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SIME™EY HAL (Rotational thromboelastometry, ROTEM)E EHO| HEHY SHEHAL (point-of-
fHOZ M CHsH QAN AtStolM MEo| MEHY Z=2hhdg =WIte 4= QICH ROTEM-7|Et
=Y el 2R oHH gkdol Fa J{EQl =Xt HH 22| (patient blood management, PBM)2)

= o
Heoa0|th XE Kz oo HAW 57 Xt X o 78t X X2 AFS et
-| At o

=
=£7{-7|8t A2 E0|X L12|F0| ROTEM AALe K| X|Z27t HA T|0{of stCt [2tA ROTEM-
18 0|2 F27| 2|0 XEQS £ FE oEto| JiEE EZEICE ROTEM-7|EL
PBM2 £Y, & 27, 83 He % 2zH| a0 =Ml ez LEpH, CH=9
SEQHE oiz-¢7, OEtEd A EAo®E J|E BIHESO| ROTEM-Z|Et 2AZ|E AFEE2
SiXto| ot @Ok ofL|gt £=&7| ot S MUE S| X2ZUE SHAZCHE 2HE M3
SHACH 2Lt pBM ZiE0| ROTEME FE=3t7| fdiMe 2% 78 R &= 249, s &
HAA =, ®O ot 2}, ChetAZt A8 3 ¥@Eo| 2 EICt
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Rotational thromboelastometry-7|Ht (ROTEM-7|8h) &€ 2|= =X} o™ 7440 Aol F23t

gl stxHA2E| (PBM)2] Xl Q40|Ct [1].

S NAE SUS TFD OBE U MYES HOIE HYLE 272 TSs HOITH 2-5]
N e SMWS WH Y BAW +ELS SUD HHS WX £ O ofLiat AT
Ze oSl AIE AYWCH (6-11). SH-TE ATl 320 25 FE-BY IY HeY

(transfusion-related acute lung injury, TRALl), =¥-Zt#d =2tNHZFZS (transfusion-associated
circulatory overload, TACO), #&l-72ll & 2 (hospital-acquired infections, TRIM)= 2ot =3 -2t&#H

HAHZE (transfusion-related immunomodulation, TRIM)O| & QI0|C} [12].

S5 S0 Azt MHO|CH SHX|TF BE HAMHC| &1 HAL (standard laboratory coagulation

test, SLCT)2| AMO|L X HAF 2QA|Zt (turnaround time, 30-908)2 IESIAH ZO{A YAH

et Z2-o| 7|10645H7] oLt [19-21]. Ol CHEMC 2, HE HA (point-of-care, POC)2! ROTEM

= d8 10 Lt A= AME 10-152 =2 HAL ZoE HNSSHCh ROTEM FH (trace) &
7

S|
S7t AEE|E= A2t (E12AIZE clotting time, CT) O|F 5-108 = &L= X ZE (clot
A

r

firmness)2| =£7| TE (amplitudes, A) Z4=¢l, CT 52 & TIE (A5 CT 102 & TE (A10)2,
O ROTEM traceOfl A ZtEE XCf &F™ ZEZ (maximal clot firmness, MCF) 2t 0t OfL|2},
Mead (fibrinogen) & ZAAMK| d2|0 At = AAK| t: 0§ =2 G822 E0N
(
AL

k=1
N3
o - O
= X7| AA gtE9l Y4 HE0| ROTEM-EM Q| turnaround time THE0 Ho|t
=1
O
Af
=5
=

o 7219
) [21-26]. POC ROTEM ZAAL= SLCTEO| H|8H turnaround timeO| ZS &0t ofL|z2t

2
=, SICTY 2 dR2ad & A HISHO, Ciol o SE0A =g 2 =2 0=

ROTEM-Z|Et Edate| ¢aeg|§2 ¢ 2ds = Hels
HOFQUCE o8] BEQ AMAIHEE (randomized clinical trial, RCT), HEl EME, 9|27|&HIIE
O] ROTEM-Z|8t L 2|&Eo| =¢ &txt HEO0| &Kol M F&7| O|tE U AMYES =S

Xz ZIE 7fMsict= 2HE HM3SSHSICH [32-36].

olof [z}, ROTEM Z|EF L1 FES F&7| ¢ 2|0 /HALEsH
(theranostic’ ™). 12{Lf, PBM 70| ROTEMS =3tz SE£st 7| 9 oE ZH UL

A 2 A=ES RS CHetMzt 280 @E0| 2L



Sz}, E31H, gad, HdaL8d 74,
AR ELHE, Mdaad, Ha28d AA,
Hdegagl tissue factor FXIII, colloids XN, A4
10|\min
(-}
{__\Alpha angle [°]
A : H
i Z[Ci ™ Z= (MCF) [mm]

................

E|Ch Sal (ML) [%] = EAt &2 MCFO]
et cF 22 %

83l X|4= (LI30, LI45, LI60) [%] = CT
30/45/60 & ¥ MCFO|| Cist THo] CF %

so®w®
----------------

I A[ZE(CT) [s]
1 g4 Mt (CFT) [s]

o

o
ﬂg
o

HAE Al ZE [min]

a8 1. ez 71 Fa%t mj/iHset |2 ZtS LIEILE= ROTEM trace (‘'TEMogram'). FDPs: fibrin(ogen) split

products. Klaus Gorlinger (5¥) XS



H 1. ROTEM delta (sigma) 3% ROTEM platelet assays

AL 28N R HIHH LA o9
ROTEM delta (sigma) ZAt
EXTEM CaCl, + recombinant tissue factor | Q1A 81 AZ 81 QIX} ZE; VKAs X DOACs;
+ polybrene PCC &0 X|&#
FIBTEM CaCl, + recombinant tissue factor | dg4 S, MFAJMA AL SAXHFMA FoH
+ polybrene + cytochalasin D ALt e R A8, FXIN Z2E
APTEM CaCl, + recombinant tissue factor | &MFAESN 2t 25, 810 == & i1 Z2E0
+ polybrene + CHot Z+& TITH (EXTEM ZALQb 8HH| mHE)
aprotinin/tranexamic acid
INTEM CaCl, + ellagic acid elA 80 222l 81 QA+ ZAHE; UFH, ZZEID
2IF (HEPTEM ZAtQb & £H=)
HEPTEM | CaCl, + ellagic acid + heparinase | €% 3||otgl s=7 Of¢ =2 SHAE Y2 E o=
AAL UFH S0 Z2EHR 331 (INTEM ZAteH &7 =)
NATEM CaCl, =2t NZ (Of; Tl E= 2 MZ)O| CHD tissue

factor 2, 7[Et &S 22K (Of; LMWH)

CaCl, + heparinase

S|t = HLES =t & HMoM =2 M
(Of; TreTt = g MZE)0f| T tissue factor 29,

7|Et &S H (Of; LMWH) (NATEM ZAAR} 74 THE)

H

CaCl, + ecarin

Direct thrombin inhibitors (Ofl; hirudin, argatroban,
bivalirudin, dabigatran); &l Zt2l0f RIZSHX| 4, i

=

=)

ROTEM platelet Z At

Arachidonic acid (AA)

COX-1 (Of; orAm2l) U GPllbllla receptor A

211 CPB, 2/ 3 T Ft

ADPTEM | Adenosine di-phosphate (ADP) ADP (P2Y12) (0ll; clopidogrel % prasugrel) % GPlibllla
receptor LXK =t CPB, 2l S IHEZO| FT¥
TRAPTEM | Thrombin receptor-activating thrombin (PAR-1) (Oll; vorapaxar) % GPlibllla receptor
peptide-6 AMH =af CPB, 2 H IEEo| FE
(TRAP-6)

VKAs: vitamin K antagonists, DOACs: direct oral anticoagulants, PCC: protamine complex concentrate, UFH: unfractionated
heparin, LMWH: low molecular weight heparin, HLE: Heparin-like effect, COX-1: cyclooxygenase-1, CPB: cardiopulmonary
bypass, ADP: adenosine diphosphate, PAR-1: protease-activated receptor-1
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Gl 43-82 s
ABgy 33-52 mm e
MCF gy 52-70 mm

[ FieTem |

MLEX or MLFlB < 150/0

LI60gx OR LIBO,z > 85% FIBTEM

A5 5-20 mm cr: €% AS:  3Bmm Al &Tem (T 665 AS:  Imm AL Bmm
MCFFIB 7-24 mm Bch~ i) [ - R e L

e RS0l

602 O|LH MLy=15% E=
MLsp=10% (LI60=85%);
APTEMO| TXA 212 E9I
[ extem |

3t HQ- XD NLHHIAE
IR g g
E0| MOl HAI= FIBTEM

HE
ie
£z

dex 38 o

Of; HHR LS EE
Xl M5k, S20E AL8):
AS[); < 35 mm
T

= ik
ASps < 9 mm

GPIIbllla-R):
AS[); < 35 mm

CT[K <45 s
CFT[;.; < 45§
MCF[K > 68 mm
MCFHB > 22 mm
LI60gy, < 3%

O3 2. E2X ROTEM traceAlz]. AAHZDES| =E0| Tt 5%
INTEM2 HEPTEM). CT: coagulation time (81 A|Zf), A5: CT 5
MCF: maximum clot firmness (£|Cf €& ZT), ML: maximum lysis (

TXA: tranexamic acid ((5£ 7|El SR A85|A),

22 SHMAIZICH (Of: EXTEMI} FIBTEM, EXTEMIL A
= 2 W 4 TF A10: (T 102 F €W g& TE,

83 X|2), LI60: CT 602 = 23}
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HMEH (E=CPE =

I ZERY ALR SO
@ =M =)
CTi 122-208 s
[ wrew

i

AS 33-52 mm

MCFy, 31-T2 mm IMTEM 15 vzt B e

CTi/CTypp-ratio 09-11] =™ 105 AST  Mme Al d3mm O WM AR ISmm KIG samm
MF: SImm o ML o% MEE:  Bmm ML 0%

e, Msk dud

(U4 HLE,
o o1 3 Bz == | — il ‘
55 23

CTin/CTyge-ratio 1.1-25

{significant = 1.25) Ee - MEPTEM

cm; T Mh AN
lF:  Mmm MR i MCF:  dmes ML o

o uE, 1sE o

(™: CPE &)
IMTEM flat-line (CTy=1200s)
=1

CTipp=280 3
o T HEPTEM | o1 TET
ET: MO M: _mm AW: _mm LT I AS  iBmm AIR 38mm
MF: Omm ML % MCF: Emm o MU o

ZEED 3HE Y

(Ao -S9H =)
CTpp B E(>2805) &
CTin/CTyee-BlE<1.1;
I

ZEED &3 10-202
OlLEH Ea=sE

k2 HEFTEM 14 1k

€T HH Ak Bimm  AO:  Alm
MLF:  Smm ML o MCF;  52mam WL s

Vitamin K-2|=

EE ({HE= &= ond):
CTry=80s5 4F-PC

CTe 0l 5 1o =0 M
A

EXTEM 1
[= ] 11 Ak mm Al Hmm 4 H EL T ddwen AND: 49w
MCF: Bamess ML ko WCF; §58mm ML Fa

J:5T

FXIII: coagulation factor XIll, GPlIbllla-R: GPllbllla-receptor, CFT: clot formation time (&1 &4 A|Zh), CPB: cardiopulmonary
bypass (MH < 2|&), HLE: heparin-like effect, OLT: orthotopic liver transplantation, 4F-PCC: four factor prothrombin complex
concentrate (4-2 121Xt Z2EEY 53 == A), EX: EXTEM, FIB: FIBTEM, HEP: HEPTEM, IN: INTEM. Klaus Gérlinger (5 ¥)

HS.

8
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o
(substitution) MELCE WM™ LXZ (thromboembolic complications) &t
o2 HOICL M2tM ™ ZE 22| (O: A52b EXTEM 2240 A A5 (A5g)2l
MM 22| (Of: CT@b INTEM 2M0A CT (CTn)2l AZHELCH U™ A|HE|O{OF BHC},

™ W o px Ho

< kB
[m

oy
5
rc

ROTEM HAIX|Zo| HIHQ| (reference range)e 1&TH QS (R2|H2EE
0|2l =7}, 440, Yo, 20 FHad, ol PSS (H-M BRf =7 A
Zeots o ZUESS oz SR [37-42) 2L et /Helel £
5=z Hrdst=s 4 X7\ M (orientation)Of Bt AME 7hsSHO,
7

275 0557 flof 2
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Jot
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ngt
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o
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mjo
O
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ROTEM 1Z|EMEH, LA 2r-AEE =Rdt= BAUE (cut-off F2 trigger values)2
+8|Xt Z&E £ (receiver operating characteristics, ROC) =4 £MO0|Lt CtHEZE 3|7 2MS
0| 2¢t =H-E0|X & AT (setting-specific observational study)OlAl ™ ZICt [27-31,43-45].
ROTEM-Z|Et 28|50 FHYUS2S M 207t Xd 24, =2 Eo4do #d4, = X

[ '
XNz Zit dds 2d0k=X ZotE=, 28-S0/ I d Al sl HSERALE
[32,45,46].
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ROTEM-7|h ¢ 22| ¢N2|FS AF8Y W= thaa 22 &S0 12 &|0{of Shrt,
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- % 33t 40 HMA|E ZE ROTEM-7|HF a2 Za2[5ol A i 282
S/0IME 20| EMSt= X[t =€ 250 St=X| {20 Ozt AHH H
ob YA HEO| CHSE CHEO| 'ofL 29l B2, O X|FHOo|M ROTEM Y 12|F0| %‘SEE._“ZP.

o [mEtM, 0| SPt[X| ge ZR0 X #HH HA 7‘3-'@ 'T=X=
Ote| =0 (FEOZ =7 SLCT [14%-24%], TEHE AL [15%-24%), E4E 7|5
50%01M &E3s| HCh, Ol dXMFZT 28 8 ogH BIHE |RELY =k Us
WAKX|Z (overtreatment)ES L|St7| =O|C}H [31,47,48].

« ROTEM Z12|E (2 S MAME =2 39052 HEE HA (90-97%)2t
AT 7|5 HAF (80-95%)2 AHRBICE [M2tA 'HEHE (Not-to-do) POC ROTEM L mz|E!
2 EYS UE 71980l =2 XE IMCES noStHAM, EXMTT wWde oot
(‘therapeutic window'7il &) [31,47,48].

« POC HEMY HAL (ROTEM delta EE= ROTEM sigma)et E@AT 7|5 HAAL (ROTEM platelet)
P& ZY0[EtH, it =EE o|uldt MAES| X|=sHOF ohC

o dgfut, 2E FE FX A ZMo HMotEES d2{stofof SHCE (O FEHY A AROIAM

st AT S von Willebrand & =1} [49].

|Ziat 3K ZSShe BH-AHS (semi-automated) ROTEM

$b 4749l = x{'21}, ROTEM platelet &1} A
of M UmEA STEAM (whole blood impedance aggregometry)
g b OH2hA, ROTEM Y4E RE2 UL TEHEG AL HHRX| Rot=
BHES CESICE ROTEM sigma HXl= FHEE|X| 7|Ho| X X535t J|HEHMEHIAHAL

AH0|H, o Aoz Wl 7HX| &M (Ate4 EXTEM C, FIBTEM C, INTEM C, APTEM C [1¥ E+=
complete cartridge]] == EXTEM C, FIBTEM C, INTEM C, HEPTEM C [2¥ E+ complete + hep
ZtEE|X)E ZeCh O] 8% I XY (pipetting)0l AEEDH, ZHE =Y HM FEE
ZLEZ2|X|of & HIE2 T = QCh £93| ROTEM sigmas LB XY 7|=0| ZoE= 2=
HEAE X zdY (POO)OAM A CHE += UCL

ri
I

ROTEM Al2®0= M 7tX| SF2l A[2f0| ALEECL AR, ROTEM delta Al2" (B 1)2
2 AUXM Al (liquid reagent)O| EIHStH, Zt FAOHCH 1-27H2] M=Z CHE HH| A
zgst ofg| ol mIl XY CHAE AHMOF otk o] 3%, 2ed 81 d=of 43t

EXTEM, FIBTEM, APTEMO= &mt2l XA Z2|=2#0] =et[of A0l Z[Ci 5 1u/mie

sluotzls Hlggstettt. o= HH HiolmiA (CPB) [50-52]2t #0| stz s=7F =2 BFR0=

o|2{st BEMS AR U jME 4= QT E Lt ROTEM sigma 7HEE|X|0| AFRE|= 'H|E (beads)’

Aok Z+2e diMoz xgdi, O ZikE EXTEM C, FIBTEM C, APTEM Czte 0|2

HIO|E O] A0 XMZEEICEH ESH ROTEM delta X ROTEM plateletOfl LH U8 A|SF (single-use

reagent, SUR)2 At2%E £ ULt (B 1). 2Lt ROTEM delta L3288 Al Ol= ZQ38H oA 7}

o ro

19 do
ro mpo

A
Ar Jx

ot

1

-

10



£73|, EXTEM S, FIBTEM S, APTEM S 418 SURO|& of|otzl AKX (heparin inhibitor)7} Z& | X|

=L M2t UFHRE Xgte A (O dEd =2 At = UFHE 0|8% €81 X8 E

= ZHXL) #0F ofLjgt AUt LY heparinoid?| BHEO| OfAE £ U= A (Of: 7
H Ee 5 43 2 oA 228 AYES AH8siM= o ECh UFH

O|AlHO| MaF Of
CTQt €1 "M AlZt (clot formation time, CFT)Q| QXS =Z 0|0
SHE0M L2 AAES ALESHY ™ HE (amplitude-2t X MCRHE
RIt= INTEM (S)IF HEPTEM (S)2 dAArADt xetg & &g += AU

'rr r\l ‘|0|'

(AHAIQF, 23| Al C [ROTEM sigmag 7JHEZ|X[-7|8t EAM)Of&
Z A0, ECH 7 1U/ml HotElS 28M5| HNAHSIER ol s=7F =2
== QUC} [50,51].

DTS HEPTEM £AM
heparinase 7t Z%&
o AXo At

=Y g 20250 AFE= 7HE 5% ROTEM H4es 12 10 dEE0 don, EXFOI
ROTEM trace2 % 20| EA|ZO RULCH

MEB 20| ChAS Y4 BHOIM| ROTEM-7|8 2Da|F
R0 ME & 2iXt= 0|0 Z+ Q27|22 TREZ0 U2}t oYd 884 S3iHE £
#E 5 ULh O] FL ROTEME 0|8t 7483 Hel= B S TIC

52 A% =20M HH Al (ROTEM delta)dt 7HEZ|X| (ROTEM sigma)Q| d|mtzl &3t 7|sg
ArgStH CPB BE Al (O s CI2E)0 3ﬂfoE._' SE7F =2 Y MM ROTEM
2MS AT = A0 [32,46,52-55], O|E S SZHTMA (cryoprecipitate) X &= AT
9 €A HMHE HAlof ME 5= YA St=0, 53 ﬁwc-’ri% SEHMH (fibrinogen concentrate)
o Z2 SFEMHME A8Y + gl= 40 HE /&%t % == F XgE =¥ s
7|12l ZZELT (protamine)S &8 of|mtEl ITI 8F /XS FeHAME (ICU) 0|F
AtO|2| 30-4022 2 HNBHEICE [M2tA, POC ZAALS|l B2 turnaround timell HE2 'X|& A7t

o2l g0t £ ZZED OGRS

Agel Helol E = &’AEL Ichikawa & [56]2 anti-Xa &d1t ACT (r = 0.12), 8%} $§ EER
EatAEl AlZh (activated partial thromboplastin time, APTT) (r = 0.36) 23l Z28El 3utzl 5=
Atolof OfR oot HETAE ENSIACE HHHE anti-Xa BEI CTw/CThp-HlE2 F20
A ZE JAUCE (r = 0.72).

LS Ichikawa S 1.25 O|8Fe] CT/CTuee-HI 0| SHESt= 0.2 U/ml Ol anti-Xa 20|



1

+2 % ZAS U HY Mo Ikt ABEX AUCHE He YBSYUCL olgt Hifz
1T o

activated peptide, TRAP) Z2E =Zgtst dam 7|52 |olstn XAl FAIZHSl ARX| <t
Aetd2 JHEICE [57-60]. RCTOIA ZZELRIO| MCHREOIF AN &4 o Had, T = 2
Mes Zadiar folstA dtE Ae=E HQIE|QUCH [61,62] M2k, Xt 3j|mtal FoiZut
T2ED RO O 1.1 HE2 HYEX| Y=Ct of|otel of ==2ERR H[E 1 : 06-0.80] O =t
Mol Aoz HOICE [56,61,62]. F7tAQl Z=EIE F0oj= ZRED WCHREOE Qg ACT 9%

RO A TS 00| E[X| REEC.

[

3 22 FIBTEM TE2 ACT, CTiy, CThe, CTill GIF Q02 12{E|0fOF it £3| ME

- =]
F=g e 2012 22 oM Yo HieP Z0] O] BHAt HHEN dRAY SE7F HE
3|ME|7] IjE20|Ct [63]. MSALYS CPB =1t 0|=0 HEH 3|ME|ln Angoz Auap
+2 T £¥ol =8 Q92I0|C} Karkouti 52 CPB & M{ARO X7} 2 g/L OJFHQI HLE,
ASeg< 9 mm (A10ps < 10 mm O|2ho|| sHE3tH, 5U O|l&ol M ¢ =EN Fooh AEHd0|
A 22 EOFACH [64]. Ol= CHE AFXZL Esh ADb (5265 X A L2[F00A
g oF O|F2t YX|BCt Ranucc &

o
MO

HE2 Y/ ZHTMAO0| Cthot cut-off 242 ASpe< 9 mmE
o

23
H4Y F20M dR2d RO HEdRLafES Ao g2 UFE O e 2atHOX|T

i

|
&2l 740l LIEfLEX] B=tts E

2
= ASpg212mm (8R4 Sk >25¢9/L) 790|1, & K X258
SZ >3 g/l) THOICH ASpp> 1 (

N}
3
3

H 20| MAIZIO| UACH [46,53,66,71,72].

Ot
0x
=0}

A{oILL Z2EEY 5% ZFHKMA (Prothrombin complex concentrate, PCC) L=
OIXt VIl (recombinant factor Vlla, rFVlla)= =& #2|9| 'OtQ| Etzh0| ofL| B Z
I ROTEM ZItE S M350 & d20T =& 2| Y12Fo Loz M

FOfolioF ottt

o
o
0x

ox M
[

74

o oe = m
HD oz P
riot

rot
ofo
on
|0

NEAEE 8 A J|5H0= CPBE AMET dE & T HIHSHH LHsH =2 5 A
& £ £¢ Yooz 1nZ5tofoF oict dam £ (doloM =g "o sHEMAH Es
MEMNYE AT SSHA 17 £0) & A5y (A10y, MCF)l OlAH=El F7h= 2F 8-10 mm
A3t BAel A2 2 5 mm)O|Ct (A2 3B) [73-75]. Ol &2 AFA CHREE LDZ|S0fA
gdam FojZ 270 0|82 £+ ULCL

HMEHY ZAE 4T J|sh oish ZEAEA, cp, d2(n ZZEDIOl Zmto TIZSHK|
@oo=Z poCc MY AUEA SEEMT| (ROTEM platelehs MY HBHO|M IIHYHEHY HAL

—_
N



Bo| O|dHel Het HAOILE [32,46,53,76,77]. == T da 7|15 dAAs &4E 7|52 Mot
A7l SEATN 52 OO 42 XE22 2Xtel 7o Al 7|5 A2 AX|S0 ADP-
+8H ZEHe B O|FTERH 7K 28&= A[ZHS ZAA[7|7] {8 A8E = Ut
[78-82]. 12{Lt CPBE E83I0 AE =2 e X = F7| F¢ & zz|of A9
gdatt 7189l =52 3 % = T HaJt B0 {5t 5%t A= EQIC} [47,60,82-85].
ojof et ==ER F£0f = A0oi7l AT J|s AN Auotes AT AN e ANE d=2
=0 o3 Z2¥E = T 82 HY 02|31 = T o Q70 FU9| HTHAE JHEIC
[47]. Z2EtD E0| = ROTEM platelet ADPTEM S TRAPTEMO| 8iEdtE cut-off 240 Az
Lae[E0 AAEJACH (A 3A). FILE F2, o7 ALt 1 Aol HEFEAM0|A pOC HAE
71sdAE g el 22|50 SYIRACL A & R g =24 8 =E a7
daAZTAZE EAQFAUCE [32,46,54,55,86].

Basi = gl MY TE X|gk= 0| acenocoumarolE

S 93%0 A 0% International Normalized Ratio (INR) > 1.

i Sl 100%0 A QHHTE INR 242l <1522 O|FEIC

O|2{gt ZA1t= Schmidt & [88]0] QtutZICZ X|ZHH2 SIXtE EH’}JSE SISt Lt HJE' Kaolin

rapid-TEGE AtE%t otmtzl SaFo} HAE0M 22 AA™Moz &8IISsH

ZtZ} 455% R 40.9%) [89]. XB SEHE, ST EEEE 445170 SESUHME
k

[e]
Et2l K 2E 21Xt

[ru
wl _||'|'|
e o

rot

oN

o

@)

_|

2

\

(00]

.[;

>+
o F_'E!

St

I.

r

O
_—

40

mot et oFE HO
[l
mo oy 0

?=ol A= ﬂf%‘ﬂi% og =+ %'E qEol, o
48 B7tAM 7= ZAO|Ct [48,52,71,90]. HH 70| EH S0 X} sZHKA (daird A
4-factor PCCO)E 0|&%t ROTEM-7|gt REOI, £9| MEH = 20N, dNMMHEFO S
0.28

QOIStH ZLAaAT|= H22 USE|YULCH (OR[95% CIJ: 0.44 [
[=]
B

A —0.70]; P = 0.0006) [32-34,46,91,92].
PCCoE CHEFOE, WX YO A= TACO & A4 1

HMo| w M E0| F74otCt [7,11,93-95].

g YN2FO A10 (O=) HEO| HAFEME SeERS Seit X8 WES (Critical Care
Handbook)0ll 78| AL} [96].

13



® 2. FIBTEM 7|8t M2 3 CHA|

FIBTEM A5 (A10)2] daad FoF SEE™NH FoF
SE 371 (mm) (mg/kg bw) (mL/kg bw)
2 12.5 0.6 [80 kg& 1 g] 180 kg 5 U]
4 25 1.2 [80 kg% 2 g] 2 [80 kg 10 U]
6 375 1.9 [80 kg& 3 ¢] 3 [80 kg 15 U]
8 50 2.5 80 kg 4 g] 480 kg 20 U]
10 62.5 3.1 80 kg 5 g 5 [80 kgt 25 U]
12 75 3.8 [80 kg 6 g] 6 [80 kg& 30 U]
o710 M dRaRel FoiZ A2 FIBTEM A5 (A10)E SIS mm7tX| S7HA7l= =S80 EQot 82 7|Ho=z ottt
T Y =2 €% 85 (0 Al B, KT EAS|M, £= TACO) E= SHQAXE Xl ZEHO| Z2 FIBTEM A5 (A10)2]
Z7tg0| ALtE BItFELH WS 4 QUCE A5 amplitude of clot firmness 5 min after CT, A10: amplitude of clot firmness

o
10 min after CT, bw: body weigh

—+

, TACO: transfusion-associated circulatory overload.
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Tranexamic acid

single bolus = 15 (-25) mg/kg BW
(A eler|{t T2 == Qo)

A5, <35mm or YES
CT,z>600s or —
ML > 15% (60 OfLfl)
NO DONE
A 4
ACTaft(-:r Protamine >> ACTBaseIine YES
m ﬁ
CT,, /CT,p-ratio 2 1.25
NO |
A5, <30 mm YES
and >
A5, <9 mm (13 mm)
NO ¢
A5 <30 mm
and A5.3 29 mm (13 mm) YES
or HAT |5 O[A HAL r—
(ADPTEM < 35 and/or
TRAPTEM <45 Q-min)
NO ¢
CT,,>80s YES
and A5;; 29 mm
NO l
CT,,and CT,,;, >280s YES
(Protamine 1 CF & 0f 1129 | —
102 2 MZAL 2 cT 22 £9l)
NO |
YES
S X% —

<

Protamine, (0.3-)0.5 mg/kg bw
(25-50 mg/80 kg; 2.5-5 mL/80 kg)
ACT & CT,/CTep-ratio MAAL = ZA1f =40

Fibrinogen concentrate or
Cryoprecipitate (dose calculation)
Target: A5;5 212 mm (15 mm)

Platelet concentrate >
5-10 mL/kg bw
(1-2 pooled or apheresis / 80 kg)

PCC 10-151U/kgbw?®
or
FFP 10-15 mL / kg bw

Consider FFP

10 mL / kg bw
(FHEAF =0 = c17F AEHE H )

10-15% 2 MAEs dH=

HHASHY Zat 2ol




A5 <25 mm or

70| M a5 LB F NO
CTg >600s
US| DATEEP " | atOP | and
STRFL 7|E0 BHS 92
Jves NQ 1 ves
LI60;y < 85% (preanhepatic) | YES Consider Tranexamic acid 3
or pr— Single bolus2A 2| 15(-25) mg/kg bw
LI30¢, < 50% (anhep./rep.) (13] 2H= 7ts)
NO |
A5, <25 mm YES Fibrinogen concentrate or
and —| Cryoprecipitate (dose calculation) 4
A5.5 <8 mm (12 mm) Target: A5z 2 10 mm (14 mm)
NO |
A5;, <25 mm and YES Platelet concentrate
A5.;>8 mm (12 mm) Or |re— 5-10 mL/kg bw or
T ELH 75 Hol 1-2 pooled or apheresis/80 kg bw >
NO l
and e or FFP 10-15 mL / kg bw
A5, >8 mm (ETF 91Ol &2 ExLoIM AT AP D))
NO 1
CT,,>280s YES Consider Protamine 8
-~ > (0.3-)0.5 mg/kg bw
st 25-50 mg/80 kg; 2.5-5 mL/80 k
CT,/CT,yepratio > 1.25 ( e
NO |
YES Consider FFP
CTiyand CTyep >280s ) 10 mL / kg bw
(Fol: BN FHEE AL 5 UR)
No |
YES 10-152 = M 2x=2
s¥o| x4 —

WHAS 21t =l




3 3. (A) A3 == % (B) 7t o[MoM2 ROTEM A5 7|8 8 ZZ|E T 2H B ¥12E L12E
FM: A4S 0] ZH0|A] (Orthotopic liver transplantation, OLT) =& ROTEM 24 A|&: 7|&H (baseline), 602 &
e 7t MA M (pre-anhepatic) BHA & ZEEO0| e 42, HEYW ZE 5102 = (7] 78 ®MA THA), ciyw
AE 30452 = (7] 2 A TA), MBF (reperfusion) 5-102 F, MAF 30452 F, D8 2%, &89 =it
Ue 4% &, 58 X 4 HA 10-158 T MAAL 712 2US ottt 25 > 35°C, pH > 7.3; Ca?* > Tmmol/L,
Hb > 7 g/dl. 3¢M Q288 (antifibrinolytic) 28 [105,1071: TXA CHAl EACAZ AT £= QUCH (Zh 2 27|&2

PN
Z2EEFE 7|F). CTee > 600X£ FIBTEMOIA EEHDH MMO=Z LIEFHCE 2 ®AH M d{A0CHESHTHO| OLTS)

AIYE Z7tet Aol ULt [103]. Q| =4t glo| IBF AF/D o|F0| LiEtLE HeAChEsle AR
S™E = ULt (self-limiting). MLO| 15%01 E=Eot F| ROTEM 242 ISt TXA YS ALESHA| e
BIohS UECh M RAR RO AM (AN T & 2 &X) 4928 RO (9) = AS s (mm)e] S8 F7t
x MT (kg)/160. H QIX} (140-160 mm kg/g)= &A €& 2o w2t ZFetzict 10U sZAEJMA ~ 2 ¢
HEAH sSMHA. EAE SEMA +8: oYY FAE =82 7+ o|MoMe AIYE Z7tet #E o] QUCt [123]!
ASpg > 12 mm B7t0| 2lst 24E TE{sict dEE = CPB O|F % ZEREDEZ 0|83t ol 9™ =
ROTEM platelet (ADPTEM S TRAPTEM) & MultiplateS Z&8%F HAE 7|58 QIBICH A5y 23-30 mm E£

ADPTEM < 35 Ohm-2: EA2H =M E= Y2 2T 170, ASex 15-22 mm E+= (ADPTEM < 35 Ohm:
£ 9l TRAPTEM < 45 Ohm-£2): 23t S| 270, A5 <15 mm: E2T SZHA 270 + 4849 oA 64-
factor prothrombin-complex concentrate (PCO)E AH&E = &= &S 10-15ml FFP/kg BW E& 4
rFVila/kg bw (BHAH7F HA2 20|10 pHIF 7.3 O|4, Ca?t > 1 mmoI/L ASg¢ > 30 mm, A5gg > 9 mm¢l =
CTex < 80% Z+A0| ZIHXO|X| QECH. 7Anti-thrombin (AT) CHAl: E@MZE EO0| FItst 24Xt (0f: |y &M

2HAYE, budd.Chial T, BURTF, 98 FY) T JIE0] YU AL AT ZBE0| 2

ot
Pl
=2
R
>

- O L-0O; =

CHMIE efotrt SER2ERRE 7 OfAH X2 F Ol Liold dfmtel 2if= 28 AA2 SHEH Z2EDS Sot

Aol dastx| ot dz4 BF FE0M= Z2ED FO0E 1ottt °FA M EHE 24 % FF

Y)SA0 2O 37k Sz (7 BN 24 R SSE-FF TE)SA M 271K M= (F b3
X

]
I

0|29 24 U ZAB-F5& =)o Hol 129 ST AA. Asex
CTee: FIBTEMOIAM 331 AlZH (CTrg > 600E= FIBTEMOIA BEoh MO =Z LIEHH), ML Z|CH &3 (2 Al
TAIZE OILY), ACT: Zdst 81 AlZh CTin: INremOfl A 830 AlZH 283}, CTuge: HEPTEMS| 331 AlZF, BW: IS, A5ee:
FIBTEMOIM CT5& = &N Zk TIE, CTe EXTEME| &1 A|ZE, PCC: prothrombin complex concentrate, FFP: 4141
S g%, L60: CT 602 F &l X[ (MCFQ| | HH L= %), LI30: CT 302 £ 83l X5 (MCFe| THof &
4k %), IU: =X B, AT antithrombin, Ca?*: O|2%tEl ZHE SE, EACA: epsilon-aminocaproic acid, TXA:

tranexamic acid, CPB: cardiopulmonary bypass, rFVlla: activated recombinant factor VII. Klaus Gérlinger (5€) H3S.

CEXTEMOAM &30 AjZt 52 = @™ 4
A

Zt oAl 3 WE £ ROTEM €12|E (O 3B)2 g L12FH |FA #x2E 7HX| 2
AL (AF 3A). F 7HX 25 g9 2t ¥z HESD ¢ RS 135t= A0AM
AlEste, ol dRa8%, X 2k, EEY dds B2t 131'4 o 2F0oM=
g8 22 8 Welg ofntzl fA 2ite] HE0| O SO [97]. 2HE8=tS 2HAe| SCLT
AAMOAM MELES HINRS| S7t7F b AtF LtEfLE £9G0|Ct 11 Lt ol2fet #e|sty
SCLT Zit= =¥ J7iet F&etH, 1 Olfe O 2X=0M XEAS -2 (re-balance)S
aefofofstr| WEOICE Of M-md2 2 +E0M FALEZ A HE 5+ AeH, ST #
otL[et = Y &+ AL (971 N HMAH (53l €&)2 ArE:2 sd2 S W £,
T B=, TRAL, TACO 3 EYINHYUAS SN Ol £ES Ol HTSHH H2 MTE
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AL [oso), AR +¥ WS 1Y A 4w AUA FW BRe A
Z:

A A|ZICH [100] SCLT &At

Si7F LIEfLIDY, CHEZE2 ZF O[AH Xj&R7 O|=0f

= A8
7Y ol ottt agfLt EHH—‘?'—QI 1% F7F X2 810| 30-180& O|LO| 222 ZHEICEH

LS =

[101-103]. BH| CHA & HA © ©HA) & d7283= 302 (26% vs. 0%; P = 0.000) X 6712
MYE 37t 32% vs. 4%; P = 0.003) 2 StdS 7HX|0, M7 0|22 dRa8tles 2% A
SO MBI 20| UL (42% vs. 8%; P = 0.002) [103].

O|Qf ztEsto], E3| IF{ = ddR2BMl Fo= Fo| AAH 12{5t0{0f 5T, aprotining|
£ BCh = 7 O[O HH = %Wr ENE|X] LUCE [101-104]. EXTEM (A5e < 25 mm)2)
2 WM™ ZT (clot firmness)@t FIBTEMS| HESH XM (CTpp > 600X)2 HMed 8o £2
OlZ QIXtO| == AZF Al 2| 240 AHEE = ULt [105,106]. 53| FIBTEMZ dF28840]
A0 7H iyt 2MHOR O] 2M0|M HFA8s] ZICHO] FAmh 2F0| ost EH (=9
2o g2 X g7 W=0[Ct [107,108].

-

HE A AFoA ZtolA F R o4 deAd ROt dam dE JHtstn =Y
O|=35t7| 2Ish EXTEM R FIBTEM &€H Z&= ZI= (A5 A10, MCH)O CH3t cut-off 242 E15IY
[31,43,44,109]. A5¢2| cut-off 2t 25 mm (A102] Z2 35 mm, MCF2l B2 45 mm) X A5:5°
cut-off 2t 8 mm (A10p52] A2 9 mm, MCFpell B2 10 mm)E ARESH0], AE 3 QA AHE

ISl H|L0+0=| 7+ olAof HMAESH dN 2= X7t O R2 A2E HOQICt FIBTEM2 dfA¥
=20 Hlsf 7t olAlojMel =& of=0f| o ASICE QfListH dFARel ¥ FIrHY #ot

oLz} OI*“.;'-,?,- 8, S0QIXt XN, E20|E0] P2 Be HaA T (fibrin polymerization)=
Hotg = Q7| WEOICE [110-113]. 0i3{ HFOA Zt O]A & £F 2| Ln2|ZHAM FIBTEM

[ex|
718t MRAR FEHE MESH o3 AF0M NHNEF, W@, g4l =d 27O |Folgt AAE
HOFCH [31,92,97,101,114-118]. EtH ZO[AOf M A[RHE $F 7He| RCTOIAN HRAY SHAA

(fibrinogen concentrate)2| MAX F0i7f = 0| F¥S O|X|X| ZSHIALCE [119].

ZHolAl m=3o|Lt HEH™ Alsg Hotof st 7tAstE 2HAtel ROTEM 7|8t AT T2
AT 4 50 x 109/L O|Ste| =& trigger 21t H|WSAUS M F7HXQl =¥ glo| dam
T2 64-75% £Y # ULCE [92,97,120-122]. Zt O]Al IPYOIM HAT 2 14 MEE L2
QF 0| A2z EB| ZQIICH (74 vs. 92%, P < 0.001) [123].

INRE ZtE&tol 55 = (0: MELD E)E HE7I5t= O AF8E £ UX|EH ZHEHT sHXtel g
e (thrombin generation) 5! & A2 oA =

(T Ol BAEC E€S OFsts o A

oM met >
e

d
-
>
N

—
(0]



116,126,130]. Tt & C 3! Sof Z2 &SN E Zast= ANl 4-factor PCCRF E2|, rFVIIal]=
SO EE|O UK QOpA, ZtolAl T TJIEt AMH SFM VWHMHES-ES U
dHE5-o ddS S7HAZ|2E 0[2] AFEE ms{OF Bt [131,132]

ZHOAl BEXtO M LYOIY &mb2lst = Sf|I2l-QAF 23t (heparin-like effect, HLE)= & A3 EICt

—

97,101,105,133,134]. ZtO|AI® XYBHZ (CT, 270-3312%) & & 50%0|AM HEZ (CT/CTuer 1.25
[holM BT (CTn/CTher 2.0 Ol&hH2| HLEZF AZEE & UCE CT/CTheeHIE2 APTTECLE HLE
g0l O RIZ=7t w0t 35 HLEE =8 ZoXM49o| Z7tet ##0| ol 7t MAH ™ CHAM
= 37t 374 MTED FSICH [135] MBF = HLEs €9 %Z‘;ir o0 a2
El= ZR7t 7t Z5ict [97
IC} [97,101,136).

o

1>
nE oz

T
=
m

ot
o

M

;O

EXTEM S, FIBTEM S, APTEM S 248 SURO|&= ofut2l AXM K7 Zety
SHXLO| A SURE AFESiM = QF =ICH HLES| B2 ROTEM Z
SHANAM SURS ARSIH CT 9 CFT7} AZEn €™ Z2E Z (A-Zhot

ROTEM Zit= EHXFT IS H7I6ts OOz A8Y + A0 ROTEM-Z|8F =E #E|e
'K|& T2t (therapeutic window)' 7HES ALE3st0] &H

MM g 2
97,116,118,126,137]. Hincker 52 = 7 APTT, INR, AT 7} 2 HME & 0|20 =
T ENMMETS S o F5E = Ut 20SHRACE [137]. BHCHE INTEMIE EXTEM A10 (A10g
cut-off, 61.5 mm, ROC AUC, 0.751) 2 EXMH-d otHEo| 7I& £2 o= QXIRULCE O A0
FIBTEM2 SHMMHMZ 2 O|FSHX| RUct & ZHH3LE At £ 7H0|4] 2XE o= st
o dpoAM 29 % 7t HHMZ0| st MCFeg (cut-off 20 18 mmOA 25 mm ALO],
IgH| [RR] Z(CH 4.8)2 OF=7t =2 ARLE LIEIRCH 53 Rd Ees XY €24 oti}
(Ol: anti-thrombin, THE#& C E£= CHEA S AR S1QIX}F V Leiden SWHO|, BFEA TS|,
SOIX|HEA)t ZHMZ = EHMEZQ SHXHo|A M EICH [138-141]. CHA| oHH ZXSHX|TL
Yool Fojg £H0| ZastH MRARES 0|82 MAMKE HASHA m|SHo{ofF oLt

2 ¢ 20 oigt ol= npMof ZF 22|52 A10 (Bl=)HHO0l SHEIRACE [97].

QA Bl MHQ|I} 4= ROTEM A5 Y1Z|Z0| (12 3B)0| M A|Z/0f RULCH

QMo AL, O|FQ| RCT (CRASH-2 trial)7t 091 (99% Cl, 0.85-0.97)2| AtY = FIIE
LIEtLHE 2 (14.5% vs. 16.0%2| all-cause mortality), £4 = 3/\|7+ Lol selst -0l U= 2E
Q& BEXHO|A| tranexamic acid (TXA)E FO8i0F &2 EOFALCE [142]. ag{Lt O] HFHME
TXA F017t 24 = A2t 0| A|ZEl AR AMZEO| 37t (RR, 144, 95% Cl, 1.12-1.84, EE=2
olot AHYEO|l 31% vs. 44%)5t= A2 YLSUCE [143,144]. W2t Q0| 2pt SFOf
(ASgx < 35 mm = FIBTEM EESE EM [CTys > 600X)E HR2AMCHES] (602 L0 EXTEM
I = FIBTEM maximum lysis [ML] 5% O|&h2| =7} U= ZR0T TXA X|2E A|ZSH0{0F St

9
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105,145-147]. O2{L} ™EHY ZAL O|80] 7hs3 HANAM TXAQ OUH &= Xz2H &
AS[OF St=X| O{E+= OtZ =2t0| Z|1 QUCt [145-155]. ROTEMOIA = ME|stE HQ AR89t
MO A8 SCHo| ZHZE EXTEM LI60 82-97.9% 2 98% O|A2 2 ™O|=ICt [156].

—

£79| FIBTEMS daA286(0] A0 7HE DA =2 2AMHO|CH [107,157).

Davenport 62 &4 ¢ SIHOf (acute traumatic coagulopathy, ATC) 7t 7|5EXHo =
ROTEM @™ Zkr TUZFCo| ZAAE EFCE 3= M2 YBSHRULCH [20,36,158-160]. Abgy < 35
mm 2| cut-off 2 &30, ROTEM2 CT 5& 20| ATCE AEstn OfE gl Eede
O|FE = QUCH (detection rate7t A5g < 35 mm B2 71% vs. INR > 1.22| B2 43%; P < 0.001). A5y >
35 mm BHALS| ZR 12A|ZtL RBCQE FFP =E&O0| ZfZf 2U%t 1U O|RFO|UCE A5y < 35 mm¢l
4%, RBC FFP =¥ QT 0| ROSHA Jrtetct mMatM g9 24 x| oz ¢
ZZEZF (massive transfusion protocol, MTP)2 Al&tSt F&g = UTE SHCE [161, 162].

b2 WA OZ Schochl 52 FIBTEM (AS5qz 12|10 A10q5)0 CHEF =& (Y 24A|ZH WO RBC
=g 10U Olehs =7|0f o=5ets 203Ut [27]. Of B Al0ps<8 mm (BE dFad &=
<150 mg/dl) @ % & =22 AEE0| S7IStACL A0 <4 mm (BT dR/28 SkE <100
mg/dl) 9 Z9 ROC AUC 083™EZ CHYE &0l OF|ACE ACH < Al XEsHo
| 5840] Hagemo &9 A0 o3 SHQIZ[A=O [163], A4 HAtel LJ &
S&E7F 229 g/L (A10mg 125 mm S ASpg 11.5 mmOf| 3iE) O[StZ 13PE_| 8%
37 BISIRACE O] ZIte= 808HOl et ALE EETH A TEH TOIAM
ACH [28]. Cut-off 4f ASgc < 37 mmel A2, ATC HEE (detection rate)2 66. 3%95!'3 Ab5gy
0 mm@l B 72.7%0M CHE =ZHO| O ZE|RACt ASpe < 8 mm O[Sk ATC BEEO| 67.5%, <
9 mmOIMe 77.5%01M CHE =HO| O|ZE|QALCE olof w2l 2 AFN CHR= Y Ln|F
M dR22 Fot g4 HE I ASe ! ASgg cut-off 2422 35 mm S 9 mm7t 1E4
E|QCH X7 4 X2E fIeh FetdAA-I|EE = XHo| 2ot AMMA OAFN OHF QY
2o Chet Y AWMF X[E0] St cut-off 242 2TFSISUCH [164-166]. 98 CH7|2 RCT
TACTIC (2l 7|8 SaZo WwdS ¢ Xz Y1E2|E 79, ClinicalTrials.gov, ID: NCT
02593877)0| M= FAISE cut-off 20| AMBE|=H, HFAY EEES ASp < 10 mm ¢ &AL
AT £HO| AL (A5 — Abgg) < 30 mmel B0 ALt [167]. E3H Ol= Na S0 %*E
DEE X|2tEoMo i =¢€ o552 fIe FIBTEM2| cut-off afat X|BHCH [29].

—

2

>
o

lo 1o

0x
[0

Rl
TS
o

r© o2 4o do
J_>'L
0I>|
e

o
mn
£Q

IN
N

_|

rok

0

ACt7L, ATCE, whole blood impedance aggregometry®| ADP %! TRAP ZZ0| Fgk2 O|X|

X7 g2t 7|sTo47t EFOICt [168]. Chapman &2 CHE =& (RBC 10U O[4) =2

Ll 6AlZ O|Lf =”=E Qs MYZ Of=5t7|R8H, ROTEM platelet TRAPTEM2| 53Q-&
f

4
0z

@)

(RO
F

Z

we

tu

AUC, 0.97)1t ROTEM platelet ADPTEMO| cut-off %} 65Q-& (ROC AUC, 0.88)2 cut-of

BOSHACE [169]. ALt XM =7 daE J|SHEO S|, Yol FFL
IpofstALE O SHFoM AT =HOFEE AESt= dH EXIXL (biomarken2AMEH AREO|
= UASXE YOotE= A AF7F RS [170].
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2 Y £ 4-factor PCC £O07F Zaot EEH 44 NMots, =7 oY XRE It HEHE
AA-Z|8E = Jto|Eatelt ChE Qe HEE =Y AWMF ZHO|EZrRlel HMMA O F0

r\l

7 S
2t CTex > 80 2|1 ASpg > 9 mmQl HRZ
inl

FFEEICH [164-166). O|l= ESH TACTICEZEE
b LX|BCE [167]. 55 AAd =dM =, 1%

M-H|& (fixed-ratio) RBC % ™ZX £&O| ATC
2 RCTY M, ATCE X|&EStD

_L

X2t AtUEO| UAE HESHK| Z$HCt [12-17,171]. Innerhofer &2
Ed2 HF= FHO A, ROTEM-7|Et &1 QX sZNAM (HMaa2d, 81 QX X, 4-factor
PCO)Q B

o E@E "o s HWSIRICH [172,173]. F 7HX| X2 =% HE T ZI0N,
FFP= ATC X[22t =d STl A0 52%01A HIiSIF M, ROTEM-Z|EF 81 QX =K A
EOoE FI M8l M LA (rescue cross-over) BA7t QFE|QACE HtH ROTEM-7|g &1
IRt sFZMA Fo£= 4%0AM Tt X|& HIiet FFP ¥"o| TN wAt HAI ZQstACt =3
CHEF 2=EE (12% vs. 30%, P = 0.042), YA} U2 (11.0 vs. 27.0, P = 0.038), Ctaty =7|2HA
H|& (50% vs. 66%, P =0.15), dY &MZ HlE (8% vs. 18%, P = 0.22)0| ROTEM-7|EIZ0IM T
SUCE mEtM, |8 Qe XA (European Trauma Guidelines)| #HEAtE 33&0|M= =Y
SIRtO N HRAad X7t HYo|HM HEHY At X|HE 1 Al (delayed coagulation
| & =

HEE = R0 PCC = g¥ FOstata AASCH174].

0|

n

-

—

initiation)O

HEtd  dAF (CT/CTuee-RATIO) = TIEHE HLE7f SHE LHeld & m2let  (endogenous
heparinization)= 5 2/d 2HAte] 5%0A EnL|on, LHa FEE (endothelial glycocalyx)2l
=40t AAE ez =elrt [175).

I-II

OfX|2to 2 HMZ (thrombosis)2 24 MEQ|nf, AZAQI0|A =CHst 2X|0|H, ROTEM 7|t
=g 2o Kz 2t JEe =Sty MdXEE mshof StCt of7|0ls =2 T EWOY
X|= (thrombophylaxis)& X A0 A|%fSt= A= =ZeHEICH [137,172,176-178].

|_

A2 QY ¢ SDFOY (trauma-induced coagulopathy)of CHet O/ mItAo] Q4 Lnz|Fo
A10 (O]=)H{HO0| SHEIRACE [145].

=

1T 8 MZZEE (post-partum hemorrhage, PPH) €12|EF (O3 4B)= 24 ¢1g|
=3

g 2 =
2 SASILE (O3 4A), A 5 A28 9 FIBTEM M4 &1 #He|9|

ot T
i
kI o
]
Ot
El
rk oy
2t

rot
Il

[41,42].

A Qg HiQb ZO| PPHO| 7HY YHHHQl RQI2 Xtz 0[tEnt EfEt 2HHE (TONE, TISSUE,
TRUMA, THROMBIN®! 4T = TONEZ} TISSUE)O|DH, X|& X2 (A 48 HAT 23 21 OIX}
SEMAM)E S81% 0] (coagulopathy)l| Z<0TF MAISHO{OF SHCH [179]. M2t EXMT L X|H
OlM ofdel 1 X W oS gl S (disseminated intravascular coagulation, DIC)O
CHSE ISTH Scientific Subcommittees (SSC)= (1) 'A[2E0| CHet POC EE= ZAAMY ZHAG
HY0|2tH, FFP= 2T &K 220 2) dRAR2l AFEO| ZLHE g0 52 MAEZH-HA (pre-

21



emptive mannen2E Ar8dts A2 XY A AYSICH [180]. 1L, HE ST €2
=] o

XEHOE SIHONE e &= UL} mMatA, oj™5| PPH 22|= O ELCt [181-183].

£, 2O A5, W HE MRAQ $£XE PPHE OZE £ QICh i, PPH A|Z Al
2 o =S oFS 7tscHA ot PPHR XY QEES

EQtECH [33,184-189]. =&, 20t & SCLT & ROTEM Z#HAF & 2l

Xt A =20 & £ QUCH [190]. 2Lt CHEES| d2 |84 XM= o|o #™ J|Z0

YAIEIO RUALY.

HRAOHEd = PPHON 55 4371 JUAL Y= MTS SXO|M 7t =29 LdsiH, o|=
DICE &B&tgt == UL} [191-194]. OOz =5t WOMAN trial (World Maternal Anti-
fibrinolytic Triah)ofl [EM PPH XA TXAE =7| (T T 3A1ZE O|L)o FO4st= ZO|
HIEICH [144,195]. WOMAN QF0A, EEE QI5t AIL2 TXAE Soff #2E = JURUACH (1.5%
vs. 1.9%; P =0.045; RR [95% Cl], 0.81 [0.65-1.00]). A2{L} I{EZF (0.2% vs. 0.1%; P = 0.15) X & 7|
B (0.3% vs. 0.2%, P = 0.29; RR [95% Cl], 1.87 [0.75-2.53]))2| B7I7} 22 Qlst AILE LA E
S7t5H0I A all-cause mortality= F2|SHA #StSIR| LRUACH (2.3% vs. 2.6%, P = 0.16; RR [95% Cl],
0.88 [0.74- 1.05]).

CRASH-2 trial0f A{ O|O] 1=l HiQL ZH0|, TXAS| A2 2Tt = 3AZt O|Lf0 R E HE2 7t

FEZMEE [144,195]. WERM PPHL| & Ol Jhsth #e2| TXAE Fos{of o

TXAS| X|&HQl F2 WOMAN trialo| A AREE[X] QEQUCEH [195]. LIO|X|2|0F St & THO|A 2

MeAnctEsis LHEI WOMAN trialof Al TXASl |93t EME xegfiste Ha|d 7|M2
19

ol
ROTEM1} whole blood impedance aggregometry2 2| ALt [196,197].

3 PPHO| ZE 8 ZIo| A0 FR3 EXe EH Ul sk U/ 5 (FIBTEM)Q
k2 $3510|CH [26,30,189,198]. O 7|0l A, Collins & [30]2 AS5gs (adjusted OR [95% Cl], 0.85 [0.77-
0.95], P = 0.02)7} Clauss 0l 2|8t M2AL Z=HX| (adjusted OR [95% Cl], 0.93 [0.49-1.19], P =
0.813)ELCt QYSIH PPH7} & HAU &A 2500ml O|M4C2 FIME ZS OfXstQUCt 8U Y
HMA (RBC + FFP + @ATho=2 ZAHE 0o df/Ad 7t (IQR) 2|1 ASpgZt 22 2.1
(1.8-34) g/L 2|2 12 (7-17) mm2EAM, HHELE TS| g2 0142 39 (3.2-4.5) g/L
J2[1 19 (17-23) mmELCH |o|5HA ZUACE ofof et ppH L1n2|E0| Cist A5y cut-off 2k
<12 mm2E, X& EEUS 16 mm 0|22 HHEI/JACH (A7l TEZL 17 mm). O] k

Mallaiah S0| ZESt Liverpool L12|E W ISTH sscol HE Atg [1801nt YX|BHCt [185].
Mallaiah & [185,199]1 Smith & [200,201]12] & ZAt Z1t, =€ (P <0.0001), T =& (RBC
>5U, 11.2% vs. 28.6%, P = 0.006), AtSEHE (5.6% vs. 14%, P = 0.089), TACO (0% vs. 9%, P <
0.001), ICU Y& (1.9% vs. 9%, P=0.027) HIZE QO|8tA ZtAA|ZICE 0§ QAFSH A7t X 20
Snegovskikh SOl 2fsff LEEUCE [186]. CHA| K, O=E =Y &4, RBC X FFP =¥ &

OfL|al XtSEHME (25.0% vs. 53.5%; P=0.013), ICU Y& (3.6% vs. 43.1%; P < 0.001), A2|1 =4t
= U¥ 717 (4 vs. 5Y; p <0001 FUSHAH ZAAIZCE Ol CHEXMo=Z ot RCTOA PPH

-_

H
)

.
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ROTEM-7|Ht

W == rfvila £= gd2tE PCC FOlE Xz 5 ULt
A8z,

il
O x| 1
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=

*Of
A7 HEFo 2 O|RFO{MOF oLt &85t | = SHRILCH [164-166,174,188,205-213].
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Consider Protamine ®

(0.3)-0.5 mg/kg bw
{25-50 mg/80 kg; 2.5-5

o] Ho

=g AL
A as YT CHECK BE <-6 mmol/L or
— Hb < 10 g/dL
FU 2 +W0| THEE 3w o2 o
NO TASH-Score = 15
Jves 1 ves
ASg < 35mm or YES Tranexamic acid 2
Ty, > 600s or "] single bolus= 42| 15(-25) mg/kg bw
ML = 5% (602 O|LH) (O eyEor SHET B2 39
DONE |
NO
ASp, <35 mm YES Fibrinogen concentrate or
and | Cryoprecipitate (dose calculation) 3
ASpp <9 mm Target: ASyz 2 12 mm
NO |
AS., < 35 mm and
AS. .29 mm YES Platelet concentrate *
or i 7|S0ldBA —— 5-10 mL/kg bw
(TRAPTEM < 50 and/or (1-2 pooled or apheresis / 80 kg)
ADPTEM < 40 Q-min)
NO |
ETE::dBDs YES AF-PCC 15-251U / kg bw ®
. or FFP 10-15 mL / kg bw
A5, = 9 mm
NO
Consider FFP
NO 10 mL/ kg bw
YES
CT, >240s —{  CT,,/CT,p 2 1.25
NO YES
mL/B0kg) EF HHAER
k J
YES 10-158 3 TP AH=2
-3 IR —
ARSI At =Hol
a3 4A



= FEE A LN F

Blood loss > 500 ml vaginal
Blood loss > 1000 ml cesarean

Consider early TXA administration
(&= 2F 3AIF O[LY)

Blood loss > 1500 ml severe !!! ! WOMAN & &AIZH Ol et
YES
4 L 4
A5, <35 mm or YES Tranexamic acid 2
CT;zs>600s or pr— Single bolus2A12| 1-2 g
ML 2 10% (within 60 min) (ZRTHER e
DONE |
NO
YES Fibrinogen concentrate or
A5, <12 mm | Cryoprecipitate (dose calculation) 3
Target: A5.5 216 mm
NO |
ASgx <35 mm YES 4
m T e
A5 > 12 mm P P
NO |
CT,,>80s YES 4F-PCC 10-151U / kg bw S
and — or FFP  10-15 mL / kg bw
A5;5 212 mm (FOl: 2 dRAAS B4 T 5= QlCH)
NO
Consider FFP
10 mL / kg bw
NO or90 ug / kg rFVlla’
YES
CT, >>240s P CT,/CT,ep 2 1.25
NO YES Consider Protamine ©
25-50 mg (2.5-5 mL)
YES 10-158 & A Xz
o XA —

HHASHY Zat 2ol




a3 4. (A) 21d/8382a == U (B) EAu/izE=HOAL] ROTEM A5 7|8 =8 #2|E Qe 24 34
gneglE. dueFE FA: LRl 7|2 2US =QISEE 2% > 35°C, pH > 7.3, Caps > 1 mmol/L, Hb > 7 g/dl.
Ht XA

O Fo= 24 e Z0F 2 3AZF Lo HAE = ULt
QAo H20| T 5= QUACH [142-144]. CTrg > 600X+ FIBTEMO A
=0 2t EACA (epsilon-aminocaproic acid)E A2

o H 2 ®BX): d72¥ FAZ (g) = ASme (mm)Q BEHI 7t x HF

140-160 mm kg/g)= &AM €& foo| w2t Zatrich 10 U sAEPNH ~29g 4748

= latelet (ADPTEM 5! TRAPTEM) O|L} MultiplateS O|83}0]

gau 7|52 RISt [168-169]. CHEM: AT =82 TICOHAM AT 7|52 MR B& == Ut [170].
T steam QW St & ADPTEM < 30Q-min2| Z2 TXA (25 mg/kg)
EE= desmopressin (DDAVP; 0.3 pg/kg) 2 D2{3tCE 80 kg S E/HE Y PCY O|=FE S7F A5xOIA 8-10 mm.
A5 28-35 mm &= ADPTEM < 40 Q-2: & SEZHMA 170 ASex20-28 mm == (ADPTEM < 40Q-2n 2
TRAPTEM < 50Q-2): 2% & d2Md g4t SEMA 271 A< 20 mm: 2 AT sHEMA + 4343 A
(2 4 g). *4-factor ZEEEH =g SFHKM (4F-PCOE MY += 8= 4% 10-15 ml/kg FFP E+& 45-90 g
rFVila/kg (BHAF7F HAR 0|2 pHZF 7.3 O|A0| Ca?t > 1 mmol/LO|Z A5g > 35 mm, ASpg > 9 mmO|Lt, FFP=
CTex < 802 3 CTuep < 2400 ZA0| &=1t7b GiChH. X7| £F £l 4% =HY E2Y AE 12{3ICt EXTEM
X FIBTEM2 EHOILL, CTiv & CThees F2ISHA FFEC (AE 6). 2E: rFVila. *Z2ELT: WY HLEE §F
oy W AIoME LY = ACL ERAYSE LI HEY FRT XAZYO|CE dBY FF £EUAM=
ZZER RHE g 5= ACL 'SA| X SA0| ZOH 371X SME EHE 24 W FF £9). A0 Zi

o % o
27HX EME (R HH 24 3 SSE-FF £Y). o Hol 129 MU AH (F ML O ojFe 4 I

ofr
H4
Eal
>
ofr
H4
e
>
e
>
o
N
Ir
_g_l-
oM
4o
P
O
_|
m
<
©

HE-5SE £4). ISS: injury severity score, TASH: trauma associated severe hemorrhage, ASex EXTEMOI A Q] clotting
time (CT) 5& 5 @XM Z& ZIE, CTrs: FIBTEMO| CT (CTep > 600X+ FIBTEMS| HES XM ZIS LIEH), ML
maximum lysis (TA|ZF O[LH), ASps: amplitude of clot firmness 5 min after CT in FIBTEM, bw: body weight, CTex CT in
EXTEM, 4F-PCC: four factor prothrombin complex concentrate, 1U: international units, FFP: fresh frozen plasma, CT:
CT in INTEM, CTwep: CT in HEPTEM, PPH: postpartum hemorrhage, TXA: tranexamic acid, rFVlla: activated recombinant
factor VII, Cai*: ionized Calcium concentration, EACA: epsilon-aminocaproic acid, TIC: trauma-induced coagulopathy,

HLE: heparin-like effect, Klaus Gérlinger (5 ¥) X|&.
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1. OtF & PPH /43t 2. 1A|1ZH 0| % 3. ® HEj ROTEM HEX| ROTEM

0|Z ROTEM ROTEM % &8 T FESMEIEN £9) °Eslll(§*é cHE)
0|% ROTEM 0| % ROTEM
58 min 28 min 41 min
12h54 ——— 13h52 ——— 14h20 ——4m8m 15h01
// /

/s
. - -

ERM start: 12054 Run: 460 [IESEMMStart 13h52 Run: 255 U Mlstert: 14h20 Run: 380 [IECSEMMstart 15h01 Run: 402

GF¢ 79s CFT: >150s AS5: 29mm CT: 113s CFT: >1416s AS: 6mm (S H 78s CFT: 1120s A5: 11mm CT: 47s  CFT:  94s A5: 36mm
A10: 38mm MCF:. 48mm ML 4%  A10:  9mm MCF: 11mm ML: 100%  A10: 14mm MCF: 25mm ML: 0% A10: 44mm MCF:. 56mm ML: 0%

===SSSESSessP——es

ULV Start: 12h56 Run: 444 102 Start: 13h53 Run: 249 21302 B Start: 14h21 Run: 366 (20307 I Start: 15h03 Run: 383’

(61F: 137s CFT: >2527s AS: 3mm CT: >1491s CFT: -s AS5: -mm CT: 85s CFT: >2113s A5: 6mm Gl 49s CFT: 110s A5: 22mm
A10:  4mm MCF: 6mm ML 23% A10:  -mm MCF: Omm ML -% A10: 7mm MCF: 9mm ML 8% A10: 23mm MCF: 27mm ML 6%

| }

+=3% ROTEM 2 g Tranexamic acid 4 g Fibrinogen Intraop. transfusion:
RESH 4 g Fibrinogen 2 U pooled Platelets 6 U RBC
1500 1U 4F-PCC 0 U FFP

a3 5 M4FEH0ML ROTEM 7|8 £F 22| F3 R HM ROTEM2 PPH &d3l O|F +HE|ACE X HA ROTEM
OllAl O[O| FIBTEM A5 (3 mm)7t ZA3He M (ML 23%)0A =7 720088 7F LEEFGTE 2QEHEAE, Ol o
Ao KZEX] $ACH, CHE 1AIZE LHO| ST X =92 TYEACE Xz X|gez Qlgf & HA ROTEMS
FIBTEMOIA &l 2t ’S%iﬂfﬁkﬁﬂﬁf BEs AN e EACE ofof w2t 2k ROTEM 24 = 208 LHO| tranexamic
acid 2g0t R4 SEMA 4g (ASqe A0l THE F7F 8 mm)0| FOEULH, 87 = AT 3%t ROTEM &4 0M 1

tol EO7IM S-E ASp S7HE2 T S £LE2 QhM ALE B2t 20 2mm RHUALCH 2% ROTEM
(Headl 250z QIshoA FXE EXTEM CTE 3%t ROTEM (CTex 78 U CTr 852 AAY ZIho AN FAStEICE
EXTEM 5! FIBTEM ¥ Zk= (A5)7F S AUAXT, 6HS] HF Kot XEHHQ Eda A2ds 7ML Wt F HRY
ROTEM 7|Et ZSHE S dF22 SZHA 4 g, 28 SZHMA 20U, 1500 U 4F-PCCPH F7t2 SO E[ACL O] SIE

SOl 0| HFEUD 4 HM ROTEM 240N ALY tracingOl ’Sé!gi 3| = E[RAC.

T+ Bme |l #W ROTEM =4 AtOle] ZtH (ROTEM 7|8F X 24)2 69=20|Um, TH RBC 6U7t +=EEIRAXIL,
FFP= EE|X| LRUACE TRAL, TACO E& 7|EF THHZTO| YMBIX| ?a—*%tﬁh 2= 2 2 S WD O0ZE OFY
ICUOIA E|g == URALL PPH: postpartum hemorrhage, A5: amplitude of clot firmness 5 min after CT, A10: amplitude of
clot firmness 10 min after CT, ML: maximum lysis during runtime, CT: coagulation time, CFT: clot formation time, MCF:
maximum clot firmness, 4F-PCC: four factor prothrombin complex concentrate, RBC: red blood cells, FFP: fresh frozen plasma,

TRALI: transfusion-related acute lung injury, TACO: transfusion-associated circulatory overload. &% Klaus Gérlinger A&
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FIBTEM ST: 22:14:23 RT: 01:21:18 EXTEM ST: 22:33:58 RT: 01:01:44

CT: 45s CFT: 201s o 74° CT: 53s CFT: 89s o 73°

AS5: 21mm A10: 22mm MCF: 25mm AS: 43mm A10;: 52mm MCF: 63mm

INTEM ST: 22:13:43 RT: 01:21:58 HEPTEM ST: 22:32:47 RT: 01:02:54

CT: 460 s CFT: 85s a: 73° CcT: 555s CFT: 131s a: 64 °

A5: 43mm A10: 52mm MCF: 63 mm A5: 37mm A10: 46mm MCF: 57 mm

a3 6. FVINO| CHst AXH7L L= =HME HLHE A9l ROTEM HEH MY HRHOl EX, 0| ROTEMUAME XS
HEE INTEM % HEPTEM CT (Z+ZF 460 % 555X)E HO|X|T, QoY % 38 81 ZZ7} 0] S1HE0 %'%*%
HEX| Q47| D20 EXTEM % FIBTEMOIAM FHe CT (2 53% U 45X)E HOQICH MES X2HE rfvila (AT 24

o n

At Vi) EE= 2d3tEl PCC (FEIBA, Factor Eight Inhibitor Bypassing Activity) O[Ct ST: start time, RT: run time, CT:
coagulation time, CFT: clot formation time, o: alpha angle in °, A5: amplitude of clot firmness 5 min after CT, A10: amplitude

of clot firmness 10 min after CT, MCF: maximum clot firmness, ML: maximum lysis during runtime. Klaus Gérlinger (5 %)
HS.
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=8 Ee/d, X Zu, ozH|o OjX|= B

ROTEM-7|Ht £& g °*“EI5% PBMS| Al REFoz L5, =Y, =¥ ERY,
2EE HE QAEH|7t A HASIACE o7 AP =20 st 7IY 52 =+

7b&5tLt [32-35,45,46,54,55,66,69,214-218], CHE A =Z0M ROTEM-7|8t =& 29 25
2 oHMME SEHESHE OO|E7t &1 UCH12,35-36,92,101,114-118,172,185,186,189,219-228].
O|et &3S0, Depe &= 97H2| RCT, 87H2| cohort ¢+ % 8332HO| TXE =D+ OEL-
M WAH| (OR)7} &30l EW KHO|AM 0.63 (95% Cl, 0.56-0.71, P < 0.0001), RBC
|Al 0.63 (95% Cl, 0.50-0.78; P < 0.0001), EZt #%OM 0.31 (95% Cl, 0.13-0.74, P < 0.0001),
AT 2HOM 0.62 (95% Cl, 042-0.92, P=0.0292), &= = EHZ Qs+ 20 AM 0.56 (95%
Cl, 0.45-0.71; P < 0.00001), /&2 ZA0|Al 0.64 (95% CI, 0.31-1.30; P = 0.1345), & = 24
AMEH (AKNOIA 0.77 (95% Cl, 0.61-0.98; P = 0.0278), 2|1 HHMHMZO|A 044 (95% Cl, 0.28—-
0.70; P = 0.0005)2 ZHo=Z HEBACE [34]. EBH 20160 LHE Cochrane M 3510 M=
ROTEM ARE SO AtZE0| CHst RRO| 0.44 (95% Cl, 0.21-0.93, P = 0.03) 2|11 TEG AME3%t
AP0 072 (95% Cl, 0.25-2.07, P = 0542 E1E|QUCt ROTEM- U TEG-7|Ht HAFLE A
=45t A3, AFUEO| Ot RR2 0522 LEEFRCH (95% Cl, 0.28-0.95, P = 0.03). Cochrane =4
A1 =g Hadu £F40| Rt AKIS| Foloh #a7t =HRIE| ALt (RR, 0.46, 95% Cl, 0.28-0.76

r_>.'_ I

QQ

ROTEM 7|8t £ 2|2 ZsH pPBM EQ MZ:o| & LeMiut 2Xt AIE M= &

49| =2 CH7|& cohort BT AMe ZtZH 129,719t 605,046HES EESIRULCH [229,230]

o 7|0 A, Meybohm &2 L% HI7IH2Z A Ha RBC +=EO|A 17% (1.05 £ 0.05 vs. 1.21+0.05
7

ST

U, P<0.001), 54 AMEH 20N 30% (1.67% vs. 2.39%, P <0.001)2] AT ZAZS Eﬂsmtr
[229]. Leahy 52 YU¥™ Al AF8E= RBC, B A AT =X|7} 41% (P < 0.001) H#25IU=
ASSIACEH [230,231]. O]= AU$ 18,507,092 (US$ 18,078,258)°| H|EHZ ZJ[IHE LIEFLHO,
AU$ 80-100 million2| & 7|8t H|& HEZ FEXK| (estimated activity-based cost-saving, US$ 78—
97 million)0l| siEstct, ok, HALf ZHS (OR, 0.79; 95% Cl, 0.73-0.86; P < 0.001), 24 AZAM
/=IE% (OR, 0.69; 95% Cl, 0.58-0.82; P < 0.001), E& AtYE (OR, 0.72; 95% Cl, 0.67- 0.77; P <
o.oo1), A7t (LME H|E H|, 085 95% Cl, 0.84-0.87; P < 0.001)2 LY ZA (risk-
adjusted reduction) 217} U= A=z ENE[QUCH QOFSHAH, 708 F Oyl XS Zetot
O] CHt2 cohort ATFO|A ROTEM-7|Et =& z2Z|E HESH PBM ZE2OUMES AHA=MN
gl MA ZHEzeb gl A 2t HE 2, & Xz Za v 29 2atvt AUckE e
2t QIS A LE.

17709 ¢, & 235779Q9| == AE U&= 1o, pBML| 37HX| EE ZZ42 Zest=
multimodal PBM Z2 12 XMEZ IS NiostQ T O ERE A 0f A, *°ﬂ§ 39% (RR, 0.61; 95% Cl,
055-0.68; p <0.00001), B L& 7|7t 045¥ (95% Cl, 0.25-0.65¥, P <0.00001), T ©HZ = 20%
(RR, 0.80, 95% Cl, 0.74-0.88, P < 0.00001), 12|21 AIZE 11% (RR, 0.89; 95% Cl, 0.80-0.98; P =
0.02)9 ZAE HOJFQUCt [232].
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metA, 78, 0=, =252 F&7| F9

? 2|0l M= PB

HE8EZE ¢ #d HE 3 HNHezE oY 7tsst d¥Eol UAE St
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