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Reading
Gudance

10 R, mAmMESEAREBE T RANER, WASRENFE—FPREM-MmEE, BT XHmERRNmES 2
S, ERAFWEFMASMERRS MeFeEMIN. SREMTN. DIC GREMMEMEARI) MSKRIZHUR SMERSTREN
RBEESMPEGITE. 8o, SMaN5E 2 ERmNHRERMCNRAREE, EFRmalURMIEBTYRE, HERMmS
MLtz HE AR MAFENRMCURAZERK, B&EMNS. AR EEN M5 77 E S & i B AL MR ARTE
Il PRz AR RIS EL#4T T #Rid o

I 4% 58 /7 B A% I PO TR+ £

AL R M IS N B 4E MR B MES/RBYE (prothrombin time, PT) . SEWEBSD B MMIEESAYIE] (activated partial
thromboplastin time, APTT) . #RIMMESATE (thrombin time, TT) FLFLEZHR (fibrinogen, FIB) , WK 1, ERIRKLER
RO MINEER]THRETHMIRLE, WIGKREEEBINT, CEREMEHRNSENEERES . B RERA N EE 8] Li#
ITRINFERS M RIS ST, TURZMIRY M IR M F AR E R MINAERITME S, FT8 IR 2

R 1. BOBIRE

2E@E (H2E)

B IESRET EINE PT 10~14s B 3 s AEIREKEX

SEER S B SR [E)UE APTT 21~40s B 3 s BIEIRAKRENX

R MESATIA] TT 8~6s 8id 3 s BNBIRERE X
FERRRRE FIB 2~4g/L /
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Lol

R 2. BRI LR MU B M RIE K IR PR R AR

e & TR WG R S A REBEX
EME RN EBENA . EK:
HREINEMEFLE _
sunan aans, |0 PIRSAREEE ) paema, v, v xezenG o0 S4E
TF) MBETF, BHEL S A E)titnH
mmgEAARTEasy |V VN X BB - o ~
PT | BEMEFXAXa, XafkE UAIFEAT ; LB
ﬁgiiiﬁ?@g&f \ b EE T | O LR RO R RRAFDP LR AR F
FHEEHR < . /I £ .
AeEaTRE, Weg | Rmmeus e | 0V VI XERE
EFF R aE N RmisE | BEARSMINEE", 45T HRMETVHESE. ORERA, SRS
B ial A8 M.
FEK:
1. AF VI, IX XM KFRE, sNMm&EFEER.
Z;
2. EENRNEE (EFID) BFV. XMFEEEER
=, MBTREER, RKFBSATE. RSN, &
FIEHEMASEFNX | 1. BFRERREMHER R ;Hiu&ﬁ(%)ﬁﬁ§5§m5%;n .
HFHEFR (EEL. = MmZEFRRMEAF (1.
SES) URAERAE M. V. VII. IX. X« 3. é?gi%jjigi, WA M. RAMA AR METRH
APTT HAPTT RFIFI S EE, XI. XII) B9ERZ; BAHER (R) [Zf#Y) (FDP) ;
iﬁfgﬁgg*ﬁﬁg 2 BN EFEAR. Mk | 4 DEFRERENFE, MARFUWRXAE, REH
ammtmnEnEy | PREORORFEK | RS,
izl YAy N7 o
04 R IESE A, . g
. RFSHRRES, DICHSRMNE, (REMREALTR
MR R IR TR E M
2. MM EFNOIEE, FEMOEE. ISR
T, FIESE. REMASTER. FRENESEE
=,
EK:
ERMBYME BN 15 L RFFRESRLEFRARYREE. MSLE. BF
i’%'ﬂﬁ”ﬁ[ﬂ]@g)@,ﬁl, é*i& IE&HH&?HEEEEE%N& ﬁs Igﬁ%; 'fﬁ? (3!5) é?éﬁ%El[ﬂlE\ E%"éﬁﬁ%lﬂ
TT | EERFEATBIENL | e ontia, RiE. FEZEREE™Y (FOP) 5. W
HEEMERE, WERE | DIC. E& MR,
B i1 B S SR AR ],
485G FIRRRE X,
HE:
FIB @M T AR5 R THEDSR ST IRIEERSN, +
BHIES MR, B5. SROREEWK. 2MEONE
R . ASRBMER. SAMENE. BRE O5E
= AXE BY F1EHY, SRy R .
AR RERE | | BTFEEATENE. Rtz mSES
S5HAHEHE (FIB) ins BEAR :
TR AT M — R ‘ . N
T ammmttg, wme | ©TDEREATOTEE | qememumon, moc, pasimn, s
RREERENE, wEg | T ° BEAGBNMEFMME, f. BFREAR;
BMEAAEEERE,
TS ) BAREREERNALEE AR, TOME
EMAEEHERTERSEFEEARNE, T8
MFDIC. BEAEMERH. BEFL. FRLIE
1858776,
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B MPYI—E A TSI M IhAEERR, WNZEE
ERMRES D, (MM MR E FRFHIT O, T AR R
M/MRIELEMS BN ERIER, TFTRERSUEMER MK
FHEQBREIRE, Monroe NEREHER T ETFHAEAEM
i, MNNFERIZER, RAETUEERNRIEAR
i, EERMMMRZERAAEER, XERRER T L8
BORRMAREXA] LU A AR R MR IR, BFEE
MENREMNERE. EBNE, XEERAEMANFIRE
RETBE R IR AN M B MASZERRIR R, BT REE SE5T
B BRERNSIER, RREABEE—ERRME.

Mm#£3 & (Thrombelastography) & 1948 EHEE A
Hartert" 288, AT EEMBRMBREENEEE, FRENR
MARBE, BMILEFBRE. BE RSN ZHE
ST, HmEEEEhaE> Th, B NRHEERER
Wk, WE 1, HEIFEMRNASEE: (1) RELEFSA
B R AR ESRBERIETE];  (2) 4R BEMRMESEMAYE
E; () REEERARMIEMREIENREM,;
(4) FBRIRPALEZAABAAITHUNGE; (5) FLERE

IMPROVE REVIEW EZH8EE-1030E B

FREVESR, SEMQNSEEL, mieehEEmRE. 5
#, BELENGE, MERBANEMRMFFIEERREZM
RAMFHEZAHERAREREENMEER, BEREHR
FRNEN IR, BMBEAE ERTN R MINEEIEEE
— P EURMIHE, WHIMSmRERFEE—EIZHEX
B, FLL, BRimigssEr Ze9N A FES ENA P
m. ENRAEMRSERS. AR ANRE. TEE
FRM2H RN FRONFRRERRES N AEN,

BRI zhiE iRl

R
AL A e
SEmE T

1. Mg HEREE

& 3. MAe3ERIENIT B K IGREF

Lol

=]

1 MERMET, HRRNRES &R

xfEE BALFIRR (RFEREEHF)

wa | EEE | e Z08E)

LI PN MA LY30. EPL 2. RSREMSRAATE (FEFER
f&) ;
3. iMEMIS R MR, FRHmMELE (M

b ﬁ?ﬁi’éﬁ ACT. K. Angle. BRISE) ;

VLt ﬁ’ MA. LY30. EPL 4 ESRHBM (FANE, MRER.
BES) .
I THMERTE. BO TR R ZZY
TR (EEFERREE)

FFEls | FFEME | R=R (B8H) R

2. WHMEBR A ENEEF AT H X
(ERFETEE) ;

3. AR ERER TR R,

g | T
e | B (0
BB - | AADEIE (%)
(AA .
p) | A0 B
1

1. URE SRR e Bx & 168 AR P ] LA St )
REMETR. (BRAFM/IMRENE) ;

2. IMEEATRIMRAY SR MEREE
(UHRIRESE)

3. RAFAUIMREMIBIRAF ARG, FA
FRHmMAIREITE (FARE) .

©2020 IMPROVE MEDICAL All Rights Reserved
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*® 3. MAESRNERNTE RIGKREAE (4)

& ‘ Rl

U= B

1. MERIRER S AR BRI
T/ MRZIEYTRR. (BRAHUIMRESH

/MR {m\*fgijj &)

it HIe (m

(ADP N IR - | ADPDHIER (%) 2. WMEERTRM/IMR YR MR E
ADP) i (DIMIRESE)

B 31

3. RARMMREIBIBAFAE, FA
FRHmMAREITE (FARE) o

I R SRS A FAF R, I

\ . %, GPIlb/llla BAERABMBTY

MR | 23T e | menwvEzmE)

Eu | W (M| A mEE (%) | /]
(ar | MiE-AA | appipsiz o | & 2. TSR MRZIE 0 R E

B ADP | T2 ADP) \\ \\ (DHMIRES) ;

B7) g%l
3. RAVUMREYIIHEAF AR, FR
FPHmMAREITE (FARE) o

Beihy R hENEERRIGE. . HHE ETFREIER (R 3) , Mg HhERNTESHBIRKRENX
BEIMNARSE. HABEEAM, RRRERRNIGRTRN Mk 4 Fim, FENSHRBENHEFRRES5H589
R B ENERE PR SAFIA G #ITHN, AZNZE e, BEBSEVIMBSRRMYERENAILERR,

x4 MERNENTESH

SHAM IRERE N

K RMEMEFINEETE
4858 R MEFIIRE T

RAEYE (min) | REASINEMENSEROEFEEER.

b Gy | AR TSI 20mm SRS K RTALEEREDERE
SIE
T R MR RAER, R S, AT IR AR AR

MIMEBRAZ B EHICE A BRI B (I S K ARIK A, K RTAHEDRIAEER
S K S, JRMEBR RS, B R HEARDEERIR

off

BAIRIE, RERT MAARMEAERE.,
MA & (mm) FEZM/IMRRAEEARFNRREE, HEPmREERY
5 80%.

AR femi) MRIIEE T
B R I VREDBERUAR

RAIRBENIRERRE,
LY30 (%) WX, RBrFAaTIE
RN T MBARBRINIEE, FA28EIR.

FHUE MA BEFERS 30 2 MR AR E 2t
EPL (%) WX, neAaE
AR RTHETR.
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Mg E N R EFREEIN I NN —FM 2280
MRMINEER 7%, EENERGRLEEIE, TTIRRRISER
RAETZRMA, WFHMieHELLRS BRI
RR—HIREY, ZIFEERBRFIETEERRDEX N —
ERIRARREINER. XX /LHHE B M ThEefE SRR T
T, EEERT ImAR 3 BN R i PO B M AE MR I T AR
FESHME R IERRNER, RIERTXER,

Mm&®

MR RE—FER MR R FHZmS A H %R,
RIBROEFRZHOAE VIFIXEF) XADH AL B &
B, mENTERERY S MERNRFKEER, INNE
E (<10UL) « FE (10~50 U/L) FEE (50 UL) =F
FR, AN BT 24 1R R B E MK A R T A2
=, EEEEYERNRFRZEERISNNEREENIGKRS
Btk BIMEAFKTETE APTT B85 & B/ MRIEX]
MRREFENFEMN, ENAFEERRME. AR RERN
BRMESERSEY (TGT) At H BN L E SR R iR
EELRMERE, AIFNMAREEN LMK, Chitur
FUWEXS 47 FIERERN RMEIFINPERE A RllkRE) L
T NEISNE RS, SETX AR SR = WiNAT R
R AREMAKRSBASHE R T NE M F g f A F#7k
F, [Mig#EG NSRS BERIFE B VE IR R
M RIRHT —FMFH A% tIINMRRE, BEHEMELD
HAFKFEWMAR L BENMEENIE EEREER, HAlsk
PHRAXLEESNENENTR, XELIMKE, RAMEHE
HEESHnRFREE EAE—ENRRYE, BEESERN
BRIMNARLS, BEEFINRnAREE MELREIR
5, TR F RN S R R K AR AT

FRESAE

FREBERIERE X RIBE TR GPS A2 EThEEERS
BIFFERS. MREEFHRAIANE R RMINAEERE, XSRIIE
BUE. ARERBRRINMBARNTARAERIEX, 1T
WTRBSMRASKZEHYERMNTY, FmmmieR ket
HERBRNEERE, FIrESBTREENMERMEEH
m, mEERSHEFEENERD (DIC) , FMEETF"
REERENRMIESMETITEN, TNERRIMINGER
BhABER. Fa7, HERRNERLHBARERS, £
FEMmMENAR APTT. PT, UNKERFENLE

(international normalized ratio, INR) {XBEIZHTH MRILEEK
B, REGSMIVMRITER. FEEQREN D-ZRIFTTRAY
AIFENRBEN B, BEERRNENEARERE

©2020 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW EZFISEE-1030HH

M, FHFREMMRRSERENRIRE, mig#HET
Bt MR MINAEER S, HHMERSERERENTE
F2EU7, Brenner FWAI, K% DIC WIRSESRE VCA 18
MEAEEE, BN VCA RNILBNFHRIRFIMEIE DIC HEfEA
B, Mt NHEERFSMENERSERENEIR, MA &
BTN 28 d PRI, WEMEING LS RS TR .
REENEE, AMESmERHETSMEEETERN, BF
At HE T SHMEERSTAYIREMETRE, HE
MR NETES M REERIBEZERRX,

&5 EFAHE

TE FTER4A TEG &2

I 7l

WM&SE, mL
EEAORINEK, U
AIE, U

M MRIRGEY), U
£, U
BIELTHRE, U
BRBlOEST R
RIKZE, mL
HAES, mL

HEH, mL

FKE, mL

6587.1 (3254.6)
215 (12.7)
15.6 (9.5)

30.1 (18.5)
14 (2.5)

16.7 (12.8)

10053.8 (4966.8)
214.3 (544.7)

664.3 (474.9)

6348.0 (3704.1)

2139.3 (1208.0)

4937.1 (2038.2)
128 (7.0) *
13.0 (10.3)
273 (13.9)

0.3 (1.1)

142 (7.1)

9198.0 (4546.9)
150.0 (231.2)

829.2 (588.7)

4775.7 (4264.7)

23129 (1491.5)

HAES, 10%#2Z 8%k, HIBLIFIE (SD) 4, *JAZENEE
Z8 (p=0.05)

Frgft

ITZAAFENAAERRELTRERTS, AEHAN
e, FHREE IR I RS ARNENREFRLD. EHEF
BIREES T, URIVMREBEBIEREEX. BMRERAT
BEUBERMEHMERIR, MATEREERTENEIRES
MR, BEEREMER, FRUSYFAFELEENER MRS
MARNEZE, Hoffman FARFARET, SHEMIBIT R
WUV RS LM e M AR R, BB m
1ERAEXS 107 FIREREELEERMEEHTO TG
R, HFFENEERMEEERRNKTEIAZ R MTE

WESHE | Article Reading Guidance E ]
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JRZSEE, PT. APTT. TT K INR RUERAEERBUIRG. i
BENERRITE R B, KE. o B, MA B LY30 XS
EROHER, BWEFITFEX (p <0.05) , ERIEX, 8
LEFESRER M, Iiess HEE R BB
MINRERTS EEMBE M. FTREREN PT. APTT REEE
RIS ITER, RN T B IS4 g 2R IR R S »

FHEbEE PT & APTT ERKNRM 7T RMEFHRZ, FHRE
WM SHURMZ BAFH. Shah ZFAPIIT 34 FISLIEHRRT
BUEERIT TR, 2T ERRLQN. m/)MRHHEE D
1A ER M AR BE RO RROTUNSE, &RERMDE
BAEFHSE G M INR BRPEEXY (Pearson RE =
0478, p = 0.04) , M G # PLT ER2EXM (0.821, p <
0.0001) o Mi£3FEFEFEISEL CI F INR HEXMEIREE (0.36,

p =2004) ,  CI A PLT ExFEMRXME (070, p <
0.0001) o EBJRAY INR, PLT, G 3 CI T RERTUNEER
i 2 MRV AMRRIAI. EF INR F PLT S ERRRAT 1L
EEFEIMER, ¢ 4itE (AUROC) 70.83, p=0.03, A
i, WERMNAMmEHENESE G M INR fl PLT MEREEEIR
B FimiEREE=ETUUME (c =091 p=0.002) . KA

Pro-coagulation

Coagulation factors, indicators
of thrombin generation and

clot lysis inhibitors

Fibrinogen VWF
FX
FVill
FXli

Increased FIX

during PAI-1

regnan
pregnancy TAF{ TAT complex

Prothrombin fragment 1 + 2
Variably
increase/decrease

or no overall change

Decreased
during
pregnancy

Platelet count

INR 1 PLT SEAHENEEESRMT RN REEHTE
REVITE, MR M HERNSHIEASREBERNE R
FAWE, ERAENFELSEDERRBE RN E
MFER. Wang FXNT 28 FEZFANRZEETAPHE
mER, ERET (RE 5) , SERNRMCNIESIRKE
MmABLL B Misss HEENINMIESHISRIRA, RS BERE
BRI BT,

ZEERR RAH M

HIRERMN R RS, BHRTEMIRIAERLAZNT K
FRER (B 2) o), RSHBEMETFIZM, MIERRIRIER
BRMAREENERAR S BKERRE. KEASRAEN
R BEIERIMEAF VI, VII. VWF # FIB. E FIB A7t
SRR FRIARE 4~ 6 g/L) . EIRIMER S
M SBREEMVMURLD, TIREBEIRY PT 1 APTT %8, B
MEIRHRABESEXERN. SENRMGNELL, it
EERTIHRSIERRABZBERERE, —LMREHR
RET EBRHARE LR NENERSEE, LUK
¥ IRARIA L = RS

Anti-coagulation

Coagulation inhibitors,
mediators and indicators of
clot breakdown

D-dimer

Fibrinopeptide A

Protein C

Antithrombin

Protein S

2. [EBEIRAER LMY

6 E WHE S | Article Reading Guidance



PEFFEHIAZNRELENR— N NERINHIER, £
Cortet F APUMIAZTIRE, RHAMKAAERQFKFAITUNE
PRl A4ERRKTR 2 gL HEBATEHMAIEYE
FUMER 100%, MEFHEZARKFE > 4 o/L BPMETIIER
79%. MRFARILLIMS T80 PT 1 APTT WIRMIAANRA KRS
&, EREMWELASANSURBER, TR I/MRL)
BENMAREBEAD, HARSHHK, BREFETE
Hm#AE PT 1 APTT Tk, AMBEMEARERM, PT. APTT
LERITTREEFHTIBHRABSZXER?Y, £ 356 BF=f5
HimiAZesd, LMETE 1 ~ 1.5 L BSUSH PT A APTT RIS
5XMBELREE > 2.5 LEXXM, Fit, FE™EF~EHi
B9ZTMEER, SR ISR FRRNR IR IO TR IS, LU
MFEFHIESEMTH, B2, M2 HEFRN=EH MmN
NEHRT2EHS, HRLPHRMLEHEESEHI
W ANE, T—FRRNEE: 1.AEF/EH MR RN
RN, URENERZTERMBRMINGER; 2854
EXETHEENTIIERE; 3. AT RIBR NS RFRENS
7 75 X 3 a9 R,

Eelifh

BIALIRERIR S B SER M RIG I R M THREMERS, X
—ERUETARMARRGINESR C RANEE, URGMH
TR ERER BB ITENIRKRITR Y, Kaufman FEE—
RXEPERTETR 60 FleIGEETNGER, RIB\MIEHEH
EMNEHEEIRR ERER FEAERNERDINEER T,
Holcomb EHF9HFT 1974 FlalABRENMREE R, LM
NBEERA] 6 h REESHM (Bt mnkEIR) WEE, mig
BHIESBE o« AS PT (r=-046) , APTT (r=-0.61) , INR

(r=-0.58) #AXMR. NIR®A 6 h RKRBEZEA MRS
WEE, off =058) . MA{E (r=0.67) ST4EARKN
EXMER, ITHIFER. REGEIE. HRMREHEITED . iR
K. hIEAERERE, XEEY o AERUASHN (I
40K8) ERYBELTF PT/APTT & INR (p < 0.001) , 7EF

©2020 IMPROVE MEDICAL All Rights Reserved
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HIESMRAMNERNTMFAERRRNESER @ <
0. 001) , FEIVMREIMFLMSE, MA BERIVMRITEE
HEIE (p < 0.001) o FAEMIEEHESE (RGEN B
BEIfERTNEE 24 h K230 d WRERMMIUIER, MESRE
MM APTT 5 24 h # 30 d IEERMIIER, LER&RA
PR M3 EEIEE IRR LM T EFRMCUNER, il
NBERYEHLER MG E] LU HRIE M2 58 HE &

DBESMS T

DEFFARPRIRETEWM, FIMEFRINFER SR
W, MZEAAFIERERE, O ‘R SWKERSE
BIEEA R I MR IR MM AF T, XERABENERRR
VR YIATT IR, RUNOIISMEIDRIER A EHEFE OB
FALRRPEA MRS E NmieHNE) UAKER
MR EI@FR AR, 5207 AT S KRR ML m
ESmmmAELL, R mniesE R LU D i MR s M s 8
[0, 1F Bolliger S AMNEZERLIVOAEIMGFAPER M
3%7JE5k ROTEM BY1E SR LU/ DA BRI E, TH
= FFP, {FAM3%HES ROTEM REMERLT 3 ~ 4
Z, DIEFNINER, 5%, FFP MMiBEIRE PT
APTT RUKNIZERIER S| KRBV, BZ, PT/APTT BUARREA
ENEBENARER, AIREGFEERAZER (R 6) , HAHKEER
FAREHRIRHWIE. HE, PT M APTT HERIBETEE
ES2MEMM FFP J&T7, EAXEFMIRENRNNERE
RHEIELER K, ABEE 29 E 235 S8, Mmig#¥AHEFH R
BYEI4% FA1F FFP MiMnAIAR R ER. R BHES PT 8¢ APTT &HB
AT, XLESHZ BNEXERESY, XERNNE
ARERER R HESRAEAKRKFETS, HEEFEEWE
TREERARMAS (CHRIVNMR) BIRIMEILUR &R
BRI K FRER MU, Fih, BLXRHEEFRS
FRmies I EITEEM (M) B ORTEN GALL
B, MEOOUEE) BLEMEIRC,

WEESiE | Article Reading Guidance [ 7
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£ 6. HMmiRE
RBC fii & HEBQRZTRME
EEREH
T R4 FmA T ERLA
Aketal, 2009 ) PT >14s or APTT > 1.5
. Het < 25% Het < 25% R > 14 min = MA < 48 mm PC<100 x 103%uL | NA NA
[=]
And cal CTINTEM 5 CTINTEM 5 CTHEPTEM | PC <100 x 103/uL
naerson et al, S Y m NS
200624 Het <21% Het <21% CTHEPTEM XEKIAK | INR> 1.5 or FAERK FEK AKX MCFFIBTEM > | 5% < R&i1# 0.5 NA NA
MCFFIBTEM > 6 mm 6 mm Z
Avidan et al, INR > 1.5 or APTT >1.5 . .
2004 14 Hb < 8 g/dL Hb < 8 g/dL R > 10 min = PFA EFBTEER PC <50 x 103/uL NA NA
[=]
CTINTEM 5 A15FXTEM < 8 mm
Fassletal, 2013 | Hb>7~10 CTHEPTEM > 240 s . A15EXTEM < 48 mm # R 2 AISEXTEM < 48 R
’ Hb>7~10g/dL | IRARRE IRARRE IRARRE
12) g/dL 4% MCFFIBTEM > 8 A15FIBTEM >10 mm mm B AI5FIBTEM
mm <10 mm
MCFHEPTEM < 35 mm &}
Girdauskas et MCFHEPTEM 35 ~45
Hb<85g/dL | Hb<8.5g/dL CTHEPTEM > 260 s INR > 1.5 or APTT > 60 s PC <100 x 10%uL | MCFFXTEM <8 mm FIB<1.5g/L
al, 2010126 mm E MCFFIBTEM > 8
mm
. CTINTEM >90's I§ A10EXTEM <40 mm F A10FXTEM < 10 mm
Gorlinger et al, Hb<8~10 . - PN
2011 21 . Hb<8~10g/dL | CTHEPTEM >240s, FR¥EEASHM A10FIBTEM > 10 mm, PC <100 x 10%uL | B A10EIBTEM IRARRE
£ {RFE PCC 26 MEA /MR B SR <40 mm
Nuttall et al, PT>16.6 s 8 APTT > R MA <45 mm 1 PC < . .
NA NA ImFRRSE ImERRSE FIB < 1.44 g/L ImERRSE
2001 113 57 s (POC) 102000/uL

8 E Wt SE | Article Reading Guidance




K 6. MMARE ()

IMPROVE REVIEW EZEEE-10I0ER

RBC i’k FERRRLITUEME
FEREG
T XTERLE Fah Xy FR4H
Romlin et al,
2011 B8 Hb <11 g/dL Hb <11 g/dL CTHEPTEM > 240 s NA MCFFIBTEM < 50 mm NA MCFFXTEM < 8 mm NA
Royston and von . o
) NA NA R > 14 min PT B{ APTT >1.5 {4 MA < 48 mm PC<50x 103%uL | NA NA
Kier, 2001 132
Shore-Lesserson . MA<45mm B PC<100
Het <25% Het <25% R > 20 min PT>1.5 % PC<100x103%uL | FIB<1 g/L FIB<1g/L
etal, 1999 [ x 10%/pL
Spiess et al,
NA NA NA NA NA NA NA NA
1995 B30
CTINTEM >90's T AI0EXTEM <40 mm #] AT0FXTEM < 10 mm
Weber et al, Hb<8~10 APTT>50s 3§ INR >
2012 B dL Hb<8~10g/dL | CTHEPTEM >240s, 14 A10FIBTEM > 10 mm, PC <80 x 103/uL H A10EIBTEM < 40 FIB<1.5g/L
£ {REPCC 2/ ' MEA Hf/ MR BRI mm

©2020 IMPROVE MEDICAL All Rights Reserved

WESiE | Article Reading Guidance [ 9




IMPROVE MEDICAL PAEEST
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o LEERBARSEMBHXSERNILNE,

SR HhMERSTORFERMELE, nRER
(1.6 70 vs. 4.6 D) FHRE (1.6 D vs. 47 9
) , BAMAR TEG REZBEFPAIELLERBXIE AR,
EARNBAEARNPERAIRIER/ (68.3 mm vs. 76.4
mm) . Hfft TEG BHEEEREEAER. BAESR
SRERINGLE, RIS PT. APTT MAFHEER
B, IA&HBE, TEG RARIE. o ANAEEARK



EREE, PT g0,

1ig: BREAIRK EREERS, TEG BRkiETE
(R BYE]) 4858, XMBERETLAM 10 HIREL BRAF
BRAPHIRR, £ 50%NHMMMRERERE, WEEE
IRPRAER VTR B R E R RARME TEG &A1ME
E.

#it: REFER/), EXEHERABEAEELES
B, XARRSREEEROIMITHNERLE. TEMRK
WRNEER A RS

Da Luz L T, Nascimento B, Shankarakutty A K, et
al. Effect of thromboelastography (TEG®) and
rotational thromboelastometry (ROTEM®) on
diagnosis of coagulopathy, transfusion guidance
and mortality in trauma: descriptive systematic

review[J]. Critical Care, 2014, 18(5): 518.
HE

A e REMAR T AN T X Mg H E
(TEG) MiE¥emizstENE (ROTEM) BIXE, X
P AR AR NRMIE, HEESmAs R
7AT. RN EMNERIFUX LEIEETT 2 M R B IA
ESRMAMERR G EEFLTEAEBER.

FiE BAIEETE 2014 F 2 ARIIZRMEATHFEN
3P it (MEDLINE, EMBASE F Cochrane #{iE
E) , REREHRTRANGEEFN TEGROTEM
Diffe BIMRMT XFAOLKITY. RERMBISHT.
R TEREE, BIEIERARIR-BRES
& (NOS) #HITWMEMR, FH QUADAS-2 THE#IT

BT ERMER RIS AT RE.

LR 55 WMAR (12489 BEH) HEMNLE, BIF
38 IATREMERATIRAZR. 15 TNEIEERATIRRSR. 2 THEIE
M=, BEXRENIRR. AEFREFE (FH NoS 7
7 6.07; FREZE 049) o £ QUADAS-2 H, 47 AR
FREZD (64%) EFREWE (BEREF, ERN
i, SERENRRAME) MREXKRISRIE; 47
BUHAZ Y 37 T (78.8%) IHEMMERIREERR, B
RIAET TEG/ROTEM XN EHARIFAIIZET (n = 40)
F5HM (h=25) FIEEE (h=24) BIXB KZH
(n=52) BEPLHFR. ARIVEREIFRETEG (
=12) . ROTEM (n = 18) . TEG (n = 23) S TEG M
HUE TEG (n = 2) . ¥% TEG/ROTEM NE5FH%

©2020 IMPROVE MEDICAL All Rights Reserved
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MFHEX, EE—LREEMIHE R MR TE8%R
(BEIRES. FEZABRMIUE. [VMRINEERER) o
PHERMEIRENERER—B. TEREMNRE

AREWMMFET, BFUUMEHRZENTEUR,

—IMEEMRRE, £F ROTEM WHLEERIDT
mAEGSNEL, BEAXSHMARH, &EF

TEG/ROTEM MIE 7 5BUEMFEEE T X,

451 RENREIENERIEIERE, TEG/ROTEM X

R R HRCIRILGE, HoITuNelEPRRmAISE

T, ERENRRF, WiEh, AEERNEMEESE
L RE M RIGEIER,

RS

TAN Y, ZHANG Y, WANG F. The relationship
beteen TEG thromboelastography test and routine
haemostatic assays, and clinical application of
TEG Platelet Mapping assay [J][J]. Chinese
Journal of Laboratory Diagnosis, 2012, 1.

BE

BiY: RitmieEAaE (TEG) 5EMIEMiLInRyx
%, F#i&d TEG f/MRE (PlateletMapping) JEMNBAIE]
Ak, SRR EFTI/ MR ZIBT R

Ak (1) EBTHE 100 FIBEHERKIELR, #IT
TEG, APTT. PT. TT. Fbg Mm/Mx (PLTs) HEEH
LbMno3 . HATRMERXMET, STiiERAMBS
@IIERDFSHZEBXFR; (2) T TEG M/

WHHBE | Article Abstract Collection [ 17
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10.

BN E R B T ENRmMRER;, G) &
= MA F1 PLT B9% Ro
#8: (1) MA 8 C1 5 FBG. PLT S{ APTT HIEEE

8%, R 5 APTT. PT 5 TT. Angle 5 PLT. APTT.
KK. PLTEZEHEX (p = 0.034 ~ 0.000) , [EHER.
A. KEMAYZEEERX (p=0.029~0.000) , BA
5K (23HEMEX, p = 0.000) . BEIEZTEITSD
#r, 81 TEG SRZTEMNENFHEIRNLSNSRE
W, HE TEG S#MEERm; (2) £ TEG M/VRE
I, 82.9%PRAAMI B AR 71.4%ARA MR ERIER
ETMHT); (3) RE MA 5 PLT 2E4#E%, B1EM
B MA {EX N FFEEES PLT.

510 R TEG S5 EMIENMS A28 TEG &
B2 EEFEEEERRX. MA FJAE TR/ \MR7ELE
mAPRER, WYX TEG M/MRERN#ITH—SH

Z
Jlo

Pipilis A, Makrygiannis S, Anagnostou G, et al.
Dabigatran plasma levels, APTT and
thromboelastography in patients with AF:
implications for allowing early non-elective
surgical procedures[J]. Journal of thrombosis and
thrombolysis, 2017, 44(1): 9-13.

mE

Bx. RIEERIREN, AbMBERENENEF A
24 ~ 96 /NIHELE AL, XX FIREER MR FISREIRF K
KT HNARWENZITEALLMEBEREERE—R
BEfE 12 /MRS LRI BUER FARR AL

BiE: BESMERLNET 75 RESHEZIALLIM

18 WEHRE | Article Abstract Collection

11.

BMBENMESRE, BRMEY APTT MinigseHE

(TEG) #{Tifd. MIAKTF < 30 ng/mL WINHZE
B, MEH TEG S NERRASE (R) . BHREK
B (K) « AE (o) « BRAIRIE (MA) #1130 H58/E
BREERES (LY30) o

H#R: LRAWE, 12 BEE (16%) MFKELINEK
FRAE, A 116 + 0.9 B, XEBESKEKFEHNE
EHALL, APTT (37.7+4.4vs.49.6+925s; p<0.001)
FITEGR (6.7 1.3 vs. 8.4 £2.6 min; p =0.002) BEE
EBER, KFENEEPRE 3 FI8Y APTT > 40 s, 7
KF >30 ng/mL IEBER, 4 BEE (64%) BIMIKA
EbNB¥KFE > 200 ng/mL, FiE APTT >65s, TEGR >
11 mine HAMRFAEFERFZE > 80 mL/min HEE
B, 6 BEE (27.3%) HMIIALLINEEKFRIE,

g£i0: EXTUREMREDR, BRXRARR, BRDZ—
BEZALLMEBATNEEE 12 NERAYRERE.
FEH PR, UHIAZMREKTHEEERFL
AIUESERT2MHTTRRAF AR,

Westbrook A J, Olsen J, Bailey M, et al. Protocol
based on thromboelastograph (TEG) out-performs
physician preference using laboratory coagulation
tests to guide blood replacement during and after
cardiac surgery: a pilot study[J]. Heart, Lung and
Circulation, 2009, 18(4): 277-288.

BE

BER REANAIESYIGRERTELEEN. £3%
E, &% 20%0amns50lFAEX, FEit, PAER
BNEKREEER, AARIRTEFRRERMXG
HEEERA B E T M2 N ER ™8 5 RN A,

Bk 69 BEROEF AR BE RS NERR AT
RE, MRABB™RNLER, &R TEG EXERA
BMRE M. EXRAHR, EEREENEDRMIEHS
BHE (APTT) . EFMREKELE (INR) « FHEHR
/MR EEE SIRFEIFINER, EREM. RS
AR REMAEH. HEEMEESIFRE R
8o

#R: BT TEG NERGMREANNRFIFSERE
WMDY 58.8%, EXESIT ERHFEE. XS5EHMR
HENSITBELTX,



12.

#it: XBUARMARRA, BF TEG K™ BIMEH @
BALRAUREIRERBERNERT, ERIER
EREIFEER.

Kasivisvanathan R, Koutra M, Rooms M, et al.
Thromboelastography (TEG®) compared with
total platelet count in thrombocytopenia
haematological malignancy patients with bleeding:
a pilot observational study [J]. Transfusion

Medicine, 2015, 25(5): 307-312.
BE

HR BENEREHRE A M BT ) vk D
MIREEME (HM) BENBMER.

Bin:. iHEREIRKES B M MR ME HM B E
SRREHMMNEEN TEGC TERTHFEIER.

FED INT 30 BREM/MRITE (TPC) <30 x 10° L
FIRA HM 2E, HE 72 NNRNENSEEATHS
FitRTEHLLR (WHO) BHIZRDHK. MAIEHNE
% 24 h M 48 h D FIMET TPC. TEG B [RAIR
18 (MA) . RMAHE (r-time) « o (a- ) FITHEEM
ALEHERE (FF) KF] RIENE 5 B ITEEA E
(APTT) FERMASERETIE (PT) o

£R: s FEBHIT 9 KPEENHMEBEY. HA TEG
MERN, 5REHNNEEML, HONEE ) &
Bra 9k, ERAFIAAN (n=4) B MA: 169
vs. 31.8 mm, p<001; R BY[E: 10.1 vs. 7.5 min,
p=002; aff: 18 8 vs. 28 4, p<0 01; FF: 182.4 vs.
204mgdL-1, p<0 01; % 24 /MBS (n=3) : MA: 18
vs. 29 4mm, p=0.02; R BY[&): 94 vs. 7.4 min, p=0
02; a FA: 21.6 vs. 26 5, p=0 04 F1 FF: 168 vs.

201 mgdL~1, p=0.01; 548 /B (n=2) : MA: 297

©2020 IMPROVE MEDICAL All Rights Reserved
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vs. 23.0, p=0 02; RAEYE: 8.1 vs. 6 min, p=0.05; a
i1 22.6 vs. 26.5, p=0.04; FF: 170 vs. 208 mgdL™",
p=001, EE—PAIEIR, HIMFKEMBEE B
M/ IVREREEEE, APTT RIVMRREXSHEEEER,

530 REHIm/MORIME HM BE7E TEG L
SRR,

Johansson P I. Treatment of massively bleeding
patients: introducing real-time monitoring,
transfusion packages and thrombelastography
(TEG®)[J]. ISBT Science Series, 2007, 2(1): 159-
167.

BE

BR. FEHNMARKRNEERCNTIERRA, H
hiF % BEHNEMF. BRRNERAXEREH#T
BUiRMSEEREY, B 10%MBERES T RILAIIET,
EEELF=EFNNMRITEES. Flt, HAVENM
FERERENERS, MMXMELSR.

7k MBI miEsE, HERmEEP S
RAFHNERIGKRESE, WFARHMEE, XBAES
5 MNIAR. 5 MIEHSRIRM 2 N/ MRIRGEIRY
RRBERESLEMEN. Mig¥HE (TEG) Ak
i, BT R IMBERTIZEIAETT

HZR: RHMEBELFHMKRTF 10%EZNTF 3% 5
STERLEARLL, RPAREEAEHIMFARNEEE
PAEnERETAERANLER, 57 30 REEX
(66% vs. 44%) o TRABRFRERIMRIHIMT, (XAEH M™ER
SBEPHIT TEG TLURLYA 85%BIDHREL, TARLE
BERMBNEEMARTLIRS, TEG 2R 97%H7]
e, ATHRERGBEELONFRER. 10%89X
HinlEEEN T BEHMERBAAH, M 45%89E
EREERE.

5 MERZHENE TR, 87 R
BENEFEE,

R | Article Abstract Collection [} 19
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14.

Tomokiyo K, Nakatomi Y, Araki T, et al. A novel
therapeutic approach combining human plasma-
derived Factors VIIa and X for haemophiliacs
with inhibitors: evidence of a higher thrombin
generation rate in vitro and more sustained
haemostatic activity in vivo than obtained with
Factor VIla alone[J]. Vox sanguinis, 2003, 85(4):
290-299.

mE

HRMEN: FAEAH Ve BFETIRREENFE
—LERARABIE, MEKREG 2 ~ 3/ EAR
FLUERSBRKIEMEIES, URELARTFET AR
BEVATTETSEITNN. EARTR, RN
M3ZETER FVIla SEHMEMERFHBEMAS, IR
FRITEM FVila SRF X (FX) HRESRAT4ALLS
45F FVIla AT IARE R Ao

MES A% S0 FVIa F FX B9ARSMNEMMER. 7EHE
ShsRZerh, BANTETUTER: T&ERLETF VI

(FVII) RMEAF X (FIX) WEARMER GRS
BRMESEREERIAES]; YIEZ FVII MK Z FIX MK
BUENER Y B MMBSRETE] (APTT) RYBED); LA BRI
1#¥NE (TEG) RIEMARESIRMATEIIEES]. £
AR, FVila f FX BEAATHIEMEESETER
ESHA FIX ZRMERidr=4£iiE B 2R RRENS
HBYiEf] TEG RHAE, EARFEEITGHASNE
AR,

R FVIla FFIN FX BEiRE T SRR MEEHET
BSRVAERLER, Fi§ FVIN A FIX R M FIEKH APTT
RIEREATTAFTREAEINKTE, L2, £ FVIa
RN M AS R R E B XA RVIE SRR, I,
FVIIa IFSH FVIIL ] FIX MHIRES TR 2 M E R EHE
RELUREMRIES RN FX Mdei2. =a, ER0ER
B #BAIFEX ST FVIla (80 g/kg) F1FX (800 gkg) kb
SMHEA FVIla X3 TEG BYZ/R MBS {EFl £ M E i ia)
PEAEERMFAREMAR, ITEMEFZR RGN
IORILERRAA, FVIa 7 FX FU4SLE FEIBA B9MASHZAL
MHER,

£530: AHARKRA, FVIla 5 FX BBXESMN AT R4
FVlla EEE®. EFANLENES, BEmekEktt
FEIBA E/0, FVIla fl FX BX&7ATAIRER— M ERIRAY
WA, PILUAISIFIERAS (FVIa #1 FEIBA Y& RHE

20 WHHEE | Article Absiract Collection

15.

16.

ERRS

Essell J H, Martin T J, Salinas J, et al.
Comparison of thromboelastography to bleeding
time and standard coagulation tests in patients
after cardiopulmonary bypass[J]. Journal of
cardiothoracic and vascular anesthesia, 1993, 7(4):

410-415.

BE

34 36 FIHERAIMER (CPB) MR A BEMITTRIEN
R, UHAEMEEHES /MRIRE (HieE.
MR Y/ MRERR) MApERRE (5mEs
[RBYiE. JEME D RIERAE. FEEHR) HXT
kb, BEAEMMERIMIMRSFREAORTME (FFP) T
ARER RN ESE, HIEYE (714%) fMIL/RITE
(100%) HYBURM SIMmieEAE (71.4%) 48, B
R AENERYE (89.3%) BFHIATE (78.5%)
M/MRITER (53.6%) o 7 BIBIREREXMEm, 5 5
(71.4%) BB NHERE, Hit 8 fliitdEHhER
EBED 3 38%) TREHM. 27 FlmmiHEIE
ENEEPRE 2§l (74%) EREHMN, FEHE0
IMRER FFP. [FItt, #iY CPB Gt #AEIEENEE
TRARW MRS /)RS FFP 5t MNRFEMmE#S
BEEENEEPLMBME S, XRAKEDLESF
RYE, X—RIINKIERE, BRmigEHER

BEHMONEMFES; Eit, FHmNENE—
MR HIET, FFHIEaE SRR EIRSZR AT

Hans G A, Hartstein G, Roediger L, et al. Impact
of 6% hydroxyethyl starch (HES) 130/0.4 on the
correlation between standard laboratory tests and
thromboelastography (TEG®) after
cardiopulmonary bypass[J]. Thrombosis research,
2015, 135(5): 984-989.Abstract



17.

BE

=”=E

HZEEN (HES) ®hamiesd HENER, &
i EBEEAIMEIF (CPB) FIHAFIARIREAATH
£ HES MARRARE LT MieHERRELS
R, MNmzFH#iR%I CPB [Fll/MRITHIRETLEZERDR
KHRBIEE

Bt ERESHT 96 BIFEIMEIROREMFARERN
#EL, et NE (B L-FFREEF) M CPB 5
BEARONITEREREEEANNA, RIEBRPEE
EFFH 6% HES 130/0.4 REERAHITRIFETIR
*, BERESN HES AR A, RAITERELE)T
AT DL EIER, BENDEEAMmLEHE
2% (R BHE. o A. K @M MA) SFRAREZE
B, INR. APTT. HF4EZTHFRKFMI/MRITEZIER
IR, MAZHE R ITL HES XYnie
EAESHEm, IR5M/IMRITER < 80.000 pL!' LT
EHEREKF < 1.5 gL BEFEM, URIXEBERE
IRBIRERIF M,

SR TitnERIMIANERINE, FTARERIZEEIY
EE¥mM MA (p < 0001) « KBE (p < 0.001) Fa
B (p <0.001) o RIBIRAEMEIARE, M/)\VMRITEF]
TRIREBULL A AR H FUKTFERETN MA. o BF K BY
i@o MA SHI/MR < 80.000 uL AUFIIAT K BYEIF o
A (p=0.023) o MA S5/ < 80.000 L' FIERE
FESRELN 62 mm, HES HH 53 mm. MA. K BYjg]
M o AR EHAERHFRKERFTNRE.

530 HES EENT TEROVIEFAFMEEIE MA
RIEEFIEE <80.000 uL' FEAELER,

Ay Y, Balkan C, Karapinar D Y, et al. Feasibility
of using thrombin generation assay (TGA) for
monitoring of haemostasis during
supplementation therapy in haemophilic patients
without inhibitors[J]. Haemophilia, 2012, 18(6):
911-916..

HE

ElRREENTEHOMEAFAF, BNRFER
ATMMBSIEKREMN—BEEXEE, BHNRITE

MESERIRLE (TGA) MM HEENRKREERT

BERUAT RSN LENNE. HRA 29 fl (Im&H

21 B, IIRKZ 8 Bl) o FIBEERE FVII-HHIFISAH

©2020 IMPROVE MEDICAL All Rights Reserved
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Mo SHTMET 35 REMM/FARET. APTT.
FVII / FIX &M, MmigsEHEM TGA RIGEHMmMEE
kMR BRENF R Z Mz G317, TEXLE
R ZERMEXMYE, H5IRKRRE#ETR. APTT.
EFEESIRRTHEEX M, M ESHSIRR
TTRTMEXRM. TGA SHEIRREANM—SEEX M
BRMIBEEZ BNEXYE, 82, EXRHARHD, B
KW TGA-IEERMESTE N A RBEN LA BN
FEMEFAN T E.

Tapia N M, Chang A, Norman M, et al. TEG-
guided resuscitation is superior to standardized
MTP resuscitation in massively transfused
penetrating trauma patients[J]. Journal of
Trauma and Acute Care Surgery, 2013, 74(2): 378-
386.

BE

BR EHER, BRITPOFRT MAREE, H3TE
MBRELHIT M, MTSEIR T AR 9 BB A BOR &
FL5ETT. TER X AMBIMMAZ (MTP) AMHIRM
BizE, BATF 2009 F 10 BERMET MR (T4
ffl, RBC) , M3 (FEH4ARME, FFP) FMM/RA
1:1:1 B9 MTP, EAMRGMieHNHEIESNEASRTF
MTP £

Bk IEHE—ROIGHOHE MTP FRFIE 21 A
MTERY) 24 /NEREES 6 241 (U) SKELLIHMRAIFT
BEEEHTRE, LRTAOSKITZE, RGN

(MoI) , G ERETS (1SS) , 24 /MBI
ffl, FFP, HI/IMR, &I&HD 30 RIFETE, HPREEM
isMAEE, A T 1IH x* 3 Fisher 1ERIII TS
BTT Do

£E5R: preMTP 4H 165 5l MTP 4H 124 fl, 7 ISS. &

WHHHE | Article Abstract Collection [ 21
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BN ELSEEEER, A4BATETFT 6U K
PreMTP BEEEHAENTFEM MOL (p = 0.017) , M
THMRATET 10U B9 PreMTP EEGEMHI MOL, R
B MTP f5, FiEEERESMN&EREL (p<0.001) o ¥
T 6U AEZAMATHEEMFIREFETEE

Ro BT 10U AFE LA OIE MTP BEE
SH FFP 8% (p = 0.02) , ATEELW, &S 10U
FEZAMATNFTER G BEESH FFP 248
Bh; FAM, FETETM MTP B9 54.1% EFE] preMTP BY
333% (p=0.04) ,

510 MieHEEIES THERES 6 U R LETH
REEVEBEMES 10 U R EAHMEEIE MOI &
HFARAEN MTP, MTP JRTTEHER 10 U SUEE L4400
BITHNESEM MOl BENRTEEWL, RAME
TEG I8SMETT. 1:1:1 SREEATRERNEEFTE B E,

Afshari A, Wikkelse A, Brok J, et al.
Thrombelastography (TEG) or
thromboelastometry (ROTEM) to monitor
haemotherapy versus usual care in patients with
massive transfusion[J]. Cochrane database of

systematic reviews, 2011 (3).
BE

BR. ABRMOSHEN™EHMARMERZE™ENIG
RIER, S@tTREX, MmieHEMEEmiesEh
MEFEW RS A TS RmMRRE, ECIER
MAFER W

Bir: AT ESR™EHNEEEIIRIE S RAIT
fly 4238 77 E S e s M Ae58 N E % 15 S8R M SR IR AY
Mg,

WERAFXN: MBFHIEBESRHE 7 IGRXR
(RCT) : Cochrane X BB X 16 A RF M R &
(CENTRAL) (Cochrane EIF/E 2010 %55 9 HA) ;

22 WEHRE | Article Abstract Collection

MEDLINE; EMBASE; B¥35|X&R5l¥ E; EfRfE
B; CINAHL; LILACS; UKFPEEYEFXEEIERE
(£ 2010 &£ 10 B 31 H) - BIBKRTHRIESE, &
AITCBEE LURIZ U B SR,

EEIRE BIMNTFIE RCT, TRBEEEERH
MHES K%K, HRmieE I E SRR Mg NE X
ESNR IS IRRF AR AR E NI A EH#TH
RiMm#IT 7 E A

HIBWES O FEEIRIIIZEEIE; i@
WCRRRT D, HNLWEXRE (RR) MEYER
[95%FIfEXIE] (CI) ] W EERMELLE RN T
MRHITTLRTE, RINNEBLERENELRRT
R, HOWRARM) LE#TT T TAMGURED T, LUT
A% 3% 77 E S HERE M AS 58 77 MTE £ XY = i RN £ 312
LROFIE. BADEL TGI8 T5 EARE D IR
AR, BEIREF R IR ERENIREX G,

FELR: HANT 9 D RCT, HE 776 B55%E,
RE-TARNRERE. FILI T H N EEHITH
=i, BREMPOREARIE. Straariat, mig
SBAESAEE MR AINE AT BT ELRITFEX
(3.78% vs. 5.11%, RR 0.77, 95%CI 035 ~ 1.72; > =
0%) , BRERTAIRMHTIRTRIR, HKIWIH
RABIMAL S E SR i NE AT H Il 26 4 F
BMHEMm (MD -85.05 mL, 95%CI -140.68 ~-29.42;
P = 26%) , {BRERESTEMINE XERNE @A

e
FRER,

EERNGIL: REIEERBMSM ) E e miess
MEZD U ETEHMBENRFERRFL TR, Mt
387 E s hied% I 1258 7 NTE A 5 | T 6895 M SRS AR
FRILUR/DHINE, EEXERETMEENIRRIRRL
MAWE. FEEZHMF.

1 i ) 2 A5 F AL

| ]
115 I ) SR A6
N f\
f ,-’
14
o
LaEL o TR



20.

21.

Samama M M, Martinoli J L, LeFlem L, et al.
Assessment of laboratory assays to measure
rivaroxaban—an oral, direct factor Xa inhibitor[J].
Thrombosis and haemostasis, 2010, 103(04): 815-
825.

BmE

EREENFEAFMLDU (O, EEAT Xa 10
) MEBREHTEIRLEN, BLEhardTFEEs
HWFERATRERBENE. XTHAREESRANTS
EREBHNERRDMAMZHNE S % HRT L
LIREMBRIMNL, URATFUER Xa BFEER
g EERNK. FHITTEAERENBNMEER
BB RN, EREERTF Xa HNEIFIEARF =
7R BUA AT EE IR . 4070 BE X 22 ) %% 1 B JR A 1)
(PT) , #HEEM PT FELED B IDEEEAT BIHREMK
MK, ERARAMR, XHETRETEEIER
FHER K BERFINERRE LR RGEHITIRE K.
ERERERL, PT MIXER A LA & PIM M
FIRETMAR PT #RELZER KRR, HepTest MF L R
ERIASHRMETE (PICT) MIRESZSHEETE
MRR, ERENMGOIDRL TRMAE, EREN
BENESRERANRNBRZE (RERM) MR
MBFNMIMR, BERBELIMIAEF Xa SEEMFILD
PEREZ BEEFERBEXR, BHNRERT Xa
EENEEERH—PHARF. FEFEEHEHN—TX
PiCT ] HepTest MK 2R PT NE (FERAFIED
PIROER) IR ERENF RPN &E, i
BRMAE A B RFEIDIHESARE K
o

=%

Bembea M M, Annich G, Rycus P, et al. Variability
in anticoagulation management of patients on
extracorporeal membrane oxygenation: an
international survey|[J]. Pediatric critical care
medicine: a journal of the Society of Critical Care
Medicine and the World Federation of Pediatric
Intensive and Critical Care Societies, 2013, 14(2):
e77.

BE

Bin. FHRSERIMFINMRERS
AT EIIR.

(ECMO) BEkER
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&It 2010 £ 11 BE 2011 & 5 A#THETEENMN

HEHTE IR,

RE: MR
ECMO Al

(ELSO) -1EEIPR LMY

25%&: ECMO Ef7 EEME R,

T =28

MEMEBLR: H5 121 (53KE 187 1 ELSO 08y
ECMO EfF FEMMARMES, 117 BRIHEFE 84
A (72%) REBE, AN1NEE —6BE s
BH R EEYME ECMO ¥ 117 BRIFEHRE 69 A
(59%) IREFEARANAHIBOFRERER. TP
OEMER T EIEE; TRZER 6 N, RE %Z
PERTERTBRMEAY. NMRENNERSER
ELENEFWEMETE (ACT) , 97%MIZIHERET
X—f, EXTRET, Q2%NZIHERS THEMES
I (ATHD) &M, 65%IRETHAF Xa 4, 43%IkR
&7 ECMO HRiEMER 7 Mg E, ZIMX=P LA
FEwN BT EE BB CENERLN, FitE
BIES:N

#it: ECMO MREBBERREAPLOMR. KEHH
ECMO IMEXANEEEMNTRENTIR, KEFOE
EAEERIIRCY), 30 ATIL FIEF Xa M0ie3#EH
H, SRMAFSHITEN. XROMAFTERPREN
TUREENEER

Vilar P, Couto C G, Westendorf N, et al.
Thromboelastographic tracings in retired racing
greyhounds and in non-greyhound dogs[J].
Journal of veterinary internal medicine, 2008,

22(2): 374-379.
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BE

R f#NRREREBHNHOEERERBREER
B, AFARE B RIET Mmiese 77 E E B R AE IR
zﬂo

Rig: R ML E N E S TR,

. 43 REERRA (28 RIEA 15 RAFKRK) , BF
FHLER. CBC. ELED RMERATE). Hmis/RAY
8. FHEQRMIM/ MR,

MBI RA#HIT T ENS TR N E
BUNE;, #IEXRA Student’s. Mann-Whitney #1 Pearson
ST R30I TR

SR EXAP, T + SD A: R BE 43 + 1.7 &
B, KAEI3.8 + 14 3%, AE (o) 50 + 8°, mAIR
18 (MA) 47.6 = 5.6 mm, EHREEE (G) 4647 + 1097
dyn/em2, 60 73¥hZfR (LY60) 2.8 + 2.8, fEIERH
F, B89 REHEAN 3.7 £ 1.6 28, KBFEHN2.5+09
%, BER 59.8° + 7.0°
+ 1256 dyn/em®*F LY60 3.1 + 2.5%. F& R-time 1 LY60
5h, BEENFESENEFEEEEER,

MA 53.1 £ 5.6 mm. G 5811

it SIRMAELL, RBRRNNFRIE, RiiE
EREE, X T ZaMERBeIGIIIMEFRAGINE
S mRmEg N, X—& W ATEEYIRF IR MEE R
RANIHARLEERS,

BEARPITIREREARE (B,
PAAFRMTERLD) o

Bolliger D, Seeberger M D, Tanaka K A. Principles
and practice of thromboelastography in clinical
coagulation management and transfusion
practice[J]. Transfusion medicine reviews, 2012,

26(1): 1-13.
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24,

BE

EER, mieENEERATEMNL. eIEFlLRE
EZIEMAHmERNERENRE, E2mP3HTme
BIEE, FMEEIERG TMSTMAIKSE S, Mgk
FE R LA SR E AR RRE LI HIFIE TR,
XART ELZTHEA M EE R IR SRR B PR MR
PREENREERNR, i, F4EHFRKFMDN
RiTH MR NETEFEERM. FI, ERER

MR, BEAE, SENOMARENERSRTE

ETEFE,

bl

Welsby 1 J, Jiao K, Ortel T L, et al. The kaolin-
activated thrombelastograph® predicts bleeding
after cardiac surgery[J]. Journal of cardiothoracic

and vascular anesthesia, 2006, 20(4): 531-535.
BE

By iRskLECNneEHBESEMNARED
FRRY.O AR E M ADEE M SR RI K &R

Rt BRI,

B REERZFIEIZFORIMACEFR .

R 30 FIRLACHEINELEE

FiEne: EMENESE. EIMEFRREIMENEER
PERNESK EMHNMeEAIE. /MRt &
MmES/RATIE. JEUE D RMIEEIRIMTEEZELRK
o BEEERPERS/NNNE—RHMEMNRES]
DT = AN

MEMFELR: FERAXRBAS TEEDIER K
FRgRMIRE. MmiEHRSHAARERIAL M &8
XFR, MigRHERAIRE (MA) SHS5AFHME
% (r=0.6, p=0.0018) , BHFIMRITE (r=045,



25.

p=002) , FFEEEFRKTE (r=040, p=0.06) , 3
RIMESERATIE (- = 043, p = 0.02) o IR MA fEAR
EHMITNIERH SR & RHERL ¢ 18808 0.78. FiE
TREMAERNREYS MA REE X,

#it: S TERMmEEHES R ERMERE S
BXRo ERIBERIRT R0/ MRAEE MR F R AR
RISHV T EIZE, FEXMER TRZED EmEriRH
TER.

Stravitz R T, Lisman T, Luketic V A, et al.
Minimal effects of acute liver injury/acute liver
failure on hemostasis as assessed by
thromboelastography|J]. Journal of hepatology,
2012, 56(1): 129-136.

HE

BEE25815: AMFRE/Z=E (ALVALF) E£EE INR
AEMBINEEHNEER. B, kKLEDER
Edimm. HIMRIERE INR 5, 1B ALVALF £&
B9 LEIMTHAEIE &

FiA: ERMMeEAIEX 51§ ALUALF BE#ITTH
MRS, ZEARAIES A R RN FE
YIERFFE, BREETCAPREER ALI EX INR > 1.5,
M ALF X AFHERERY ALL

LR 51 GIREFRE 37 6 (73%) BH ALF, HHE
22 BIRE (43%) FETHFHITTHEE. RETH INR
A34 £ 17 CEERNLS ~96) , BFYMmizEHES
WREEN, 832 MER (63%) 5 MR mies
NESHREEN, ENSEAIRE (RFFEREENS
B) {(REM/IMRITER < 126 x 101 MEBEFIL. ALF
BENRANEBEST ALL HFESLEURERNEE
EMNERFITEMERK IS REM ARG ERENE
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INEERAX, FrEEENERINETF VM VI KFEE
ZRE, XSTREANEBEALES, m58EmEF
VI A=A & Ebo

#Zit: RE INR A5, KE# ALVALF EBE{EI M
1 EMAFER LM, EVSIEEMRREREIEM,
FHRGEREEM, RORAT VI KFEABUREE
EEMERSBEN T,

Wang S C, Shieh J F, Chang K Y, et al.
Thromboelastography-guided transfusion
decreases intraoperative blood transfusion during
orthotopic liver transplantation: randomized
clinical trial[C]//Transplantation proceedings.
Elsevier, 2010, 42(7): 2590-2593.

wE

By AT RIEE— AR REN A R R M5
Bl R L AF AR EIMmAIRIZ.

ME5 A% ERERBET 28 (HERRUFBEN
BE, BREEMNS A 2 H: EFAIERERE
#EOEDTHITHENNBE, UNERTESEER
MR TN RE,

#R: mEdmesHEENNEET, ERRES
ARIKEAZE D [Ty (SD) , 2500 12.8 (7.0) Bl
o215 (12.7) B8], EMEFRENEENNEEFER
DHMmMEESE. B2, ERTHE. SRWEREN 3 £45
FHEESR.

it mieEHES|ISHEMRLD T RAFSERER
ERIMRAMRIM, BRI 3 FEEFR,

R | Article Abstract Collection i} 25
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27.

Frith D, Cohen M J, Brohi K. Animal models of
trauma-induced coagulopathy[J]. Thrombosis
research, 2012, 129(5): 551-556.

mE

BAIERRING (TIC) NERMREBESGENER

EERS. B BRMIGKMERD TIC KRBT
FEHBITIZERIVRNERNARE2LARA D
B, XTFARMNEMZHEMDT TIC BHREHIE
B, BUERER BB AN SR/ SLaT AT
Mo AL, FATHITT SEER.

£ 2010 £ 7 AWERSI{ELEHEZE MEDLINE / PubMed
BTEMIER, BET 43 BEXXE, HFEE TIC
B9 23 FAREYIEER, 26 TARMNEZEMNENR—
Mg A, R 17 TRAREEEY, BER LS
o WRERMEEMERNRERE (ATC) M=FhimiEs
3 TIC MR BRI T 3 AR,

FBSECEMAEERP SN USKSIERER 2
. o, BEEFALERSE TIC FREEERAN TIC
HEEA, REEIRETER.

HREREEHT SIRREZRRS K LIRS B

Zo ARBBMRMERTZRES I RIEMARGLUHITHE
NERIEHENERBHEN. BEIFENRSMF
RIS EHR B SRAS TR A B (5 Y B SR IR PR BN

26 WRKRE | Article Abstract Collection

28.

Parameswaran A, Krishnamoorthy V P, Oommen
AT, et al. Is pre-operative assessment of
coagulation profile with Thrombelastography
(TEG) useful in predicting venous
thromboembolism (VTE) following orthopaedic
surgery?[J]. Journal of clinical orthopaedics and
trauma, 2016, 7: 225-229.

BE

D ENEABRRKMISIEEE (VIE) RFRERT
RFHIEERBR. ASHMARKA, LHBER VIE
RFEERTFASAE. BTFENSREENHETIL,
[z R FRA TR XA R o

Bk BRT 101 fHTRXDRBE D ERANBES S
FFRMEH TG RERKIIE (DVT) FERRRIEREH
VTE MAREZ, DVT W2 RANERRSE, &
TR A 42 3 0 B 3019 7 R el e M B & = BeRAS X
FUMZE MO EhIT 3R 419 B,

LR HRABR DVT FREEN 7%, 117 BETK
REKIMENEEF, B ¢ BRI THISIFAR, 1
BERTRATERAK, 7 FIBER 6 HllieFrX
TUE, 7 FIBERRE 1 fIRFIMERAERYE, H
& 94 FIEBEHE 37 fliniee A ERRM,

0 RABF DVT WAEXEBE, FUILEIK
ENE R XA BRX BB X T FREN
VTE. RENETMig#ETEEENRDLRS R
W VIE MR, FERRFEEETEFEETBINE
SRS AR,
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Featured

Article

AXZTF 2012 FRERTF Annals of Surgery HEM—REXRIXILAR. HIBRMBENZLLRREMIEHENE (-TEG) S5EFVERMM
(cCT) ENEUAREBE NN ENRSE. ASCBTIRWIAT -TEG ANEIEEIRKA LM T CCT MER, HEeTSIRGI SN
AR, M3RAMm MR MU AT EE AN IZ NN EE, FIEEANEIGREENRNBHITH CCT 4RI A r-TEG RER,

ANBRiRiR i #2587 E /] LA E RIS R B AR m N iz

BE

BEY: SIARARSEEMRMNE (CCT) REZK, &b, REMEHEHE (-TEG) BERAINAZRNRMIEELEITEHIT
B, ZEENBEIEBNRE r-TEG MRS CCT BiR, HETUFNAMEE, HIRIR r-TEG kb CCT BRI SEtFi
b dn gl

FED AN 2009 9 B ~ 2011 & 2 AHEERESCIGIENESEE, WENRNESR -TEG M CCT 12, IR r-TEG
BURE [ELRIEYE (ACT) , 1, k, o, RAIRIE (MA) , LY30] SEMMERKN CCT [BRIEFRAE (PT) AELER7 I
JEESETIE] (APTT) , EFRYI—MEEER (INR) , M/MRIHERMTLZEHR] XEGER, IESHM. TESRNKNER, 2R
ADOZETE. EafENRGT EEE,

ZR: HINART 1974 HINERCUBEEE . PAIRGEEEITES R 17 (MO MUECEE 9 ~ 26]; 25% L FARTIRE; 28%#H1T
THIO; 6%7E 24 /NBYASET. SATS, -TEG 5 CCT %, TEEHIGER. RGNH. MARMEEETS. EMRAMIE
H. ACT TR (RBC) HdM o AFTUNASLMMAESE, WATF PI/APTTHINR (p < 0.001) o o ATEFUNMMIRIE M
BFEETAHEEAR (p<0.001) ; EFUM/IMREFEAE, MA BFIVMRITER (p<0.001) ; LR LY30 (X MA |5 30 9%
BUIRIBPEEER) BEMBIBTALTHARE, WFHl. ARIABZHHESE, XEBAXMSENE. -TEG WEMA (317 %)
55t ccTrvgEA (286 &7T) BB

4530 r-TEG #UBEIRFR LM T 5 > CCT MER, bIh, r-TEG EEEHEIRG) F AR RBC.
SIS IIMEE., BENBRRM CCT # MBI LA r-TEG K&,

AN MR AR AT E B R REX

XA TEG; HHm; #ifs; £em

HIMREERFBRRGERCNERRE, B5RMmE
WBEXY, (MERmRNE (BFFREkE®, INR) , &4
5% ER GG EREFERER. NRNETRLE
15, BESSEEMNFBEREFRTEM>, K INR Z
Sh, WEFROEEMENRMERE (PT) , ERED
BIERSRYE (APTT) , M/MRITEMALERRAKTE. R
ZNE, X5 MHEMRLSRE (CCT) RARMRBRERLSN

28 E SrikEsiE | Article Deeply Reading

—/\&853. Bal, CCT XeMAMRMBITRERIRRIZ B HE
REE, SMENFENATE2RIEURS IRRERHNAKRE
KEIBREo

BNMIGE T LN E 2 A A YRG5 14 T 0 edk Mg
7742 (Tem Innovations, Durham, NC) FIMIt#&#HE],
TR AmieE HEIGSHEIE, BRMmieENENFZT



A3 FEMEE MM, MR HER—FHE 1948 FLILL
R—BEATENSMBENSE, B ZATESOENBIE
FOLIESEACY, HEERARE LS5 MR&REIRIVE
BMENEE X, MieEAER2MF RIS AT
I, HARBOAZHARSS, SF (1) IREH (81F
ALZTARINE) ; () ROEEELR;, () M/RIIEER
(4) ALZRBMRARFA, 5 CCT RE, Mt JEREREY
MERNFMNSAEIEMEESERHMERHE, ELENER
R, HETRELRN, AUFERARERLEENE (-
TEG) . fEBNS FEMMRMGE, ERBREHITUIHE, AL
ERKTENRRELEE TEG BT, hINEEEIRKESE
Al ‘SR BRIEEHITH TEG /RERLUK AR AY %R M0 &
1B, AUt IRPREETEFEMAMIREE NN 2N AEMITHX

LefE B B9RE 20

BT r-TEG HEER, HEERNLTIEEBEA™EH
EERNARLENZNTE, FEHENRIE -TEG KHb%
I CCT et EH MM E B A=Y R M A STT b,

BiE
HRFIR

RELETEREEEIMIEFBIAERN 1 REUHHD,
EARITERFIAZEREZPONEIERZER. HRS
LR ERRERFEITMNARITIIREN 2 K 1 FEIHEFROZ—,
HREMN, RELIERMKEIHEHOE 150 REFERR
67 MEIEMHRS, BRISFERS 6000 ZRIHEE, HPR
HRTENATERSE 23 KRR EIGEERFRE R,

RRHENERF

ERBEREHMNAETIIAZNEERE R RHIE, X
BIERAZEEIMIEEFRBIEEN M EIC AN HREL
TERBCAN G RERITH R P ORISR, BITHET
2009 £ 9 BE 2011 £ 2 BHABIARRH RS G EUEIZERFR
ERFCIGEE. 18 FUTHEREERERHNEGRNES
WHEBRTE DM Z 5

v

ZARMRE, AMRPHMmeEIEN CCT 2ENRN
WER, AR ERNRDH LN, XEFRS AT
FIRRENNENE—HERENRE, FIE -TEG RAITE
TEG 5000 (Hemoscope Corporation, Niles, IL) LEizfTo %¥r-
TEG RVIIRITABEXI A 20 GAUEEITH S 1T4HRIE
MRZRREHNERBMRFERN 7. S, CCT GiF
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PT. APTT. INR. MUMRITEAMIAHAZERRBRNT. FIF
BT r-TEG HMAIIRASGE MBS ER S B B U ER S, AmasUi
7NN 3 mL) MWBEBHIEETR, SEHMIGELR
HEA—RBCRERLERITRRE, RIBEFENEN, A
SIS, TR AT, EYE, FRASETNS
W T EREFEITIREN -TEG. ItE, FRAREFNS
1 T ERSERFIBITARE ~TEG Wi, H#M/RELIERER
BERFITLRENLRETRAARTNENHRERTR T
FRBER r-TEG M CCTo XLERIRAARE 8 NIHIT—RID
2 AESTBIBIERN, RBRHISENEIEIREBHITR
Mo

pllk=

+-TEG SHRERNMASEIEMEM, B EMHERER MR R
R ZME, FENE—MERHCENEMEYE (ACT) , A
MR FHA IR R AT AR B 2 an0atE (UF ) |,
HERFRZImEMREREMEM (EFEEHE 86 ~ 118
) U9, 5 ACT, r @ (WHCARRAETE, 0 ~ 1 D) TR
MFFENE SRR ESR 2 i AR [El, K BYiE] (EESEE, 1~2
S8) BREF 20 2RMEEREFEE, EHAESH
RUKKRETES K NEZEK, alpha (o) A (EEEE,
66°~ 82°) TITHMMLRIRIE, RTIMRFAHIEE, K1t
HEHRMFERM/NMRIVERIESH o AR/, RABE
(MA; EEEEE, 54 ~ 72 mm) BETNRAREE, RIRT
/MRS IR E BRI, 1 MA {ES M/ MRIHEEFERS S M
AEBARFENRSENL, GE (EEERE 5300 ~ 12000
dynes/em?) RAENMERE (FSEMI/MREE) HREE
15, ERERSHEMR. LY30 (EEERE, 0.0% ~ 7.5%) &
MA f5 30 DEEHRIBIEME DL, HAEE, REHF4E
ERSERRIRS.

EXMER

¥ r-TEG WESEMNNA CCT BXEt, ARTET -
TEG 1 CCT SHMBRURKERMAIEXR Y, KEHFEHEAE
HIE T —HHEMmiEE.

RIS E X AEFIRR 6 /AT 10 MEESE
Iy RBCo AT HIAMRRIM (MT) EXHEEHNETE
FmeE, RITEESEAKREL MAENXEEHITT HE
LU, RKEHMMEXA (1) [ILBEE 2 NIREZED
RBC 27tHIBEM (2) TRIZEIIEEAR 4 /NIR, BEE
RTELD 5 NBIR RBC BMSEHMIET, &, RIEH
RELZERINIKEERITEHEEENHAEER,
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it o
HTEHT

ESBURRT NS 25 M58 75 MO uERa R aIEk, #H
£/ Wilcoxon #AHLIATL Mann-Whitney U QI#HITTHZ
BRI, P EEIBULLHIIRS, HESHMER 23 Fisher

BT B0 R,
BXDM

A Pearson F Spearman XA IEEHILEIEE]T
WET -TEG BSEWMFEX CCT XM, ACT. K B
iE. rfE. o A G{ES PT. APTT 1 INR 48X, o AF MA
S5A%ERFEMNMIMRITHEX. BXRBEEEXAT: «
<03, §5; 0.7<r>03, F%E; HBr>07, AERBHEX
e,

E SRR

MMEED r-TEG TEME CCT EEAGEWHEI 3 ~ 6 /)
BYPIFUNIATARAR, 3R MRIGIIAIEE ). XM BRI
EAEEMEEENTUNE ESR (B—BY) Fria, —BiFE
5 6 NI, ASEHITSITEMEEIEER, I EAHIR
DEREST R, BT —NEEE logistic ElJIEELRIT(E
BE~m BIMTMASHMm) HEKE. o aEEn
TERE, REIE, IMUEERIHES, RGmERER
AMBILREMIRE, 7T RARERIIED ZRLLRER
RRIEEERNXG, MELTE0FIRBTREENNELS
WMEIEE, FHERMIANZEEN,

FE DM

&fE, HTEAS MGG - TEG # CCT 7£ 5 MakE
KHSEIERA TR BETRGRIETINSE, ML
AR IMAERE, ERY 6 NENNESHNNES, TR
6 NN AREZRONEEURERIZAFECHNES, B
ERG O RTUEST S5 E M 2 AMSUALL B,
I BIARRSMATE X K BB IAEREN 3 HEK, HMARL
BEFREFKT 2, FFEUENT Child-Pugh D EHEFER
FHRRE M X B FRANNE S 5 IRKIZEHER, B
FHFRIILINERTR, p < 0.05 RAEE, FEH STATA
FItE (hREs 10.1; BRFHINAZER) #HITDH.

#R

A 18 T ARMAZEIA, WUaT 9086 flelfhEE,
B 2220 ) (24%) FEERSRFIBBETE. AT HTH

30 E scikisiE | Arucle Deeply Reading

1, HRRT 18 Z LU /™ BIE(ARY 246 HIRE, BT 1974 7l
BE. ® 1 BERTADGHE, 3L MENGETER
Eo

®1. AOZT. RHGHNEREE 0=1974)

FHe, PAE (MouiElEE) 33% (23, 49)
B, % 75
BRA, % 54
#I9AGCS, M (K5 MiriaiE) 12 (3, 15)

¥ SBP, HIE (M5 fiE

129 (107, 148)

Maakko, E (Eo1EE)

97 (80 117)
bpm

w-RTS, Fi#8 (WHLiEEE) 5.97 (2.93, 7.84)

ISS, Hfi#k (mHLisEE) 17 (9, 26)
1SS >25, % 38

FrERE (U <5HEH) , % 25

eI, % 29
AHIMME, % 12
AEWHMZE, % 5
2UNBIFETER, % 6
30RFELE, % 11

bpm FoREELBEE: GCS, MR Bk ER: SBP, L4k
Fs w-RTS, BBUEIEGQIGIESY: 1SS, s ™ EfLE

BTELIN

XM

ST ~-TEG B5 CCT ZEIMMEXM, 1974 F2AEE
WLERFIFR 2, ACT 5 INR #1 APTT 2FEMHEXM. K B
Bl5 APTT EFREEXMY, M o ASHEZARSPEREX
M, r-TEG M MA ES5IVMRITERAEERRZEHEE
*. FiB CCT B9 G B 2554,

FEOMT

HERHA

HE 486 BEE 5%) RETHEINE EE <5 . 5
ZAKLBHELL, ATEAM -TEG E5 CCT MARXMEFINE,
BiAM=, ACT5PT (r=0.60) , APTT (r = 0.65) #1INR



(r = 0.56) #B>%, Itsh, K BFES PT (r = 0.54) , APTT
(r=0.69) F1INR (0.62) BFEHFHHEXM; FE p<0.001,
KRR BENIETERN 35%,

B IR

52 B8t R 2) , TR 6 /\RRIESHIMA
£EH r-TEG 5 CCT WHEXMSE T 858, ACT K BYE]

IMPROVE REVIEW EZFISEE-1030HH

METSE PT (r = 060 1 r = 045) , APTT (r = 0.66 F
r=0.65) FIINR (r=0.73 Fr=0.64) BAXM., EESZHM
WEER, o AWNHEXKEESE PT (r = -046) , APTT
(r = -0.61) , INR (r = -0.58) MERHHE. HMWERTS
CCT fRIBHER M. EFFIER 6 /NETARRBMMNEET, o f

(r=0.58) MIMA (r = 0.67) SFEELRERNEXEREIR
=

=0

% 2.1-TEG {5 CCT WXt (n=1974)

/R

HAZHRSE

ACT, s r=0.35,p <0.001 r=0.47,p <0.001

r {8, min r=0.24,p<0.001 r=0.32,p<0.001

K BY[8], min r=021,p<0.001 r=0.44,p<0.001

r=052,p<0.001 r=-0.15p<0.001 r=-0.17,p <0.001

r=037,p<0.001 r=-0.14,p<0.001 r=-0.17,p <0.001

r=034,p<0.001 r=-025,p<0.001 r=-0.32,p<0.001

o,
MA, mm

G fE, dynes/cm?

r=-0.23,p <0.001

r=-0.22, p < 0.001

r=-0.02, p = 0.445

r=-041,p < 0.001

r=-0.35,p <0.001

r=-0.03,p =0.325

r=-0.33,p < 0.001

r=-0.27,p <0.001

r=-0.03,p=0.411

r=0.34, p <0.001

r=0.42, p < 0.001

r=-0.01,p=0.872

r=0.53, p < 0.001

r=0.63, p <0.001

r=0.01, p=0.902

AL ARSI

(R EBLEMILAAAIMEEE (n=297) B, r-TEGH
CCT KX MERBEIME. ACT M rfES PT (r= 0.64 Fr
=0.52) , APTT (r=0.71Fr=0.56) M INR (r=0.69 Hr=
0.52) WHEXMEERS. RE r-TEG ML/ MRIHEREIAEX M
RIEFARE, Baf (r=066) FAIMA (r=063) SHHEEH
FENXABENE, EXLEEEP, INR AT 1L5BES ACT
ATF 128 #X, M INR EATF 2.0 RBEFIREXTZAY ACT EX
F 1500 TEXLEANIHIATBHIMEBE R, 49 L (17%) #HITT
BoFFMFAR, #17 (FR#HT) MBTAARNEEZERIE
FMSIIRIFIMAEEARIEMI, B MA BRSh, MA 5FRE
ERNALZEARETEX =075 . RE 1974 £ 58
ZREEESTAMNEKNEE, BT 297 B HMEIMGEE
F, RE 108 %) BRTANERN, XLBEN -TEG
M CCT BREREE/EXME (FIE r>040)

w277 2

£ 17 BIERERVIRGRIHEMEEMINEEDR, -TEG
B5 cCT 2HhFBMEXM, BAMS, ACT 5 PT (r =
0.39) , APTT (r = 0.75) M INR (r = 0.49) #Hx, 53k
INR #8Eb, ACT 7£AT 6 /NEYREREFUM RBC (ACT: r =

©2020 IMPROVE MEDICAL All Rights Reserved

0.45 vs. INR: r=0.14) FMI¥ (r=0.36 vs.r=0.16) WEX
B FIBELASEBENEE (n = 14) WIETEN 35%. £
RFRAFRE T =B IERERIRGAIEALALL BN EE,
HER, S5FERE r-TEG {EF CCT MIMBXIEIRES, EEIIES
ALLINBEATTHIERER PT, APTT #1 INR BERIEREH,
XHREFER. BENE, FIBAEREH 3 MAR ACT EH
EEK (159~261F) , X3 FIBEHFETEHER 100%,

FIElE

ERLEFEHBEUNAE (h=0) WEEDP, rTEGS
CCT WHEXMSEBAZEMN, B2, RE INR BATHE
RE (154 ~225) , BafafE (68° ~ 78°) REFEATFEE
RE, X5HXBREMAFE USRI M —KC, FELE
ERFETER 33%.

ZnLttmEIn

AEHITETTAMRIALIRIY CCT # r-TEG EFNEH
(0 ~ 6 /NBY) HUELIARRA. MRAM/MREEREES. B
M. r-TEG M CCT fFAESNNTE, E&EHTER, &
B, EVG, BRbERE, MAUBEEITAIMGBETEREE
WazkE, B8 -TEG BRI LTS 6 /\iTHy RBC il
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(%3) o PT, APTT #1 INR B2RIFRMAY, MABRI/MRIT
BHMALEZERRKFEURRE. B LY30 MLFLEZEREN, -
TEG # CCT Tl 5 E F AR M = A /R 573

% 7T Logistic [@])35347
Hi

AR 6 /N\BYAVMIME, 4T CCT # r-TEG ERVES
Bt GUBRETR) . BETAMNIES. EHRETHEN
HBRps, ZERTEZSS. RAEWET ZTEEETE
B, Einh T ER, R, REGE, IMBUEEASS,
I EREROMEMREZE, Mm% r-TEG M CCT
BB, BREFHLZEARIS, FiE -TEG M CCT BEEBLHAM
HMA MT BIRSIFRNEF (R 4) o WFUAZHMm,
TEG Ml CCT MyEMRBL, FFFUN MT, afsmIRBLELFLLE
fil CCT B=1F. MFFMMMEK, M/ MRFILTURH MT, r-
TEG M CCT #fl, BRZ, o ARTFEM CCT (R 5) « AT

FAHTERA] 6 /N ARIES MR SROER TN, FA1#HT

TEIMY logistic BIYIHERY, bR APTT FIIM/MRITHESN, FrE

Z 437k r-TEG #1 CCT {E#BZAT 6 /)\BY A4 M A9 3H 37 TR+
(*6)

FECE

TEEHIT EEe, MR, ENE), ERLERRE, MAUEERI
HROMRGTERERSE, FiE r-TEG & (G ERIM
EZ 24 NBIFD 30 REETEMMIFTUNE Fo bR APTT 5, &
EEA CCT RECTERMITUET, 7ERER 4 MR 5 &
WENTID SBE-ENZE, FEH r-TEG EEE 24 /N6
FHEEMMIUZTUNEATF, ACT # G BRI PT, APTT
INR 2 24 /NSRRI FUNETF, Ml vMritmns4
EHREVNARR. Alt, FABRNTISEN, 28 -TEG B o
A MA TN 30 RMFETZR, £ CCT 1, RE INR 2
BIFMIEYo

& 3. @I CCT M r-TEG BN 0 = 6 /NREMAI S oA EIER (GTHEEe, 145, RG], MG, w-RTS #ISS)

HXARK

0 ~ 6 /NESETARpR R

ACT 0.028
K Etja) 0.782
afi -0.120
MA -0.144
LY30 0.068
PT 0.362
APTT 0.130
INR 1.291
M)\ -0.004
FERHR -0.124
0 ~ 6 /B 324

ACT 0.050
K BYia] 1.060
o -0.158
MA -0.165
LY30 0.043
PT 0.527
APTT 0.175
INR 2.066
M/ RET -0.005
FHERR -0.010

32 E SzikiFiE | Artcle Deeply Reading

95%EE5Xial P

0.009, 0.046 0.003
0.463, 1.100 <0.001
-1.180, -0.054 <0.001
-0.205, -0.083 <0.001
0.009, 0.127 0.023
0.221, 0.502 <0.001
0.093, 0.167 <0.001
0.646, 1936 <0.001
-0.008, 0.002 0.134
-0.025, 0.001 0.054

0.0245, 0.060 <0.001
0.771, 1.341 <0.001
-0.215, -0.101 <0.001
0.220, -0.111 <0.001
-0.010, 0.097 0.112
0.405, 0.649 <0.001
0.144, 0.208 <0.001
1.502, 2.630 <0.001
-0.009, -0.001 0.012
-0.022, 0.002 0.100
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R 3. &I CCT # r-TEG EFN 0 E 6 /NISHIMAZTAMEENIER (G=HIFE, M5, BHBHH, BERERF, w-RTSFIISS) (4

XA 95% B X8 P

0 ~ 6 /)NES /) ViR B

ACT 0.049 0.035, 0.063 <0.001
K B8] 1.286 1.046, 1.526 <0.001
off -0.158 -0.207, -0.108 <0.001
MA -0.132 -0.181, -0.083 <0.001
LY30 0.029 -0.018, 0.076 0.231

PT 0.502 0.394, 0.610 <0.001
APTT 0.175 0.147, 0.203 <0.001
INR 2.379 1.891, 2.868 <0.001
M/ NRER -0.005 -0.009, -0.001 0.006

HEERR -0.003 -0.016, 0.011 0.703

w-RTS RRMBUEIERMH TS ; 1SS, WA EREEITH

R 4. ZIT logistic @YD, EI CCT M r-TEGE (=HIFE. M50, BHEVIG. BRERRE. w-RTS Fl1SS) FUMAH A AT

= 95%EZXIa] P

FRMA H 1fn

ACT > 128 1.70 1.039, 2.772 0.034
rfE > 1.1 2.52 1.434, 4.425 0.001
K BYjE] >2.5 1.75 1.159, 2.656 0.008
afg <56 2.66 1.127, 6.284 0.026
MA<55 242 1.408, 4.147 0.001
LY30 > 3% 1.94 1.164, 3.235 0.011
PT>18.0 255 1.590, 4.102 <0.001
APTT > 35 2.68 1.624, 4.449 <0.001
INR>1.5 3.40 1.660, 6.999 0.001
M/MRER < 150 2.52 1218, 5.249 0.013
HFEZAR <180 2.01 0.681, 5.970 0.205
T A%

ACT > 128 1.95 1.081, 3.542 0.026
r{E > 1.1 2.34 1.206, 4.554 0.012
K BYiE] >2.5 248 1.323, 4.649 <0.001
afd <56 8.99 2.857, 28.290 <0.001
MA<55 3.63 1.891, 6.983 <0.001
LY30 > 3% 1.99 1.013, 3.889 0.046
PT>18.0 2.89 1.406, 5.952 0.004
APTT > 35 3.08 1519, 6.255 0.002
INR> 1.5 3.44 1752, 6.765 <0.001
M/MRER < 150 2.39 1.001, 5.749 0.050
FEZERR <180 2.03 0.629, 6.550 0.236
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& 5. %7T Logistic BIYINHENET CCT M r-TEG EFUNMFEASRMM (6 /NBIA >6 NRM) , M/MR (6/NEA >2 MEIRBM) MLSFTE
(6 /MBI >20 ML) , (EHIFES, M50, HENG, B4KRF, w-RTSHIISS)

=3 95% B SXial P

paN--LipEdlin B

ACT > 128 1.63 1.021, 2.612 0.041
8 > 1.1 1.95 1.149, 3.341 0.014
K Btja) >2.5 2.20 1329, 3.647 0.002
afl <56 6.06 2.125, 11.261 < 0.001
MA <55 3.10 1.765, 5.352 <0.001
LY30> 3% 1.48 0.849, 2.585 0.166
PT>18.0 3.49 1.838, 6.631 <0.001
APTT > 35 3.34 1.581, 7.089 0.002
INR>1.5 3.72 2.163, 6.413 <0.001
M/ \iR¥8 < 150 2.19 1.018, 4.724 0.045
FAERIR <180 1.33 0.448, 3.994 0.601
AEHE /MR AT

ACT > 128 1.70 0.992, 2911 0.054
8 > 1.1 1.95 1.060, 3.557 0.030
K Btal >2.5 2.45 1.394, 4.320 0.002
oaff <56 6.70 2.341, 10.015 <0.001
MA<55 2.47 1319, 4.616 0.005
LY30> 3% 2.02 1.099, 3.699 0.023
PT>18.0 5.04 2.651, 9.594 <0.001
APTT > 35 5.02 2416, 10.443 <0.001
INR>1.5 491 2.680, 9.012 <0.001
M/iR#EE < 150 4.01 1.918, 8.381 <0.001
FEZHE <180 2.44 0.841, 7.134 0.101
AERELTUERNTTN

ACT > 128 1.83 0.189, 4.249 0.159
r{E > 1.1 1.81 0.710, 4.639 0.213
K BYig] >2.5 4.04 1.743, 9.364 0.001
afl <56 7.96 2.198, 18.853 <0.001
MA <55 471 1.970, 11282 <0.001
LY30 > 3% 3.50 1.466, 8355 0.005
PT>18.0 2.25 0.963, 6.760 0.059
APTT > 35 226 0.726, 7.086 0.158
INR> 1.5 425 1.575, 11.482 0.004
M/MRE < 150 2.44 0.788, 7.553 0.122
FHEEHE <180 1.36 0.263,7.012 0.715

w-RTS, TTIMEELUAITSD; 1SS, BATERETD,
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£ 6. B CCT # r-TEG EFUNAZEMIMMAI 27T Logistic BN (FiR. M. BGNH. EMEE. w-RTS F 1SS 8=

o= 3
ACT < 105 1.59
rf8 <0.6 1.61
K BjaEl < 1.1 1.21
off >75 1.57
MA > 68 1.69
LY30 < 3% 1.01
PT <135 221
APTT < 24 1.44
INR < 1.1 2.37
/) \iR¥L > 200 1.08
HFEZERR > 250 2.15

95%My B = X8 p
1.259, 2.026 <0.001
1.260, 2.027 <0.001
0.721, 2.027 0.470
1.270, 1.937 <0.001
1.368, 2.092 <0.001
0.671, 1.527 0.951
1385, 3.521 0.001
0.963, 2.116 0.076
1.569, 3.604 <0.001
0.707, 1.648 0.722
1.039, 4.463 0.039

W-RTS, FRIMUEERISTS; 1SS, HRGFERETS.
HESE MR TS e Bl R R AR

Mig#NHER—FMATIRNE MRERHIEE 60 F1g
&0, BMNERRBLUR, migRHEEHAIER—NtRENE
BHRMLR. TIENTER, B PFEIIMAFRI M
BAIEIHAT T PG, JEBAT MR TF CCT MSURM
BET, R, mgRHEBWIFS/NERTISHEIENE
HRMFEHESBENRIUATE Y EER - TEG #iEESS
R ARGAIT 280, Bfi18%E ~TEG 2FAIMULLEZ CCT
REEHER, BANANENRLRAS T, AR, -
TEG BEAUMHREEER CCT? EAEEHMNMMAILIG
BEP, LERRA, r-TEG S CCT X, AIFNFLTE,
ESMLAEER, r-TEG ES5EXMIRREREX, 1o, B
KIEWEWRENEBIBEER, X 5 1 CCT R (286 %7T)
EYFEAr-TEG (317 £7T)

mieHEBER T ORMBEFAS, XRIFREE
AEREHERODEEHEERIASMRE @Y, FEBA
B, Mg HEEXRETHUIINAERIZ. 1967 &F,
Hardaway!>') F 4258 77 E#3A 7 # s 2k 14 (R 52 445 53 B9k I
T, Kaufman FE—RXERERTER 69 FleIHEE
RRMER, REAMERAEMENIEESHBERK ERERT
CCT, HERIM TINS5 HRITICAEXMIBR, MmitserIE
RZZEANTIERARXFZAMNERTES NN
&, XLEPBEFERR, TEEE LKA, migHEE
ZHEFRS TMRENSEAEHNT ceTi =, XLELI
oA AR S EEZRIEHR, TIERHERAEREE MR

©2020 IMPROVE MEDICAL All Rights Reserved

5o Johansson FALWEMIEENESEEERR T F=HIG
RER, FEEMGMNEIMIFRABEPYERER IR
HIRAERANSELEBMNE. Lo, iR T S mEsE
REBRIRGEIERELABENXBEEE, EENZ,
ZMEEELER, TEG ERIRERELL CCT 1R, RER
IERHARFEEHRENIE, BERINNEFERS 2R
mBRNBIERE R —BMS, BBNE, EMREBLEE
B2, BANEZREWEEH T AN/ IMRIET Z /0
FERMEHAE, BERITTXNHENRNEKRNERE, &
iITAR r-TEG BIHME GG BERMTUHNEEF .

BAVCRFMRIA 5 4 CCT R RIMEEAREM,
FHEQRENMNMRITER, MAERMPXLETRERINEE,
SRSMEREE—F, HIELSOEM LR AXENR,
MARNEREXBMEEMNT . BHANRMRE (PT.
APTT #1 INR) HAZAT R MR MR HR T FFEE
RSEFMFAZE, MENTHESOREERFRIEE
MHURZBENAT S, LEENEARNAREREEEN
B, NINNERMNMRITEATLEQRK TR EUERES
EHTHEBIRS! 4,

RGBT ER MR B B ST 3 0 R E B R MR SN R M R
%, FE@EED PT M APTT K42, +%4EH], Monroe
REES#HATETARNRMIELS, MINAER 2%
%, RAERUEERRIEAR, &0 /RN MR E/E
E{EFAES, Hoffman JRZIMIER T ZEAYER MREXTT LUER
A CCT RULR, BRERMANZLNERYE. EEN
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B, X CCT MELAIREIEIREE R IR (AR H sl mnis
AR, A PT, APTT M INR I8SZHENE
BITEERRKE. RIMEE, miewHESREARYELR
BEZ, ERNUEABMERRNASZ MAKEBO ZENE
RAANMEEER. 5, FEMEBNETREENRMmE
EAZEETEZEEFAZENENEE, MIBHNTER
ARRMERERSIGERES Y, REXE CCT F/LFR
Bt ER. ARNERIE HEEENESRAERT—
., Bk, REL2MMNED -TEG MidER T RO RLITS
(BIE2ER) HEMBMAIIEE, HIRERRMET IRREXHNLE
Fo

RE r-TEG HEMYFIIRKINIEITEREREE D A
AP RIS, XE—MER IR, TG
AR ARRAE B (F R E I/ MR ST 4E O IR ThEEATHTIR,
MA BRI EKT, EE#FITHLHIRRITE 7, ©
FMERGENFNETEQRAFAIA T PRGN~ 4
THRBIRBOARBER, EIFIREFERNAZE, XEEEX
FHmelrBENREFREREE™Y, B, EFERMRIT
BHINEEREYIRAEEBRSERNEE, HEFIMEE
BORRAIG. EIR. File. MERIRIMIREE R E FIE .

GEMBNRRR—#, BITLZIME 1974 FHAHEE
?, r-TEG fE5 CCT #8%X, XMEXUREE, ANIRKE
ERAE, EEAN CCT (RHWFFIRE) PMBRIIES
WA U E Mg HEEFES, B5EXINEUTEENT
B () R, () FEBRML; () ERAEhM;, @)
EZIMAMERSRG; (5) HESMAEENE, (6) HEZHM
FA; () BEZRGRINEESREMPUET; (8) FFE
; ©0) BHEERT. EENINH CRETREHRE)
FEM r-TEG 5 CCT —HIFsiEF. ZERE, MR
RE. AME. RENIIEEEEUR BT MdAEmI
RERHDXESERS T, -TEG B FEL ccT Emik
o

EREE SR MB T EZ G EE RSB EN
B, XLEBEBEESMHEHE, HEMNEX LRER
BIMERMPF. Bonville FEURER, EEETAENERER
&, EREESETNAMSEERCIARENS 3 5. W
GRIEREESHNES, ERITHARNRRT 6 IR,
ACT 727 RBC FMI3RMMAERTF INR. MIRFRAERER
AEYE, BIEHMEMNORIME (FFP) 4 INR AT 20
3 ACT > 128 MERGHEIEEE, WELRET r-TEG
E2ETF INR, § 2%MEBERZRMAETIL Hi 3
BIERELIBEZET ACT BETT, MASET INR AT
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(X 3 flspE 2 HIPET) o FTEREMREEMI B BN TESR
35%. Lboh, TEMRATHRET 3 FIHIERMGRIER T
MEREE, FIE r-TEG B CCT HAXMURE, ZEIE
SIRLLINEEATEER PT, APTT 1 INR BERIEEN,
FLXHRFER, GENZ, iE 3 MEEN ACT EHEEK

(159 ~261 ) , XLEBEMFETIER 100%>

MEEIRPREAEMRHEAE TEG BUE, THRINMREH
FALEAFEEE, BIEREREHEFIADSTE, #
BIFMEEFTE, HIIRIUF G B, FiF r-TEG EERE
24 /\BYAD 30 RIEET- R FTNEF. 8k, ELEMBIDHT

» RE (CCT HHY) APTT 5 24 /\BIF] 30 RILT-ZIMII4H
Ko ERNIBIBD TP ERNESTEFTETFHEEXNY,
HETENRHNEZPREEA, BRUFNIRRERERA
REENTIEIR, R4, 5 6 BERTEGREATHXLES
BR. XEHEREE, AN REEMNERETEEETE
ERENEE, MARTERMANAMNtIHEE. SRE™
ERMGNRREMIEREMER -TEG EFMME, XET
ERRTFERER, AMRELSTER, RITBRIEREAEKR
BHOMEBERERME: /MR THBIOLLEIR 1:1:1.
—BERFNEMBR, FERMEERE, FIIMFBER7 FH
= RER MmN ERESNRIIETT. €8 -TEG ¥R,
BEEZHEFATRANNSELENMERD. BE, FNE
HABRE. BERFK, BITAN, URESNERMEHEIE
k& BEMEN T —P AREETHRMGEN, MEEYMZE,
LEIn5E 7 FIFRE T I8 E 2 848 B F A BV E SR A% 3 0 BN
B2, BRMESAT. BT -TEG TASHMEFEREMN
BB ERNNEN, eXTRATFRESRAZLKEELM
BIRERHNIGERESRY, FEMZ, CCT FREFUNFREKM
IS, Bk, —EFEBERIRA, MA WFNEHMmEE
fElerBEZE AR, Cotton FARARM T XLEHIE,
MEMRELIER, HNEBFEEERANRN MA AS
(> 65 mm) , LUSSTRMER TR, MEILMA/ETE
FREIR MR BBAAMR T M. Owings FIUEMM B =R
fEF D-Z RN AE B UL S A B E B e IR
o —E£hOifER D-ZRERBEMeEMTHEAR
2, AW, BFRGETEEARNERSSENAR, ZiR%
FEMHRERNINAZIIRG, &, Van FWRILLM, &
BEBENTLFIEXKEFETETR, MEEDERTR Xa
EFKT. i, mieshESRETRFRERSEHER
ENKEFETD. 5 CCT #8th, BEFmiesshErRBTER

SEIHEEEMERNENmERE, XETFETRMmINEE
P75 Ho



®7. ETHMEE r-TEG RENHRELSEHHMEN

SR g I 7R

ACT > 128 KNI AAR

rfE > 1.1 MEFNLTARRE

K BYjal >2.5 RITUR/ATHEERIR/MR
off <56 R/ R B IR/ IR
MA < 55 M/MR/ASTUR/ATEERIR
LY30 > 3% RURIFER

PT>18.0 m3

APTT > 35 m3

INR>1.5 m3x

M/ ¥R <150 /MR

FEERR <180 TR/ HERRIR

BRTEF r-TEG FUNATREESS, BITEETF r-TEG WL
HEABMIS (LY30) LT IRKIES. FEEHERE
WA M RIRRRERE, REMTNAAEEHET

(RFRFE) PIRREFET -, FIFNRIA - TEG $UE,
BATEIT BNBE LY30 EAF 3% EESETZREE, XA
7 1% ERGIRR AR, BENE, 3 /NNEEAS
RIRBREMETE, KITEERATESFALMIECIGEE
ERSPHERNEN, MEeFERSRHRAT LY30 KT 3%
HesEE,

EOEMRN 18 MAF, ROBEREERE -TEG &
ESIRFFE, B2, BERKEENXLEEDHREHE,
MERSBARERER -TEG 5587, ® 7 RIRTEN]E
BT E. PR DHIEETFIHENIER, ZisEETAREE
BOEL Miese I EEIE, NYRATRIR N URBEERAT R
o MEEIRAEEXNNAENIZERSH B EMEMER

©2020 IMPROVE MEDICAL All Rights Reserved
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e, SERERNAXTETESNE,

EXRSRBETIHENINES, FHLRERSTNER
REREBIEEEE, WKL, r-TEG S5 CCT £REAY (B
EEREERT, fF cCn) , —NERNLSREN, 5
BOMMK, SRROFER, -TEG REFE—R 3 mL KR
FREMR, Ms5~61 CCT RNFBEEBMEGE JHFER
9 mL &, RFETAM, BXRMAMEBHVEIRENMZER
Al AT, ERAIPL, MERREREER, X 5
CCT BB (286 &7T) 581 r-TEG (317 E7T) B X
LB RO FTIATRIE CRASH-2 1HI04E R BT T4
EHARIFON D-ZRIE (251 E7T) o NRE D-TRE
INEl CCT B9 286 EcEEAH, W -TEG (317 Ejr) BER
AN, &E, XLEEABUBEREIES -TEG BREXH
EWEA, SR, - TEG MFRAIMERMS CCT 18R
BN EEZE RN IERERRNIERES.

BATRRNEREREMMEARNFEEERRE, TH
ERMEZHNEERVHIE, s, -TEG M CCT Fk
EIERIELHT, AASTERGEXNRLFELRE, B
mME&EL. &5, BIVEHE T 5250 E &

(ROTEM) , ROTEM REEBRAMKEEEER (FDA)
HOEM S MABRENEE, AI-EBEMUNES, BSERHE
M, R, BRINWHRRBET, KAEBEEZTHRRE
5, RICENRHET RREEAE, RAT RIS E
IEm KT EFE A,

22, BRITEERHA, TEG EREIER, L5, HE
SiFETERHINEHBEN IRREE BB IRREREY]
Bx. Bt FMNSEEFEIERBEIBRENAR CCT,
RS r-TEG REBNES MARH REVLE AR MAS TR
EXMARMARNENM £, HNFRERIZET, W, B
SMEBAEIMINEBENREIT -TEG mEZHNEEHE
ITIHERATT RAER.

FEREMRELTERNIPEMIREARUR R
Michelle Sauer F1 Angela Beeler FY4R5E S 15,
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Admission Rapid Thrombelastography Can Replace
Conventional Coagulation Tests in the Emergency Department

Experience With 1974 Consecutive Trauma Patients

John B. Holcomb, MD, Kristin M. Minei, BS, Michelle L. Scerbo, BS, Zayde A. Radwan, BS, Charles E. Wade, PhD,
Rosemary A. Kozar, MD, PhD, Brijesh S. Gill, MD, Rondel Albarado, MD, Michelle K. McNutt, MD,
Saleem Khan, MD, Phillip R. Adams, MD, James J. McCarthy, MD, and Bryan A. Cotton, MD, MPH

Objective: Injury and shock lead to alterations in conventional coagulation
tests (CCTs). Recently, rapid thrombelastography (r-TEG) has become recog-
nized as a comprehensive assessment of coagulation abnormalities. We have
previously shown that admission r-TEG results are available faster than CCTs
and predict pulmonary embolism. We hypothesized that r-TEGs more reliably
predict blood component transfusion than CCTs.

Methods: Consecutive patients admitted between September 2009 and
February 2011 who met the highest-level trauma activations were included.
All had admission r-TEG and CCTs. We correlated r-TEG values [activated
clotting time (ACT), r, k, &, maximal amplitude (MA), LY30] with their cor-
responding CCTs [prothrombin time (PT)/ activated partial thromboplastin
time (aPTT), international normalized ratio (INR), platelet count and fib-
rinogen] for transfusion requirements. Charges were calculated for each test.
Demographics, vital signs, and injury severity were recorded.

Results: We studied 1974 major trauma activations. The median injury
severity score was 17 [interquartile range 9-26]; 25% were in shock; 28%
were transfused; and 6% died within 24 hours. Overall, r-TEG correlated
with CCTs. When controlling for age, injury mechanism, weighted-Revised
Trauma Score, base excess and hemoglobin, ACT-predicted red blood cell
(RBC) transfusion, and the a-angle predicted massive RBC transfusion better
than PT/aPTT or INR (P < 0.001). The a-angle was superior to fibrinogen for
predicting plasma transfusion (P < 0.001); MA was superior to platelet count
for predicting platelet transfusion (P < 0.001); and LY-30 (rate of amplitude
reduction 30 minutes after the MA is reached) documented fibrinolysis. These
correlations improved for transfused, shocked or head injured patients. The
charge for r-TEG ($317) was similar to the 5 CCTs ($286).

Conclusions: The r-TEG data was clinically superior to results from 5 CCTs.
In addition, r-TEG identified patients with an increased risk of early RBC,
plasma and platelet transfusions, and fibrinolysis. Admission CCTs can be
replaced with r-TEG.

Keywords: TEG, hemorrhage, injury, coagulation
(Ann Surg 2012;256: 476-486)
H emorrhage is the leading cause of potentially preventable death

after injury and is frequently associated with coagulopathy.'
Using only plasma-based measurements (international normalized
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ratio, INR), coagulopathy is present in up to 25% of seriously injured
trauma patients. When coagulopathy is present on admission, it is
usually associated with an increase in mortality after both blunt and
penetrating patients.>™* In addition to INR, many centers routinely
monitor prothrombin time (PT), activated partial thromboplastin time
(aPTT), platelet count, and fibrinogen levels. Unfortunately, these 5
conventional coagulation tests (CCTs) represent only a small portion
of the coagulation system. Currently, the rapid recognition of trauma-
induced coagulopathy by CCTs is limited by their slow results, in-
complete characterization of multiple coagulation abnormalities, and
poor association with clinical outcomes.

There are several devices that measure the viscoelastic changes
of a whole blood sample, [Sonoclot, ROTEM (Tem Innovations,
Durham, NC), and thrombelastography]. We will only present data on
the thrombelastography device, but many of the benefits of thrombe-
lastography hold true for the other devices as well. Thrombelastogra-
phy is a device that has been used to monitor whole blood coagulation
since 1948.3 It is widely used in many cardiac and transplant centers to
guide resuscitation®~'" and has largely been associated with decreased
blood product use and improved outcomes. Thrombelastography pro-
duces a tracing based on viscoelastic properties of the whole blood
sample, and represents components of the coagulation system includ-
ing (1) plasma proteins including fibrinogen function, (2) thrombin
burst, (3) platelet function, and (4) the fibrinolytic system.!! Unlike
CCTs, thrombelastography is able to provide an early, more com-
prehensive description of the global hemostatic functional aspects
of intravascular coagulation.!?=2° When fast results are required, the
rapid thrombelastography (r-TEG) is used. With easily implemented
software packages, the r-TEG tracing is visible on bedside computer
screens, while the test is being run in the laboratory. This feature
allows clinicians to see in “real time” the developing r-TEG tracings
and the corresponding coagulation disturbances. Consequently, clin-
icians have the ability to act on these disturbances before the entire
test is finalized and reported.!?~2°

Because r-TEG is faster and generates data that describes mul-
tiple aspects of the altered coagulation system after severe injury,
we hypothesized that r-TEG would provide more useful and cost-
effective evaluation of the coagulation system than multiple CCTs.

METHODS
Study Setting

Memorial Hermann Hospital is an American College of
Surgeons—verified level-1 trauma center that is the primary teaching
hospital for the University of Texas Health Science Center at Hous-
ton. Memorial Hermann Hospital is one of only 2 level-1 trauma
centers in Houston, Texas, the fourth largest city in the United States.
The Memorial Hermann Hospital regional trauma center serves 67
counties in a 150-mile radius and currently admits more than 6000
trauma patients annually, with the most severely injured cared for in
our 23-bed shock-trauma intensive care unit.



Selection of Participants

Approval was obtained from the University of Texas at Houston
Institutional Review Board. This was a single-center, retrospective
cohort study of trauma patients admitted to Memorial Hermann Hos-
pital using the institution’s Trauma Registry of the American College
of Surgeons database. We evaluated all adult trauma patients admitted
between September 2009 and February 2011 who met the institution’s
highest-level trauma activation. Patients who were younger than 18
years or who were admitted directly to the burn unit were excluded
from analysis.

Specimens

It is important to note that the thrombelastographies and CCTs
in this study were collected on admission, within minutes of arrival
to the Emergency Department. These samples were drawn concur-
rently with the very first samples sent to the clinical laboratory upon
admission. All r-TEG specimens were run on a thrombelastograph
5000 (Hemoscope Corporation, Niles, IL). Blood specimens for r-
TEG were obtained as part of the usual blood samples acquired in
the Emergency Department during the initial evaluation of all major
trauma activations. As a part of these specimens, CCT was obtained
and included PT, aPTT, INR, platelet count and fibrinogen. All ad-
mission r-TEGs were performed using the accepted citrate reversal
method.'® Specimens were collected in a small (3 mL) citrated tube,
transported to the Emergency Department stat laboratory along with
other trauma blood specimens. There, the citrate was immediately
reversed with the addition of calcium chloride according to the rec-
ommendations of the manufacturer within the r-TEG package insert.
After this, standard r-TEG was performed using tissue factor and
kaolin as activators. Staff laboratory technicians in the Memorial
Hermann Hospital Emergency Department stat laboratory performed
all the r-TEG and CCTs during the defined study period. These same
technicians performed all the quality controls on the thrombelastogra-
phy analyzers, doing so every 8 hours. Quality control was performed
per the package insert from the manufacturer.

Measurements

The r-TEG, similar to standard thrombelastography, generates
several values that describe the clotting cascade. The first value gener-
ated is the activated clotting time (ACT), which is the time in seconds
between initiation of the test and the initial fibrin formation, and is in-
creased with factor deficiency or severe hemodilution (normal range,
86—118 seconds).!® Similar to the ACT, the r-value (also known as
the reaction time, 0—1 minutes) expresses the time between the start
of the assay and beginning of clot formation. The k-time (normal
range, 1-2 minutes) is the time needed to reach 20-mm clot strength;
this is generally increased in states of hypofibrinogenemia. The alpha
(«) angle (normal range, 66—82 degrees) is the slope of the tracing
that represents the rate of clot formation. The «-angle is decreased
with hypofibrinogenemia or platelet dysfunction. The maximal
amplitude (MA; normal range, 54—72 mm) is the greatest amplitude of
the tracing and reflects platelet contribution to clot strength. Low MA
values correspond with states of platelet dysfunction or hypofibrino-
genemia. The G-value (normal range, 5300-12,000 dynes/cm?) is a
global measure of absolute clot strength (both enzymatic and platelet
contributions) and is decreased in hypocoagulable states. LY30 (nor-
mal range, 0.0-7.5%) is the percent amplitude reduction at 30 minutes
after MA and, when elevated, reflects a state of hyperfibrinolysis.

Definitions and Outcomes

Values for r-TEG were then correlated with their corresponding
CCTs. Both -TEG and CCTs were then assessed for their correlation
with transfusion requirements, as well as large volume transfusions.

A consistent transfusion guideline was in place during this study.
Massive transfusion was defined as the transfusion of 10 or more
units of RBCs in the first 6 hours. To reduce the inherent survival
bias included in the definition of massive transfusion (MT), we also
assessed patients by using the definition of substantial bleeding.?!
Substantial bleeding was defined as (1) the patients receiving their
first RBC unit within 2 hours of Emergency Department arrival and
(2) within 4 hours of Emergency Department arrival, the patient
received at least 5 RBC transfusions or died from hemorrhage. Finally,
charges for laboratory tests were calculated according to a Memorial
Hermann Hospital billing inquiry.

Statistical Analysis

Univariate Analysis

Continuous data are presented as medians with 25th and 75th
interquartile range with comparisons between groups performed us-
ing the Wilcoxon rank-sum test or Mann-Whitney U test. Categorical
data are reported as proportions and, where appropriate, tested for
significance using x 2 or Fisher exact tests.

Correlation Analysis

Correlation of r-TEG values with biologically relevant CCTs
was assessed with Pearson and Spearman correlation coefficients
and simple linear regression. ACT, k-time, r-value, «-angle, and G-
value were correlated with PT, aPTT, and INR. The «-angle and
MA were correlated with fibrinogen and platelet count. Correlation
coefficient ranges were defined as follows: » < 0.3, weak; 0.7 < r >
0.3, moderate; and » > 0.7, strong correlation.??

Multivariate Regression Analysis

Each r-TEG variable and each of the CCTs were assessed for
their ability to predict transfusion of RBCs, plasma, and platelets
during the first 3 to 6 hours after arrival. This simple linear regres-
sion model began at the most proximal time point for prediction,
the first hour, and continued through 6 hours. A multivariate linear
regression model was then performed evaluating blood and blood
component transfusions as a continuous variable. A multivariable
logistic regression model was constructed to evaluate receipt of spe-
cific volumes of products (namely, MT and substantial bleeding). The
variables included in the multivariate analyses were age, mechanism
of injury, weighted revised trauma score, injury severity score, and
Emergency Department base deficit. In an effort to minimize the risk
of falsely identifying significant results with multiple comparisons,
all multivariate regression models were purposeful and prespecified
and judged a priori to be clinically sound.?®

Subgroup Analysis

Finally, subgroup analyses were carried out to assess the per-
formance of the r-TEG and CCTs in 5 clinically relevant a priori
chosen groups: patients exposed to preinjury anticoagulants, isolated
traumatic brain injury patients, patients who received transfusion in
the first 6 hours, patients who received no transfusions during the first
6 hours, and patients with an admission diagnosis of cirrhosis. Prein-
jury oral anticoagulants included those patients arriving with known
exposure to warfarin or dabigatran. Isolated traumatic brain injury
was defined as having a head abbreviated injury scale value of 3 or
greater and no other system abbreviated injury scale value of greater
than 2. Cirrhosis was defined as documentation of a Child-Pugh clas-
sification or Model for end-stage liver disease scoring within the
electronic medical record consistent with the clinical diagnosis.?* All
statistical tests were 2-tailed with P < 0.05 set as significant. STATA
Statistical software (version 10.1; College Station, TX) was used for
analysis.
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RESULTS
During the 18-month study period, 9086 trauma patients were
admitted. A total of 2220 (24%) met the criteria for the highest-level
activation. For analysis, 246 were excluded as they were under 18
years of age or had major burns, leaving 1974 patients. Demographics,
Emergency Department vital signs, and injury severity are shown in
Table 1.

Univariate Analyses

Correlations

Relevant correlations between r-TEG values and CCTs were
analyzed. The results from the entire 1974 patients are shown in
Table2. ACT correlated moderately with INR and aPTT. K-time
showed a moderate correlation with aPTT, whereas the a-angle cor-
related moderately with fibrinogen. The r-TEG’s MA value demon-
strated moderate correlation with both platelet count and fibrinogen.
G-value demonstrated weak correlation for all CCTs.

Subgroup Analyses

Shock Patients

A total of 486 patients (25%) met criteria for shock (base value
of < —5). Compared with the group as a whole, the r-TEG values for
the shock population demonstrated improved correlation with CCTs.
Specifically, ACT correlated with PT (» = 0.60), aPTT (» = 0.65),
and INR (» = 0.56). In addition, k-time had improved correlation
with PT (r = 0.54), aPTT (r = 0.69), and INR (0.62); all P < 0.001.
The mortality rate for shock patients was 35%.

Transfused Versus NonTransfused

Compared with the overall population (Table 2), the -TEG
correlations with CCTs were strengthened in patients receiving any
transfusions within the first 6 hours of arrival. ACT and k-time im-
proved their correlations with PT (» = 0.60 and » = 0.45), aPTT
(r = 0.66 and r = 0.65), and INR (r = 0.73 and r = 0.64). Among
those receiving transfusions, the correlation of o-angle was improved
with PT (r = —0.46), aPTT (r = —0.61), INR (r = —0.58). Other
values demonstrated similar correlations with CCTs. Among those
who received no transfusions in the first 6 hours, the correlation of
a-angle (» = 0.58) and MA (r = 0.67) with fibrinogen improved.

TABLE 1. Demographic, Injury, and Outcome Data
(n=1974)

Age, median (interquartile range), yrs
Male sex, %
White race, % 54

33 (23, 49)
75

Initial GCS, median (interquartile range) 12 (3, 15)
Initial SBP, median (interquartile range), mm Hg 129 (107, 148)
Initial pulse, median (interquartile range), bpm 97 (80, 117)
w-RTS, median (interquartile range) 5.97 (2.93,7.84)
ISS, median (interquartile range) 17 (9, 26)
ISS >25,% 38
Presence of shock (base <—5), % 25

Any transfusion, % 29
Substantial bleeding rate, % 12
Massive transfusion rate, % 5

24-h mortality, % 6

30-d mortality, % 11

bpm indicates beats per minute; GCS, Glasgow coma scale; SBP, systolic
blood pressure; w-RTS, weighted revised trauma score; ISS, injury severity
score.
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Isolated Traumatic Brain Injury

When examining only those patients with an isolated trau-
matic brain injury (n = 297), the correlations of r-TEG and CCTs
were again strengthened. The correlations of ACT and r-value with
PT (r = 0.64 and r = 0.52), aPTT (» = 0.71 and » = 0.56), and INR
(r=10.69 and r = 0.52) improved significantly. Although the correla-
tions remained the same for r-TEG and platelet count, the relationship
of both «-angle (» = 0.66) and MA (r = 0.63) with fibrinogen im-
proved markedly. Among these patients, an INR of more than 1.5 was
most commonly associated with an ACT greater than 128, whereas
values of 2.0 were most likely to have a corresponding ACT value of
more than 150. Among these isolated traumatic brain injury patients,
49 (17%) underwent emergent craniotomy. Correlations among those
undergoing (and not undergoing) craniotomy were similar to those of
isolated traumatic brain injury as whole, with the exception of MA,
which demonstrated strong correlation (» = 0.75) with fibrinogen
in the operative patients. Although 58 of 1974 patients received an
intracranial pressure monitor, only 10 (3%) of the 297 isolated trau-
matic brain injury patients had intracranial pressure monitoring. The
r-TEG and CCTs in these patients demonstrated moderate to strong
correlation (all » > 0.40).

Oral AntiCoagulants

Among the 17 patients with documented preinjury exposure
to warfarin, the r-TEG values demonstrated moderate to strong cor-
relation with CCTs. Specifically, ACT correlated with PT (r = 0.39),
aPTT (r = 0.75), and INR (» = 0.49). Compared with arrival INR,
ACT showed greater potential for predicting transfusion of both RBCs
(ACT: r = 0.45 vs INR: » = 0.14) and plasma (» = 0.36 vs » = 0.16)
within the first 6 hours. The mortality rate for all warfarin-exposed
patients (n = 14) was 35%. Three patients with documented prein-
jury exposure to dabigatran were identified among the study group.
Appropriately, there were weak correlation with all r-TEG values and
CCTs. This is not surprising, given that PT, aPTT, and INR are rou-
tinely normal in patients receiving dabigatran. Interestingly, all 3 had
very prolonged ACT values (159-261 seconds). The mortality for
these 3 patients was 100%.%

Cirrhosis

Among those patients with documentation meeting admission
criteria for cirrhosis (n = 6), r-TEG correlations with CCTs were
similar to those for the general population. However, although INR
trended toward hypocoagulable (1.54-2.25), the a-angle values (68—
78 degrees) suggested a tendency toward a hypercoagulable state,
which is consistent with the recent literature concerning coagulation
and cirrhotics.?® The mortality in cirrhotic patients was 33%.

Multiple Linear Regression Analysis

Multivariate linear regression was then performed to address
the ability of CCT and r-TEG values to predict early (0 to 6 hours)
amounts of transfused RBCs, plasma, and platelets. Transfusion,
r-TEG, and CCTs were evaluated as contentious variables. After
controlling forage, sex, mechanism of injury, base deficit, weighted
revised trauma score, and injury severity score, all -TEG values were
predictive of RBC transfusions in the first 6 hours (Table 3). PT, aPTT,
and INR were also predictive, whereas admission platelet count and
fibrinogen levels were not. With the exception of LY30 and fibrino-
gen, r-TEG and CCTs predicted the need for early plasma and platelet
transfusions.

Multiple Logistic Regression Analysis

Transfusions
Using the transfusion amounts in the first 6 hours, scatter
plot analysis for CCT and r-TEG values were generated (data not



TABLE 2. Correlation of r-TEG Values With CCTs (n = 1974)

PT

aPTT

INR

Platelet Count

Fibrinogen

ACT, sec

r-value, min
k-time, min
a-angle, degree
MA, mm

G-value, dynes/cm2

r=10.35,P < 0.001
r=0.24,P < 0.001
r=0.21, P < 0.001
=—-0.23, P < 0.001
—0.22, P < 0.001
—0.02, P =0.445

7
r
7

r=0.47,P < 0.001

r=0.32,P < 0.001

r=0.44, P < 0.001
r=-—041,P < 0.001
r=—0.35,P < 0.001
r=-—0.03,P=0.325

r=0.52, P <0.001
r=0.37,P < 0.001
r=0.34, P < 0.001
=—0.33,P < 0.001
—0.27, P < 0.001
—0.03,P=0411

r
r
7

r=-0.15, P < 0.001
r=-0.14, P < 0.001
r=—0.25,P < 0.001
r=0.34 P <0.001
r=0.42, P <0.001
r=-—0.01,P=0.872

r=-0.17, P < 0.001

r=—0.17, P < 0.001

r=—0.32,P < 0.001
r=0.53, P <0.001
r=0.63, P < 0.001
r=0.01, P =0.902

TABLE 3. Multiple Linear Regression Model Predicting 0- to
6-Hour Transfusions by CCT and r-TEG Values (Controlling for
Age, Sex, Mechanism of Injury, Base Deficit, w-RTS, and

ISS)

TABLE 4. Multiple Logistic Regression Analysis Predicting
Substantial Bleeding and Massive Transfusion by CCT and
r-TEG Values (Controlling for Age, Sex, Mechanism of Injury,
Base Deficit, w-RTS, and ISS)

Coefficient of 95% Confidence 95% Confidence
Correlation Interval P Odds Ratio Interval P
0-6 h transfusion of RBC Prediction of substantial bleeding
ACT 0.028 0.009, 0.046 0.003 ACT >128 1.70 1.039,2.772 0.034
k-time 0.782 0.463,1.100  <0.001 r-value >1.1 2.52 1.434,4.425 0.001
a-angle —0.120 —0.180, —0.054 <0.001 k-time >2.5 1.75 1.159, 2.656 0.008
MA —0.144 —0.205, —0.083 <0.001 a-angle <56 2.66 1.127, 6.284 0.026
LY30 0.068 0.009, 0.127 0.023 MA <55 2.42 1.408, 4.147 0.001
PT 0.362 0.221,0.502  <0.001 LY30 >3% 1.94 1.164, 3.235 0.011
aPTT 0.130 0.093,0.167 <0.001 PT >18.0 2.55 1.590, 4.102 <0.001
INR 1.291 0.646,1.936  <0.001 aPTT > 35 2.68 1.624, 4.449 <0.001
Platelet count —0.004 —0.008, 0.002 0.134 INR >1.5 3.40 1.660, 6.999 0.001
Fibrinogen —0.124 —0.025,0.001 0.054 Platelet count <150 2.52 1.218,5.249 0.013
0-6 h transfusion of plasma Fibrinogen <180 2.01 0.681, 5.970 0.205
ACT 0.050 0.0245, 0.060 <0.001 Prediction of massive transfusion
k-time 1.060 0.771, 1.341 <0.001 ACT >128 1.95 1.081, 3.542 0.026
a-angle —0.158 —0.215, -0.101 <0.001 r-value >1.1 2.34 1.206, 4.554 0.012
MA —0.165 0.220, —0.111 <0.001 k-time >2.5 2.48 1.323, 4.649 <0.001
LY30 0.043 —0.010, 0.097 0.112 a-angle <56 8.99 2.857,28.290 <0.001
PT 0.527 0.405,0.649  <0.001 MA <55 3.63 1.891, 6.983 <0.001
aPTT 0.175 0.144,0.208 <0.001 LY30 >3% 1.99 1.013, 3.889 0.046
INR 2.066 1.502,2.630 <0.001 PT >18.0 2.89 1.406, 5.952 0.004
Platelet count —0.005 —0.009, —0.001 0.012 aPTT > 35 3.08 1.519, 6.255 0.002
Fibrinogen —0.010 —0.022, 0.002 0.100 INR >1.5 3.44 1.752, 6.765 <0.001
0-6 h transfusion of platelets Platelet count <150 2.39 1.001, 5.749 0.050
ACT 0.049 0.035,0.063  <0.001 Fibrinogen <180 2.03 0.629, 6.550 0.236
k-time 1.286 1.046, 1.526  <0.001
a-angle —0.158 —0.207, —0.108 <0.001
MA —0.132 —0.181, -0.083  <0.001 cryoprecipitate, r-TEG and CCTs were similar. However, the o angle
LY30 0.029 —0.018, 0.076 0.231 .
PT 0.502 0394 0.610  <0.001 was superior to any of t}.le. CCTs (Table 5). To assess the converse
aPTT 0.175 01 47’ 0203 <0.001 likelihood of that of receiving no blood products in the first 6 hours,
INR 2379 1.891: 2868  <0.001 we carried out an additional logistic regression model. With the ex-
Platelet count —0.005 —0.009, —0.001  0.006 ception of aPTT and platelet count, all dichotomized r-TEG and CCT
Fibrinogen —0.003 —0.016, 0.011 0.703 values were independent predictors of receiving no transfusions in

w-RTS indicates weighted revised trauma score; ISS, injury severity score.

shown). Inflection points along the axis were identified. Where a
distinct inflection was identified, the value was used to dichotomize
the value of interest. A multivariate logistic regression model was
then constructed. After controlling for age, sex, mechanism of injury,
weighted revised trauma score, injury severity score, and base deficit,
dichotomized r-TEG and CCT values were then assessed. With the ex-
ception of fibrinogen, all -TEG and CCT variables were independent
predictors of both substantial bleeding and M T (Table 4). For predict-
ing substantial bleeding, values from r-TEG and CCTs were similar.
For predicting MT, the odds ratio for o angle was almost threefold
higher than any CCTs. For predicting MT of plasma, platelets, and

the first 6 hours (Table 6).

Mortality

After controlling for age, sex, mechanism of injury, base
deficit, weighted revised trauma score, and injury severity score, all
r-TEG values (except G-value) were independent predictors of both
24-hour and 30-day mortality. With the exception of aPTT, none of the
CCTs were independent predictors of mortality. After dichotomizing
values along the cut points identified in Tables 4 and 5, all of the
r-TEG values were independent predictors of 24-hour mortality with
the exception of ACT and G-value. PT, aPTT, and INR were inde-
pendent predictors of 24-hour mortality, whereas platelet count and
fibrinogen were not. When using these same cut points, only -TEG’s
a-angle and MA were predictive of 30-day mortality. Among the
CCTs, only INR was predictive.
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TABLE 5. Multiple Logistic Regression Analysis Predicting
Massive Transfusion of Plasma (> 6 Units in 6 h), Platelets
(= 2 Apheresis Units in 6 h), and Cryoprecipitate (> 20
Units in 6 h) by CCT and r-TEG Values (Controlling for Age,
Sex, Mechanism of Injury, Base Deficit, w-RTS, and ISS)

95% Confidence

Odds Ratio Interval P
Prediction of massive
transfusion of plasma
ACT >128 1.63 1.021,2.612 0.041
r-value >1.1 1.95 1.149, 3.341 0.014
k-time >2.5 2.20 1.329, 3.647 0.002
a-angle <56 6.06 2.125,11.261 <0.001
MA <55 3.10 1.765, 5.352 <0.001
LY30 >3% 1.48 0.849, 2.585 0.166
PT >18.0 3.49 1.838, 6.631 <0.001
aPTT > 35 3.34 1.581, 7.089 0.002
INR >1.5 3.72 2.163,6.413 <0.001
Platelet count <150 2.19 1.018, 4.724 0.045
Fibrinogen <180 1.33 0.448, 3.994 0.601
Prediction of massive
transfusion of platelets
ACT >128 1.70 0.992,2.911 0.054
r-value >1.1 1.95 1.060, 3.557 0.030
k-time >2.5 2.45 1.394, 4.320 0.002
a-angle <56 6.70 2.341,10.015  <0.001
MA <55 2.47 1.319, 4.616 0.005
LY30 >3% 2.02 1.099, 3.699 0.023
PT >18.0 5.04 2.651,9.594 <0.001
aPTT > 35 5.02 2.416, 10.443 <0.001
INR >1.5 491 2.680,9.012 <0.001
Platelet count <150 4.01 1.918, 8.381 <0.001
Fibrinogen <180 2.44 0.841,7.134 0.101
Prediction of massive
transfusion of cryoprecipitate
ACT >128 1.83 0.189, 4.249 0.159
r-value >1.1 1.81 0.710, 4.639 0.213
k-time >2.5 4.04 1.743,9.364 0.001
a-angle <56 7.96 2.198, 18.853 <0.001
MA <55 4.71 1.970,11.282  <0.001
LY30 >3% 3.50 1.466, 8.355 0.005
PT >18.0 2.25 0.963, 6.760 0.059
aPTT > 35 2.26 0.726, 7.086 0.158
INR >1.5 425 1.575,11.482 0.004
Platelet count <150 2.44 0.788, 7.553 0.122
Fibrinogen <180 1.36 0.263,7.012 0.715

w-RTS indicates weighted revised trauma score; ISS, injury severity score.

DISCUSSION

Thrombelastography is a device that has been used to monitor
whole blood coagulation profiles for longer than 60 years.> Since
its development, thrombelastography has been used as a single test
to globally represent coagulation function. Over the last decade,
thrombelastography has been evaluated by animal and in vitro studies,
documenting the improved sensitivity of thrombelastography versus
CCTs.2’30 Recently, thrombelastography has been used by many
groups to diagnose the early coagulopathy of trauma and guide trans-
fusion therapy in patients after severe injury.’!~#’ Before using -TEG
data to guide therapy in injured humans, we wondered whether the
r-TEG would provide a more accurate and cost-effective evaluation of
the coagulation system than multiple CCTs. Specifically, could r-TEG
supplement or even replace CCTs? In a large number of severely in-
jured and transfused trauma patients, results show that r-TEG values
are correlated with CCTs, predict mortality, and in multiple subpopu-
lations, are associated with clinical outcomes of interest. Furthermore,
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TABLE 6. Multiple Logistic Regression Analysis Predicting no
Transfusions by CCT and r-TEG Values (Controlling for Age,
Sex, Mechanism of Injury, Base Deficit, w-RTS, and ISS)

95% Confidence

Odds Ratio Interval P
ACT <105 1.59 1.259, 2.026 <0.001
r-value <0.6 1.61 1.260, 2.027 <0.001
k-time <1.1 1.21 0.721, 2.027 0.470
«-angle >75 1.57 1.270, 1.937 <0.001
MA >68 1.69 1.368, 2.092 <0.001
LY30 <3% 1.01 0.671, 1.527 0.951
PT <13.5 2.21 1.385, 3.521 0.001
aPTT <24 1.44 0.963, 2.116 0.076
INR <I1.1 2.37 1.569, 3.604 <0.001
Platelet count >200 1.08 0.707, 1.648 0.722
Fibrinogen >250 2.15 1.039, 4.463 0.039

w-RTS indicates weighted revised trauma score; ISS, injury severity score.

data regarding laboratory charges show that the sum of the 5 CCTs
($286) is similar to the single r-TEG ($317).

Thrombelastography is routinely used in cardiac and trans-
plant surgery, 2 disciplines that often manage acquired coagula-
tion abnormalities and frequently transfuse significant amounts of
blood products.®~!° Interestingly, use of thrombelastography has not
been widespread outside of those areas. In 1967, Hardaway®' used
thrombelastography to describe the coagulation changes seen in com-
bat casualties suffering hemorrhagic shock in Vietnam. In an impor-
tant article, Kaufman et al'? described its use in 69 trauma patients,
showing that thrombelastography was cheaper and clinically superior
to CCTs and identified many of the issues still pertinent to current
discussions.'? Lack of widespread use of the thrombelastography was
largely based on questions regarding ease of use and reproducibility of
results, which have since been resolved. Many authors have previously
shown that thrombelastography is superior to CCTs in detecting both
hypo- and hypercoagulability in multiple disease states.3!~> These
findings are true in animals and humans, with either blunt or penetrat-
ing injury. Johansson and others have generated significant clinical
experience with thrombelastography and have shown decreased use
of blood products and improved outcomes in both trauma and vascu-
lar surgery patients.>3 In addition, they have highlighted the critical
importance of thrombin generation in understanding clinical coag-
ulation after injury.!" Of importance, multiple authors have shown
that r-TEG values are reported faster than CCTs, and although we
did not capture timing data in this study, our substantial experience
is consistent with our previously published smaller data set.'*"!® In-
terestingly, at Memorial Hermann Hospital, our medical colleagues
are now using thrombelastography data before giving lytic and/or
antiplatelet therapy. As our experience with this functional test has
evolved, we consider r-TEG the primary method for evaluating coag-
ulation changes in trauma patients.

The 5 CCTs, on which we previously relied, reflect the activity
of plasma proteins, fibrinogen amount, and platelet count, rather than
function of these elements in a whole blood assay. As with most clin-
icians, we utilized these tests on the basis of tradition, rather than a
thorough understanding of the laboratory literature. The coagulation
tests in common usage (PT, aPTT, and INR) were not developed to
optimize interventions in bleeding and coagulopathic trauma or even
elective surgery patients, but rather to guide therapy for hemophiliac
patients or those anticoagulated with heparin or warfarin.* Of far
more importance than simple amounts of proteins or cell fragments,
the admittedly objective platelet count and fibrinogen levels are inad-
equate to describe the far more important functional status.!!->*



The traditional coagulation cascade is neatly divided into a
stepwise intrinsic and extrinsic system and is conventionally de-
scribed by the PT and aPTT. Over a decade ago, Monroe and col-
leagues described the cell-based theory of coagulation, and their ap-
proach is widely accepted as more accurately characterizing the inter-
play between cells, proteins, and platelets.>>~5® Hoffman insightfully
portrayed the classic coagulation cascade as accurately representing
the CCTs, but not reflecting the complexity of in vivo coagulation.
Importantly, these CCTs and the traditional cascade model do not re-
flect the risk of hemorrhage or thrombosis in vivo.>*> Using the PT,
aPTT, and INR to guide resuscitation therapy after injury is necessar-
ily flawed. We believe the thrombelastography results, while initially
appearing more complicated, more accurately describe the complex
in vivo interaction between the various components of the coagula-
tion system. Furthermore, most of the laboratory-based transfusion
guidelines published by various societies were based on routine man-
agement of elective surgery patients, rather than seriously injured,
hypothermic trauma patients in hemorrhagic shock.>% Regardless,
there is little functional information contained in these CCTs. The
turnaround time is slow, and they inconsistently correlate with im-
portant clinical outcomes. Conversely, the single r-TEG test derived
from whole blood describes the global function of many (but not
all) aspects of the coagulation system, and rapidly provides clinically
relevant results.

The missing component, which is not evaluated by r-TEG or
any current clinical test, is the contribution of the endothelium to
coagulation, an area of intense research interest.®*~7" New tests that
evaluate the interaction of the endothelium and improve delineation
of platelet and fibrinogen function, rather than simple counts or lev-
els, are under clinical evaluation or development.”!~"* It is likely that
new methods will be required as emerging knowledge from systems
biology and proteomic-based investigation yields previously unrecog-
nized information that is important for the optimal care of the bleeding
trauma patient.” 8! Finally, real-time computer-based algorithms that
will help clinicians integrate complex data and base interventions on
the individual patient’s injury mechanism, physiology, age, sex, and
test results are under development.

Like other smaller studies, we found that in the 1974 trauma pa-
tients, r-TEG values correlated with CCTs. This correlation is impor-
tant, as clinicians want to know that the trends seen in the commonly
used CCTs (for all their problems) are also seen in the thrombelastog-
raphy values. Of greater interest are the subpopulations of patients (1)
in shock, (2) requiring transfusion, (3) receiving substantial transfu-
sion, (4) sustaining traumatic brain injury, (5) receiving intracranial
pressure monitors, (6) undergoing craniotomy, (7) receiving preinjury
warfarin or other anticoagulants, (8) with cirrhosis, and (9) who died
after injury. In every analysis (all data not shown), specific r-TEG
values were as good as or better than the CCTs. Taken together, the
speed, cost-benefit, functional information obtained, and decreased
amount of blood required to “run” the test support the superiority of
r-TEG versus CCTs.

Seriously injured patients on warfarin or dabigatran can de-
velop significant bleeding issues. These patients usually have multiple
comorbidity conditions and, by definition, an acquired coagulopathy.
Bonville et al’® reported that trauma patients on warfarin were 3
times more likely to die, after adjusting for potential confounders.
For the patients on preinjury warfarin, the ACT was superior to INR
for predicting transfusion of both RBCs and plasma within the first
6 hours of admission in our study. From a clinical relevance stand-
point, assuming that one would transfuse fresh frozen plasma (FFP)
to a severely injured trauma patient with an INR greater than 2.0 or
ACT >128, 82% of patients would have received similar treatment
whether based on r-TEG or INR.'® The remaining 3 patients would
have all received treatment on the basis of ACT but not INR (2 of

these 3 died). The mortality rate for all warfarin-exposed patients was
35%. In addition, 3 patients with documented preinjury exposure to
dabigatran were identified among the study group. There was poor
correlation with all -TEG values and CCTs. This is not surprising,
given that PT, aPTT, and INR are routinely normal in patients receiv-
ing dabigatran. Interestingly, all 3 had very prolonged ACT values
(159261 seconds). The mortality for these patients was 100%.%°

As clinicians become more familiar with r-TEG data, it is
important to understand how to optimally use this technology. By
using continuous values and controlling for demographic, anatomic,
and physiological variables, we found that all of the r-TEG values,
except G-value, were independent predictors of 24-hour and 30-day
mortality. Conversely in a similar analysis, only aPTT (of the CCTs)
was independently associated with 24-hour and 30-day mortality. The
continuous variables used in our initial analysis are useful for deter-
mining correlation and will be useful in computer driven algorithms,
but current clinical use demands that discrete cut points be devel-
oped. Tables 4, 5, and 6 demonstrate these discrete points in groups
of severely injured patients. These data are important, because the
laboratory ranges provided by the manufacturer are based on normal
healthy patients, not severely injured and transfused trauma patients.
These variables are likely to become important when optimally us-
ing the r-TEG to guide transfusions based on laboratory data in the
severely injured. At Memorial Hermann Hospital, we currently use
a 1:1:1 ratio of plasma:platelets:RBCs in the rapidly and substan-
tially bleeding patient. Once hemostasis is obtained and the rate of
transfusion slows, we transition to thrombelastography-guided trans-
fusion therapy, utilizing the information in Table 7. Using r-TEG data,
the specific type of blood component recommended for transfusion
is generally accepted; however, the amounts to infuse are unclear.
Looking forward, we feel that the next evolution in the optimal use
of the thrombelastography for improving patient outcomes is with
serial thrombelastography measurements, documenting, and guiding
treatment based on the interplay between injury patterns, individual
biology, hemostatic treatment, and required interventions.

In addition to the value of the r-TEG in the patients with sub-
stantial bleeding or on various anticoagulants, it is also useful for
describing trauma patients that are hypercoagulable and prone to the
all too common thromboembolic events.??:** Unfortunately, CCTs
are not predictive of venous thromboembolism.>* Conversely, sev-
eral authors have shown that the MA is useful for predicting patients
who are at risk of a pulmonary embolus.?*~% Cotton et al recently
presented these data, and at Memorial Hermann Hospital, we are cur-
rently using an elevated MA on admission (>65 mm) to guide early
and aggressive intervention with prophylactic subcutaneous heparin,
aspirin, and/or inferior vena cava filters. In a similar fashion, Owings

TABLE 7. Current Memorial Hermann Hospital
Transfusion Recommendations Based on Abnormal r-TEG
Values in Bleeding Patients

Laboratory Values Blood Product Transfusion

ACT > 128 Plasma and RBCs

r-value > 1.1 Plasma and RBCs

k-time > 2.5 Cryoprecipitate / fibrinogen / plasma
a-angle < 56 Cryoprecipitate / fibrinogen / platelets
MA <55 Platelets / cryoprecipitate / fibrinogen
LY30 > 3% Tranexamic acid

PT > 18.0 Plasma

aPTT > 35 Plasma

INR >1.5 Plasma

Platelet count < 150 x 10°/L  Platelets

Fibrinogen < 180 g/L Cryoprecipitate / fibrinogen
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et al® attempted to use the D-dimer test to help predict which trauma

patients were at risk of a pulmonary embolus. Some centers still use
D-dimers to screen for pulmonary embolus and fibrinolysis; however,
this test has limited utility in trauma patients because of the normal
generation and lysis of fibrinogen after injury. Finally, Van et al*®
recently showed that thrombelastography was superior to antifactor
Xa levels in the assessment of prophylactic-dose enoxaparin in crit-
ically ill patients. They suggest that thrombelastography data can be
used to optimally guide enoxaparin prophylaxis in trauma patients. In
contrast to CCTs, a thrombelastography-based evaluation of potential
coagulation abnormalities includes both hypo- and hypercoagulation
abnormalities, facilitating treatment of both aspects of altered coag-
ulation function.

In addition to using the r-TEG to predict pulmonary embolus,
we have implemented a clinical guideline based on the fibrinolytic
portion of the r-TEG (LY30). Fibrinolysis has been shown to be
important in the coagulopathy of trauma, and early infusion of an
antifibrinolytic agent (transexamic acid) has resulted in decreased
mortality.”~%* Using the r-TEG data on admission, we have docu-
mented that mortality doubles when the admission LY 30 rises above
3%, which occurred in 7% of our severely injured study population.
Interestingly, transexamic acid use after 3 hours causes increased
mortality. Rather than treating every seriously injured trauma patient
with transexamic acid, we have implemented a clinical guideline that
recommends transexamic acid infusion in bleeding trauma patients
with an LY 30 greater than 3%.

Initially during the 18 months of our study, few of our res-
idents and faculty were guiding clinical care based on the r-TEG
values. However, as the clinicians have become more comfortable
with the information, most are now using the r-TEG to guide therapy.
Table 7 reflects our current approach. What is missing are evidenced-
based guidelines that are based on a large number of patient’s serial
thrombelastography data, the response to initial treatment, and sub-
sequent treatment decisions. It is likely that as clinicians become
more comfortable with the test and use it more often, correlation with
clinical outcomes will improve.

In a resource-constrained and evidenced-based environment, it
is important to balance laboratory costs and the quality of information
return. Clinically, the r-TEG values are equivalent and, in some cases,
superior to CCTs, require a single order, use less blood, and results
return faster. The r-TEG uses only 3 mL of blood in a blue top
tube, whereas the 5 to 6 CCTs use a combined total of 9 mL of
blood in both blue and purple top tubes. Data regarding costs and
charges are notoriously variable between institutions. Nevertheless,
at our center, standard laboratory charges show that th/.,e sum of the
5 CCTs ($286) is similar to the single r-TEG ($317). These charges
do not include D-dimers ($251) for those centers that are starting
to routinely evaluate for fibrinolysis based on the CRASH-2 trial
results. If D-dimers are added to the CCTs charge of $286, the -TEG
($317) becomes even more cost-effective. Lastly, these charge data
do not include the professional fee associated with interpretation of
the r-TEG. Taken together, it appears that the r-TEG delivers superior
clinical information faster and at essentially the same price as, or even
cheaper than, CCTs.

The limitations of our study are all the inherent limitations of
a retrospective study, especially missing data from the most seriously
injured patients. In addition, the -TEG and CCT laboratory evalua-
tions were not measured in a serial fashion, as the coagulopathy asso-
ciated with severe injury evolves and hemorrhage eventually ceases.
Finally, we did not evaluate the ROTEM assay, which is a whole
blood viscoelastic assay approved by the Food and Drug Adminis-
tration, yielding similar information but with different parameters.”
Conversely, the strengths of our study are the large number of pa-
tients evaluated in a short time frame, with laboratory samples drawn
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on Emergency Department admission, with a consistent approach to
transfusion and guideline-driven critical care.**

In conclusion, we have shown that r-TEG values return faster,
are cheaper, and are strongly associated with clinical outcomes of in-
terest to clinicians caring for severely injured trauma patients. There-
fore, we have recently stopped obtaining admission CCTs on our
trauma patients and instead rely on r-TEG to help guide blood product
administration and initiate thromboprophylaxis. On the basis of this
large study, we and our colleagues from emergency medicine, anes-
thesia, orthopedic, and neurosurgery are comfortable in evaluating
and treating seriously injured patients with an r-TEG on admission.
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DISCUSSANT

DR. ERNEST MOORE (Denver, CO): Interestingly, the ear-
liest reports of the clinical application of TEG originated from the
University of Colorado. Dr. Henry Swan described the utility of TEG
during hypothermic cardiac arrest in 1958, and this was followed by
the use in liver transplantation by Dr. Tom Starzl. This was a fortu-
itous beginning, as emphasized by President Eberlein in his address,
and this is largely because these surgical pioneers shared a research
fellow, Dr. Kurt von Koulla, who imported the Hartert instrument
from Germany. What is distressing to me is that it took 40 years for
us to recognize this potential benefit in trauma care.

Dr. Holcomb presented a very systematic and comprehensive
evaluation of rapid TEG in severely injured patients that mirrors small
experiences in several centers in the U.S., as well as several in Europe
employing ROTEM. That being said, the complex analyses raise many
important issues, and [ will limit mine to several practical questions.

First, this study appears to have inherent limitations because
we are assuming the patients were given the optimal red cell and
component therapy. While achieving hemostasis suggests adequate
hemotherapy, it does not preclude excessive use associated with cost
and complications. In fact, in our ongoing randomized trial, a TEG—
driven protocol appears to reduce component use.

Second, the correlations varied disquietingly among the sub-
groups analyzed, suggesting we are potentially lacking some impor-
tant information. Is this potentially the endothelium?

Third, your proposed algorithm appears rational, but there are
several potential nebulous arenas. For example, the MA reflects max-
imal clot strength that, as your data confirmed, depends on both
platelet and fibrinogen contributions. As you know, our European
colleagues believe fibrinogen supplementation is the initial critical
step for achieving hemostasis, rather than FFP or platelets.

Your proposed algorithm suggests fibrinogen administration to
relatively high levels of 180, but fibrinogen levels are not a part of
the current rapid TEG device. Additionally, you recommend antifibri-
nolytics for a LY 30 (rate of amplitude reduction 30 minutes after the
MA is reached) less than 3%, but this could simply represent clot re-
traction from activated platelets rather than fibrinolysis. Specifically,
recognizing the interdependence of the coagulation elements, how do
you determine the priority in giving blood components when there
are multiple deficits evident on your TEG tracing?

Finally, you indicate your current policy is to continue the one
to one to one in patients with ongoing hemorrhage, but given your
data, why would you not rely on the TEG to guide therapy in this
scenario?

DR. JOHN B. HOLCOMB: In this study, it is important to
recognize that we specifically did not recommend a certain amount
or type of transfusion therapy based on r—TEG data driven clinical
outcomes. The last table in the paper shows that transfusion recom-
mendations were quite generic, based on what possibly could be done,
rather than an evidenced based approach. I honestly don’t think we
know the answer to that ultimate question, and this study does not ad-
dress that question. I do think we know the relationship of ACT to red
cells and plasma, and that MA relates to fibrinogen and plasma. But
we do not know the right amounts to transfuse. That is the next level
of studies needed to help us know exactly what to do with these data.

I would again emphasize that these —TEG data were collected
only on admission, not during resuscitation or after resuscitation. It
really reflects the status of the patient as they come in. Rather than
leaping to guiding transfusion, we felt like it was important to limit
ourselves to a series of small steps rather than taking big leaps.

So the next leap is serial TEGs to document the evolution of
the traumatic induced coagulopathy during resuscitation and correlate
those with treatments. This study specifically did not do that.



You mentioned the endothelium, and as I wrote in the paper
the endothelium is unfortunately neglected in all of our tests, to
include the TEG. New tests are under development that will focus
on this important structure. It is an intense area of research. The
changes in the endothelium reflect the interaction with infused fluids,
intravascular volume status, cells and proteins, and the interstitial
space, is an important area that has been examined in the past by
Dr. Lucas and others and needs to be intensively investigated with
modern techniques in the future.

In the middle of active, ongoing resuscitation in the rapidly
bleeding patient, we do not use the rapid TEG to guide resuscitation.
It is fast, but it is not fast enough in the patient who is really bleeding
profusely. For that reason, we use a ratio driven resuscitation in the
patient who has suffered substantial bleeding and receiving significant
transfusion therapy. When hemostasis is obtained and intravascular
volume status is restored, then you have time to bring in the rapid
TEG results, and we switch to a goal-directed resuscitation.

Regarding the difference between the MA and the alpha, you
asked what we do with plasma and fibrinogen. I do not think the
answer is really clear right now. Plasma contains a lot of fibrinogen
in it, while cryoprecipitate has more. Bags of platelets contain a
lot of plasma in them, and now, with the FDA approved fibrinogen
concentrates, people are starting to use them more often when the
alpha is low.

The alpha has been relatively neglected in the TEG literature,
but I think it is becoming more and more important. In fact, in Europe
and some places, if you roll into their ED in hemorrhagic shock, you
get two grams of fibrinogen right off the bat. Maybe they are correct.
I do not know.

In our data of > 1900 patients with r—TEG obtained on admis-
sion to the ED, the change in the slope of the mortality curve was at
3%, with mortality doubling from the baseline of 10% to 20%. So the
7.5% LY30 that is considered, "normal" in the TEG insert is likely
based upon normal human volunteers. We essentially developed new
normals in trauma patients. We give TXA based upon a fibrinolysis
of 3% in actively bleeding patients based upon these data. We feel
this is a balanced approach to the use of antifibrinolytics.

The interdependence of all these variables is very real.
Transfusion therapy is more complicated than we have been accus-
tomed to. I think the old days of saying PT is high, give plasma, and
the fibrinogen count is low, give cryoprecipitate are gone. They are
all very interrelated, and we need to pay attention to that and treat our
patients in that fashion.

Then, again, your last question was about therapy. This study
addressed r—TEGs done only on admission. We are moving into the
next steps to figure out with data, rather than strongly held opinions,
how to guide appropriate transfusion therapy.

DISCUSSANT

DR. CHARLES LUCAS (Detroit, MI): Your prior work sug-
gests that you use the TEG in order to determine when to give blood
products. Consequently, it seems like a forgone conclusion that there
would be a highly significant relationship between the amount of
blood products that are given and your TEG levels. Also, as you
know from prior work done by us, the PT, the PTT, and the thrombin
time correlate with the procoagulants in trauma patients in a highly
significant manner, P value is less than 0.000, and the platelet levels
correlate with the first and second platelet release reactions, ADP and
collagen—stimulated aggregation and adhesiveness.

So before we throw out the baby with the bath water, I wonder
if you could tell us how the different elements of TEG correlated with
these classic descriptions of platelet and fibrinogen activity.

DR. JOHN B. HOLCOMB: We have not previously used r—
TEG to guide therapy, so the fact that TEG data correlated with

transfusion and outcomes is actually somewhat surprising. The point
of'this paper is not that the conventional coagulation tests are bad; it is
that the r—TEG test is faster, cheaper, and, in many subpopulations of
interest, better. If you combine the statistical analysis, the sensitivity,
and specificity, if you will, along with the economics and with the
rapid results in these patients who are rapidly changing, then the
r—TEG is a better single test than multiple tests.

DISCUSSANT

DR. KEN MATTOX (Houston, TX): Dr. Holcomb, I concur
with your conclusions, and I have four simple questions. First, you
interchanged TEG and rTEG. So what does the rapid TEG miss that
the regular TEG detects? Many hospitals still only have the regular
TEG.

Second, how soon in the creation of the TEG curve can one
safely use it for clinical decision-making?

Third, for decades, we all have been looking for an ideal reliable
test as an endpoint for resuscitation. We all know that blood pressure,
pulse, lactate, near infrared spectroscopy miss the mark. Is TEG now
this assay?

Finally, the word "ROTEM" has been used, and in some con-
tinents ROTEM is not a TEG; a little bit different technology, but
the same principle. For all practical clinical purposes, is TEG and
ROTEM interchangeable?

DR. JOHN B. HOLCOMB: In the paper, rapid TEG and TEG
are not interchangeable. They are different tests but run on the same
machine. They use different activators in the same machine. So you
can conduct a regular TEG and a rapid TEG on the same machine,
but with the —TEG you get faster results. It really is a matter of when
you want the results back; what your time course is. We use regular
TEGs in the ICU and rapid TEGs in the ED, just based upon the time
course required. There are some interchangeable values there, and
there are some differences.

How soon can you start using the rapid TEG in the ED? The
ACT, which is that first result that comes out, is available on the com-
puter screen within five minutes. We see these results in the ED and
it is often the first test that comes back from the lab. If it is prolonged,
if it is greater than 128, in our experience, that patient’s chance of
receiving a transfusion is increased, resulting in a heightened sense
of urgency. It is not being used as an endpoint of resuscitation, but
rather as a warning signal for initiating resuscitation. I personally do
not think there is a single initiator or endpoint of resuscitation. You
and I have talked about putting our fingers on the dorsalis pedis and
feeling the pulse character. That is probably as good as anything.

The ROTEM is a different machine than the TEG, the main
difference is whether the pin or the cup rotates, but both interrogate
the viscoelastic properties of whole blood. They both deliver similar
looking curves, and they have different names for their test results.
Studies have looked at both and document that they yield more similar
information than significant differences.

DISCUSSANT

DR. KENNETH BOFFARD (Johannesburg, South Africa):
More people are adopting your attitude including for example, the
British. Across their forward field surgical teams are using TEG at
point of care.

We too use TEG at point of care, although, for some reason, it
costs us about $60 a test, and I do not know why American TEGs are
more expensive than South African ones.

We also found very useful that our massive transfusion protocol
comes in at two units. So the first TEG is performed after two units
of transfusion, and thereafter every six units, because it does allow
you to go direct.
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I do have two questions about your techniques. First, TEG is
influenced by temperature, and did you measure the temperatures at
which your TEG was conducted compared to your patient’s tempera-
ture?

Second, I cannot believe that, in the U.S. 1,974 patients have
not been taking either Plavix or aspirin. Did you find your TEGs
changed as a result, or were you looking for that?

DR. JOHN B. HOLCOMB: We did not modify temperature in
this study, however we did in some of our preclinical animal studies.
We talked about it and opted not to as that is not our standard with
the conventional coagulation tests.

The US Military used a TEG in Iraq in 2005 and found similar
results as the ROTEM data coming from Afghanistan. We evalu-
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ated 11 subpopulations of interest and we specifically looked very
carefully at the patients coming in on Coumadin, Plavix and as-
pirin, and the new thrombin inhibitors. In fact, we published re-
cently, in the New England Journal of Medicine, a letter about
the thrombin inhibiters markedly prolonging the ACT out to huge
levels, much higher than anything else we have seen and associ-
ated with significant bleeding and mortality. For those patients on
thrombin inhibitors, the PT and the PTT are normal, and there is
no reversal agent. The only test you can use clinically to find out
if your patient is anticoagulated with these drugs is the TEG. R—
TEG is extremely useful there. As to the difference in costs between
South Africa and the US, Ken all I can say is that is just the way
it is.
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