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= Abstract=

Comparative Study of Membrane Versus Bubble Oxygenator with Relation to the
Changes of Protein C System in Patients Undergoing Open Heart Surgery

Kyung Phill Suh, M.D,, Jhin Gook Kim, M.D.
Department of Thoracic & Cardiovascular Surgery, Seoul National University Hospital

Suhng Kwon Kim, M.D.
Department of Internal Medicine, Seoul National University Hospital

The protein C system is a natural anticoagulant and profibrinolytic system consisting of protein
C and protein S and thrombomodulin. Because the increased fibrinolysis and the decreased activities
of coagulation factor V and VIII are observed in patients undergoing cardiopulmonary bypass, which
are known main effects of activated protein C, we studied the protein C system in the plasma
of patients undergoing operation with extracorporeal circulation (ECC group, 31 patients) and without
ECC (control group, 10 patients).

The nature of the enhanced blood fibrinolytic activity that evolved during extracorporeal circulation
was characterized by significant increase of fibrin degradation product(FDP) in ECC group(P<0.01)
but not in control group. The changes of protein C system also showed only in ECC group. The
changes of protein C system were most pronounced in the early phase of cardiopulmonary bypass.
The changes of FDP ane protein C system were observed in both bubble and membrane oxygenator-
used group, but the pattern and degree of change were quite different(P<0.01), i. e., more severe
in membrane oxygenator-used group.

These results confirm the disturbance of protein C system by extracorporeal circulation, which
is possibly activated by the contact activation between blood and synthetic surface. So measurement
of changes of protein C system could be used as a good method in the development of new materials
for extracorporeal circulation.

KEY WORDS : Oxygenator * Changes of protein C system * Open heart smgery.
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Stenflos'”oll 2j3) Cholet & CHHA (pro-
tein C system)© AU 2t -3 HAZ protein
C, protein S, 12| H¥3] A X EH TGS th-
rombomodulin® 2 FAH] Ut} Ao 1 o]
frol € thrombin®] A 7]H EHGM thrombomo-
dulin®] thrombing X2, thrombin-thrombomodulin
EHAE g3k oloofs] v]&F4ld protein
C7F 2443} protein C(protein Ca) 2 ¥ 3tch, 243}8
protein C& Z#ol & Sele] Eaj3to] phospholi-
pid micelles? €0 &4 CH =3 (protein Ca co-
mplex) & ©]Fo] AZuA Vel VIS &4
AA g 331 BHE YEEE B8 tissue-type
plasminogen activator(t-PA) o] A 4 (inhibitor) &
TSN HCZHN ARHa FAAE BAANG,
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(fibrin degradation product)®] 57} 53 throm-
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Table 1. Clinical data in patients underging opera-
tion With or Without extracorporeal circula-

tion(ECC)
Control ECC

Number 10 31
Age(year) 40+ 12 41+23
Body weight(kg) 55+ 1.2 57+ 14
Body suface area(m') 161+0021 163+0023
Operation time(minute) 196+53 276+ 14.7
CPB time(minute) - 128+ 11.1
AXC time(minute) - 80+ 7.7
P-CPB time(minute) - 41+591

Note : Values are meant standard error for each items.
There are no significant differences(p>>0.05) of variables
between two groups. CPB : Cardiopulmonary bypass.
AXC : Aorta cross clamp. P-CPB ; Partial cardiopulmo-
nary bypass.

#9141 morphine sulfate(1-2mg/kg) sodium pentothal,
pancuronium bromide (0.1-0.2mg/kg), 18] 2 N.O—0,
2 AnHE FEL, FF 3F FE7 (median
sternotomy) & 3t A€ S AldstH e
#-& 91314 Shiley 100A 712 ¥ 4431719} Willam Har-
vey hollow fiber U Cobe CMLY 284181718 AL
k9o AH&-3t 419 7] (heart-lung machine) ¥ Con-
sole 5000 with five high-speed roller pump®] 13 &
@ 2421 (line) 7o = Swank microblood filter type HF
6000(Pioneer Filters Inc., Portlard, Oregan. USA)E
A8ttt <3 Hcircuit line) = A 1 pint, Ringer’
s lactate &% 15ml/kg 2 15% mannitol(6mi/kg), ep-
silon aminocaproic acid(0.1gm/kg), penicillin(1000%+
u/20kg), sodium bicarbonate(12mEq/kg) & %, &
3}, ofof whe} A 9 F o 25% 9o HY T
EHE&AE #AxE Y43 N (hemodilation) & FE3
Aok £ A cH Foe FEEY AA (2328
C)E H&etglon #FFE 22-26 Limin/m' & #
Akt AAc#FY SR E Y3l heparin
300u/kgE 43R 1L, activated clotting time(ACT) &
Hemochron system(International technidyne corpora-
tion, New Jersey, USA) 2. 2 24 31HM ACTE 438
450% o322 FAEF JUEEF heparing FY3IY
2 Ae#FE A= ACT7E A7 HEE prota-
mine(3mg/kg) & FUHAL AYe&FgA e Al
Y583 (fresh frozen plasma) 5unit, 84 % 559
5-6unity FYstd FAFnAE FAgA 7 nat 3
on, A7) dolgle HE oA E2 T T
28 2-4 pint9} Ringer' s latcate £ 1-2 LS 9 3}
AAAEA Aurge] Hadh A4 AR preload) &
frAstaLzt st Fao] A9 AIZH2 276+ 1478
(491 150-540%) Hom Aol e8 AIZHE 128+ 1118
(9l 51-376%). t5H WG AZHe 80+ 7.7%
(H9 02¢48) 01U L, A& & AT HEdo] Sle
2418 $3] AltH(partial cardiopulmonary bypass
time) & 41+ 5949 9-125%) oI ATHE 1).
T3 FATH A Ul FHE Y, 289
ZR8t 35 50ml HTHe] 2¥E HYd FH
AASAT. &5 UANANY 28Fe AT
d322 Em 38+ 38ml/hr(15—120ml/hr) ATk A
Te& 488 ¥ AxY AE¥ S BHolv e

e o ao
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Ao, 8o o) 7A¥ A= hemoglobin
F%ol el A8 FFP, plasmanate® H.%3t A%
Ag FAH

Ao ol 4sta HAES APTE (A9
£3D)F 71EY 438 AHEY (BT
n_":_ 1534]i /}jy‘ﬂ/ﬂ Al;ﬂ;a:}, 6@“ zsxq)d /\Ugﬂ_é— Jlr
DA 8, AAES 190 AH L 42+ 234 (8
9 18-644), HFL 56+ 2.0kg(*H 9 45-70kg), A X
Ao 162+ 0031m (B9 147-183m) Ak &4 ¢
HgE 2 de 28 A1 ol ZF 17534
278 H{t ol& Hd= Shiley 100A 4H3}7)E
olg3ta] Aeds A A o5 ko glof
FEA L 229+ 1468 (H 9 150-360%) o1 2.m A
& BAIZHE 99+ 1145 (M9 51—-165%), tlEH il
AAAAZEE 55+ 6,65 (9 0—100%), FEAH S
BAIZES 35+ 718 (H9 10~928) At £ &%

UANTAA Y NG 288G 37+50ml (B 15—
7oml) AoH(E 2).

dhd erE ALY ALREte A Qedhs stgd @
AMT) L EF 1682 A3 AE8 18, $H4
Adgs gords 139, BEd 43 2al?1°tr1
W}-‘ﬂ AH L 40+ 284 (18—60M) Het T o] E9
A F& 58+ 1.9kg(H 9] 47— 78kg), A& ‘514%6&0.
03m' (?M 140-1.87m ) ATk, ol F &4 7y AdE
ggo A FAHL 53] 4N e 5N &
A Byt o5 484 Cobe CML A8/ &

AHE3a 1289l A William Harvey At8H7]E AM%
3ttt o5 b o] FEAITHE 321+ 2008 (H
9 240-540%), A FAITHL 157+ 1602 (H 9 114-
376%), WEHu ARG A7 104+ 1097 (H S 60-
244%), FEAHFIANTE 47+ 9378 9-125
), 9208, F&F UANT7HA Y A3HE S E 32 381
+59mlI(H ¥ 20-120mbD HTHE 2).

3 gz e 22 7HES AYeHE o83
G NFES AYLE 4 RS2 108 A
02 3¢t} o] 59 AL ¥HEY 39, N AAEFT
38, 5% 24, 71§ 28 9en AF L 40+ 124 (H S
19-634), A%< 55+ 1.2kg(H ] 47-69kg), A EH A
& 161+ 0.021m (B9 145-183m ) Gk F& 28
9 AIZHE 196+ 538 (9 72-340%) ATH(E 1),

Table 2. Clinical data in patients underging open
heart surgery using a bubble(B) or a mem-
brane oxygenator(M)

B M

Number 15 16
Age(year) 42+ 23 40+ 28
Body weght(kg) 56+ 2.0 58+ 1.9
Body suface area(m)  163+0031 165+0.033
Operation time(minute)* 196+ 53 276+ 14.7
CPB time(minute)* 99+ 114 157+ 160
AXC time(minute)* 55+ 6.6 104+ 109
P-CPB time(minute) 35+ 7.1 47+ 4.3
Postoperative bleeding 3750 38+£59

(cc/hr) 37450 38+59

Note : Values are mean+ standard error for each
items. There are significant differences(p<{0.05) of ope-
ration and all extracorporeal circulation time-variables
between two groups by t test. CPB : Cardiopulmonary
bypass. AXC : Aorta cross-clamp. P-CPB : Partial cardio-
pulmnnary bypass.

* <001
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A= 5449 e 8 2 (central venous catheter)
£ ol &3, FHH el 29 AU 200 RS HAS
At A3 A7IE ot AFEH (]38 Pre 1018
&) 5 oA R = A (018} Pre 28} 3) 3 #EA1F &1t
(inclsion time, ©I3} inc2}3}) ; 5™ s8] AU
F(Ae g HA A, o3t PreECColet &) ;3 A9
TR 3R, 68, 158, 0%, 458 ZHA(o]3t
247} 3m, 6m, 15m, 30m, 45mole}t &) 5 e a3}
A4S F A3 (03} Declampolt &) AY&83
30% B (A AL A, o8 ECCend o]t &)
FEF 1A, 2417, 1241 B3A(ol8t 242} 1hr,
2hr, 12hr, 24hr o]k ) At

AAY F3e $4 A Adse =59
PR HstE BAsIYe, AANHT HAE
ethylenediaminetetracetic acid (EDTA, 1.5mg/ml)Z
&N F YT £38(%, I3t Hetoleh 3,
925 (7 /mm3,0l 3} WBColgt 32 dA#4(7)
/mm3, °©|3} Pitolzt )& FAHsAL, Adede
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Aldghe 5o A AR Wsts 87194
8% dlsT(gm%, total protein)® ¥F <RH
Fx(gm%, Alb)E S48k

T AedFY gvra gAZuA Y wstE #
Z3l7] Yo Z2EEW AZH% PDE AFE4 5
(mg%, Fbg) 2 ZA4stded, A4S AHAF citrate
(02cc)7F Bolle Al@do Hol & SEF, PTE
02ml Dade Thromboplastin(FS from dried rabbit
brain)& ©]&3t9 ZH3HL(American Dade,
Aguada, Puerto Rico), Fbg-& Data-Fi thrombin reagent
(from bovine thrombin)(American Dade, Aguada,
Puerto Rice)& ©l&3te 43ttt PTE A3A 9
g A A HEE(%)2 XA Fbgd &

© mg% 2 ¥ASgu

Ao o of7|He Afh S FA3te
FHOEE ARaEAEY $%(ug/ml, FDP)Y &
& ol &A=, 9 BAE AHT 4 F slide agg-
lutination methodE ©|-&3 Thrombo-wellcotest kit
(Wellcome Dlagnostics, Dartfort, England)S AH-3}od,
101g/ml ©]9t, 10—40pg/ml, 40ug/ml ©|4¢] 37}
%oz FAshe wAHH 23 (semi-quaniative as-
say) S A3t

CA o] W3lE B7] 4 CAM(% of normal,
protein C)'% S (% of normal, protein S) 9] &% 2,
protein C¥= %2 antihuman protein C antibody(Ame-
rican diagnotica inc., New York, USA) & AH&-3F Lau-
relle] ZAE A7|HISEA Y (Laurell's rochet
electroimmunoassay) &%, protein S¥ ¥4 antihu-
man protein S antibody(Americal diagnostica inc., New
York, USA)E AH8-8F Laurell¥ mA}A 718 &4y
(Laurell's crossed electroimmunodiffusion)® & ©] 4
3te] A3 ATS®, Protein CAHIY SAHHUY EAl=
B4 pooled plasmacl] theh WE-&2 3ttt

3. 4H9 A

Ade $4 HASHAE ol &dtd EAFA
2y Ao e a9 A 2 5o
R8s Wals grlolei A FAFE total protein®
T Heto2 22t w48 gart ek 248 total
protein, A T2 F FFP, PC 59 #We F¢
m-&of Hetoll vl &) P28 A &3] wgs}r] of i

APE AT, AR 2 Het2 HAS g7 Aol 5 Bk
wkA A2 Stibbe” 52 Chenoweth™ 59 445
ot Het2 4% B g o83t £43
At

FAA2 = Mcntosh Apple 287159 FFE <
SPSS(PC*, SPSS Inc, USA) Z21%-& o] &3¢t}
g7 3 AR, g ay ek §EAEL C
dA A2 £4%9 sk, one way ANOVAS
AHgst] Azt mhe fo4dE ZARI, olE A
#7} AT R oA HslsertE,
Aoedsd dzadd At & two way
ANOVAE AHE-3te] ZAbst gtk 24z #-9 3F &pol 7}
A= 74 paired 2 unpaired t-testZ AHE-3} p-va-
lues TAL 2AFH p<0050H Fg Aolst
AT tgth w3 7| X Y438 AL 23 o
His7) 8 AHEE 79 e 2w ottt

o T

L AedTd 2z v

1-1. ECCT A g7 3 AR w3t
719 F5tol ARl AYe e o &3

of Hdes Agte A S4(AYEEHL) ol
slof Aoieds AAZA dt(actual value) 9
sk oga 2.

1-1-1. 387 §3&(Het)

4 40%01°3(41+10%)9 #&& Bold Hoe

Feo] o] A Yol A|2E 7| AR A3
A2t A s AT A 523 2asty
F5EY AA 2ol G 25% 09 2(24+07%)
< BYt AYesFoe HEol hrH24+08
%), Declamp 3 AY&do] Eue AIZHEH wE

F7HE B9 &3 AR (37£09%)9 & Aol
oj21 ojFowe ot #AAY. ATl
M ol 2o Alztel what 9wl A ke uhd
(F=25.06, p<001), ZZANE A% 40%°|49
HoZ WEo] glo F #ele FAHE Fo]7}
AATHF=10141, p<0.01). 0|42 ol& F2F
2328 AT FEAFY FUE o] £33 4
M BEHAHF=43.75 p<0.001), (£ 3).
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Table 3. Blood cell component and absolute plasma concentrations (without volume correction) of various
values measured in 31 patients undergoing cardiopulmonary bypass

Het(%) WBC{/mm) Pit(x100/mm)  Prot(gm%)  Alb(gm%)
pre 1 41+1 7826+ 442 207+10 69+0.1 41+0.1
pre 2 40+1 7133+375 198+11 6.5+0.1 40+0.1
Inc 38+1 7351+401 193+10 6.1+0.1 37+0.1
pre ECC 3H+1 8014+563 168+8 57+0.2 33101
3m ECC 23+1 4764+ 219 93+5 34+0.1 20+0.1
6m ECC 23+1 4078+219 88+5 3.3+01 20+0.1
15m ECC 24+1 3890+ 210 81+5 34101 21401
30m ECC 26+1 4060+ 251 85+6 38+0.1 23101
45m ECC 25+1 4299+ 339 87+7 38+0.1 231+0.1
declamp 28+1 7389+ 645 87+5 37+0.1 23+0.1
ECC end 28+1 12667 + 690 94+6 45+02 28+0.1
1 hr post op 37+1 12123+ 840 138+9 64+0.1 39+0.1
2 hr post op 37+1 11633+ 757 142+11 6.5+0.1 41+0.1
12 hr post op 37+1 13736+1143 130+11 6.5+0.1 42+0.1
24 hr post op 37+1 16792+97 0 112+8 6.5+0.1 42+0.1

Note : Values are mean+standard error for each items.
Pre 1 preanesthesia. Pre 2 : Onset of anesthesia. Inc + Skin incision time. ECC ; Extracorporeal circulation. Hct 3
Hematocrit. WBC ¢ White blood cell. Plt + Platelet. Prot © Protein. Alb 3 Albumin.

112, #¥875(WBC) !

= B4A(7862+ 442.1/mm*)-& Eold WBC ¢
Al A AlF F, ANl A7) FA 3
Zadte] A& #F 5000/mm*S FA3 7k Hetel
T7HET 48 FAE F7tE 2oy A
ol 2 £HAE Yol, A HS WL g o
AR 9 1ufuke] 77 £E 12,123+ 840.0/mm®
o ol2x IFdk ALZHY, 1Y de TS
HAt dz2TodMe £65 244E oo, #4315,
280+ 12385/mm™) 9l F7tEE BYoy Ao &dd
B 1 %ol @t (F=25. 49, p<0.00D), (& 3).

1-1-3. 235#(Plt) ©

Pito] 2783} 9 A Het} WBCS gk o} #ALstS
A &3 F 5ol £ 41207+ 10.0X 10/mm*) ol ¥] &) 50
%8| 7] (934 4.9X10/mm*)& EAth o] F A9
THF E WES HolA ¢d Plite AYc#F
T8, 59 dad5FY 93A 3 1AM
A gA% F7HE By a2y o] g £
H g o ds] w2 Aoy 11 o] Folx = AAE] 7

289 HF=1444, p<0.001). ¥ hzZolME |
Fol glo], AT ae 23oH(p<0.00), (£ 3).

1-14. 8595 = (total protein) -

Total protein®] 7] W3} HA| 47|t F £
Aol 2 Aoz} itk 28y Aeedy g 7
A%te Axe W AN €152(69140.14gm/% )
9] 50% 1] 9H(3.37+ 0,09 gm%) 2.2 H3ch A&
Z '30m'el 4t FEle YAE Holed oe
SAA u7b AR Declamp 2 #5859
F7h%3 & Hetst FASHY FFP 2 PCY B2 919
AFoZ ojn] £&£F NUAY £HFE S Zols.
40+ 0.12gm% ), 1o]¥ & WHEo| YUk 2ol
Me At @& HEo] glo, Aegedine 2
#Fo(p>0.1) (E 3).

1-1-5. ¢ERE5(Ab) -

Alb9] ¥ 3l total protein®] W39 FUT RS
HAHE 3).

12. ECCF 243 uAY AFigslA &438:

12-1. ZZEEH AIZHPT) !



PTE heparin U4 85% o449 FFollA, +4
A% gz Aud 4AAFHE A
el W o A Fadtd e AlE

o4 Boltdr} protamineS FUI A7) F A

T3S AT oF 308 B HEH F7H8E7] AlRale,
FFP7} 2% F9UE €% 11 1H65+28%) e 4
A FFo] HAY A xToA = A% 80% ]
Ao e Witz IS (p>0.1).

1-2-2. A ¥4 F=(Fbg) :

Fbge %7]<l HetY total protein G2+ PhEt7hA| 2
wastn A9 &3 vuH ?4”‘3}5315} e
Helgdo] B FHH Holy ke &% 2%
(206+ 8.6mg% )l F&4 **(230+146mg%)

Lo % B8 Lo]E AL WE £ 57 Z7}8o
&3 AR ol = 311+ 13.1mg% & Z 7kt (p<
0.01).

gzEo e FEFolu ££3 244747 250
mg% 2 AA "8t glov £E3 1227 o = 346
+546mg% 2 A F7H A% (p<0.01).

oo A AEr YNHE 4 L o

oXx

Y Aot Zo] AYesity AzhE WEE o
Z7% two way ANOVAE o] &3to] vlulste] BH

frt

15 FoshA %%E‘HD<O.OOD. ol FEHFe

FDP(dilutional factor)

Gehg o] 83k vlale] glojA & uha7hA] 9 eh(p<0.
01).

1-2-3. 74 23 E(FDP) :

FDPY 24L& WAFH Wy olgsgenz
A%E g4 w2k, 0(1:52 348 latexo]
SHNEE HolA &), 5(1:52 34E latex
ol & 9~J Hou} 112002 A3 latexdl & 3
Holz &&m) 20(1:202% 343 [atexo]
Bdu)o g Hagsta EAstgch FDPY
UE W vle Solgh s BYed,

=3d A ZASHA ¥ FDP7H A 93k}
Ao Aol Aol A ¥ 3160+ 162) 28 53
aom, AYrHEd A% ¥ 5L HYUh

3°,L rzﬁ rL’.o r

el
]
L

e

P

%, oo mN

i om AN

:1}'-
&-’>~ ~l

oF AEHE FAFA F49 Y28 o] &5

17054030915 Tl &7 kA= Aol

2954 g9 W GETAHE FEFE
3

55

FDPY| %7t8 Hole o7t g1 1(p<0.01). &
Fa% 95 foA degoz 24U, gl
T35 FDPY F7te AYE8S of &3l MA&E
Ak ghatof 3hate Soldt WaYdS ¢ & 9l
ALY 1.

13 CoiAl o w3

1-3-1. C# (protein C) :

20
© Total
- Control
10 A
/ \{/::" ‘-\i
0 A = } - T T - T - =
Prel Inc 30m 1hr 2hr 12hr 24hr
Time

Fig. 1. Comparative time course of FDP(filrin degradation prodnct)values between patients un-
dergoing operation with or without extracorporeal circulation. There is a signicant differe-
nce by two way ANOVA(F=4.78, p<0.01)
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Table 4. Protein C(per cent of normal plasma, wi-
thout volume correction) of various values
measured in 31 patients undergoing cardio-
pulmonary bypass and 10 patients under-
ging general thoracic surgery

Control ECC Control

pre 1 81+5 101+7

pre 2 80+4

Inc 75+4 951+9

pre ECC 63+4

3m ECC 40+3

6m ECC 39+3

15m ECC 42+3

30m ECC 46+3 88+9

45m ECC 49+4

declamp 49+4

ECC end 61+5

1 hr post op 81+5 93+11

2 hr post op 83+6 99+10

12 hr post op 75+4 68+9

24 hr post op 77+4 78+11

Note - Values are mean+standard error. Abbrevia-
tions are as in Table 3.

Protein C(Ratio)
1.3

Ao A protein Co &7 (82+48% of
normal) & thZ7(95+ 88% of normal) ol Bl&] ¥t
F(p<0.05). AdE# MAIG @A aA Zas
B2l protein Cx A5 HE 4is F715 B
At o] Z745 A< Declamp 2 ECCend ¥ 5431l
F7tetd, £ % 1474 (820+491% of normal) &
oln] #&H FF(81.7+£4.26% of normal) & %t
(£ 4). 284 protein C& 99FL2 245+ &
Ao NY FFo] mah I gho] WE 4+ Jdomg
A gke] M8t 23 7} protein Co] WalE oju|E &
AT ol F BASY] st 22 Aj7|o AHG
Hetd] F4AE Uri, gA] ol & A8 d 344
(pre 1, pre 2, Inc)oll 9] He gkol g +4F protein
C9] #t(ratio of changes of protein C, volume correc-
ted) &2 $Hitste] BAEAC 1 AR AT
AA] Z27F &S B protein C2 W37} P2k
4 FHAA} obd g ¢ 4 AATHEF=5.31, p<0.
01) (29 2).

1-3-2. S&¥ (protein S) :

2% protein S ALTHAFTY x7|¥s}=
2R84 Fob & & YA M ¢35 ¢(30m, Dec-
lamp)oll& AAgGL ZAadgod, FdFd g

1.1 4

0.9 1

0.7

Pre 1 A
Pre 2 -
Ino

Pre ECC
3m A

6m A
15m ~

Thr -
2hr
12hr
24hr

30m 4
45m ~

Deolamp -
ECC end

Fig. 2. Volume-corrected time course of protein C ratio of mean of initial 3 values around the
extracorporeal circulation(mean+ standard errors). This shows significant changes of pro-
tein C according to time after volume correction(F=5.31, p<0.01).
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Fig. 3. Volume-corrected time course of free protein S ratio of mean of initial 2 values around
the extracorporeal circulation(mean+ standard errors). This graph shows significant cha-
nges of free protein S according to time after volume correction(F=5.72, p<001).
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Fig. 4. Comparative time-course of actual hematocrit (Hct) value between bubble and membrane oxyge-
nator-used groups. There is no statistically significant difference by two way ANOVA(F=0.21,
p<0.5).

2% ZHA =, protein C B, A2 Z718 3 olZAelslel 22 .
2t ol e}8 27h9) AEE Declamp 80 gome = Aol AR AU TR P
[e]
q 480 (p<00s), (18 3). $8 223 (bound el
form) 9] protein S W3IE & %A Vel A o] &5 e R
o

»

l':_
Aded AP L(o]3

EAQ FrHA 9 Ag), &
o]’42] protein C9} protein S9 FE4AF A7t 71318 AbEE 3
HE M E 2T E AolE BAHA L F=7.  Bzolg )T F§2578 A4so 49¢E A
38, p<0.01; F=6.04, p<0.05). P& (o3t Mzolet I 7to) 44 2 £43 242
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FDP(dilutional factor)
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Fig. 5. Comparative time-course of FDP between bubble ane membrane oxygenator-used groups. There

is no significant difference by two way ANOVA(F=0.378, p<0.5).
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Fig. 6. Comparative time-course of ratio of volume-corrected protein C between bubble and membrane
oxygenator-used groups. There is a difference by two way ANOVA(F=2346, p<0.05). Especially
a significant difference is noticed at 30 minute of extracorporeal circulation by unpaired t-test (p<0.

05).
* p<0.05
parameter®] 3} zto] & #ASG T 2 A9 ¥ BFE
2-1. Ao AT FF g 7 % 2:2. ATH AT
G R dse) v 2 AfagsA
Heto) ¥3H( ¥ 4)& B8, WBC, Plt, total protein 2-2-1. PT:
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PT9 #stE AAgtel o3 wjwsht ECC end$}
24hrol Mol A S& & Yehd & BAHF=379,
p<005). 18y #&H FAANZ BFF vy
FEele zol7h YA (F=043, p>05). F F
T g e EA

2-2-2. Fbg

Fbgd FF7te) #4217 g Bop et P gk
3 JFg wonz @—‘“%U 9% 2 4K &
o] R% A% u|w3 A7} Fhge FE bl Aol 7}
AAHF=0.15, p>0. 1)

2-2-3. FDP .

FDPS) ¥ ste Tzt Zol7h AtH (24 5, F=
051, p>0.1).

2-3. ECCY Atst7]9] F7ol 93 protein CA ¥
sho] vl :

2-3-1. Protein C:
Protein C= Fw3He] #Wate ¢4 2oy MT
of A Bz HlE A& ¥ @& 7HH olE ¥9
4 £4A2 BAE BY MTolA 30minol &3
238 7HAG(p<00D), (28 6).
2—3—2. Protein S
Protein S9] 2l ¥ 9 TE& MTolA Bol b3
Adeds =2 &8 BAG(p00D. 134 54
39 2ol 7h Atk
24, BA%e 2 AEI1Y R
W3l
A7) 9] ZFol 2 protein CAl 9] M7} AA 2
A7) A Apolo] odf HEHE AAA, F2
A8 e $E AT g A7 AAAE
one way ANOVAE AH8-3tdd #4314
2-4-1. EXEA E L 237y TRl 4T
A
One way ANOVAE o] &3] #A & 23 ¢4
e fFe Az dhragalday ¥
sho] & 9% AR FUTHp>005).
2-4-2. AZHFEAIRL A&7t vgH izt
GAIZE) 2 A8 FRe g B4
FEAIL, AT, Eﬂ%"—‘l‘ﬂi}f‘}‘%}
A5 Qo)A dE (R 2)dx &8
F oY CHuAY W P Aot
AATHp>0.05).

of A% CeAY

o

i ot

A oj & gholl 98 of7|H = AlA] A2l st
AFe 44 FAE Uiz Jug £e839 4
v 43S A2 24T 5 o], NPT uf¢
ojFgo] }En. 1HE EF3L olF YA
A B3] glo] B AREo] fAEAY 7|E
2 27 HYE 9EEA 22X g T5
3t A& Aldste ftoh Ty i Ezt A
A7Ee A7AY T NYE A7 gon £
Ao sold A3o] oety 2AE g AA 9
A BE A g TS 72T AolBE, A
A5 dd HA7ELe A7 208 A sEA ¥
7hsAel Aok ARG B ATE A 3o,
ol A3} & A& H A (selection bias)E ¥3}7] 93l
YHH 2 YN FS A TS o] &3t A
€& NAE BE RISAE oz it 2
Ay 7kl ?‘11%‘-4 o9 A5, 47 Bdste A
7le A E 8317 3 (hemostatic disturba-
nce) & 5’—315}‘11 CH"o“ﬂ"i A et} 3 kAl
g7 9 g9y 181 PT, Fhg #stE £33,
ol 7]&Y Hudop wugozH & 77t
EE% #25 Ao APHA Fhon ol
Aogcdygolv #2459 2371 S Bl
2 SEE AF AFHAgA B upeh 2ol AMY 1
EES=S

AFAH oA FDPY F7He 3 B vpe} 2ol
Ao edFoe A4 A 4371 dojdnt
o] 22 YTy dfa FMA =
plasminogen &4 A, £3] t-PA%] 23 plasminogen®]
o] plasmin® & €43} so] dojdta %A ot
o, 28y e tPAY Ey)7F FAHE 9

frit 2 7)Ao e M oA & F 3t Stibbe 5°
& physical stress, venous occlusion®|Y catechola-
mine, serotonin, bradykinin, vasopressins | 4|7}
t-PA H¥]9 9 Aol MRS o, ol Sti-
bbe zHAlo] watupel o] FwrTTHE HAHQ
A7} ok, @98 Knoebl 52 A 985 cross-lin-
ked FDPY 578 #23t thrombind A& T
HHo2 F931, o thrombin©l protein CAIS &
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43tslo] tPAY EA43tE 2H3le
8t} Protein CAH & 4 2Hg-o] H

)& 31912F Vet
VIS g3 g ez Jede 23 831 &
23} t-PAS] AAAE FEHGA Lo ZA YERE t-
PAS €439 S 18 o, AYedF A1

A 58] Ve VI 4, t-PAS 43 18
FDP 53| cross-linked FDP«] F7H7F FAlo Yo
e AMES protein CAlSl FHAE AA AAbete
Aolth, Aztge A7 v} 2ol HgdFo
FDP7} 57+8E HoliL FAlof protein CAIZF 24
st g Bo olg YFsded, £ 7oAy pro-
tein C 74 ¥AHE Knoebls?"e) 175} Ao 3tA|
2}, Aoede] Al g FAsATIE 308
24g 3 F7HEAE B Knoebl 53 A 2}
T BEAAM Holx o9 £& Aoj9] YL o
A7t 2 Azs) &4 ok AA, Knoebl52' & &
dF wHS [gGE 3 W, HAEL Hetd o) &3}
Aok 28 oA ek vpel Zo] Hzbe Het
ol 2} total protein o/ AL ZE FAHFE HAY
dtof Hjwste] Btou #AAHT Y Aol B
Fadde FAE o &3to B FdFH

aeEe gog wg wye Aozt 2% olg
m}%m% AL BRA 9o, 54, 2T dol
Q% 27 7159 AHrh R B37h 235

°‘*‘Eﬂ °]a«1 FH2 2 protein CY ZagAdol &
Y& Aof ohd 7t sk Aot} AH4 Rodeghieros*' 0]
BEEEAR] oA AAHE G2 proteino] Zol
3T, protein C #AE LR 93 Ao
ofy i, oo AARZo o Aol Holop
B Aoltt, 2ejy AT Ao A BEKo] 94
Ztoll A} A== fibrinogend] Bl#) protein C& U
Bol #astde AAZE fibrinogenol 42§38
of oja) A wsts 7t #4822 protein C7F fib-
rinogen® 0 ©f Wo] Zagte A4 L ¢S Yujzt
AT T Aol s A YT wAG=
AR v usgTd 1 A% 4 F3E Aot
A7} protein Co ¥H717F AR T A S ket
o, 4o Adold protein C7F A &3l he

Aol FoiA FRolle] Fadtdve AML,
AR RS Eo] opet 2R o Aolete A&

e Zh A, Knoebl5*¢] ool Hlgf £ A2

ol A 279 heparmO} EFEA AHEH AL wEbA
thrombin®| %o} A& protem C7t 843y
A& e ol gtk A, A7 Eg ol R oA
B3l mho} go] B AfoA 9 heparmJ AHEE A
A YUl ActE 4502018 FAEHE FE A
o171l heparin®] & #FF-Z0| protein C &4 3t

glojgtie AZ4HA et gepa B dFoA
Hol¥ protein C W3te] A2, HAZ AYsd
289 protein C7t 7} & éﬂ’ﬂ a5 AYed
IEFHE A2EH YaHy dd9 FHFugo]
ZAde passivation EZHo] A3, protein CY
2437 d dojdg orgith HE A& Rl
dojdthE Vroman 59 F4*¥ & 2 A9 4#E
PriEiaed

i &A3LE protein C7F AHAEEE HAIA
Fledd o] ¥ Q% protein ST FFWAA
el goly C4b-binding T He APFoz &4
ste}, ol F ol {2l & ko] protein C9 cofactor2 2
f3tn g, A2 F& F2 ¥ protein S FHAE
JAFoR BALT 1 AH{E #FIAY. 2Fe,
AT ZAFo)A £ uiet 71=.‘°] Adecds E23s
AT Aeed FEF B He Fold
F213 9 protein S7F Zilﬂt%w L3y 2 @&
Hol& ol fr+ protein S7F FE ojy} APz
%350l gttt olE0] ECC AlZ3 &7 d4%
of BAZHY, BHH7| wEelgtn Azdd
Knoebl 52, #&cte] s Eido] &Astg
0|, 29 whet Ao £2 3 protein S7F Bol
FHHEZ AAZ Yl AE protein S7F AR
o #Astdx, 84 protein S FAH A= F7H3
i FAsged=®, A2 59 4% o9 Y3
sht olof it A&ASY AF7F agHT

o d Zo] protein CAT Heda A3}y
u e ¥WstE EA Protein CA 2 #W37} 9]
dte e FAHLR W OS5 2o & e
Sl o3 HEEAo] doju FEF &3 AY AL
Sz E7stn gAgug o] HASH throm-
bin®] A4 €}, Thrombine FFHUW AT thro-
mbomodulin® Z &3, 4W protein S Z#
o] 29 £ 2O 2 protein CE 437t} &A3t€
protein C& 31217 V& VIS E&48A A

e
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o ool dHEurt dojuA] R}EE s ¢,
plasminogen activator inhibitord 715& F38¥o 2
W tPAS S48 7Y SA43tE PAE AU Y
plasminogen< plasmin®. 2 HEA|A g S uAz}
48 ARaE &3 3 34U F7Hd
plasming, R A3 A A AL a2APS} A5}
o plasmin-a2Pl EFHE 34, AN A A
AR o] 9] d#e] 4L AYEE NA FA
doAUA A& 2719 53] F= At} passi-
vation A Ztol] oJ3) A & &2F FstAth T dec-
lamp¥ FHEE A7lde 9 F7hsd, & A9
o] TR FEUo LA o]93to] A ¢
TES & A4HE ofre t-PAY HTIIL
of 7 Frlgolzta AzhE®, o4
protein CA9 FHE 1#E 9 protein CY
§& Aol AMEoA WY v o], Aee
o EAATE Fol7] Y3 s E A3 ALY
of 443 A=z o]g¥ F Ut
AAH LR e 2ole A7 7|2 3
A FRE, NEFMIAL TIEE
2 FAAA N TtA R o] ZtA -

as-blood interface) 4 YAUEE 1t of
AT W, s A s o] Fag o]4ks)
o T} 7bed ok s et AUE o,
NEFH AFHA HEQolE, 7han o] o] Fof
AxE s ogleh ojgh & 71HY Aole Al
AMelel v &Y Aol g 7t 9} AHE-g Abs}
719 §¥ol wte}, ECCHF 4old A& Yehh e
58 @7 AR Y 4d o] w3} Zol7t FE At
36,37.38).

ARG AH3E7] 9] 3o mE Shabe] B Qlof,
& 947, Adi 1Y 7hgAol stk ol & A+t
AA BE ez g Zolqluld, FeAvt &
Aol 2R 8te, AHEE AHsh]o o deHA & WA S
F QoM N EHE Y, AAR 2 FHA @
A e dYH A 2= (single valve repla-
cement)d WAEAE VEHAASIE, FEHGA
$+& (double valve replacement)®] /g #zte 93
A871E AHRe Y FeAty A9e o Ak
Yo gk FE A F& Feo] NPFEAE
BE3] o F3t7] g TF Feo] oA A YA

m 4y fy
oX rlo Hr et
%

chr (1o

= ey N
lo

A

e
™
= rg
-4

ra

o]
~

(g 12 oft p

< lo
40

3O bt gk o

e
P ol

~~
T 0

o3 o]FojR HolojA o=AHE zlole glon,
A 2 %59 (perioperative) A Ei7} B3 S}
EoA ¥} ol o] &H At uhebA) uh Al
3718 AHE S SR TN 4 $AAFE A
715 RNE ol A7 B A E A 958 AJ7ho]
gui A At Adrt HydsrE AL g
TolM AE e g BAZS Bole 71 B¢Ed,
dutd o2 A do g 23 Hedo v F
A $-5]3kd) APz RE A3t 7
3 48718 AHES SR A o Al ol
2ol £ AZHU A8 L FEAITY Zol7t A g

T2 H ks Ao] Astr)e) 3ol 93 protein
Ao} wiste] Aol & &8 v devhe A
ool ztet 28y E AFe AAAEY it

T 82g 5% Hol7]d o2 e EAYE 4T

o O n

Aol doz 2AEF UL, B o EAE ¢
TAYRE N 8D T3 (retrograde) &2 BT
gl 1%l

AT Ao M EH RO YWHEQ P+ 2 gy
ARe, DR AYsEF wyasr] AHET
oA o7t e & M W T F3e] A9 Folst
At ol & AFye FTUY AL F24
159 Aolg ¥ o A3ez 4F Asi7)9
SEEE YT £ Qo & 2& 2ol
GYPAE ARSI S o, MYedEdoly 2
Fofl, dutAQ 7 ¢ AW JFo] BYg FA
W3l & Aotk 2y ole U A Y S5 YR
£ dFdMe FHE 5 AT o3 Aol o3t
A A2 e Tt dubA Y4g gl AR
b7t A9 Zol7t fivke Aot

T ET AYE FEu8e] oy A
Ao} FL&QT B AFN BEd Heagdy
HZLHEQ FDOPY 34 A=E 94 Aoj7t A%l
a2y A FDPY SA4W R0l ¢A ¥stE $E9]
Hrd 3tz 23l Zo|7]ol, FDPY Hlawo] lof i
o7} itk ARl Y Afa 39 AL
aolg FEe] WYY Fv g

Protein C9] ¥ 3l= T kol £33 zjo] 8 # 2
F U & 2y A8 A A FAE A,
7128 43715 AL d ST wE, Aoe
39| 271%H protein C& FEHAA 7239 eH
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S EUT o4y dFe F=
‘55}% Z4sto Wesd 49
AR 7)7F Mgty &4 aR Hge 7|8y B
v o2 Byusrg AeS
Ao st o Yojyttha ‘Q‘Q
& TR N
N2 3 ‘4371 ‘IH—L‘%Oﬂ
?"Ur Qo 7’43 Hel Aol AAZE 7 T Tl
Aol 7k GlEA Z& 1Y £ Qlthe A 01 =i
protein C7+ & o £ 8el] o8] &4t o] YFF w7}
FasiAputap el A Eup2 Yg AlFtetal E
ko] ZEstttd, A o2 27l 5ol Astd M
Toll A &= v 1A A 74 A protem Ched2 @s 8y
Aolth, 1oy dARe F 2y &4 Sl
FAHLR ouldde Aol7t glol &4 75
ghof ofsf Tl Apo]E M 7% EpgAl o]
£33 B, M¥1H9 ﬂx}e 7t 715 AR
ol B EHE HARE AoE ZP 17+ §lol(p
>005). €4 1715 %‘E}H kol 7t opd ThE ol f
oAlA F &2t protein C E’ii}zoEJ X}O]E 744

oz i K

%xx

= 0 op o
—v—‘{jo

71 £ 28}7]o] w3 protein C %*35}‘3 g dol
e A olth A 78 kg 2ol Aslyie Hd g
ORI EAE AAGL ALE FHIEE 1UAHY
At ol Hdtd VEFAEV= AY FAgz
JEE HUYEE I FEH A, 53] 4Hag oo
) ‘ﬁ"“lﬂ uA 7|28 A&
dHo2 NAHH g},
9Etslr)le o] AFH 7hA9 sy A A

o8z 7IxZ4s7|gA B Qe ©
A NAHAR et xd HF A
: J Tt gag

Ol
ol
o[N
lo
re

AE FAFA Ak R R® FHL polydimethylsi-
loxane, polypropylene, teflon T22 THE g
sheet‘+ hollow fiber W& A3 5274 €of 7|%
Fakstlof A 7l Goo) HEFH O A7 A F3
ZAAE ol AEHY zolof o3t EZEAYY A
b 48s vug Fv gloy, g vjd iy
A zke] H2 7]¢H contact duration)& 7| ¥ 3}

719 Aol vl GEAsIA v A Ao
w2}A] tubing system# filter] 13 % (synthetic sur-
face) A Yolue HF 849 Fx7t 21 &
m}] Holo] oW T} Yoju FEFAL o

A7)0 A o dojdtn AZE A28 vhe}
{:LO] HEEA & 553 heparin® EA o= &73H1
YA S IAE 25389 thrombing A A e, AFE-3
G 71E S EH hollow fiber B & Wt 8
Aol AAME AL oz B3 £ Qe o
Young 5o1* #¥4371E AHEE T4 microem-
bolie ##3% A# §7 thrombino] FHES Hof
T F& FANG MY 8F Y protein C B4 8H=
& 7] B0 thrombindl &A1 gt dojubar th-
rombind] A2 FFHAY Ago] FET & A
840 et dojdrtn LA leme H
S840 B ¥ E ALE S SR pro-
tein C& H o] #4312 & 2 ol passivation
effects BAm7bA] Qe F<h Hadt
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CAY €437} ﬂ ATl E B8, +&F
U AT A AAL E FEF ALT
Rl Ti”&"ﬂ & zol7b §idldh 2ol
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2 g 22 235 U

D Adfa %Eﬁﬁlt AYedrodse &3 5
Aoy gzrdMe 43 94 o

2) CeiA Y 24 e ATyt B
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