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Experimental studies of Extracorporeal Circulation by Rygg-Kyvsgaard
Heart-Lung-Machine, Hartman’s Solution Prime, and Moderate Hypothermia

(Part [ : Observation in Oxygen Consumption, Blood pressure, and Blood picture)

Heng Ok Jee, M.D., Kong Soo Kim, M.D., Young Whon Jung, M.D., Yoon Ho Yoon,
M.D., Kun Ho Kim, M.D.

Department of Thoracic Surgery, Medical School, Chonnam National University
(Director, Prof. Kun Ho Kim M.D.)

Total body perfusion using Rygg-Kyvsgaard Heart-Lung-Machine, Mark I, Polystan was attempted
in the dogs by the hemodilution method with total prime of buffered Hartman’s solution and under
hypothermia.

The first of all, the functions of Rygg-Kyvsgaard Heart-Lung-Machine and the effects of the
hemodilution perfusion by buffered Hartman’s solution was studied. At the same time the changes of
blood pressure, oxygen consumption, and influence on the blood pictures were observed before, dur-
ing, and in 1—3 days after perfusion.

Hemodilution rates were the average 74. 22cc/Kg(the ranges of 67 to 81 cc/Kg) and perfusion flow
rates were maintained in the mean 62. 6cc/Kg/min., Although it was possible to check up to 87 cc/
Kg/min. The total body perfusion continued for 60-80 minutes. Hypothermia was employed between
36°C and 32°C of the rectal temperature.

Arterial pressure was ranged approximately between 68mmHg and 149mmHg, but generally, it was
maintained over 80mmHg. Venous pressurc was measured between 6.5cm H.O and 11.5cm H,O. Opti-
mum oxygenation can be expected when oxygen flow into the disposable bubble oxygenator was mai~
ntained approximately at 3.5 L/min.. Inthis way, the oxygen contents were measured in the mean
value of 13.11-0.56 vol. % of arterial blood and 8.6741.08 vol. % of venous blood(P<(0.001). Under

this condition, 4.78+40.86 vol. % in arteriovenous oxygen difference and 2.974-0.62 cc/Kg in oxygen
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consumption were calculated.

According to these dates, it is as plain as pikestaff that excellent oxygenation and good tissue pe-

rfusion was accomplished.

Erythrocyte, hemoglobin and hematocrit were decreased about 38% during extracorporeal circulation

and these were not recovered until 1-3 days after perfusion. These decrease was resulted from relati-

vely high degree of hemodilution rate and no blood transfusion to compensate during these experime-

ntal studies. The platelets were also decreased about 76%

during perfusion, but on the contrary, it

was increased proegressively after perfusion and in 1-3 days after perfusion was returned to the con-

trol level.

Leucocyte were also decreased during perfusion, but it was increased progessively after perfusion

and in 1-3 days after perfusion exceed the control level. This increase was resulted from postoper-

ative infection of the wound, but its analysis were not changed significantly.
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Table 1. Estracorporeal circulation with Rygg-Kyvsgaard Heart-Lung Machine, Hartman's solution
prime and moderate hypothermia.
Body Weight | Priming Volu- | Hemodilution sﬁl;futseion Flo- Temperatu | O, flow r- Durqtion 9f Pe-
. 7(Kg) ) me (cc) 7 (ci/Kg) 7(cca/Kg/min)7 re (®)] B ate(L/rmin?i rfusmn(mlni)h~
No.6 17 130 | 75 56.0—73.5 | 37—34 35 | 60
| (64.7 "
No.7 16 1300 ! 81.3 68.8-—17.5 36—34 3.5 60
(78.1
No.8 27 1950 : 72.2 37.0—55.5 34—32 3.5 60
| (46.2) :
No.9 21 1500 : 74.3 64.0—82.0 36—34 3—4 80
| (73.0)
No. 10 30 2000 1 66.7 36.7—61.7 37—35 3—4 60
L (49.2
|
Mean 74.22 62.6
SE+- 2.42 6.22
P - <0.001 <0.001

v Roller pump, siliconizid plastic deforming sponge
7} £¢13] & disposable bubble bag oxygenator, Heat-
exchanger, Cardiotomy suction, Bag oxygenator <|
BEACEGE, AT 2o BSIEY) miks =4 #
Hisrt ZHA Elollel A A Al o] 2k el A A A F o
A

Lol Oxygenator, Heat exchanger -1 5L Pol-
il ffoll = Hartman IGCH® o2 Fhits)
o] kol + Sodium bicarbonate 44.6mEq. & A
7} &ted A A4 AL Buffered Hartman's solution o] &+
g7 9+

PHilg-& Lis4lhpvIe A A sk §#IR Cannula 2fd
= ALTE Bele TR &4 HASL Ll
2 WHRMAIsEel A skl o MRS Gravity dr-
ainage 4 Oxygenator 9 collecting chamber o] %
WA A7 Jik(syphon FH)E A-&slgdsh. BE
Cannula = HEEBAkT #HASZ LIS BHORMY @
Bl 44 sldm, ZE [ifgole KW =8 HE
aheleh. LM EIRS} ikl £ Polyvinyl tube & ##
ATFE BHUREES} AFAREE-S  Weheulel] o) $3igic).
Heparinization & ##§Fik Cannula #i A 54§jo] Hepa-
rin 2mg/Kg & ¥#HEsIg 2, Heparin & B ERC] &
b Protamin sulfate 2 fofil Al Zlck. Bl HER
g 36~32°C & AR S-S RSk e Ll Ret
= el ¥ il#sel Heat exchanger 5 o 23l
A i & A HA B g 44
bl B4R ] Ebd Lkl FeollE mwg-e
2143 Bk Cannula & %-3le] {EASHE EHE Cannula

yvinyl tube 2]

L HdiEld el ofw HAMEE

A48 AL,

BB X
1. CHiggel MIERRR

HRAREE & A abshd 4

LIRS Z5A17 FANE:& Table 13 Zo] $i:fl
of spebA HAENIE Sl o8 EiFeE AEAN A,
Lhlige]l TSR mEg-e (Ao Mk ok 4
B Oxygenator 9] #hie] <jsled whejx=d) 1300~
2000c. c. & Hartman K&¥ol deddd. mige
66.7~81.3c. c/kg o™ T¥y 74.22¢c.c/kg 2A L
MRS debdeh #@ABE miEe 36.7~87.5¢. c/kg

/min. o}u] ¥y 62.6+6. 22c. c/kg/min. £ 24 v mA
e MR E WARKE o] 5]
Table 2. Pressure of artery and vein
Arterial Venous B
Pressure Pressure
(mm Hg) (cm H;0)
No. 7 75-169 5.5-9.5
No. 8 | 96-169 6.5-7.5
No. 9 | 37-95 5.5-12.0
No. 10 65-153 8.5-17.0
Mean 107.25 8.98
SE+ 16.5 1.2
P : <0.01 <0.01
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Table 3. Analysis of Oxygen and Carbon dioxide of the Blood
Oxygen | Carbon dioxide
Sampling time in - e B
. . From Oxyg- | FromVenous A*V Oxygen From Oxyge From Venous
perfusion (min) enator Difference | Consumption
(vol. %) Blood(vol %)‘ (vol %) (cc/kg/mm) | nator (vol %)‘ Blood(vol %
No. 7 30 13.1 6.5 6.6 5.16 41.4 47.4
No. 8 10 11.1 6.0 5.1 2.82 49. 4 57.1
50 11.8 7.2 4.6 2.13 ; 50.4 55.1
No. 9 20 13.8 7.9 5.9 4.37 i 32.27 36.75
70 13.5 8.2 5.3 3.87 | 36. 51 40. 32
No. 10 27 14.84 10.78 4.05 1.99 : 27.71 32.40
50 15.04 | 14.10 0.94 0.46 i 29. 55 39.09
Mean 13.11 . 8.67 4.78 2.97 38.18 44.63
SE+ 0.56 1.08 0. 86 0.62 3.47 3.45
P i <0.001 i <0.001 <0.001 <20.01 <0. 001 <0. 001
LAl gReh FOBA MO Mupi - LhRse] B 2 57 dldded &A= 379 65mmHg 2 A1 @

m#FFtet Oxygenator 287} WYUK Z AAH T
atel S Eelkgioh #EAMGHL M L2 iﬂ)ﬂhw&‘l} RS
& A A FHRe wliee =4
ump 9] i E 2o 24 BHIR Cannula-,z %o]-
= BiRmel HARE FolE=ul 1T e iillike] 4
Oxygenator Z Fol W= & Filkmch: wHF Bhlkms L
AdtE Ff-g Koz gl
kg LE $1¢ H‘?}r‘u%ﬁ_’é‘_ 100% Mgz 3~4 L/min.
2. Oxygenator o] ARl vl mifgbs £t il
HEAE YT 36~32°C 7L 5l & 4L kg AU
FRom #AMBRKR-S 60~8050 A4St
2. BiFiREC| %E)
B ATIRRE - 4ol A &4 slgl el #Eho] i Tab
29} 7k, Tab. 29 BHNRRE(E MRS A=
BEo] fr FEio = TrealgS wlol  dfitiel BEMHR A
fioll MERRE MEES) AW BUNE FAIG Felvh
Zfll A Wany BABRL AAshd muse sk
7l AREL RS0 EBAKRLE BTy ed mEe
BTEe 2 st et &lgn BAFRe] A2
Mg o] W gel webd mBEe vhA] Asele MR
oz WEdlg = 280 BAmR el E A5
B BAARe R Bk mEL 3 stded ol
= BEAERS AT e 2o AT '34%9« Kl et
Aflr No. 73} No. 89 26i& MAHR-E A =7 A
Ao Metaraminol(Aramin) 2.5mg & ﬁik‘??&‘ﬁ] 7} &k
9 3 No. 99} No. 109 2840 4 & Metaraminol & &
ahA ebs FEBE-S wimalgdvl & EARReR
B -2 wle mMET o] WiKel 4+ 759 96mmHg

1515 A6 P-

x4 &)

o r[o e

& e ek

o) vl gl WM F iR —iifyal Blolglm iRy st
o g oirsla AR mifhre] Mmsled A s
Foargh myiive] el wis] 3 E-=olek. Tab. 1
vhebadk upel gbo] Y R El Al =
YN A-ED R ARClaL Aty BAMGERe R {5 o
Foll ¥AA o g mp g FAANAA MEE FHie) %
L0 BAMAE M el gl A B Aolv) o
A ol g mpiiire® = & s 5y 2] Heni~
odynamic & W $-o] Aeled A MK Fe] v

of) 4] X A e

ul] 74 A] =

Ao g A)zpE o}
Metaraminol & ¥

e AR MmEET

B} A &t Al 4 53 No.9
o] kAl 819l o]l = 75c. ¢/kg/min 2
?’L/)ﬂ- Mgl ksl 48 80mmHg Ll Ro &
B wled 2] 80FHD MAATRON = /:frslgl ok
°IL1'GJ TORIRA o 2 u] 7-9] Baf fiSHETRC] Aol A
el il TS %2 —AII,J:n’JOI Hemodynamic #)
ol osled HBLElr wl ol &8 S RESMATR M
feel Zek AAFE Ao AHelule AL ¢ 4 YU
e 3 el REfEe] 3+ %€ Hemodynamic
Aol A EmpE e 2o oful o AR
fi fg i a7 ks A% o4 7 9k
WHIRRE S 5.5~17. 0cm H.O & ¥y 8. 98+1 2cmH,0
& el ol A IR 2] A3 =
AL o 4 A3t k4] Tab. 1614 2upel 7}"] u]a

M e A i) A adgE AL o4 +

Drainage 7} #F o]

A e
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B P& TUE cannula 2f TGOl 4] IR Il
B IUFARIES] M-S 4rHRRY fe SRR e] Al Ahet
HFoh ur) AAel 2009 Fmste] EEES "L
HEEE Van Slyke [KJjiko 2 sl mEHme
4% Pump flow rate(cc/min. Do} Byiilimel mesa a:
#(vol. %) #FEkg) 24 $5ilic. ¢/kg/min. Y- e}

4ol Al WS XK BB Tab. 33 7ok
BRSO B2 11.1~15.04 vol. % M4 glod
i¥3 13.11%0.56 vol. % 3, #ilfme EEa RS
6.5~14.01 vol. % ¥4 gdow F¥y 8. .6741.08 vol.
%% WERA T BhERIRILS] MEHK B B2 6. 6~0.94 vol.
% WelWol= g 4.7840.86 vol. %ot} AR
& 5.16~0.46 cc/kg/min, W[ oln] ¥y 2,974
0.62cc/kg/min. 4] WA & 2~5c. ¢/kg/min. o] g}

AT Bt o] MKt o) MESHit e S 8
SMIEERS) WISk KM S BRI HEfshel W s
G HUAE A 7] ¢l No.8, 9,10, 904 B4
e rgfiiel Ae) R vl mely v
Aok BRI MY IR WE 13.24 vol. % A
< 13.45 vol. % 24 TRYE EREaE eglaed

MRS # i 8.23 vol. % KM= 9.8 vol. %ii4]

RO o] M frghel  wbiRAl Wale mias Mole
v, EREIRIC]  FEAEY W 5.35 vol. % K
36.61 vol. % & AA MAcl= Mg BT, B
Pehbel A E W 3. 06cc/kg/min. K= 2.15
cc/kg/min, & 2 MATE HiE BQAL. oleldd W E
of Wiak A FINS o 5 ¢l o Kimmi R A

MLl MRSl WA sk
o] obd ot A ztgiel.

BIURIDS] TREEMK A S 50.4~27.71 vol. % W ¢
W oo kg 38.1843.47 vol. %ol ., HRmS =
MALRKEE S 55.1~32.0 vol. % W Suloln 2y
44.631:3.45 vol. % o194 fRIRMme] LK Hhk
of utF gy g ok & vk zeld wiAlE EH
iR <zt ‘5%%([{1 A st fiits A7) o] Hol
o gle] A:frslgleh.

4. MAES] BEy

MRS e BF7) o HREE WATHR
MR, vho-& BAER &b 30~507, MAEE BT
B el s gtk 1~3He] 414 RSt AimEk, Hem-
ogloglobin, Hematcrit, ifi/h#, Bk %L 5@ 4]
A 4H & Tab.48F e o] Tab. 48] vepd #
Ifikk Hemoglobin, Hematcrit Ifi-h#ke] HEHE F4
HmmEENE Frysld AAAQl HEEGE A wd

w) o Ehte %

Table. 4 Blood pictures,
Changes of RBC, Hb, Ht and Platelets.

Sampling time RBC | Hb Ht | Platelets.

Control 615 | 12.0| 40

TP 30-50 min. | 316 8.5 23
No. 6

End of perfus. | 298 8.0 22

1-3 day after 285 5.5 23 132000

|

Control 515 | 12. 0‘ 41 130000

TP 30-50 min. | 285 8.5 29 20000
No. 7 |

End of perfus. | 316 7. 5; 27 24000

1-3 day after 240 7. 5| 25

Control 4751 11. 2‘ 36 98000

TP 30-50 min. | 275| 5.6] 22 | 47000
No. 8 l

End of perfus. ; 340 6. 6‘ 26 83000

1-3 day after ‘

Control 559 | 12.1 42 | 140000

!

TP 30-50 min, | 400 7.0, 27 40000
No. 9

End of perfus. | 500 | 10.9| 40 } 30000

1-3 day after | 340 7.4 28 @ 141000

Control 552 | 13.00 46 | 173000

TP 30-50 min. | 364 7.6/ 33 24000
No. 10

End of perfus. | 404 6.2 30 27000

1-3 day after 375 9.2 32 65000
TP: Total perfusion

Fig. 13} 7.

MERE ook 7ol 4 <tdnd FHimuik Hemogl-
HeAER ] Hide] o84 A=
Ag WA & AmEke} Hemoglobin 2 38% Hematcrit
= 34%2] BAE vebiY Aol MEATER & T =
b7t HESE g Rolurt Wi 1~3ReE oA
2k WAEE MENS Vel o

o] ¢} o] imikkel Hemoglobin Hematcrit 2] 4
b Ak Yebd 212 LIPS Hartman's 3% qte
B s s o] vl Fe mifrxRe] dd&

obin Hematcrit +=

.4*73*
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Table. 5. Blood Pictures, Changes of Leucocytes and its Analysis.
Sampling time ‘ WBC . NeSter% %) Lymph. (%) | Mono. (%) Bosino. (%)
— ) ) o

No. 6 Control 16400 78 16 6
TP 30—50 min. 7300 78 20 2
End of perfus. 7150 80 18 2
1—3 day after 32400 | 78 12 4 6

No. 7 Control 8500 65 29 4 2
TP 30—50 min. 3600 66 28 2
End of perfus. 4700 82 17 1
1—3 day after 11000 86 13 | 1

No. 8 Control 9800 60 36 | 4
TP 30—50 min. 5950 48 50 1 2
End of perfus. 11000 76 14 10
1—3 day after }

No. 9 Control | 7000 78 16 3 3
TP 30—50 min. ‘ 3800 92 6 2
End of perfus. 14200 62 13 6 9
1—3 day after 37800 90 6 4

No.10 Control 10600 86 12 2
TP 30—50 min. 8600 92 8
End ofperfus. 15750 96 2 2
1-—3 day after 33100 83 14 2

TP: Total perfusion

AE Fa¢ BFRE o4t fiirpkme] g &imeol ¢l
dae AE & ddelzstz 448 BHER do=
il A Wi A geleh. §8 @gEE] T
#® A2 fihdmel A mmHFl AAFTE Rol
Z Kol ek A 73Eet.
o] BB RRAMEIRS  HEfTol whek 76%] W
€ HEpiart AR BT 9 A shed 7
A& FmiRe vi5d @Eoz MEGAY 2 o] F
o] #E)e Hmkete w2 AR AS Frteld A M
#%1~3H = fife] ZHghA FEggele #EE e
et

mmEkel #E)S s ER it @ of 122
4 SSiet BAKRR B TR S MR A

Q/d1.% ( 1 X10000)
Hb | H1 JReclecPiot
131 464560 26} 13

1422{3e0t02} 1 } v \‘\BBC
. i \ M Fovela A4 F7ksld A itk 1~3Helw K
Control B iodon  Pertucion lﬁv"fy 27t U FAE wol: MENS yehdch (Tab. 5)
T el ol @ FAhE THifGEe] mikel @ K
Fig. 1. Changes of RBC, Hb, Ht, WBC and olet» Azged. mmEke] Rl & BHUE E
Platelets. o] lgle}.
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LMifEe] K2 Mol 7Hg Aol ek %
& Zuhdi et al” o] HBEELZA uiHdzlon 2
F o BELo] oA RS FIAY %I} K
KRl BE HozA amEEIE NFBRARE
o Bl vl % Evte Aol wEE e AL ik
Ax FRE v

Zuhdi et al® o] g o7 5% Dextrose BREKILE F
el BRI T low volume perfusion rate 2
LHERE 7HEA 7 te] Fobe 21E wassda o
o] 4 Greer et al® Panico £ Neptune” Long et al?
De Wall® 5% 5% Dextrose B#-S FIFS mHR &
NRE PEEHH T ez ke & Rge
dgldln wrgslglz, Cooley et al¥ = 2mFEEELR
196360 2] PRk METisled oub7b ABAHAER RfEQ
MHfbel FAE M2 59 WEIR mRmime ¢
d SETEdd mEE oSde whige] Bade
A5 WIS Edked 5% Dextrose ¥ FIA
et duA BESTFd] R 126009 EHEAE
wEakdd 2y GE EWHELTS LS R
A7l & KEE Az ekl

Mm¥-E RN THW 2B 5% Dextrose | 2
gko] ohr]o} v} Hposs A% H9lcl. Hepps et
al® &= low molecular weight dextran(LMWD)-g #*Ig
wo 2 FlF B HGR) 4+ Pulmonary postperfusion
syndrome o] 3% ¥ ol A HEREWS /L7FERe] ¥t}
2 wakgleh. Roe et al® & LMWD & FHIKLE F|
s B R 161610 BRRB.LHl A b 576l
Ht 7} 25% L F7 E =& LMWD 2 iR #ame
B 1040 mEE s LMWD & Bado #5813 Bl
WS vl Pl 5THF) A M4 hemoglobin, #F
tiim, B&OHE mERE 2oz &mad A7)
v RS WA AA skl A mmmEe] 4 3
ta ## Ak Neville et al'® & disc oxygenator
o] buffered Ringer’s lactate ## 2500~3000c. c. &
HY mAREABR 2 HOHE A4S 136829 K
ABERD 2L T LGNS ag BE
Bt gEel 4] Mol /ELBBfoEs L, B RERl, m
MR, =El3 EEmAE hemoglobin %8 BAT £
B OFElA F& BME Utz 2NFE vl
buffered Ringer’s lactate ##e] ®x} /:Bifo] oo}
3L skl ). Hirsch et al'Vi= disc oxygenator o] R-
inger’s lactate B o2 FIHI miHfE #BsAHERes

ARG BGK 4069} e Jipkow 15pme] Aol g
B Fel4 mE HERES BEY #RE 2mFEs
ke vl EWRIET MABERIAE 32 B
3 BEE dovt B mHR dXEE AHTAAE
Z M FEHge) PLgsHE etz Zalgle. 29 Lillehel
et al'® Burbank et at'*? Dieter et al'® % Mm&H @
HIMARC A £ BHE Az #x el Ne-
ville!® &= #&o]= LMWD ¢} heparinized blood & A}
L3 Hme] 71 dlgerng o 5% dextr-
ose BHHKE A-gstuly] 264 A% hyponatremia
st hypochloremia 7} #4315 7] = -Eoll BAEE=(1964)
Ringer’s solution € AF&3 3 wtslsith.  Cooley'™
£ 5% dextrose o2 HET BAREKSZ TR
BLLH 35060 A F& M-S A3l #skslsh. Roe
et al” & WA o 196(e} 4 LMWD & AHg38lx] $3lv]
Y Wigiimel F8og Hd 7] Wil LMWD &
AA Agete WA 253 Fe gEreE IEE
pH & 7}x  iso-osmolar solution-& #Z 24 FEIREK
o2 A2 gl &, 1 litter r mEq B 2 Na-142,
K-5, Ca-5, Cl1-87, HCO;-44, lactate-21, osomolarity
295~310mOsm/L, 28] 3 LMWD &= ®iE¥ #8°) 2%
7t H2E Azt Aok

e YLagel Jehd 4F e ¢ 4d
A AN K& el mkE fAHse BAEe=
Hartman's B#-< AHdslrt. Hartman's ¥E#H 1000
c.c. o] 5% TS B2 Na-130, K-4, Ca-4,
Cl—111, lactate-27¢]c}, ¥ x ififisl L 9L buffer
24 lactate 7} 8" AHM BRERRC S Al
A Adala Ake] TR Z A4S s

Lofhgee] G, mHBR 2 flow rate o A3
#A 5 A v Hirsch et al'’)2} k-2 Ringer’s la-
ctate 1000c. c. A A FHiste F-&-& W 2d v
Z7}ste] 42~110c. c. /Kg F¥3 62c.c. /Kgel mifH
24 40~60c. c. /Kg/min. 7%#3 52c.c. /Kg/min. 9] fl-
ow rate & F& EHS 4o, Hepps et al®9 1f
B5°] LMMD %% 1500c. c. 2 FH{3l 3L 70c. ¢. /Kg/min.
o2 LIRE HEAAA §& HEiE d3ler, Roe
et al” 2] HE S Ringer's H¥ 1000c. c. = FiEsI L A
g gtk Frha R 85 ¢ /kg o mEERRAAE
#1747 AU deig o

#xo] 739 1300~2000c. c. (¥ 1610c. )& Tt
&F5L 66.7~81.3c. . /Kg(H#3 74. 2c.c. /K)ol Mff ¥
TeA  36.7~87.5c.c. /kg/min. (F¥3  62.6¢c.c. /kg/
min. )9] flow rate o] #AHERe 2 sl T 4
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FRE Tl MR ES
TGOS, E-& MEEFET low rate ivte A& ¢
4 Stk

2 BAREHLET 4e BHYRE 1ohe ¥
& MFEBE £ 25~50c.c. /kg 24 40~60 c.c. /kg/
flow rate & .LI#RE 7TEA71 L 9+ Hel

o] o (11.10.9)

De wall et al® ¥ 5% dextrose KBRS #4iiX2X24
X1/39] fo2 Figstn EWRE 32~30°C. 2 LA
£ 7HEA1 A9 flow rate 7} 20c. c. /kg/min. o] @ i }f
7b WiBlskeel  80.c.c. /g/min. ol mR7F §Ilvha
ek olud A& & LT A 30cc/kg/
min 2] flow rate ¢ = [l Feolw #43 flow rate
b "ete g gk

eI EERA Slol A @4 §5 3+ metabolic acidosis
= 7h 2EEE AUHES Sk o7) el Bk
ol o1& BB 3] HEle ®e Bhs 715y 9
ok ool ¥t FAZ MolA X mdhiiiaohl iR
L] oS By ol Re) WA e 4
AERG 2] pH 9 buffer base &= perfusion rate,
A, mmglt 5o L HelA W FIr] w il
metabolic acidosis ¥ [+ buffer base o] Tk /b o]
gl At A

Hirsch et al'® = KR  B.LMiGlo) 4 = Ringer's
lactate B # o] sodium bicarbonate 44.6mEq E 4o}
A i S 2 B EBdAE 2604 sodium bica-
rbonate #{-& tromethamine & FhEykA #im sl ok

Neville et al'® Dieter et al'® 52 [EKEHo]A
Ringer’s lactate S # ol sodium bicarbonate 44. 6mEq
£ Amsle pH7.8 2 wt=ej4 HAMERS 446w
oo wepd s 5 o F71g Hfls s &
S1¥F. Hepps et al” &= By Ecsel A f5HARF sodium
bicarbonate 88mEq & 4 % ¥}. Roe et al& pH7}
6.95 = LMWD=2] itk EMARKo 2 AT #4
PR A = acidosis 7} WAl St el Ao pH
7.4~7.57} Bl & BEE +& g -&uE acidosis 2
AT QT geld . oleld Al BHE HE
WL Aasted #HE S-S Hartman sl
bicarbonate 44.6mEq S #imsle] A A buffered
Hartman’s o 2 wl=el 4 sz LIRS 2%
AR 2 AR MR R =y o G dhged vt
FLAFRSE Hebdleh

BAMAER o] MRE-S MBI, MUK, ARIERS
Bl RMmAPEH 5o s ded Mm-S MRl

wlarshd vl pke.

min, 2]

sodium

A s1g WA
£2] sl o]}

AMFEHES] ARE A o) s 7"@’5’}7“
HEFF sl 2ol = Tigels FF velve HRMAME
& (systemic hypovolemia) 22 [fge] Flfsl: »‘J&%
% Gadboys etal'® & homologous blood syndrome 2]
- {la olub whebwlAl AT BayiiEE mALE wE
skl e). Cooley et al¥ = LmaxEi 3 5% dextrosed]
MR IRSS Bl v ZR3ATd A3 5% dextrose
R e) fmidrel A1+  homologous blood syndrome =
vebubA] gdea deldwt. ey S AR
kel gl A ER ] AlaEa —Rfyez mEEo
Helgdgs AL 24 deAUdE Aol

Hepps et al® = LMWD & F83 i o
o Byprikrel A A Aede] Mgl  LTHER el g B
1k 817] ¢« aramine 2.5mg% FHE®El FHmska
70ce/kg/min €] flow rate & 0SS ZFE5A g8
FyifkE 100mmHge) o] o vF 2% 125mmHg 9} 150mmHg
B #EkE sl el el vl Neville et al'® 2] jpREL
£ buffered Ringer’s lactate & F5i5}3 ¥ 50cc/kg
LMigE 7HeAZvl o] 30~
40mmlyg 2 #ifEl o] 4 RmAHE 2olys W e e
Aot Pt HEEKRTE W3l De wall et at®
I 5% dextrose ¥y FHIE AR A AR
BB Azl mhge] ThRSHE cutdown & 5-3le] 50~
100c. c. ©] #gifie] B 2 ¥w % Q7 flow rate 7} 30c.
c./kg/min. o] Ewrdbel FlBELE7 32~30°C = 2w
7HA WA 7w el BhA mERe] #ikE ==&
Shg il BHLH DY e 50~60mmHg AFz ik

BG4/ il TSk .

/min®] flow rate %

9&1‘»} igi;éﬁ'iﬁ Fhiwel aramin & #Sng B3} aramin
S HSkA ¥ e vimeld el LigE 7P£/*1
el "]Zoﬂﬁ Wit 4] whke]l miBge] TFRESIA

aramin i JIJFE-2 4t F 75mmHg 7}A] aramin T{y‘:}ﬂﬁw
eV 37mmHg 7A] Rl . el vk A B4R
Hell 4] 20 fAAReR Birdte w= AX=
flow rate 7} Ab5sled FEE Mgl ==sbd &
SRRy MG Ageld miKE F53] AgsledAl
aramin i JiTE o] A& 160mmHg R A £ 95~
150mmHg 7} #ifps] o} A ETEZRel &= 280 sld ok
BLh gbo) HEAMiBhe] mMEAREH-S- RS %
B B AANGIE F2h mi R i"é“}"ii
el Aol fv AHE fifs & 4 gue AL 4
T+ vk mMEREEH- LT R k2l JM’Jf’HH# B
PREYPEIGO] o) 8 MRS el BUE ST, AT ol
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olelvhe Mol Sk & desbACE WM SR #
#l Bk, Sarajas et al'® o] o35)lw A BRI A BhiaF
ik shunt & ifiste] Mol /E-S wowd KmEk Am
B M/ EellA  adenosine triphosphate(ATP) ¢
serotonin ¢] FrIghg #A ddon] o] WHEE A
3} vasoactive % o]® adenosine compaunds & 73
B mAFsRELETel Y. FRimEkel £33 ATP 7 %
£ Z1& o]m] Chambless et al'®? o] F93 351t}
Replogle et al?® &= Alatol 4 HABEHES EFMET
o AAsPE 43S epinephrine ¥} norepinephrine
& &% o 8fte} Af5F e AAE L UEE F
ckgleh. Margraff®” & HHERS Gkt o)
o] w7 H ™ {ufyslLglxl histamin o] 8] BrehiL
el ot

Kinin & vpo]l 4 % bradykinine] 7} 783 im{54%
W AHWME olghE2l& Nies et al™® 7} S92
kinin & kallikrein ¢] kininogenel] ¥ 8k @ #:fElel 2
ahe] wheolAl . kallikrein & i S5 wklgel G
Mo = {Efgehes & Brdos®™ 7t Fw gbgl . 1
At kallikrein 882 kallikrein {154 (activator) = 1H
kAl (granulocyte) o fifigkvl& A& Melmon 7}
Cline?® o 9]¢lo] {3 el Lees et al® = [l1-5}
e hEE firdle] pump oxygenator o] fEAHIER
o glol4l Mgl HifpEml BRIl A kallikrein o]
foE o] A MM kininogen o] fJTEle
kinins 7} #FE2f A 4] KMMATE Sl MA T whghel
gletxm atgl s, o] kinin o] #EAMFE bl okr| sl m
T 5 A (blood flow ridistribution) & &l sle THE
#o] shurh Bl o BAHER w0l KR
FmrEde] P KTHA lgwlel 2y Ble] of
718 7hgA el Butx Wl e B KES WA HERN
EHRBMTESC 50% WAt AR Al <43
W AR LHEed mETHSE B vasoactive
substance ©] fEIstel = of el 7bA] HEte] el o<l
o o & erthi FIH .

FHEETE LLBES Astd LMRE HEAA
AR EARERSE Al el vEie mETR
of tlate] A= HE#YE BR SAYL KA m
EEF) M EhE FEETSE A A
B OmE RS M AAA MBS MEA 7] 2 MRS
£ ryelgdet. 28 m BATER & TR Bom fat
Mikez BIAZIE AFnvte AskA govd oy
MEETRee] el o
ol Y& M-S AY 4473

MR o

circulating

(hemodynamic)3-

+ pump oxygenator o]
A Tdozd mEE [

—7

sl s WA elglel AmikE Ha gk

mae] BFEREEC] mFRARED odAdE Kl
Bke} hemoglobin o} #i/ 3 wtw]ole} H@Myo 2= 4
do]l KT EA ] A=Y ARGl A= 2 MKk
3} w2 HBS Jehi 2 9ok Hirsch et al'™ o] m
mREHE. R BARRS AT AMEBIAA s Bl
37°Cel A ZFE# 70c. c. /kg/min. 2] flow rate o]= 2.3
~4.5c.c. /kg O MERELEEAH  flow rate 5 F14]
22~28c.c. /kg/min. o]® 1.5~2 3c.c/kg ] MEFKFL
ol ook B 30°ColAdE we flow rate dulE
37°C aj Bet: 97k w2l A I 25c. c. /kg/min o] 1~
2c.c./kg o] EFEWEE =Hth ®WE 20°CHAE
MR S flow rate o]l 0.7~2c.c. /kg o] 3L
ke flow rate o)® 0.4~1.0c.c./kg 7} Sdeh DAL
LA Mol FTHISFE MAME niifd BRI T
E MERERY Mo gde 2 ¢ ¢ I = KE
o] 40442} EEIRTRPAA  MFERE  25~52c c. /kg,
Mk ¥ 52c. ¢/kg/min, il 33°CE BAEERS
A A Bhl el MK A 1.2~3.3c. c. /kg Sdl
71 Senning® o] W AM KA RmFcH TEEERIE
35~60c. c/kg/min flow rate &= HAHER-S AA &
W HETeLe) 1.0~2.9c. c/kg QA w58 Rt
oleb. Ll:% Z¥obdl mMAMIHKES Rmfikel
Hate] Rl 4t WolAl e 2 g BHeE
A ¥Rl QEF dke Aol Frhe ek il
ol AL wEA AN LEE Qote BHE AtE
Ae G459 oluld HwES A ¥ 4 e A
MEBEREA A nfEE~ Ry 8] ool K
MEERe] RiFst A ed 58 mphHE EoiAlE
firme] gl AHTAAE KigmgEFEe Febe AL
Reemtsma et al?” o] wutalel 3, Roe et al® & Ml
b WA mEfkel Qo] 4 bubble thickness 7} gl el
A7) w Bl Mgkl RRddE AL MMkl
RIS, Wste] Sl AHpEla EFHe| tension of
W slgle] MEETE Aory 94 e w@sisl
oh. BhETHRImS} MEKAEY ARl glolAl KM
R & MAMmEme je-g Bikshe 21e Roe et
al® o] 2N MARRE I B IR BIE
oA BhFNEMSl MR E Estgle]l vwikslldhal
13l5it}h. De wall et al® & 5% dextrose eS| ik
Britke 2 BARRE A1 BAAAA Bkl
o mFEE FHdd 4 7.1 vol. & $5 St
st ol HaHo] BB I TF0.94 vol. % i
6.6 vol. %" ME 4~5 vol. % LII& fERcleA
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Zi‘:i"ﬂ 4,78-+0.86 vol. %24 60~805 MY #s1EE
F& EFFEE veblleh. ey Tab. 3& 4 ]-
°q_‘;'_“4 feorEER o] TSl webA BhRd BEHK {1kt
a2 glot @RI REd el st A BhERIR M
EFE7 WAk A BEEA ] Hse e Y
Wi e A4 G5t wdebA EAERE 60~80
SR A o ZRAZW AfERA &g nAs
b B Wkl BiER ez o Afole MK
HE filstd A BEsled ol §R o2 Q431
MR MAHERN A= ARk, hemoglobin,
B ol mEHA EWE UTE M
Ll ol = Rigst mugdk, EFEERREC] R
3} I shehe A8 oln] BRIET EHS KA
FRIMER, hemoglobin, hematcrit & 34~38%<] M %,
M-S 76% < WMAE ebl 23l ob. Neville et al'®
= BRI A A fuFEiRat Ringer'sl actate # -2 v] &
gu} Ringer’s lactate & Fig 3 i f B el 4 hematerit
b N 41% 9™ Fol MWAFEY 24% 2 MRS
Ax gt mEEARELS A Ml Mo
v iRl mgs el A wRavEi el sl fitkiimo)
A ik chest drain®) PrHiE Aol on] &
mske] & + e KA TSR
A o] gdalx, vF} pulmonary posterfusion sy—
ndrome® %. &5} 3, Jliflskd: 8ol A pulmonary vas-
cularities = 88{t7} A o2 vebhA R R AN
o] Zfiell Mkl JEAtel $-3hehn waEtgleh. cooley
et al® 5o 5% dewtros FHoZ KT HIKTMHH
o] 4] = hemoglobin 3} hematcrit &= %k 248l = 5
2akrl gl 48rFMIdl = o7k Wi Aol itk
77X % 4§ A= & hemoglobin 4% 10. 9gm/dL
hematcrit % 33.3%1 vt ol=l& EFHE ekl
MirE KEe mERY #Bri(overloading)& ¥ 317
98 A \mpEFEY ®Ag Fol7l flckd Lol
& ACD blood & &imn-g& WHEE B A7t 337 o
Tolgta Btk Ko A= RMIR, hemoglobin,
hematerit & #i FHo® MiEdE #Es TR
AE Qo] g Bi-s TAURZ HEA Aol
Hepps et al® 9] LMWD kel 2% ®ES N AR
o 4] hematcrit ¥ W F7} 16%%ew oA nt} TR
TH: @uie ko]l TSR el Diete
= 444, BEIRB el Al 5%¢] hematerit 7} 20
% TR THs9”) o F] ACD blood & 344 p-
ump oxygenator o] F7} dtgl=F @ eF  Cooley et al®
£ amFEHEkd % BARRCR FM 136349

hematcrit,

B, cyanosis,

r et al'® &=

FIROISE nAstdel 2% B HE®B, 20l 2 dispos-
able oxygenator ¥ {#iJi{5}3. 5% dextrose O 2 #
Blelx EWHEALTS BAREReR HLWE A3
WHlS REET 43€ Tsld mEBtmkd o
RsMER S FIEE &3 ol W Slgd=. @© hepa-
rinized fresh blood & 2Eko] ¢ivt. @ MAFMi
N = 4+ gk @ AAF BAE HAT ¢ Ut
@ Mikitme WAPA7 2 = Wik OB, Y A0
g WAL ® FX, D,
5 OUHES B ® BHe] mEEne e
BEE AT @ MRAAE F28 Fiio) s

#*

LMi%% Rygg-Kyvsgaard, Mark IV, Polystan, o] H-
artman’s %o T, HRE BHAT AT A
LI ERS] HAbE ] MR, mMMERE ¥ MEEERE
a2 RS fEiRel =X A%EE BHE] 4
o] BHIERGDE AA S 5 e REE o
et

1. Hartman's ¥#el 213 mufsf-< 66.7~81.3c.c./
kg 43y 74.22c.c. /kgolm i E-S A°Ey 62.616. 22
c.c. /kg/min. o] g o v} fii iy 87. 5c.c/kg/min. &) ¥ B
AR fwA ¢ A L Pkl MAGR] A5k
et

2. BIRME-S aramin ¥ AIELS 75~169mmHg, aramin
MRS 37~153mmHg ¢l o+ ¥ % 80mmHg I &
MEFte Al d:fERelE MRl 227 o BRIREE
£ ppelA 5.5~17.0 cmH,0, F# 8.98+1. 2cmH,0
o] 4 venous drainage 7} &13]¢ o).

100% M3 3.5L. /min. © 2 {45
shiwd el Byfkmo] MEKUES F# 13.1140.56 vol.
%, WRBEMS] MEHWILS iy 8.67+1.08 x0l. % 9o
v AR MM Y 4.7840.86 vol. %ol
FEAHTIL & A88ge] 2.9740.62 Vol% . BlRme] —
FEfbic R lust & 78y 38.1843.47 vol. %°] 3 #FlkM &
B 44.63+3.45 vol. % 14 RFF Mt} o F4
2

4. HIER, 7t
#4% 38%, 38%, 34%Aom fiith 1~3Hl+ £4% 42
%, 38%, 34%=2A MEAE 71M0] AH YA m
MRS AR R BRI T6% 9 o Witk 1~3H
ol 14% MAME lifetA . "MKRE iieh 44%°]
MoE ndev 25 AA e it 1~3A)&
wiEirmel 2f%7t = e

incompatibility

B

3. Oxygenator ]

hemoglobin, hematcrit & #% &
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