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--- Abstract —

An Experimental Study on the Effect of Hypothermic Oxygenated
Cardioplegic Solution on Myocardial Protection during Prolonged Aortic Cross-clamping*

Young Pil Wang** and Hong Kyun Lee**

This study was experimentally undertaken to evaluate the effect of hypothermic oxygenated cardioplegic
solution on myocardial protection during prolonged aortic cross—clamping under cardiopulmonary bypass.
' Dogs were divided into two groups--control group (received hypothermic unoxygenated cardioplegic solution)
and experimental group (received hypothermic oxygenated cardioplegic solution). Coronary sinus effluent was
obtained at once and 30, 60, 90 minutes after cross-claimping for the determination of pH, PCO,, PO,, and
lactate level during the infusion of cafdioplegic solution and myocardial biopsies were obtained after cessa-
tion of 90 minutes of aortic cross-clamping.
The results obtained were as follows:

1. There was no significant differences in the pH and PCO, between the oxygenated and unoxygenated car-
dioplegic solution but the PO, of the oxygenated solution was 4 times greater than unoxygenated solution,
and also the oxygenated solution had a significantly greater oxygen content {2.02+0.05 ml O,/min) and
had much more oxygen delivery than unoxygenated solution.

2. The myocardial oxygen consumption and the myocardical oxygen extraction in oxygenated group were
1.63 ml 0100 ml and 67.32% respectively, which was greater than those in unoxygenated group.

3. Regarding to pH and PCO, of coronary sinus effluent, there was no significant differences between two
groups in early period of infusion of cardioplegic solution, but the pH shifted to acidosis from 60 minutes,
PCO, increased from 90 minutes of aortic cross-clamping, and PO, markedly decreased from 90 minutes
of aortic cross-clamping in unoxygenated group.

4. The lactate concentration of coronary sinus effluent revealed relatively normal in both groups, but showed
slight increase up to 27.5+4.56 mg/100 ml at 90 minutes of aortic cross-clamping in unoxygenated group.

5. On electron microscopic study, the ultrastructural integrity of myocardial cells in oxygenated group was
well preserved within 90 minutes. Slight swelling and deformity of mitochondria, interfibrillar widening,
and disarrangement of myofibrilies were observed at 90 minutes after aortic cross-clamping in unoxygenated
group.

From these results, the use of hypothrmic oxygenated cardioplegic solution seemed to be effective
and better method for the preservation of ischemic myocardium during the prolonged aortic cross-clamping.
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I. of 2| &

YARGL AAEA 429 A7) AAHA BAE &
33 A3 wE A7kl FAAA 42 EE HYG
ESE 2P opizt XA FYAE AT 9
shelol Al B4 2AHE A Fo3pA s ET

19551 Melrose §0| 25 E9 T+ 4§ (potassium
citae) o} & o]-g3te] AFAAY Yl & AT AT
3 Bretschneider(1964), Kirsch & (1972), Sénderga-
ard S (1975) o] ol B3] A, AAd=] e
1970} o] FREE ¥ 2 4739 AgEe] HAE
< A% PEUAGA JFRI o A 44
2 (cardiopilgic arrest) & A#5led Steh

a8 AAX AR ol AHAAL AP ALYF
W2 a3LEY FRYRE 5 A @2 ¥Hh
A7 Aol 2oldE AANA-E AR Hz, G5
kA zhel Aol Yol mpatd HEY 7t LW ATP
7b 2ajso] o=y nzadst G b =
A g AdrEe AnE ANe  ged AAF
B.Z (reperfusion edema), A4 7158 As, meliA] <l
2+ (phosphate) A 2] m 5ol ¥ AL 43 A4
£ ALY o HA ool 2 JAE AR $E AT
AP ek,

ARQe] AZRE BAE FHAZY FA2E Lol
ley S(1974) & ¥714 oA 4EE AFEr] At
AR Ao LEPH AfA-g Hrhsigos], Heased:
(19762) & oA ATP S Aoty
phosphate) & A T8}l AlZ4 o iz ¥&-¢ =23
5, Bleese £(1978) 3 Fey&(1977)-2 lysosomal mem-
brane & <AL HAANA AF PAEFET FAY
ut olet, =3} HearseE(1976b)5} Roe& (1979 3
4 AAAA B 42 2B E Yl QA Gl
Zeradel dAiud sy 2L 43AE  FrHIAR
Follette 5-(1978a) & 4 29} s34 74771 448
T Eolu} o E mgdE P ALSE HHch
AAEL AAAR AAE Hrlsle] $714 oA
22 §AAA Wo14 HALES FH2 A £
A2 Pag ARAFE Rol HEL AAA AL Y
RS Aol ol GFg vl estE Yot S
o] #.24) A =] (hypothermic cardiopilgic solution, HC
PS)E 100% JAE 7tEEYE ¥I4 S HTE

21 4} (creatine

oo

Z7HA7 AL 43t 43 2]} (hypothermic oxygenated
cardioplegic solution, HOCPS)€ AH&3 ¥ ole] A
Q F7hA ol HAA % A2 e AA &
HAAE FAHA

I ME ¥ wy
1 4 S8 N Wy

AQETRE A3 12~14kgd AZT FFTA4 FA
20012l 5 AHgstgch A¥A-E 2.5% pentobarbital
sodium(Nembutal) 30 mg/kg-g 744 (anterior
tibial vein)el FAtsted AACHAE o™ =1 F
24 7zbd 432 st Harvard dual phase control
respirator pump (Harvard Model- 613, U.S.A)§ °1 %
e 100% A4 TE 1:112 4o TFEAR
AW HEAY ERYS A% 25, 239 2 E
a8 EUQ S 2ER 4dstn s3s AR
&% 4 (American Hamilton aquamatic K-thermia, PC- -
130/66 N 251) & A stglch

& A a5ng 5 ANEFY F ¥AFARL AP
@ wgos Adel AAE Ao 47 % HYBE =
2890 Aol @} 3mg/kg] heparing Feig
% R4 g5 ABSHE AF SRS AWN T
A, s Age] AQlgod AwHZ AWl F
e Re 2o o8 717 B (azygos vein)- & 72 23
g} 59 el USCI 12 Fr(USCI, A Divisi
on of C.R. Bard, Inc. U.S.A.), i A= 7heil USCI
24 Fr& Agsige, 42(A4FH)ese 3¢ 4
8 A22x %3] (Temperature monitor, Shiley, serial
No. 0-0682, U.S.A)E FHA Ml AgdsisHsh

A Yahe Aalshed AHES JSAAIE Mera
roller pump MHS-21-II (Senko Medical Instrument
Co., Japan), A13}7j& 7123 9] Pediatric bubble oxy-
genator (Shiley S-70, Shiley Inc. U.S.A). dz#7jE
Mera MSH-12S (Senko Medical Instrument Co., Ja-
pan)4ZE A3t A dEgA $312 Hartmamn
£d3 5% ETEPE 2:19 ¥ g2 42 F dHAde
2 g A ¥YR A4 PgA4£HE FAA2
25%9h] & 4ml/kg, 15% KCI1 2ml/1,000ml priming
solution, 5% NaHCO, 33.6ml /1,000ml priming solu-
tion, 3% CaCl, 3.3ml/100ml whole blood, cleocin 10
mg/kg & 748 H(E 1D,
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Table 1. Compositions of priming solution

Heparinized whole blood

60%

30%

4 ml/kg of body weight

Hartmann's solution
5% dextrose
25% Mannitol

15% KCl 2 ml/1,000 ml] priming
solution

5% NaHCO, 33.6 ml/1,000 ml priming
solution

3% CaCl, 3.3 ml/100 ml whole blood

Cleocin 10 mg/kg of body weight

&z 1,500ml, o5 S(perfusion index)<2.6

~2.8 I/minZ, &F YA E Y LEHo| =t
25~30 %2 fASA old AU FFIFH
1:12 €2 d3, ALY 55~85mmHg2 =
HEE 2R ATIEE 15~20T, ZAREE
BCHYZ FEE HA AW AWsteet

Ao s FAo A5 ALe Folzahgd 42
B g @gus A go wE g =R

Al

© o

& eretn 10ml/kg) 4C 4AAGL 12 gage 7}
3a (No. 10012, DLP Inc. Walker, Mich. U.S.A.)% ©l
£3td g B FARel FYsig s

Aol AR AAAAY T4 4FL B2 2
.

AR Qe Fubde ERIDA Tl of T
AN 2ol A& FYstE HFHPZE o)Ll
Hgo) s 120mi/min8] £58 $x39 $Q34
= 0E7re] B AFAZFL ol 0F pAeE
120~140mi &} AA NG F712 Fo5qh

AAz B BEcda] AtAA = E(coronary sinus )l A

75mm

Table 2. Compositions of cardioplegic solution
(Modified Texas Heart Institute solution)

10% dextrose 500 ml

0.9% NaCl 500 ml

15% KCl 20 ml(40 mEq)
5% NaHCO, 11 ml(6.6 mEq)
3% CaCl, 7.4 mi4 mEq)
10% MgCl, 14.2 ml(30 mEq)
Inderal C 2mg
pH:7.6~7.8

Osmolarity: 510mOsm/I

Fje - A4AXAY HHE Y& No. 10 baloon tip-
ed catheter & A AW Z A4, 2B sgoy ¥
ZayEr sl EgEE RS 4] A3 AlE
T dAY o= AAsgct

AEEES 74 10vy 27328 o] B zFl
A HCPS & 439z 4 T-l4= HOCPSE ¥
o stgch.  HOCPS#3 HCPST EF 4AAAe] -+
4 JEe FYsAE HOCPS Tl A AHE3E 4 A
L 457 E ol &t 100% 44T SAE4S EHI
o] ol pH7} 7.76+0,04 & HCPSFol vl3f cf=
Ashetzm, AAELS 650.7+18.5mmHg2 HCPS F
o] 165.1%5.69mmHg 9] 4uio] 2@ os, LT Eat
X 2,0240,05ml0,/100ml & HCPSF9 0,51%0,02
ml0,/100m! Brh & A8 weheh(E 3.

Table 3. Gas analysis of each cardioplegic solution

HCPS* HOCPS™*
pH 7.66+0.35 7.76+ 0.04
PCO,(mmHg) 10.30+0.49 10.30+ 0.40
PO,(mmHg) 165.10+5.69 650.70 + 18.50
BE***(mEq/1) 0.30+0.40 0.79+ 0.72
0, content 0.51+0.02 2.02+ 0.05

(m! 0,/100 ml)

*HCPS: hypothermic cardioplegic solution
**HOCPS: hypothermic oxygenated cardioplegic
solution
*** BE: base excess

2. ojatN HA)

fEAD AF, 308, 60F P 90-wel AR
A7 Rolg £ AN 42 2RE T2l A%
FFHY AL ol 1529 5% 28 HA A
FRFAFAA §2HE AAANAE AR pH,
PCO,, PO,, BE(base excess) &-%& Radiometer (AB
L 2, Acid-Base Laboratory, Copenhagen, Denmark) &
ol &3t EHlA FAHNGAD, Y3 HHYL 2,000
pme 2 14 Eestd 2EH F48 SHsAST B F
9 #4L flame photometer (Corning 435, Corning
Medical Instrument Co, UK.DE ol &3lg z, F4ke] &
A& Baker-Summerson (1941)-g2 o]&&} g}

AR AR A4FREg, ATY Adaawak Fag4

%, YEUHBSS g BAE olead A assic

L R ae
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0, content (m! Q,/100 ml)
=(1.38 x Hgb x SO,) +(0.0031 x PO;)
Myocardial O, consumption (ml O,/min)
= (coronary blood flow x coronary arteriovenous’
oxygen difference)/100
Mpyocardial O, extraction (%)
=[(coronary artery O, content-coronary vein O,
content)/coronary artery O, content]x 100
Mpyvocardial lactate extraction (%)
=[(coronary artery lactate-coronary vein lactate)/
coronary artery lactate] x 100
Myocardial lactate production (mg/100ml)
=(coronary sinus lactate-coronary artery lactate)
x infusion rate
Mpyocardial potassium extraction (%)
= [(coronary artery potassium level-coronary
vein potassium level)/coronary artery potassium
level] x 100
Myocardial potassium uptake (mEg/min)
=(coronary artery potassium-coronary vein
potassium) x infusion rate

3. ©XEo|E HA

A ARAL 0¥ TG FE F 424X
o W HA WS ¥o fsled ARl
AH g H3H sl 2 % glutaraldehyde-2.5 % paraformal-
dehyde(phosphate +&-£9% ; pH 7.2)¢) 2 ~4 47} &
o AnAsted o} Millonig mAHN (1% O0s0,H7De
2 A7} A8t alcohol-acetone grade HHH o B B

3ol Epon 8120] Eohdh & 600~800A Se] xutm

2

ATz

#H g 9bEo] uranyl-acetate 9} lead citrate 2 o] 3 4
& o JEOL-100B HAtgdeolA o2 sbdsiget

o 4 X
1. ot 2%

AR ARE 100% 442 2L A YA AR
A4Sk HOCPS Zoll 4] 2.02£0.05m! O,/100ml
2 HCPSZ9 0.51%0,02ml 0,/100mloff )&} &3
Z18g B9 (P0.01), pHe GETFT EZFelA o
TAAFARLEH 2aE o (P<0.05) HOCPST A
= ey FEAMAE A4 Wyl w8 HCPS
FolAe AR AT 60 LRE WNY pHY B4 E
A P<0.01)(aq 1).

PCO, & & EFol 4 A48 Frlsigoy 5 3

80 00 Oxvgenated solution
® - -8 [inaxygenated solution
- -
70 =
_ O -0
= 70 A L
= ~
~..
-
6.5
Cardiplegic 0 30 min 60 min 80 min
solution

Time ziier cross-clamp

Fig. 1. The pH of coronary sinus effluent recorded im-
mediately after each infusion of cardioplegic solu-
tion during 90 minutes of aortic cross-clamp.
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/’
50 o——=0 Oxvgensted solution e
& ---@ Unoxvgenated solution /l
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PCO. (mmllg)
o
f=]
\
\
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A
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60 min 90 min

Time after cross-clamp

d 30 min

Fig. 2. The PCO, of coronary sinus effluent recorded im-
mediately after each infusion of cardioplegic solu-
tion during 90 minutes of aortic cross-clamp.

600
P O——0 Oxvgenated solution

200 ®----9 lnoxygengted solution

150
=
E 100
&
X~ 80

~
~
60 A ~
RS -
- -
~ -
40 .
Cardioplegic 0 30 min 60 min 90 min

solution
| Time after cross-clamp

Fig. 3. The PO, of coronary sinus effluent recorded im-
mediately after each infusion of cardioplegic solu-
tion during 90 minutes of aortic cross-clamp.

4 w92 fofg dsks gldloy HCPS Tl w s
Wl 90 Fol 56=8.6mmHg 2 442 RAEHPC
0.01)(2# 2.

PO, % A7tel S5l whet zadte] HCPSTlA =
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o Soy et 30 Yo 65.5+2.97mmHg 60 Hofl 41,3%
11.45mmHg, 90 Fo 54,7x7.47mmHg2& A3 7
8P (PC0.01) (=2 3), 4t w82 HOCPS Tl
4 90 % Eo} 3¢ 1.63ml 0,/100ml 2 HCPSE9
0.11ml 0,/100ml B} e £7ae ¥gon (P
0.01)(2d 4), A2l 44528 x  67.32%Y
17,91%2 fo 8 & EAcH(PC0.01) (2§ 5.
ABAARE FAAE G F RTAA AN F
Zrstgov 5 Ag 2o & Fl f3 =
o17} gdlovt HCPSTollA st 60 F3 90 F
o] 19,5%2.7mg/100ml &} 27.5%4,56mg/100ml 2. &

1.5
< ¢
2 1o
E o0——0 Oxygenzted solution
=
£ &~ ~-® Unoxygenated solution
[=%
E
=
2
¢ 0.5
d .

-
B T &
0 30 min 60 min 90 min

Time a‘ter cross-clamp

Fig. 4. Myocardial O, consumption during 90 minutes of
aotic cross-clamp.
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’
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/, o——o Oxygenated soluticn
4] ’ . .
’ & -- - {'noxvgenated selution
10 ,/ : n
0 30 min 60 min 90 min

Time after cross-claump

Fig. 5. Myocardial O, extraction ratio after each sup-
plemental infusion of cardioplegic solution.

9% F7HE BAS(PC0.01) (2] 6).

=% 429 F448 435 HCPS FoiA 60 -£3490%
o} 11,40mg/ 100ml & 18.84mg/100ml 2 Z7}8lglc}
(P<0.01) (29 7). :

30
©o~——0 Oxygenated solution

2 &----9 Unoxygenated solution s

Lactate concentration {(mg/100ml)

30 min 60 min 90 min

Time after cross-clamp

Cardioplegic 0
solution

Fig. 6. The lactate concentration in the coronary sinus ef-
fluent following each supplemental infusion of car-
dioplegic solution.
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Fig. 7. Myocardial lactate production during 90 minutes

of aortic cross-clamp.
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Fig. 8. Myocardial potassium extraction ratio after each

infusion of cardioplegic solution during 90 minutes
of aortic cross-clamp.
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L8 #4543 43 o4 T FA8 2= g4
4 (298,9).
2. MXsold 43

d O——0 QOxygenated solution
E @ — —-® lnoxvgenated solution
3 o
S 2.0
E
L
=<
3
z
£ 10
5
w
@
o
e
4 + }
0 30 min 60 min 90 min

Time after cross-clamp

Fig. 9. Myocardial potassium uptake after each sup-
plemental infusion of cardioplegic solution during
90 minutes of aortic cross-clamp.

: wf’ ','«.'(, . fo 3
Fig. 10 & 11. Normal ultrastructures of dog heart mus-
cle. A part of the cardiac muscle cells show-
ed well organized myofibrilles (MF) and
mitochondria (M) in the periphery and cen-
tral area of the muscle fiber. The cell mem-
brane (CM) was well preserved.

AR o] A2 4 HCPS Tl A4y 10, 11)
of vl #Huldh AJZHE 2AYA HHE B 4
7} 27 (interfibrillar space) & #%, A} A (mitoch-
ondria)e] Wa s $23), 294 (myofibriles)2] =
g 42248 At es FAY + et (ayg i)
HOCPS ol A& TAE sidol v A2 AL,
A 2AAY, TR4EHF Tol F BEEJD, oyl B
Aoz AFARAA ¥71e] TEE E 5 Adov
A8 A4 £3& BA(ZH 14,15),

V. 1 &

Adee Adebl fated 4AAE fEaE 3ol
£ 4203d g SEG el L7k A5 2
de 44TFo2e 4o L TFE T

Fig. 12 & 13. The dog heart muscl

thermic cardioplegic solution (HCPS)
group. Mpyofibilles (MF) were partially
disarranged and the interfibrillar space
were relatively dilated. Disarrangement
and deformity of mitochondria were noted
in figure 12 and a swollen mitochondria (M)
with transparent matrix was observed in
figure 13.
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71&elet 5o

BAAGY AFFYAFE 19553 Melrose 5ol =2
FEo T4 BF S22 AYAE AR A
AZgaol Basgty ¥ 03 ol Gay &+ Ebert
(1973), Tyers5(197T2 A4 2 PFEEs <y
2 B4A 4BAE 2 5 Adx R,
Follette 5- (1977)0]l 213 2 Aj7+] B9 = A%
ot A A Yo uHE R 2 b J2HEE X F
A ==

FAel gt AAAY F FAL AUETE HAsH
AAAF 2, ARAY A AEY 5 Qe $EE 24
3o} S /5T AT AAE2E A2 7
€ FAY F Uolof gk Fapd HAAYE AR
st YRl A F2 ATRE BE 401 MR
A AR, duiRLTE FAA7IZ dE4 AA Z1A
Hel 5ol 9% A nge Aol Hid  wE
A A= E 7tHsjo} #of (Wright ef af., 1978), A,
4~8Co] XAE AHARE g J2 22E 15
~20C2 wxo] oM Al k8 AH2pAA 4 9)



€ FuiAY S alleR A= AAddAg,

4o ol g5t A ZARAAE A EIEA
4= (cytochrome oxidase) o] AohAql 448 F3] 2
=5 =Sl Ak3i]l Ab3} (oxidative phosphorylation)
ATP 4 4ol A3 £E2 WPsha Kotz Aceryl
CoA7} Krebs cycleo] 213 o o4 A=A X317
3ol frAAGAL A2 2 2AsA A =%
HYgelo] w-3Eko HE ARYgedt 1del gl 4
Yol ME Fal@Aol AT Aa gl o 25%0l4E
SaaiA "o

39 B35 s Ful Ak FoHE g Al A
AAaAddE o Fel o] acetyl CoAR A= 425
AN, webd AT A-FAF Yol A Fob
H FAL AEYE AfRel Baso] AFFHEF
2¥A Hd

AAES AYRAHE AR ATAA AAG 43
Afihe] f4F407 HEW APEEs HOCPS#3

HCPSF R5old A3 275523 HOCPS Il
A 0E7e HFRAG TEAAE B FAXNE
Bold ul# HCPSFolAMy o-5dalg 60 %8 &
449 2718 Bgeu ol HOCPSFolMEs 4AA=
Hof Br1E A4E ol L3 4Tl A {49 o
25 Aol 4 AT AFAANAY L JIztel &
ALL 9 &= Ao, ol APEUN TAHeE F
% o] ATPI BAso] ¥4 2o Eae] A%
AL 747 2 (Pasteur effect), F4t8] £H3 42 E
SRtz B F Aok
HY4 Aol L dl= AEN AEFL ATPY 7}
T2 Bl wEHE S2ECIY ¥4 2o FH4A
o gElAE f49) 4422 Ay Az HIo
HWilkie 1979), o= A5 §olu} Faolge] o
8 A% HYgeolA ATPA LS FHH 29 ¥
#7b A"k olol Hal Buckberg(1979)& HHE-H<)
4AADY FAE BALEL Ao} 429 43
& AQATZ W4 B Tt ARIES o] &
o3z sgevh, vige] RovettoE(1975)2 A X2l 9
®
A

A

$7485 9 239 43¢ dPeid ME SR 3

e s&%aol PR -rmv 4
e s Hed we 935
PAARE Aoz —E.-mls}oi HALALZS AlH g 3
#2742 239 43¢ s 2 £80 =37

ﬁ\:} olof ujaj Akl 4AHABL o] &3

Foin AgL AAADE olgnd 44e AsHoz

FFAAE o A2 45§49 230l wy
a3 ch(Lai & Scheuer, 1975),
olal g Wil AxEY AHdAE Ji"  wioly

gad Po1eH] g2 AL 4BAYE A% FolA
T ARIAATAAY FANS ATl M Y Fod A
Hgo) A SHAG 0LYH Frlein pHE Z23PF
9 4£AE B AL AFARE A AHY
W §714 HAtelnl o] AAE &5 3 $ 60
T oolve B HYYRE AsAg FARY HF
o9 At g 4RI EAE 9L 4 Qg 2
Tol A&
Reg

o].g.

f4x12 pH 25 Z4HHE woivtA 9=
Bol 4AANR] FA2A A A4} 23]
o] A3 AAf A7} o] FolFctn AR
Buckberg (1979) 9} Reeves S (1975)& A Lol
S22 Hae7t 2AEs A ol A Aden A
gl pHe B4 A2AR 47t 471303 Aolekn
A3} ¥} 9l owl, Reeves &} Malan(1976)-2 histidine
9] imidazole 1Fol $EAGLE 37 HFol A2
7ast 84 d71%c2 pHrt HAH olo o8 H*
7} OH- Atele] Hyo] REAdT st =elq 37
Coll A 20C7] 432 B24A7 A$o) A 29 pHE
0.1~0.15 pH units A% F71Zo 2 o]Fo] gl7] of
Foll 20Co] HE4Y APl pH 1.2 %
2+53¢ 4 o= (MacGregor et al., 1982), ¥ 44
7b A%HE T AR pHob o o1 FadA ge

Ao

o AAA A S5 gol FE3 Rolz dHH.

AAEe AdoA By HCPSTolMyE o Esg
605 2E pHo 74 Bovd oze  AAAASY
$25ao] RAAstd pHryt AP o2 AU
Brhs HOCPS Fol w84 4hiakol 47 o Fol ’,‘.}5:
o AQeoz ¥ ¥4 B A £ £
Fote] 4Fol Assln Faa At x 450 *—4
PCO,7b Z7beke 2% e 234 o2 pHit
Zad ez ARHY, old Ha WaltersE(1979) &
ol 4uitaE A Tg Af2el Fhsis] A el old
Bebs - Zehad g3 HPAEY ATuS AR
99 pHAHL oI FES H&3ed) A Xy 4AFol
Qom ole] vzt AT 4Zol Fuisln zA9
PCO,7t 2713t n ¥ 3d vl Qlow, WilsonE (1980)
E AT HY Aol AEs] pHr BelFckn B s
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o A5 A¥H YHHE 23 XA

Hearse £(1982)9] A& o2 & AgRacl 9
sted ATLESL 37CelA STE Hejze = 3 AA
A4, =t 4l A 429 FHEE 18K F
e o voprt gl Ax¥gg 95 mmHgel A
760mmHg 2 ¥old o148 & Y& $4d 4x€ 8
W2 Zrtge] Aed 4adys FHE Agud &
3= aka0) ke 0.3ml 0,/100mlof 4 4,3ml 0,/100
ml 2 Z7hgh olad 4agid F842 200

A BHez AN 4% 4xlFPel 0.3~0.5
ml O/min/100 g tisueq) 23} ¥ mste} 4A $5
& Seh

Stanley §(1981)2) Rmol 4 s YA Ay

ARAY Aaggasd JTZHNA o188 & AE
Nawe vag Re 29 s 4L 9.76%0.48
ml 0,/100ml & 4% FR3e) vlstd abssl 43
RS 4,03+0.07ml O,/100ml 2 32 A4
Yool AW Yoy 4TLE7 10CTHR B ZHEH
A2 A ol &HE 44 ¢ A4sFALE  361E
0.01ml 0,/100ml 2 233 A3t 4Rz he] 4.06%
0.10ml 0,/100ml 2} 2& o] $5& Rgch olo] o
3 Kirkg(198DE 229 Aste o go] da-Y44

H3Fdol HFo2 ol Fate] 4htst Y49 U
ol Z7tsted 4ol AP At ZAelA AR R
ol 453 Fictn s

EG A AN XL Frlshe BF A4l It

2 AZS JURYE AR sAERAd BaBe)
278 ZHY 4 glov(Follette ef al., 1978a ;Buck-
\berg, 1979;Magovern ¢t al., 1982), =& H¥ 77}
25E 4Hs AT FFol Pased Y43y 2
A Eee zasle iR 8T7E Z A 7] =(Takamoto
et al., 1980) o1 ql catecholamine® FHoZ 4
29 AARA ZoHE A BA ATHE BE
o $9¢ &N 238 42BEY EFE A
71tz 39 o (Opie e al., 1979).

ALY Aol 2ol 4BAAL 100% 442 4
A AP eH ALeF2e 2.02+0.05ml 0,/100ml 2
Sel, 20CAA AL A2 54 AAAAE A%
HERFBE AT 4 Aed, AEY  AAZ
Sk BAez 4as 44X FANAE A 4
449 a% BF 1.63ml O,/min2 80% ol4tel 3§
27 ATl 425 Red Bol 44 xR g5

3

r)-

H oA AY Aol 2AUE FAslo] o] gL B
ot

22t Ahadl A Akt 4G RY Alolo]= ¢
22% g2 u®, 437t Adselor ¥ Rog vy
Yaololeol £ perfluorocarbon, S5 Bkl 4t ¥ ot Huiz
Ze Ed HLEAR PQo e oIft $ALE a4
71z dagursd e FHAA B UL 4383 &
FE 9E F U el RS0l ¢ Ao o,

Cunninghams (1979) 2 4ol & REE Qe &
S AP A A, a2z A2 AZAN F
3 & RES glefok Jdn F3Z5%9 2, Arun
(1982) 2 AL S 7 BAARR Aol AHAY £ 2
3, Axyae s, JeiaAe AR, A{73 T
9 83, 294/ AMRETY £AL EF + o2
B
E Aol 4asAAA g2 A AAAAE A
g FolAs AR Avids 4/ T
+ Bga/Ag A S vy L & 5 e}
449 Sy Ay oz gL Wdle £ 5
€ Ro2 Ho} HA AAEe] gAlA Adsn §
4B Yol 90F BEo dE5 2
Ay n)7d HEa S BolR|vt bl A3 4R
£ 443 FoAME AR ol AZEN  AY
#, Fd2A A3 29 4552 AY AAY 4R
ol 42 B2 Ao] ¢St o BEHoz AY
Aol A TEEF & & UAREH )AL JZ YA &
2 Akst A 2o AstEaote] A3AAR U
Aoz Hnsd

V. ¥ & ¢

HAEL 2 zAdA dA Atz e 3RS
100% 4402 EAA daBFag I/ F AR
3 Aol ATEIEANE Holeln 434 AAF
F249 pH, PCO, PO, d=#3F % FAXE
AEUTE AF, 0 0% P 90 o) 2F FH
FP ol F EHE 429 4w FAYARTE
At Aol vlAE RIEHE Qojugton, 27
44 sgs AAYeF o2 vlm, B o2 P

< 2AES 2
1. 43l 44z def pHS PCO,+= vl 443t 4
A APz vl5std o}, PO, 650.7£18.5mmHg 2
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vl a8t AAA ] 4ujel BRos UYLFRHIPE
2.0220.05ml O,/min 2§28 ol & B

2, ATolANY Aatwak 44 FEFEFL ALH
A A o] & AH23 Fol A 1.63ml 0,/100 ml £}67.32
%2 ¥ AA# YA xR 0.11ml 0,/100ml 2 17,91
% 2o} ®A3 wgton HY4 AIM 3514 AA
o AHE A A7) 7ol FEG F A

3. ADAAYE §2949 pH, PO, PCOe UT
B gEa g 25158 AN Zade ol di
AR ARG Fol A BN 90 P pHE 6.51%0.
12mmHg, PO,* 54.7%7.4TmmHg2 @A 3] 743
3 PCO,= 56x8.6mmHg 2 4¢3ded Ab4A-sl 4
A ol-2 AHLE FolMde vlnd A4 H4E B

4, ABPAVEL] FAAE ¢ FE 2FAA4 2o
% 2718 2ot B4 Peged, vliast 434
g o] £ FolAdE EARY 90 Fol v AHAH
Z71E Ry ZEY olfolE 2 Helst

5. AAYR A 273 d4as 4¥AGE FIE T
AL 0ES HEURIE FBF AT TERY
BEHL Bgov, vl iad 4FAATAAE AR
271e B, ARA e Ay} F38, 2YLFS A
W A7g Arde FFY F AN

ol Az e AYAATA 90 F olY FARY HF
o 3ehg 83 ASolE ol & A4 AW
2 A Qe E9HF St ABA AR A A2
£o] 42T HFHY Ao A,

PAY
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