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Effects of prothrombin complex concentrates and fibrinogen on the profibrinolytic state of
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[Background] Fluid replacement therapy using crystalloids and colloids without transfusion of blood or fresh-frozen plasma
after massive haemorrhage may result in a profibrinolytic state. We tested the effects of prothrombin complex concentrates
(PCC) and fibrinogen (Fib) on the profibrinolytic state in hemodilution, using thrombelastography (TEG") and a plasmin-
plasmin inhibitor complex (PIC) assay.

[Method] After approval from the ethical committee of the Saitama Medical Center and obtaining informed consent, a six-
channel TEG"® (n=15) was performed using blood samples from healthy individuals. The normal blood was diluted by 40%
using normal saline (NS), then a six-channel TEG" was performed in 320 uL of recalcified, Intem"-activated whole blood as
follows; normal blood + NS, diluted blood + NS, diluted blood + PCC (final concentration 0.2 IU/ml), diluted blood + PCC
(0.4 TU/ml), diluted blood + Fib (1.5 g/L), diluted blood + {Fib (1.5 g/L) + PCC(0.2 IU/ml)} (Experiment 1). Furthermore, a
six-channel TEG" (n=15) was performed using blood samples collected from patients at the time of anesthetic induction and
at the time when more than 2L of fluid was administered and the amount of bleeding was more than 400 mL. The TEG" was
performed with recalcified, Intem®-activated whole blood spiked with tPA (final conc. 0.15 ug/ml) and the same additives as
each TEG” channel in Experiment 1. Apart from the TEG” testing, PCC, Fib and tPA, etc. were added to 0.9 ml of each blood
sample in the same proportion as in the TEG®. Thirty minutes later, clotting reactions were stopped by 0.1 ml of 3.2% citric
acid. The PIC was determined in plasma obtained by centrifugation (Experiment 2).

[Results] Fibrinolytic tendency was significantly enhanced after haemodilution with saline (Experiment 1) and with fluid
replacement therapy after bleeding and fluid replacement (Experiment 2). The PCC and Fib could, in a concentration
dependent manner, mitigate the profibrinolytic state enhanced by haemodilution, which was most effectively controlled with
the simultaneous addition of PCC and Fib. Decreased maximum amplitude (MA) values after hemodilution were lowered
futher by PCC, while they were increased by adding Fib.

[Conclusion] The combination of PCC and Fib was most effective in mitigating a tPA-induced profibrinolytic state after
hemodilution compared to adding PCC or Fib per se. PCC might increase thrombin generation whereas Fib increases the mass
of the clot.
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5 L (TEER M AN Y) o M A= O % 3 % & &eE R
TRIEFELNLVD 30%12, €0 2 f5HY (% 8L~ 10L)
OWMIMIZHZEOEZ T 5L 15%ICIKTTHLEEZD
N, FHECREDTTET L EZLNTWS "2 2ol
I 4 96 % Hr kG M 4E (fresh-frozen plasma: FFP) T47
X, BERERE I EE#RPENICRZZN S, BRSSP
FIMAECHiT SN D EHE S ITHET 5. T O FIZ Mm%
P plasminogen activator inhibitor-1 (PAI-1), a2-plasmin
inhibitor, thrombin- activatable fibrinolysis inhibitor ( 2L T
TAFID) 3 X U factor XIII (FXIID) 7 & OHUHE R 1257 B
SN H 5 L OBolliger 5 DD D 5 VA5, MO K
HMTOMBREBOREICOVWTIX, F—FIcZLL, %
ol Ehtnin,

Fxlx, turyRLI AT 7 (LUFTEG": CTEG
5000T, NEART 4 7 A%k, vHF 22—ty v, KE)HlE
2B AT A= —OffT s LMo 7723 > -
TIAI A ey —#EH (plasmin-plasmin inhibitor
complex: PAFPIC) O @R EZ ERIT L7z #iRE LT,
S IX N T # &1k (prothrombin complex concentrates: B
PCC) BL U747 /7 (LLTFib) %%, SR
M X0 AR E N7 MR OBETCERB IS RIATTIEH %
BIEL 72,
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(1) &

it G 1% 58 1] % o> B A il AT IF 5 8 P N 12 & B ASA class
I-1I (American Society of Anesthesiologists’physical status
class I-1I) o B &L 30 % (BRI, n=15; EERII, n=15)
AL Lz SRS EERICIHFELEFMNE 22 FE
T, MBICIZE AR E 237 (healthy; no major medical

problem, class I) 7°, ¥zl > b — IV RIFLEINTW
BPERFREIMED & 95 2 RE O NEEZ D (class
) BFTH 5. ZBEIMHE O 2 B LLAIZ, NSAIDs
(non-steroidal anti-inflammatory drugs), ~/%1 ¥, K51
7—779 2y, XaflFEEBLO o v E
HHERZ COPBEEELZIRA L W2 BE, $7/2ET7 A
) OB E Z SR LA L7z 20 30 40
B RMAE R — 2 T 4~ OWHIMAAE T, prothrombin
time (PT: international normalized ratio) 1.1+0.05,
activated partial thromboplastin time (aPTT) 31.3+2.3 ),
B X OM/IMREL 243+£57x10°/uL Th - 72, %= B, WEIZ,
LIEFNCD & 2 \IE L, €O A MEMEE L.

~N1)

(2) &
1) TEG D/ 5 * — & — B2

Fig. 1 \Z/RF &£ 912, TEG*® 85 X — % — IZI1ER
(reaction time), Angle (a°), MA (maximum amplitude),
Ly60 (whole blood clot lysis index at 60 minutes after MA)
2B, RIGWERGA S TEG" ORIEA 2 mmiZ 74 % &
TORMT, BEOMKAMEEZEZONTWAS. Angleid
ot DHES 2R L, 747 /7 v LIVMLOHR)E
wHRT. MARZEIMOH ) E % /RY. Ly60 IZIMAIZ 7 -
T 60 P RDOMIBETH D, A60 *MAIZ% - T 60 534D
WIEE 95 &, Ly60={ (MA —A60) / MA} x100 (%) T3*
SNE. AMEOTEIIHREZLERTL2HDOTH L7290,
BeEDONVH LN IZTOWTHINT A —% —, R (reaction
time) & Angle (0°) IZIRFIHH X, MALLy60 @ 2 2D
NI A= —DEALERF LT, KRBT HEOEEY
MELmz#ED 512, Ly60 (MAIZZ% - T 60 45-1%
DOREEE) £ Ly30 (MA 27 5 T 30 23 ORIEIE) A5
ERINIT A= —LENTw5b. L% L Liebenberg 5

Fig. 1. TEG" parameters: R, Angle (a°), MA, and A60 are depicted.
R, reaction time is the interval between the beginning of the
recording and the time at which the amplitude of the TEG
reaches 2 mm, and R point is recognized to be the onset of
coagulation.Angle (o) represents clot formation rate and
is known to be a function of the quality of fibrinogen and
platelet. MA, maximum amplitude is the largest amplitude
reached and is a function of the elasticity of blood clot. A60
is the amplitude at 60 minutes after MA. Ly60 represents
whole blood clot lysis index at 60 minutes after MA. The
relation between MA, A60, and Ly60 is as follows. Ly60 =
{(MA -A60) / MA} x100 (%).
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DG “PTIELy60 & Ly30 Ol /5 A5 E X T W 525,
Ly60 TOMEpALy30 DN L Y /NTHY, Ly60 TD
WEDTTAS, FERICENR TS LHIWT L 72720 AR5 T
1ZLy60 % 7z

2) PRIEILRE DRINIZDONWT

TEG" DXL 10 L THRME N2 DAIEARTH 52,
AT ET AL I N— 3 v REHESED 20 uL N &
L7z. PCCOBMEDPEE, PCCEY Iy EF ¥ b
WPESE 7 KT8] & ok % Ik L 72 Tanaka & OS5 O %
Z#E L Lz M4EE% S0 mLkg s 35 & KRREE LT
®O 20 IUKgDH 5T, IMAEFHREX 0.4 1IU/mML, €0}
@ 0210/MmL, F72 0.4 IU/mLORERIZE: 0.72 IU/mL
& TR BIRIN TN S, %mﬁ%«%fiﬂﬁﬁr
HEIZINRZLT &, ForEUAale bR sgE &
5. 2 TAMEIZPCC 0.2 TU/ML & 0.4 TU/mML % w72,
X512, Fib 1.5 g/lLOPEIZ D\ TIE, Bolliger 5 O I i
FROWE ", HNLMECT7 4 7Y )75 % 1.5¢gL
PLEMZ % L, TEG®® Angle (a°) 7 & 5E %5 e ASTE 412
ol bl RENTWA-OFb 1.5 g/LEHFMA L 72

3) EEpra ha—
(a) EBL FIXHNTEAERBLI 7470 27 25 40%
ABRIMHL D TEG 12 2 1E 3 7EH (in vitro study)

PRI, AT 40% AP (DL A B 2 765 L,
TEG® /85 A —%— (MA L Ly60) % 6 F v > )V (LLF
ch) TRIFFIZHE L 72,

W5E 13 4zchiz 0.4 MEALA VY 4 10uL &4 70"
20uL %Nz, 51248 1 chiZ4m 0.32 mL (i iR) & A4&
10 4L, %5 2 ch\Z& UM 0.32 mL & A4:£F 10 uL, 45 3 chic
FHUM 0.32 mL & PCC (##FE 0.2 IU/mL) 10 uL, £ 4 ch
(AR 0.32mL & PCC (R FE 0.4 TU/mL) 10 4L, % 5 ch
AR 0.32 mL & Fib (#%32EE 1.5 g/L) 10 uL, %5 6 ch
AU 0.32 mL & {Fib (REHEEE 1.5 g/L) & PCC (RRiHLEE
0.21U/mL) } 10 uLZ F iz illE L7z,

(b) FEBRIL BIXKFHEEKRB L7 47V 77 s
400 mL D\ b2 ¢ ) B 2 LY EOERIIMFE D TEG® & 75
ZAIV-TIFIAI VA ey —HHHK (PIC) I KIET1E
H (ex vivo study)

(MTEG" @ 6¢ch TOMl5E

5 1 chiZFRERE AR IZERIL U ClsE, % 2 ch ~% 6 ch
M 400 mL DL E 3B X OV 2 LLL IS 7 o 7205 2 TR
MLUTMELZ. ZRFNRTEG D85 A —% — (MA &
Ly60) & AIZFR L7z,

4xchiZ 0.4 MEEALA VY 4 10ul, £ 5 2% 20uL,
M T 9 AI ) =772 FX—% (LLTtPA, Ktk
0.15 ug/mL) 10 uL & 4511 0.31 mL %, FEERIDZF v ¥ F
NAOIE TP 10 uL & 32z 7.

@PICEDHE

TEG"I5E £ 135012, 0.9 mL O IfiiEiZ TEG® d % ch & [
WHETHELI VYT A, 47 4° FibBXOPAZIZ
THERE Z A L7z 30 01% 32%F 7 — b 0.1 mL& &
MLUTHnZEELESER. 4027 IV%E 1500x g T 10
sy (15°C) m0gr B G Es O H-500R, #Ralsstta »
W2, W) L7-1%, platelet poor plasma % $RIL L, PICH#:
ZRE L7z,
HREt

FTRTCOTFT—Z I PIEEEFRAETEL, ERIO
MA & Ly60, EERIIOMA L Ly60 B X U'PICD, #HH O
S OZEOEE, the Kruskal-Wallis H-test followed by
the Mann-Whitney U-test with Tukey- Kramer’s correction
TITo 7z fEEE 5% T2 AR L L7

# R

1. RBRIOBHE : FIXHTFHEAGERBLET7 1070 278
40%?%%)3@{&0) TEG" 12 KT 1EH (in vitro study) % Table
WRL7z.

MAfEIZ D Wik, W TIiZ 613 mm, ARICKD
509 mm & AR LIz, PCCO.2 BE K OPCC 0.4 #D,
% % 472 mm, 46.7 mm & A B L7z AR, PCC
02 R UPCC 04 DKM EZIRD N5 7.
Fibl.5 #£ J2 O°Fib1.5 + PCC 0.2 #ETld, 44 55.7mm, 57.8
mm THARHEE, PCC 0.2 # K U'PCC 0.4 #EIZHA~F B ’i%
JnL7-. Fibl.5 # & Fibl.5 + PCC 0.2 FEIZEERICEIZED
5N Hh o 72h% Fib LSBT krt«ﬁiic_ﬁ{ﬁ%m L,
Fib 1.5 + PCC 0.2 BHII xR & A EEIIRO SN h o 72,
Z D2 DOFbRMEEIIMA Z G EICHI KT 55%, PCC &
R HICED, S 5ICZ0MmAH§ I L 2R S /.

Ly60 {22V Cid, R TIX 2.6%, HIRIZED 4.2%
EAFICEM L. PCCO0.2 #, PCC 0.4 #, Fibl.5 M
UFibl.5 + PCC 0.2 BEIZ & %4 2.7%, 3.0%, 2.1% % 051.2%
EAREE L WA FEICRA L7z, PCC 0.2 #, PCC 0.4 #
JUFibLS fEixEh T & X, FEEIERD LN
Zeho 7275, Fibl.5 +PCC 02 BRI I Y, SHICHE
BRI SNz 72, Fibl.s + PCC 0.2 # &, PCC
0.2 #, PCC 0.4 B2 O°Fib1.5 B & D& % OFER HLE T
Fibl.5 + PCC 0.2 #EO B E WA 2RO H 7z, PCC 0.2
BEEPCC 0.4 HEE OREMICHE BETED 5 7225, BEH
HIFEHIICEI L CTIZPCCO.2 #ETIRIZSD &Kk & {, PCC
0.4 BETIIRE L 72EIHEHER RO bz, 29 L7z
J 5 PCCHREFIbTE VLD E5 L 72 Ly60 fifi % 8 BEAKAT
PRI L TR ZIMZ s 22505, E512, PCCE
Fib & O JH R4 5-C X D BIT ICHE 2 30 3 2 & & AR
Ihr.

2. ERINDOKE - EIXWTFHEKBL 74 7Y 25
S 400 mL BL b 2 £ 9 #iii 2 LB oS B o TEG®
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ETIGAIV-TFIAI VA vy =itk (PIC) Ik
1391 (ex vivo study) % Table 2 (27" L 72.

MAEIZ DWW TIE, WHETIE 63.7mm, HHRICX Y 62.3
mm, PCC 0.2 #, PCC 0.4 #Tlx, Z1FMN 59.9 mm,
58.8 mm & MAfE % ¥ K¥3, &L AW %ML
¥ 57z, Fibl.5 # L Fibl.5 + PCC 0.2 #ECix, #h %2
N 67.7mm, 69.2 mm &R} OB & A EEITRD S
Nhho7z. LA L, Fibls HEAPCC 04 R &R, F7-
Fibl.5 + PCC 0.2 #ASPCC 0.2 BE L LN, ZHZENEEIC
WAL,

Ly60 fEIZ DWW TIE, fHIE 45.4%, HFUCTLD 66.5%
EAFITHR LBAAYITHE L7z, PCC 0.2 # K. UFPCC 0.4
FETIEH % 58.8%, 50.6% & Ly60 % 84§ 2025380
LNT=D, HABRBELOFBEIIELS, 72, ZoOW
MIZHAEEETRED SN o7z Fibl.5 # K UFibl.5 +
PCC 0.2 BEIZ & 4 40.8%, 29.3% & FrBRIE I Lo~ A 75 20 0K
SRBED NIz T2, 202 BERICEEZIRD LN
Mo 7273, Fibl.5 BEIZPCC 0.2 BEL PCC 04 BEE D& 4 D

Bl At

FEICHARAE#13M L, Fibl.s + PCC 0.2 BEIZPCC 0.2 B
EPCCOATEL DE A DI HARE BRI DFRD b
U5 [ R °F- 0D e BEARA V2R % 30 5 2 fBIAI A33B 0 S 7z
& EZ, PCCHUMTIZLY60 % iR Hisk 225, Fib L[
Rp¥ 5 CHRITICHWA 2 3 5 & L AVRIB S 7z

PICEIZDWTIE, MITIEZ 182 ug/mL, HHUTLD
38.1 pug/mL & AR LAEAILHE L 72, PCC 0.2 #fiX
309 ug/mL T, WA T AR D S, AR L
HEATMA 5 72, PCC 0.4 BE T 24.8 ug/mL & 7 REE
EHAREEIHA L7 HE-T, PCC 0.2 #EEPCC 0.4 B
DOMWFERIC TR D SN h o 7oA, PCCIEE MR
WCHREIER % A 3 2 I 2538o H 7z, Fibl.s BER D
Fibl.5+PCC 0.2 B TlZ, %4 23.4 ug/mL, 17.5 ug/mL &
TRBEE LENEZICWA L7z, 72, 20 2 DOFibEER
WIEAEZEBEO SN d o7z F7/2Fibl.5 #I1ZPCC 0.2
TELPCCOARELE D& A LA EAIIMS, Fibl.5+PCCO0.2
FEIZPCC 0.2 BRICHANA BICPICE %K S8 7228, PCC
0.4 BEIC L3134 D> o 72, FibBE D SR N IR BRI
R & ] 2 A ATRIE S 7.

Table 1.
Effects of PCC and Fib on TEG®(MA and Ly60) of 40 % diluted blood.
MA (mm) Ly60 (%)

Control 61.3+4.1 26+1.2

Diluted blood (dilution group) 50.9 + 3.11 4.2 +0.67T

Diluted blood+PCC 0.2 IU/mL (PCC 0.2 group) 472 +1.2% 27+1.2*

Diluted blood+PCC 0.4 IU/mL (PCC 0.4 group) 46.7 £ 1.2 3.0+ 0.6*

Diluted blood+Fib 1.5 g/L (Fib 1.5 group) 55.7 + 1.91*t§ 2.1+0.5*

Diluted blood+Fib 1.5 g/L+ PCC 0.2 IU/mL (Fib 1.5 + PCC 0.2 group) 57.8 +5.0"1§ 1.2+ 0.61*18§#

All values are expressed as mean + SD.

Tp < 0.05 vs. Control

*p < 0.05 vs. Diluted blood

1p < 0.05 vs. Diluted blood+PCC 0.2 IlU/mL

§p < 0.05 vs. Diluted blood+PCC 0.4 IU/mL

#p < 0.05 vs. Diluted blood+Fib1.5 g/L

Table 2.
Effects of PCC and Fib on TEG®(MA and Ly60)and PIC in case of more than 400 mL of the
amount of bleeding and more than 2 L of fluid administration.
MA (mm) Ly60 (%) PIC (ug/mL)

Control 63.7+3.3 454 +11.7 18.2+59
Diluted blood (dilution group) 62.3+6.6 66.5 + 13.81 38.1 £ 16.5t1
Diluted blood+PCC 0.2 IU/mL (PCC 0.2 group) 59.9 + 8.1 58.8+13.8 30.9 £ 14.3t
Diluted blood+PCC 0.4 IU/mL (PCC 0.4 group) 58.8+8.9 50.6 £ 16.6 24.8 £ 13.2*
Diluted blood+Fib 1.5 g/L (Fib 1.5 group) 67.7 +4.9§ 40.8 + 25.1* 23.4 +13.2*
Diluted blood+Fib 1.5 g/L + PCC 0.2 IlU/mL (Fib 1.5+ PCC 0.2 group) 69.2 + 6.8%§ 29.3 + 23.5*1§ 17.5+9.1*¢

All values are expressed as mean + SD.

Tp < 0.05 vs. Control

*p < 0.05 vs. Diluted blood

1p < 0.05 vs. Diluted blood+PCC 0.2 IU/mL
§p < 0.05 vs. Diluted blood+PCC 0.4 [U/mL
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KeEO I & Z 1% IET 5 720 O T O A RIS
L) RATERELS S X RIS b 2 L 2SEERTO in vitro
EFNVE, EERIDex vivoET IV TR I N,

FEERITIX, PCCIEIMA MR Ko 7225, JiEL
ToRE P 5 2 LTk, EBRIITY, PCCIEEER
LE FAARICMA Z B IK T, ABUREIZIZPCC DA Tidclot
OEEMIMSE RV LATRENT. FEBRIT O ETERH
122w T, PCC 02 IUmMLIFHAEZ T2 &N 7278,
FibdD A 572 2 B L PCC 0.4 TUmMLEIZMIEZIMZ B L
AR, PCCIIMBBEMRAFE ISR 2R L7z, F 72,
PCC 0.2 IU/mML I M TOFMBIEIILTLORELL L
WS, Fib 1.5 g/L & [FIHS-C, A % 5k < B 2 8
DIRE NIz

PCCO PO ¥ ¥ VEFIZOWTIEZE L O 9 5.
J—7 ) yoyTa ba vy RIRORERICE LT,
PCC¥e 512 X 5Pt & FFPIZ X % 20% A0 BUMLIEIC X 5 55
P& DHEIZHBWT, PCC 0.3 IUMLEZSG D37 a ko
YEYOWERBOAZST, bR YE VARKIZOWTH Ko
Tt oErH 5. PCClEbhurErZEALT,
EAEEINZbO Y VIE oY RETV Y VEREAL
COMNOVEREY Y VST VY UATAFL 2 i1
193 5. iMEAL L 72 TAFla2sFib® C K5 1) ¥ > (carboxy-
terminal lysine residues) % #IRMYIZYIBEL T, Fibek 75
AI =T vORERIEL, BEAHIH S LR s
ns'.

FibiZ & 2 MA DK L FIMRBRIRIZO &, /MR L Fib
ROH 13 J]Y, ZhZhoes X OEEESSvIEE
MAZHREED EOWEDH S V. SEFbOTRMAT 4
T YOESERLT, TI9AIVIMEH L THEDITHE
THhHT A7) yh 2, MADEERL, R, Hole
MBEITREINTEEREINS.

AR OBEKR L 7-MEE L ) 3 PCCHB L UFib OME
M PE D538 A 2 o 72354, Ly60 3 X OFPICOfEAS ¥ 1 %
RTWHREMED D 1), PCC B X UFFib O #LAIT I % 1IEHE (230
BTERV. o TERIIIBWTIE, WROMPEHNS
ETOMWECBNWT, HENLEZES ZWRED—ERD
tPAZH LT, I b a—)b S N7 IREE & 7k
L7z """ Zhic X ) PCCB X UFibD#m: 2 15 L <
W2 DB EDPWHEE 2o 7z, ML, Ly60 B X UPIC Tl
EEAF O T AR EINZD D0, Euhrshsz
DO, PAOHHIIARBCTH 7L REINS.

Y REY 2 VIEEICMAE N TES B 7S,
MAMRIZ S FAAELT b ¥ ¥ 22 X B I/ % k-
L, EHROMBENTOMBHERICEG L TWDEEZD
NTwz Y mENEMREELZVRTHSTEG &1
WHllETD, EMEMEH L2AHE~ND e v REY 2
VY OBGETICELLNS.

&

Lo K 2 4 5 S & 2 M A U Stva To
REEZ ] X L7245, PCC & Fibd 5.1, %
NS KL OHMPE G T, MEARE X OtPALZ
L DK U 7R TUAME RIS % i D DR A I HIHI L 72

2. PCCldbua vV Vv ARZRINS LW H 5 DI
L, Fibid&EIMLO®ZMsE5.
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