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REMEF. SIMBFREDLR, FAEENZHNE, FARAERESEXNRRNERETFR, MFRAZENLROEERS
BEARBNEE K, MERARHRNEREAREN, EREXETRYBLFAREEARRMINENCN. BNNENSEIZEH. FEH
M AR MIHEERERF AN RS BRI IR, RIFNEARNRNEENNATULIERFNFAZM, WBENFRARERE. FHIIBEEM

MmigENEEEHMAFAEARBRNEAEEERR,

MmizENEFEERKFAREARBEFIRA
PREE
BEEFRERHERAT

RE

ARMINAER BAASHHGHM. ThRF#kmE (OVT) EEREFARERLNTEHLE. TERAFANEEARRAR
BRMmMER RN, ZixEHknREE (VIE) , SFTERH kN (DVT) MitieE (PE) , PEXMBEEANEHNNE,
BEEFEOENR, SEARREATAEBMN. AMTHESTRERIPEImbmie, EERBEMNT SRAFABERPESEF
ERHMRR. EFIt, EAMESTS HMFAR—MTE, LIRBRENTASTREMMEDHMREE, FrLlAEE
TG SR EARLRMINEE NS REEEE, MieHEREARMCNTTEEBELEBENBENRMINE, BFRME
i, HeEmMWRAYTT RN FARTREARE, EERNAFAEAPMAHRHEENRE S,

Ell

mi

FARREMOE. MR, RIORLK. MRLRASKE (8
MAFBERIEROATF) , RFAZRELRNEEZEAH
WEERE, BRAFAFEAIZBMXTHERA (total hip
replacement, THR) « ATZ2BXTEBEA (total knee
replacement, TKR) FERBA B &I F AR (hip fractures
surgery, HFS) W, 8RAXFAGOEA, O8RS, BAEK
RER, RZSRNBERONERILY. BE, BEAGH
FEMKEITD. FBKIUAHE. BRBXEERG (MEMREGRH)
MARESRERSERRA, TEEERENMIETERL, HRE
BRA: R#TEME AN MISTARG, RERERKIE (deep
venous thrombosis, DVT) Fffit£2 (pulmonary embolism,
PE) , BPE%BkMi£42£2E (venous thromboembolism, VTE) ,

©2022 IMPROVE MEDICAL All Rights Reserved

EENRBR MR 40% ~ 60%.

m#23 & (thromboelastogram, TEG) AJLLM4MIEE L
MRINRE, B8 7T MRERFERARIFBRERNLEE
Bo F 1948 FHEE Hartert &L, SAATFEN
BRI U S EEXIASIERY, BEERANRISH
¥, HEREMBRAPNEZAZRHERRR, BT EHRIMG
ARV PR LU IR Z R IRERARR M, eS8 1 BRI
IR Eh S SR M E E T IR RA N SRR, BT ERE
ERENERRERNET. A4EAR. VMR 45
BABREMS BOMALEHAREXNER, AitEsR
AFAEFARRATRBANAT BERERKMISAE, KABRKHE
BEMNREARE, AXEEXMEENEESHAFAER
HAFB R A TSR
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— BREARAL M

EAREEMERFRAENEBHLEZ—, BRAFR
BEFAROUMAEA, FABMARAMBRIEE, ILIMAANE
M, KMBREZEFHR, BXARET: BEREARRPLLEF
¥ 1000 ~ 2000 mL®Y0, FEMEUEFARBHONEBRE
B RABEEEEREAMNBNMERR, FRAETSHER
1, SR M. MRSt mEFREFERIG I
BE. MTHMMRA, IWERETAAEE0REE, £R
LEmZ54), DR 3t iR AN B4R R i Rl F- 0,

—. TEG E#ERAKFANNA
(—) ES4E84Hm

EARRABEEHESFALREF, RMRRE. HUERE
KRRz MWMRESR. BOEFHRZ. {FR. MRERE. K
RRTUEFERSEM, 2SBWGFREENSE, EiNHmn
2, BRBERTXIRPRY, RiYHEERMSENDRS
m, AEFBRENESNRE. BARRNDEENFRERNSE
7 o

2022 £ 1 A21 B, BERBAEBREZRRER NG T (B
FAPBREMRERER) o FAPEARKMNERET AR
# (WS/T 796-2022) , EFEEFAMA Y IRFRE A MR HImANER
SEEL IERN ARG EEENME, 4088 (red blood cells,
RBC) EATMEEEAEEHROBTEEWL ENRAME
E, URBENRIERRE, N8, AR[EEINESHE
g MAZEA (Ho) RIS (Het) ER2OMMHEER
KNBEEENEERR, WIIARSEEERRAS
RIFRIEHERMEERRAMBENEN, BRAR. &
Hish, FREPFAARAEBT 2U, ML Hb
fEA Hb < 70 g/L, L HbTE 70 g/L ~ 100 g/L SEERN, HIR
BEENFER. HNS. BERE. OMIEEURE TREE
RERRSEHMBEHEE. /MR (platelets, PLT) &M
FIvMREE R HIIEERE#EHNFHDTRNEE, )
LHRAFAEEORME. ML, MRETRER
PLT 3H#8 < 50 x 10°L, ZEEHA#EMRINERER

(dnMnie A ENRRIM/MRIIEEET) , B MRAR Lk
o RERIES, FEIOKMIE (fresh frozen plasma, FFP)

2 E XEkSiE | Article Reading Guidance

ERATROATFRZSCEMRES e Mkt mian. i
AORMFPIERMTER: (1) BEHM, HREEE BhS
EREGE, HPTH/Z APTT X FEEETEMERN 1.5 &,
INR AF 1.7, MigHHERTEMAFRZE,; () ™EH
m. KEmet; (3) TRMEBRESYN, SaxHER
MBIPUEER, FBEA 5 mL/kg ~ 8 ml/kg; (4) THUkRMES
HImEY, AT TRMERZMER (WFEME) . 2R
(cryoprecipitate) ERAF#FELFEEHE. VI, XA vWF
EF. MREHEEMAFREGRAIHEERN, FEEERL
TURBRMEAF, ATUERMRFREETE: (1) mEF4E
AR < 10 glL. MR HERTALETARINERT,;
(2) mEHMmM. KERMMEY, MEFEEEE < 15 g/L;
(3) FRI=EHMmAY, MTALEHR <209/L; (4) VI
EFmERZBEPEREFASLMD; (5) vWF MIXIIEAF
Rz S M.

AU SENRIETT, RERERFARINIXE—
o RMESHNREBMENMUE B MARRT R REHEE
Npe, BEMmARREKEENEBENET B, §FE
EINE ST FTRERR A (A e BE ST, 1EIIARER
RE KR ERLN, —5F Meta DITRRABRASFEIAMEE
A5IENFE TR,

AN A EESRME ML E L. 12
SRAENFHR. ESRMINERSENMEN. BRimy
Fo IRMEEMEHEADENRTHMBET, IRKERERBE
B, B0, BEMRRMREBERMINENEN, IRKRESYURE
E, HIOWAARLMMARIUE/MIR, BETEMERE 30 min
A MR N BRI M 0, SHRMIEPEERR

(BRMAF. FEZHFEMMIMRE) HTEZEN, B
EEERNIEMBEYRNEETERS & 1) , ERE
Tt S AR ARV B SORR MR TR TR SV R I PO TR 24 38 1 75
RAE—ARTEE 40 ~ 120 min, RN &RV ZE R EFiE R
BURMIstRN: RORAF. FEERRFNERITE, BLTE
KME IR RS R UG ISR E 1, BABFIRAN
®RAERSHMTIER—NE, BEERNINEESTUER
EFERMERNEESIRRA N, NFEeAHmE,
RRMNE RE I 45 Hh A 38 0 EIFE H MR4T 4 &R K PRI SR A Thae TS
EUNAESIATA BT D EERANRTER,
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® 1 e HERNSHE

BHEW  BEEE EX WEREE X
i~ i TK: REBMEFIERE
5~10  RBSMEMEHEENENEFESS R, -
(min) G55 RADRMEF A
KBl MRES B S BRI AT 2ommPr BA 1A, F®oRmg TR RRFERARMETE
(min) 1-3 BRI RERE, RBRATAE ERIINAE. GNE: R AAE S R
Anglefi Mmlﬁii%ﬂéﬁ%ﬁ%#ﬁia%kﬂéﬁ%ﬂrﬁﬁﬂéﬁ@k%ﬁ s PR T T B ETHRE AL
e 53-72 WA, RRMBRTREE, RBRFEEEENY
©) . A RRAEEAEETRE
EX X E} B AR Ex 2.0
. BAIRIE, RMT MERNBRABE O
50 ~70 = 4 MREFMm, H ‘ _
() e L RRATRRRRRTERLER, FEOR g mrm s
Lv30 BAIRIBEIIRIER A, o
0% ~ 7.5% . . B WA R EATTHE
) RIT MABRNIREE, FASRTHEIT.
>+ 3.0 B, MEFELAFEERRES
cl 3~3 BMLRETEE, BR. K. Anglefd. MAZIERE

EE AERAE A B 8 S I A A e BR SR Y I TR A 70 /8RB =
IMAENEENES, HREEMEAEARRBEVERIFENE
BE, FHERERMERE, RENNEENERERMRE
FHmE, BRBHZ, BEIIEKRSNLL Hb A Het fE%IEL
HRRATIEAE, NARMINEER MR D MNRZENIES
HRE&, IGREANRMNEERNFEEEE —ENNK, BT6E
EAPEENL, FREERE 5] BONEIRE
£ Kang FANMRZEHS RN, ZAREFSERES
STERRIER TR T TEG BSMNAMMEES, FZMRH, 5
feagmeNESAMMALL, £F TEG M EESMNRIM
MRFmOEREE LD, IbE, AT TEG EOMEIMIF
PGP ERARNERES, Tapia AR, FEEZEBET 10
PRANMBRNEEHRZEP, TEG ESTHEARRTINE
REWMMAZE MTPLY, Tauber EAMMRH—FILINT TEG
BB TR AR REINEHEY, HFEK, mMieEHEEZER
REMRZEZNA, EBXYRERMNR L HNEHTEE
BOtMANITE, BIERBIRNAISREIER, +2 A @mRES,
EXEZANRRS, K 60 BER. FE. FAMRE. FA
KBZERYTRITFER (p > 005) NBFEAERE, MEHD
IR A g5 ) S S i T FRBVIR S0 A N R A = i M 7
BISTERAE, 3 2 BEFAPERMRHROEHITHE, KN
AR, TR, SREDKORMK. FEEQRER
ENEEDTRA, HIBREME S HERNBETE S

©2022 IMPROVE MEDICAL All Rights Reserved

<-3.08, MmEAFEERS

m, REESRL/L MRS mEIEAE, Corwin FFIXE &
BA: EAHIRAMmiESHEESMO M, BT AESE D Mk
HmAERE, THYEFERKNMRTRIS, TaEBERBE
ARERBREERRIETR,

NFEFLUEMR ST 300 FIRLRRERERITFENX
B BRFARBERMI S KA E IR MIEIRES BT R
4, LUK RA Mm% E N ER TS S A FRA,
LbER 2 LRIATT R, FARAI: AN 2 4 PT. APTT BRA
AUEEF, FIB. PLT AR T, REAXERMSAIAER
IhEEISR—ERM; RAE PT. APTT 2 TFXI884E, FIBET
STERLE, ARSI EE S MIAE SR AT R MIhAE A
FEEECERN, RREATRNREMEEIENOESER, 7
1S EMmTERE SN VMR, mRENEANE, ERFRH
BASBRMNERMINASERLIR M, HARPEMINEEIIRE, M
EARRMEEREETFF R HI. ARERRKRE: SR
AR, AREAAPEMERAS 24 h HISIHRL; KA

MmiesE 7 E NI AR M T EERENS & S IR S S, THIMR
A, MRARENIRNK, SFOMAM. MIES. M

MRAEBEXIRA/LD, IERAREMeENEENERIESEE

W, PILERPRRMINEEIRRE, ARG RAE, SRR
mABEER, i, MRAMMNEFTRRNAEXRRIRA
1%, REAMAESEHE NI ER MR SBMEEE —EXE
%, BRNFRIENEFRRNRE. XEWIERTBRF

X#kSiE | Article Reading Guidance [ 3
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ABEEAMRAMEEAEESKM, AU EE B
2, UmRsImiaE, HRRMIhRERRE, MUkERmm
HXFRR AR ERR,

(Z) FRqmAe X e

BRI EE (VTE) BRENAFABREXREMNH
AiE, FNBREEEARETRERRNIETMIAFECHNEER
£2Z—. VIE REMREHKANRESHELS, FIETS
PAZLIAE, BEKCTEREER, SERFLE: R
prie (DVT) FMfHiEE (PE) , B VTE HEARRZBAMARRE
FEER) 2 FMIBERRIMAF R, DVT & THHH SR RER
Bk, HIRERRKA M4 F S H B R BN T 2 AR BN Al &
AT ZERY, ERAk MR EAER PHRKANERBEHZEN E
ERRA, hESRNERBEREMEELFRENE_AE
RERER, £k 50% ~ 60%M VTE R ERRRESME kg
EB, ZRFOGERG. IMBFR. BHEME. ORnE
FREEERS, thEMRKRA, VIE WERSHESEME
BANERREERET AN, RES VIE HXMNAREMIET
ERER, (BB RN AT ARBENRIT AR,

RIFREERDES IGKRMKHZFT (NICE) f2H8IiE
PRiEE, REBZET EXEKMAETRIIT, BEEN
FREFT#HT VIE KBITE, HEEZFFIRmesmp, X—a44
ERMREE VTE MABREAEEIS TRIRMRH, Hit,
FHRFIGRER. BNSERES. NMEXEL, #7512
s, RAETMENREASELERENEERER,

BBk R ERAREIE=FE: #IKRERG. &
BRILFERH AR RS e LIS R E ARG RIS 3 AT
IERRK ISR NS, BRRKAIRIRERER: o5, FAR.
MR, BRMIRGS. SERMAIERE: BE VIE K
. RPEZALEDG. fE f5h%, SRERESEER: St
FBRE. £EFFEE. POFRIKES. TAMESAE. EXEAM
fiE. BREEERESSMT. AThENNEEABENS. M
BERERAFANZENRBUL=FEBRER,  VIE
RENIRS AR,

B RilRR 2 B 5805 MR 50 1F 9 BEA A RN AR M AR,
T VTE REREAIFE, FHATEMIRNIEI PT. APTT 5
D-—RAFR NI MENEIENRIINRRNSBER,
WERANRMRSETZENNERN, X VIE BFNE—
BB, SRBRBKIMIST BB SRR EREMH BT

TEHIRAFVRI, BREERIA A MK REETN
Tk, BRIREBMETZ AN AR NBIETNEEaEY
#iEE, BE-ENMEHRENZEHE—ENFEEE. M TEG

4 E XEkSiE | Article Reading Guidance

NEALESM, MAKNEFRRLATF. F4EEHRMIN

IREYINEE, ESSEIMARRN—FAediE, BARMgEne

R, RESNRNIIERSE, AERSNSURKEMS, R

ARSI M E I AR kIE. ELt, TEG EHMANEER K
MBS, FUM VTE KM EEFE,

EER, X TEG EFN VTE KPR ER 5T Bt
%, Park S AMHES TEG AERHAIRBIHS RS, BT
BRMIRIOREB T ITRN VTE &%, Gary EAMHIRLI MA
> 65 F1MA > 72 5352 DVT M PE RN fEIOER, MA ER
RIMFREARMEERE, HPRIEBNRIRILEAR, &
BEWR/IMRMBEER. IMRAAEEBREMIANZMI
BERNEEZS5%, IVMRERAMEMEHRPES
FOER. [VIVMRIE M EIRAERESTEEW LI, RMmtha
R ZRIA I RIS B SE N MR EN 2 2 SRR,
BEMMEET . REFCEBLRNEHGEITEERGE0
#3%HEMN D-ZRAFEINES ARG TRESKLIENEER
s BT TEG MBS TRIRE KM RNTUNE X W
RET, BEREERN MA B D-ZBANERSELIT
FREX, A TEG MFNAGE TFERBERKMENRETEE
B, Liwingfu EALVEI TEG MLZERIMEIR CI 2R
MEEE VIE NIUNEF. MB—WMRAI TEG MWEH R
BHEl 2SN EAESIPERE (SICU) ESHEEATERELR
4 VTE MIH MM BEBIEIRCY, XLEMRLERYRIAT TEG 5]
A MBERMRTS, BEBEERES, WU VIE £
E X EBEAMNE,

(Z) BMHESR

BEEN VTE BIRANARUNMBEXERIMEEN LR, &
MAFREFTEIERIEMMEE VIE LR, X—URE
RIEBRIRERMIR, HPEEN—TUEEMEEF AL
BREYBER. RIEITHNERISMERAFARME TSR,
BRimte LT EQEEAT. MERHNGYHRT =
Mo —IRLbEMIEEX S S RIRYIER TR VTE IRR
MRNBEDINETR: KETAEBEE DVT XENRK
%, BRI AR MISTREIEE T AR,

MBI R BRI LA 7 3 MINEL. E—RinEsYE
BERREBHRSEEM. FFE (Heparin) BFE—FHAERN
R, ZBAFRR 1916 EXMFHEMESESE, 2R
BB BRAER S Y, BTG NFUERIESI (AT-I) 5%
MESHIFEMATMAIERIER, SMRNEESRE, FHRM
FRRYSE MR 1000 ~ 2000 £, EEMBETRNTEY, B
SR RE Z AR S RME T RAEENEERT, B



BTHRMAEEE K WROAFEER K WFIA, @l—
BFIRFENEER K HRF, BRIRKNARI ZHTTE
o BERMBAMRRABD FIE, M. WEFER. E%
B GERFR) « BE (KEFR) . KO FHRERET7TEEF
ZERENURER, RAFAEMEH, BDFHREM 15000 u
/VE 4000 ~ 6000 W, FEAET HMXEE, FREMEMNEE
migtr, £MFRAERRS. 2001 FENMED FHENIHE—A
Em—RE (BEAFEmW) L, eB2hFEER, HR9TF
LMRIABHER— SRR, (VRBRIEEANAE, DFHRE
PR 1700 p, FREFREBATERM L he BOFHEN 40T
KE 17 h, TRBIERN, D EOMNFRESH IR
BV ERERE (Heparin induced thrombocytopenia, HIT) BY&
4, REWL, ©RRXEEWIIAZREERY, RAE5%E
—RMEZRRLGYIER, WAL a. EHETURE FHE
Mo E=RPURAYLUEREORTUET (DOACSs) IR N
i FEOOPIRLALL B AR, ENREMXa FAFH1la
FRIEEHEF, TREGHEMNR. 5E—RMNEZKH
BAYIALL, EREE O EEHMTERMNEMARRNSE
BRAENE, ANTUOREENE, THEKITRMAY
i8], AREY. M5l MR,

B 1986 &, XERREMFES
Chest Physicians, ACCP) Fi&RT H—ZHEXFIKMEHRE
(VTE) IkFR¥cm. BEEH, E 2012 £XHENR (kg
5 mmpsikREEERE) , XBRNAFRE VTE FphAaT
RETERR. ELENEN, BEENES THRF TKR F
AWEBEFEHRMKD FHFE (low-molecular-weight heparin,
LMWH) . BEiXFF =8 (fondaparinux) < Bl Ok 70 B
(apixaban) . A Lb 0 B¥EBE (dabigatran) « I €% 7 ¥
(rivaroxaban) . EFIERIZ@AFE (low-dose unfractionated
heparin, LDUH) . @RI Z2FAENEZEM (adjusted-dose
VKA) SFRIFIEHA (aspirin) FBAIIASTIAL; BIIES HFS
FANBEER LMWH, BUARFRN. LDUH. ZFI8F%
B SE M B LM FRRF M4 2. 2011 SFEEBREMSE
2 (American Academy of Orthopaedic Surgeons, AAOS) 7RA&
HIERBFTERAFANEERES 10 ~ 14 d NRMEEY

=TS

(American College of

THE, BRAFARNGUIENMNSER T B LM
T, BETFEEFRBRNFENELT (FHBRAFARE
RERPKIMASTE R T RN 1 (PEBHAF A MIEE
EETPER) , ENERESHBRENFRENSHAF
AREHY VTE Fif5, fEREMERBRAFANBETEMIA
PRI SR £, EREERE. MO FFE. Xa B

©2022 IMPROVE MEDICAL All Rights Reserved
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FIPFIFSEE R K TR IMAS AR ZRED,

BRAFARERBELYNE VIE BEEHIR, 23
FERERPKMAETZ AN A2 R B IEFE T 60% LA ER, (B
B, JURaTTER R TZ X EEES, WiginT S /X

08

BANERIEAEATURLSY TR MARAZA, BIAATSE
REBHBERETERGBK MM E M, Hit, BEE
BEFABTHRAT R ERENE RIS, KEEER
REYITIE REIRINEE,

MRS XRRE T ERTUETINEL, M2 T R
FUEFIFFE SRR, Novicoff EIRE, MERRERARS
TURZIYIEFARYIEI, AEHMAIXFE 2003 89 1.4% EF
F)T 2006 FH 9.6%, HIMMEEREBTRZAYERIRS
FEFK, RERRMSE. FEMEFS. I/MRIMEEET
UK BB R AR B M) S ER AT RS ANt MO KBS, LHEBY RZ3E 2Rk
DIURAYF ERE RS —FIER. EREREMMEHEL
WHIM. TESME. MAHM. MAEIEKES RN E s
BENNERARREY, MRABERBHENYIBRETR
VTE, EItiEsd 2R e SEFIEE SraTEE,
B E BT SRI0 ZE BY iR Ao

BRXIRES Y, ERABIRMIRESNTURINETR
AR MRS ERE, URERATT, BEARBMERE
EhRm. MAEH. AARRERMM/MRITEETEEEAR
M. REBM. #TEMEFHRLRANEL, FiE
AITHIESEXER, MmigERRE RIRMAEERS,
ATEEATIRMAIRNSE, ElgitERETR R BN K &S
B85, MA B CI ENRASER, RillEFREIERR
7, R {EM K EASEK, MA B Cl ERSRIRK, migss
DE R BEREK, RT-RNEFHEREXZNRAYR
m, Rz, RrMeREE; KEEFM Angle BHRERE T M
BREMEE, RTAEEQRERER; MA EIZX, R
M/MRIHEETTR, RZIETRIHEEMT; LY30 # EPL HRBRET

BRI, BARTAAHE,

FFERFCURINT TEG Ul TR BT EF ARG KMmE
BIRARNE, HEXBRRE, TEG BEBENR T RHNSE
WTEBINEEEFAMRMRT, XN FRITHERERK
BEERR, URAMTSAMERNERENReEREE
EMNSENEo Bliden FORAFEIESE, M HERERIA
BRENORDBRAETHR, BERBRESHREDB
90%. W EEIRAIERR T Miess HEETE AT PEERSE
o

X#kSiE | Article Reading Guidance [ 5
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= Bg
BRAFAEARHEERSHEMMMSTRRE, ik

PRSEFREIEH, TSERTETNEE RMIIEERTS, SEMEEERILE
BRISHEAT AR, BR-ELTTE, AIRRERMme
RBE, XEER/DEARBHMAE, MMSER&ERIGRKTTE
AT B, Mg HETEENFAREBARBNEME
1R, RENRMEAF. /MR, FERQRNDERTAIRE
FHTEETM, EMEMTRFAERMZE, HEFHME
A, BREsSo MM, BERYIRRTTMEZYFRER M)
(g2 D AFURME. il MREBELFIRMEE) B
2/, #HTMERES; SEENEE, WARITIE, 7
BERFLN, RNBLETER, ETEABRRNEESRSE
HREEENME, AT, 2R TEG TR AR
MEISER, HABRIRRT FPHTAaTT mie™H R EF,
B—FEETF TEG MR BELERRINBEFIREE
BRI, 2T NRARXIEMER; Z—HE TEG &8
WEESECEEHERA—EE, X TEG SRMBIRHR
T—ERM. FILKRRNFERERENEXARYIERTE M
BAOENRAE, migsshEEN—FRNENEMRSH S
%, ERRMpmeENBSSNERANLERTIE.

2EXH
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AR, FERELFAIARAFINMRBLBES, WER
MRFRIZUESVPHNEE, FIRET—FEA
B 75 R B F A I MRR ME.

Mohan K, Broderick JM, Raftery N, McAuley
NF, McCarthy T, Hogan N.Perioperative
haematological outcomes following total knee
arthroplasty in haemophiliacs. J Orthop Surg
(Hong Kong). 2021 Sep-Dec;
29(3):23094990211033999.
doi:10.1177/23094990211033999.PM1D:34583559.

RE

Bi: MRBEERAELMETRM, XTELER
NEERIE TR, BEENBIGAT, BRI
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13.

REEEA [ THLELEIGINXTR, B2BXT
BfAR (TKA) MAR—EBENRELTH . RE
EF RPN LRFEEE T O, BxidEH M4
MHHIBIRMAEE. FAARNENEEVORKREEE
TKA R/GHIENBY R MM MR F H & o

FiED WE—RVMHES TKA FAM A 25 B ik
REEHIT T AH 12 FHEHERR. FXEEES
EMRFEENRANE ABIFMAREBEEEST TKA
FARRREHITEEE.

£R: 18 REEH (T2%NMER A, 28%AMER B)

B 21 fl TKA FRESHN, FIFERHK 4 %, RE
24 /NBYAD 48 /BRI MAI R TREE 93 2.7 g/dl
0 3.8 g/dle S5IEMAFITEREELL, NG 48 \BIHIM
AEHTHREEEEER (p=02644) . HEEENE
FAREHEE, MEBEE (06%) FTEARERILL,

Zit: A—REUN=ZLB PR OEZEMIPER TKA
FARNMAREE, SFENRFBENRAUNERR
WIEMEREE TKA FAGFHNLEMTERLL, BFR
B MERMFEY, BNEERFABERERNMEFEE
FKHITEE, UAUX—ERBERENER,

Themistoklis T, Theodosia V, Konstantinos K,
Georgios DI. Perioperative blood management
strategies for patients undergoing total knee
replacement: Where do we stand now? World J
Orthop. 2017 Jun 18; 8(6): 441-454.
doi:10.5312/wjo.v8.i6.441.PM1D:28660135;PMCI
D: PMC5478486.

H/E

EBRXTEBRA (TKR) BEIEHFEREENNFAZ
— BERERXTNERANZEEIATRERAMBINEL
Be, MEAZFE#HITRERM (ABT) . 5 ABT #H
IOHRECERL. BFE. ZAR. FREM. X2

14 [N XikiEE | Article Abstract Collection

14.

15.

5, MAFIR7, LUAERE. Alt, RREEFALR
NMREESRE, TBZENZRCRMBINE, FNE&
KREMESNIER, EL5E TS MRERIPEK
B, BEAEGERND. [IUFFTNRER. BiFE
M. RPAMRERFE. SURH. [EpLmERaRFER
BfER. HFEFMIRRERE, RIESRIEXERE
DA ZEMER/ME. RFIRKL. RPRHIREHE.
XM TERNENEOMEFEARNRE, HRERIE
TKR BF A& EIRRIZ S BRI,

Santana DC, Hadad MJ, Emara A, Klika AK,
Barsoum W, Molloy RM, Krebs VE, Bloomfield
MR, Piuzzi NS. Perioperative Management of
Chronic Antithrombotic Agents in Elective Hip
and Knee Arthroplasty. Medicina (Kaunas). 2021
Feb 23;57(2):188.
doi:10.3390/medicina57020188.PMID:33672130;P
MCID: PMC7927106.

BE

EWMANABRXTERAZTHRESHNBEHITHER
FEBRFEAR, WEEZ2XTERK (TIA) HEE
HRTFHEMER, ORI SRRk SIEMK
HARR AR ZY), £TF TIA BWHMXEE, URAREM
e ERAHNRGE, BFARNEERmMmeSYEEY
FEAMXTERANBNERER, EXRGED, &
ITEERR T XTFEEFE TIAs FEMHmieHYEF
ANBEENHSIEE, FEE T ARARKERRERE
BHUEEAXE, &&, HUMieHYNEERNZHYEE
RAMKBER, SO0EM. REL mMBRRIEMERFA
i EDESREFRNEEDE.

Kopanidis P, Hardidge A, McNicol L, Tay S,
McCall P, Weinberg L.Perioperative blood
management programme reduces the use of
allogenic blood transfusion in patients undergoing
total hip and knee arthroplasty. J Orthop Surg
Res. 2016 Feb 29; 11:28.
doi:10.1186/513018-016-0358-1.PM1D:26927608;
PMCID: PMCA4772648.

BE

B 28 (THA) MRXTERR (TKA) FIRE
BHRRESEBEMEHNREE X, SHAEEHERF



16.

ANEMRERIHITEREARGMLIER (Hb) FEEER
MEAEMESENER .

7k BRI RS RRAF I —REFE
FRSIANMKERTRIZE (FMPEE) MzE (Fm
) B9 200 ZESHRFIEFM TKA M THA NEE., T
FEANBEEATER 7RG, HERDER TR
FRIFEE (15 molkg) « EBERZBILRARE Hb KT
RmE, XELRVENERAMBNLE. MMHEX
BHEIE. REHEE. ERRENFEMERE,

ZR: SHZEMBEZHDEEER. SEBEIFESAME
kb, FHEMFL (SD) AFT Hb BE. 2500 1387
(13.9) #1 1334 (13.9) g/L, p = 0.008, FFAKIAK
E% 1 X Hb. RIERME Ho MHFE Hb 395%&E (p <
0.001) » SEMIFIBLAMELL, FHAMNEMTERBIE
(6% vs. 20%, p=0.003) . TEMEMEFRELERF
WEEER. RERMAER Hb RUNBEERES
EEM Ho K (JLZEEL R 5.7; 95% Cl A 1.3~265; p
=0.024) o

#it: SINEFARPMAMRLSRAET RGN Hb K
T, FRLT REMAREER,

17.

Alfonso AR, Hutzler L, Lajam C, Bosco J,
Goldstein J. Institution-Wide Blood Management
Protocol Reduces Transfusion Rates Following
Spine Surgery. Int J Spine Surg. 2019 Jun
30;13(3):270-274.

doi: 10.14444/6036. PMID: 31328091; PMCID:
PMC6625709.

BE

de = .

R BREFASAENATROEX, BEESHR
I, #EHIMAY B E ERRE A EFAH L AERI XL
1B, AT RERME, RIIKET AITH2REREIME

©2022 IMPROVE MEDICAL All Rights Reserved
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HERIEE. AHRNENRER
SMRHE ABIEIA

ZismNRITE=E

Ak BAI9RT 3709 BB MEREEFARELE
BiTHNARAENENEER, & 2014 £ 1 BE
2015 £ 3 AMELH (1742 REE) 52015 F 4 BE
2016 & 7 AMVERZHER (1967 |EBE) HITTLLR. H
FEFICRARE, —2BEWHREN. BITENA
REEENIES <7 gdL FHEIIAEHMARL =, &
MHENUHNERIARS, HiEE—BEERENM
REHR,

ZR: NEZIARE, WNEDFIM 16.2%HEE 9.7%

(p<0.001) ., MIIZEH > 7 g/dL HIBE R IREM
6.1% FPEZF] 4.9% (p = 0.09) . ZEFHITIMAERIG
MBS M 42.0% EFZE] 59.1% (p < 0.001) - 1EfR
BfiEIM 3.67 KB B 346 K (p = 0.04) , FRERSG
KM 1.5%E/L3) 06% (p = 0.01) » AREMGE, Efx
BERSEHEER.

it BIERITENUNERBRARFEN—BEERE
BIGREEEFIER, SHEREIMERmLmY, FEEEF
RENRLERLDT 40.1%, XFHELHNTREMS L
B9, MIEMMAERIERIGNT 40.7%, BES@TE
PREVIEIFIFRERRRAR L, HATEFARRAEAZT, L
TR T IR ERR I R L BB 2 IR AR

Spahn DR. Anemia and patient blood
management in hip and knee surgery: a systematic
review of the literature. Anesthesiology. 2010 Aug;
113 (2): 482-95.
doi:10.1097/ALN.0b013e3181e08e97.PMID:20613
475.

BE

ATHEEFARPRMANES. H5ERERIXRL
B AMBREBTFANEZ T EBRFANRANXL
LRMEM, RITHTTRAIER. EEZLBEXTR
BXDBRANBISINFANEED, RFRMHEK
SRS, DBIF 24 + 9%E 44 + %, RFERMHEZE
BT (D37 51%HM 87 + 10%) . EFAHRMS
45 + 25%F0 44 + 15%MYMMIME, RERR. RENSE
THEEMIRE .. UG BT RE X, BEF
(BRAESRAMMERR) ATATRL, UKEF
REAWAMIERORL THMER, A THRERE

Xk | Article Abstract Collection [y 15
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18.

19.

Wi, BUEHRTETMANFIREEMSE, BIESEX
L R IR AT S BV IR RIS R

Shander A, Kaufman M, Goodnough LT. How I treat
anemia in the perisurgical setting. Blood. 2020 Aug
13;136(7):814-822.

doi: 10.1182/blood.2019003945. PMID:32556314.

B/E

RMNREFAPNELAR, SERTENTRER,
BFEERNTAMNEETREN TR, URIEINSAEmID
BIXBE. 7ELE, FAINET 3 A, HBBIEER
DR ERANMEFANSEHTEFABRNAMNE
B, TeXmBFARFRNLREAML, AILILIRKEE
NHEHHTER, RMUNIEAKT, FEERNFAYE
FRER. RAMETRUKRENES, STREERI
ML, HER. B12 MEFIF, EFAMENAE
BIZIE A EM SR D FAK MBI R E IR, FI50
B MR AT MAER, RERETENEE
EEARERFNFSHNNTR, &E, EAGEMEH
FefE NS R MHATHREMEE, FEARMFERM
ERSH—PHIMBENBTHER.

Hourlier H, Fennema P. Application of an
adjusted patient blood management protocol in
patients undergoing elective total hip arthroplasty:
towards a zero-percent transfusion rate in renal
patients-results from an observational cohort
study. J Orthop Surg Res. 2021 Nov 27;16(1):697.
doi:10.1186/s13018-021-02846-z. PMID: 34838063;
PMCID: PMCB8627010.

e

ER BERBSAEARESHNFRAEERSHRIMXK,
MBRETEMHEALKER (PBM) BERRMERIALL
E, XIMRERRNENR TGRS EFEESHEXT
BigA (THA) BB ERK (CKD) BEREEMN
PBM 75 ZEHIZRI,

Bk H£5 1191 FEEBEFI TIERESEM THA,
HEBMTEEEN PBM AR, PBM AREFIMEE
MEMIRLILMER (EPO) AT, ENMERRPIRE

(TXA) . BEBLMEBBMASMISILER, TE
ZIE/NIKEEE (GFR) RFHET 60 EH/F &
11.73 mEREPIN T % PBM HERAIMERE, NBEET.

16 [N XikiEE | Article Abstract Collection

20.

RiEE$E 1 X (POD) % 7 + 1 RMMAEHKFEE
T =,

$R: BHF 153 BEE (129%) EELHR SRR
ERTF 60 BN HIVIR &A%, Hep, 20 A (13.1%) #
EPO J&ST, 120 A (78.4%) &% TXA. EEEEEE
FAREPE—AEZRERL. BIRTARNTY BI
73 2.7 (95% CI 2.6, 2.8) o CKD XI Bl ‘& BE2EZXM
(p = 0287) . AT, AW TXAF EPO AITHIEEME
€T Bl (S, 03, p < 0001) . EZ TXA F/=
EPO JABTTH B REBE &HE HIMS e EH LE.

it EZHMIEH THA 19 3 #i5E 4 83 CKD BEEF
REAE—AROEANS, ELEALANDRESLH
%, BMEreEENHONKGFEEEM, BFRHR
RS HIEM,

Sen RK, Tripathy SK, Singh AK. Is routine
thromboprophylaxis justified among Indian
patients sustaining major orthopedic trauma? A
systematic review. Indian J Orthop. 2011 May;
45(3): 197-207.

doi: 10.4103/0019-5413.80037. PMID: 21559098;
PMCID: PMC3087220.

HE

BBk M2 ERE (VTE) REIGEABNETHREER
WRIFREZ — REASHES EREE XL
BEMMSTRLTER, BENEMREIEXLEIER. BNE
AO9F VTE MEAREERES, RZEIR, WX
R, MURSHEETRRAEE A+ ZERRVE, EREEK
mig (DVT) A—IERRIE, AL, tlfEMmie
MBARITAEIE R BN AV H, AERXEITILT 1EE
SEESHIGRENERES DVT WAEEMMmET
PHEIER. BE3T “PubMed” #1 “GoogleScholar” BI%



21.

HEER, XME 10 MXTFHEZRETEARSHAGF
A (BREFEEBLRSITNETRG) SEiknieieE
BN, XEMRALIHE T XTEBRATEGEEN
Rk MiSIEEE, EROIGEBETA (1049 BEE) 5
XTBRRBEDTE, WH VIE WEER, BRE
. BEMSEEET T 2ETE, RTRAETEHR
R FRIN, HEMARERINTENE AN GEIER
TR/ TR AT, EASHMAT, ¥B2Y
WREEANZHAFETAR (8 MR, 722 BE
) o EEZMETRNEHEAD, VIE NWEAEER 8%
(10/125) , MERBEZERMPEATABNEES, VIE
NEEEXESR/Z (14.49%, 40/276) ., ENEBEHRS
KEREs (FERRGRIN) EERRINERIKMNEEE
XU, BRIsE I b SRATAR 75 A TR S I T2 Xt 1R
BEEEN,

Abu Assab T, Raveh-Brawer D, Abramowitz J,
Naamad M, Ganzel C. The Predictive Value of
Thromboelastogram in the Evaluation of Patients
with Suspected Acute Venous Thromboembolism.
Acta Haematol. 2020;143(3):272-278.
doi:10.1159/000502348. Epub 2019 Sep 11. PMID:
31509839.

BE

55 XMAEMEAANBNRRITmEEAN
(TEG) REFLUHHALIXENRIZERBE S|
MEEKMmSEE (VIE) RERESE RS VIE BIX

08

Bk WEMBEHT D-ZRE. RFrEnt#NHES
Wiem, 8% R [E. K BE. Angle . RAIRIE
MA fB. LY30, XFDELE, XA 5 Fisher ~H51
; MFEETE, XA tRRIEMIFSIHINK,

©2022 IMPROVE MEDICAL All Rights Reserved
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L5 2016 FFiE], #f 109 FIFRGIFES 55.7 A% (21 ~ 89
%) AR, HFE 18 fIBECHWISHA VIE, D
FmizEHE (TEG) 2%, TILRIFNELTERXRE
DETE, £ VIE BAEM VTE [AEEEZEERSS
FITFERN, £ETRANMEENE (TEG) SHIE
BRI VTE ISERATAEMETFGE (Well £43) « SiREZK
FH D-ZRALERKIDPATI, EDRERIREE.

i SRR REIEREM— iR HESE, X
FRLEEANSLEMEZFERMAIE VIE FEK
ENEE, BE VIE KT E.

Brown W, Lunati M, Maceroli M, Ernst A, Staley C,
Johnson R, Schenker M. Ability of
Thromboelastography to Detect Hypercoagulability:
A Systematic Review and Meta-Analysis. J Orthop
Trauma. 2020 Jun;34(6): 278-286.
doi:10.1097/BOT.0000000000001714.PMID:31815829.

BE

B89 O HFTERAL IR AR ER, smies
S1E (TEG) MiEkmieMNE#. (ROTEM) , 7
BEAIIRRIS RSN MEEE (VTE) &
£HES.

HUIESE: PubMed. EMBASE # Cochrane TE£X3K3ERE
I CEXRAE “migAHE" . “Heiitms
ET M “TeRmieMNEE" 5 “FikMieteE” |
“RERBKMISTERR” . FieE” M “BERRE &TF
FIMEEZE 2018 £ 2 A 11 BHN#ERL,

PRZIERR . BRI AN HERRAT A LU R 2R AR X A0
B8, HFH 254%F &S HERNARITE,

HIRIREANLZ S 1RIE PRISMA F5R3F0 Zaza EHIER
BIHMEER, WX S| RRBHTEES, HRF
BAREEFHIKe e EN TN ENBEIRIT S
FF, #IEM AR DerSimmion F Laird B RS AE A3

TR

$R: H# 1893 BXERITEANEN, HPEEE 370
o TEX 370 RIEEF, H 35 BHAREAN, HPR
B 5 BN meta 2. FIFILEE 8939 BIRREFA
KUMARFEE, HPEIRS 717 flMmie S, 7 17
B (50%) XEH, WiE 6348 5l (72%) £E, RAIR
1B (MA) ASREFASEESERSHATAHFENX

SCRHBEE | Article Abstract Collection [ 17
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23.

BI1EHT. MA EATF 66.70 mm AIEX NSRS, MA
= 65 mm WEERGERE VTE KRMNEEMNA 1.31

(95% Cl, 0.74 ~ 2.34, p = 0.175) , EFNARE VTE
FHESURRER 46%, RN 62%.

#it: RE MA ER—BUARR AT ARSI
MEMEFAREREMERENL, AMA MA ERE
SRRSHRENEERANTEN, HENELE
F—ERRY. Fi, FEIMEFAPRNSERS
B, migsHEEAREE 1 X (POD1) FHEFHEET

AR

Liras IN, Rahbar E, Harting MT, Holcomb JB,
Cotton BA. When children become adults and
adults become most hypercoagulable after
trauma: An assessment of admission
hypercoagulability by rapid thrombelastography
and venous thromboembolic risk. J Trauma Acute
Care Surg. 2016 May;80(5):778-82.
doi:10.1097/TA.0000000000000985. PMID:
26886005.

BE

BR: I2EHE (TEG) WEAIRIE (MA) #IERR
AT LU BR A A € 1 B & B & R S A B8 Bk i A2 42 22
(VTE) R, EFRLELFMHAR, HIZEH
EILEMKS MA BEX, UNESSFHKMIEER
FRAEX,

FiE BANHMET 2010 £ 1 BZE 2013 £ 12 B A\PxiE
FrEaEtsEE. FRENEETERTIIME, RS
D, MA BEERNEETEMN_2E (B8, MA > 65
mm) o FREBEHAT. IR GTERERILEE
EY35#7, LUTE MA B VTE KERAIERE,

18 [N XiikiEE | Article Abstract Collection

24,

L5 HAiE], 5 7194 F—REBEENR (819 B8R
18 %) o 30 FHl, MA{E > 65 mm HATAEME—BERRF
£ 35% ~ 37%, 1E 31 ~ 35 % (45%) 1l 46 ~ 50 %

(49%) EZEEH, WEH p < 001, EEHRG=E
RE. MIEMENNERT, BIBEVASTRA, £
S5 % (30 FLUE) , NBEBIERIIAERIATREM I
M 16%. M 1 FFA, FEkmigieERL—BEREE
1.5%Z B, HE 13 %, EFAFI2.3%, 15 FRERE
F, KF 5.1%. BRI PTBENERKERIESL ~ 35 %

(5.5%) LUKz 46 ~ 50 % (7.6%) , FW&EHIp < 0.0
Logistic B35 2R, 5/\F 30 $HEEMLE, 31 ~
50 $HEE L EFKOSRENNENT 34 5, %
DAmEiEl, SEETE 50 $ R AMLL, 31 ~ 50 %
HEBE R ERAKMSR LN T 2.3 5,

#it: N3 FFHE, JIERARASRERSTE, MAE
1 VTE RPEABIEAT X—=. 31 ~ 50 ¥ ARAN
Fpkmieie XS (&S MA ERTREM) B

Gary JL, Schneider PS, Galpin M, Radwan Z,
Munz JW, Achor TS, Prasarn ML, Cotton BA.
Can Thrombelastography Predict \enous
Thromboembolic Events in Patients With Severe
Extremity Trauma? J Orthop Trauma. 2016 Jun;
30(6): 294-298.
doi:10.1097/BOT.0000000000000523.PMID:26741
642.

BE

BRY: EEEhEE N @ RE Me 8 B
B MA EFERAF KM ZESMG (VTES) KIK
M. Ri%: (1) REBMERETIBRETER
EXERGNESE;, (2 EXERGEENRN
e MAE, IJRTTGEEKmEEX,

®it: B,
MR ZGE—REIEHD.

BEIBE5E: N 2009 F 9 BHE 2011 F£2 Bp
HABICE T H—REIGH L, FHETE 18 ~ 85 FEER
A—ROMGIRENEE. DARFIRGTERER 2

(ORTHO) XA EIRE < 2 (hon-ORTHO)
[z

FENEER. & CT MBS NFERkiEE, £



25.

BRI TIUE S AR ARBK MAS,
TEREAD .

HITRRERDH, AR

#R: HF 1818 FIRETSARAE (310 ffl ORTHO
#0 1508 5l non-ORTHO) . ERFIEMNRZE, RE r-Mit
#7IE (Angle fi 71 vs. 73, MA 62 vs. 64, P& p <
0.05) ITAFREHRZ, ORTHO AEEM VIE 24
MRS (65% vs. 2.7%, p < 0.001) o ZEFHEINH
185 4 MRRRIN VIE WXL (g, B, B
Al ORTHO), EITHIXLETEE, NIt MA & > 65
(LbfELk 3.66) #1 > 72 (LbfELL 6.70) BAEREHAEERRK
fikES:A04= 0k VA TN [FS E

£hie: R HERNK MA ERTLURFIEBEX
BRI EIAH BE R ER sk e e R L £ R
B, MAME > 65 > 72 BEMZLERSFNIEM 3.6 &
6.7 &%

Abad Rico JI, Llau Pitarch JV, Rocha E. Overview
of venous thromboembolism.Drugs. 2010 Dec 14;
70 Suppl 2:3-10.

doi: 10.2165/1158583-S0-000000000-00000.PMID:
21162604.

BE

MmieF R FMEER G, KEIRSBINRE
, MUMRASMITEME EH AT EED N, MmiefHE
ME A MASISIE, BEKMISIEEFIAT RS
(DVT) , TERMTHEE (DR S8 ZRIRERRX.
ERLEERT, DVT SENE, HEBIOBEEAN,
MT#NFERK, SEEHRE (PE) . WEERBER
ERZREBRMERE (VIE) , BFFR. 5.
e, HlEh. BAE. KEIRTT. Bid. IBE. EXER
MR aRE kMR e ERSE, thoh, ERikmizte=EthAlaE
BE. EEUN, SFEKMietERSSHAERT,

©2022 IMPROVE MEDICAL All Rights Reserved

26.
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NRAYR ISR, FEFH
HRBERH T IEA TRk ML ETE AT IERE
FHo FRRKIIIEAR AT B MR R SHEXERN AR
MR, UREMFHRE, MEEKNEES LR
MmigEEEE. —MRY, EEEEERESFHE
(LMWH) | ZBHFE (UFH) B ARE
(fondaparinux) E/98RBKkMMASIEERITABAFATTE54,
AT EIRIE R ENEASENR R EM AR, RE
BRARBE/LHAE. BREAT A
PkinieieE, HEBRHIVIESEIN, BMmLWEF,
FIRERBEZSFANBEPNRBITIFIH. B
FEEFERAT AR, MRS TR, EIN2E/—EE
F, RIAJRERS XA R TG RAE X ISR T3,

Watts L, Grant D. Venous thromboembolism
(VTE) risk assessment and prophylaxis in acute
orthopaedic admissions: improving compliance
with national guidelines. BMJ Qual Improv Rep.
2013 Nov 20; 2(2): u202229. w1118.
doi:10.1136/bmjquality.u202229.w1118. PMID:
26734209; PMCID: PMC4663810.

RE

‘SEHAEY 25000 ATEERRE FRBKM2IEE
(VTE) o XELFEFIBE. AKRMTBELHNSA
BZEZ” . BRBARLERKMIEEEN XL
Ko 2011 F, BE/NATE—FTX S ERNFAEIEL
HNBRHEREEIZRE RS M TN #IT
TAHBBENEIT. HRERAE, RYNKAERE, €
ESSTER PR, BRE TIRANNE., XL
BiE: BERAELRENREE, EIHGREEDAE
NGB, ERIPIEARTERE NG #HITRbKMIEE
ETERE, HESREEERITHRRE, BEHE/)
HENTEERNITEN RS,

MAFRK eI T EITAGIRE, HRITEN RSN

X#kiEE | Article Abstract Collection [y 19
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27.

20

ENRINZTREBITL0HE, PIEAZAIR AR
TIRIME, SHAME, WEXR VIE ESHKRMMR
;&IHEL_?;KEI—Jo

Saleh HE, Pennings AL, EIMaraghy AW. Venous
thromboembolism after shoulder arthroplasty: a
systematic review. J Shoulder Elbow Surg. 2013
Oct;22(10):1440-1448.

doi: 10.1016/j.jse.2013.05.013. Epub 2013 Aug 21.
PMID:23973166.

B/E

BR. BRATERK (SA) B—MENEERSKRS A
WERFER, FbkMiEEE (VIE) 2 SA REHN—H#
HERE. BRiRZWX—BEFAREAKMeEENRE
R, ERERMTPHTEE SR,

F57%:M EMBASE. MEDLINE. Science fiif. CINAHL
# Cochrane 5 MIFEIBEFIOER SA AEskikiete
BEMRXER. ANDNEDRIE 1 6] SA ERERK IS
SETtE ZEHIFAE XARe XIAER BT T AR BT A
RO, LUAE SA EERMSRENRER. &
MER. MieFaks. STRALIE,

HERAHRIEMN 14 B RER SA NEFEKM
BISEEERN 0.2% ~ 16.0%. REEMISIERA
B EREESKDLEES, MRTHME. EAF
R, B, HETBMEER. SENNEAKIRENFR, 287
I RNTRARFMIE CT T, 6 T (43%) MANBIHASR
KM ETR,, BRI A A TERE,

S0 RERENBROLREREREEER, B
EEMNEIRE SA REFEHLENATAEME. RITE
WOHEFE SA BENRRERMITME VIE K. X+
X BB BRI AR, RREBHITER
ENIRKRAT.

E XHEBE | Article Abstract Collection

28.

29.

Mortazavi SM, Hansen P, Zmistowski B, Kane
PW, Restrepo C, Parvizi J. Hematoma following
primary total hip arthroplasty: a grave
complication. J Arthroplasty. 2013 Mar;28(3):498-
503.

doi:10.1016/j.arth.2012.07.033. Epub 2012 Oct 31.
PMID: 23122656.

BE

MRTEREHBEA (THA) BEENMATEES
ZRFR, FMANENZRITORNERERRE
LBXTBEMRAMEHE M. AHEFNBHARDAT
2000 £ ZE 2007 i@ THA RAERMMEBRFRFAL
38 HlEE, X 38 GIRES 117 GITmMBEHTH
08, T 41 & (21 ~ 96 5F) . ZRERLEADIT
BT, HME. FHECRMEN4ES K NER. BF
REBUEASER AT R MR RR I FRNE R, 2
FURM B Amm BT AR BREE, mAhAS#iA
ARFARERMMUBKAEAR, REFTTELNAE
77, BAREMETEISIEM,

Hassan MK, Karlock LG. Association of Aspirin
Use With Postoperative Hematoma and Bleeding
Complications in Foot and Ankle Surgery: A
Retrospective Study. J Foot Ankle Surg. 2019
Sep;58(5):861-864.

doi: 10.1053/j.jfas.2018.12.022. Epub 2019 May 24.
PMID: 31130479.

BE

EEERISAERE. BXTFAA 3 ~ 5 XA
HIREMARY, BFEARASEATRESIEHLE. A



A — MR BIBE R, EARRF, RINT
B, BXDEFARFAFTRAMALCME, REH
M. MEFFARAEONFNLER, BIEMSHT 3
5] 379 ZRBENRR, BREEER. FAAR. &
B (R vs. Z£H) « FARIU FIR. FRE. BR)
MAREE 2 AFARIBUREHIE BENTHFERR
60.12 % (21 ~ 81 %) , (AOHEREREZEN 0.80%.
BEESA 2 A: KReifRAMEICTM 81 mg A (n =
238, 62.80%) MAKARAMAELMA (n = 141,
37.20%) . ARER: RERBHOHKZEN 3 fIBE
&, 2 GIBRATABELTH, 1 FIRRA. RAMAE T
KEESKRRAME LM EENGOHLENREER

» RGMAEIREREERGTER, REIRE
Ho MR, ERFAEFABERMACHERS
BHH, BERBAELEMERFNFARMR, REH
BRI
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Awson JW, Kitchens CS. Surgery and hemostasis.
Curr Opin Hematol. 2015 Sep;22(5):420-7.
doi:10.1097/MOH.0000000000000172.PMID:2624
8002.

wE

By BRI EFEESN THIEEERM. FAFME
HmAmieFAENTERRER, XE2FEN.
S BRIEF AR,

$
%

=3
SEEYRIOTAIEE, BTiE

Baiffzgil: RERNEFHMEHIMANERMELE
BRIMREBEHRITRETH, BEZERNFARAR
(IBERFR. BMAERGRITIEEIEATERR) Mt
WEMSIRTFELTKWHMXER R E, AT, X
=+ENRFRFERERERARKMERE (VTE)
B9FARG, VTE RERFABRELRMIETHEERE,

B4 BFAMEnEERAFRAESFENNG, it
ITHRETERRE T, mATRBETSER, EES
MEARBERXMALILERHISE, JRANABFEN
—EM,

SHHEE | Article Abstract Collection [ 21
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MmizEHE SIS L EBENITHEFIERZ A ERM
pelfr BEER BRI RETVEE

Gregory R Stettler, Joshua J Sumislawski, Ernest E Moore, Geoffrey R Nunns, Lucy Z Kornblith, Amanda S Conroy, Rachael A Callcut, Christopher
C Silliman, Anirban Banerjee, Mitchell J Cohen, and Angela Sauaia

B=

77 SEAMEMIRLE (W0 INR. aPTT. FIB FM/MRitER) 48k, EFmieRNEESHIENEREREENE. RANEE
XTEFPE TEG (ITEG) ESAEMMm (MT) WEE, EFRAEMEEN (NEKkL) NREMRKREN. FHRANENZE
iy MT BEMER TEG Bk T E BRI (CK-TEG) 1HESMKS RiaEREE,

Bk SR D—RKELIMBHROTE 2010 ~ 2017 FEWUARITT CK-TEG HEIHBREHITITM, KA ROC A DM CK-TEG NN HRE
MT BEFUNIEEE, MT BERENA RBC FXRE > 10 U 5 6 /NIRRT, ERAAZRRHIHET CK-TEG ERHME 1Y
RERE,

L8 £ 825 flolsEEH, B 671l (81.3%) RBEM, B 419 ) (50.8%) MuME, B 62 ] (7.5%) EZT MT AT, &
2 MT WEBENGETE, AERERE, ROERIEEER. 586%S MT NEEMEL, #2T MT NEEN CK-
TEG 12 R BYEIE (4.9 vs. 4.4 min, p = 0.0084) , Angle FIEE1E (66.2 vs. 70.3°, p < 0.0001) , MA {fE®E/)\, (57 vs. 655
mm, p<0.0000) , LY30 &K (1.8vs.1.2%, p=0.0012) . 247 MT £E, R BYEHY ROC BiL TEFAR (AUROC) =0.6002, &
EIEA > 4.45 min, Angle B9 AUROC = 0.6931, RIEHISN < 67°% MA BJ AUROC = 0.7425, BR{EHISA <60 mm. LY30 fY
AUROC =0.623, RfETIRA > 4.55%,

230 RINBLHT TR LS G EEIT MT J457H CK-TEG &REE, HITRBIN: RBE > 4.45 min B, #5EMm3T; Angle
A <67 BT FAZAREISR, MAE <60 mm BYMSEM/VR, LY30 > 4.55%8{ERR S 544,

IEHEKT: JaFTHERE, V&
X9 K2R, TEG;, TEG B LEEN,; RIMINEERER; &7

3l FReory, RKENMFEIERIAT £ mkE RERE
fles, XANBALLFBFELIABEETIHRESEN.

MRk ERES EHEARMING IR MASREE (PT) |

EFFRELEEER (NR) | SELERD R MESEE (APTT) | £F

R FUKFAMMRITECRIE S, MmiesEHERNE—M

AT RN ZHA eI ERMERIGEE T, KFZRF

IR, 5SEMRMIAKIESHN MTP 8tk, BEF TEG ESM

RBRIMAE (MTPs) NEMERS T RMERRENE MTP RETEEFR. #HH, XTMEEXRNRSEELIHEEES

ARERMBEIGERFHRATHETERE, SETSEH
40%, HA—¥REER 2 /BIRLE, QU55 [REAE M IHAER
15 (TIC) BRHMMFETHEERE, B—MSERNEGEIL,
WEE: RMEBBSEELD. FEEARER. M/MRIVEERE
15, FATUHNLARATIREERE,
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FRHRE 7 B DB ARAN M R B EA_ESSIRAYN,

HIIUFERANE TEG (TEG) RENXREIMEE,
AFESEAERN (MT) XEENENSH, XEHEN
BMEEE: JERMYE (ACT) <128shY, #iEm3Z; Angle
fa < 65°AY, HERTUE, RAIRE (MA) < 55 mm &Y, i
M/VR; LY30 > 5%8Y, ERMLFARYE, FAm, KERER
BEEEENEREMECERIN TEG RMER, —LalfEai,
BFESLELEHRNER T E&QN (CK-TEG) M, (TEG 5
Hth TEG #2MIE (CK-TEG) RUECEFIRE, PR TEG HA
AERFBKLECE, T CK-TEG (XEBIKHEIEN, BAE
KB TEG (HARFHEWLT) FILUILsREm, HIRTEME
I0RVETIE]l, 1B rTEG MEMREIDATENBIRM, 72 TEG R
TALRFIRSBESRRERIEE, MMEETolmES
BEFEENRNAFHRMERS, XL, ABRTEE (—H
EEBEEER) M TEG EHEBEREE A EAREERMNE,
M ITEG AIRETEIFAREEAEEES, Hit, HIINHR
BERS@EY CK-TEG S MR RAARINS ISR
MINKERE, PMEARRMMER, HEXXLESHNRE, U
ESEABRMNEE NI ME A7,
7k

HRIG: XE—TAHBREET 0 (DHMC) FiL
FAERIBELEER (ZSFGH) 7E 2010 ~ 2017 FiEFF SRS
OMEECEIE (13 1) MRASRE (R > 18 %) HuBEMmE
D XM MRLERRET ACS INEMESIAEN—5HS!
HRt. EEBENAGESE (HIRX2ISHOEEENE
&) . kSR, ME. HURRENEE. NEMERERER
B, HIEMETRE BRI RN EETHNRR.

EEARRES MIBNAEEZERSHENTRRE
8. EEISAABRERASNEM L, ZEEENARSEITH
THZMSTMEEZRSHRE. RIBIMNAFBEELSK
AEMARZERSMENNIY, ZSFGH MFTE REHMEEEANE
BEB. NHEERNTUMAREIE (PRAs) APMEEREEEIG
—/NEREITIAEE A ERRN, IRRELEXNHREIE—TFHR
o

BEMTABRMBAEEERE, MZFFHE, £ DHMC
HAE), PRTARRELISMYING i B RIRE TEG (TEG) HfE
TREIES RIS, [E5%, 4U 4N 2U mRWXEIEE
BIRRIA, fF rTEG ¥llTERk, RIBIRKREERIRBIFEHTTI
Ao WMZEIFMA, 7E ZSFGH BETIRRERMEH R M XIS
SR, 7Am, MREBEE ZSFGH QMEFAERER, EF
ROTEM 1558 MTP, X EXTEM CT > 80 s B, iz,

24 [&) stiksgig | Article Deeply Reading

FIBTEM MCF < 8 mm Y, #EQ/mEset 4S8R m; 5
EXTEM MCF < 45 mm LA FIBTEM MCF > 10 mm B, &1
/MR, 3 EXTEM ML > 10%EY, ERSFRE, RHFTHS
B ABRM (MT) , BXH > 10 U MLIAMHEFE5]
f5fE 6 /NBYRSEL, RIERNZAARMARERY), LURRE
EEEREE. ZESBTEXKERIMEENMRR ST
BYEE.

TEG BIE T E@EKRN (CK-TEG)

EiITEB SR ERELIITA, MBALE CK-TEG i
MERERM, CK-TEG IS H LT SERIT MR R
FAMMMASSERE: MEREKNE [REZEE (R B,
min) 1. MESRFERENAZE [F/RiERA/Angle B (0, ) 1. M
BRERRE [RARE (MA, mm) | HIF4EBRAR [MA
WER 30 7% (LY30, %) ], 1R#E TEG5000 [Mies#AEIY

(Haemonetics AF], Niles, IL) BURIERBHEITIRIR,

MESREEIAMIEZERK (CK-TEG R BYE]) RMm3ZH:EHE
1E; BHRERMIEHHERE (CK-TEG Angle i) RLEEAR
fld ORI WER—MEE; MEBREAREREM (CK-TEG
MA fB) BIVMRIERVIEE; FHEZEEBMKTEMN (CK-
TEGLY30) RIMLFALHRIEREIER S22,

FARMEE (CCA)

EOGEERARILEN, BAARE 32%ITIRERERMEN
4 mL FFEE (19 UmL) REMAE, BEFLMmiRie (INR
APTT) BY{EFE DHMC 1 ZSFGH MIIGPRISIS EIeAT RIS

7o

it £ 7.0a hitds GraphPad Prism #XF (GraphPad
RHRTE], P, CA) F Excel vi2.25 (AT, BER
Bm, WA) BT, WTEESHHNER, HiEAH
MO HCEE (IQR) FRR, ERAFIRIIEAE Mann-
Whitney 1038, 34E CK-TEG MEBEHITIHFEMHL TER
(AUROC) HBZENr, LUHMEESNT ASRMAITUIIMELE, 33T
F—1 CK-TEG MBS, BIIERTEHERERRANHG
(MT) , BERALDEEK (0 = S + BRE 1) B

T, WBIEHRRAEEZL 19, EN, TUET CK-TEG T
=. INRFAPTT WREE. FRME. PEEFBMETUIE,

LR #8825 FIREHITT CK-TEG B, R 154
XEBENAOFRITERHL EANDINEES, F 671 fl
(81.3%) ABEM, & 419 I (50.8%) Ak S, & 62 fi
(7.5%) 2T MT 8f7. 5%6ES MT MNEEEL, #%
MT HEBCIGETE, BEERENKTER, EIERMILK



BRE, CK-TEC BHELRE (R2MK3) . £ 763 flkiE
= MT BEBES, 191 6] (25%) EBRT 1 MREZRAMLIH
FaE, AU 3 NMEM (IQR 2 ~5 V) o FHLMT BE
HFFELR 4. SIHSWEUBEMRLL, AHEBEFNEER
FERIGN (RABEREE. FLEAS. BERRIGM) Mk—L®
BRIMIHAERE (LY30 #AM INR HEX)

IMPROVE REVIEW EZREEE- LGRS

CK-TEG &#H AUROC 3%k 5 Fiio £ CK-TEG Fi'E
M MEHRA RN I F I EER, CK-TEG MA fERZ MT MR
EFMIEFIE (AUROC = 0.74, 95%Cl 0.67 ~ 0.82, p <
0.0001) o

BETAEHEHH CK-TEG ESH MT MREHELR 6
FE 1, & CK-TEG H{ERIFUNEEHINE 6 FimR.

R 1 BENAORITHHE

Fit () (h=825)
ISS (n=762)

ED Ye48E (mmHg) (n=816)
ED ¥ (BPM) (n=815)
ED GCS (n=820)
ED &8 (IREKE) (n=587)
FLE (mg/dL) (n=405)
FRERSS (n = 352)
maER (g/dl)  (n=814)
/R34 (1000/ mL)  (n = 813)
INR (n=797)

PTT (#) (n=795)
FHBEFKTF (mg/dL) (n=467)
D-Dimer (ng/ mL) (n=478)
RBYE] (min) (n=825)
Angle BEE () (n=825)
MA (mm) (n=825)
LY30 (%) (n=825)
TARREEERAL (R 6/MBY)  (n=825)
M¥RMERM (776 /1\F)  (n=825)
M/ REESRAL (71 6/0B)  (n=825)

RIUEEESRAL (516 /)Y)  (n=825)

33 (25~48)

10 (2 ~25)

129 (107 ~148)
97 (80~114)

14 (9~15)

36.6 (36.2~36.9)
33 (24~55)
44 (0.7~8.2)

14 (12.6~15.2)
263 (214 ~311)
1.1 (1.0~12)
27.7 (25~30.6)
225 (172 ~287)
1.29 (0.35~5.22)
45 (3.6 ~5.45)
70.1 (66.2~73.3)
65.1 (61.3~68.7)
1.2 (0.3~25)

0 (0~1)

0 (0~1)

0 (0~0)

0 (0~0)

IR P USROS UEHCEERT. 1SS = AT EREITS, ED = R12F, GCS = RAMFERTOINE, INR = EFFEKLLE, PTT = &

23 R IMES AT 8l
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=L

FHE ()

ISS

ED W4EE (mmHg)

ED 0¥ (BPM)

ED GCS

ED &8 (REKE)

FLE8 (mg/dL)

EHTES

MmIER (g/du)

If/)viRit (1000/ mL)

INR

PTT (%)

AEZHRAF (mg/dL)
D-Dimer (ng/ mL)
TARRREESRAL (R 6 /)\AY)
MRS (71 6 /)\BY)
M VREREAL (51 6 /)\BY)

RITUERIERL (70 6 /)\AY)

® 2. AERMBENAOSITPHIE

FARL R M

33 (25~48)

10 (2~22)

131 (110 ~ 149)
96 (80 ~112)

15 (10~ 15)

36.6 (36.2~36.9)
32 (2.3-4.7)

4 (0.4~7.6)

14.1 (12.7~15.3)
268 (220 ~ 314)
11 (1~12)

275 (249-~30.1)
229 (178 ~292)
0.94 (0.31~4.04)
0 (0~1)

0 (0~0)

0 (0~0)

0 (0~0)

P Lefii]

35 (25~52)

36 (29 ~50)

86 (70 ~120)
111 (88 ~137)
8 (3~14)

36.2 (35~36.7)
8.7 (5.9~12.7)
12 (7~16)

115 (10~13.1)
183 (130 ~237)
14 (1.3~1.8)
37.5 (30.1~54.1)
168 (136 ~224)
6.7 (3.87~9.27)
16 (11~32)

10 (4~14)

2 (0~3)

0 (0~2)

pfE
0.5081
<0.0001
<0.0001
0.0009
<0.0001
0.0057
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

< 0.0001

FIRUP UMD UECEERT. MT EXNIMMREESA > 10 U SHiAE 6 /NEIRSET. 1SS = HRfAmEREITH. ED = 228 GCS =

BAHS ERITOIE. INR = EFRRELILE. PTT = BORMASHIE, LKA Mann-Whitney 1238, 2EMIZE I p<0.05,

CK-TEG &#%

R BYj&l (min)

Angle 8 (%)
MA (mm)

LY30 (%)

FA N

44 (36~5.4)

70.3 (66.7 ~73.5)

65.45 (61.6 ~ 68.9)

12 (0.3~24)

% 3. TEG B¢ T Z @i (CK-TEG) B4

AR

49 (43~6.1)

66.2 (59.8 ~69.9)

57 (48~65.5)

1.8 (0.3~19.7)

pfE

0.0084

< 0.0001

< 0.0001

0.0012

AR IR A O D UECEERTR. MT EXNAAMEEER > 10 U 555 6 /TR,

26 [&) stik#gig | Article Deeply Reading
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R 4. ZERFHRMRONAERMEENWADSRITERIE

Ei=t A (n=41) Bl (n=21) pfE
F (F) 34 (25~50) 38 (24-~63) 0.5723
1SS 34 (28~48) 38 (28~55) 0.5955
ED YgZEE (mmHg) 82 (58 ~96) 105 (91~131) 0.0016
ED 3 (BPM) 116 (81 ~139) 109 (87 ~134) 0.8162
ED GCS 7 (3~15) 8 (3~14) 0.9414
ED AR (RKE) 36.2 (35~38.8) 35.6 (35.4~37.0) 0.9656
ZLEE (mg/dL) 9.8 (65~13.2) 6.0 (45~7.3) 0.0234
TSN 15 (11.1~19.4) 6.6 (35~8.4) <0.0001
Mma%EH (g/dL) 11 (9.3~12.3) 13 (11.0~13.8) 0.0048
/)Rt (1000/ mL) 170 (114 ~208) 226 (196 ~ 296) 0.0003
INR 1.54 (1.31~2.01) 1.3 (1.2~15) 0.0226
PTT (%) 435 (30.2~59.8) 35.8 (29.4~50.3) 0.1788
FEZRRKTE (mg/dL) 154 (129 ~197) 173 (155 ~ 249) 0.1347
D-Dimer (ng/ mL) 7.68 (3.72 ~20.01) 6.66 (4~7.42) 0.3388
TERREEAE AL (A 6 /NBY) 5 (4.4~6.25) 47 (3.6~5.85) 0.1857
Mm¥RHSER (706 /) \E) 64 (58~ 69) 70 (62~71) 0.0922
M MRESESRAL (7 6 /)MEY) 57 (38~65) 61 (52~67) 0.0759
RTUERERAL (7l 6 /\EY) 2.8 (1.2~40.7) 0.9 (0~7.3) 0.0312

HBIRUPAEBMES MECEERT. MT EXNLLAMEESRA > 10 U IRA/E 6 NBITRSEL.
EEER A Mann-Whitney 1036, EZEMI&E A p <0.05,

3+ 5. FiG CK-TEG BHHIEHERL TEA (AUROC)

AUROC 95% B {5 Xa pfH
MERFFIATE AR
R Ba] 0.6002 0.5261 ~ 0.6743 0.0086
MERFZ AR EN 1%
Angle £ 0.6931 0.6202 ~ 0.766 < 0.0001
MER R RGRE
MA 0.7425 0.6663 ~ 0.8186 <0.0001
ALTEH AR
LY30 0.623 0.5354 ~ 0.7105 0.0013

*® 5 BN T MEBRAAARNSNAE (MERFHATM. MEBRZMEI AT, MEBRRARE. HANMERER) B CK-TEG S8BT 95%E
fEX[E]M AUROC, MEBRAFMEMIAL. MAEBRIZMEIAYF . MEBREAERE. MFLEZERAMEERA—NMENE, MEIRKRER, BEEmEERT
HAARNS N TERREREBANSH.
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CK-TEG
CK-TEG CK-TEG CK-TEG CK-TEG
R BY&] Angle f MA LY30
> 4.45 min <B7° <60 mm > 4.55%
JinkA B JinAY) SRR
CK-TEG BiFf&

1. BIGHER ABRMMSEERTERRLSIR L TEG I5SNEHRE
CK-TEG 53|9M MTP SR EENHNBETEE, XERERRT EHMEEPRFREREEMRFRIENR.

3R 6. TEG YA 2 AT RE

CK-TEG &%
R BYi8] > 4.45 min
Angle f <67°
MA <60 mm

LY30 > 4.55%

R

58.06%
61.29%

38.71%

Lo

72.58% 50.2%

74.97%

83.99%

90.29%

Wi

AR, FIVHET CK-TEG BT MT HEEHIE
E. BRAAZHER TEG WEFHLMER rTEG #1T MT iE
&, BFRDEMETHOERER CK-TEG, &£F CK-TEG
HSEITE, BITHE TIESES MT NG EENENE
HEE, EFXLE, HNBINY R BE > 445 min, R
¥, HAngle i < 67°FY, HHAHEEBRESIE; H MA <60
mm B, HEM/MR; 2 LY30 > 4.55%0Y, EREELTALY

BE1) .

CK-TEG B— @I LRSI LRSI, el
R IRIE R MR R BURANR RIS M. BFMREFHETIE
BIEMA S AL, SEETIHNENNERSAMN

28 [&) stik#gi | Article Deeply Reading

AT SETHEIERIESMAN. BRSRETBETMRAE
ERLEMAES], BERRZILEMBR, HFERILATURSER
R, YEMAFER TEG KWNMEBHN, ESETR, EAN
XENREET MALRRF. BRIHINFRENNIR
PEEfA) TR,

—IMARKA, EARNIANERS TEGC SHEE—
EAEFEM, rTEG B85 CK-TEG HAZ DS ERIRIIE
XMEPY, IbSh, (TEG M CK-TEG EESHNNEETRS
HYBNMMEES 2, ERART, BNEATERK
AUROC HHZEHY CK-TEG &% ZE Angle f# (AUROC =
0.6931) 1 MA (AUROC = 0.7425) . 7EiFf& ROTEM 70
rTEG MYFRR R, XESHEEHIEA~ER AN



AUROC, REAMERBEMMBREREDHE MT BF
RENTUNEES, AT, MEREHEEE (R BFE) 3 MT
BAE TN E (AUROC = 0.6002) » X5ZHIMERZF—
B, BNILERRE AR BRI & 5 4 3% A R 3R AR X 1E P,
rTEG # CK-TEG MEMEREERZ BREXMERE, #—F
HET MEREARNEE MT BA—EFUUERAM =R,
PREMETFIN, HtRRBO MM EREREARE, G
AREHIENRETRNEMED, R, BENMIEE
MNEARAZ DA TEHURURZHT, MFEMREANT
b B R AT RE IR M SR A B I AN RE SR SRR =4,
BRI MINEEN R

CK-TEG RMAAEHAMNSE LY30 thiFR TR
AUROC Hi%%, AUROC = 0.6024, X—4M5HMEBENRML
AUROC BhZRMVET 4R ARV IRIORNITN — 5, 44
EOAMEENSIECRE RMAXER, XARRAAS
BRI 2N A 25 M A DR ENRER, XFZ
RERGX AT RRERR, TRBEXRIENE—T u
BgEH), HAETERERA—MURE R FESEM. E28
BIRRUIR, BATEIITE(G FFP: RBC LhHIEBRENEZR
M,

TEG MNEETIRFNFENRONEITHL, NMIESH
EMRESHER. KIHWBEMEHE CK-TEG HE, Tl
MT (EZEMINAERERS BRI ERIEN) , BFEMERS
o B 1 FFIRNRERMRT CK-TEG MFFAERRIE MR
HIRIEN, BEENREZEASEANMNER, BFaTe
frEEHM. TEG ERINNNBEER, EXEEEL, M
ERNNETROESERANE ROTEMM, mij ERRXER
ERmiekEsE MR8 5% (ROTEM #1 TEG) , MEXEHE
BUETBAREM, B, BEINARMED TS ERMBRLT
HEARMAERM/NIRINEE. F19, FIBTEM &0

(ROTEM) FTHREMLTAZ A RIGNE LUNEF LT HREXY
MmgHeRENRER, M TEG I/MREIXE (TEG-PM)
ROTEM /MR BT LU I Fhin/ ) VR B EDFT 022 31E & TR B
IIMRINEE, BIAXLAFTHRIGN T ENBYERNFEESRIN, 8
BINZaBE#Ad, “HEIRE (ADP) SHAIHIFETNISE
TR, K2R TEG-PM BRI/ MREESEHEHE LM
FMHN AL,

—%£ANAB (TEG (BRRIMARATFHE) FEEL
SelfERMEXN, MXLEKSBOETEERRHELER. M
CK-TEG A FRHAEBENGT, LIS~ Rk, I8

©2022 IMPROVE MEDICAL All Rights Reserved
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BRI RS, RA—TERARRERFEEREME D
WARZHLMRET, 10%081EEENRE 24 NEFARH
WERRES, ARRFHERTESEERRMERDR
F, MTOFEBERPRESE, RITERRAE, SEMEDI
WAk, BF (TEG MERAIMIRSEREE, AR AER
FhkGsEIRIe ('TEG. CK-TEG ¢ ROTEM) FiIES%hEE
Wi MEFTEHAEE,

HRFALEDM, RNHARHR NG OBEZ EFE—E
EENER (R 4) . 5IB2WEL, AHARRMEENIL
EERME, FLERFIIERCIRE, INR I LY30 B, #HmE
ATLUERRE INR BOSEAR LY30 BREKRS®, 2R, oEMI™E
BEMABS RIS (FHEEAR. PTT. R BE. Angle
B MA B) TAHBIZES.

XIARE N MEFERNERYE: XEHIERRT —1
ISR —BYE S, FHEEERIIEE SRR
HRZMETEE L, BEERMNE, TEG REERREEH—
MMEROHIT, XATRERS | K LA, Hh—LEEE
RTET (TEG MBERSREHNRM, Flt, X& CK-TEG
EERUFNASEEM, MXBOELH (TEG 18T, FITE
N, XENBLRBR MT EALS#HITHRE, MASED
5, Rz EMATFREIEMM™ R, A, XN
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Abstract

Introduction: Goal-directed hemostatic resuscitation based on thrombelastography (TEG) has a
survival benefit compared to conventional coagulation assays such as INR, aPTT, fibrinogen level,
and platelet count. While TEG-based transfusion thresholds for patients at risk for massive
transfusion (MT) have been defined using rapid TEG (rTEG), cutoffs have not been defined for
TEG using other activators such as kaolin. The purpose of this study was to develop thresholds for
blood product transfusion using citrated kaolin TEG (CK-TEG) in patients at risk for MT.

Methods: CK-TEG was assessed in trauma activation patients at two level-one trauma centers
admitted between 2010-2017. ROC curve analyses were performed to test the predictive
performance of CK-TEG measurements in patients requiring MT, defined as >10 units of RBC or
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death within the first 6 hours. The Youden Index defined optimal thresholds for CK-TEG-based
resuscitation.

Results: Of the 825 trauma activations, 671 (81.3%) were male, 419 (50.8%) suffered a blunt
injury, and 62 (7.5%) received a MT. Patients who had a MT were more severely injured, had
signs of more pronounced shock, and more abnormal coagulation assays. CK-TEG R-Time was
longer (4.9vs4.4 min, p=0.0084), Angle was lower (66.2vs70.3 degrees, p<0.0001), MA was lower
in MT (57vs65.5 mm, p<0.0001) and LY 30 was greater (1.8vs1.2 percent, p=0.0012) in patients
with MT compared to non-MT. To predict MT, R-Time yielded an area under the ROC curve
(AUROC)=0.6002, and a cut point of>4.45 min. Angle had an AUROC=0.6931, and a cut point
0f<67 degrees. CMA had an AUROC=0.7425, and a cut point of<60mm. LY 30 had an
AUROC=0.623 with a cut point 0f>4.55%.

Conclusion: We have identified CK-TEG thresholds that can guide MT in trauma. \We propose
plasma transfusion for R-time > 4.45 min, fibrinogen products for an angle <67 degrees, platelet
transfusion for MA < 60mm, and antifibrinolytics for LY 30 >4.55%.

Level of Evidence: Therapeutic study, level V

Keywords
Massive transfusion; TEG; citrated kaolin TEG; coagulopathy; resuscitation

Introduction

Exsanguination from uncontrolled hemorrhage is the leading cause of preventable death
following trauma, accounting for up to 40% of deaths, half of which occur within the first 2
hours (1) (2). An endogenous trauma-induced coagulopathy (TIC) contributes to the
majority of hemorrhagic deaths and is a multifocal process attributed to reduced thrombin
generation, fibrinogen depletion, platelet dysfunction, systemic hyperfibrinolysis, and
fibrinolysis shutdown (3-8).

The implementation of massive transfusion protocols (MTPs) improve survival in the
treatment of patients in hemorrhagic shock (2, 9-12) (13). Significant resources have been
directed towards identifying the ideal ratio of blood products in resuscitation (2) (9, 11).
While ratio based resuscitation may be appropriate in the initial stages of managing the
critically injured, subsequent blood component akaolinth other activatiors such as ional
coagulation assaysrdministration has traditionally been guided by conventional coagulation
assays such as the international normalized ratio (INR) of the prothrombin time (PT),
activated partial thromboplastin time (aPTT), fibrinogen level, and platelet count(10).
Through the use thrombelastography (TEG), a viscoelastic assay that provides
comprehensive assessment of clot formation and clot degradation, our group have shown
that a goal-directed MTP guided by TEG improves survival compared with MTP guided by
conventional coagulation assays. Furthermore, this improved survival is accomplished with
the transfusion of fewer plasma and platelet units during the early phases of resuscitation of
the injured patient (10).
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We have previously used rapid TEG (rTEG) to define optimal transfusion thresholds that are
used to guide hemostatic resuscitation for patients at risk for massive transfusion (MT).
These defined thresholds include transfusion of plasma for an activated clotting time (ACT)
<128 seconds, transfusion of cryoprecipitate for an angle <65 degrees, transfusion of
platelets for a maximum amplitude (MA) <55 mm, and administration of antifibrinolytics
for a LY30 >5% (9). However, these thresholds are not directly translatable for use in TEG
with other activators such as kaolin alone (citrated kaolin TEG) (14) which is used by some
centers to guide hemostatic resuscitation. The type of activator differentiates rTEG from
other activated TEGs (citrated kaolin TEG). Rapid TEG is activated with tissue factor and
kaolin while citrated kaolin TEG (CK-TEG) is activated only with kaolin (14). While
activated TEG (with either tissue factor or kaolin) enhances clotting and speeds the time to
completion of the assay, there are potential mechanistic limitations to using rTEG. The use
of tissue factor in rTEG may overwhelm endogenous clot activation and mask native
circulating factors that promote clot formation following trauma (5). Indeed, it is likely that
TEG initiated by kaolin may (as a result of a more subtle activation) prove superior at
evaluating hypercoagulable patients, while rTEG may be better to evaluate hypocoagulable
patients. Consequently, our objective was to identify coagulation abnormalities, identified as
a need for massive transfusion (a surrogate for significant coagulopathy), for each CK-TEG
parameter of clot formation and breakdown and use these parameters to define thresholds to
guide hemostatic resuscitation for patients at risk for massive transfusion.

Methods
Study Design

This is an analysis of prospectively collected data from adult (age>18 years) trauma
activation patients who met criteria for the highest-level trauma activation (Supplemental 1)
at the Denver Health Medical Center (DHMC) and Zuckerberg San Francisco General
Hospital (ZSFGH) between 2010-2017. Both centers are ACS verified and state certified
Level 1 trauma centers. Exclusion criteria were: unsalvageable injuries (defined by patients
in asystole at emergency department arrival), isolated gunshot wounds to the head,
pregnancy, incarcerated patients, transferred from another hospital, documented chronic liver
disease, or a known coagulation disorder.

Samples were obtained under protocols approved by the institutional review board for each
institution. The studies contributing to this database were approved by the Colorado Multiple
Institution Review Board under a waiver of consent for Denver Health. Informed consent
was obtained for all patients at ZSFGH under a protocol approved by the Committee on
Human Research at University of California, San Francisco. Trained research professional
assistants (PRAs) performed all viscoelastic assays within one-hour postinjury. Clinicians
were blinded to research data.

Massive transfusion activation was under physician discretion. The transfusion of products
other than RBCs during this period was guided by rapid thrombelastography (rTEG) criteria,
as previously described at DHMC(10, 15). For this protocol 4 units of RBC units and 2
plasma units were delivered to the patient’s bedside. These first units were administered
according to the treating clinicians’ criteria while awaiting results of rTEG (10). A non-
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protocolized, transfusion based on clinical evaluation and conventional coagulation assays at
ZSFGH as previously described(16). However, if patients at ZSFGH was resuscitated in the
trauma operating room, a ROTEM-based MTP was initiated that transfused plasma for an
EXTEM CT >80 sec, cryoprecipitate or fibrinogen products for a FIBTEM MCF <8mm,
platelets for an EXTEM MCF < 45 mm AND a FIBTEM MCF >10mm and tranexamic acid
for an EXTEM ML >10%. The primary outcome of this study was massive transfusion
(MT), defined as >10 units of RBCs or death in first 6 hours from injury based on findings
previously published by our group (17) in order to account for survivor bias. This endpoint
was used to define thresholds for blood component therapy in massively transfused patients.

Citrated Kaolin TEG (CK-TEG)

Citrated kaolin TEG (CK-TEG) was performed on whole blood collected in citrated vacuum
tubes to prevent clotting prior to assays. CK-TEG assays Yield the following parameters to
assess the dynamic process of clot formation and breakdown in this study: time to clot
initiation (reaction time [R-time, min]), dynamics of clot formation (alpha angle [a.,
degrees]), clot strength (maximum amplitude [MA, mm]) and fibrinolysis (lysis 30 minutes
after MA is achieved [LY30, %]) run according to the manufacturer’s instructions on a TEG
5000 Thrombelastograph Hemostasis Analyzer (Haemonetics Cooperation, Niles, IL).

Prolonged clot initiation (CK-TEG R-time) is an indication for plasma transfusion.
Abnormal dynamics of clot formation (CK-TEG angle) is an indication for fibrinogen
products (cryoprecipitate). Low clot strength (CK-TEG MA) is an indication for platelet
transfusion. Increased fibrinolysis (CK-TEG LY30) is an indication for antifibrinolytics (9,
15, 18-20).

Conventional coagulation assays (CCA)

Samples were collected during trauma activations upon arrival to the ED in tubes containing
3.2% citrate and 4 mL of heparin (19 units/mL). Values for conventional coagulation assays
(INR and aPTT) were determined by the clinical laboratory at Denver Health Medical
Center and Zuckerberg San Francisco General Hospital by standard protocol.

Statistical Analysis

GraphPad Prism version 7.0a (GraphPad Software, Inc; La Jolla, CA) and Excel version
12.2.5 (Microsoft Corporation; Redmond, WA) were used for statistical analysis. For non-
normally distributed variables, data were expressed as median and interquartile range (IQR)
using a two-tailed Mann-Whitney test. Area under the receiver operating characteristics
(AUROC) curve analysis was performed for each CK-TEG measurement to assess its
predictive performance for massive transfusion. For each of the CK-TEG measurement, we
selected the thresholds with the strongest differentiation of the outcome (MT) as identified
by the maximum Youden Index (J = sensitivity + specificity —1). The maximum Youden’s
Index is the value closest to 1 (21). The sensitivity, specificity, positive, and negative
predictive values were also determined for CK-TEG variables, INR, and aPTT.
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Results

There were 825 patients who had CK-TEG performed on presentation. The demographic
characteristics of these patients are summarized in Table 1. Of the patients included, 671
(81.3%) were male, 419 (50.8%) patients suffered a blunt injury, and 62 (7.5%) received a
MT. Patients who had a MT were more severely injured, had signs of more pronounced
shock, had more abnormal conventional coagulation assay values, and more abnormal CK-
TEG parameters compared to those that did not require MT (Table 2 and Table 3). Of the
763 that did not receive a MT, 191 (25%) received 1 or more units of RBC with a median of
3 units (IQR 2-5 units). Furthermore, the characteristics of MT patients between centers is
shown in Table 4. Patients included from the Denver database had increased signs of shock
(lower systolic blood pressure, elevated lactate, increased base deficit) as well as some more
abnormal coagulation studies (increased LY30 and longer INR) when compared to the San
Francisco database.

The AUROC for CK-TEG parameters are shown in Table 5. Of all CK-TEG parameters that
measured dynamics of clot formation, CK-TEG MA was the best predictor of MT (AUROC
=0.74 95% CI 0.67 to 0.82, p<0.0001).

The optimal thresholds for the CK-TEG-guided MT based on the Youden Index are shown
in Table 6 and Figure 1. Predictive capacity of each CK-TEG thresholds measured is shown
in Table 6.

Discussion

In this study, we determined the degree of discrimination offered by CK-TEG parameters for
MT. While most centers that use TEG employ rTEG for MT, others continue to use CK-
TEG. Based on the CK-TEG parameters evaluated, thresholds were identified that could be
used to guide hemostatic resuscitation for injured patients that receive a MT. Based on these,
we propose plasma transfusion for R-Time >4.45 min, fibrinogen products for an angle <67
degrees, platelet transfusion for MA <60 mm, and antifibrinolytics for LY30 >4.55% (Figure
1).

The CK-TEG is an assay that is activated with the use of kaolin, which stimulates
coagulation through the intrinsic or contact pathway. Various methods for restoring and
maintaining normal hemostasis have been described including ratio-based transfusion or
goal-directed therapy with viscoelastic based transfusions. Goal-directed therapy is used to
optimize a normal hemostatic competence until this hemostasis is obtained and has been
shown to improve survival(22). When using different TEG assays, measurements cannot be
generalized, as activators (e.qg. tissue factor, kaolin, or endogenous contact to surface of
assay cup) differ between these tests(23).

One study has shown that the results of conventional coagulation tests correlate moderately
with rTEG parameters, and these rTEG parameters correlate strongly with the most aspects
of the respective kaolin TEG parameters(24). Furthermore, rTEG and CK-TEG show
comparable predictive capacity in patients that receive a blood transfusion(24). In this study,
we found the CK-TEG parameters that yielded the greatest AUROC curves were the angle
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(AUROC=0.6931) and MA (AUROC=0.7425). These parameters have routinely been shown
to produce the greatest AUROC in studies evaluating rotational thromboelastometry
(ROTEM) and rTEG (9) (24, 25), indicating that clot strength and dynamics of clot strength
have the best predictive capacity for MT. Clot initiation (R-time), however, had poor
predictability of MT (AUROC=0.6002). This is consistent with previous studies that have
shown that measures of clot initiation do not have a strong correlation with transfusions(26).
A poor correlation between rTEG and CK-TEG measures of clot initiation further supports
the notion that clot initiation is an inconsistent predictor of MT(24). Other factors besides
just coagulation factors may also influence clot initiation and include the effects of
fibrinolysis and genetic variability(27, 28). Finally, as proteomic analysis of individual
patients becomes more accessible, changes in plasma proteins in response to injury may also
show to be directly influential toward clot initiation and subsequent laboratory tests used to
identify abnormalities in this aspect of blood clotting(29).

The CK-TEG parameter for fibrinolysis, LY 30, also yielded a suboptimal AUROC curve of
0.6024. This finding is consistent with evaluation of other viscoelastic assays that had
suboptimal AUROC curves for markers of fibrinolysis(9) (30). Extent of fibrinolysis and
early mortality exhibit a quadratic relationship which may be responsible for the diminished
ability of viscoelastic measurements of fibrinolysis to predict massive transfusion(31). The
exact nature of this quadratic relationship is difficult to discern. The quadratic relationship
refers to a U-shape in which mortality is increased on either of the extreme. We found the
same complexity in assessing FFP:RBC ratios in previous studies(17).

The value of TEG is in identifying specific mechanistic perturbations of coagulation and
therefore guiding specific blood component resuscitation. Our goal was to determine CK-
TEG thresholds that predict MT (a surrogate for significant coagulopathy) for the purpose of
use in goal-directed resuscitation. The thresholds illustrated in Figure 1 reflect proposed
points at which administration of specific blood products should be initiated for CK-TEG. It
is important to consider the type of viscoelastic assay that is used for the treatment of the
bleeding injured patient. TEG is used at our institution and more commonly in the United
States, while ROTEM is prominently used in European centers (14). Not only are there
different commercially available viscoelastic assay (ROTEM and TEG), but there are
different activators for these assays(14). Similarly, more specialized viscoelastic assays can
look specifically at fibrinogen function or platelet function. For example, the FIBTEM assay
(ROTEM) and the Functional Fibrinogen assay (TEG) can address the fibrinogen
contribution to cloth strength while TEG Platelet Mapping (TEG-PM) and ROTEM Platelet
can address the function of platelets in the presence of various platelet agonists (4, 8, 32,
33). While the exact use of these specialized assays is still under debate, we have previously
described that adenosine diphosphate (ADP) receptor inhibition did not add predictive value
in predicting mortality, massive transfusion, or platelet transfusion with TEG-PM(33).

Some consider the rTEG (activated with kaolin and tissue factor) to be more physiologically
relevant to trauma, and these combined activators provide results sooner. However, CK-TEG
is also used for the treatment of injured patients to guide blood product transfusion and may
be better at identifying hypercoaguability as a large multicenter study using tissue factor to
activate viscoelastic assays showed that 10% of trauma patients had a hypercoaguable state
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within 24 hours of admission (33). The use of tissue factor may subsequently mask
endogenous circulating factors that create a hypercoaguable state (5, 34). As we have shown
that resuscitation based on rTEG improves survival compared to conventional coagulation
assays, it may not matter which viscoelastic assay (TEG, CK-TEG, or ROTEM) is used to
guide hemostatic resuscitation in injured patients.

There were some important differences seen between the two centers included in the study
(Table 4). The systolic blood pressure was lower, lactate and base deficit were increased, and
INR and LY30 were longer in the Denver massively transfused patients compared to San
Francisco. The increased shock could explain the enhanced INR and longer LY 30(35, 36).
However, the injury severity, and a majority of the coagulation parameters (fibrinogen, PTT,
R-Time, Angle, and MA) were not different between groups.

There are several limitations notable to this study. These data reflect a single time point of a
dynamics process and does not take into account the temporal changes of the coagulation
process through the acute phase of resuscitation. It should be noted that rTEG resuscitation
was only practiced at one of the centers which may introduce some variability. Some of
these patients received a transfusion based on goal-directed resuscitation based on rTEG,
and as such, these CK-TEG thresholds are predictive of a massive transfusion that is already
partially guided by viscoelastic testing (rTEG). We acknowledge that these measurements
are analyzed for MT as an endpoint and not individual components and should be used
cautiously for continued guidance of blood product transfusion. However, at this time, these
thresholds provide the best guidelines for specific components and can act as a frame work
for the refinement of goal-directed CK-TEG based resuscitation. Furthermore, these data do
not evaluate the effects of intervention of blood products on treating patients that received a
MT and the study is not designed to define mortality related outcomes. Finally, as our focus
was on MT, we did not evaluate other clotting related outcomes such as macrovascular and
microvascular thromboembolic events or multiple organ failure (MOF).

In conclusion, the proposed thresholds provide an important addition to the evolution of
viscoelastic-based resuscitation strategies. Our goal was to identify the best predictor of
significant coagulopathy, using MT as a surrogate, for each aspect of the dynamic process of
clot formation and breakdown using CK-TEG, a commonly used viscoelastic assay. These
initial observations may serve as a building block for a multicenter trial to test the proposed
algorithm, refine these recommendations, and compare viscoelastic assays. Refinement of
the CK-TEG-based resuscitation strategies should include optimizing the respective clinical
interventions for each given CK-TEG parameter to determine if targeting these thresholds
will reduce mortality. While TEG can define which aspect of clot formation and breakdown
is abnormal, assays such as proteomic or metabolomic analysis of injured patients may help
better define the specific abnormality within clot initiation, dynamics of clot formation, clot
strength, or fibrinolysis that accounts for the deranged TEG parameter.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1-. Proposed Citrated Kaolin TEG-guided resuscitation thresholds for patients receiving
a massive transfusion.
A schematic representation of the proposed thresholds in a CK-TEG-guided MTP for

injured patients. These thresholds represent proposed points at which administration of
specific blood products should be initiated in the bleeding patient. Cryo=cryoprecipitate,
PLTs=platelets, and TXA=tranexamic acid
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Table 1-

Demographics and Characteristics of Patients

Variable

Age (years) (n=825)
1SS (n=762)
ED SBP (mmHg) (n=816)

ED Heart Rate (BPM) (n=815)

ED GCS (n=820)

ED Temp (Celsius) (n=587)
Lactate (mg/dL) (n=405)
Base Deficit (n=352)

Hgb (g/dL) (n=814)
Platelet Count (1,000/mL) (n=813)
INR (n=797)

PTT (seconds) (n=795)
Fibrinogen (mg/dL) (n=467)
D-Dimer (ng/mL) (n=478)
R-Time (min) (n=825)
Angle (degrees) (n=825)

MA (mm) (n=825)

LY30 (%)(n=825)

RBC Units (first 6 hrs) (n=825)
Plasma Units (first 6 hrs) (n=825)
Platelet Units (first 6 hrs) (n=825)
Cryo Units (first 6 hrs) (n=825)

33 (25-48)
10 (2-25)
129 (107-148)
97 (80-114)
14 (9-15)
36.6 (36.2-36.9)
3.3(24-55)
4.4(0.7-8.2)
14 (12.6-15.2)
263 (214-311)
11(1.0-1.2)
27.7 (25-30.6)
225 (172-287)
1.29 (0.35-5.22)
4.5 (3.6-5.45)
70.1 (66.2-73.3)
65.1 (61.3-68.7)
1.2 (0.3-2.5)
0(0-1)
0(0-1)

0 (0-0)
0 (0-0)

Data are presented as median and interquartile range. ISS=injury severity score, ED=emergency department, SBP=systolic blood pressure,
GCS=Glasgow coma scale, Hgb=hemoglobin, INR=international normalized ratio, PT T=partial thromboplastin time, R-Time=reaction time,
MA=maximum amplitude, LY 30=fibrinolysis 30 minutes after achieving MA.
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Demographic and Characteristics of Patients by Massive Transfusion Status

Table 2—

Variable No Massive Transfusion ~ Massive Transfusion  p-value

Age (years) 33 (25-48) 35 (25-52) 0.5081

1SS 10 (2-22) 36 (29-50) <0.0001

ED SBP (mmHg) 131 (110-149) 86 (70-120) <0.0001

ED Heart Rate (BPM) 96 (80-112) 111(88-137) 0.0009
ED GCS 15 (10-15) 8 (3-14) <0.0001

ED Temp (Celsius) 36.6 (36.2-36.9) 36.2 (35-36.7) 0.0057
Lactate (mg/dL) 3.2(2.3-4.7) 8.7 (5.9-12.7) <0.0001
Base Deficit 4(0.4-7.6) 12 (7-16) <0.0001

Hgb (g/dL) 14.1 (12.7-15.3) 11.5 (10-13.1) <0.0001
Platelet Count (1,000/mL) 268 (220-314) 183 (130-237) <0.0001
INR 11(1-12) 1.4 (1.3-1.8) <0.0001

PTT (seconds) 27.5 (24.9-30.1) 375 (30.1-54.1) <0.0001
Fibrinogen (mg/dL) 229 (178-292) 168 (136-224) <0.0001
D-Dimer (ng/mL) 0.94 (0.31-4.04) 6.7 (3.87-9.27) <0.0001
RBC Units (first 6 hrs) 0(0-1) 16 (11-32) <0.0001
Plasma Units (first 6 hrs) 0(0-0) 10 (4-14) <0.0001
Platelet Units (first 6 hrs) 0 (0-0) 2(0-3) <0.0001
Cryo Units (first 6 hrs) 0 (0-0) 0(0-2) <0.0001

Data are presented as median and interquartile range. MT is defined as >10 units of RBCs or death in first 6 hours from injury. ISS=injury severity
score, ED=emergency department, SBP=systolic blood pressure, GCS=Glasgow coma scale, Hgb=hemoglobin, INR=international normalized
ratio, PTT=partial thromboplastin. Comparison made using a using a two-tailed Mann-Whitney test with significance set at p<0.05.
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Table 3—
Citrated Kaolin Thrombelastography (CK-TEG) Parameters by Massive Transfusion Status

CK-TEG Parameter  No Massive Transfusion Massive Transfusion  p-value

R-Time (min) 4.4 (3.6-5.4) 49 (4.3-6.1) 0.0084
Alpha angle (degrees) 70.3 (66.7-73.5) 66.2 (59.8-69.9)  <0.0001
MA (mm) 65.45 (61.6-68.9) 57 (48-65.5) <0.0001

LY30 (%) 1.2 (0.3-2.4) 1.8(0.3-19.7) 0.0012

Data are presented as median and interquartile range. MT is defined as >10 units of RBCs or death in first 6 hours from injury. R-Time=reaction
time, MA=maximum amplitude, LY 30=fibrinolysis 30 minutes after achieving MA.
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Table 4—

Demographic and Characteristics of Massive Transfusion Patients at Two Centers that Participated in Study

Variable Denver (n=41) San Francisco (n=21)  p-value

Age (years) 34 (25-50) 38 (24-63) 0.5723

1SS 34 (28-48) 38 (28-55) 0.5955

ED SBP (mmHg) 82 (58-96) 105 (91-131) 0.0016
ED Heart Rate (BPM) 116 (81-139) 109 (87-134) 0.8162
ED GCS 7 (3-15) 8(3-14) 0.9414

ED Temp (Celsius) 36.2 (35-38.8) 35.6 (35.4-37.0) 0.9656
Lactate (mg/dL) 9.8 (6.5-13.2) 6.0 (4.5-7.3) 0.0234
Base Deficit 15 (11.1-19.4) 6.6 (3.5-8.4) <0.0001

Hgb (g/dL) 11 (9.3-12.3) 13 (11.0-13.8) 0.0048
Platelet Count (1,000/mL) 170 (114-208) 226 (196-296) 0.0003
INR 1.54 (1.31-2.01) 1.3 (1.2-15) 0.0226

PTT (seconds) 435 (30.2-59.8) 35.8 (29.4-50.3) 0.1788
Fibrinogen (mg/dL) 154 (129-197) 173 (155-249) 0.1347
D-Dimer (ng/mL) 7.68 (3.72-20.01) 6.66 (4-7.42) 0.3388
R-Time (min) 5 (4.4-6.25) 4.7 (3.6-5.85) 0.1857
Angle (degrees) 64 (58-69) 70 (62-71) 0.0922
MA (mm) 57 (38-65) 61 (52-67) 0.0759

LY30 (%) 2.8 (1.2-40.7) 0.9 (0-7.3) 0.0312

Data are presented as median and interquartile range. MT is defined as >10 units of RBCs or death in first 6 hours from injury. R-Time=reaction
time, MA=maximum amplitude, LY30=fibrinolysis 30 minutes after achieving MA. Comparison made using a using a two-tailed Mann-Whitney
test with significance set at p<0.05.
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Table 5—

Area under the receiver-operating characteristics curve (AUROC) for all CK-TEG Parameters

AUROC  95% Confidence Interval  p value

Clot Initiation

CK R-Time 0.6002 0.5261 to 0.6743 0.0086
Dynamics of Clot Formation

CK Alpha angle 0.6931 0.6202 to 0.766 <0.0001

Clot Strength
CK MA 0.7425 0.6663 to 0.8186 <0.0001

Fibrinolysis

CKLY30 0.623 0.5354 to 0.7105 0.0013

Table illustrates the AUROC with 95% confidence intervals of CK-TEG parameters for each aspect of clot formation and breakdown (clot
initiation, dynamics of clot formation, clot strength, and fibrinolysis or clot breakdown). Clot initiation, dynamics of clot formation, clot strength,
and fibrinolysis are commonly only measured with a single value that is subsequently used clinically so only the most commonly used parameter is

reported for each aspect of clot formation and breakdown.
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Table 6—

Predictive Performance of CK-TEG Variables for Massive Transfusion

CK-TEG Variables  Sensitivity ~ Specificity

R-Time > 4.45 min 72.58% 50.2%
Angle < 67 degrees 58.06% 74.97%
MA <60 mm 61.29% 83.99%
LY30 > 4.55% 38.71% 90.29%
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