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5. Antithrombin III (ATII) XAk ERS, B
EN0ET#m-~ L, thrombin 4£RiC& 3 2%
heparin-ATIII complex D&)E & MBI TEIH
7z. %1 fibrinopeptide A (FPA) ix &/ EER+,
HEOWMEZR LI, ZOHFABR thrombin 7
heparin-ATIII complex {2 X » T % 58&ic bRl X
NTEHF, Eff thrombin |2 X » T fibrin A
BEI>TW2FEERTEOEELONL. —T
fibrinopeptide B B 15-42 (FPBB15-42) % (k4§
BRAEEOEREZRL, REEEORBEI RS
7z, Kaolin #%#:1{t euglobulin 2 X % fibrin 3
WS RER & 0 R NEREEEEE, &IHE
REBERCRIMEEIA TV, DEEEC
AfE~[E{E L7, Cl-inactivator ¥sin euglobulin
IZ X % fibrin PAREMEEE X » RO AR BRE
IEME (CI-INA resistant fibrinolytic activity) 13
HUEERBALG605 CTHIMED 2451 % CTHEML, LIk
£ |C{EF L7, tissue plasminogen activator
antigen (t-PA;Ag) % CIl-INA resistant
fibrinolytic activity & RO EB Z/R L7z, Lk
DRI Y, KIEERFIX heparin OFHIZ 2
b b TREBEIIREI L TR Y, BMERICE
% fibrin MEOHELIHEE S, —F, &5
BERFOMBESEOREBIX, FICmERK L YK
HEha t-PA i X 2NERBBEP EHERLT
B, TOFKEAE LS plasmin A Mk 2 EMH L,

*ZEARFELA IS
o B B_PIR

BroABRRPRIEINI2EIMOLNA TV 3
202 BT AV B s A0 Gl Tl
. Bk, EAERTHOMIC S VT
heparin APUEIME L LAV R TE LD, £
OIFABFETEECEBAINTELT, RER
Beat %< mEn T\ 5. —i%ic, heparin
BEBOA%E LT activated clotting time
(ACT) #3001 54008 Lk Eicfgr>FE 1 T3Fdo6h
TW5H3, Zhid ACT Lz oREiRich?
&, PAERAIC 1% BB 3R 0 AT EF I SR M3 & 58 o 72
WEWOIERIZESS D TY, B LTELK
thrombin EMELAIE X4, BNMERIZE VTR
fibrin A EL A E I TV 20BN T
ThD. —7, HIHERPICITHREEETTES
rEI MBI, fiPfitEoHmo—RELTHD
EEzbhTEk. L, BEEERFICES
BRFIZOWTH LM LSRRI R Y2
V. 2T, FAMER TELOMNIC 1T B BRERE
SZOLEEZ T, heparin OHEMIE L LTHR
BB LI OMBEERIOBF2HLMICTZ2HD
THRET2R 7.

MEHE

1) SSIEF R X OEAEERE:

AT FE#MH B\ 2 AC bypass i & jifT &
NI AR OTEERI200 256 5 & Lic. NS
M144, @64, F41329~69m% (F#H53i%)
THBH. EAERIIRr — 7 — 8 7L KR
(Harvey-1500) # %\ 3G (Maxima) % #H72
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A. Coagulation System

1. Activated clotting time (ACT) -+seeeereeerersmnsenuanine Hemocron®
2. HEPALID ++vreveesesmmnreseniniinisis s Chromogenic substrate assay (S-2222)
3. Antithrombin TIL seesssmss o somressamsass isensonspasssasssns Chromogenic substrate assay (S-2238)
4. Tibrinopeptide A ««rees serersenreremmiinieiienet e Enzyme immunoassay (ASSERA CHROM® FPA)
B. Fibrinolytic System
Fibrinopeptide B B 15-42 «+«e-eeerrereruermsinieinininnenns Radioimmunoassay

W DN

Tissue Plasminogen activator antigen (t-PA;Ag) -+ ELISA
Lysis of Plasminogen Free Fibrin by Kaolin activated Euglobulin
Lysis of Plasminogen Rich Fibrin by Euglobulin with CI-INA
(CI-INA resistant fibrinolytic activity; t-PA activity)

EbE T » 7. EEEIX 15% mannitol (5 mi/
kg), 6% hydroxy ethyl saccharide (Hespander®
5ml/kg) Y > F & Emz &3t 2200 m!
TTHIE L. FEEEAER (22.0~29.5°C) #H
Ve, B 2.41/min/sqm #HEL L. b=
2 L—% 3 VERNC heparin 3mg/kg 2 H.0E
T oib L, GAERFIE ACT %4008 L) Lic
fRoto. RAERE T %, #5 heparin 1.5
B OWiEE protamine ##f45 L heparin % Ffl
L.

2) g LCRESLZE

BRIk, AREREAER X D GATERET 1 KR
BE ChREBIRBEES L » ERFNICITR 7. M
Wiz t+50—503.8%7 = Na #inz TR
BREICEL L. 7ok FPA kXU FPBA15-42
DRERREICIIPIBRER L LTETO—FDY
= o fif Na, heparin, trasylol % & A 726 ¥E & FH\
fo. Th b ok 4°C, 3,000[E % T204 fHiE
hotk, EEEo5HEL, —80°C THEL, #A
LLFOBEIEx#T2 7. BIEHEABSLOHELE
127759 . heparin EE ¥ L ATII &I RE
AW IEE (S-2222, S-2238) # M\ CHlE L.
FPA 3E¥E%&% (ASSERA CHROM® FPA),
FPBp15-42 i radioimmunoassay (2 CTHI%E L 7-.
t-PA;Ag 1% ELISA # (Imubind t-PA kit) #H
WTTHIE Lic, S HICHREES % fibrin Pk %
AT, AIEAR X OHARCHS T TRE LK.
NERRBEBEEEOIRE L LT, kaolin iEHH(k
euglobulin % plasminogen-free bovine fibrin
plate FIZH T L, 37°C 18HF[E1E4E % o IR HE R
ELTHIGE Lic, HERBBRBEEOIEREL LT,

plasminogen-rich bovine fibrin plate LT
euglobulin 30 ul izxf L, CI-INA (1200 U/ml,
Cordis Laboratories Inc.) 5ul %L, 37°C
18RI B R OB EmE & L ClE Lic (CI-INA
resistant fibrinolytic activity).

72 BIENMERF O % BIEEIZ hematocrit %
WTHEL, AROFZELZRN Lic. &EXTFY
EHEHEERECRL, Mat¥AALE T Student’s
t test X D TTA\V, ERESWUTEEEED

Heperin & it on@mine
after CPB 1hr
after CPB

¥ oo

Pre—op.

* p<0.05 to pre-op. level
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1 (EAERRT - & - Bz kT 5 I heparin #
&, ACT % X OV ATII EH o Z1L
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1) ®1ic#i$o heparin &, ACT, X
ATIII EtEo KR AE{L 2773 . Heparin 3
mg/kg #%5-#, heparin %3 4.240.66 U/ml
WWEL, FAERSE 3.1£0.5U/ml » 5
3.240.4 U/ml iciFe = nic. ACT (3AI{E125+
231z %f L heparin $5 5 7781213558173/ 1
£ L, FIMERPIZ635E59R 0 573241637
HeF s e, ATII i&EiX heparin # 5 BE#2 5
BT Liz Lo, FAEERFIAIED80~85% (K
TL, HAERKTHR, RelcEBE L.

2) X2z FPA kX1 FPBB15-42 EE D&
R L # x4, FPA [Z7i{E 8.84+4.2 ng/ml &
EHXvEEERL, ZHEEAERFILICE
AEE 27 L, KAERLI205 T 18.7114.4
ng/ml ITE L, BEROERAINRE SN, £
LT protamine {2 X % heparin F I
41.04+20.4ng/ml LE&EEICE L, LEERELIC
&R~ L. —7, FPBB15-42 ¢, FPA LD
Hm &R L, RifE 6.740.9ng/ml iZxt L, k5
AR L2 LR L, 1204 T 37.4410.0 ng/m/
LHMEOKI S fEicE L, DR AICET L.

3) # 2 /£iT kaolin iEMAL euglobulin D FREA
WX 0 ko e NRRIREEAFRE L plasmin (2
X % casein unit (cu/ml) IKBRELTRT. Zh
IZFRT 0.20+0.09 (cu/ml) 25t L, HATEERE
TREH%IC 0.0840.03 (cu/ml) & & < IEMEAL

RAMBER FRIOMNC B 2 BERBROLEE 105

Heparin Protamine

1hr

Pre-op. after CPB

¥

FPA (ng/ml)
60

501
4
30r
20

T

0
FPBJ 15-42(ng/ml)
[

60 -
50
40
30
20

N

B2 FAMERET - - BickiT 5 FPA XU
FPBp15-42 nZ L.

HMEXh, TOERBLAICEE~EE L. £24H
iz CI-INA resistant fibrinolytic activity X vk
b IR EIEE OFREZ L 2 UK &M (interna-
tional unit; iu/ml) AV TxRT. ZHILEIE
0.3040.14 (iu/ml) iz L, HIHEIRBAMG RS
kR L, KA 1ER30~60%5 T 7.21+3.53
(u/ml) & EEEICE LERD L, HATERK
T 1R CRIE [BIE L 7. 3 EEn
fibrin FHREL VWV ESHICHEE L, T LhiiE

R2 AHIHERAT - - RICKT DERIBTEEOBUR

Fibrinolytic activity of kaolin-activated

CI-INA resistant fibrinolytic activity of

euglobulin (cu as plasmin) euglobulin (iu as UK)
Pre-op. 0.2040.09 0.30+0. 14
Post-Heparin 0.1610. 07 0.47+0.21*
During CPB
5 min 0.08+40.03** 0.8310. 45**
30 min 0.1240. 04* 6.7945.10**
60 min 0.1340.06* 7.21143.53**
90 min 0.1440. 05 2.54+1.76**
120 min 0.1540. 06 2.2240.94**
5 min after CPB 0.15+0.05 1.2240.70**
Post Protamine 0. 1540. 05 0.49+0. 25*
1 hr after CPB 0.18+0.05 0.260. 20

*p<0.05, **p<0.002 to pre-op. level
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Heparin Protamine

T TR

100

10 F Y Ci-INA resistant
7 fibrinoalytic activity

Fibrinolytic activity
of kaolin activated euglobulin
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B3 FAMERAT - - BRIC BT ARBEEOHE
(HAR®K, ARBEBICHIEZLEL, 0
BlLER /BT 7 710RT.)

Protamine

Heparin
§min 1hr
Pre-op. "_“' cPB after CPB

(ng/ml)

20

I
|
I
|
|
I Jokok P<0.005

| to pre-op. level

K4 (FHERAET - - Bk 5 t-PA;Ag OZ1L

FlLELTHERE S 7 712EDb LI D THS.
FORLICEBESNRERREEEER L, RIRET
s LIcHBED VR RREEE 2R L, A TEERE
IRE B O —BEO NEABBEEE O &2 S0
T, TOHRIFECHARRMBLERILSIhD L

ERDLLTV5.

4)X4ic t-PAAg BREORERNZE(L =T,
Z ik CI-INA resistant fibrinolytic activity &
Rk ER 27 L, §ifE 3.2+1.1 (ng/ml) izxt
L, IMERFABESZ?S EFLIILY, 605 T
12.744.4 (ng/ml) LAIfED 4 f5IEL, Tk
TRZIET L.

% ES

— iz A RIRIR B fE 5 “‘hyperadrenergic
state” TIXMKRFEEIZTTEST LI TV 5
239, BOLATIC B\ T EAMEIRICHE > 2 0%
BRp RS S HICEEREE LLESILT 245
zZ bbb, BTl EVIHRICREROTTEL K
ZBEVCOIRENDH BN, ZHITERRS throm-
boplastin HEMEFET b LHEBPILT W
55, B2 I3 ARG IR BB, N & IR & o il
X A5NRR[EBRL AT — FoEFTTHBD. £
LT, TH &R L CH 3 ITIIAEIMERREO MHK
TS ATII BEOETAETOHE. =
NEORNTHESERER & M OEMIC X 5
BED 27— FOFEEIIRAOERTH 5H1L
BRI,

—fgic, TEIRME > RYER®ICEMT S5 L8
XII KHF (FXII), high molecular weight
kininogen (HMWK), prekallikrein (PK) &\>»
oA R T2 EM L S h, FXIla i3 FXI #i&
HILL, KeicBBERTFHEMELL S, thrombin
ERA~ELZARREE D 275 — KT T 37.
—7, FXIla Z{ERIMKE+F > plasminogen I {F
HLl, ch# plasmin ~E#T 2FIC L) HA
Fff s 2 b R G L 58

R, MASMEER T RO B\ TERIKBIC AL
BT & oME— P ME T heparin TH %75,
TOFRABFICIEREAALZSLE{EIA T
5. BFERR I TV % heparin i3#k2 L&
Tkt <, FolliH 5\ IZED BRI & DRl
W<, 5F 86,0000 530,000 DM & = SHEH
TH%. heparin OFIEEMIE L L THOIEAIF,
ATIII mlysine #EE~FEE LT ATII O %
Mt &, thrombin, FXa, FIXa, FXIa, FXIla
7¢ ¥ ® serine protease TR T~ D BRI
WARIRET A EICLS EER TV 5. heparin
FENMERE KT T 5 E COAOHENETH S
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N, TOFFERG THEDOTE) ML 5 6 T3l
XhpXok, EBic ATIL L6 L TEHE
heparin & L CfERT2DI31/3ICBE 2\ &
SbhTuwaY ot ATII BESIEF O
60% LA FI{E T3 5% &, heparin [+ DHFMMEZ
ToRETCERVETIHRELRONB0,
BERGIK Tix, 19759 Bull Hick h RS
7z activated clotting time (ACT) # A\ 7
heparin #5E&8N= v b v —A2—fRIZThbh
TwaW, LxL, 2ok, ACT 73008 L
Fhe o, WIRAYICEIRE-CMTEF iC B MR 258 8 72
W EWOBBROZIZES L 0T, FRICEFER
kit s ACT o>V TEHME S
%12, Davies 5%, BALMEZICK-T FPA
O LR ERD, KIERF L heparin OFEHIC L
Mo b3 thrombin EVWEIZFEGE L T\ 5 & fEaw
LT\w3Y, Young &i3BA.OMTAEE T ACT 400
LT Cix fibrin monomer 2 Eh TV 55
L, BEROEEMELIEA L T2, Fic
Stratta 51X heparin £ & LCEBED 27— F
DR BEMICER L, iz X2 FXIL EEtdo
BIICIIFR L wEERH T 295 @0
BRI VT, A EBROET Lk, ATIII

Artificial Surfage L

FXlla

L

Prekallikrein
HMWK

FXII dependent
Plasminogen Activation

1 (Intrinsic
fibrinolysis) X

Prothrombin

==

FVi
FIXa /

‘ FVlla, PL, Catt

s
7
Thrombin

ﬁmn*~nmml
Platelet \

,_,

(A IER T IRLATIC 3517 2 BERE F O LB

MMET L, FPA 2\fk4ic A L7 %, heparin
OFERICE b LT, BEROEETTELI
PR IE & #u¥, thrombin AR AR Z > Tk Y,
& 5| thrombin (% heparin-ATIII complex (Z
Yo T EeICFMInTIC, fibrin RN
FEERICE TR BT > TV 2HERBETEHO &
Zxbh 5.

—7, BBERIENFERICZ VITTEL, Zhr,
B, i HimcBE T 2 a6HEN—R & 72
BEEZLRTERYY, Livl, BERTECE
AN = AL LN IR T,
AWFFETix, kaolin {ftk{t euglobulin (2 X 5%
G BRATBR I A/ E R BRI B R I — @I ET
L. ZoOFFIARRGEOEMEILIEIC Z DRF
MeRohsHEERLTWA. —F, CI-INA
resistant fibrinolytic activity < t-PA;Ag (&2
TERBB BRI, T LTS5 AELbEEIC L
FL, HIEERBIG60 D RICREICEL. Zh
I ASHERFP ORBEROTTEIX, FICMEHK
IoHEns tPAlcX-TOERZERBH
RAABEPERELRTHEERTLOLEELZON
510, —fgic t-PA BHEREBTA2AFLLT
MBI 2 BRI, 1R P 2 WA o I,

107

(Intrinsic Coagulation >

{ Extrinsis Coagulation )

Tissue factor
FVIL

Xa FV
‘FVa, PL, Catt o]

¥
K
7

7

,Q%\lhi

< Extrinsic
fibrinolysis >

..etc
2 _‘% \“\%\

,—;\,,,‘/_mﬁz

Endothelial cell

BI5 fAMETRSOEERE RO BB
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catecholamine % I {E@I4:4E, protein
C7, fibrin!®, heparin® 72 EMBEF ST 5.
Lo LEEAMER SO t-PA OBz EZRow
ThBRED X 5B LTV 3035 BOBRE %
ETHMETHB.

¥ & O

1. fk/EERF, ATII EAVMETF L, FPA
D& BB L. 7. FPBB15-42 3, FPA &
HLOBEE 2T L. ORI EAERIC K
TiZ heparin OFHIC b2 00b 6T, BEKE
L TRY, BUMERICI\ T fibrin DK
NEZY, —HTEHIhEBERTS, BEEE
HRALTCV20LHEREIND.

2. ZOMBEHACERFICBI LT, #AMER
BA#AE #% Tix blood-material interaction {2 & %
—EEORNRJEMRATFOEEIICE B O5A
ARBBEEES S Y, ToRFFECMEAK L
DR RN B t-PA 2 X 2N RRBESEAKE 22
50 EEZLNS.
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Alteration in Coagulation and Fibrinolysis Associated with
Cardiopulmonary Bypass in Open Heart Surgery

Kuniyoshi Tanaka, Michihiro Nasu, Isao Yada,

Hiroshi Yuasa, Minoru Kusagawa and Katsumi Deguchi*

Department of Thoracic Surgery and *2nd department of Internal Medicine,

School of Medicine, Mie University, Tsu, Mie, Japan

The effect of heparin as an anticoagulant was
examined and the nature of the fibrinolytic ac-
tivity during CPB was clarified. Twenty pa-
tients undergoing valve replacement or aor-
tocoronary bypass surgery were studied. FPA
level were elevated gradually as the bypass pro-
ceeded, and ATIII decreased during CPB.
This indicates that despite the use of heparin
the coagulation system is activated, leading to
fibrin formation in the microcirculation. On the
other hand, FPB g 15-42 also increased to four
times of the preoperative level at 2 hours of
CPB. The intrinsic fibrinolytic activity deter-
mined by the activity of kaolin activated
euglobulin was transiently activated only at the

beginning of CPB. The Cl-inactivator resistant
fibrinolytic activity and t-PA increased sharply
during CPB and reached their maximum levels
1 hr after the start of CPB. This indicates that
enhanced fibrimolytic activity during CPB is
predominantly of extrinsic origin caused by
t-PA released from vascular wall.

It is concluded from the above findings that
thrombin activity continues during CPB and
that enhanced fibrinolytic activity is essential
because t-PA activates plasminogen
predominantly where fibrin is formed, resulting
in the dissolution of the microthrombi formed
during CPB.

Key words; Cardiopulmonary bypass, fibrinopeptide A, Fibrinopeptide B g 15-42,

CI-INA resistant fibrinolytic activity, tissue plasminogen activator
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