN
RmL, EEEXRBECK-AHRECRIATRXSE NI I 2 by
ok, T, ThHDARHIRIOOBBERARE TR Y SCEAETS
2. lONEFEoKLARMcRELAREFELEVHEAERS L.,

tofll, BEERECSVTROLGORGUERELCKEL., LHEKRES
KRBV T 3. £, LHEHEBSEFICEI T I LABCHABMERTHIIEY

RELEL, KAMFTERIBEFLIBCRD. TotREBKRECK -~



BéE, ODHOEBRECERAL COBBEXELIEEINI D LER
*nd. gk, B3 -EOKHMITELERRELHR2~3DLANK100%
BMEAETRERBRAIEI LR L TOBRE I ORALUARKEHETEZ L
Rbpok, Ll b, BRELK L > CEBKRERK>-TH 3N
UE#BBTH2LIRFTEMREEELLZY., 10 0BBIXRARI-TDH
EHERRABRARVWI L., BEERFEOTHMESIFMEIITLURNELEBE
Th, ERMCRIoEAFHoRBEARcHEYRAERLRTHEII LR

BEInik.



FVE  RERDPUKEE

NEHEREBV T, KB IIVEFHERAb R, X IR
WREEKE > TEERBEBY., HEALREFT LRI NIELESRVRER
HRT D AEPSERBRB oL &k, 22 ERFIE (hypoxia) 5
BRKIE (anoxiad) REY . 53 —FE0HFHEZEATI L. £4HE L (kS
WMAEHRARTENLRELRTCRCEZ LI TV B2, LiL
EREL, BEEHROERBRRECNSBERXEREIAZOOBWER AR TS
DRSOV TR, B YFHLEIRETA T RN,

ELTEHL SEHCERBRREREIRAOLBER SV T, LEHR
BEDPERBURLBEDRBENS A -2 — 2B r L tBHEL. BE8EE
KRBT LHEBEARBTIBEXSEDELL L OB LOEGE2B 60K
THEMER, EREXECHTIRRNEANCREBTILO0EELXHS
ERERBL T, $BVhRDESSEREBE ..

RLH»RELBHHBEABEYER S THHT IR, LHHERD
BEDPEHMEBEZ2RILETAERSARZV., 2o ¥ HER, A LR
(polypropylene) THBEINAEEHNE8 O pmnELESE (PO v v
$¥—:M-HOS™) ML, BKObOMESELHMEL., I L 2

E—TcOHEMEEBELAER. PO vy —E&HEED» TR .



ILA—2—OWEMEBEEF KT 2B @HEZINL. T, FTRKMSP
DEFEAERZPO, vy —CcHEL., ILA-2—-—THMELAMEZHEE
Ltade. WEHcERnBRLAZED THVWHERB L, THK,
PO: v ¥ —RIZHABLNOBENEMER >V T, IBORTHEL
HHAKPO, v —%#RALTHEL. ILA-F-R&E2BEKMYy D
BMESEMEMIHERFLALZR R, RTHSKLBHKOboBEIET
. hTYEVHAMRE S -, MERNOKELZMB T3 LK
ot R YEVHERE N A, A, HHRRNOBEIELSHKAT O
MEISEOHEcR, HENEE L-HERE R,
CDES8RHARBEBVCEAEONRBEELRET-THDI L. HED
MASEMEEC OV THANEIRBEHEBEIHTE T~ zas pocket
REREKLT, PO vy — 2L CHBOBEIELNMET DI L
REHTHHATHY., ToBLEFHOKELEHVD., T, KEEZMELT
ME2BRILCHRECLAEMAOMERISEBTIBENELZMETNE.
&E@&%ﬁﬁﬁﬁ@@ﬁ&&%étéw>.secPOztyﬂ—ﬁ%%
Thtrb, TFXFITLEHERAEHIL CELR. HBoRBEERI R L.
YZHEBOBENELXZIVIERKHEMET OIRR, PO tv¥H—o
AT LICEHOEENEE L5, International Biophysics Corporation
(IBC) o Ozxygen Tention Moniter 625 X HHAINSZ PO, + v —

. 2oXK TR 0.83amn T H D5, £ . dysposable hydron



B B2 E (In-Vovox Model 660, IBC) X 0.38mm TH1/2 DRI KHR
INED, LoESREBEIIXCEEZORKALEBEL AL DL, B
MR APURKETHENOBEAEL2MET I Y- TR, HRBEHE
KYBPO, ey ¥ —KLAMERLYAFTHY . TORHELRV LI
EHREHEING. T, HBOBEPELMETIHARIMETILK
LoTtNREMOEERGB(R3 b UATHY, EHoEHALL
PO: tv¥—kKBVThbmBELFEMEHRCBT ILEHEOHERER
¥nk. IHRKPO vy —oMHAEROVTIR., EHENREHALALPO,
tv¥$— M-—HOSHM(=ZFr 13 v) k., chEoekElAThTER
PO: tv¥#—kYRzpk#i< A&oBEELRIBREEDHI LS
<&, roREE I RYBERLHEEELTCVI B DEEILNS. TOD
CrRHABEERLILNEBLoMmEN Y. HAROoMEIECHSFT S
Mo EEE IR TEZ LD, HEBCBYIBREDPEFIYVIERK
WECEDZLEZXD. SHRZOPO: ¥ —I1245%k#& polypropylenef
EEALTVRT LG, BRAEOKEHRH I YBESTh TS LALBN
%

& SRBERtEEETIPO vy —%boT. RKTHED
BESEE2MELALER. BRouTOBESEL ST YRVHEESAE AR
Dok riE, PO v ¥ —0WABNRST IMRIERBECEEL

rlTh, RTHEEBTIBFOUEBMBEBHILTFELCLLER



T30 THA>NrEILENE., ToBHR. TOPO vy —%EH
Lciiiikiich, @MV REENEBHROBEIEME2T->LBEK
i, ILA—2—-MMEMALr L<—FKL., gr3#HToHNEMEIBDTHGND

DTHBELENB, PO, tv¥d—onticEERE., KTHHECHAA

i

LPO: v 9 —RYUBBMNOBEIELRECRBRLTVWIb30DLEHH
namsbehd.

HEDEBRESH S, THERXEHLLPO, £ 9 —: M—HOS ™M,
HEMEECLEGHBOBRESELRBRTIbDTHI T LRI
ZEehB, CHOPO kv —FHVWTLBOEBNKST I LHHERD
BEDELZMEL THE.

OGHBENOBXRSENER, BERAXAEHY. OFKEBTchRL.
HATROB2FHL T, EZRO0EERDRATHAHONIERNR T3 » 71
ZZRL. ERERPO: tv 4 -0 LKWALABRET. LABREIEX/V
KrnhHoOHHERCEET 3L SRBALT. LHHEDERRST
ABENEXWELL. T, OBOBRLELGHBZOBESEONGE
BEdshor, EERURAEZX L T2 EHLASE, IRt
BBl chfT2WHLABEOLBGKBY IRXDIEOELEBEL .

TOER. DREHETRKPO: t v —2RALTOLBHHEEAROBESE

PUELTCARDE., BHEMPOBESEOFSM 411.5+68.3salg (n =

5) k& LT, ONBETORBRESEIXFHM 291.41+38.50mHg (n =

4 8



5) ctHRMPERDEMOHBT 0B Tch-tc. EERBKALL L CmiT
EERLTS, ONBRETOOHEA&NEEDIERb T Y ARELTHR RS
me. TR, MEERBLCOTETHL TR T Y K& 2R
b olk. LOLERE, ISV ThZE, BT4*EHLTLS
DR OHAKHNOBEIER LA LAicd, BF4HHLC2ALUAK
TEREzARL VA, REKOBITENC L > TOHHBNOBESERTEL
TATCRATHMBRKEFREZRL TV, COZLEHBELABET OO
BN TRBHROOBEDELVEVCERDIEMERT R, IELE & EH
LTHHTYBETEMREH LRV Rbrok.
ODARBLOUABODHEBREPO:, v -2 BALTHEENELHMEL €
HDEFHffic 61.0 £16.7nallg (n=5) v, BRI POBEDHEMRK
Lt 15%chY. DREETOREAEMCEKRL TP 20%K
HAL, BOTEVWEFRSEfAERLAL. SREBREESRL cOTE2ERN
TALH2ALAKARKTRL, BAMOH /IKTELE. BAERE
LTemiT2 B T3 L 2BRERL. EXRBR2ALINCELMME LES
EfitRLik. ol enb, PHEBoOHR VTR, BRMb A
OCHEBBEFTOLEHEREIYRIORKBEVERSEMEZRL T3 LMK,
XEMEESTIWROELER L > TELLLEAT I ERHF LA,
XEROUHABEFROLGHENKPO, vt Y4 —2BALTHERIES

MEBELTHB S, EH@ET 35.8 £13.%9aaHg (n=6) THY. FfcMmh



DERDEMCHERL THS . 8%BCHML., OHNBEETLHAZEROY
12%\¢%E®%ﬁéﬁ@%59%f‘ﬁ%ﬁw&%ﬁﬁﬁ&%bt.
EERBREEXL CnFT2EH T3, W2HALAREELXMOYI/3 &
BB TRT 2. HELRRTIE. JHBOPG LAY 2HLHAK
FWRKERL. REATNOBRAEILYVEVHTEABLE. SO 2nbD
HNREROOHHBRCS T IBRDPER. LHABECRLIEVEREIELAR
FTEABR, XEMEOBRE L > TRELEBEZF I b 8HH L.
DEnBALbEZEAOHROTEEDSERESE . LHE» HLH4
BEMOSKRLAR-> TOLHHABROBEAERE HEZRL. BROD D
BROSECHEELTOABRETOOHA&CRH7 0%, dHBoLB TR
¥15%, LABEBOLECR¥US8 . 8%BDBENEMTHo . T,
XENEZEFX L COAT2EH L T2, OREEToOLHcRHEY X
EREHERIZVORGHELESUVROABEROOG X 1/3 CET
L. mfTEMEMBRITNEOTESMOMLY LEEHERTZ ERDS
sk, TOTEnH, DRNBRETOLHHABRS T IBKXOHLRTRBEK
DHMBEPHLERTNILY S, CLALERNOBEI»SOLORBEEZAL THBX
N33R ING. TAEHLTHHEN»HLABREROLBGHBEA T
RELHMEIEMFOOARILEBERBHE TR TWVWIIDLEIBLNS.
OHFHGOBESERBEL T, SELDVREERAEZHV. Rv A0 E

F—VHBTTERKC L SRR cHREH£1T-> TR L. EBE



Tﬁ&kﬁﬁﬁ@%f\Dﬁ@&ﬂﬁé%3u®&§Km%n®POz
ey Y- FAALTCOLBHOBENELZME LR, Fifli3 26.2anlg
(n=5) Thorhtv>, tofGoHKkntboBEEIERXFELPO:
vy —TcHMELAER, T4 113.6esg (n=5) ok &G
LTWwd. £, AL sAKOHEEL TV D, THRADOLEHK
BUIBENERALO0BBIECLIIHEAMERT ©. FHEEH 27.6anlg
(n=14) . BRMOMENER 113.0nmlgThH Y. 100 %BHMEK
r2EMPR TR, LHEOEENEL 33.8amHg . BRMPERIEDR
404.4mmlg THo LV S,

HELOABUYRFAMBLY oBERST 3RDLEHA LU KB+
ORENSEMEMNE, LEOMEMIYBZTI0REVHEZERLTVS. £0D
HHEHRPO: tvy—oHEcERTILEXLI, FHFHLBINITTO
HBERTPO;, tv ¥ —HAL., BEOKBRBBRK L-> Tora Y WEMA
RBCrEBERLTHY. 2HHREN A polypropyleneHAK X 6 EHE
80 LmDESLEEM—HOS ™M, ZoHERERTWBIT b, HiE
55, MEH!D o@ELANEASY sBWHlinfontdbnEXLN
3. T4, OEANSINnORBECESEZFAL COBHHABKRNBEIER
WWE LR L*cu\z)ii\ OHRBToNErdHBELcROGHABNBREDE
KRBT LD, —HEOLRAIS3mmoONECOBEIENER. O

HENBENELBRECRALTVILEBRLAVINLERD. THK




EELVRADOLBTERHNIEORBLER cBENEZMEL. BE®
LB 2BENPEFEROBEAELYOOENLL, PO, B
AABMRE L > TRA—-H&TIHENSEMBREY . Lo BK 8%
SEffioicEHBcErVEL Vi, IH5FAMBY RERTKE
HETE., LEOBRESEMBET L. balloon-pumping %247 > & D
BEDSEREATIN, ChB3EELABBr 28R sleeping
vessels X LTOEMMEN. collateral b L CBI< AdDTHB &L T
Wi, ZEOHATIERBIKEEX L T2 EW T 3L, ONEET
DA LH CREBEIDIERZRCETTS. LerLl., U5 LANREZORE
BEHEL, OT2HHT 2 AMCEFA L CERME ELN3fiesxRT. 0
XX EHIME Hceollateral L LB b0t RE Y, HABMERIWE
mMERK K-> THEL, YZBCRK—AtoAM I ORIALRXBCIERL
Exbhib,
ARBIIZOHOBENSEME R DWW T, Gardner 5 §)%acrta-
coronary bypass DFHHK 4 8B~ 2 HMK D> TOLHOBRRIEL
MWELAERR., TORSAR srafltoF2METIHBReEd L LT3
K, FESDIRIAEBEL., graft RXHEAL S ERDRoMARLE BN
ZVWEAR. OHORBRESERETLEVoTHELREYKRIVWELTT
Wwa.

LrLaRs, cok5>xEEs,. PO tvy—iEdmEL., WA

5 2



FTERRYBZL, LHRBY IBFodS T A3 Lol Xy rmE s
BENLZIEREST, LHOBESELZSIVKCBM T L BTER
Z3bDEERXRD.

T TCEBRECHRERFIE (hypazia) 0 S EEKIE (anoxia) K E AR
KRENTLHKBTIBENEOEH L LBEEO TR YXroL S METS
. TOEELREBDCRATEC L 2 RA 1k,

%m%%ﬁtbr\%%ﬁxwﬁxnxﬂkémxﬁﬁiﬁmBﬁﬁﬁm
KE->TEBERERKIVDOYWIZAREE22CY., 2ol 3060
BELSEDEALLOLBENDETLFHACBEM L. A, EBRIERHL T
BERAZITY., ToEEAEHEELEEL A,

ERFHEELT. RREBBERAELEAL., OF KRBT cHMMER - <
ERETROBEZEHL, BEoREBLEEELLOBHBALAE. EHEOKRIN
BORTE%R#H->T controlffiZaBMEL., P01 00BEXEERATHEHT
ABHEERBRRELPPREERBI > TEBEIEFERKEITTOAE. 256
VREXFBRAK L TCH2oRBREHIIEcoABEDV T, LHHE
ROBRSELLBRREOEHEZBHEL L.

TORER, THRRTCEXTIXEBRATETHREFLELEY., ZoLaT
ATHBREZTVWVEBE2RAIECEHE T IABEOKMERF 2T -~
BB, OFBoKEMFEERIIB2HoRE, EHTOLRBRKEED

REBELE%ELCHRKRL. U502BERALT1I00%ERATRORAZHE
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Dissertation for Doctor’'s Degree
Experimental Studies on Changes in Cardiac Function

and Ozxygen Tension of Cardiac Muscle in Canine Anogia

An asphyzxial condition frequently occurs in the small animal
practice by various causes, such as tracheal obstruction,
unsatisfactory artificial ventilation, insufficiency in pulmonary
ventilation and respiratory arrest in shock. Then, hypoxia is induced
and followed by anozia, which leads to death.

In such case emphasis must be put on a course from the occurence
of anoxia by the arrest of the pulmonary function to the appearance of
irreversible damage in the brainm activity from @ clinical point of
view, It is essential to apply the resuscitation within a very short
time in this course.

As for the disturbances in cardiac function and brain activity in
the case of anoxia, the author considers that changes in oxygen

tension (PO:2) in the cardiac tissue may participate in these
distu}bances distinctly. Therefore, he tried to clarify a rise and

fall in PO2 in the cardiac muscular tissue in the course of hypoxia



to apoxia. At the same time, studies were made on chanoges in the
cardiac function in the case of anozia to establish a guideline for
the clinical resuscitation of this disorder. This paper deals with
changes in the cardiac function aad PO, of cardiac muscle in the

canine case of anozia.

1. Experiment on basic function of a PO; sensor.

To estimate PO, in the cardiac muscular tissue, it is necessary to
select an instrument which can detect PO, diffused in the tissue
accurately. For the present studies were selected a senmsor, model
K-HOS'", for P02 estimation manufactured by the Mitsubishi Rayon Co.,
Ltd. and an instrument, model P0O-2080T*, for an analytical systen
ganufactured by the same company. Comparison was made on the function
between these instruments and the blood gas analyzer, model Micro
137"(IL Meter), manufactured by the Instrumentation Laboratory, Inc.
and used conventionally and extensively.

In this comparison, the PO, sensor was inserted into the carotid
artery of dogs to estimate PO2 in the arterial blood. On the other
hand, a vascular catheter was inserted into the artery to collect the
artefia! blood, the POz of which was determined by the IL Heter. A4s a -

result, there was a high linear correlation at Y=1.4X-4.8 and r=0.983



between PO, estimated with the PO; sensor and that estimated with the IL
Heter. In other words, the value estimated with the PO, sensor had a
constant ratio to that estimated with the IL Meter. When the jugular
venous PO, estimated with the PO; sensors was compared te that with IL
Meter, a high correlation with a constant ratio (Y=0.8X-1.7, r=0.835)
was noticed between the two. When PO0; in the tissue was estimated
with the PO, sensor, there was not so high a correlation between PO
in the cervical subcutaneous tissue and that in the arterial blood.
When the site of estimation was warmed up, there was a relatively
high correlation (¥=6.3X-54.9, r=0.735) between the two. This change
seemed to indicate that the distribution of PO; was not homogeneous
in the subctaneous tissue and that a stabilized value could be
obtained by warming of the tissue. When PO, estimated with the PO:
sensor was compared between the cervical muscle and carctid arterial
blood, there was a correlation (Y=9.9X-294.5, r=0.886) between the
two. Therefore, it was possible to estimate a relatively stabilized
PO:; in the muscular tissue.

Froe these results it was confirmed that there was a high
correlation between PO; estimated with the PO: sensor and that
estimated with the IL Meter, and that the PO; sensor had a good

responsiveness. When the PO; sensor was used to estimate PO; in the



subcutaneous tissue and the muscular tissue, it showed an accurate
responsiveness rather faithfully te PG, in the tissue. Therefore, it
was confirmed that the PO, sensor was available for the estimation of

PO, in the tissue.

2. Experiment with PO; sensor for estimation of PO; in cardiac
suscular tissue.

It was confirmed that the PO; sensor was available for the

estimation of PO0; in the tissue. Then, this sensor was used to
estimate PO, in the cardiac muscular tissue. Dog were thoracotomized
under anesthesia. By a direct vision, the heart was exposed inm it.

The PO: sensor was inserted into the cardiac muscle in a layer
immediately below the endocardium, the intermediate layer, and the
proximal layer of the epicardium in the left ventricle of the dog.
The three layers are supplied by the anterior descending branch of the
left coronary artery. P02 was estimated in them when 100% ozygen
inhalation was applied to the dog. As a result, P02 in the cardiac
puscular tissue in the three layers in the order listed was 281.4:-Hg en
the average, 61.0mmHg, and 35.8mmlig on the average, respectively. PO;
in the left ventricular blood, serving as a control, was 411.5+ 68.3mnlg

on the average. It was clarified that PO2 in the cardiac muscular



tissue decreased from the endocardial toward the epicardial side. On
the other hand, blood supply was interrupted in the cardiac wmuscular
tissue at the time of PO; estimation, and observation made on changes in
POz in this tissue while circulating blood changed in amount. As a
result, remarkable changes were noticed in PO; in the cardiac muscular
tissue in the intermediate layer and the prozximal layer of the
epicardium. Therefore, it was elucidated that PO; in this tissue was
influenced greately by the amount of circulating blood in the supplying
blood vessel. POz in the cardiac muscular tissue in the layer
inmediately below the endocardium was hardly influenced by such amount
of the supplying blood vessel. Therefore, it was considered that
oxygen might have been supplied to the cardiac muscular tissue from the
blood contained in the cardiac cavity by way of the endocardiunm. In
this manner, it was possible to obtain findings of interest from this
experiment.

In brief, it was by the application of the PO: sensor that the
condition of oxygen diffusion was clarified in the cardiac muscular

tissue in the three layers of the heart.

3. Experiment on changes in cardiac function and PO; in cardiac

muscular tissue in the case of experimental anaxia.



This ezperiment was carried out in amimals in which anoxia was
produced experimentally. In it examination was made on changes in PO:
in the cardiac muscular tissue which might ezert any influence upon the
cardiac function when the animal was affected with hypoxia leading to
anoxia.

Experimentally, acute anoxia was produced in dogs by switching
over of anesthesia to 100X nitrogen inhalation. In these dogs hypoxia
began to appear and progress ismediately after the nitrogen inhalation.
About 5 wminutes later a respiratory arrest occurred and acute anoxia was
induced. When this arrest vas continued for 2-3 minutes, the brain
function was arrested to cause an irreversible distufbance. It was
made clear that when the dog was allowed to inhale 100X oxygen 2 minutes
after the occurrence of the respiratory arrest, it recovered from acute
anoxia without leaving sequelae.

To clarify changes in PO; in anozia, the POz sensor was used to
estimate PO; in the cardiac muscular tissue and the blood contained in
the cavity of the left ventricle. Furthermore, the IL Meter was
applied to estimate PO, in the blood of the abdominal aorta. As a
result, PO; was 49.1+11.1 pulg on the average in the normal cardiac
puscular tissue (in the intermediate layer). It was 8.3 + 8.8 mmHg on

the average in the same tissue affected with anoxia, showing a



significant decrease (P <0.01) in the affected tissue. Within about
4 minutes after the beginning of 100% oxygen inhalation it imcreased to

90.7+29.1 moHg, which was essentally the same as the control value.
On the other hand, PO, was 110.4+50.2 and 115.7+ 11.7 mnHg on the
average in the normal blood contained in the left ventricle and the
abdominal aorta, respectively. When the dog was suffering from anoxia,
PO; was 21.3+31.4 and 11.3 *+4.5 omHg in the blood found in the left
ventricle and the abdominal aorta, respectively, in it, showing a
significant decrease (P £0.01). When the dog was allowed to inhale
100% oxygen, P02 increased significantly (P £0.01) to 391.0+87.1 and
438.7 % 103.0 mmHg in the blood contained in the left ventricle and the

abdominal aorta, respectively. Both values were higher than the
control value.

The results mentioned above seemed to indicate that in the case of
anoxia PO0; decreased so remarkably as to exert influence upon the
cardiac function. On the other hand, the dog could recover from anoxia
when it was ailowed to inhale 100% oxygen within 2 minutes after the
occurrence of a respiratory arrest; that is, immediately before the
appearance of irreversible changes in it.

In this experiment it was possible to elucidate changes in POz‘in

blood and the cardiac muscular tissue in the case of ancxzia. At the



same time it was alsoc possible to confirm the critical time point when
oxygen inhalation had to be applied to a dog suffering from anoxia.
These results are considered to serve as an important guideline for the

resuscitation of this disorder. Stﬁdies were made on changes in the
cardiac function caused by anoxia accompanied with a decrease in P02 in

the cardiac muscular tissue. As a result, when anoxia was induced,
average aortic pressure decreased significantly (P<0.01) and a systolic
pressure of the left ventricle slightly. Since the total peripheral
resistance increased significantly (P £0.01), it was found to exzert
great influence upaon the after load. Both end-diastolic pressure of
the left ventricle and mean left atrial pressure increased significantly
(PL0.01) to exhibit a distinct increase in the preload. As a
result, the function of the left heart was found to have been disturbed

outstandingly. Moreover, the rate of change in mazimal dp/dt of the
left ventricle decreased significantly (P £0.01). At the same time
with a decrea;e in the contractility of cardiac muscle, both cardiac
cutput and heart rate decreased significantly (P£0.01).
Simultaneously, electrocardiography revealed abnormalities in the
production of stimulation and conduction. As a result, there was a
decrease in the amount of venous return. Besides, of these phenomena,

preload, the contractility of cardiac muscle, and the amount of venous



return showed a considerably effective improvement, although they failed
to disappear completely, when the affected dog was allowed to inmhale
100% oxygen within 2 minutes after the occurrence of a respiratory
arrest.

In conclusion, it was possible to clarify PO, in the cardiac
muscular tissue. At the same time it was elucidated that in a dog
suffering from anoxia a decrease in PO; in the cardiac muscular tissue
induced a reduction in the left heart function, the cardiac
contractility, and the venous return. This reduction induced marked
disturbances in the cardiac function. Therefore, the results obtained
were presumed to contribute new findings to the clarification of the
pathological condition of ancxzia. Clinically, as a method of
resuscitation of acute anoxia, oxygen inhalation performed accurately
within a given times was demonstrated to be very important. This
experiment seemed to have presented a principal guideline for the

improvement of steps for the resuscitation of acute ancxzia.



