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SIME™EY HAL (Rotational thromboelastometry, ROTEM)E EHO| HEHY SHEHAL (point-of-
care) WHOEM CHADH A4 HH0M Mol HEHY Z=ntds E7Ie &= RUCE ROTEM-7|8t
=Y fels oAb oHY Sl Fa JHEQl "shA EAll 22| (patient blood management, PBM)2)
Heea0|th XE Kz ojde HAW §F Xt X o 78t X X2 AHHE et
=2A-7|8h Az Eo|Y 2412|F0| ROTEM AALRt X|& X|27F FA Z|0{of $tet. [EtA ROTEM-
718 0|2 F27| 20N HEQS B FE oEto| JiEE EZETICE ROTEM-7|EL
PBM2 =Y, =& 27, 83 He % 2zH| A0 =Ml Aoz LEpH, CH=9
FALAHE oiz-At, HEEM 3 EHolg J|g HJHS0| ROTEM-7|8h ZE[E AFE2
Shxto| ot @Ok ofL|gt 57| ot S MUE 52| X=2ZUE SHAZCHE 2HE M3
StACH 2Lt pBM ZiE0| ROTEME FE=5H7| fldiMe 2% 718 R &= 2d, ns &
HAA =, ®O ot 2}, ChetAZt &8 3 @0l 2 EICt

FIHE: dN2|F, £Y #2, o/ ZH|, AuEA STHAL, x|, oS AL
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ME

[

Rotational thromboelastometry-7|Ht (ROTEM-7|8h) &€ z2|= =X} o™ 740 Aol F25t

Mgl stxHARE]| (PBM)2| E+HQl Q40|Ct [1].

S NAE ZUS D OBE U MYES HOIE HFYLE 272 TSts HOITH 2-5]
N B SXMWS WH Y BAW ELS SUD SHS USR] £ O oLzt AYD
Ze oSl AIE AYWCH [6-11) SH-TE ATl 329 25 FE-BU IY HeY

(transfusion-related acute lung injury, TRALl), =¥-Ztd =2tNHZZS (transfusion-associated
circulatory overload, TACO), B &-72ll Z 2 (hospital-acquired infections, TRIM)= 2ot =3 -2t#

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

=
A2 HE-7|g

S5 S0 AlZt2 WHO|CH SHX|T BE HAMEC| &1 HAL (standard laboratory coagulation

test, SLCT)2| AMO|L X HAF 2QA|Zt (turnaround time, 30-908)2 IFESHAH ZOIA YAH

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

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

S|
S17t BEEE AZE (821AIZE clotting time, CT) O|% 5-102 = Zt&gs &H
A

r

ZE (clot
firmness)2| X£7| TE (amplitudes, A) Z4E¢l, CT 52 & TIE (A5 CT 102 & TE (A10)2,
O ROTEM traceOfl A ZtEE XCf &F™ ZE (maximal clot firmness, MCF) Zt 20t OfL|2},
HFAH (fibrinogen) & ZAAMK| 2|10 AT = AKX Qt 01 =2 AEES EOoAM
(
K

k=3

Xt

o o
= 7| dM @S2 ¥y HEO| ROTEM-ZMQ| turnaround time EHE0| E4HOIC
2| u]

=]

At

=

=

1

El

—_
X0 7219

HE [

) [21-26]. POC ROTEM ZHAL= SLCTEO| H|8H turnaround timeO| ZS &0t ofL|z2t
SLCTY! & H{Af s ZAO H|SHY, Ch=o| A =HFENM = A ¥ o F

o] &3t [27-31].

ROTEM-Z|Et Edate| ¢ag|g2 ¢ 2ds = SRR
HOFQUCE o8] BEQ AMAIHE (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 AYES =S

Xz ZIE 7fMsict= 2HE HM3SHIICH [32-36].

olof [}2}, ROTEM 7|t L1 FES F&7| =2¢ 2o /HALtEsH
(theranostic’ ™). 12{Lf, PBM 70| ROTEMS =3tz SE£st 7| 3 o= ZH I

9 N% A2S HIRst0] CHNTH A4S0 ¥ajo| QRE

Korean Journal of Anesthesiology



S0QUxt, A, gdad, dea8el a4,
HELEedE, da2d, Ae28dl A,
22, tissue factor FXI1, colloids FXII, dg4d

10|min

f_ﬁAlpha angle [°]
1 L Z|] ®H ZE (MCF) [mm]
£ f T
£ E|CH 838l (ML) [%] = HAF S MCFO
H CHSt CF 24 %
0 . &8l X|%= (LI30, LI45, LI60) [%] = CT
zl * 30/45/60 & ¥ MCFOfl Chgt THo{ CF %
ol | v = =z

.+ A5/A10 = CT5/10 2 £ TE [mm]

) 21 AZE(CT) [s]
B 23 "4 A7 (CFT) [s]

st
................

HAF AlZE [min]

a8 1. o= 1 Fa%t j/iHset |2 ZtS LIEIL]E= ROTEM trace (‘'TEMogram'). FDPs: fibrin(ogen) split

products. Klaus Gorlinger (5¥) XS
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H 1. ROTEM delta (sigma) % ROTEM platelet assays

AL 28N % HIHH LA o9
ROTEM delta (sigma) At
EXTEM CaCl, + recombinant tissue factor | Q1A 81 AZ 81 QIX} ZE; VKAs X DOACs;
+ polybrene PCC &0 X|&#
FIBTEM CaCl, + recombinant tissue factor | dfg4 S, MFAJAMA L SAXPXMA FoH
+ polybrene + cytochalasin D ALt ke R A8, FXIN Z2E
APTEM CaCl, + recombinant tissue factor | &MFAESN 2t 25, 810 == & il Z2E0
+ polybrene + CHst ZH& ZICH (EXTEM ZALQb 8HH| mHE)
aprotinin/tranexamic acid
INTEM CaCl, + ellagic acid elA 80 B2l 81 oAt ZAHE; UFH, ZZEID
21t (HEPTEM ZARRb BHH =)
HEPTEM | CaCl, + ellagic acid + heparinase | €% df|otgl s=7 O1¢ =2 SHAE Y22 o=
AAL UFH S0 Z2EFR 331 (INTEM ZAteE & =)
NATEM CaCl, =2t NZ (O, Tl E= 2 MIZ)O| CHD tissue

factor 29, 7[Et &S 22K (Of; LMWH)

CaCl, + heparinase

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

7|Et &SH (O LMWH) (NATEM AAR} 74 THE)

H

CaCl, + ecarin

Direct thrombin inhibitors (Ofl; hirudin, argatroban,
bivalirudin, dabigatran); &l Zt2l0f RIZSHX| Q4S; 7He

=

=)

ROTEM platelet ZAt

Arachidonic acid (AA)

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

211 CPB, 2/ 3 T Fet

ADPTEM | Adenosine di-phosphate (ADP) ADP (P2Y12) (0ll; clopidogrel % prasugrel) % GPlibllla
receptor AKX Z ot CPB, 24 Sl IHZO| Hgt
TRAPTEM | Thrombin receptor-activating thrombin (PAR-1) (Oll; vorapaxar) % GPlibllla receptor
peptide-6 AMH =af CPB, 2 X IjEEo| &
(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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HMAFE .

MLgs>10% (LI60<85%);

-sfjofl 74 lzsta
£0|XQl HAI= FIBTEM

= -

CTex 43-82s
AbSgy 33-52 mm
MCFgx 52-70 mm
MLgy Of MLgg <15%
LI60gx OR LIGOg; > 85%
AS5gp 5-20 mm
MCFgg 7-24 mm
e |2 89:

602 O|LH MLg,>15% EE=

APTEMO| TXA 2 1IE =9l
oF A4 H: NCtd /A8

MR T8 Wof

©l; qdsL
FXIl XSk, &
A5 < 35 mm
gl

A5pg < 9 mm

AR e XX
damza 23 _':E: 5

oiAu.I- 7| =
(thrombin oE EEE

.|-

GPllbllla-R):
A5 < 35 mm
i =1 gk

AS5.; 2 9 mm

S 0 HEl

(8H 91 =3):

CTex <455
CFTey <455
MCFgy > 68 mm
MCFgg > 22 mm
LI60gy < 3%

a2 2. EXX ROTEM traceAtd.

INTEM2 HEPTEM). CT: coagulation time (81
MCF: maximum clot firmness (X|C €@ ZE), ML:m

TXA: tranexamic acid (5= 7|Ef {4

AAHEIE S| =20

EXTEM

67s

MCF:

57mm

47mm

FIBTEM

CT: 66s AS: 7mm  A10: 8mm

MCF:  10mm  ML: 0%

EXTEM

CT:

MCF:

CT:

MCF:

MCF:

69s

48mm

EXTEM ST:

73s

41mm

57s

44mm

44mm

32mm

34mm

APTEM

CT: 62s AS: 35mm A10: 44mm
MCF:  55mm  ML: 0%
—_—————

CT: 97s AS: 2mm  A10: 3mm

MCF:  4mm ML: 0%

FIBTEM 09:04

61s AS: 15mm A10:  16mm
MCF:  19mm  ML: 0%

EXTEM ST

CT:

MCF:

S8,

33s

71mm

AlZh, A5 CT 58

maximum lysis (AA &

[

o

61mm

Algorithms for ROTEM—-guided Management

FIBTEM 11:46

35s AS5: 25mm  A10: 27mm
MCF: 31mm ML: 0%

S22 SHAA|ZICH (Of: EXTEMZ} FIBTEM, EXTEMZ} APTEM,
2

o
| o

TZE A10. CT 102 & €™ 4= TE,
28 X|4), LI60: CT 602 = 38 X|5,



SMEH (E=CPB £

Z2EHY A5t

oot JH =):

CTiy 122-208 s

A5 33-52 mm

MCF|N 51-72 mm ST: 13:50 HEPTEM ST: 13:52

CTIN/CTHEP'ratiO 0.9-11 cT: 1925 AS:  34mm A10: 43mm  CT: 1885 A5:  35mm A10:  44mm
MCF:  53mm ML 0% MCF:  54mm  ML: 0%

of|ot2l, Mk ofmtz
(LH?_l)g HLE, smsesenmsismnnnsensanissassnsussaissennenanasharsanasanespuseanasens
of; OLT 5, HES £ —lll

CT /CT pratio 1.1-2.5
(Signiﬂcant > 1.25) ST: 15:04 HEPTEM 5T 16:26

CT: 621s  AS: 6mm  A10: 12mm CT: 260s A5: 22mm  Al0: 31mm
MCF:  24mm ML: 3% MCF:  42mm  ML: 0%

sjlotgl, 1sx ootEl

(oll; CPB &)

INTEM flat-line (CT>1200s)
gl

CThep>280 s

12:31 HEPTEM ST: 12:32
CT: <7409s AS: __mm A10: __mm CT: 279s AS: 18mm A10:  38mm
MCF: Omm ML 0% MCF:  48mm  ML: 0%

ZEEN 0t 8%
(Gllol-ogd =
CToep 1 5H(>280'5) !
CT/CT oo EI 8 <1.1;
Z2EHE 0] 10-202
OlLH O‘” ggl‘f'lél-%' ST: 13:23 HEPTEM ST: 13:24

CT: 214s  A5: 34mm Al0: 44mm CT: 282s A5 31imm A10: 41lmm

MCF:  54mm  ML: 0% MCF:  52mm  ML: 0%

Vitamin K-2|& 11 QIX}Q
A (¢Est EE :
CTe>80s 4F-PCC £¢ =
CT Ol &5 =0

70s2 2
ST: 23:38 ST 23:57
CT: 119s AS: 34mm A10:  44mm CT: 70s AS: 40mm  A10:  49mm
MCF:  54mm  ML: 9% MCF:  59mm ML: 2%

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.
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DE ROTEM-7IEH ¢N2|Ze QAR RE0| J|8igich ¢ne|5o 2N SHE XY XS
HYY 8 (MRAY U EAW SO0 AN, E202 A (MYS [EE 4+ Us
K@M QIRHE BX KZoteh) 12lm, JF 30 400M HAIE RN, “SHIE A2 Al%sts

AMMo R TEot 2Ho| EX Es 2 =¥o| A oMol F
(Z20 et M HE) Sl /A8 (fibrinolysis) #HE|QF 81 A (HER +2)1

O
St 4-E0|8 EXME CHELC OFS & A= €8 Z X (clot firmness) 22| (BgA @

O my rE oo
- Mo & o>
B oy

2 o

4%

o

o

in}

HISEA mHEREICE et =7
ZtZE A5 EE A10gp)0AC] FIBTEM & ZIZ0| SE2% Z20% CTy a2
Mg = QUL F, ROTEM Zits, 0|8 7t OF (ASqs ELh CTe $4)7F Ot 2t

f StCt Ol= ROTEM
= jstA siFE=CL £ CHE Olfes M3 £¢ (F31H E= ERHEoE
oA, EEH M4 (thrombin generation)0] &S Iz MO, MRAL
7

a
Zdas7| mEolch T EBY WMol Bk, YW (53] 4|4

0x
Jo
%o b
Ho
M
El
rlo
m
>
_|
m
<
Ar
1z
=2
x
(@)
_|
D
_|
&
ny
i=
10
re
02l
i=
N
(02l

Ul
A
ok
=) o
= ot
> = Ar n
MR —+ n:
2w
> o
rot N
o
L]
1A
ro
i
x
a
_i
2
HT
|
>
o
®
o
rx
=2
E
u
=c)=}.
x
m
2
@)
o

o

or o mY ne 14
=i
ot
x
to
=il
N
Ir
0%
njo

(substitution) =L, MMM Y EZE (thromboembolic complications) & /20|
o2 HOICL matN X ZE 22| (O A52F EXTEM 2A0|AM A5 (A5)2 ZA)7F EEY

ROTEM HAIX|Z9| HIHQ| (reference range)e ATt QS (K22 O/F
0|2 =7}), Aldof, Hop, 0 HAad, dolnt MRS (H-M Bl #27] X 22 © F)
Yoz SHEEACE [37-42). ALt AZT HHelel £ H

=
= S

ES i E7|gk A7 (orientation)d Bt AtE 7tsSIH, EEO|L =Y

P

zpz wase A

275 0557 flof 2

ROTEM Z1Z|ENMEYH, XN AA-ZEE =RSts BAUS (cut-off Z2 trigger values)2
28Xt 25 £ (receiver operating characteristics, ROC) &M EM0|L} CHHZF 3|7 BMS
0| 8¢t =tH-E0|X & AT (setting-specific observational study)OlAl ™ ZICt [27-31,43-45].
ROTEM-Z|Et 2|5 o| FRYUS2S M 27t Xd 24, =2 E4do #d4, E= X
c

[
XNz Z2u g2 ZgoisX ZotEE, 28-S0/ M Yd Ald=S 8o dSHUC

[32,45,46].

ROTEM-7|h ¢ 22| ¢N2|FE AF8Y W= thad 22 &S0 12 x|0{of Shot,

B
'}
rir
11k}
Mo

O| otL|z} 'etxte] = &2

Algorithms for ROTEM—-guided Management
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« % 31t 40 MAIE ZE ROTEM-7|Ht E¥ae| e[l A ¢mf 273
S/0IME 20| EMSt= K|t =€ 250 St=X| {20 Ozt AHH H

ob AdH AEO| oieh tigol| ot el %, O] X|HOo|A ROTEM &

o m2EtM, 0| SPt[X| ge ZR00 X ™ ZHA 743-'f§ =X
Ote| =0 (FEUFETt SLCT [14%-24%), FEHE AAF [15%-24%], EAT 7
50%01M &E3s| RO, Ol dXMTZT Ed 8 ogH JIE
MAKXIZ (overtreatment)E L|St7| eO|C} [31,47,48].

« ROTEM Z22|F (E€ 2US HMME =2 S0SEo HEE HAF (90-97%)%t
ot 7S5 HAb (80-95%)F AL MEtM 'HBHE (Not-to-do) POC ROTEM 12|F
2 282 HE 7Isd0 =2 XE IMMUS 12{otEHA, GPMTT 22 Olstot
(‘therapeutic window'7il &) [31,47,48].

« POC HEMY AAL (ROTEM delta EE= ROTEM sigma)et EAT 7|5 AAL (ROTEM platelet)
P& ZY0[EtH, it =EE o|uldte MAES| X|=sHOF ohof

o gLy, 2 Tt FA S 249 MoEHSE2 AEfsto{of ook (of: EEHE AALOIA

st AT 9 von Willebrand & =1} [49].

El
o
un oy
o
OH
U
1
iul

[Tt 3K ZSSh= BH-AFS  (semi-automated) ROTEM

Sh 4749 = x{'21}, ROTEM platelet &1} A
&4 (whole blood impedance aggregometry)
8 b mH2kA, ROTEM AT ZEE ITETEHG HAIE CHEX| Rot=
f22 HESCL ROTEM sigma EXl= 7ZHEER|X| 7|Hto] 2tH Xts3t STETEHIHAL

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[R)E Zettt. Of 8% mZ XY (pipetting)0l A==, ZHE HA AN [FES
ZEEZ|X|0f 2 HIZ FEE = QUCh £3| ROTEM sigmes L %Y 7|20 ZOE 9=
HEXNZ XNEHE (POO)OIM EA COHE += UL

rin
l_|

>

ROTEM AlAHE0Ol= M ZtX| ZF2| A|2t0] ALEICE KM, ROTEM delta A2 (& 1)
LY AUXM Al (liquid reagent)O| EIHSIH, Zt FAOHCH 1-27H2] M2 CHE HH| A
Zgst ofg| ol mIl XY CHAE AHMOF otk o] 3%, 2eld 81 d=o| 43t

EXTEM, FIBTEM, APTEMO= &ut2l AN Z2|=2#0] Zet[0f A0l Z[Ci 5 1U/mig

SlotelS Hlg-getettt. ol HH Hiolmj~ (CPB) [50-52]2t Z0| 3l|utEl s=7I =2 B0

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

Ak Z+e diMoz xgdi, O ZikE EXTEM C, FIBTEM C, APTEM Czte 80|12

HIO|E{H| O] A0 MAEICt =S ROTEM delta U ROTEM plateletd] L A3 Al (single-use

reagent, SUR)2 AT = QUCH (B 1). J2{L}, ROTEM delta L3|& Al Ofl= &3t sHA 7}

FI
O Ao
Ar 1x 19 do
ot O mjo rot

1z

-
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E53|, EXTEM S, FIBTEM S, APTEM S 248 SURO|= 3| mt2l
o.h

=
2RO e = %Xf L& UFHE 08¢t %‘%-T'- N=E
o

Re=Ch MEtM UFHRE Xzfe = =
= SHXL) #0F ofLgt AUt LY heparinoid?| EHEO| OfAE £ U= TR (Of: 7
O|AlHO| MAF Ol L= T 43 X oA L& A4S AMBSiM= ¢ ECh UFH=
CT2t 831 "M AlZt (clot formation time, CFT)9| CIY¥C=Z O|0fH =+ Ao, ot &2
SHH0M L3 8 AAFS AFE5I0] Y™ L& (amplitude-Zt & MCF)E ZAAIZ 4= QUC} &jotal
2= INTEM (S)IF HEPTEM (S)2 ZAMZD xetg 8o =2lg &+ ACH

(AH A, 23| Al C [ROTEM sigmag 7JHEZ|X[-7|8t EAM)Of&
5 AN, ECH 7 1U/ml HotElES M5 MAHSIER ol s=7F =2
== QUC} [50,51].

IS HEPTEM £AM
heparinase 7t =%
o AX o At

=Y 22| L0250 AFE= 7HE 5% ROTEM H4es 12 10 dEEY don, EXFOI
ROTEM trace2 % 20| EA|ZO RULCH

MEB 50| CUE Y4 BHOMO| ROTEM-7|5 ¥n2|F

FE2o oY & A= 00 &4 oz Z2EEF0 Wt YN ddra EHE FO
o
=

O] % ROTEME 0|8t dRr28d el 8 ST

=g dT F=0M AH Al (ROTEM delta)dt 7HEE|X| (ROTEM sigma)2| &utel 2t 7|sS

2 Al (0 th= CI2E)0f sme s=7F =2 €A HAN0|A ROTEM

A0 [32,46,52-55], O|E S sZHTMA (cryoprecipitate) X &= AT

g HME A0 M = UAA st=d, £5 474~ SFHA (fibrinogen concentrate)

of 2 sENHME ME8Y =+ Sl 420 HE {FESILL HE =& T AEe =¥ 7Is%

|2|l= ZEEID (protamine)2 &9t otz ™y g5 S/t FeAA (ICU) 0|&

o 30-40222 HgtEICE mMatM, POC AALSl &2 turnaround timelt E2 'X|Z Azt
(time-to-treat)'0| O|2{3t 2HFOM 71 S detS SiCt

lu
&
0 F

o2l g0 £ ZZED OGRS

Agel @elol € =+ am. Ichikawa & [56]° anti-Xa 241t ACT (r = 0.12), 2t 3t $§ EEH
E2tAEl A|ZF (activated partial thromboplastin time, APTT) (r = 0.3 4= 5

AtOlof OfR oFst AMTEBAE EIOGHRACH BHHE  anti-Xa YD} CT|N/CTHEP-H|%% A kels
SEEAZE AAUCE (r = 0.72).

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

Algorithms for ROTEM—-guided Management
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% T BAS W ¥ 4o B7let ABEX UUTH HS YASSIUCL 09 HiTHE,
1T

activated peptide, TRAP) Z2E =Zgtst damt 7|52 |olstn X[EHQl FAIZHSl ARX| <t
AeHd2 JHRICE [57-60]. RCTOIA ZZELRIO| MCHEOZL AN &4 o Had, AT =2 2
Mes Zadiar FolstA d#tE Ae=E HQIF|QUCH [61,62] [2hA, Xt otz FoiZut
T2ED RO ™9 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 Foj= ZRED WCHROE Q% ACT 9%

SR A TS 0]9f0] E[X| REEC.

[

3 W2 FIBTEM TE2 ACT, CTi, CThe, CTill GIF Qo2 12{E|0fOF SiCt £3| ME

= &
TS e 2012 22 oA Aot HieP Z0] O BHAt HHEN dRAY SE7F HE
3ME7] MEOICH [63]. MRARE CPB =& O|=0| HEH 3JMED AREozZ M
+& T 299l 2 20I0|Ct Karkouti 52 CPB & MRA9l X7} 2 g/L 0|22 HALE,
ASpg< 9 mm (A10g< 10 mm O|2HOf| sHESIH, 5U Ol&e| MEF & 2AEN Fo[oh AHEHO|
A 22 EAQFJACt [64]. Ol= CHE AFAZL Esh ADb (5265 X A L2|F0AM

AN % = |
MeAL/SZAETM MO CHSt cut-off 2tS ASps<9 mmZ AN 3t 0|Qet LX|SHCL Ranucci S
2 &

A
=
4 F20M dR2d RO7F HEdRaEES Ao g 3 e o e =aHOoX|

i

|
4O J§MO| LIEFLIX] Ye=Chts TS
= ASpg 2 12mm (HR4A8 sZ >25¢9/L
SZ >3 g/l) THOICH ASpp> 1
MNEL®E (<100/nl) E= EaT J7|STHE 22t =& ACH [53,70]. HR4¥ SFHHMA E=
SEHTHMAC FoZ ALL2 FBTEM ZFE FHANX J7HA7|= 71ELE FXH Ol=

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

N
3
3

£3 daadoLt Z2EEY 5% S=XXA (Prothrombin complex concentrate, PCC) E£+&
Mz g QIR VI (recombinant factor Vlla, rFVila)ye £¥ #2[e| 'Opgol §tsho| oiL2 =
A4 AT ROTEM ZIE B3 X830 &le Z2oY ¥ #2 Yualzo Ysozy
T2 822 FOs|of Sirt.

Mgams A g4 J[ST0l= CPBE ALESH HE & = HIHSH LN == 5 X
% = ¥ Y002 Islolof CL AT ¥ (MOlojN =¥ AW SZHN T
dEd dat sEHA 171 FH) T A5y (A10y, MCF2l OldE J7tl= & 8-10 mm
(43t 2xtol AL 2 5 mm)O|Ct (A& 3B) [73-75]. Ol 2 HFOAM CtREE LD2|EF0fA
dapt oz ZFol 0|8 4 Ak

HEHY dAts AT 7|sot Ofst 2d@Afhx, CpB, dZ2|i Z=EEDICS| Zipof| RIZSHK|
@oo=z poCc My AUEA SEEMT| (ROTEM platelehs MY HBHO|M IIHYHEHY ZHAL
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10

ol
Jo

—_

=
il
)
R

Jjo

7

Siam
A

Heb HAO|Ct [32,46,53,76,77]. =& ™

bske]
s

|AI-
(=]

0]

<:Ke)
= —

& et

i
aolo

Af

AlIZ171 2|l

4

NI

ol
=

3

F

O|22FH +&7tX| 285 & Al

[78-82]. 12{Lf CPB

oz HOICt [47,60,82-85].
A AN gzet AME B2

.I

OS¢

Bot7t 20 Foldt

A X O AN S
=5 ¥ ==

A
=
Dl
—

o

Jjo

—_

=

B

|
=

pill

0]

Z2E}

ofof okt

| 54 3}
=

A
[ ]

22 9 mm O|&h

cut-off Z40|

=

—

—

g5t
& Ao
o o

ROTEM platelet ADPTEM % TRAPTEMO]| 3
CHELE 017|M ASg0]

Ct [32,46,54,55,86].

-
o

=3
(o]
A

F0
2oz

[u]
—

ZEt
2UE|Fo FRELQACH (O™ 3A). FEZ H2, 02 A7t 1 U2 HEREAM0AM pOC ¥

1T

of
[47].

A
T

ol

= O|& acenocoumarolE E(

0.998) [87].

F

F

S S22 100%0A QEESE INR 2@ <1522 O|S=Cctn 208 CH (ROC AUC

ol2i3t Zat

International Normalized Ratio (INR) > 1.5

=

=

=219 93%0A o

™ Kaolin

T

2|
—

t

SO

=

Schmidt & [88]0] 2f

=
—

SRS

AEO0IA

=

rapid-TEG
I

x

ol

=]
=x

45.5%

NE
NE

I.

|E (

of
0

=0l ©F 40-60%7tA| HIEHZ K o|F QX2
HR A0 mEH 30 AX SZHA (

~
(=]

1

15

A
C} [7,11,93-95].

b

—

.
o

0.0006) [32-34,46,91,92].
7t

=<

=

£0|

C} (OR [95% Cl]: 0.44 [0.28-0.70]; P

ROTEM-7|dl 2 #0],

b

—

o

o

ZO|Ct [48,52,71,90].
| A10 (B]=) HAO| HAIFEME BSHAUL| F2A X2 MESF (Critical Care

Handbook)O| &7 | LTt [96].

—

=0
= —

P NE]
4-factor PCO)E 0|2
Tkl
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H 2. FIBTEM 7|% Hg2d CfH|

FIBTEM A5 (A10)2] de2d RO SEEMAN FoF
SE 371 (mm) (mg/kg bw) (mL/kg bw)
2 12.5 0.6 [80 kg& 1 g] 1180 kg 5 U]
4 25 1.2 [80 kg% 2 g] 2 [80 kgt 10 U]
6 375 1.9 [80 kg& 3 ¢] 380 kg© 15 U]
8 50 2.5 [80 kg2 4 g] 480 kg® 20 U]
10 62.5 3.1 [80 kg2 5 g 5 [80 kgt 25 U]
12 75 3.8 [80 kg 6 g] 6 [80 kg=t 30 U]
O7|0| M HRAfe FoZ ALL2 FIBTEM A5 (A10E i mm7tX| S7tA7|= S0 Zast 828 7|gez 3ot
5 £Y, =2 €% 88 (0 YA F, |9zt UM, = TACO) E= SR Xl ZEO| B2 FIBTEM A5 (A10)2]
Z7tgo| ALtE ZItFELH WS 4 QUCE A5 amplitude of clot firmness 5 min after CT, A10: amplitude of clot firmness

o
10 min after CT, bw: body weight, TACO: transfusion-associated circulatory overload.
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Tranexamic acid

single bolus= 15 (-25) mg/kg BW
(Zez7|7t Z2EE 2|0)

<

Protamine, (0.3-)0.5 mg/kg bw
(25-50 mg/80 kg; 2.5-5 mL/80 kg)
ACT & CT,/CT,cp-ratio | At = Z 1t 240l

Fibrinogen concentrate or
Cryoprecipitate (dose calculation) 4
Target: AS5; ;212 mm (15 mm)

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

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

Consider FFP

10 mL / kg bw
(KHZAL 20| = cT7t AT E H Q)

MY As S NEE
oot 9™ =
EY Sl 0| 1 El= GR20
Lves
A5;,<35mm or YES
CT,z>600s or >
ML > 15% (60= O|LH)
NO DONE
Y
ACTafter Protamine >> ACTBaseIl’ne YES
m ﬁ
CT,, /CT,p-ratio 2 1.25
NO |
A5, <30 mm YES
m —
A5, <9 mm (13 mm)
NO ¢
A5., <30 mm
and A5;; 29 mm (13 mm) YES
or HauJ|s 0|4 HA pr—>
(ADPTEM < 35 and/or
TRAPTEM < 45 Q:min)
NO
CT,,>80s YES I
and A5.; =29 mm
NO v
CT,, and CT,, >280s YES
(Protamine IfCF £ 0 059 | —
102 = MAA = cT 2ot =)
NO 1
YES
iggl Il_»_.:_ —

M ot AM 2 10-15% &

M AASHO] Zap =kl

=

Algorithms for ROTEM—-guided Management
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A5 <25 mm or

ZH0| A A5 2| NO
I CTyz >600s
Y A0 22L= B2 | at OP and
start 7|E0 gHB el
Ives NQ 1 ves
LI60,, < 85% (preanhepatic) | YES Consider Tranexamic acid 3
or e Single bolus2A{2| 15(-25) mg/kg bw
LI30g, < 50% (anhep./rep.) (13 HhE 7S
NO |
A5, <25 mm YES Fibrinogen concentrate or
and —l Cryoprecipitate (dose calculation) ¢
A5.; <8 mm (12 mm) Target: A5.; 210 mm (14 mm)
NO |
A5;, <25 mm and YES Platelet concentrate
A5.5>8 mm (12 mm) or |re—— 5-10 mL/kg bw or
== g0 7|5 Eof 1-2 pooled or apheresis/80 kg bw >
NO |
ciiel IR or FFP 10-15 mL / kg bw
A5.;>8 mm (EHZ 0| =2 SHXI0) A AT CHA|7 112)
No |
CT, >280s YES Consider Protamine 8
=il > (0.3-)0.5 mg/kg bw
. (25-50 mg/80 kg; 2.5-5 mL/80 kg)
CTlN/CTHEP-ratIO 2 1-25 xx %?Eﬂol 7:’10—
NO |
YES Consider FFP
CT,yand CTy;p > 280's — 10 mL / kg bw
(Fol BYNHYAL FHE FIAL £ U
No |
YES
XHKH = oI— 7-|X = E_:'é'_
SRS —_— e s s

18
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a8 3. (A) HEE == U (B) Zt o[M0|M2] ROTEM A5 7|8t & HE|IE 2t 2AH 4 ¥12F YugE
FM: A S 0] ZHo|A] (Orthotopic liver transplantation, OLT) =& ROTEM 24 A|H: 7|&H (baseline), 602 =
L= ZH HAH ® (pre-anhepatic) THAl & £®O0| U= 4L, YW AE 5102 = (X7] 2t HAH THA), tHY™
AE 30452 = (7] 2 MA TA), MBF (reperfusion) 5-1082 F, MAF 30452 =, I8 2%, &89 =it
Ue 4% &, 58 X &Y HA 10-158 T MAAL 7|2 2US sttt 25 > 35°C, pH > 7.3; Ca?* > Tmmol/L,

w
>

=
b > 7 g/dl. 348288 (antifibrinolytic)2 % [105,107]: TXA CHA EACAS AtEE £ UCh (& 2 z7|&9
ZZ2EE J|F). CTre > 600ZX= FIBTEMO|A EHor Moz LtEFHCE 2F A ® HFA0CHESHTHO| OLTS|

.

MNLE F7tet 0| AUCH [103]. EHO| 4k 90| THEF AFE/D 0|20 LIEHts HRANC8le AAR
S™E = ULt (self-limiting). MLO| 15%01 E=Eot F| ROTEM 242 st TXA 2YS ALESHA| e
Yot nefpict QAR FojE AM (BHAN FZ, E 2 X)) M4 FO™ (g) = A5 ps (mm)2] SE STt
x HME (kg)/160. 27 QIX} (140-160 mm kg/g)= AA ©F Luo wat FetXich 10U sZ8TAM ~ 2 g
He2d sSMHA. EAT SHEMA =2 hFY: ot 2 7+ 0|20 Mel AFYE S7tet 20| AUCH [123]!
ASeg > 12 mm B7t0| 2lst 24E TEsict dEE = CPB O|F % ZREDEZ 0|83 goEl 9™ =
ROTEM platelet (ADPTEM % TRAPTEM) = MultiplateE E-8% EAf 7|58 ZQISHCh A5y 23-30 mm E&
o}

ADPTEM < 35 Ohm-2: EA2H =M L= Y2 2T 170, ASex 15-22 mm £+ (ADPTEM < 35 Ohm:
£ 8l TRAPTEM < 45 Ohm-£2): 23t 55X 270, A5 <15 mm: E2T SZHA 270 + 4949 oA 64-
factor prothrombin-complex concentrate (PCO)E AFEE = Q&= Z<2: 10-15ml FFP/kg BW E£ 45 (—90) ug
rFVila/kg bw (BHAH7F HA2 20|10 pHIF 7.3 O|4, Ca?t > 1 mmoI/L A5gx > 30 mm, A5gg > 9 mm@l AR, FFPE
CTex < 80% ZA0| =IPEO|X| QCH. "Anti-thrombin (AT) CHAl: EXZ QB0| x7f°* me (ofl: h”c?' ':D*E’S
tZ¥E, Budd-Chiari 32w, 2WHNE, oY TY) £ 7|&E % s 2
M E ne2fotch STREFDE 7 O|AlHE THEF O|F el ootel 2ite 28
grio| EQStX| fch A2y 5F FH0Me= ZEED FOE

EY)SA00 2O 37HX] M= (F HWM 24 X SEX-FF £Y)sAl0l ZO 27HK| SHE. (F

0|29 &M U ABZ-F5k )2 YOl 139 SHTH A, ASe: EXTEMOIA &1 A2t 58 = %’S e TE,
CTrg: FIBTEMO|A] 83 A|ZF (CTrp > 600X+£ FIBTEMOIA| HEHSH XMoZ LiEteh, ML X|0f 88l (&
1AIZ O[LH), ACT: I A|Zh CTin: INiemOIl A 830 AlZE =3 CThgp: HEPTEMS| S0 A|ZH BW: K|, ASeg:
FIBTEMO|A CT 52 = @™ Z= ZTIE, CTe EXTEME| 10 A|Zt PCC: prothrombin complex concentrate, FFP: A1/
4 g%, LI60: CT 602 = &8 XI5 (MCFQ| Tt €& Lk %), LI30: CT 302 = 8ol X[&= (MCFQ| 2o EH
dE %), WU =M Rl AT: antithrombin, Ca?*: O|22tEl Z& SEZ, EACA: epsilon-aminocaproic acid, TXA:

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

b

=
Aoz
>
|'\J

o
o
243t 8

_I

Zt oAl 3 WE £ ROTEM €12|E O 3B)2 o L12FH |FA #XE 7HX|2
AL (AF 3A). F 7HX BF =g9| it ¥z HESD ¢ R E 135t= A0AM
AlEste, ol dfaa8%, ¥H 2k, EEH dds B2t JEi'—f o 2FoM=
g8 22| 8 Welg ofntzl fA 2ite] HE0| O SO [97]. 2H8=tS 2HAe| SCLT
AAOIM MELEE S INRS| S7t7F 7HE AbFE LiEtLE E90IL. 11 Lt ol2fet Ha|sty

S7tet FEet, 3 0 O &XSOM XHAL| M-=E (re-balance)=

b1 m ANel2z A WE & A, dHs #
oLzl sk ez = QUCt 971 EY HMAH (5o 282 Ar=2e €2 S8 W 49,
T B=, TRAL, TACO 3 EYINHYUAS SN Ol £ES CHAl HTSHH HA2 MTE
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{7 12{5t0{0F 5k, aprotinin®

707 20| X| LUCH [101-104]. EXTEM (A5gy < 25 mm)2|

AAHS

of

A
ot 32l tE=Eel E2 F7F X2 §l0] 30-180% O|L{Of

HOEA (& MA E EA)

LEAH =
| 2de
=
=

oro

0|48 g BHX}O| 60-80%01A
[u]3

o

ZAAZICE [100]. SCLT ZAAF ZA3F =X
At

[101-103].

F

—

f

7
7

Klo

{oF

-

ud

Kfo
Wk

ol
Kfo

o

f

o]
st 2= QICt [105,106]. £3| FIBTEMES MS A8} 0

(CTFIB > 600—*—)% Alz-li‘?ri _g_

x| M

gyt

T (clot firmness)2t FIBTEMS|

N
zl
Bl
ol
K

IH

0

i

X &7| W{FO0|C} [107,108].

I.

=]

ofnu

7l

2K
&K

SticH

21

PAE=E
HA =

b cut-off

.
o
—

| = (A5, A10, MCF)0i| Cf

X
(s

ra g

X
—

_i

E]

=

.

[31,43,44,109]. A5;2| cut-off 2t 25 mm (A102| BF 35 mm, MCF 2l ZBF 45 mm) S A5:52]

cut-off ﬂi 8 mm (A10F|Bgl 70:“?‘ 9 mm, MCFFIBgl 70:’_?‘ 10 mm)% A|-g-6'|-04,

o|=38t7| €3l EXTEM % FIBTEM

B

odl

2 HOIC} FIBTEME d8a

o
H2 de

T $X7} o
of o eYsich ofLt

4
, SR XN, 220|229 e

1ol

Ol A FIBTEM

=

=

ag|

(e]3
=

49| RCTOIA MaaAd sHAA
ROTEM 7|

f2 B (fibrin polymerization) =
T S OIX[X| ZSHALTE [119].

Sl

O

-
ot

=]
oS At

Al
2]

0l

QSICE (74 vs. 92%, P < 0.001) [123].

FO[ AL M AlgHEl
7t

7
i

1]

=

=

HH

—

ojg ATolM M,
H

3

.
o
—

SE=2
<]

x
~

_OIEI
ol

C} [31,92,97,101,114-118].

=
e

64-75% =Y = UL} [92,97,120-122].

pol
k=3
=

=0 BB Zt olAofMel = Of

OfL|2t ol 8w

E]

=

.

(fibrinogen concentrate)2|

&
2o

AL
e

Ko

HS Aol HH

QICt [97,124-127]. ®47| M, cut-off ZLO|

G A

—

—

P

| & QIC} [31,97,124-129]. O|& S} MAXE L

.
o

7t

o

4

ITE

=

=

SE (0: MELD E=)

=
S

Mg (thrombin generation) %

ofn

"E S7HAZIEE [92,97,

o}
2o

=

al
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HO|X|

=

a5

=
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—

—

7HAI 7]

=
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116,126,130]. THEHA C B! st Z2 ASINE Z&tst= HLHQ| 4-factor PCCRt HE|, rFVIIal=
SN ETE|O QUX| UORA, ZHO[A T TJ|E} YN THHOM BHHMPF-ES U
™E-o LddZ FIAZ|ER 0|9 AHEES mIBiof SHCt [131,132].

70| Al

Al SIXFOIA LRI of|obRlst £ SotEl-R A 2t (heparin-like effect, HLE)= & M HEIC}
97,101,105,133,134]. ZtO|AIH I§&F (CT)y 270-3312X) ¥

oM ST (CTn/CThee 2.0 Ol HLEZF HAEE & UCE CTw/CTueeHlE2 APTTELE HLE
10| O RIZE7L =0t &3 HLEs ¢ o429l S/t 30| en 7t MAH & EAAM

o —=

1=

HLES 37tel 3748 AtYEN FASICH [135] HEHF
2= BLR7t 7tE EHICH 97,101 DX %2 EL, HLES A2 ZZEIDIoZ AME £
RC} [97,101,136].

EXTEM S, FIBTEM S, APTEM S & o
SIXHO| A SURE ARESAM = QF =ICH HLES| d9 ROTEM ZIME ZEHEZE oMy = U=, O
[m] 7 M

SHANAM SURS AMRSIH CT 9 CFT7} AZEn & ZE Z (A-Ztot

ROTEM Zit= EHET ™S EItste Hole A8Y #+= U220 ROTEM-7|HH &E zz(e
‘K| T2t (therapeutic window)' 7HES A5 HHMTYE LHSS LAY = UCE [31, 49,
97,116,118,126,137]. Hincker 52 4% & APTT, INR, AT 7} 9 HAME £ 0|30 =
T EMMEET S o F5E 5+ AACtD E0SRACE [137]. HHCHE INTEMIL EXTEM A10 (A10gx
cut-off, 61.5 mm, ROC AUC, 0.751) 2 EXMTY B9 7Y £2 o|F XL O] AHFo|AM
FIBTEM2 YTMAS S O|F5HA| RIUCE vt 7HE3tE oA s 7H0[4] SHXE jdez o
ojzf @RojA 2 9 ZH5W HMZO| it MCFgg (cut-off 2t0l 18 mmOlAl 25 mm AtO],
&H| [RR] Z[CH 4.8)2 O=F=7t 2 AR LEIGCH 3 9 e WY @Y o4
(o anti-thrombin, THA C £ CHEA S ZE, 100X}V Leiden SYRO|, FFA &S|,
SRR At ZHME s FEMIZY SXto|A X EICEH [138-141]. CHA] oHH ZERSHX| T,
Hest F0{2 2E0| sty deARS 0[8st MANKXE LASHA m|SHO{oF Bt

Q4 8l HHout =& ROTEM A5 €12|F0| (A& 3B)0 MA|IZ/Of QUACH

QMo AL, O|FQ| RCT (CRASH-2 trial)7t 091 (99% Cl, 0.85-0.97)2| AtY &= FIIE
LIEtLH2 2 (14.5% vs. 16.0%2| all-cause mortality), $4 & 3A|Z LHO| |olst EEHO| e BE
QA BHXIO A tranexamic acid (TXA)2S E0{sfof &2 EOFRJALCH [142]. A2{L} O] AFOAM =
TXA F07I 24 T 3A1Zt 20| AZE B2 MYEO| B7t (RR, 144, 95% ClI, 1.12-1.84, E€&
oI5t MEO| 31% vs. 44%)5t= AeS YSAUCH [143,144]. WM2tM o olst S1Z0f
(A5g < 35 mm EE= FIBTEM EESE XM [CTys > 600X])= QAR (602 LHO| EXTEM
I = FIBTEM maximum lysis [ML] 5% O|&h2| =7} U= ZR0T TXA K25 A|ZSH0{0F St

Algorithms for ROTEM—-guided Management
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22

[105,145-147]. d2iL} ™EHY ZHAF O|80| 7ts3 HANAM TXAQ N &= Xz2H FE0E
+=35[OF St=X| O{F &= Ot =E0| [ RUCE [145-155]. ROTEMOA = He2|etE dFAEsHt
MQA83| ZCH0| ZtZE EXTEM LI60 82-97.9% I 98% O|Ate 2 HO|=ICt [156].

L

£795| FIBTEM2 HFA860] AN 7HE =7 =2 MHEO|CH [107,157].

Davenport 62 &4 ¢ SIHOf (acute traumatic coagulopathy, ATC) 7t 7|5EXHo =
ROTEM X Zk FEo| ZAE EFYCE ottt S YSSHRULCH [20,36,158-160]. AbSey < 35
mm 2| cut-off ¢t 830, ROTEM2 CT 5& T0| ATCE AlEHst OfE ol ERdE
0|2 = UL} (detection rate7F A5 < 35 mm A 71% vs. INR > 1.229| A2 43%; P < 0.001). ASEX>
35 mm BALS| AL 12A[ZtL RBCRE FFP =820 ZtZt 2U2b 1U DO|2HO|UCE AS5ey < 35 mmo!
4%, RBCR FFP ¢ Q70| [OSHAH S7tetct Mt =9 2y At ofE ¢
ZZEZF (massive transfusion protocol, MTP)2 Al&tSt Fag = UTE SHCE [161, 162].

e HIAOZ Schochl 52 FIBTEM (ASrs 12|10 A10q5)0| CHEF = (YR 24A|ZF LHO| RBC

= H
& 10U O|4he =7|0 o&esS EOFUCH [27]. O] B A10ps<8 mm (BE M{AH 5%

S
<150 mg/dl) QI B2 E =g HEE0| S7ISIULEL A0 <4 mm (B 748 5= <100
mg/dl) ¢ ?%—?— ROC AUC 083EEZ CfE g0 OFEUACH ATt 24 Al XgsHo
HRE2Ho 52480 Hagemo &2 AHFO| osf HAQIZ|J=0H [163], 24 LAt Y FA
HeF2d 5571 229 g/L (A10gg 125 mm R A5 11.5 mmOi| diE) O[5tz XM3tEl Z20| 28
ALEOl AA B7t5HUCE O] Atz 808F2| 24t SHAE oot =A| TEE AT ATFOAM
2HOIZ| ATt [28]. Cut-off &t ASg < 37 mm2| AL, ATC HAZEE (detection rate)2 66.3% ULt A5g

<40 mm@l 42 72.7%0A CHE +-O| O|ZFZ| ALt A5pg < 8 mm O[St ATC AEEO| 67.5%, <
9 mmOME 77.5%0A CHE +=-O0| OZE|QUACt oo el 2 AFAM CHREE= i d12|F

oM AR Fojet ot S ol ASe H ASep cut-off 2422 35 mm & 9 mm7t M
ERACE 27| Y XN2E Qe YEHEAA-ZIE = XHo et AMMA 2D OoF Y
Ql

2|0 Cist =2 AWMF X|&O| St cut-off 242 QFSISICH [164-166]. S8 CH7|2F RCT
TACTIC (214 7|8 %ol wds o A= °*IEIE T3, ClinicalTrials.gov, ID: NCT
02593877)0 A= |FASH cut-off 440| AtEL|=0, HdaAd EFE2 ASF.B< 10 mm @ &AL

HO
Saf 9| B (ASex— ASeg) < 30 mmel B0 A[TICE [167]. =3 Ol= Na 50| ZEY
DA KzEo|A ol tHE = oE5S %t FIBTEMO| cut-off 2ot LX|SHCE [29].

HELZt, ATC=, whole blood impedance aggregometry2| ADP Sl TRAP 20| S

X7 AT 7|5HOH7t EHOICt [168]. Chapman &2 CHE & (RBC 10U O|d) 52 F4
S GAIZE O|Lf ZEEE QI8 AHYS 0 53H7| s, ROTEM platelet TRAPTEMS| 53Q-2

AUC, 0.97)1t ROTEM platelet ADPTEMO| cut-off Zf 65Q-& (ROC AUC, 0.88)2 cut-off
BOSHACE [169]. gfLt, =AM 7| "HaE J|sHEO S|, 2¥el FBEE
OiStAHLE Of SHAONM AT = EE AHWSI=E MM EX|XL (biomarken)2EAEH AHEO| E
~

£ QEeXE UOlEE =X|A AT} =QSIC} [170].
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2 Y £ 4-factor PCC £O7F Zaot EEH 44 NMots, =7 2y XRE ?Ie HEHE
AA-Z|8E = Jto|Egtelt ChE Qe #EE =Y AWMF ZHO|EZrRlel MM A O F0

r\l

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

F=EICH [164-166]. Ol= EESH (TACTICEZEE
b LXIBICE [167]. 35 A4Y EEME, IE

M-H|& (fixed-ratio) RBC % ™ZX £&O0| ATC

_L

K E2Q} AUEQ ZAE K BSHK| Z3ICt [12-17,171]. Innerhofer 52 RCTO|A|, ATCE X|E3}11
=S HE= ZHO|A, ROTEM-7|Et 81 QIX} sXFMA (dadd, 81 QXb X, 4-factor
PCO)O| &SIt

g9 99 rsg HIWSIRACH 172,173]. & 7H| Xz &2 HE £ ZI0|M,
FFP= ATC X2t =d STl A0l 52%01A HIiSIF M, ROTEM-7|E 81 QX SZHA|
E0E 7| M= A WX} (rescue cross-over) SAH 7} QFE|QICtH HHH ROTEM-7|Ht 211
IRt sZMH Fo£ 4%0A Tt K& HIiet FFP =¥Qo| TN LAt HAI EastACt =3
CHEF 2=EE (12% vs. 30%, P = 0.042), YA} U2 (11.0 vs. 27.0, P = 0.038), Ctety =7|2HA
HIE€ (50% vs. 66%, P =0.15), S @MZ HE (8% vs. 18%, P =0.22)0] ROTEM-7[BtZOA
SUCE meEtM, |8 Qe XA (European Trauma Guidelines)| #HEAtE 33&0|M= =Y
SIXtOM HRAad £X[7F FHo|HAM HEE A X|HE 81 AlZ (delayed coagulation
| & =

HEE = R0 PCC = g¥ FOstata AASCH174].

0|

n

-

—

initiation)O

HMEHY  HAAP (CTW/CTuep-RATIO) 2 ZITHEl HLEZF SEHEl LiolY  |utElst  (endogenous
heparinization)= &5 2/4 2HAt2| 5%0M ENEAD, I FEFE (endothelial glycocalyx)2|
=40 AA = Ho=2 EQICt [175].

OfX|2to 2 HMZ (thrombosis)2 Q4 M&Q|nf, AZAQIo|A =CHst 2X|0|H, ROTEM 7|t
=g fe|el 'Kz 2tA JEE2 = sto MAX|EE mlfjof L o7|0fls = F oY
X|& (thrombophylaxis)E HA|0] A|ZSt= AE ZEHE

A2 Y fE SFHOY (trauma-induced coagulopathy)ofl CHeh O matAMO| Q4 Ln2|EF9
A10 (O]=)H{H0| SHEIRACL [145].

& (post-partum hemorrhage, PPH) Z12|F (A8 4B)&= 2l& €1z

g 2 =
2 SASILE (O3 4A), A B A28 9 FIBTEM M4 &0 #He|9|

ot T
rulru
kI o
o
ot
El
reo
ng K

rot
Il

[41,42].

A Qg HiQE ZO| PPHO| 7HY YHHHQl RQI2 Xtz 0[tEnt EfEt 2HHE (TONE, TISSUE,
TRUMA, THROMBIN®! 4T = TONEZ} TISSUE)O|D, X|& X2 (A 48 dAT 43 21 OIX}
SEMAM)E 810 (coagulopathy)l| Z<0TH MAISHO{OF L [179]. M2t EXMT L X|H
OlM ofdel HZd X W oS gl S (disseminated intravascular coagulation, DIC)O
CHSE ISTH Scientific Subcommittees (SSC)= (1) 'A|2E0| CHet POC EE= ALY ZHAG
HYO|2tH, FFP= 2T &K 220 2) dRARQl AFEO| ZLHE 80| 52 MAZH-HA (pre-
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emptive mannen2E Ar8dts A2 ZAE Ae AHYSICH [180]. 1L, HE 5T &2
=] o

XNEHOE SIHOE e = UL} mMatA, 0i™5| PPH Z2|= O ELCt [181-183].

£, 2O A5, W HE MRAQ $£XE PPHE OIZE £ QICh 2L, PPH A|Z Al
z o S oFS JtscHA ot PPHRl XY QEES

EQtECH [33,184-189]. =&, &8t ® SCLT & ROTEM Z#HAF & ol

Shxto A =20 & £ QUCt [190]. 2L} CHEES d2 |34 XM= olo #™ J|Z0

YAIEIO RUALY.

HRAOHEd = PPHON 55 4371 AL S MTZS SXO|M 7t =93] YdsiH, o|=
DICE &B&tgt == UL} [191-194]. OOz =5t WOMAN trial (World Maternal Anti-
fibrinolytic Triah)ofl [EM PPH XA TXAE =7| (2T T 3A1ZE O|L)o FO4st= ZO|
HIEICH [144,195]. WOMAN QF0A, €2 QIst AIL2 TXAE Soff d2aE = JURUACH (1.5%
vs. 1.9%; P =0.045; RR [95% Cl], 0.81 [0.65-1.00]). 2 2{L} T{&EZ (0.2% vs. 0.1%; P = 0.15) & Z7|
B (0.3% vs. 0.2%, P = 0.29; RR [95% Cl], 1.87 [0.75-2.53]))2| 77| EHZ Qs+ AfUE LA E
S7t5E0I A all-cause mortality= F2|SHA #StSIR| LRUCH (2.3% vs. 2.6%, P = 0.16; RR [95% Cl],
0.88 [0.74- 1.05)).

-

CRASH-2 trialOf A{ O|0O] 1%l HiQF ZH0|, TXAS| HE2 2Tt T 3AZt O|Lf0| R0 E A2 7HH

FEYROH [144,195]. M2t PPHe| U O|=F Jtsot He| TXAE FOs{OF otCt [144,195].

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

MeanctEsis YEET WOMAN trialofAl TXAS| fst ZME =2ist= ¥ald 7|H2
19

f
ROTEMI} whole blood impedance aggregometry2 2RI Z| AL} [196,197].

=35 PPH &Y A Tl A0l Fast 2ZHe B deid s g8 58 (FIBTEM)S|
k= #H3HO|CH [26,30,189,198]. O 7|0f| A, Collins & [30]2 AS5gp (adjusted OR [95% Cl, 0.85 [0.77-
0.95], P = 0.02)7} Clauss H0ll 2|8t MQ4 2 =HX| (adjusted OR [95% Cl], 0.93 [0.49-1.19], P =
0.813)2LC} 2YSH PPH7I & & &4 2500m| O|ACZ ZTME Z4S O XL sU HH
MH (RBC + FFP + AEHCE THE 0fdel MRIAY F7H (IQR) 2|1 A5q7t 242 2.1
(1.8-34) g/L 2|2 12 (7-17) mm2EAM, HHELE TMSHX| @42 0142 39 (3.2-4.5) g/L
J2| 19 (17-23) mmELCH |FoltA ZUACE Ojof el ppH Y12|E0 CHEF A5k cut-off &t
<12 mmlE, X2 FEUS 16 mm 0|42 HYEACH (AFe| EEHIY 17 mm). O gt
Mallaiah S0| ZESt Liverpool Y12|E U ISTH sscol HE At [1801nt YX|BCt [185].
Mallaiah & [185,199]1 Smith & [200,201]12] & ZAt Z1t, =€ (P <0.0001), THE =& (RBC
>5U, 11.2% vs. 28.6%, P = 0.006), XtS =K = (5.6% vs. 14%, P = 0.089), TACO (0% vs. 9%, P <
0.001), ICU 2% (1.9% vs. 9%, P=0.027) BIZE QO|5tH ZAA|ZCH D4 QAFSH Zat7p %20
Snegovskikh SOl 2|d ZEE|UACH [186]. CHA| ZsH, OFE &EH &4, RBC X FFP €& &

OfL|2t At EHME (25.0% vs. 53.5%; P=0.013), ICU 2@ (3.6% vs. 43.1%; P < 0.001), 2|1 &

-

= 2@ 712 @ vs. 5Y; p <0.001)2 FUSHA ZAAIZCE Ot CHEFC2Z Bt RCTO|AM PPH

-_

H
)

.
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=4

0|

|
ol

=x

SPS|
oo

PPHOIAN 7tE T2 X=EHE2ZA

=
ol

& Ol
=

=
=

M 2= rFVila Ee= 4318 pcC £E0E X2E £ QUCt
ROTEM-7|Ht

VEEES

I

il
x

O x| 1

|

=
A7 HEFo 2 O|FO{MOF oLt &85t | = SFGILCH [164-166,174,188,205-213].
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[ N § [e]
Sa= YAl

2lgas g1ElF CHECK BE <-6 mmol/L or
E8 U Su0| D25 BV ’ Hb < Jog/L or
N O TASH-Score > 15
Jyes ] ves
A5; <35mm or YES Tranexamic acid 2
CTpg >600s or —>{ single bolusE2A{2| 15(-25) mg/kg bw
ML > 5% (602 O|LH) (OF% o o 2 S0j5|X| @2 22
DONE I
NO ¥
A5, <35 mm YES Fibrinogen concentrate or
and —l Cryoprecipitate (dose calculation) 3
A5 ;<9 mm Target: A5 5212 mm
NO §
A5., <35 mmand
AS¢52 9 mm YES Platelet concentrate *
or AL J|S O] A HA E— 5-10 mL/kg bw
(TRAPTEM < 50 and/or (1-2 pooled or apheresis / 80 kg)
ADPTEM < 40 Q-min)
NO |
>
CTex> 80 YES 4F-PCC 15-251U / kg bw 5
and ' or FEP 10-15 mL / kg bw
A5, > 9 mm g
NO
Consider FFP
NO 10 mL/ kg bw
YES
CT,,>240s —>| CT,,/CT,p21.25
Consider Protamine ©
NO YES (0.3)-0.5 mg/kg bw

(25-50 mg/80 kg; 2.5-5
mL/80 kg) 55 £d E?

YES

MAe ot M2 10-15= 2

a8 4A.

26

MHASHA Zafp =0l

=
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Hots EH a5 Y02 E 7

Consider early TXA administration
Blood loss > 500 ml vaginal (=2t 3A[Zt OfLK)
Blood loss > 1000 ml cesarean

Blood loss > 1500 ml severe !!! WOMAN A0l 2t

YES
. 4 L 4
A5, <35mm or YES Tranexamic acid ?
CT,z>600s or r— Single bolus2A2| 1-2 g
ML = 10% (within 60 min) (2Rt Ede )
DONE I
NO v
YES Fibrinogen concentrate or
A5, ;<12 mm —) Cryoprecipitate (dose calculation) 3
Target: A5, 53216 mm
NO v
A5., <35 mm YES 4
R e i e
A5, > 12 mm P P
NO |
CT. >80s YES 4F-PCC 10-151U / kg bw 5
and —— or FFP 10-15 mL / kg bw
A5;5212 mm (Fol:Frr2 HRARE S MY = AUlh)
NO
Consider FFP
10 mL/ kg bw
NO R
or 90 ug / kg rFVlla
YES
CT,>>240s P!  CT,/CT,p 2 1.25
NO YES Consider Protamine ©
25-50 mg (2.5-5 mL)
YES

A o AN Z 10-15% &
MHASH 21t 20l

=

M
et
1o
>
I
A 4
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|M/8de|nt =2 U (B) AMEQAI/MZEH|AMS ROTEM A5 7|8 &8 HI|E I8 2H M
. 2% > 35°C, pH > 7.3, Cap. > 1 mmol/L, Hb > 7 g/dl.

olEtd F0lE Q4 Ee 20 T 3AIZE o HAE = AT
ALt [142-144]. CTrg > 600ZE= FIBTEMO]| A
=0f 2t EACA (epsilon-aminocaproic acid)S A& &=
He2d FOiF (g = A5 (mm)el B3 571 x HE

(kg)/160. 28 QIX (140—160 mm kg/g)E AN EE 2olof et ZetEich 10 U SZEXAA ~2g dead
SEMAA 55 E2u £E: 53t B2, ROTEM platelet (ADPTEM % TRAPTEM) O|Lt MultiplateE O| 83104
gau 7|52 =QIsot [168-169]. CHEM: AT =82 TICOM AT 7|52 MR 2 = ATt [170].
ASpg > 12 mm2| & SE 1NE{BICh 0|5 SEAT Q9 2HX} = ADPTEM < 30Q-min2| &< TXA (25 mg/kg)
= desmopressin (DDAVP; 0.3 pg/kg) & L2{2HCE 80 kg =2 E/H2 Y PCY O=FE S7h ASx0lA 8-10 mm.
A5 28-35 mm EEE ADPTEM < 40 Q-8: & SEZHA 170 ASex20-28 mm == (ADPTEM < 40Q-2n
TRAPTEM < 50Q-&): 28 E= HEXE AT A 270 ASex < 20 mm: 2 AT SZHA + A CHH
(2 4 g). *4-factor Z2EEY 23 XK 4F-PCOE AHEE = gl& Z: 10-15 mi/kg FFP & 45-90 pg
rFVila/kg (BHAH7F EAR2 20|10 pHZF 7.3 O[40|H Ca?* > 1 mmol/LO|Zl AS5g > 35 mm, A5k > 9 mmO|Lt, FFPE=

N
00k
0x
Ho
>
opp
ot
fo
IE
)
o
N
N
4:‘
o
v
w
frs
~
©
%!
_|
x
>
io

=~
v
N
&>
% ©
w
_1
<
>
1o
)
>
i
ro
ol
IIQ
ro
ox
10
oX
o
=2
4>
0%
= fllgl’
>

el

CTex < 8ox 9l CTuep < 240& 0| A0 w17t O-I|:|.) 7:7| == *'c'sio| 82 ™M dRH AE 1Z{SICt EXTEM
X FIBTEM2 BYOIL}, CTiv X CTups 7SI AYEILE (A8 6). 2E: rFVila. SZZELD: WRIY HLEE ST
Y 3 230ME ZYE + ALK %%Q%ﬁt ’S§P7f g st Xzgoltt 2L §F FHAME
ZZED RFOE DY 5 UCh TSA SH: SAOf EIEH MK BME H=E 24 8 T £Y). A0 2
27HX EME (F HH 24 2 SSE=-FF =Y). o Hol 122 MU AH (F HRL O ojFe 4

HB-5SE E£4). ISS: injury severity score, TASH: trauma associated severe hemorrhage, ASex EXTEMOJ A Q] clotting
time (CT) 5& 5 @X Z& ZE, CTrs: FIBTEMS| CT (CTep > 600X+ FIBTEMS| HES ZM IS LIEH), ML
maximum lysis (1TA|ZF O[LH), ASgs: 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 ¥) X3S.
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1. OFF| El ppH 443 | 2. 1A|7H 0| E ROTEM 3. X HE| ROTEM &£ 4. 5 HX| ROTEM & &
0| Z ROTEM UEH T SMXIEH £€) o] SM(EE FTHE) 0]
% ROTEM % ROTEM

58 min 28 min
12h54 ———» 13h52 ——m—

EXTEM Start: 12h54 Rum: 450 EXTEM Sart:  13h52  Run: 255 EXTEM Start:  14h20  Run: o EXTEM Sart: 1501 Run: 02

L3 1 T9s CFT: 1505 AS5: 29mm cT: 1138 CFT:  >14168 A5 Gmm ET: 78s  CFT: 120s  AB: 11mm CT: 47s  CFT: 45 A5 36mm

AlD: 38mm  MCF: 4Bmm ML 4% AD: 9mm  MCF: 1lmm ML 100% AT 14mm  MCF:  25mm ML 0% Al 44mm  MCF:  56mm ML 0%

FIBTEM Sart:  12h56  Run: 4.4 FIBTEM Sart: 13653 Run: My FIBTEM Sart:  14h21  Rum: 366 m Sart:  15h03  Run: B’y

T 137s | CFT:  >252Ts  AS5: 3mm cT: >1491s | CFT: s AS: -mm cT: 8ss CFT:  >2113s  AS: 6mm CT: 495 CFT: 105 | AS: 22mm
AN 4mm  MCF smm ML 23% ATD; -mm  MCT: Omm ML 5 A0 Tmm  MCF amm ML % Al Zmm MCF. 22Zmm ML 6%
T=F ROTEM £ 5% 2 g Tranexamic acid 4 g Fibrinogen Intraop. transfusion:
4 g Fibrinogen 2 U pooled Platelets 6 U RBC
1500 IU 4F-PCC 0 UFFP

<
rlo
ae
B

2gst ol FYERACE W HR ROTEM

a3 5. Mz EHAMS| ROTEM 7|8t £ &g = H
M ANCHE S| 7) LIEHSICEH QIEFZAH R, Ol &

=2
Ol A 0|d] FIBTEM A5 (3 mm)7t ZAWM, FIBTE

<

—

N

%

&
quron
|

0.

Mo
T
AFol XZERX Fted, ohg 1A1ZE Uo Sngol S g2 MAEHJACH N2 XPez sf F HRE ROTEM:2

FIBTEMOIA 2215t dRAnCHEsiet HEsh A4 gt 2RACH olo| M2t 2K ROTEM 24 T 202 WOl tranexamic
acid 2gt MRAY SXKMA 49 (ASqe AMO| 2 F7t 8 mm)0| ROE|UCH, 82 = Algst 3%t ROTEM 2401 1
2IH7F SHOI|RUACE O 7| FHE A5y S7HE2 ¥ FQ FHE QA AHLE B7HE 20t 2mm RUCH 2K ROTEM
QIshofl A AHEEl EXTEM CTE 3AF ROTEM (CTex 78% A CTep 8522 7Y Ziholo HASEICt
EXTEM % FIBTEM @& ZZ (A5)7F ZHMEAX|, OS] HB Hor XXl Egur Hdadg 7HAlnt metq & By
ROTEM 7|8t BXHE S HRAH sFHA 4 g, 2T SHHA 2U, 1500 U 4F-PCC7t FIHE RO EQACE O SHE
Sl EY0| HFEQYULD U HM ROTEM 2AM0A LML tracing0| AR 3[SE|ULCE
£ Bmjet 4l HW ROTEM &4 At0|Q] 7t (ROTEM 7[BF EX 274)2 69&0|A2H, TH RBC 6U7t =HEIAKX|CH,

FFPE YE|X| AUCE TRAL, TACO =+ 7|Et THZO| LMK AgACt 2XtsE =2 = 22 WD CHSE O

—

ju

ICUOIA E|E == UARALL 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

oz A, O] ROTEMOIM & SX{SHA
HEEl INTEM 3 HEPTEM CT (22 427t o] 8130 I
X Q47| W20 EXTEM X FIBTEMOIA &2 CT (2 53% U 45%)E =olct HAESH X2HE rFvia A= &
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

2. 6. FVHIO| CHEH SAH|K|7t A= FHE ELHE A2| ROTEM IiEH FTHYM HRHO|
4 o

18
ox o

o n

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 °*“EI§% PBMO| EHQl 2oz s, =Y, ¥ ERYy,
2EE HE QEH|7t A HASIACE o7 AP =20 st 7IY 52 =+

7S5kl [32-35,45,46,54,55,66,69,214-218], CHE A =Z0M ROTEM-7|8t =& 29 25
A oHMME HEHESHE OO|E7F &1 UCH12,35-36,92,101,114-118,172,185,186,189,219-228].
O|2t 43S0, Depe &= 97H2| RCT, 87H2| cohort ¢3¢+ % 8332QO| TXE =+ OEL-
M WAH| (OR)7} &&0|d dW 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 062 (95% Cl, 042-0.92, P=0.0292), &= & EHZ Qs+ 20 AM 0.56 (95%
Cl, 0.45-0.71; P < 0.00001), =|& 2 ZAOAl 0.64 (95% CI, 0.31-1.30; P = 0.1345), & = 24
MEZH (AKNOIM 0.77 (95% CI, 0.61-0.98; P = 0.0278), 2|1 HHMFEZ M 0.44 (95% Cl, 0.28—
0.70; P = 0.0005)9! ZHo=z HESIACt [34]. EBH 20160 LHEE Cochrane 241 [35]0 M=
ROTEM ARE SHO|A AtZE0| CHst RRO| 0.44 (95% Cl, 0.21-0.93, P = 0.03) 2|1 TEG AME3%t
AP0 072 (95% Cl, 0.25-2.07, P = 0542 E1E|QUCt ROTEM- U TEG-7|Ht HAFLE A
=45t A3, AFAEO| it RRZ 0522 LEEFRCH (95% CI, 0.28-0.95, P = 0.03). Cochrane &4
A1t = dadu £F40| Rt AKIS| Foloh #a7t =HQIE| 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 Ct7|& cohort HFOAMe ZtZH 129,719t 605,046HES EESIRULCH [229,230]
o 7|0 A, Meybohm &2 LXt HI7IH2Z A Ha RBC +=EO|A 17% (1.05 £ 0.05 vs. 1.21+0.05

=)

U P<0.001), 24 AMEH 2HH0M 30% (1.67% vs. 2.39%, P <0.001)2] ALY ZAE EASICt
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