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FPNXHSBER—RXAT (EEMTRENS MR IE) NER, XENRTEIMIRREMMRNG, 47 EEMEND
RIUEAMNRRYE, RTEEMEATRAMEEFERSYE, TRREANTEFAEN. FAXEEDFLR T AL MmN
INR FSHAFB R M TR HEESNEIMBTUERRNIER. RESERFH: MHARXSERE, mitEOEEFEEM

FTREMEEN, BHREEEH TR,

A PATT RE ST I 46 37

EEMNERS RR

20 42 20 X, BARMFIZT RENH=HEF
FRAIMAEHI, H3X—%, BRFAERRMATE
&2 (WARF) HB)TXWAR, AMGEREFX A
WEMTRIRAEEM (warfarin) » EREK—EBNEE, &%

EEMZ VKA BI—H, EERENRAELER K NER
(LR KIEMAD o VKA NEMSHER KB, AIES
MRINEIER K FEMERES, FELEETRRASRE %
£R K, REER K WEIFEFA, TIH#ER K &t
BRIMAF 1. VIL X, X BEKTEETRIER, BNESR
SEUHRNE TR, FHERS Mg NE TR E—
ERYETE], HENIE, (ERRERIFAL,

©2020 IMPROVE MEDICAL All Rights Reserved

MEZREERDY. ORFUEMNHEEERT 1939 FREE
THHBEN, ZAYMEAZSTHOREERTEYNRE, A8
FURIMAE, MEEMAERELT. EERETUER, BRI
FEER K RS (VKA) , EIIEIgER K EREERE
RERIFUREINR.

LEEMEN—MIUREY), BTFERFHNIUERMME
BRES, REER BRI, EIAMTTIRRIFE R IN
W, NEMNURBPEARNELBYZ—, hE2EHRE
ERNUREAYz— REEEMERIRNEL, LS
BOSRRANR TR AKTE, EREEIMOTREFREREWR
&, EUATTEERA. A VKA fEADORTUEZYI RS
BUTFLA:
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(1) BYSHEYZEEEERRAK. BREER K F
ENBYNERZMA, BFIEIESSET 120 MRS58
FEMRBERS,

(2) VKA FHEBRANMEEFIERNER, BTEHTI
BN, XMERS VKA WERSEMEE X, CYP2C9
VKORC! BERWENEEMABINEERERAERAR. AR
KB, VKORC1 EFEEMRR 16% ~ 30%MEEMMEFIEE
8. MMBRERPRENN CYP209 EFEEZE CYP2C9*1, K&
80%HIEAFR AR 93%MEEABEXMEREE, Lindh™FA

JESET CYP2C9*2 #1 CYP2C9*3 HFMUEREMEFE LEFER
CYP2C9*1 BERBIEHEFZTER DIEEMFIE,

(3) FREALRERENES, WhHM. KHM., H
mitzRd, EINMmESKE. RE 900 FRPHMELERE
JESE VKA SIEMMESK, MEEXAREEHES,
Schurgers Z19h%EY 266 HIBEFHITIHR, SFER VKA BE
LbER, A VKA BARIEINFREHRKES(LBER, [RIBIXTS apoE/

NREGT 4 w BIEEEM, SXRAMELLIR, EMARREEM
MRS KB ER,

® 2. BER K EFFHBRRR

(/3]

SRV MEMBRMEF (1. VIL IX. X)

BEMFIRE

AT INR AR TR R

T EBRERIBRRAE

TR

BT REMMMAREREEREER, BEFEFATURMAMI T,

EREERY (60~ 72 /NBY) FKF=HER (36 ~ 42 /0BY) o

ATT BRI,

XTI EMIEE EFIEH RN LR,

FEETR INR WNAYIEEFR (EERE, MER, E7rdm, &

HAER K FJERTURER

W) ReVSHMEEEFR (Ea%EEKNRY)

EEA. FgERB. EFFR. ROEOHRBFERIER.

BREEIMAREHRELRRS, BEIRK EZAILIE
B, HEERENPHMIY, MABERNBERATERRE
i, 530, 2014 AHA/ASA ZZFh — L FRAIERRig, &1

EMRITRIERE, 3§ INR 12HI7E 2.0 ~ 3.0 (P 2.5) SEE
W, BT USRI N IRINE A EHBITR Migie
EEHIRR,

® 1. EEMER

AP SRR EDR 2SR

- _ N Life Threatening
INR No Bleeding Requires Urgent Reversal
Bleeding
. Hold warfarin
Hold warfarin
X X Vitamin K 10 mg IV
<4.5 Hold warfarin until INR in range

over 30 mmn

Consider Vitamuin K 2.5 mg PO
4U FFP or Kcentra

Hold warfarin

Hold warfarin
Hold warfarin

45— Vitamin K 10 mg IV
10 over 30 mm
Consider 2.5 mg vitamin K PO Vitamin K 2.5 mg PO or 1 mg IV
4U FFP or Kcentra
. Hold warfarin
Hold warfarin Held warfarin
. Vitamin K 10 mg IV

Vitamm K 2.5 mg PO or 1-2 mg IV over 30 mmn Repeat Vitamm K every 24  Vitamin K 1-2 mg I'V over 30 min. Repeat every 6-24 h

h as required

over 30 mm

as required 4U FFP or Kcentra

Note: 1. If INR 1.5-3.9, use 25 umits’kg, maximum 2500 units; 2. If INR 4-6, use 35 units/kg, maximum 3500 units; 3. IfINR > 6, use 50 units’kg, maximum 5000 units.
FFR: fresh frozen plasma; INR: International normalized ratio; IV: mtravenously; PO: per os (by mouth); U: unit.

2 E XEkSiE | Article Reading Guidance
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VKA U ERXERSR, SEBIDEFERFR T BRERE R K BERFORTUES (NOAC) , BrRIFEMESHEFE
LETF X FRMEBHNORTUELZY, HS VKA BERINGIX MR Xa VRMESK/NEESREEY >, &S5k, B
AINE 1 Frim. XEFBORGTET (NOAC) FFNEREM R =T NOAC ATFREBESA: Xa EFHNGEFIMIKIDYIF
BR#UEET (DOAC) , FEEAFELMRBUEF (TSOA) HAELE IV, AR R MBSINEIFLALLINEE,

B 1. ORRUEEaTT . (ERNEIREZR

R 3. EEMS I ORTURLMIELER

ERTF & BRMEAF ET Xa T lla
BITEE ATER

STEMEE T, SR AEF= AEMEFEF =
F=EAK, BREXIE FHRRT, RRUARNIR
FERYIEEER BEATEYHEER
NIEIK nE=

©2020 IMPROVE MEDICAL All Rights Reserved Xk SiE | Article Reading Guidance [q 3
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Ly 3 g Ll

MEEMEATURAYNRRERRILIEL, BENIRK
1, k. 5. FE. AFBRH. e, HBRERM
BERMEKTEIWEEIMFIEERATE, FELEE
T AR F RIS ET A TS RN, —TRERMFTER
WL, FEZREEUBITATH 5730 BEFEATR, 15.5%FTE
EMGATT, EES 2906 fINSRHMBAES, 12.7%KAE
EMe AN, 7E 4824 BHRRNSREBEDR, 149%FIEERE
EM, HA 46.8%BEEMMERET 8.6 MRABFLLEREX
o ZRNERRMRT EEMERFERMIE, TIRKER
B R B (F AR NAIREE,

Bal, MFHEERKERFITREN, FARZHE
MRERIBERMETE, B TF filkr9iRIerRH g mes Reia)
(PT) , LUEMEATFRCEMARL BRI AENE DR ME
EgEYia] (APTT) . HAITFHEFERMEFFAVERMIES T —BAER
M3EES, EfF LA T IARCERF RTINS TER VKA
MEMIKIRIGHN PT &R, FEsINTEMRTELLZE (INR)
X—8802%, PT 1 APTT WELSARRAENE L MATE, —
TR A MAOER, BMESFTAEAMSBEMN, HFEE
BRARENFRIHDHEMEE NI, ALk, PT 1 APTT &
IERVEE M SMYERE, PT 1 APTT MB—MARETLE
YEMRSEF 4 2 O LT R AR SRR Y, XEEFR R Z RIS
BHOLMNESE (B Mmie¥ ) E/FeFs Mnie 7N E £ &
MESERNER) B9kdE.

M#23FIE (thromboelastography, TEG) &MMMAPRERM
ThEERYHT A7, B— MRS NEMARMSTIRT . Mmi
SNBSS MR M A FRUE R/ MR O 4448 B BRI AL,
BRI MERARNSIZREITISEN, ASEMERIZAK
IREFMEMERER A ENNMNLZL, INTE 3 Finm. it
HERTLEN SME NS 585 EATHRE, HPaERmE
F. MWMR. FEBRRURTARS GURRES)

Asday Parameter
WEA

—r

= e = = ol e e = =

2. MieEHELERERNEH

migss HERMNEERERRE, ADNE4mHAERMmAKERR
AN VMREVEEER, AR O IMRERFRRES S
SRERMMIKAALL, sILEERRABIRHTS F#HTH
BT, MimRET B R BERERNRMERHRG A A, —
LERASIRER, SAMERNE (MARRLE. /MR,
AHEZHR. PT. APTT MLHEERHHER) 8Lk, TEG 2
—MERNMRTIAR, RIAKE ZEFERENEKR. FM0
1238 IEIR Kang F A TR RIS E NI 2 B4 3 748
{ABYLEEREY, 3RAA R BYIE)S APTT ZBE1E RIFAIMERM,

Bal, XTF e E#TEEMT RSN B NE,
BRAGFEE LS. BWRIEHERMEEIEENEE
MEYTRORAISE, BHEMREL Mie¥ HEEEEMBZ SN
FEEE—ENSENE. BrinkmanPFFZR T IRA VKA HOMR
TRAYE, WRIGNERNZM (B 3) . MEREUE
tH, BRA VKA f5, mMie3¥AHE R HEF K HEZERSE—E
B_EF, USRS PT. APTT MIT(KEHBE—5L, LbIh, MR
EE8RT PT. APTT. BRINEEARNE (TGA) 1 TEG XHIAE
MERESAREY) (PCC) ¥H VKA (INR 3.6) HIMENIE
o HMREZRRKEA, PT/INR HAREEN VKA FUEENE
WERMZE, TGA F1 TEG/TEM EXAEAIEERER, BX%E

H—FIRR,

Oral anticoagulant

Fivaroxaban

Apixaban

A= —F

b o

. — -+-;—»-——|~—o—-o—ov§
&
3

3. JUBEAST R RIS AR 1L

4 E XEkSiE | Article Reading Guidance
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4.PCC TERIMNTEE: VKA BIHUEHER

—ZBERSEN 51 FBMUEE, FITHEEMERER
RIPBBERRFAR BT MER. SRIMENLEEWATTET
ZRMRIFN INR AAEMERF (INR 5.1) o FkE 6 X17
BOMBEIFARE, BEHIRSE, HUAXDIEREMNXE
BRBT. LEAWERTEREIFAEME, T8 12 XBR
FlE, EREBHRATHE 8 X, INR BAASE (INR
2:6) , REBERE 9 RIGHEZMELM. AP 21 X, M

&% NE (TEG) BTIESEMINGE. HEttuRiETES
%, B INR —EftE, HERXESEFL. SEERETM
FRSB—REREEMATHERE B IMERMEZEN INR
e, MieHELERRT INR ASRAYMSKRR=REE
BB, HAAERIBERS. RREAYERREEER
&, BER INR REEFE, HIATR, mmiesehENE
—EIZE BT LAFRAN INR RS R R,

5. BENGERIMLNLER

©2020 IMPROVE MEDICAL All Rights Reserved
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6. ABEsE 21 Rifies# HENLER

BEEBINAY, LEEE) (B, AF) HRIIAEFAER
RXpe, SORMEAYIIEREEX, BXHEMIEAREEE
BR, AAZLKAERRHINENAAESH RGN, 1]
BRI% B IR B IG5 £ MM A4S BRR M C S ML
BWEX, RAMEEAE (TEG) . #MiR%E (MPA) MEFR
FRAEEEE (INR) 3% 200 BUEREEMETH AF BE#HIT
migFmMAFeE, U EREMNRMZNIKEEE

(eGFR) MEEINEE, HERETR, I RBRIMAEH AN
TEG 18 S NEFERREEX (p<0.001) , MRBEREER

FEZ=TUERS eGFR X (p < 0.001) o MUVMRAEFDER IR
EH MPA 183 (p < 0.001) MALZEBBMRIER (p <
0.001) 5 eGFR BX. 50%HIFERRERERLHIBTEISAHL
FFERREEX (p = 0.001) » INR SEMIEINEEIRETEX,
CHA2DS2VASc 53 SEMAEIR TR, ZMRKRA, FEHE
EWRITHIN AF BEF, SIS 2 MBS AE B EHR
BORZRL. EMFITAMRE X, BX INR BEFM, INR TEES
SIRESEHRIEEAEX, 127 TEG /s MPA TERE—TA
M RZRRAN/R A RS 75 E P B —FE 2 ith,

® 4. BRMIEHRS B EEREEXME

Gupta FAPARER, MALBIEITFARREEME
FFRENURSBFAEREMEE—ENNE. BEIE
(AAA) RAEBSBRTEAXNEGEYF, IRBEEH
TR, NS, Gupta EAMAFTHERT —F 81
TEM AAA BE, BEELFAR, WEIMT AAA BRRFEE
BFA, BEGERIZTRDERBEAR (CABG) MERIEK
MEHRA (AVR) , SEXTEHEZORTUBRYLE LM (2
mg) FFIEIEAM (75 mg) BOATT. BEETFALKRRAEZE
89 2 mg, FAA 4 NNFRER, FARHTMEHEAE

6 E XEkSiE | Article Reading Guidance

B (B 7-2) , KRB, B 10 PAHEHRMEK

(FFP) , EE TEG M (B 7-b) , BIIINEEMEIER. 7
FAIRRFR, EEBERE 2 /N, RPREHIERPSEDS
Bk 50 mL BREASSAMITLIE, HEFhAKEARKAIBEAT
50 mL, EFARERINEMIRZ 1.8, RPHMEBEL) 1800
mL, RZLL 6 BAILmM 3 L £Eihk. FINE 4 DB
B9 FFP Al 1| BA(LI/)MREITRMARIE, TEFEChAKIIFRERZ
g, B#1T—4H TEG #ill, R B8] 3.8 min, MA & 59.8 mm
(B 7-c) , BNEMEFHIVIMRITIRERARIES,
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13 rellerwtery
= [ € E Agle  MA Bl a ™ G
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e o b L

EE |
a. FAHE
B T u—ﬂi
2 = : E T =
| W A8
e -.:-!. .—I lﬂ o—™ =15 '1_—’ n-5 -
b. BEMREIFIGE
10 reilerwters -
E . =. a ™ G
frivd as ok T I
& M- O -3 M- O0-—15 3—3 D-—-50aM—

c. EBCREERZA

7. MiEsEHENEER

©2020 IMPROVE MEDICAL All Rights Reserved
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ES—THRF, HREFERMIEEIE (TEG) KEE
B EAMERIMEEN B ENR VRS>, 113 52 F
BESRXTBRAFESEAMMBEINMERER ASA AN 111
BSERRHNEERTHR, BT mieEOEREBENARE
RGBT, SXFN TEG B, HIBRERINSE
Ak, ERBRSENI—RX, R NELRFESZEMN @ <
0.0001) , BHFRFELEEEEN. RMER (CD &BE
o B2, SEEISERMRIAARFEHEL, INR BEE
BEAS (INR =148 £03; p <0.0001) o FEFERINGE
B, REINRAS (FHINR < 1.5) , {Ei@EdmieiEEm
ENRMFRIVRE, EESFISEEIMTMBNEERNLTF
ETEN, ZMAKRN, MitBHEEXLEEEFIEES
BENE, CHREYUZELETERMINEEN, FIiEEaR
MINRERRSHIEBE R, IEHESZ—M U ETFHRMRELHZH)
MEEP, ARFEHTEANEENAR, HEMFITME
HOEEH BB AN INR FHER,

F

teoh, FUMEARBRA, C BEEEMTRENRES

—ENRBNE. VIREFRZREE (MCSD) BAG, Mt
#®E (TE) SHMENHLENRELNFREHMIETRE
Ho. AT FEBENEZEZRSERES, NOEETATREY
DTHNBEEM, URFHBATOUE, BIESRIM. Volod
£ AN T Mg AHEM/MRERE (TEG PM) EHE
MCS BEHURMN (L£35M) MMIVMREY) “IEEgmee
117 HEER. M 2012 B 2014 £, NT 98 5l MCSD &
¥R 7T TEG PM &N, F#(T7T RIS 118 (11.2%)
SRECEHRHEZELLZET R TE Eff. 13 §l TE B
H, 8 FIREAETLEATOMR (TAT) o MWREAEHMEE
LEATEIRK LW IR R TEG 5%, RBEMEFRT
EWREEE (INR) #TNE, mi#AOERMmMIEsR (CD) BF
ERASITFEXNRE—2H, TATRERANTTERRND
WEE, RIBZMARNER, 1 20K HM 1) FMOAESS
B (HW) NEBERREENTFHEFT 15 W C1 &, mF
TAA GENBENFRIFE CL/NTFHET 1.2, ClNSEER
K RFHR M A FOFIRERX, XMNGIERRBTEES
S B4R INR SEESSHAY,

Fibrin ==

*

I...— PTT —— 4

Stable Clot + D-dimers

CLOT INITIATION

INCREASING CLOT
STRENGTH

FIBRINDLYSIS

k o p—— 5
LY30
R a
<“Am-“ MA | - o
sp . \.\
e
'\-.,_._\_‘_\_‘__-_‘_ L - -
Fibrin strands Clot Kinetics Strength Dissolution

8. [EEEMES % 5miess HEEICEMSHAIXR

I ERYX LR IATREE, AR EEEEMT RS
MAAE, EE—ENRANE, BINATTEEEMT S
A2 S| N AT NERGM, LABRAN INR ML AT AL
HERME, EhE—EXEFRIRNEE, tITARNERMmE
BABENEEMTINAEERD, BEAENIRKHATR
FITEHSAM, Dunham FAPUAANT 22 GIHITIEZEMEOME
SEHESTEEIMETNREEARANR, EOHEER
B, REMKHIT INR. EIIEEEEE (PT) . TEG PR

8 E XEkSiE | Article Reading Guidance

TEG %, INR £E8: 2.8 + 0.5 (1.6 ~4.2) o PTZE: 19.1
£22 (13.9~243) , TEGER (BEEHE) : REYE], 83+
27 (2~8) ; KBf@E, 2.1 +14 (1 ~3) ; Angle i, 625 +
103 (55~78) ; MAE, 63.2+103 (51~69) ; G{&, 94
£ 35 (46 ~ 109) ; R HEZEEEEERN, & 10 4
(45.5%) £E INR £87 29 = 03; INR 1 5 TEG BE
HAXMITEE (p > 005) . RE TEG £R (BEE
E) : ACT, 132 =58 (86 ~ 118) ; KA¥ja], 1.2 £0.5 (1 ~



2) ; Angle f3, 754 + 52 (64 ~ 80) ; MA {H, 634 + 5.1

(52~71) ; Gf&, 89+2.0 (50~11.6) ; ACT f£IEEEH
ME, B9 6l (40.9%) BE INRLRAN 2.7 + 0.5; INRFIS
MR TEG TEWHEXMIFREE (p > 0.05) « MERE

IMPROVE REVIEW EZISEE-1030HH

i, BE—¥RASEMIES TEG FIRE TEG HNRILE
BIEEMN, BHAEFATMHN INR, TEG FIIRE TEG HRMIH
DA RIRA, 1EEINAER TEG HPUR TEG #1714
TEMRETT B MRH IS AR B £,

R5. REMKLE TE BHEEM TEG PM NTFHE

% 6.INR. TEG. 1R TEG MR

BHIM—IRAR LB L T HEFENZEL, Nascimento FALY
M 219 BlalEESE, NBRETHN INR. TEG RFFE#H4ER
K RMERMEF (Vitk-CF) XK, HxtADRHE. &
BERN. BAE. AOMNTEEETHHITHR. 28
VitK-CF ##Z (< 50%) BYINR ( > 1.3 %1 > 1.5) # TEG-R

(>898 MRS, BURE. FAEFNE (PPV) LURFA

©2020 IMPROVE MEDICAL All Rights Reserved

MIUUE (NPV) 9#IHE, HRESE INR # TEG AU
#£R, ARNERKE, REEEMNEES IR IELD
TEG ZREIEER, BNEFETIERN INR, 7£ 8 HIERE
EMHBERTE INR BERNEED, 2F 1 fIBEFE TEG

=]
FF o

XS | Article Reading Guidance [4 9
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B 9. TEG 5 INR HILbER (UM, 152, PPV. NPV)

Wit

ARETAH, ORRFURZYILER K BMFIX FRpnieie
EEHRIEEEHN, B VKA AFKSH™ENHLHL
iE, HHBEEERBERHIGE. XM IEEMENREBE T
ZREMBERERSFIA VKA WRE, VKA BiBIMHEB%EE
HZKMNEMN 23-FENEE (HERKIFAKEE) BIERMUE
DI RI, X—IHITIRREARISEHER K KRV
RFEE (BOERF L VIL IXHX) o EEMEAEEERK
BRI —M, BEMR AR WORTUESY. ZRH1EQ
e, RRENFRELHBHERK. EEMHNTLENE
MESTRAYFMATIN R EZBTIHER. BTFEEMIFE-R
2 BRAEMEEEFEERAZES, R FMARNATIE
AFUHIT B0 M A TS R 8 B R Bo

MWE INR EEFINRENEEMAERITHHELS

‘o INR BEE PT SIEEXREMESREZ LR ISI R75
(st EFFSUREISH; AW A RIFE) , BRIE
B IMERIXTE R R MR N E#TIREC RSN

k. HIk INR BARIME PT, PT 2INEMRMALIFE
e, ENEENKEFENREnNEF 1. V. VIL XL
HEHFEKF, AL, PT RNEEBREE 4 MEER K
RFA TR 3 (BRIEAF 0. VLRI X) &,

Mg HES—FET LM TRLQNA, Rl
RhAENSHEERENEN, R BHE&BUENLERFINEER
B, Angle 1 K BRI RALTRHRIINEENRESE, MA
BFERMIVMRITIRERR, T ClI BEA— P IEEESH

(8 R. Angle. K 1 MA &M REBEEMISIEZNL
BRE, miefEmnREEETNNE, BFXEig®H,
TEG WEMBRMATRZEBHATER (B 10) , ELECE
B TEG MR RERBVIRFHZ, ARETFHCEN TEG K
TRERB VI IX. XL XII AFZ, BRitbzsh, BELH0E
B TEG 33 V BFRZHBRERMR. BIBX—HRER,
BATTLES, mmigssHENF—LRMRTFRZ RN
MRASEN, INEIERSEREURISIZAENIFER,
T 4L R K BFRE TR FERZIBE T,

10. TEG X3 7R [E) % I Al F B9 UK M

10 [ x#kSis | Article Reading Guidance



RIBELL LRI D MRSEL, FOTATLAT #22), BT PT #2llaE
BRIRMELE R K BT 4 MRBEFRY 3 4, i
E QIR MG AIRS AT, IWREFHHITIETRE,
HFESERRRY TR, S LEEMIT RS MAYAR LI T TEG
EEENEMNEEETE INR AR, XZEBERTN. A
M, MBINAERE, ERREN INR WEEMTREN
FXMERER, RAENRNERTTERAEN, miHESR
AN R F AR SHITEMIZE LR MR M 8
B, BEERBSRaTERNIENASER, WTFRARRE
MmisFHMBIXERTEE —ENFUNNE. 4 EFmR, (EEIA
79, M EXEEMIT RS NNEN, RENHRERD
FBE7ES, WFMEEHENNE, HREEH—THRTE
TR

SE X
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AT AERRI-BUATENG, BHRBEMNREM
WX BR— SR AR
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EERRAYISE B & B AR (L M T T A, R,
ROTEM #ESHNEAEEFARLMEREPZR T ME
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fEizAEERF2maN.

FiE. SERRANMUUS AR 110 HERAERMESRYIM
EAMNFRESMPHITAIRARMEER (TG) NE
RO ERMS. AL, RINALT —HEFT2MEN
Lol pr 8

SR £RRA, DM CAT ZFB—MIHK. RENTF
WK, AIMFELLIEE TG FEEREREH TN
mMAFKNINEE. ERAREFRE (0.5 pmol/L) H
S0%ERIMREMGT, ROMESHFRRERDIES
MR MEEESINNERREI RN 6.7%H 6.5%.
#i8) CVs DFIH 12%F 1%, 40 BIEESEENFYE
BMESEBEMHNTFIYMEEER (SD) A 633 (146)
nmolemin/L, EMESIEEFYNMEEESR (SD) A
128 (23) nmol/L, HFEHMZE, NTHRIE TGS,
LTANRASTHE B AR ARR SRR ViR, MIASR A B
EMREH vl AFRESHRMERMESEMT (r =
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0.001) , BEBENIGERE X

it BT —MUESD TG WAIESZE. %5
MAIE—RIMA#HT, HAEMEBERERRG TR
MBERN TG WL,

Brinkman HJ. Global assays and the management

of oral anticoagulation. Thromb J. 2015;13:9.
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Thromboelastometry in the Management of
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Hemost. 2018;24(8):1199-1207.
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A AT MR AN M 32 3 XY LE AV SR, LTS IR
U RRERFREENXA— L™ ERMRIE. A3l
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Heart EXCOR Pediatric VAD IDE study
investigators. Antithrombotic Therapy in a
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Device. ASAIO J. 2016;62(6):719-727.
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EH— SRR RM A LRANR M EE,

Park MS, Martini WZ, Dubick MA, et al.
Thromboelastography as a better indicator of
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prothrombin time or activated partial
thromboplastin time. J Trauma. 2009;67(2):266-
276.

B"E

Bir: BRNEEE. FHmEeIHRENLRNER.
HMNBRRETENGRFRBEFESERS, RHH
ER(A eI B E R ML ARETE R,
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BRMER C # AT 11 BEEMRES N EERRKTE
(p<0.05) o 38%HIEE FXla 5 (XFFRLAM FXla 7K
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Wit emmeENESMERBEL TSRS, M
¥ PT M APTT KNS RNRE, MieENSLE
KA, HNBRNTANAEREATLIFRINE.

Ray B, Keyrouz SG. Management of
anticoagulant-related intracranial hemorrhage: an
evidence-based review. Crit Care. 2014;18(3):223.
Published 2014 May 23.
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EIRIBARELRE. BrixXMER, BINWTHEN
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Brummel-Ziedins KE, Wolberg AS. Global assays
of hemostasis. Curr Opin Hematol. 2014;21(5):
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TTE, EERANHES, SHXBMAHNENES
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Gupta AK, Narani KK, Sood J. Leaking
abdominal aortic aneurysm on anticoagulants-
thromboelastography assisted management.

Indian J Anaesth. 2009;53(3):335-339.
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IRERBEIRE (AAA) B—THSBRETRBEXMET
Eff. IS, MRBECERTUET, XLBZEM. ©
FIEERTEMEF. FRAUAGFESERHE, BED
REMRDHME, KBPFEXRRS. RIMWRT
ZEBEEEATT PHI AAA TR R IR,

Lau YC, Xiong Q, Lip GY, et al. Effect of renal
function on whole blood and fibrin clot formation
in atrial fibrillation patients on warfarin. Annals

of Medicine. 2016 ;48 (4): 275-81.
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T, HIMRIR, BIRENBHTHS2MMTLEED
BRI R AE X,

BiE. REBMEENHE. HRENE (MPA) FEFFR
HELEE (INR) TR 200 FIEEEMIGTTRIEERER
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S5 TR RIS AR RV N1 38 E S S AN EF
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RIEHMOBREE (p < 0001) MABRIEH (p<
0.001) 5 eGFR B, 50%HI4 A0 E S NEERER
X (p=0.001) - INR 5'5IhEEIEAT TR, CHA2DS2-
VASc W5 5 BINREIEIRE X

it AEEWETHNETERED, SIS 2MmER
MATLEZAFHROTN. SOMBEEX, B3 INR T
. REOMRTUET, BEBEALRHXAEHK
Migte 2, EEMETHNETERE BN IMETE
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ThEeRIRZMRIR 1L T4 5B R

Smith SE, Rumbaugh KA. False prolongation of
International Normalized Ratio associated with
daptomycin. Am J Health Syst Pharm. 2018;75
(5):269-274.
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BEE: —URSERN 51 FREEER, BEFARAE

BEA M RRAR R FNAEEREEAY I, STRT T NEEME
TREMNRMERSM INR AR (5.1) MWECH, &4
MFFIEIIERE, EERE 6 RIEZEDBETIFASE,
BEEMMMAE, FRESIEMEICTIRTARERE
TS BRMIRERS. BERVBRAGMELEEME
T, B8 12 RBREL, BESERBRATHE 8
X, BMERE 9 RRBEMEZEMK, INR DAAS
(26) o ANBZZE 21 X, MR NHEETLMmMEEILE
B, HRBFICYMELES, BEEHEBRFEFHA
INR BAS. SEAFENREERFHIT PT f INR
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Volod O, Lam LD, Lin G, et al. Role of
Thromboelastography Platelet Mapping and
International Normalized Ratio in Defining
“Normocoagulability” During Anticoagulation for
Mechanical Circulatory Support Devices:A Pilot
Retrospective Study[J]. ASAIO Jourmal.
2017;Jan/Feb (1): 24-31.

BE

MMBERZIFEE (MCSD) G, MigHE (TE)
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T XS RARSENSERS, STENEATHE
BT, URISEERERITUR, FNXAEER
UL SERTERTREITUR A RAVEARFHRE X MCSDs
EWESTURE, FRATHET fieseHE i RENITE
HAE MCS BEHUE (EEM) Ml MRZY) “ERE
m4” HErER. JEBR 2012 ~ 2014 £ 98 fliE=Mmiz
DB/ MRETIE MCSD SB&E TR 2, 7
HzRHRiE, 11 & (11.2%) SREEVHA—R TE F
o 72 13 Bl TE FHHP, 8 HIAEEL2ATIOMH
(TAH) BEP, WEEBBEZIRK LB IR M
BOESY, HUEENNERTEKLE (INR) o 0
¥ NERMIER (C) HERR—RAEFITFREXNES
¥, TRATIEERENEERM. RERITNHARER
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Lau YC, Blann A, Lip GY. Effect of warfarin and
rivaroxaban on clot structure. Europace.

2014;16:Suppl 3 iii8.

BE

BT EEE (AF) BEF, ORGUER (0AC) =M
RPN EEETT ik, A, FE/ OAC XM
BB M KR RIFIZEERE, XPJERATXTER
HEREMNR AR, Mg E = kMmN

N
Ao

FiE W& 29 GIRRBEEMEE (Y INR 241, SD
0.58) . 18 BIARAFIEVIIEE (ERFIE 20 mg) M
18 Bt/ MR ZSY) (FARIEITCAR 75 me) BYMI#%, AN
BB HEHRIT O WE 65 FIEMBENAORITE
ZRl. MEERYRARLREAE (ANOVA) HKitH
AT

SR AAERRRFAINIEIRIER T MEDPIEMRELE
RIS ETH. AN IERE SRR
fEAE B R BHEIAEMK (8.3 min vs. 9.1 min vs. 5.9
min, p=0.039) » EFE=HAZIE, FRIRAIRER
BE G (KdSC) BREBEER. KM, SHEEME
b, PRI S o ATRE (6558 vs.
65.88 vs. 59.08, p =0.026) , 60 DEEILFAEREIRE
BHEPLLES (3.8% vs. 4.2% vs. 2.1%, p=0.002) ,
FHEHERE K-BFEMEE (1.8 min vs. 1.7 min vs. 2.4
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min, p=0.051) o ZHEF. MR KEEH. FE
EHFEYTEERESR.

5 MOV UIFEIER MM ER T LB IR HE D
EHROVIZASRIERR. #ATM, SE7AMEY a AZERE, K-AdE]
e, XAHERHTHEIN Xa AFHIREHDEIER,
RERRTEZEAENR, AP EREEMSEMN
REIZRL, WEARRIRE (60 HHRRIRALER) |

BERRRE T M AR GOV PEAREL A M ™ EE I X P

(R, BREapRIHM) AR,

Schurgers LJ, Joosen 1A, Laufer EM, et al.
Vitamin K-antagonists accelerate atherosclerotic
calcification and induce a vulnerable plaque

phenotype. PLoS One. 2012,7:e43229.
BE

BR: #ERKERF (VKA) SERKILEF R M
REXRERENEEETNMERE, ERBNER
FMAZER, VKA BHRIEFAREREARMEDAMISEUR
B, ATMESKRIAARRRFIRENRULELEA
=, BROVEMBGREFEWLE ApoE(--)EREPHRT
VKA 3 BE R EBKES (LA BhBXSHHEBE (L HER IS (LAY
Al

FEEERI: H#E 260 BEE (133 B VKA BEM
133 ZMHIF Framingham EMRITFHSTERVIE VKA 2
E) BX7T 64 | MDCT RiHEEREIBkER (CAD)
BIEE. 53k VKA BEMLL, VKA BETREIEKES
WBIREARIE %2, HIEER e(-/-)/J\uEm (10 &) #% 12
AHAEXRE (WID) , ZERERMEESR K1)
(VK(1), 1.5 mg/g) SR K(HFEEM (VK(1) &
W; 1.5 mg/g & 3.0 mg/g) I WTD 1 5 4 &, ARG
INRo EFEMBEEMMETHHHIAEMZE, LI,
PHREE L BIERRBERNES L, LI, EEMATTRIE
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THRBET, SARINE, PHRINBESE, MARM
BATBRAM,

Hie/B X VKA BIERSEM CAD BENIREIIKHE
HEEER, FHSH ApoE(-- ) NEMBIRESFRET,
ARSI RINNOEAMBET A FHREER
K BRI R B EN.

Nascimento B, Al Mahoos M, Callum J, et al.
Vitamin K-dependent coagulation factor
deficiency in trauma: a comparative analysis
between international normalized ratio and
thromboelastography. Transfusion. 2012
Jan;52(1):7-13.

mE

BR: FEREMRTEKLLE (INR) ZEeIGRAER
K K#BREMEF (VitK-CF) BR=EBRME (TEM
M AR EEEETE) . migsHE (TEG) i
BARMNEIRE. A TEG, RRAVE (TEG-R) AFE
HRERNETEE, EETRE 10 5%, 5 INR 8
kb, HINTET TEG-R #MENHEH VitK-CF fRZIERY

ab
BeE/Jo

HZRITAA A #£5 219 flEfEEE, G1F INR.
TEG FINBRETEMFRE Vitk-CFo 27T AO%KITE
MXKERDS, &Y, BONTERENTD, HET
ZHT VitK-CF E8F& ( < 50%) B9 INR (> 13 1 >
1.5) 1 TEG-R ( > 8 o) MU=, SUKiE, PR
FUNME (PPV) FIFAMFNME (NPV) » RELREIE
INR # TEG £ RA9E 8],

#R: RS, TEG-R RILL INR E. TEG-R B8
IR 33% TR 95%
(95% CI, 91% ~ 98%) , PPV 1 47% (95% CI, 23%
~72) FANPV 73 92% (95% CI, 87% ~95%) o INR K
FHETFT 15 HRBEER 67%
84%) , FERIEN 98% (95% CI, 96% ~99.7%) , PPV
H84% (95% CI, 60 % ~ 97%) FINPV B9 96% (95%
CL, 92% ~ 98%) o INR 7 1.3 HEBBAFEIFHNR
BE, PPV M NPV, WFEREEIMNEE, INRER
# TEG FMASED B 58 (£ 23) 98 92 (=
40) D8 (p = 0.07) o R—BEESEE TEGR &

o

(95% CI, 16% ~ 55%)

(95% CI, 45% ~

20 [N itisE | Article Abstract Collection

18.

2550 FAIRRASRRE, TEG-R 7£iR%! VitK-CF f = fiE
FEAMTF INR.

Dunham CM, Rabel C, Hileman BM, et al. TEG®
and RapidTEG® are unreliable for detecting
warfarin-coagulopathy: a prospective cohort study.
Thromb J. 2014;12(1):4.

BE

H 5 Thromboelastography® (TEG) FIASIE L (—H
WIRMREECER) SRiTERMINAE. RILARNHAR
®EA, REEFMTAENLLEE (INR) #B, BESEES
WEBEN TEG £RBFER. BT RapidTEG™MEIEA
LRF, IMEBRREGEFURSKR L, FLBHEITEREL
RapidTEG 7R MLEEMM R AT 2 B IR

FiE XIMATEERREE 22 flERiaEtORER
MEEMBPETHNES. EOEERZAT, REMBRL
Tk INR, ERMASRAYE], TEG 0 RapidTEG,

S8 INRER: 28+0.5 (1.6 ~42) . RIESFEAE
58 191 £ 22 (139 ~ 243) . TEG &R (BEE
E) : RBEF@E: 83 £27 (2~8) ; K-BIjE]: 2.1 = 1.4
(1~3) ; ME: 625+103 (55~78) ; MA: 632+
103 (51~69) ; G: 9.4+3.5,
EIEEEEA: 10 (455%) , INR 2.9+ 0.3; INR K48
XRHE 5 N TEG TEFHNE—IEXEE (p >
0.05) o Rapid TEG &R (BE5EH)
(86 ~118) ; KBjE: 12+05 (1~2) ; AE: 754
£52 (64~80) ; MA: 63.4x5.1 (52~71) ; G: 89
£ 20 (50 ~ 11.6) ; ACT EFEEESEEMRN: 9
(40.9%) , INR 2.7 £0.5; INR #01 5 4 Rapid TEG =
FHE— P BEXRBIREE (p>0.05) o

(4.6 ~10.9) ; R-Time

. ACT: 132 +£58

Zit: RE INR 180, BREMRLS D EEIMEE
F, FABKLIEEN TEC MEASK TMAREF



19.

HUERY Rapid TEG BIEER. XM ERINEZEM
BRIMHEHRIAIERZ A AJ#EZM. INR 5FE TEG
Rapid TEG A ZEIRZAXE, #H—PRAXLESE
WEEMBERTHE. RURBATTRZHET LU
B IMERFR BRI AAE N,

Spahn DR, Bouillon B, Cerny V, Coats TJ,
Duranteau J, Fernandez-Mondéjar E, et al.
Management of bleeding and coagulopathy
following major trauma: an updated European

guideline. Crit Care. 2013;17: R76.
#E

B FEETIHENRICHESHMEEIHEENR
MRTr. HXLERWIFEISIER, BENTEURESRE

e

A& Sl NERIPESFM TEAMITF 2005
£, BNENT B EHNNERFIEES . &
XEART ZNATF 2007 FRAEHTF 2010 FEFHAIE
MBI, ERERE—TEX ENDARE, B
BOTERER. IHENZRINITEER, HETWEXR
RXEARSHERGER.

£R. FREREENEIETHNEEXTESERAAE
HMNMAEYIFFEI, FHRMT A ERT/ MR
BRSO BRFUEETATT BT K EE ABCTRUTIE ANATIA
Ro BRIRIERIE SEXFE eIfh/E B & MmE TR
BREVZNAITIE, REENHETE—TIHNET, i1
TEMMGIE. KENEFRIERASREZGER
ENBEN, HRENERER L—RIEELURAERN
XEREMITEAITD . EEREEXRNER, BFH
FIEEMAXANNEARNE BRI BIERNEL, IRKE
BRET TN,

it 2H, SFRNIGIFER AN THE—2
WSIEEREMAZ, MMATHERENRUNTD EEBRUMNR
" —NsmRENIFE,
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21.

IMPROVE REVIEW EZISE-1030HH

Christina L Fanola. Current and emerging
strategies in the management of venous
thromboembolism: benefit-risk assessment of
dabigatran. Vasc Health Risk Manag. 2015; 11: 271-
282.

BE

BRkMIASI2ERE (VIE) B—MiER, BEERENER
EMTE, HERERMERINGEE PRI
CTHEMERE,. VIE BFLANRGINERAR, BE%
R—¥H VIE BHURHSETIRBINGERER, H#8
BERESMNELATAEN, XOESBATHETEK, %
ER, BBIRDRIER, BOTFERER, BAFEM
ORR4ER K H7 (VKAs) —HZ VTE BEHAF
Bink, B2, YaiAarsEnNBRESBCaTH
RxiE, AL VIE AT M5 @ EEREE
¥, BEFSHMIHEORTET. OR VKAs FR7EIR
REBF—EEIEkEE, BAENaTERRE, 7
BRELETN, FEAYZIE, AMANEYZIEriE
BEEAMREZ, Alt, SEUEEAERVBERERH
BRI A, AL INEEEER —MEE 2 ORE L
MmENHEIF, ATATF VIE NEMMKEATURER
BRIBENTF. EXESAP, RINHLTAR
MBEE VIE BEPHNEMEBAERN G, 1S3058A 7T I
PRI IO EIR R H1E — MR IR LR A R ok B A BER YR
o EIHET VTE BIEALALLIMBHEEMRB L M
R SR .

Tan J, Bae S, Segal JB, et al. Treatment of atrial
fibrillation with warfarin among older adults with
end stage renal disease. J Nephrol. 2017;30(6):831-
839.
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22.

BE

BR BRESIHERRERBELKRIER (ESRD)
NEFEAPEBEEMATER (AF) o HINHETHE
EEIRXLEZEREEMHAIRATNRERE,

FiED HOMRET —HM 2007 F£7 BE 2011 £ 11 B
MEESIEEIBRS (USRDS) #1T AF BIHEEA
(FHE > 65 %) o HIVERBRERITERKRIEET
HIRE 30 RBVLESEMFBIBER, FHEHITIZHEEILL
BUSEEMEIAEXIEERHE.

SR 1L 5730 BRAEEHMESENNEEAR, §
15.5%MI AFFSRRRAEEEM. 1 2906 St eEE
., B RI%NBEFRRAEEM. 1F 4824 BHNE
BEREFR, B 149%FRERAEEM. ERIBEERIE
HITEEE, FHRBRANESE [ELMEIBFIZ0R] =
5 10 FI1810 0.74, 95%EEXIE (CI) 0.66 ~ 0.83] F
BEERFNEE (OR=0.75. 95% CI 0.63 ~0.90) ,
DAEZE (OR = 0.64. 95% CI 0.50 ~ 0.80) X
(OR = 0.63. 95% CI10.50 ~0.80) o M3, FERSFET
BRELEEMS| R ZEEE R, EFAMERAEEME
BER, B 46.8%MBEETHLIGTHEN 8.6 TARE
ZILEREZEM,

#3e. RE ESRD BEEZEMETNZAHTEE, H
MG, BEXE, REHMRLZHIRETERR
FRER, B/\NZ2—2EREEKRITET. FRE
AT RENENERRE Lo

Shameem R, Ansell J. Disadvantages of VKA and
requirements for novel anticoagulants. Best Pract

Res Clin Haematol. 2013;26:103-14.
HE

HER K BRAERIZER 70 2%, EEMERE

22 N itisE | Article Abstract Collection

23.

FRRELER K Bif, BERERTHMBMmERRT
HIFEEY. RENL, EEMAEFTZRE, XSH
THIEE NS R ORISR (TSOAs) RY%FRERE
MAFHHEORTUEFTHIFF R, TSOA BIFLRMAESHD
FIF GELLMES) F Xa EFHIHEIF FIEDIE, FIK
DU o AEEB T EEMBMRS, FiTETHRED
ARFUEETIBI M AR R

Lindh JD, Holm L, Andersson ML, et al. Influence
of CYP2C9 genotype on warfarin dose
requirements-a systematic review and meta-
analysis. Eur J Clin Pharmacol. 2009 Apr;65(4):
365-75.

HE

BH: E4ERAREZE P450 2¢9 (CYP2CY) LM
STEEEMFIE T RIIFE,

Bk REENABESH, TESAMEERHN
CYP2C9 B RBABXMEEMFIER L

SR ZESEIE 39 TR (7,907 fIEE) . 5
CYP2C9 * 1/* 1 ERFEAELL, CYP2C9 * 1/*2, CYP2C9
*1/%3, CYP2C9 * 2/%2, CYP2C9 * 2/* 3 M CYP2C9 *
3 3 BEEEMABDHEKT 196 (95%EEXIE
174, 219) , 337 (299, 48.1) , 360 (299.
42.0) , 56.7 (49.1. 643) 1 78.1% (72.0. 843) - 1£
SEEEERAYMNESESR, CYP20y BREMEIME
Ko

it SRIMRREERERE CYP2C9 BRI LE
EMFIBERNEER M. HIVCEOMBERAIEER
ESHIERERN, HERZSERUEARREGYIER

FEEMMTRE,



24,

25.

Schmidt D E, Holmstrom M, Majeed A, et al.
Detection of elevated INR by thromboelastometry
and thromboelastography in warfarin treated
patients and healthy controls[J]. Thrombosis
research, 2015, 135(5): 1007-1011.

BmE

TR

m##s877E (TEG®) FHE4: Mies# 770 E %
(ROTEMP®) #MLEEMS|FER INR FERiZ B0

SAMELUTEE

Bk fE 107 BEEESEEMN 89 FEEXEE DT
THEENIR, BEl TBE TEG, AREE
(INTEM) HALKEF (EXTEM) EE ROTEM.

SR AN ER, WRAMEEIMETHE
BZENRMMAFTEEER. SEEXNRAML,
EEMGAITRIEE EXTEM JBRIMA TEG R MAHEZER
(p < 0.001) , MEWBHTSEEE, INR EENS
EXTEM CT (Spearman rho = 0.87) #1 TEG R-time (rho
= 0.73) ¥%. EXTEM CT RIS MMIFZMEDFA
0.89 #1 1.00, FI&NEETF 1.2 MEUK INR, FRMF
FRMEFUNME (PPV #1 NPV) 73309 1.00 1 0.88, [A
¥, TEG R-time MEURMEFMIFTRMS5N 086
0.87, PPV 9 0.89, NPV 7 0.83, XIF EXTEM CT, i
KT HERAZEWEHRERIFERIEN 099 (95%EEKX
[B[CT], 0.99 ~ 1.00) , X¥F TEG R-time, /I 0.94
(95%CI, 0.91~0.97)

HARTFHCERREEMK (EXTEM) BiR,
EEMIETH INR AEBMEER, MBIRERER

JERY TEG BT EERIER., SH PPV Ml NPV RE

RS BEABMALL, FEH PR LOTEAEEME

it

AR TSR =N RIS ME . 26.

Ali J T, Daley M J, Vadiei N, et al.
Thromboelastogram does not detect pre-injury
anticoagulation in acute trauma patients[J]. The
American journal of emergency medicine, 2017,

35(4): 632-636.
BE

Br:. EfFEAmMesHE (TEG) RERIELIAER
s, EEEHRITERARTE (AC) X TEG &
BISZM. FAMRIRER AC BRENBESKE AC IR

©2020 IMPROVE MEDICAL All Rights Reserved
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E18LL, TEG ERRMBRAERER,

FHiE: XMEIMEEREETEHTM 2011 £ 2 BE
2014 FF 9 BEBX—KIGHROBCAHNBLEES,
f1Ek 24 NERIFEST TEG, MREBENBRRIZRE
M EIEEIEM, EEEMBESHT Xa (aXa) HIHIF
(RIVRDBESKFIELIDE) , MIEBEDRZHET AC B
% AC, BEBHYMIWESEIREENXT TEG HE
MNEEH R EETRIA.

SR BHANT 54 UBE [AC, n =27 (%
13, JALLINEEn = 6, aXadEIFIn =8) SFKAC, n =
27]e FRAZEMELHEAMN, GIEFER (12 £ 13 %
vs. 72+ 15; p=085) , B (70% vs. 74%; p=0.76)
FEEEIRENE (100% vs. 100%; p = 1) . BESHE
TEG BRMFENBEABELEER (AC 11% vs. AC
15%; p = 0.99) o EHEEFRT—KLEE (INR) FIEWL
BYEB 53 ERINSERSEYIE] (aPTT) TERMYERINIATES LLH
iR EER AN TRIE (5t AC 22% vs. AC 85%; p
<0.01) »

vn=

58 TEG EWMEHMBGET AC NEEHFHEIRKEBAE
Ro oYM R MmBY R SAT SHIN 8 SEFIRTE

Franchi F, Hammad J S, Rollini F, et al. Role of
thromboelastography and rapid
thromboelastography to assess the
pharmacodynamic effects of vitamin K
antagonists[J]. Journal of thrombosis and

thrombolysis, 2015, 40(1): 118-125.
"E

Mig%AE (TEG) BT IFE AN AL AIAL M B
SRITEEATIRE MR IVRTS, NTUERMERRTIN
. 3R, BEIRHTIRE TEG (r-TEG) , HERE
SIS T IMEERAALR T RINREDRERIENL, UL
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27.

FEEEENER, #4525 KERA (VKA) BrrE
E™ TEG 5 r-TEG WERSERI—KELE (INR) 2
ERMEXMHARER, XRAMRNEN. EZHMEYE
BHYFARNBECIEES VKA KEIFATHEE =
100) o TEG B ZEHAEXMY, 132 MIL4E IR
18 [REZBYIE] (R) , RAMMGERMESRE (MRTG) FiX
FRAMIEERFERBIE (TMRTG) ], M& INR &
R X LE B HANATT INR SERE Z @M —ME#TT 73T
o BoN, E—HZIRE (n = 17) H, BIFET r-
TEG #5 TEG £ INR EREX M. Ei24ERR
B INR #1 TEG &¥ziE, LHEZRE NR fI R (r =
0.189, p = 0.06) , MRTG (r = -0.027, p = 0.79) #
TMRTG (r = 0.188, p = 0.06) o Lt4h, TEXLESEH
YK INR SERIZEEELAM—HE. KW INR 58
SERR MBS A 2 BB AER Spearman XM (r =
0.546, p < 0.001) , r-R (r = 0.572, p = 0.017) FA r-
TMRTG (r=0.510, p=0.037) , {E;&H r- MRTG (r=
0.131, p = 0.617) o FA TEG M r-TEG 23I7E 24 + 6 &
A0 12 + 4 DPPHAREER (p < 0.001) o SHREINR
MEMLL, EEZEME VKA JBITHEEF, TEG R
BTG VKA TUBERAMNBER IR, A, r-TEG B
5 INR KRR, XRIBZME LD REFE BRI 2
PUEEATT MR RIFIER.

Dias J D, Norem K, Doorneweerd D D, et al. Use
of thromboelastography (TEG) for detection of
new oral anticoagulants[J]. Archives of Pathology
and Laboratory Medicine, 2015, 139(5): 665-673.

mE

BHa: IR EFHORTUET (NOAC) MISIARIET
FRUWLUEMXLERYNERAERSERTENEX
WHERE. HIRE, EENFREE PP DE
REUREEMEERTAPRNNL S ERENE—E
TTIERREER K B, il MRZEH IR il A

2 I[N itisE | Article Abstract Collection

28.

DFER. HEE NOAC Ml fE, &7 R MMEZ Mok
BIETREISEI TH Ro

B8y HixmiesHE (TEG) EHRUMEXS BaiftE
BIFIZE NOAC HRHYSEAME: EiERMmESINHEIF (AL
B) 0 Xa AFHIGEIF FIEDPIFARDED o

83t EEEHNARTEE ccarin WIBERT, BRESEE
BB NEM NOAC, FH I EEIT TEG BI%20H,

#R. SWREAALL, SN RNEE (R B
8) FLRBRAMSTAERAREIIER, HIERAT
MIkVEE (R BHE{EIEREERN) MALLMMERTIE R
o Rapid TEG BUERVEMASEINA AT RAE 3 M
NOAC BIEFIEBRNEHL, EFEN Xa IIFIFIBER
T, ecarin HPFMEHBK L R WHEBEEEESHTE
H, MEFEERRMBNHFINELT, XNERIR
N B ST ERELFIR R BYE14E5E,

£510: Rapid TEG SEME BT EMNRA S L MHRK A F
BESSHUAN ST NOAC, ecarin IRIATATFX S Xa i
FIFMEERMEEIDE, Elt, TEG AJREENIER
NOAC Wy BER R LAY RN E R T R,

Schmidt D E, Chaireti R, Bruzelius M, et al.
Correlation of thromboelastography and thrombin
generation assays in warfarin-treated patients[J].

Thrombosis research, 2019, 178: 34-40.
BE

S 1000 AFHYE | ASTEHKIISEEE (VIE)
W, REERBSZNEERZHRORIUENSE
77, BFSBENMBEIRZHER K HEF (VKA) 3
TiESAT. HIMMBERESE VTE HXEEA VKA &
TERRIEEMN R REMHRETN, £ Ekmeme,
BlanER mEs £ RNIEF MA2¥AE (TEG) Mbekmig
BAMER (ROTEM) , B LA IEM#{T2ETE,
FATREFUMLL S BI1ER,

EAMRAR, BITRT 84 BLEMETHRAMR
EXM% VIE BEM 87 SREXRAGMESERLER
(KRR B EHIMEEF Mnovance ETP 934f) LUK TEG
# ROTEM MR, VKA LESIUHGHIEREKFS
BMESAERPEME, X5 INR ZYHEX (9579 Pearson r
=089 M r = -085) o ALAFHEHN ROTEM
(EXTEM) RMBYIEZEE (vs. CAT lagtime, r=0.87)



29.

AR VKA AT BRI ERRL, i
YA pR (RN M 3R58 FE 3 M BRERFZ AR B /1 32 F= A 55 Y
F0H, MIEEREUERN TEG I ROTEM (INTEM) X1
MESHYAE AR AR

22, VIE [5f VKA FUERYEE M 3RE AL R
A, XA LUBI AR EFHUER ROTEM JHEH AR H
. ROTEM #RMENFERETESER, S0
BRI RN N F ISR E

Nascimento J C R, Marinho D S, Escalante R D, et
al. Monitoring of coagulation by intraoperative
thromboelastometry of liver transplantation in a
patient using warfarin-case report[J]. Revista

brasileira de anestesiologia, 2018, 68(6): 645-649.
R"E

NE: BRIOZANNE A LES, BERFTRERIER
EMmieEH, BITERT —HIRMAEESHFELE
&, HfBESREPR RN EE A MRS N E X
(ROTEM®) 6%

RHIRE: —B 56 FWBHBRE, SLEEM (25
mg/day) ZHTDERIERTEL, SHE2 IR DS
B, BERAREMRELE (INR) A 2.14, FRFRE,
ROTEM*S#UYIEE. ZFTHE, EXTEM 1 INTEM {R¥F
IE%, {B FIBTEM £ 10 /5B RIRIEEEMRALR
REE, &5, THFH, BTEERKRET HEPTEM
FREVERINAYE (CT) LBA%h, 5 INTEM B9 CT #8Lt,
EXTEM, INTEM #1 FIBTEM BYAZERSEREVE ISR
EEHNNE. AL, ZBEETEFABPEMARGRE
SR, REE 8 Kb

Wie: RS IRARET RS INR, EH INR 2
MREFTOUENSE, HERBOFRNREEER,
Ite, migsEMER A EEERREERES,

©2020 IMPROVE MEDICAL All Rights Reserved
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31.
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Nilsson C U, Strandberg K, Reinstrup P. Warfarin
monitoring with viscoelastic haemostatic assays,
thrombin generation, coagulation factors and
correlations to Owren and Quick prothrombin
time[J]. Scandinavian journal of clinical and

laboratory investigation, 2018, 78(5): 358-364.
BE

WEEERRMESRETE (PT) MR MIT .

FheEME EIREe (VHA) FERTRMHONER, U
BEIET, FERREPERORETH VHA
Wt AT, FEBEMEREEMTUER, EEMRN
B3 VHA BERAMAHRE. XMMRNENSITH=
MARE VHA EREEMPURER, HEXERNSE
mEsRESIE] (PT) , BRINEATF AL WES &£ AN E
(TGA) #1THEE. M 80 BIEZEHFL PT-INR Owren j8
THEEPHMEVTIR 2N, A ROTEM (EXTEM,

INTEM #1 FIBTEM) , ReoRox (Fibscreen 1 1 2) #1
Sonoclot (gbACT +) #1T VHA 9. MIHEX T KA
F PT (PT-INR Owren 1 PT Quick) , TGA LAKzM3EH
I, 1I, VI, IX# X B3R D, SNERCERN VHA, &
#& ROTEM EXTEM #1 FIBTEM £ B¥iE (CT) Fl
ReoRox Fibscreenl 1 2 BIMEBRECIARTIE] 1 5 PT-INR
HIFEFEMEFRZE, r90.66 ~0.71o 7E PT-INR Owren > 1.2
WEEP, XONMTEFJRIKEKESEXEU L, &
% ROTEM CT IEEHIE#E Owren PT-INR > 1.5, 5%
FIMERRERINISCEN VHA T2, VHA Eitli#
TEUFR (BINEE/EEINFE) NBEEPHIERR
RPNERRERE TR, OB XXKIAMEENIEE
WAREE VHA IR T LIS SRR LE MR,

Akhter M, Morotti A, Cohen A S, et al. Timing of
INR reversal using fresh-frozen plasma in
warfarin-associated intracerebral hemorrhage[J].
Internal and emergency medicine, 2018, 13(4):
557-565.

SCRRHEE | Article Abstract Collection [BY 25



IMPROVE REVIEW PREET

32.

BE

HELEEEMARR MR I (WAICH) HAENEBEREIN
REPERMR. B2, HARIEPAPRIRIE INR AT EK
EIRRMR, HEFREICRME (FFP) WRERHT
. HAVLEMRER FFP BIR¥H INR 2B SELH
P KM ENLEFE *. BATRIFEMURED 2000
FF 2013 FEIEHH =RERMIZAEL WAICH BE
BT TR, B4 INR > 1.4 BEEES FFP M
HER KA. TEERZREMMYT K, HRENK
RE£8R (mRS) # 30 RFETZH, A logistic @35
HERST INR BEAYETH, ICH BIF KAITRE Z EAI%
Ro 120 BRHABFENEIRE (FHER 769, Bt
57.5%) o INR FUFR{iI#k9 2.8 (IQR 2.3 ~ 3.4) . MNfF
P KS INR BERIBEX [INR IR EN 9
(IQR5~14) hvs.10 (IQR7~16) h, p=0.61]c =&
HERBRENBELTERFNBEEZTERN INR ¥
[9 (IQR 6 ~14) hvs. 12 (8 ~19) h, p=0.064]o Ff]
SREIHERRERN INR Wi 5 R MM BB
LR Z IBTFTE KBk

Krylov A 1, Shulutko A M, Prasolov N V, et al.
Coagulological aspects of treatment of
complications of prolonged therapy with

warfarin[J]. Angiologiia i sosudistaia khirurgiia=

Angiology and vascular surgery, 2016, 22(3): 33-41.

mE

EE DT B 116 HIKHALEEAMATNSMHARIEN
JAITEER (68 BIBIER 48 i, FH 20 E 84 %,

TR 59.5 £ 15.5F) o SFLIERH TR RS2
RSB T EEAMKRIEATHL S, HEREL R

26 [N itisE | Article Abstract Collection

HTUEEATT IR B AR, HEURTEBERR. ANH
RNASHBERBEEMEBT—F, HPE—%+
(48.1%) MUBERBLEEMBE 5 F. WREHTH

RESEIRR. NBHUXEERT, HPRMBE T L

MR ELEES R &L D 5 MmEESE
(APTT) , EFMRAKLEER (INR) , BRMESFRIEY

BRMBESRAYIE), HMEERE, FHEEQRSE] MBEN

B (migshZNSAmessEnE) » ERBEREX

WATHHLER, B 10 flAETSMHmeEHL

iE, BEEUMEHMKIZETA 106 Hlo HAFTIRISHY

SRRA, TAMETRHFRENLEREEMRETE
NERTREN, HFEEBEXFEEREEEWT AR

B, MEEMATARTONE R THEHNNEETEFA

AT, —EHIMMALE, BT ESRIEEENT X

Sh, ERBIUHTRIFMNKRE, XFEEZBIRENEY

FRTT A KT, HERNETITEIRARLI (K
BB ERE) MKPEEN, HPETERREE
AR EE N, ERRMERNERT, mit
BN M AR BRSNS ST Ak T BOR BRBX M AL TIZ A 8 25 I 32
IEMRFSFOFON & £ BBk Mieie ZEH R AENRRIEES
o

f-'i
1 eNngi
anal ll S=
!Ia!ilﬂ% Emmggmnm
i s =
&
E
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KRREBEHTT MCSD HWBEETENIRFLH MBS 5B REMELEFHNBENDRMNRES, LT TEG 5 INR
EREATROMNENER, WETE MCS BEFUENAMSATHEENX “EERMIIEE B TEG S8, SHMmesHERMIEHR
(CD) HMFRITRAFREEEXNERRNNE—REFRITERXHNSHNEIL.

I #4538 77 B i/ ) iR E A A B BRAm U L R E E XA B SR E i
ARAEFHN “ERRIE PHNER. AP LEmHRR

BE

MWEIFZFEEE (MCSD) NG, MgRE (TE) EHMEOHLZENARELNTREHMNIECER, A7 FEXH
BAENZREEERE, EANENRMISETHRRRIMES, UFRFEERSTREARAREE, SEMARNESHARITTE
FEEGBEX MCSD BEMERRMEES. FANTG T mieAEM/MRERN (TEG PM) EEXTURZAY (425£4F) il
IMRZSYIXS MCS BE “IERRINE PRER. ST 2012 F£X 2014 FEIERKRES TEG PM 89 98 6] MCSD &
E. 11 & (112%) SRAEEHRBMEZELRET—K TE B 7 13 FIOBESHF, 8 GIAEELATOESEE (TAH) o W
ERBIEHREETRALERSTURN TEG 3, HNEMMMEMTENKLE (INR) o miFHERMIER (C) MER
AATREBEENNEERNNE—SAERITFEXNEH, RIBRIINER, HeartMate II (HM 1) # Heart Ware (HW) &
EMEBEMN Cl BNENTRET 1.5, M TAH IREHNEEN ClENFRINTRET 1.2, Cl NSHER K KEERME T
FIRREAX, ZINHEESERREILENEM INR SEELNN. AFHERLIMREYERESN TEG PM 2 TEG H—IUHER
e, WFEFERMRS, EERAIRBEEDFER (MA-AA) <50 IRAIRIEZBEEREE (MA-App) <500

X miesHEMIMRERD; YREFZEER, fURASR; 82—, EERMMEENX

Bri, EEH 500 ZH AREOIRBNEW, MEXD
BFREZFEZMY, 32X 10 £, NRBETFZSEE
(MCSD) ERAZKKRBONIRBEEN A TATEREN
OIESIERINR. AT, XMATHEBENEIER.

RTS8 XERNECE, AN MCSD &7 migaik
To REML, SFARAKRMBXROLMHALIE. SHEHEL
MEENERKI AR S M M ERE N AREESIIRERNFTR
EL, 2EBRIFMEN®KR, FEHXRE LRI MK
BEGFG T AT, KMTEMRETIFE MRHIERAR
MARZ.

B E SR/ MREERESRIGTT MCSD fR8E

28 [e) szikiEiE | Article Deeply Reading

8, XLERBMEFHURNZI X MI212E (TE) F
TR, MARSEH “ERRML . Fit, ZWENERY
FERENREATARUNHMLEAILE BT A RIS LM
REFEDAFETHE L.

1994 £, ZHMpYIEMFHKERZE T EFMMAY I ME
BpPkhk, ZBEEBTRTHRRAF (TF) NEEMHURTE
ZEAFIEAER L5 | & 7B 4RAE LA K /)R 7E L3l 72 R B9 F R
Ply e bUERRIER MBI R ELSBAEE DT
R EFE B IEPRIF R P AR A B B AR, Mg E

(TEG, Haemonetics) B—THEMREITINA&KHETNESM
BRI AARRAVR (AR AR E, S5EIRMFERIET



B, WENE D RMIEESEE (APTT) & MESREYE
(PT) URAEMHIEPFMTELLLE (INR) , EEMUSME
RRmMEFKFEHNFEDYE, EG TR LM H ST (45 mE
Fo MUMR. ALZEBR. STHEURSYNTIIMRZ I E
FimemarhsEEtE, TEG RN —NEU#H, TEG M/MRESD
i, Rt T — i) R ZSIRT /) R TIRE R IMAY 75 5%,
TEG # TEG PM HERHT—MENENTIE, JRTES
R ILEaTT, UMEEAN MCSD HWEERIE RN
Mo

XM EEZEEN SR TEG 1 TEG PM SE[olmE
HRIEAMLLEAEN MCSD HEEEENSEFREZS TE B4
5&B%% TE EHNEENLEMRS. E-IENEHEE

IMPROVE REVIEW EZISEE-1030HH

MCS BEFURMTMSATHEEN “EERME 8 TEG
2,

PP

20124 1 B 1 BE 2014 F 11 B 1 BEHKKIEAN MCSD
B9 98 IEBEN TEG KWNERETEMIED . ZFARINEE
BATEKH MCSD WWEE, il SynCardia £ AT 0 E

(TAH) , Thoratec PVAD WOLEHBNIZE (BiVAD) ,

Thoratec HeartMate 11 (HM 1I) # Heart Ware (HW) o 1RIESE
SR MCSD HEENZE /D —FRBRGR I MREGY) (SORIE]IT
MEIFAS) (RIEBEBRINNIEEERAHAREY) , IERSE
EREEMATTIIBEMRINR 592.0~3.08025~35 (K1) o

® 1. £F MCSD EARFUEMHIL VR BT

MCSD Hy3ER 15355k INR B4R FITIEHELTIE (mg)
ks 2.0~3.0 325
HM I 2.0~3.0 81
TAH (2013 ~2014) 2.0~3.0 81
TAH (2012 ~2013) 25~35 81
BiVAD 25~35 81

BiVAD: SULEHHBIEEE; HM II: Heart Mate 1I; HW: Heart Ware; INR: EIFFFRELILE; MCSD: HIMBIAIFREE; TAH: @ ATOME;

TE: MigHEE,
BAPLREIGEMGE

fEALmFRH#T TEG M TEG PM 2. HRUETE
32%ITERBRMAMFRERED; AT EXIRMEEESR,
HEWER 30 2HR#ETIEN. RIEFIEBEIRA (TEG,
Haemonetics Corporation, Braintree, MA) XJMR#EITT 7
i, FERATHEEENERF, TERETRIEREIA TEG
HHIMASHISRTEE, Slet2—MELT, ZRREER
ARG & kR4E, 1RIE CLIA Ml CAP 15/, & 8 /\BXY
TEG SM{#IT—REBITH, MmiesHEMmesEHEIm
/NI G F I R R IR SR SR AR R

23 E R SEHE X

M AHEBRE, 1§ 340 HAITERRALMRS 20 HFA
SHES GeRiTERRZE) MSKt CRERERMSE) —i
BANIATH (37°C) HFHR, XERFE=ERKBVE

R MiENHEEEREIERBMRNERINE (8 10 ¥ +
4°45") HIBTHIRFREHTT, HMEFEHN, MRSS5RT/S

©2020 IMPROVE MEDICAL All Rights Reserved

KRSRAGES, YTERORRIHBERIFSNRZ
EFZEREY, TERTHAMENEIR BRINER, HrERMN%, &
BRI AN S EEREGEEEIZAEX. FEENRE#HTT, F4
BEBENERITAI R, NTBNT BERIR)N. B 15
W7 HRAYIE B MEE A ARY TEG Hi2E.
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PT
!
Fibyrin + Stable Clot » D-dimers
*
- PTT
CLOT INITIATION INCREASING CLOT FIBRINOLYSIS
STRENGTH
.
R LY30
I . [FHH I - . MA | - - -
* SP gl
—
r
L 2
Fibrin strands Clot Kinetics Strength Dissolution

B 1. EERMEEEMRN TEG FUTAISH. o, BE; k, BREINFE; LY30, KE MA 530 DHIIRDFER; MA, mAIRIE. PT, LIMESRE
i8); PTT, EBOERMIIERSEYIE); R, RREZAYE]); SP, HER; TEG, MieEAE. KEARNE: G, FRRE,; UKk CI, BEER GTEB . BX

TEG S¥EV5EE, BE50K 2

FRABKLELNER, TEG T BRHI/MRImE 5
IV MRBGIDEIER. XM FMBFARP~4ET RMEE, X
SR MREYERAFE (R BT th 2SR /)R =2 4L
=, MIERBPUREEFERERRMIMREY, BBEN
LEmEAR R A,

WETM/MREYHBER: M/MRERT (PM) o TEG
PM AILUBRIBIEARE R (ADP) FITELEINGER (AA)
S AR E R IMRIDEIRERE, /] MRENE T f/ MR IDE]
M7, ERFRINSIRMIES, BEF F RBRLEETE
EHRBMAAHAER, HER ADP I AA WESNZHEI
NIADHEIE. TEG PM RN EIEI MR AR

o E4AMN, HhgAImENBIATERE (MA-
CK) EMFILE L 2mERENE,

o SEFINR, FFRINGIRARMESEN, SEUF (RE
RIS RALEARITENRALESZA, HE
FXI #UpN FXla, @ RGEM/ MR, FHATAT LS
LT £ 3T LB R STk

® ADP i, EIERAMLTAEHRRIVEETED GP
IIb/IMla ZAFCEIEMNHIM/ MR ADP [X AT LUNEAR
Bim/MRZY) (ADP 8 GP IIb/Illa Z{RINEIF) 89
BEFRZRIVMVEE QIREHIE) N ZHRE

30 E} XikFEE | Article Deeply Reading

FRAIRE (MA-rop) 1o

o AA I, BIFEEUEN (BTLERRER) FEUEM
it A2 BIER AA, Mitk A2 BRESBUIVNMRER
&, XUUEMBEMEENFREAIRE (MA-
AA) ENEBERTRRM/IMRE .

FERUT AR B SR B I MRS (e :
[ (MAapr - MA g4me) / ( MA gmms - MA ggza) * 100]
MWHIZE (%) = (100% - BEX)

/MR R—MNRENB D LLEE, D3IH3 ADP #
TxA2 (AA) RFIHIZRHAITIHE,

23 E/ mesE N E M/ RER IS H, ~HRHE
HENE8Y TEG/TEG PM S¥EIE: D3R (SP, H8) ; M
MIRFFIAE 2 SREREKMRNEE (R, 5%) , EBME
FARIZREAFINEER; Angle (°) , M SP MEZIghLRRIILE
WEE, TENRAAEZHRIAE; KE (D) , WERE
M 2 mm £KEF 22 mm WEIHE,;, RAIKRE (MA,
mm) , MEM/MMRIIEE (MA-AA, mm) (MA-xpp) ; G fE

(dynes/cm?) FLEEMESR (CI, CI = 0.6516 Rc — 0.3772Kc +
0.1224Mac + 0.07590c — 7.7922) #MRITHEERHNBH (58
ENEEL) @1, ®2) o
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3R 2. TEGPM B# (488 TEG5000 R4 F41)

EARSHEEAREUAE AN 4

SP ki WA FRZEIRIE (31 “fL” ) DERITE, =M

MMAFFIAERIEAER] 2 mm BORYE], AUFRERM [ FE2mPRAEROEFHEEER. HUET

R M mrmeRn, DRBRE. MR TS SR,

Jiﬂi E\kq — =k IE =E (44 Bt || = BEEI“
K =Eh /1% b mmfﬁéf; ;,};i ﬁ;;kwﬁ%m Fia (HRIERN 20 S

MEBALZORBIEE, MMITEERIZHK
Angle E SP #l K Ziapafi=R BOERE; BNRMESIRAME (ThREMALEZER
}?) o

GPIIb/IMa ZAXT 45 B A /) \MRAE B /ERRY
Ay = T AI:.o
MA mm T T KRB AL/ MRINEE

BRBEESMIMEENER: FHAEANEE
REMMMIMREETE. K29 80%HI MA K
BIM/MR, 20%KBEFEEH,

HIM/MRMLFEZEQ T ENEREREE (G,

G Kdynes/cm? \
Y FH Kdynes/cm? M) o

ﬁ’i‘“ mm | TEG PM BUBAE BB AR B MR E .
CI 21R4E R, K, Angle 1 MA HEEBHKN, H
o y | PATEENBERDRS. Bt o pE:
B%

CI = -0.6516Rc — 0.3772Kc + 0.1224MAc +
0.075%ac — 7.7922,

CL: BRIMIEER; MA-AA: EEMBEREAIRE, MA-wr: “BERIRERAIRIE; SP: SR, TEGPM: MigHE M/ MRE I,

ERNARD, AT HEMIMRIDERZES M, FKi6E RtE, MARIEESIL (E2) .
AT TEG PM HJ MA-AA F1 MA-spp B3R R FZRAY I/ MR

W irnibiton: 90.1

10 milimaters 1
CK ——
AA
% [ahib @1 % A 99
MA (X G54 G 0K 9%
A M (& 158 G (&) 110
M (&8Y 17 G (AA 14

B 2. TEG PM H#HIEEF BRI E) CMH RIS EH. MA-CK (664 mm) , E&H#IZ; MA-A (16.8 mm) , JELFHGIE ((RILFHEREHER ; MA-

AA (217 mm) , FISIECARDE]M/)MREITERZEE. MA-AA: EEMNEERSANRIE; TEG PM, Mi2iHEIM/IMRE,

[N #3877 E)/ s E i/ ViR B S 5 H & I iH 2 R e n X 51 I G MEINZIRNRE (FRRRERRER) FNEMm
MRBFEMIFIEREETNRE, PFA-100 BXfL T HIMAY(E], AN

M/VRINEES ML (PFA-100) o PFA-100 RITAFES . . .
— AT LUHER R M L IAT5 5. PFA MR REUR T /)
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IREEBINEE. MIRFHEZAR. MEMMAREFKFAMD
LS, PFA-100 X LAMMAIFEEUR, BHFEMET
M MBITE D S o

BRmESRANEREWE S EMIEE. PT # APTT REZ
/MR FRMEF KRS . INR BT PT IHEE
FMLER, BTUNEEESEZM (Coumadin) AFHID
1%,

I #4337 /i #5800 B ) VIR SR 9 PR A

mEMEMER (/MR TFRRRERNRE) TET
s, ANELFRFEENPEERERS (RRER) -

TEG PM 1 INR &XK#{T—/%. TEG PM EEHATELIE
REREWMIRH S L IR ESH, Fit, TEXNEEHT
BEE X,

XPRB DT IERETERAEE L&BTIRF TEG PM
ERRIRIEE, FERIDTIEEMNERT LR, K]
B H 8 FRRERFHRARMME, M1 INEEHER
BtEille FEfEA TEG PM ZAl, SRIOEAMTT ZRRIE
TE, HEREROMAIHMAREL R, N7 RAREME
DOMEIEE, HIETLUTER: AhNAFFTEEERE
=, FFERMARNEE, ARERE 30 2HAFITIERN
i, AEERMEWARRREEREREE ISR TR,

parinapdl

EE INR #TOMERRAERTFENEERREEM
(Coumadin) JBFFHINME. EREED—R TE BHMEKRE
0] TE EHMRIHE 2B, XMieEIESHM INR #1TLE

o WFERE TE EHNZIAE, REBTES5E TE BHRE
BEARIEHEN TEG B0 INR. BTFHR¥E TEG HATfEALEN
MCS £BRBENIAHRN—E5, Fitb, TE BHRERH
TEG 5 TE S4B EREDy 7 X, F9ER 182
+ 183 (FI9E + tWEE) o TE BHE TEG 95 TE B
REBHZEIMETEIRAECA | K, FHER 14 £ 14 Ko
WFALEEREMEMA TE EHNEE, TiRK LT TUEN
ERT, W& TEG 1 INR MR, A Wilcoxon #AIHK
MRS HY SRR,

FRERREUBEREME TRN PR, WENHIEEE
MCS EBMHEI, BENEH. TE MIE TE BHHERUK
TE 3k TE EHHNEH, EREBTRIBOEHREARRE
ERTIRRFTHTUEATETHY INR # TEG $UE,

NMEBREEZERSMALARZERSHEHHAE T BRI
REFTERE, BEMIEREND.

E75

ZHREE 98 BaKEE (B 3) . FANSIENS
WEIRIE TE S MCS &MERHITHE, & TE B
AN T REBHE TE SHNMALEHELERMN INR (12K
H1R; FH9E + SD N 142 + 144 K) , TOfEIE TE B4
RO T TEG HIBMZEDHUERAIBIN INR. 3F TEG FHAN
BIRER MCS EENERH—T DL,

B 3. B ABERR MCSD 28!, TE: IMi212E; MCS: MMEIRSZHF; HW: HeartWare; HM II: Heart Mate I1; TAH: ©AT/OME; BiVAD: ¥

OEFEBEE; n: RiXEH.
MmieteEEHF
EFEARZHED, 118 (112%) RAEEMAFTHIE

RETED—RTE B, MBABELHTHAX TE Ht.

32 E} XikFEE | Article Deeply Reading

Ft MCS EEBEMRBMS, TE A7 7 §l (63.6%) &
TAH, 2 ) (182%) 2= HM II, 1 ] (9.1%) £ BIVAD, 1
Bl (9.1%) 2 HW. ¥0%k 3 Fur, TE3E TE 4R, TAH 79 28



(322%) , HM I &y 23 (26%) , BIVAD 6 (6.9%)

IMPROVE REVIEW EZH8EE-1030E S

HW 5930 (34.4%) o

R 3. &2 MCSD B3 TE M3E TE BENE

MCSD TE % (n=11) IE TE BE (87 §I)
HW 1 (9.1%) 30 A (34.4%)
HM I 2 (182%) 23 N (26.4%)
TAH 7 (63.6%) 28 A (32.2%)
BiVAD 1 (9.1%) 6 (6.9%)

BiVAD: SULELHBIZEE; HM Il Heart Mate II; HW: HeartWare; MCSD: HMBEIASZIFEE; n: BEASK; JETE: JEMERE; TAH: 2AT

OfE; TE: Mg,

PEMRAME, HEET 100 NS, S 131 (13%)
TE B0 87 1 (87%) 3F TE B, 7EX 87 IdF TE B4+,
TAH BEKE 28 f§l (322%) , HM I BEEXL4% 30 i
(345%) , HW BERE 23 il (264%) , BiVAD BELE 6
Bl (69%) o EX 13 W TE HHFF, TAH BELET 8
(61.5%) HfF, BiVAD BEXRET 2 (154%) , HM 11 BEX
£7 2 (154%) , HW BERET 1 (7.7%) o TE BHEIEM
MERI (61.5%) , FFEMMERMES (7.7%) , RVAD I[ig
FERE (23.1%) M2MEEKEG (7.7%) o

3N EMMmiE B I MRE S

MEFE TEG SHMWTEHE R, o, MA) FIHEEFY
(G, CI) , FIRIE MCS EBERZEITE TE B4 TE B4
GERPUER) ZiEffTEbIR (3R 4) . TEFFEINREEER MCS

HEEH, TEATNCINEESTIETEA (TAH 3.12 vs. 1.12,

HM112.79 vs. 1.74, HW 2.79 vs. 1.70, BiVAD2.79vs.1.72) o CI
BERTEENZERRNRS, ERARREEHHFESH R,

K. Angle) S5EREE (MA) ITEIREHI, CI = 0.6516Rc —
0.3772Kc + 0.1224MAc + 0.0759ac — 7.7922, T ZEEMNEER
TREEEIRES, MEFZEENAERRAREERS. cI i
FREERRERI LR ENIIEATTTEREN, RIER
CIBE-53 ~ 1.5, ZFEERMERMELEMR, R4FIHT
FIXHENT E MCS HEBERELE TE EHNEEE CLE

£ TE BHHE, 59k TE SHREAAELL, MRIFE=H
Gl a, 5 HW, HM II 1 BIVAD WAPEABLLEREER. 5
3E TE £4BABLL, TE AWEER a, MA, G MA-xp FHEATEE,
PR B MA-AA FIINR SREEEER (R4)

R 4. RE TE EHAE TE FHNRIAEZ 8 TEG PM SHHTFIIE

3E TE = (n=287)

- TE E=ff TAH
FE BEE ) .
(n=8) TAH HM II HW BiVAD
(n=28) (n=30) (n=23) (n=6)
R . . . 7.53+2.54 6.43+1.39 630+ 1.56 6.30 = 0.50
5~10 6.24" + 1.00 5.90" +0.94 6.11" £0.94
pfE 0.009* 0.38 0.50 0.48
o ff N . " 7191+£4.01  7257+3.14  71.83+3.66
53~72 76.00°£239  7624"+198  76.09°+£2.16  73.29+5.07 . . .
pf&E 0.0009 0.001 0.007
MA . . . 7243+7.04 7151487  71.06+4.53  70.38+4.89
50 ~70 7570 +521  7624"+2.73  7591"+4.29 . . .
pfE 0.109 0.014 0.009 0.027
G N . . 1469+547  13.05+3.09  12.74+3.11 12.30 +3.03
45~11 16.48"+4.77 1624"+2.40 1638  +3.90 N X .
pfE 0.17 0.014 0.009 0.023
1.14+2.45 1.74£127 1.70 £ 1.08 1.72£0.99
Cl 279" +0.97 3.12F£090  2.921+0.92
53~1.5 0.19 ~2.09 127~222 123~2.17 0.67 ~2.76
95% C 1.98 ~3.60 2.00~4.24 2.36~3.47 ) ) ) )
0.009° 0.005% 0.005% 0.003"
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]| 4. RE TE EHAFE TE FHHRRE 28 TEG PM SHHTFHIE (50

TE =¢f: TE SH¥ JETE EH (n=87)
TE E4 TAH
Hth=E4
(n=8) (n=%) ot ¢ TAH HM II HW
n=>3y
(n=13) (n=28) (n=30) (n=23)
MA-AA 4882+16.60 4559+19.78 4696+17.62  47.10+23.40
50 ~72 52.11+10.93 4830+16.17 50.53 +12.81
pfE >0.99 0.50 0.51 0.96
MApp . . X 61.68+1628 52.94+1271 57.72+10.76  48.66+ 13.64
50~72 67.36"+8.50 5826°+13.09 63.57*+11.12 .
piE 0.99 0.017* 0.118 0.083
20~3.0
INR 2.40 2.20 2.40 243
& 2.40 2.40 2.40
pfE 5 35 0.96 0.80 0.35 0.39

* fERLE MCSD FEBAITEERNNEEBSE,

'TEG PM &#3918 + fAEE, FiE MCSD WRBAITEEME, W TFENMEER MCSD, 3 TE4H (n=13) MIETEG AtE p &,
95%C: 95%BE{EXIE),

o> FE, Bl Angle; BiVAD: JULEHHBIEEE; CI: SMiEEk; G: G{E; HMII: Heart Matell; HW: Heart Ware; INR: EFFRELILE;

MA: AR, MA-AA: TEEMUEREAIRIE, MA-aor: ZHEBRERAIRIE, MCSD: VIMEIFZFEESR; ni BHHE,; R REE;
TAH: £ AT{OBE; TE: Mi$422%; TEG PM: M58 1B M/ VR E,

BENER FREEIA. MAEMEFRR. BNER (MEFEFR) . HF
. EJMBIEMPL, URENRSHBRNERE MR
£87 ZIE TE BHE:

B TEENIFH, TEG PM MEZEERITN (SIEF4
EHAREM NEREMNENNESZ. AR, RE
MCSD HIPA#IT 7 ELMAR NN X F AR TEG PM 935
I, BRMEEMAFAEERNSECRIE NEEE TR )
RIBITo

® 26/87 (30%) EZIBEFAR, 1487 (16.1%) EZ
BEFAAF 1 £0L,

® 2387 (264%) EZIBHEFABE, 1387
(14.9%) EZBEFARHE 1 Fo

£11 BK%E TE SHMEER: Mm+£3 & (TEG, Haemonetics) S—FaIE—IN
Rl 2 2 MESR A AL AR B AR M IIRE. B, &

ARBIHZBAFAFR. IMA. FRHREURRFH KA

® 5/11 (45.5%) EZEBEFAK, 211 (182%) &#R

BEFAAF 1 E0L, . . L
N \ BLEMEN, MES—DHNKZA TEG PM 8B F UM
® 5/11 (455%) BRIBEFA, 111 (9.1%) EZH .
- IMRZIBITEE,
BEFERHE 1 Fo

XMER LMD EF R T 2 FAREAYLE MR R
R AEALEMEE, FEX TF NAR. /MR, BRIEFH

Wit

TAH M—HEAMTERTHRAR, HHZRAATR
EHREXRIRE (0.016 BH/EE/B) , ERNEARTHRE
FRIBEY “La Pitie” HARAZR, PREIFEEIMINERE", 1RIE
ZhiY, SIS RM DT EERNEMREHTT 24, M
ma] LU TIFE B ARHUREIE,

IAWE TAH ERURSERIGT 2012 F, HBSFEAIBN
MIEANTE—R TAH O, ZYRREMSIIMIFRIRS
HNERIFERF RN, REEERIPENEMRNSRE,
B MCSD HAEREELBRFENIMIEE. DIERFR.

34 [e) ki | Article Deeply Reading

MEIFNEEERABR T LM FHNEM, FLtt, TEG 5
TEG PM FIREE I BH ™ E M2 RSl H I E 4= XLRY
MCS D BEEBEEHATNEEMNENTIR,

I #&3% 7 B i/ MRATN S AT 5 5

REWIESTHIEKYA, HERTHRESZINEENE
&M, RYBNNET TEG PM WIESEHEERIES
5 MCSD BEFEMAFMER, W—LBERK, TEG PM
RERETH, ENEMSH A E mEAEEHT, B



FEERIMVFO, BEMINENSRENRMETR, WE#
TRBERMNE (MATER, WMREAF 4) , RERE
EMENRRRT (M/MREENE, JURImEs 1) .

XERGERSHTX—AAMRER, HENEFE—
MAMEUNRS R, ZAREEREANE, FENEL, B
E—EMRSITHNEREEMEH. MRNARREESAER
FANMUE (TEG PM 1 INR) HATHIENE% (CI, INR,
MA-AA FlI MA-pp) o

IMPROVE REVIEW EZISEE-1030HH

WA 4 FR, AN MCSD AlES2SRERN, BER
SHEENLEMRETMEENRT, ERENRER (THZ
#12 A) , TEG PM 0 NARER—FERANI R, TRTFMbA
T EBMmA MCS %8 (1% HW, HM 11§ TAH) HEE
A& TE f/HmEH, —BERERETR (B 5) , TEG
PM BIRISERT—REFAEELR, FENEHREHE
B (EEHMA/SRMEBEENERT) #1T. RBRINE
%, ROUMERH MA-A BN TEG PM RES—M7EERT
ERIEIEMRE (IMREEE) .

4. TAH AAJE 4 N BM TEG DT ERIEMREHNEL, BEAR TEG (RE) BRSAELEMER. REEIX (£8)  F10X (BFE) M
B 11X (RES) ERFHEDRHEN TEG RETEANE—X, METKENMA (B, XFENMIE) M TEG ERRETBEERZE

I=1

R K Angle MA PR
min min deg T
5.8 1.2 6 771 0.0
2—8 1—3 55—78 51 —69

10 millimeters T
[

G ERL A a LY30
dfsc % i %
16,96 14 734 31 L4

4.6 —10.9 0—15 3—3 0o—8

5. 112 TEG 2 2R 6 TARLLMREE. Mt = BANE2.5 MR, BB = BANG3S TR, &8 = BANG 10 MR, TEG: MmizEAE,
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Role of Thromboelastography Platelet Mapping
and International Normalized Ratio in Defining
“Normocoagulability” During Anticoagulation for Mechanical
Circulatory Support Devices: A Pilot Retrospective Study

OksaNA VoLob,* Lee D. Lam, T GLoriA LIN,89] CrLaricE Kam,89] KRrisTica KoLyouTHAPONG, 89 Jessica Mac,89]
James MIrRocHA, 9] PeTer J. AmBROSE, 8]t LAWRENCE S. C. Czer,T AND FrRANCISCO A. ARABIAT

Thromboembolic (TE) events and hemorrhagic complications
continue to remain as frequent adverse events and causes of
death after mechanical circulatory support device (MCSD)
implantation. To counterbalance this postimplant multifactorial
hypercoagulable state, antithrombotic therapy given postim-
plant must be individually tailored to keep patient adequately
anticoagulated yet normocoagulable. Prior studies describing
different anticoagulation protocols do not define normoco-
agulability for patients on MCSDs. We evaluated the role of
thromboelastography platelet mapping (TEG PM) in defining
“normocoagulability” for MCS patients on anticoagulant (war-
farin) and antiplatelet agents. Ninety-eight MCSD patients who
underwent TEG PM assay at our institution from 2012 to 2014
were included for retrospective analysis. Eleven (11.2%) sub-
jects developed at least one TE event during the study period. Of
the 13 TE events, 8 occurred in patients with total artificial heart
(TAH). TEG parameters closest to the event or when patient was
clinically adequately anticoagulated and corresponding inter-
national normalized ratio (INR) were measured. Thromboelas-
tography coagulation index (CI) appears to be the single most
statistically significant parameter that can be used to designate
a patient as normocoagulable. Based on our results, patients
with HeartMate Il (HM 1l) and Heart Ware (HW) devices
should be maintained at a CI value of less than or equal to 1.5
whereas patients with TAH devices should be maintained at a
Cl less than or equal to 1.2. The ClI should be correlated with
the degree of Vitamin K-dependent coagulation factor inhibi-
tion that is achieved using device-specific goal INR ranges. A
recent modification, TEG PM assesses the effects of antiplate-
let drug. Maximal amplitude arachidonic acid (MA-AA) < 50
and maximal amplitude adenosine diphosphate (MA-ADP) < 50
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are desired for normocoagulable state. ASAIO Journal 2017;
63:24-31.

KeyWords: thromboelastography platelet mapping, mechanical
circulatory support devices, anticoagulation protocol, single
institutional, normocoagulability definition

Currently, more than five million people in the United States
are affected by heart failure and this number continues to
increase every year.t? Over the past 10 years, mechanical cir-
culatory support devices (MCSDs) have become a viable treat-
ment option for patients with end-state heart failure or as a
bridge to heart transplantation. However, the treatment comes
with significant side effects.

The implantation of a MCSD creates a prothrombotic envi-
ronment because of the activation of systemic inflammatory
response. Despite this, hemorrhagic complications associated
with surgical blood loss, arteriovenous malformation leading
to Gl bleeding, and acquired von Willebrand syndrome are
common adverse events.>* The need to manage both ends of
the hemostatic spectrum requires a prophylactic antithrom-
botic therapy that is customized to the patient’s current hemo-
static status that results in providing a normocoagulable state
in the presence of a prothrombotic environment.

A variety of anticoagulant and antiplatelet strategies
exist to treat patients with a MCSD.*>® These strategies have
focused on the adequacy of anticoagulation and protection
from thromboembolic (TE) events versus achieving “normo-
coagulability.” Thus, there is still uncertainty in the experts in
the field regarding the optimal treatment regimen for patients
and the best way to assess the adequacy of any given treat-
ment regimen.

In 1994, the classic hemostasis cascade model was chal-
lenged by the introduction of a cell-based model of hemo-
stasis showing the importance of tissue factor (TF) and the
cells expressing it as the initiators of coagulation and the role
of platelets in this process.® The necessity to analyze whole
blood to accurately characterize coagulopathies have led to
the revival and interest in viscoelastic assays and its utility
in a variety of clinical settings. The thrombelastograph (TEG,
Haemonetics) is a device that measures the global viscoelas-
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measure the adequacy of coagulation factor levels in plasma,
TEG utilizes whole blood and assesses how clotting factors,
platelets, fibrinolysis, various anticoagulation medications and
antiplatelet agents affect the viscoelastic properties of whole
blood in the real-time. A modification of the TEG test, the TEG
Platelet Mapping (TEG PM) assay, provides a way to assess the
effects of antiplatelet agents on platelet function. Together, the
TEG and TEG PM provide a valuable tool that can be used
to tailor anticoagulant and antithrombotic therapies to define
normocoagulability in patients implanted with a MCSD.

The primary objective of this study was to use the TEG
and TEG PM parameters to retrospectively characterize and
compare the hemostatic status of patients implanted with
a MCSD who experienced a TE event during implantation
versus patients without a TE event. A second objective was
to identify the TEG parameters significant in defining “nor-
mocoagulability” during anticoagulation and antithrombotic
therapy in MCS patients.

Methods

A retrospective analysis of the TEG assay results from 98
patients implanted with a MCSD between January 1, 2012 and
November 1, 2014 at our institution. Only patients implanted
with long-term MCSDs, such as the SynCardia Total Artifi-
cial Heart (TAH), Thoratec PVAD biventricular assist device
(BiVAD), Thoratec HeartMate Il (HMII), and Heart Ware (HW)
were included in the study.

All patients received warfarin dosed to a target INR of 2.0-3.0
or 2.5-3.5, based on the type of MCSD received and at least one
type of antiplatelet agent such as aspirin or dipyridamole (dosed
based on our device protocol) (Table 1).

Laboratory Setting and Processing of Specimen

The TEG and TEG PM analysis was performed using whole
blood samples. Samples were collected in a 3.2% sodium
citrate and lithium heparin tubes; hand carried to the coag-
ulation laboratory and ran within 30 minutes of collection.
Blood was analyzed according to manufacturer’s instructions
(TEG, Haemonetics Corporation, Braintree, MA) and using
manufacturer’s reagents. Citrate anticoagulation was reversed
by adding calcium chloride to the TEG cup. Kaolin, an acti-
vator was added to initiate coagulation per manufacturer’s
instructions. Quality controls were performed on the TEG
analyzers every 8 hours per CLIA and CAP guidelines. Throm-
boelastography and TEG PM tracings were interpreted by the
hematopathologist.

Table 1. Anticoagulation and Antiplatelet Goals Based on
Type of MCSD

Type of Warfarin INR Aspirin Baseline
MCSD Goals Dose (mg)
HW 2.0-3.0 325

HMII 2.0-3.0 81

TAH (2013-2014) 2.0-3.0 81

TAH (2012 2013) 2.5-3.5 81
BiVAD 2.5-35 81

BiVAD, biventricular-assisted device; HM Il, Heart Mate II; HW,
HeartWare; INR, international normalized ratio; MCSD, mechanical cir-
culatory support device; TAH, total artificial heart; TE, thromboembolic.
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Thromboelastography Overview and Parameter Definitions

Principle of thromboelastography. Three hundred and for-
ty microliters of citrated blood is placed into the heated cup
(37°C) with 20 pl calcium chloride (to overcome the citrate)
and kaolin (to activate the intrinsic coagulation pathway). These
reagents will produce a maximum clot. Thromboelastography
operates by moving a cup in a limited arc (+4°45’ every 10
seconds) filled with blood that engages a pin/wire transduc-
tion system as clot formation occurs. As the fibrin clot begins
to form between the cup and pin, the transmitted rotations are
detected at the pin and a reaction curve is generated, the mag-
nitude of which is directly related to the strength of the clot. As
the test proceeds, the fibrinolytic phase begins to break down
the clot, reducing the size of the curve. Figure 1 reproduces a
typical, normal thrombin generated TEG tracing.

The inhibition of platelets by platelet inhibitor will not be
revealed by the TEG using a kaolin-activated sample. This is due
to thrombin generation in the blood sample, which results in
maximum activation of platelets that overrides other inhibited
platelet receptor sites, demonstrating what the underlying hemo-
stasis would be if the patient was not on any antiplatelet agents.

Determining effect of antiplatelet agents: platelet mapping
(PM). TEG PM can demonstrate the degree of platelet inhibition
produced via the adenosine diphosphate (ADP) and arachidonic
acid (AA) receptor sites. Platelet mapping measures the presence
of platelet inhibition using heparin to suppress thrombin, activa-
tor F, to replace thrombin in converting fibrinogen into fibrin and
ADP or AA to determine the amount of inhibition at each receptor
site. The TEG PM assay involves four separate assays performed:

e A baseline cup, where the maximal hemostatic activity
is measured by a kaolin-activated whole blood sample
treated with citrate (MA-CK).

e The activator cup, in which heparin suppresses native
thrombin activity, and an activator (in place of thrombin)
cleaves fibrinogen to fibrin and converts FXIII to FXllla. By
inactivating platelets, we can examine the contribution of
fibrin to the clot (MA-A).

e The ADP cup includes activator to form the fibrin clot and
ADP to activate noninhibited platelets via the GP llb/Illa
receptor (this allows measuring residual platelet activity,
if any, in a patient on antiplatelet drugs (ADP or GP IIb/
Illa receptor inhibitors) maximal amplitude adenosine
diphosphate (MA-ADP).

e The AA cup, includes activator (for fibrin clot) and AA
to activate the thromboxane A2 pathway that leads to
platelet aggregation and this allows to measure residual
platelet activity in a patient on aspirin maximal amplitude
arachidonic acid (MA-AA).

The platelet inhibition in response to the agonist is calcu-
lated using following equation:

HMAADP - MA fibrin) / (MA thrombin - MA fibrin) x 1005
and %inhibition = (100% - %aggregation).

Platelet inhibition is a derived percentage and is computed
separately for ADP and TxA2 (AA)-receptor inhibition.

Thromboelastography/thromboelastography platelet map-
ping parameters. The directly measured parameters from TEG/
TEG PM included in this study were the split point (SP, minutes),
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Figure 1. Depiction of normal thrombin generated TEG tracings and parameters. a, angle; k, clot kinetics; LY30, clot break down 30 minutes
after MA is achieved; MA, maximal amplitude; PT, prothrombin time; PTT, partial thromboplastin time; R, reaction time; SP, split point; TEG,
thromboelastography. Not depicted are G, clot strength, and Cl, coagulation index (calculated values). Refer to Table 2 for TEG parameters

description, el

the reaction time (R, minutes) from start of test to 2mm clot
growth and looks at factor function, angle (°) measured from
SP to the tangent of the curve and looks at mostly fibrinogen
function, (K minutes) looks at the kinetics of the clot from 2mm
of growth to 22mm of growth, maximal amplitude (MA, mm)
and looks at the platelet function (MA-AA, mm) (MA-ADP). G
value (G dynes/cm?) and coagulation index (Cl) = —0.6516Rc
—0.3772Kc + 0.1224MAc + 0.0759ac —7.7922 are both calcu-
lated parameters (versus directly measured) (Figure 1, Table 2).

In our study, to determine adequacy of platelet inhibition,
we used MA-AA and MA-ADP values of TEG PM that reflect
residual platelet reactivity, instead of percentage of inhibition
(Figure 2).

How Thromboelastography/Thromboelastography
Platelet Mapping Differs from Conventional
Coagulation Screening Assays

Platelet function analyzer (PFA-100). The PFA-100 is de-
signed to measure platelet adhesion and aggregation under
high shear conditions, mimicking injured endothelium (using
collagen coated cartridge). The PFA-100 has replaced bleeding
times and is considered to be an assay that assesses primary
hemostasis. The PFA test result is dependent on platelet num-
ber and function, plasma fibrinogen, von Willebrand Factor
level, and hematocrit. The PFA-100 is sensitive to the presence
of aspirin but not the adequacy of aspirin.

Prothrombin time and activated partial thromboplastin. PT
and aPTT determine the adequacy of coagulation factor levels
in platelet poor plasma. The INR is a calculation based on re-
sults of a PT and is used to monitor individuals who are being
treated with warfarin (Coumadin).

Thromboelastography/Thromboelastography
Platelet Mapping Limitations

Von Willebrand disease (defect in the adhesion of platelets
to the endothelial surface) cannot be assessed, because there
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is no endothelial component (collagen) in the current version
of the assay.

Thromboelastography PM and INR were performed once a
day. Thromboelastography PM duplicate samples were tested
and found to be acceptable during validation studies, such
that, patient duplicate sampling was not warranted.

This type of assay performance relies significantly on the
proper training in operating the TEG PM instrument as well as
taking into consideration preanalytical variables and interpre-
tation expertise. We have a team of eight laboratory scientists
who are trained by the Manufacturer. An extensive validation
process was undertaken within the laboratory before TEG PM
usage and special attention was given to preanalytical or blood
collection variables. To minimize preanalytical variables, the
following guidelines were established: blood drawn and hand
carried to the laboratory immediately, underfilled specimens
are rejected, blood tested within 30 minutes of collection, and
interpretation performed by a pathologist with expertise in
coagulation using established guidelines.

Plan of Analysis

The INR was chosen for the analysis because it is used to
monitor individuals who are being treated with warfarin (Cou-
madin). Thromboelastography parameters and INR were com-
pared between subjects who developed at least one TE event
and subjects who did not develop any TE events. For subjects
who developed TE events, TEG parameters and INR closest to
each TE event date were obtained. Because TEG analysis was
not considered as part of the initial protocol for monitoring
MCS device patients, the time between TEG monitoring before
a TE event and the TE event was a median of 7 days with a
mean of 18.2+18.3 (mean +SD). The time between TEG analy-
sis after a TE event and the TE event date was a median of 1
day and mean of 1.4+ 1.4 days. For those who did not develop
any TE events, TEG parameters and INR were collected when
patients were clinically adequately anticoagulated. Numerical
data were analyzed using Wilcoxon rank sum test.

Xi#tEs | Original Article Reading [8] 39



Table 2. TEG PM Parameters (Adapted from TEG 5000 System User Manual)

It represents the conversion of fibrinogen to the
first detectable fibrin

Assess interaction of all coagulation factors
in the whole blood. R will be increased by
anticoagulants and factor deficiency

Parameter was not evaluated in our study

Measures the speed at which fibrin build up takes
place, hence assesses the rate of clot formation;
i.e., thrombin burst (functional fibrinogen)

Represents maximal platelet function

Clot strength is the result of two components—
the modest contribution of fibrin and the much
more significant contribution of platelets.
Approximately 80% of MA is from platelets, and
20% from fibrin

SP Minutes The time from the start of the test to the split of the
tracing (or “curve”)

R Minutes The time from test start to amplitude = 2mm and
represents coagulation factors enzymatic reaction,
i.e., initiation

K = kinetics Seconds Time taken to achieve a level of clot strength
(amplitude of 20mm); i.e., amplification

Angle Degrees Slope between SP and K

MA MM Direct function of the maximal dynamic properties of
fibrin and platelet interaction via GPIIb/llla receptors

G Kdynes/cm? A value calculated from platelet and fibrin is the clot
strength (G, measured Kdynes/cm?)

MA-AA MM Values of TEG PM represent residual platelet activity in

MA-ADP a patient

Cl Index Cl is calculated from R, K, angle, and MA and describes the

patient’s overall coagulation status. Kaolin Cl equation:
Cl =-0.6516Rc - 0.3772Kc + 0.1224MAc + 0.0759ac

- 7.7922.

Cl, coagulation index; MA-AA, maximal amplitude arachidonic acid; MA-ADP, maximal amplitude adenosine diphosphate; SP, split point;

TEG PM, thromboelastography platelet mapping.

Data Sources

All study data were obtained directly from extraction of elec-
tronic medical records. The data collected included types of
MCS devices, dates of implant, types of TE and non TE events,
and dates of TE and non TE events. INR and TEG parameters
closest to the date of event or when patient was clinically and
adequately anticoagulated were also obtained.

The Institutional Review Board and the Committee on
Human Research reviewed and approved all aspects of the ret-
rospective study including data collection and analysis.

Results

The study included 98 eligible patients (Figure 3). Sub-
jects that met the inclusion criteria were categorized based

% inhibition; 90.1

on presence of TE event and type of MCS device. Thrombo-
elastography parameters and INR closest to the TE event were
analyzed in the TE events group (median of 1 day; mean + SD
of 1.42 + 1.44 days), while TEG parameters and INR during
adequate anticoagulation were analyzed in the non TE events
group. Subjects in the non TEG events group were further
classified by type of MCS device.

Thromboembolic Events

Among all study subjects, 11 (11.2%) subjects developed at
least one TE event during the study period and two patients’
experienced two TE events.

In terms of types of MCS devices, among the TE group,
7 (63.6%) patients had TAH, 2 (18.2%) had HM Il, 1 (9.1%) had

lﬂ‘m{efi"[_‘

% Inhb. 90,1 % Agg 95
mm Kd'sc
MA(CK) 664 G (CK) 99
MA (&) 16.8 G (&) 1.0
MA(AS) 207 G (Aa) 14

Figure 2. TEG PM tracing and parameters showing aspirin response. MA-CK (66.4 mm), baseline tracing; MA-A (16.8 mm), activator tracing
(fibrin clot only); MA-AA (21.7 mm), residual activity of platelets inhibited by aspirin. MA-AA, maximal amplitude arachidonic acid; TEG PM,

thromboelastography platelet mapping.
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Figure 3. MCSD type in study population. TE, thromboembolic; MCS, mechanical circulatory support; HW, HeartWare; HM II, Heart Mate
II; TAH, total artificial heart; BiVAD, biventricular assisted device; n, number of subjects.

BIVAD, and 1 (9.1%) had HW. Among the non-TE group, 28
(82.2%) had TAH, 23 (26%) had HM I, 6 (6.9%) had BIVAD,
and 30 (34.4%) had HW as shown on Table 3.

In terms of types of events, a total of 100 events were
reviewed, including 13 (13%) TE events and 87 (87%) non
TE events. Of the 87 non TE events, 28 (32.2%) occurred in
patients with TAH, 30 (34.5%) in those with HM 11, 23 (26.4%)
in those with HW, and 6 (6.9%) in those with BiVAD. Of the
13 TE events, 8 (61.5%) events occurred in patients with TAH,
2 (15.4%) in those with BiVAD, 2 (15.4%) in those with HM
II, and 1 (7.7%) in those with HW. The TE events included
cerebral vascular accidents (61.5%), transient ischemic acci-
dent (7.7%), RVAD thrombosis (23.1%) and acute coronary
event (7.7%)

Thromboelastography and Thromboelastography
Platelet Mapping Parameters

The mean of all TEG parameters were either measured
(R, a, MA) or calculated (G, Cl) and compared between sub-
jects with TE events and without TE events (when adequately
anticoagulated) based on the type of MCS device (Table 4). A
significantly higher Cl was observed in the TE group compared

with the non TE group in all four types of MCS devices (TE
versus non-TE mean for TAH 3.12 vs. 1.12, HM Il 2.79 vs.
1.74, HW 2.79 vs. 1.70 and for BiVAD 2.79 vs. 1.72). The
Cl value provides an indication of the global hemostatic state
of a patient. It is derived and calculated from a linear com-
bination of the kinetic parameters of clot development (R,
K, angle) and clot strength (MA) CI = -0.6516Rc — 0.3772K
c + 0.1224MAc + 0.0759ac — 7.7922. Positive values above
the range suggest overall hypercoagulability, whereas nega-
tive values below the range suggest overall hypocoagulability.
The normal range for ClI was calculated based on our valida-
tion studies for the laboratory. The normal Cl range was found
to be from —=5.3 to 1.5. This range was developed from nor-
mal donors. The range of the CI values calculated for patients
implanted with the different MCS devices without a TE event
are presented in Table 4.

During TE events, a higher G and o were observed when com-
pared with periods of non-TE events, with significant differences
for those with HW, HM 11, and BIVAD. A trend toward higher a,
MA, G, and MA-ADP were observed in the TE group compared
with the non TE group. There were no significant differences
seen in MA-AA and INR between the two groups (Table 4).

Figure 4. TEG Analysis After TAH Implantation Over 4 Month Period Showing Hemostasis Status Adjustment. Baseline preoperative TEG (black)
showing overall normal hemostasis. Postoperative day 9 (purple), 10 (green) and 11(navy) TEGs showing fibrinolysis occurred during the first days
of implantation, whereas the ones demonstrating a high MA (yellow, light green and pink) were after the patient accepted the device. e
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Table 3. Number of TE and Non TE Patients Categorized by

Type of MCSD

TE Patients Non TE Patients
MCSD (n=11) (n=87)
HW 1(9.1%) 30 (34.4%)
HMII 2 (18.2%) 23 (26.4%)
TAH 7 (63.6 %) 28 (32.2%)
BiVAD 1(9.1%) 6 (6.9%)

BiVAD, biventricular-assisted device; HM II, Heart Mate II; HW,
HeartWare; MCSD, mechanical circulatory support device; n, num-
ber of patients; non TE: non thromboembolic; TAH, total artificial
heart; TE, thromboembolic.

Patient’s Outcome
Of the 87 non TE patients

* 26/87 (30%) were transplanted and 14/87 (16.1%) expired
by > 1 year point.

e 23/87 (26.4%) were transplanted and 13/87 (14.9%)
expired by 1 year point.

Of the 11 with TE patients

e 5/11 (45.5%) were transplanted and 2/11 (18.2%) expired
by > 1 year point.

e 5/11 (45.5%) were transplanted and 1/11 (9.1%) expired
by 1 year point

Discussion

One of the largest TAH study describing anticoagulation
protocol with a very low neurologic adverse event rate (0.016

event/patient-month) attributed their success to the single so-
called “La Pitie” anticoagulation protocol that was required to
be followed by all physicians taking care of device patients.®
According to that protocol, hemostatic status of a patient was
analyzed through many coagulation assays that allows for very
specific anticoagulation management.

Our hands-on experience with TAH started in 2012, when
the first TAH heart was implanted at our Institution, which is
quaternary care teaching center with state of art surgery ser-
vice, postoperative intensive care units, and a specialized
coagulation laboratory. Our MCSD team included experi-
enced surgeons, cardiologists, anesthesiologists, hematol-
ogist-oncologist, coagulation expert (hematopathologist),
pharmacist, physician assistants, and nurses as well as resi-
dents and fellows rotating through the service. In our hands
TEG PM appeared to be single most useful real time assay of
overall hemostasis changes including increased fibrinolysis.
But despite continuous and in depth MCSD team training on
how to interpret TEG PM, it was very difficult to decide how
to adjust anticoagulation and antiplatelet therapy using all the
described parameters.

Thrombelastography (TEG, Haemonetics) is a device that
measures global viscoelastic properties of whole blood clot
formation and lysis in one test. Currently, this technology has
been used extensively in hemostasis monitoring during major
surgeries, trauma, obstetrical complications, and management
of deep vein thrombosis whereas its other assay, TEG PM, is
used to monitor antiplatelet agent’s activity.2o*

This type of assay that uses whole blood better mimics the
in vivo hemostatic processes that are described in the cell-
based model of hemostasis. Interaction of TF expressing cells,
platelets, coagulation factors, and inhibitors form the basis of

Table 4. Mean of TEG PM Parameters Between Subjects with TE Events and Subjects Without TE Events

TE TE TE Non TE Events (n = 87)
Events Events

Normal TAH Others Total TAH HM I HW BiVAD
Mean Range (n=18) (n=5) (n=13) (n=28) (n=30) (n=23) (n=16)
R 5-10 6.24* + 1.00 5.90* + 0.94 6.11* + 0.94 7.53+2.54 6.43+1.39 6.30+1.56 6.30+0.50
p-value 0.009* 0.38 0.50 0.48
a angle 53-72 76.00*+2.39 76.24*+1.98 76.09*+2.16 73.29+5.07 71.91+4.01 72.57+3.14 71.83+3.66
p value 0.074 0.0009* 0.001* 0.007*
MA 50-70 75.70*+5.21 76.24*+2.73 75.91*+4.29 72.43+7.04 71.51+£4.87 71.06+4.53 70.38+4.89
p value 0.109 0.014* 0.009* 0.027*
G 45-11 16.48*+4.77 16.24*+2.40 16.38*+3.90 14.69+5.47 13.05+3.09 12.74+3.11 12.30+3.03
p value 0.17 0.014* 0.009* 0.023*
Cl -5.3-1.5 279t £0.97 3.121 +0.90 2,921 £0.92 1.14+2.45 1.74+1.27 1.70+1.08 1.72+0.99
95% C 1.98-3.60 2.00-4.24 2.36-3.47 0.19-2.09 1.27-2.22 1.23-2.17 0.67-2.76

0.009t 0.0057 0.005t 0.003t

MA-AA 50-72 52.11+10.93 48.30+16.17 50.53+12.81  48.82+16.60 45.59+19.78 46.96+17.62 47.10+23.40
p value >0.99 0.50 0.51 0.96
MAADP  50-72 67.36* +8.50 58.26*+13.09 63.57*+11.12 61.68+16.28 52.94+12.71 57.72+10.76 48.66+13.64
p value 0.99 0.017* 0.118 0.083*
INR 2.0-3.0 2.40 2.40 2.40 2.40 2.20 2.40 243
p value or 0.96 0.80 0.35 0.39

25-35

*Important trends with statistically significant values in certain MCSDs.

TTEG PM parameter mean + SD with statistically significant values across all MCSDs. p value is calculated for TE group (n = 13) and non
TEG group for all four types of MCSDs. 95% C (confidence interval) is reported for Cl (coagulation index).

a, angle; BiVAD, biventricular assist device; Cl, coagulation index; G, G value; HM I, HeartMate II; HW, Heart Ware; INR, international
normalized ratio; MA, maximal amplitude; MA-AA, maximal amplitude arachidonic receptors; MA-ADP, maximal amplitude adenosine di-
phosphate receptors; MCSD, mechanical circulatory support device; n, number of events; R, reaction time; TAH, total artificial heart; TE,

thromboembolic; TEG PM, thromboelastography platelet mapping.
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Figure 5. Outpatient TEG Analysis Showing Hemostatic Stability Over 6 Month Period. Pink = 2.5 moths post implant, Black = 3.5 months
post implant, Green = 10 months post implant. TEG, thromboelastography. 2z

the hemostatic balance. Therefore, we speculate that the TEG
with TEG PM can be a more valuable tool in tailoring therapy
for MCS D patients who have a high risk of developing major
thrombosis or bleeding events.

Thromboelastography Platelet Mapping-
Guided Anticoagulation Protocol

Despite data showing its clinical utility and because of its
complexity in interpreting multiple variables, the initially sug-
gested TEG PM-based anticoagulation protocol, was not fol-
lowed by all who were involved in the MCSD patients care.
For some of the patients, TEG PM was performed either spo-
radically or only immediately after a thrombotic or bleeding
event. Even in our center, with specialized coagulation labo-
ratory and a coagulation expert, esoteric coagulation assays
are either not performed (thrombomodulin, platelet factor 4)
or are available only on scheduled days (platelet aggregometry,
antithrombin 111).

These limitations have led to this pilot study with the objec-
tive of developing an individually-tailored anticoagulation pro-
tocol that is cost effective and standardized with a simple and
easy to follow set of defined target parameters. The outlined
protocol includes only four parameters (Cl, INR, MA-AA, and
MA-ADP) performed daily with two assays (TEG PM and INR).

The implantation of an MCSD induces a systemic inflam-
matory response that often leads to daily alterations of normal
hemostasis as it is depicted in Figure 4. During the immediate
postoperative and recovery period (especially during the first
2 weeks), the TEG PM assay may be a useful tool in prevent-
ing TE and or bleeding events in patients with durable MCS
devices such as HW, HMII, and TAH. Once the patient is stabi-
lized (Figure 5), TEG PM can be performed once or twice per
week until discharge, and only if necessary (in case of bleed-
ing and or clotting event) after the discharge. In our experi-
ence, infrequently observed TEG PM with high MA-A value
requires another assay to assess aspirin response (platelet
aggregometry).

©2020 IMPROVE MEDICAL All Rights Reserved

Assessment of Anticoagulation Therapy Adequacy

The single most statistically significant TEG parameter in our
study used to define overall normocoaguability is the CI, which is
calculated from the R, K, a, and MA values from a kaolin-activated
TEG assay. Our results support what others have found about the
utility of the CI parameter for maintaining a patient within the nor-
mocoaguable range and free from a TE event.” The University of
Arizona group used nonactivated blood samples for TEG analysis
(native TEG) to monitor their MCSD patients. The ClI range for nor-
mocoagulability for their MCSD patients was calculated to be from
0.29 to +3.66.%% Their range was also shifted from the reference
range provided by manufacturer. At our institution Kaolin-activated
TEG analysis is performed. The range of Cl values determined from
normal donors was from =5.3 to 1.5 (mean —1.9%1.7), which is
different from manufacturer suggested range from -3 to 3. With
the underlying hemostatic abnormality for MCSD patients being
hypercoagulable, the range for a normocoagulable state (free
from thrombotic events) in our pilot study was 0.19-2.09 for TAH,
0.67-2.76 for BiVAD, 1.27-2.22 for HM II, and 1.23-2.17 for
HW groups. Based on our results, patients with HM Il and HW
devices should be maintained at a Cl value <1.5, whereas patients
on TAH devices should be maintained at a value <1.2. Because of
the design of devices, patients with HM Il and HW are at higher
risk of hemorrhagic complications owing to von Willebrand factor
multimer loss.®# For this reason, their targeted CI value is higher
than for patients implanted with TAH. The validity of the proposed
values will be evaluated in a larger study.

There was no significant difference observed in INR between
the two groups, signifying that aggressive TEG R-targeted titra-
tion of anticoagulant therapy is not necessary. Instead, the
patient should be kept within device-specific INR goal ranges
to achieve adequate Vitamin K-dependent factors inhibition.

At an INR of >3.5, the activity levels of all four factors are
usually less than 30%, which is below the hemostatic range.*
Further increase in warfarin dose may cause significant inhibi-
tion of Vitamin K-dependent factors (VII, 11, IX, and X), but will
have no effect on fibrinogen and factor VIII, both of which are
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acute phase reactants and are usually elevated leading to nor-
mal TEG R values despite a prolonged INR. In cases of elevated
Cl but therapeutic INR, it may be helpful to review other TEG
parameters for possible hypercoagulable states such as (infec-
tion, inflammation) and should be treated accordingly.

Assessment of Antiplatelet Therapy Adequacy

Because of the predominant nature of TE events (cerebrovas-
cular accidents), reactive thrombocytosis and platelet hyperac-
tivity, focus should be on stabilization of their reactivity with
antiplatelet agents. Because an MA-AA and MA-ADP value of
50 provides the lowest number for the normal range of MA in
a thrombin-generated kaolin assay, an MA-AA and MA-ADP
benchmark value of less than 50 appears to define normoco-
agulability in all MCS patients. In our experience, adequacy of
the antiplatelet therapy cannot be assessed when MA-A value
is elevated above 40 mm, platelet aggregometry may be used
instead.

Assessment of Bleeding

Thromboelastography is a useful real time assay of overall
hemostasis, especially in cases of complex coagulopathies. It
allows a wider scope of detection to help identify bleeding
cause (factors, including fibrinogen, platelets, or their com-
bination) and guide appropriate blood products transfusion
intraoperatively.

Fibrinolysis, either primary or secondary (both can be seen in
patients on MCSD), presents clinically as bleeding and requires
different approaches to manage, but it is not apparent with
conventional coagulation assays. Thromboelastography can
be used to help in detection of fibrinolysis based on the LY30
parameter, which is the amount of lysis seen 30 minutes after
MA.

If the patient develops a Gl bleed when MA-AA and MA-
ADP are therapeutic and TEG is normocoaguable, acquired
von Willebrand disease should be ruled out with appropriate
work up, because TEG is not sensitive to detect this defect.

Study Limitations

There were several limitations of this study including the
small sample size (n = 98) and the disproportionate amount of
subjects without TE events (n = 87) compared with those with
at least 1 TE event (n = 11). With the limited number of patients
who developed TE events, the interpretations of our results
were only based on a total number of 13 TE events. For this
reason, a one-to-one comparison between two groups based
on types of MCSD could not be performed; rather the TE events
group included all types of MCS devices, while non-TE events
group was categorized based on the type of MCSD. Another
limitation of our study was that some of the patients with TE
events did not have their TEG PM assays collected before or
on the day of the TE event. As a result, the TEG PM assay for
these patients may not accurately reflect the true nature of their
hypercoaguability at the time of the event. A larger study will
be conducted at our Institution to evaluate the validity of this
established protocol.
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Summary

The healthcare team involved with the management of MCS
patients normally comprises doctors of different subspecial-
ties, pharmacists, physician assistants, and nurses. Therefore,
a standardized yet individually-tailored anticoagulation proto-
col is imperative for successful patient outcomes. Laboratory
tests that assess anticoagulation adequacy must be simple to
interpret, cost effective, and have defined target parameters for
normocoaguability. Based on our pilot study results, the ClI,
MA-AA, and MA-ADP are minimally required. Thromboelas-
tography PM parameters that need to be assessed and corre-
lated with device-specific INR ranges to help individualize a
MCS patient’s antiplatelet and anticoagulation therapy.
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