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FAGAR T ENBMMREREEURES SHERBRAXE, FRANA T EERMVIMANG ENEE, I/MRINEER N ELF
BEEZFMRERMEDNEMIANENE, SEABBIMIMRIIED TS AT SRR HARIZEHRANMNEIG I8N
BT EMARNIGEREIMENE, Baimiesd HER NI RS RETA /MR, ROMNTERANEES, TAKRERNEMIEER M
BREED,

/MR EE R INRER N T A FHR

RFFAA, RIBSMHNARZRONGIEL, /MRELRNSZEFOERE—SWMNE, BRIANZHONXEN—IF, M0
MBI ERRRRE. BRSSO RnIEERE (B 1 ME 2) 2, FEL, RTIEMmIEESS, M/ MReIE MR
THEERETHCAI . S5REMNRAT. NENEERE. (GO0S. MEEKMNEES, AEIRKERF, Sl MRIDEEMSE SN
HOREEN, AR M/ VMRIIBENE T EH T — MRS R, FERENRREENTEEMER.

() INITIATION ®) VIID vWF

Platelet
adhesion

Activated
 Platelet -_" Platelet

1. A Cell-based model of hemostasis'?!

©2019 IMPROVE MEDICAL All Rights Reserved WESIE | Article Reading Gudance E 1



IMPROVE MEDICAL PAEEST

Thrombin generation —* Fibrin formation

Procoagulant platelets

Collagen

Aggregating platelets

= (Clot retraction

!

Tenase

prothrombinase

Contracting platelets

2. VMRS 5 ERIAIHHI

/MR E B R

KFIVMREE, FEHER T, BENE, EINAE
ENRSREZ I, M/MRBMRPERS N NMAE (B
1~3pm) , BREZABBERNMNEFNTZERZRAM 5
7, TEDRESS5EEIEMERE. R ROMAERFEHD
BENTEUNESESE, /SRR TE S
THREMEENT, MEKENBRREMZI/RERESEN
=ML, B o PO, BETRAAEATI (B3) .

o FRLZ /)R FEFRERA (200 ~ 500 nm) « EERS
(50 ~ 80/cell) HYRTHI, 1EERER FWIER, HLEMTIHAMK,
MIPEREORE: FRIME, BEXRIFEN. RBEFBRERXM
BEFRELZ, FHINMREHSIVMRIMELS, RFEE
¥EB GPUb/IlaP. P-ZEHFEZE (P-selectin) B HER
ollbB3, EELEMEE vWF NERYESHE, EBEFEEX
BARAR. BNBE=-RFNRAER, SRFEELEZK
REE p M/MRIXEH (beta-thromboglobulin, B-TG) . I
IMREMEEAF (platelet factor, PF4) F—LEIFFRMMNER
BiE, B o FRIEEE/IVE (40 ~ 100 nm) SHRZH95MZ
i INEENYRASHAZI/IMRFTEE. BT o Fk

2 E WHE S | Article Reading Guidance

M=, BEBREAN/MIASEEAERE, 8 MIMRINE 3
~ 8 o HEFHEIHEMRR delta FHL, B=FPRRLHIE
AR/, ABENEFENANENI—SRFEER, PR
—MRABETHKT. HIMNEESES o FHAERERD, W
P-ERRMAHEIRFY, TH-LS5RBERERNA
43, 30 CD63 (lysosome-associated membrane proteins, LAMP
3) M LAMP 2 ¥, ®BE—ENDFYE, W ADP. Ca™\
MEHRSE, XEYENIMREEENOBEXEE (B4 M
® 1) U, fboh, HRIVMREEREEAFMNEREFPHERE
™, EETSRANEZERNE M/ WRAITHEES ),

3. IR TIEWAIM) MRS



Endothelium

GPIb-Ix-v GPVI 2B J_
28 -

I EP,

Abcbdmab |
 Epfifibatide | .
Tirofiban

Monocyle

wllop3

4. M/MREYE S £ SEEEE

R 1. IV/MRFRIE SR R

PGl,

Thrombin

L~ receptor _

B/ /)R E” (nm) RER (mm/m?) /MR
o BRI 50 ~ 80 200 ~ 500 14
B Rk 3~8 150 <1
N <3 200 ~ 250 <1

= IARS4)

VWF
CXCL-4 (PF4)
CD63
mE&

BB . CXCL4, chemokine (C-X-C motif) ligand 4; PF4, platelet factor 4; VWF, von Willebrand factor:

©2019 IMPROVE MEDICAL All Rights Reserved
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/)R BT EE
1 IR S ST aE

RIS EE — BRI HIFIE TS EMmiAZRA L
MidEd, M/)VRIESISHRGIRMIEE S ER M T HR MM

IRSHER, TEREIUTVIAE: 1) SRENRERL
S8 (ps) AaimEmE (B 5) ; 2) RAURMASTIL4
BERMMOIEM; 3) FERQRRNSE. UESTMHEHE
ETFRFE5HP, ERE 2,

Procoagulant response

5. MV/MREERME Ps-REREY

Thrombin

FXll  Collagen VWF

Loosely aggregated

Procoagulant

6. [M/VRGR AR MABFILT4EE B AR BY BRI

4 WHE S | Article Reading Guidance
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R 2. AMEIVMRS SR MBS A RATESR B R MAYE QS

53R EFR HXATF

/MRS FFIBEE R

IP 1A AIFIRRER E1

GI3 &R mSRI Ak

GERRERE HIAER, Gap27, 18B-GA
FEER VI 9012 Ab

BERa2pl 6F1 Ab

EAFRallbp3 Glanzmann £E&, FIERET
Orail 2-APB

P2Y12 I/ MRESIIRER R, BIRIHS

M/MRESERE (BB

PI3 kinase TGX-221
SFK PD0173952
Syk Syk inhibitor II

M/MRIESERIE (JFEEES)

Cbl OXSI-2, PP2
b2y o] ) ITAK

WASP WAS BE

kA= ES

X1l BF ERERE OB
Vil BF FVII

bop=dinl:np-Al|

TG

CR

CR

TG

TG

CR, TG

TG

TG

TG

CR

TG

CR|

TG/

CR|

TG}

TG

HEE:. TG = RIMBEM, CR= MERILGE

/MRS BRI AL Z B R S5 T & R4 mE M EEAREN GPVIM allpl R, TE/MRSMEEEERY
RREEIRE. AT EIX—BFR, MMRENEERTRED &, WMRANESHSMNEMNEETH “IR” KM/ MRE
o, XZHEFMERDNEMYIEFERMMERRETIH REMRT. BREFEH, SEOUMSRVINMEHIEE, F
EEREAR, HMERERAEEY, XL mE S Em BRI/ MR BS B EEBRE ollbp3 1+ FHM/MRIE
IMRAT LRI R o B AN M R M & EFE LN ER BEEA, MBEIFFMERAMVR, MmfEme KX (B

MAEH BRI FTARINERS V)R RS ENZIE, SiEE 7) P,
& Von Willebrand EFHE GP1b/V/IX E&4), UKII/IMRE

©2019 IMPROVE MEDICAL All Rights Reserved
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Platelet role in hemostasis and thrombosis

.,'@®
P L8 (=
L ¢ L]

& ~ ¥ platelet adhesion
¥ . i, 1

1]

.
| |

Platelet Aggr?gaﬁon
- .-fé
1\}3\‘

Endothenial acavation

—— ——

Resting Platale . Fibrinogen ’ . RBC Thrombus core .
" ™
Activated Platelet o e Fibrin Leukocyte “ Thrombus shell

7. MRS BRI RFHEEER

2. M/MRSREE

RITAIERZR PR M/ VR T2 [ B AR A P A
ESHEMREIENFE. 5 X ERIMESZHM/IMRIEN
FRAMEES, [/MRAP Toll #524F (TLRs) HIRERPA
T EES BAREMEREYRRISEMNEED. RF—E
DEHEN IV MRENEIRE RIMEMER, XXRAHILENM
MRETLAERIRFISMNSRERIR “Ua)” &0, BXE, BiF
ZIHERBAMNMRS OMERFNIREERX, BUERERSE
BRI EERR. B XEIC R/ VRASH T & i
KEREF (VWF) #EMERNRARLES, XMBEERS
HAEEEAARNBEERANR, B, m/MRFRN
R BEARTHE K ER e S BB I (LAYERL, hATHEHE
IR KNS TBT, NMA2ZRA CD40 BCiAR 12,

tesh, mVMR-BABRREYNEZ A S ATFII/MRE5IE
TRERN. MR, M/MREIFER CD154 RIEREN
MRBERN; o, ENEBEIEIEARBRMESY 1
RERATRRIRSHER CD8" T 48817, RETTRES M/
IRERBRKRNPRIFER, BERBHRERNEF, M/
NEREEIRR CD154 RIGREN ERE RN, BRI
IRARRERARE LS IVMRIEARERFETHHBTES—E,
(EloESiE S

TE—RFAUZANNE, BI/IMRIELEREBEI—LERH
RIS3ELRNEEXTRIEERER X, BftiR, FikE
MERRKGEMEX T RAVNRRE S, I/ MRISKRIFIRER RS
TBIRARE R — SRR AEM N 25 ThAE, MIMIRAZRRHEBIRK
04, PRI B MRREREEES VI NS, BRESI
RRE FeRy EE R, BER VI REENREERRE, X

6 [ w#tsiE | Article Reading Guidance

MG H BT FeRy lBREESNRER ABRERELEFE
BESW, MMRERIEEMAERSHOEXEHETE

o

o

3. MRS HYE

Kfr b, Mg, REMBERMEXREYN, BEIFMRE
SRR —MRTER, Rl /R K AEREFEE
BER TR, MFREANZAEN, E—THEIES
REER T M) VMR S RIEN—LAEREFRIIE, FDRITS
BRI MRS MBS E,

2000 ££, Hanahan #] Weinberg TEX T &R 6 MHIE:
(1) EKESHERER; Q) WEKIDFIESHTEE,;
(3) MCIARESET; (4) TIRMEHIEEE, (5) FEmm
BER; (6) BB, 2011 F, FHDEREFREH, HBMT
ISP RGN RS, AREEFTRIAE. &
RRBRIF. BERATREMMBEH KESREY, X
£, FEXEHERGTFRRRS, BivvREF— 1 EED
1. RIEMBEENZEFRLE (B9) .



E-Selectin
ICAM-1
VCBM-1 adhesion

WG e e

attraction

Coagulation
cascade

firm adhesion

activation

H\Q
PSGLY
» Op

phagocytosis
ROS *

©
o&
Granule
secration

Lralling”
THF o
MCP1

recrultment

8. [R5 SEAI B9 R R

Platelets and the Hallmarks of Cancer

Sustaining
proliferative signals

Supporting cancer
stem cells

Resisting cell death

R e

Metastasis and /

evading immune
detection

\

Inducing
angiogenesis

9. M/MRS R

BELROBIERA, SM/MRITES SMEENEEE
MANFRIEER, XA/ MRIEEEN X BINEETES
FRIBMNERY, —FEMEARBIFEZENESD
FEM/MRAEEERX, §90, MEARBERAISUEm/)R
EIAM S F, BE ADP FMEMEs B, i/ viRS MR
NEZEEMBSSECE L. VMRMEARREERED RGD
H£EER (FA4EAR. IEGMRFBREFMALEER

©2019 IMPROVE MEDICAL All Rights Reserved

B) BIVMRESER olbp’ ESEIMBARESER obs 2R
B9, X— SRR S0/ VREEE (TCIPA)
MRRIER ¥ (PDMPs) HBE~EERERBEQS 2
(MMP-2) . MR /MR E KR FAREFRE
HEBMMEER. SAEARBUEM/MREY, XLEBERAZM
T—MEERHIER, #—PFTHBARNEK. /R
M2, Z—HMH, BEUHI/ MR E A (B TEHE

WS | Article Reading Guidance [ 7
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R, SEleAEme-aE-Emitie (EMT) « BEARmS
BB (ECM) RIBERR. 1ENMEBBM UK EE BT M EE
B ETRBIHLR,

FINEE—TEEBNRI. MRPFIEMEAMIELRY
M/MRES, FIREERERE R A LMt EN. MSERHER
BT 1865 FERKRINZNR, Eit, BESHFHKMIeIEE

(VTE) Rz iBMxXRBEFREFMNCEIZR™, 2007 &
H—THRZIERR, BRATHRESRELRLE VIE BRREMNRE
BRUTHEREN 47 BB, SHRE, JESHEEERE VIE 89
RPEIEINT 4 B 7 1%, FHEREEAAX VIE IR,
TR AAREE S A EIRBUR MR £ MR, HF, P&
= ERAR R FMETERF R MBS T —E R
ER, BBARRRTRRA0IE (/) RAN T2 ER R A th T id $ 2 A

BUE (A7) BERHRN, XERI—FIER T /R
FEAEAR R BRI R R B EEER ™,

/iR ZhAEHZ

EER, M/MRINEERITETE S IR AR R PTGk
LR 1) RIHMMERBERE; 2) ENFRIMRGTHR
FZ; 3) TMEEFARMALLD; UK 4) EFROLEFH, BL
£, IMRDIEER IR EE T AR NRE U R R/ VR
BRI, RAOBRERES “—F RNONMUEERRR.
Baithiz EA N ERNMMRIIE N RS, RIEQNRE
BIOAMARE: 1) EFI/MRIEMMRENITME; 2) BFH
PIAER; 3) BETFMERAEREYIEM RS, 4) £FM0
MREREAREYRINE, &3 RLET RREGENLIMEGE
MRS, RIWEFHBED AN ENTHITER,

] 3. FEIREM I/ MRIHAEI M ZR 5262

FRasE

B RE

1. EFi/MRESE

BRREMZE (LTA) HIMEER L = (/) VR 3R

EIUNMREIMIZ (PRP) BAEXNFBEXNAREBERR, I
IMREBERBNAFIEM, BINE PRP HFAREARMEN
B LA AR IV MREI TR

BEETE (KR Multiplate™

MABENREEES TS, LUAEBUETIES T

HE (b2
analyzer, Plateletworks) IIMRBRERE o
2. ETFEYN
PEA_100/PEA-200 RS M EEYTEREZHT, MBEARBETEEMIR, N
IIMRBREEIE o
3. ETmRMEEEYEEE RN
migsAE (fvMRE) MER L2
A 1453 N A L HEe = =5 S
ROTEM BB LS AYEFREENMERTZRNEIE, BRESHMNE
e Bz /MR THRERN /MR IS Z 48 = R 1%
SONOCLOT it it il

4. EFI/IMRREFSHEUE

FMEBENRVARE, £REZ7nEENMNMRERERS

TR E & BRI, PRP
¥, WERERSY.
ELISA 755 PRP L BFNeAEm/MREERY), 30 PF4, B-TG, A

BE
B PERER, Mgk A2 RAREYE.

8 [ wig=iE | Article Reading Guidance



1. BEHEHRE (LTA)

BARRY (LTA) B—EHIAN R/ MRITEER A
BT HFEN:

BRI (PRP) RHEMNABEXHNMAMESR, M0
IMRBREEBELFEM, BIENE PRP HARBHENTLA
I MR INEE. & IVMR IR ESFBRFER TRE
M/MREEE, PRP HIRRE T, BHEFEM (RivMRI
# (PPP) BEARRIBHIIRTEN 100%) , FEib LTA AISLBN
EM/MREENSSEN (UESHRTR) %

ENM/MRE LR STIERF. EFRREFETH
&, At LTA #NNRRZz—mMeREE. MRz EEE
TERBEIHFER 5 IV MRECEIF B B —— M MRFZS
TR, MARENRERFEIREANN, XET)
ST RTRETFEHIEMNERIL. Eit LTA FIFAMH/
REGESRRRATEIEE, EIE 50 FRRAASHEIET
REMRFM/IMRIHEERIRIES 2o

BEMZ—HESE, LTA B2—MHEXNIFEEZHHE
¥ FMEMHROBMIME; REIEINEE; FMNEEFA
PAERSE, XERE A TSN EER G SERIM/
RAGHE, SEUHIRELE, FR0 LTA HEERN—2EN
IMRIFERF, FERENME, BEARGMEEZRENTIL
BRIFNGNEREREEN, AR —WIMEFARME N B
IHAREAMNZEF R H B LTA DN EASERME
BII/MRTHBER M 5 K. BRI 75 SE R I RIE M A

Detector Detector
- 4 - _ +
o nght o
Platelet-rich | ==  Agonist mmmp | | Piatelet
plasma | aggregation

Baseline light transmittance Increased light transmittance

10. LTA EEREERY)
2. EREHE

B FRFUA MR IE R /) REER I A2 M R AF B BRI
SRET, WNHBEAR MBS ANEESAEREN 2
A, AEAWMOERFBHIMES, FRHZRN
REER S IE P IRF A BETINEW. Multiplate 7347 {31

©2019 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW EZ8ZE- 10 05H

(FEiZH#T, IHEEER) M Plateletworks GBI, XEE)
BFtE. BEFBEUENRENAR D IGEHIRIRETRR
BRI, FSTIREMENAERR, BT HmERIIZSESE
FUl/MRERIT o

EIMRB AWM, ANAEREmMER, XZEBHN
A LTA WEEMRP. B, B/LMENNEZAATM
RBIEFUENIRRNA, SEMEFRAARILS. m/IvMRITE.
FERRTUET. MO RE TN AYAT E)EIFRZER, BT
BEENME)D, HEFTFTEEOLRE, ARFESBU/ MR
TEEEERDM/MRIEE R K, MEFRHRIERE, ERMUBER
MRA—IS ANRHBNIRKRIEES %, THERTHRIERMN
RGBT RN AR/ R EDBERIES 361, A7, BHFER
ZUWHEEDTIVIMRINEERIS A EmAVEIE, R T HESRE
P MR FE R RIS A o

00007093 5KV

11. Multiplate Analyzer {2 URIE (B RIRETRLE)
3. m#EHE

[ 3 IG5 AR BN R R I ThAER sk _ERY
—REf, MigHAE MBS EF (Viscoelastic
coagulation assay, VCA) , 1948 FEEHEES#E Hartert BXIE
HE7, B W B R TS AT A2 R ARG 314 T8 (0 M T T M
MRS AR R I EMThRE, ML AEIRNE ZFHRE
BIAFIAE (R 4) , TTURIREER, BAIUBKEER, AL

WESHE | Article Reading Guidance [ 9
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WS AA 3 ADP BRIUIVIMREAMINSTR, FLbBTe
A TSI/ MRIDEER MM MR Z Y. i NEIR S
B, 1N MRIIEES E BRI MR EREEINHIZE, XA
[ (MAaop % an - MA ggza) / (MA mnm - MA geza) ] x
100%; EH, MAy RIEELEMEER (arachidonic acid,
AA) BEHNMBERREAIRE, MAw BIE-BREE
(adenosine diphosphate, ADP) FSFHIIMEREAIRIE, MA
suzae BT ARANMEREAIRIE, MA snsEiERMES
BESNMERR ARG, SREEN (& 5) . MEEHEN
FERSAREEUSMANA, ERE—NEUNTENDR
BEEE. ERNTHNERE, SEERERNMEEN. &
HEREMAEEHAMR, RAEPEN TN/ MRINEES L
e, BrileRLEEEERAMEEAESZAT: 1) B
BARRRITIAE; 2) I8SMENHILRS, LERA LMY
BiEMETE; 3) MEMAFRMPUI MR R,

e St e Y 1Y LY30 ¢

12. Mit¥HEERTEE

RAIEGIA, MiEEAETEIRKREISSFRNAZSS, HFEE—
ERBMRYE, FINTECNEI MRS HERREEFRRE
SEHMVMRINEERRRRBESRE); S@MmieEIE”RN
HERNERRE, EREBEIIMUET, WEBmiess
HERLERREENRMINE; BAIHRZH—NSET
#, MTHEBEEERA, HIRKERMEEHESRER
T—EMEIE R, EXLREHTGSERNBERER L
RITHBIR MRz —1- 4,

10 E WHE S | Article Reading Guidance

/)R T RE ARG 754 B 45 )

EF U EFHRA I MRITEER E SRR R, BINTEMY
M/ MRIDEED BN & AR IT DA EIIEH, BEBEEE.
TUESTIRESRE. IRENERSREFES.

1. BEEE

ZHARNERFHAIZMIVMRINGE, SEERTE
(e « K. =EE. TRAYIMESE & B MR AT AR
R BFTIVMRINEERNRFEN T EBRSRENE: =
BE. BRI IR AR ISR & A MIMEE A IR Y R
BESRENFERE; ERRMI/MRINENZYM AT
10 ~ 14 X (BFEAFT KAENIERRELDY. FuiVRE).
BAER —ESESIDHIT. BHTEFMEMELGTH)

2. FUERIER

BT I/MRINEERRTIIMB LIRS, SR BELR—%, &)
S F ISR RIE &8 A TR A B9 M/ MR IR MR 12
e, Bt ERBAFHERB AN AATS, KSR
ZINAHBERTURTZS 100 mM (3.2%) 2 129 mM  (3.8%)
REEWY, WBREAZ _KMNZE (EDTA) , AR
EDTA ReJEMO LT ARARZAEER [b/1lla, AT
LEFERRREEY,

3. IEREMBEER

MESEIERKFRIRG, BEMEMI, Z=MEMR 21 ¢ #
M DBMR LGB RIMRIER. BT LBERRS, 3K
BEOEHKRIBERE R M/ MRIEN, BRBSMER 23 ¢ %
X, FAZATRRIANNZEEENY, MENEE, BEH%
sh/URE, RN TDRES. SmifENEEITE
FKRPRENH N BARERINR. EEmdER, BEHE
REBEER, FAFHEFEIL. NERERASDEEREA,
MFIFERIEHARESES. MEIFRGEIURTFRNZE
AEEMVMRAMRIER £ 10,

7



R U=

o=l

® 4. MiHHERHFIEBMLNHE

LIMERMSTR, HERRIRES;

R. K. Angle. MA.
LY30. EPL

I0-AA TR

HFE—AABE

BN | EORDEIRAAE | 2 KOREMMEFAIHE, SHISE DIC;
3 KRR RS R, FINEES. L
BEE, BAVIETE;
4 3TEIA R AR, Wi REHHTOR, Wb ACT. K. Anglo. MA
FRBILTIR;
RN | RmEERIRRE
5 ESR SR,
R'=R @@ - R (rzmsm)
LIHMERTE. KD FRTELU TR
FFEexItt | FEMERRAFN | 2 M EEaENERntteE; __J/ﬁ”"’
3 R AR A AT EMR, § e
1= (%) = K
| R R R T IR B AN ORI (00) = (MA
-MAs) / (MAck- MAL)
v MREREThaRG ) | 2 WHEERTM/MRAYIRH H I RE % 100%
/)R

3. BRAHMMREYIBIRAF AR, FARFLHMAY

B R
4 TERRIAN B IS R A B R
1. R 55 PR S B S 7L/ MR ZS 9735 ADP D% (%) =
L MEE TR | 2 TSR MRS IS O MR (MAck-MAor) / (MAck
MmMRER | s -MA,) x 100%
3 ADP 1 HAE—ADPBUE | 3 fRAAM/MRZGBA RS, FARPH M -
- praiysd g
B R IT
4 PERR A B IS R A B R
17 SREE LI VR Z B 385
AAHDHIZE (%)
IVMEER | dvvEREEge | 2 HEERHIRE/EEY HIRE; ADP DI (%)
1-AA R BAE—AAR | 3 REFIIMRZIEHEAFARS, FARBHME :
ADP &7 ADP BUERR R T ;

4 &R A H IS 2 £ B XL,

©2019 IMPROVE MEDICAL All Rights Reserved

WEESIE | Article Reading Guidance [ 11



IMPROVE MEDICAL PAEEST

]S, MVMRER N R AR

ADP &R&:
SWBE. THEES

ADP =%

AA RR:
[y
AA H%IER Y,
BSR4 - 90%
(Hmxpe)
RERGT 50% ~ 90%
YRR < 50%
(MieRpE)

>90%

30% ~90%

<30%

IE\ éﬁ

IE 50 FRIERMVMRINEERNBERRA, LTA MR
NAREAN RS THNTMIMREY S EEFFRES
RIERR, SULERY, @idxaeE RnH M AZE R M/ MREER
WEF, ERARFRZRT EMM/IMREY. FEES BN
REWNAEZERIVMRINEENEE R ERE, MAGET L
RIMRF SRR ERHT, B/ MRIDEER NI E IR kb
B D) BEXENAENFNMERRMNENEEASE
HENRKESEX; 2) #8—MEREFREMELR
RAE, BEBENIERXE,

M/ MRIIEER NIE R FREEEF MR ERE DT SFHIR
TS, SEABEM/MRINEED RSB T S MIAZ
Jux, HAM/IMREMFNERFOMFIERD T RIE. &
MREEE R EMRRBIER,

ARSREVI/ MR IDBEI I NS B E R ERE DT EF AU
EFEMIE, FEXLEREL AL AITTRR RIS KR
MERNAYSTER, NMEERARNTG, 52, MW
THREAVIMEA FA55 B BABTEE, I RRVISHTIR AT
RRRE A F &M AR EIRRER MR E,

2E

1. Hoffman M, M.D., A cell-based model of hemostasis.
Thromb Haemost. , 2001. 85: p. 968-965.

2. Stephanie A. Smith, D., MS DACVIM, The cell-based
model of coagulation. Journal of Veterinary Emergency and
Critical Care, 2009. 19(1): p. 3-10.

3. Felix Eisinger, J.P.a.H.F.L., The Platelet Response to Tissue
Injury. Frontiers in Medicine, 2018. 5(317): p. 1-15.

4. HEEMSKERK, J.W.M,, Platelet-based coagulation:different
populations, different functions. Thromb Haemost, 2013. 11:
p. 2-16.
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11.

12.

14.

15.

16.

17.

Gremmel T, F.A.r., Michelson AD., Platelet Physiology.
Semin Thromb Hemost., 2016. 42(3): p. 191-204.

Jones CI1, B.S., Garner SF, Stephens J, de Bono B, etal., A
functional genomics approach reveals novel quantitative
trait loci associated with platelet signaling pathways. Blood
2009. 114(7): p. 1405-1416.

Macaulay IC, C.P., Gusnanto A, Ouwehand WH, Fitzgerald
D, Watkins NA., Platelet genomics and proteomics in
human health and disease. J Clin Invest 2005. 115: p. 3370-
3377.

Susanne M. de Witt, R.V., Judith M.E.M. Cosemans,
Insights into platelet-based control of coagulation.
Thrombosis Research, 2014. 133(S2): p. S139-148.

Holinstatl, M., Normal platelet function. Cancer Metastasis
Rev, 2017. 36(2): p. 195-198.

KlJ, C., Platelets and pathogens. Cell Mol Life Sci., 2010.
67(4): p. 495-498.

Bernardo A, B.C., Nolasco L, Choi H, Moake JL, Dong JF. ,
Platelets adhered to endothelial cell-bound ultra-large von
Willebrand factor strings support leukocyte tethering and
rolling under high shear stress. ] Thromb Haemost. , 2005.
3(3): p. 562-570.

RP., P., Atherosclerosis: the emerging role of inflammation
and the CD40-CD40 ligand system. . Proc Natl Acad Sci
USA., 2000. 97(13): p. 6930-6932.

Chapman LM, A.A., Field DJ, et al. , Platelets present
antigen in the context of MHC class 1. J] Immunol. , 2012.
189(2): p. 916-923.

Boilard E, N.P., Larabee K, et al. , Platelets amplify
inflammation in arthritis via collagen-dependent
microparticle production. Science. , 2010. 327(5965): p.
580-593.

Watson SP, H.J., Pollitt AY., GPVI and CLEC-2 in
hemostasis and vascular integrity. . J] Thromb Haemost. ,
2010. 8(7): p. 1456-1467.

Hanahan D, W.R., The hallmarks of cancer. . Cell., 2000.
100(1): p. 57-70.

Hanahan D, W.R., Hallmarks of cancer: the next
generation. . Cell., 2011. 144(5): p. 646-674.



19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Gay LJ, F.-H.B., Contribution of platelets to tumour
metastasis. . Nat Rev Cancer. , 2011. 11(2): p. 123-134.

Buergy, D., Wenz, F., Groden, C., and Brockmann, M. A,
Tumor-platelet interaction in solid tumors. Int. J. Cancer,
2012. 130: p. 2747-2760.

Bambace, N.M., and Holmes, C. E, The platelet contribution
to cancer progression. J. Thromb. Haemost., 2011. 9: p. 237-
249.

Borsig, L., The role of platelet activation in tumor
metastasis. . Expert Rev. Anticancer Ther. , 2008. 8: p.
1247-1255.

Varki, A., Trousseau’s syndrome: multiple definitions and
multiple mechanisms. Blood 2007. 110: p. 1723-1729.

Khorana, A.A., Francis, C. W., Culakova, E., Kuderer, N.
M., and Lyman, G. H. , Thromboembolism is a leading
cause of death in cancer patients receiving outpatient
chemotherapy. . J. Thromb. Haemost. , 2007. 5: p. 632-634.

Key, N.S., Khorana, A. A., Mackman, N., McCarty, O. J. T.,
White, G. C.,Francis, C. W, et al., Thrombosis in cancer:
research priorities identified by a national cancer
institute/national heart, lung, and blood institute strategic
working group. . Cancer Res., 2016. 76: p. 1-5.

Meikle, C.K., et al., Cancer and Thrombosis: The Platelet
Perspective. Front Cell Dev Biol, 2016. 4: p. 147.

Rita Paniccia, R.P., Agatina Alessandrello Liotta, Rosanna
Abbate., Platelet function tests: a comparative review. Vasc
Health Risk Manag. , 2015. 11: p. 133-148.

Whiting, P., et al., Viscoelastic point-of-care testing to assist
with the diagnosis, management and monitoring of
haemostasis: a systematic review and cost-effectiveness
analysis. Health Technol Assess, 2015. 19(58): p. 1-228, v-
vi.

Benes, J., J. Zatloukal, and J. Kletecka, Viscoelastic
Methods of Blood Clotting Assessment - A

Multidisciplinary Review. Front Med (Lausanne), 2015. 2: p.

62.

Fahrendorff, M., R.S. Oliveri, and P.I. Johansson, The use of
viscoelastic haemostatic assays in goal-directing treatment
with allogeneic blood products - A systematic review and
meta-analysis. Scand J Trauma Resusc Emerg Med, 2017.
25(1): p. 39.

B. LINNEMANN, J.S.,, H MAN I, S. PR O CHN OW and
E.LINDHOFF-L AST, Standardization of light
transmittance aggregometry for monitoring antiplatelet
therapy: an adjustment for platelet count is not necessary.
Journal of Thrombosis and Haemostasis, 2007. 6: p. 677-
683.

Michael Merolla, B., Michael A Nardi, BS, and Jeffrey S
Berger, MD, MS, Centrifugation Speed Affects Light
Transmission Aggregometry. Int J Lab Hematol. , 2012.
34(1): p. 81-85.

EL, H.A.G., Platelet Function Tests: Preanalytical Variables,
Clinical Utility, Advantages, and Disadvantages. Methods
Mol Biol., 2017. 1646: p. 305-320.

Valarche V, D.C., Boutekedjiret T, Dreyfus M, Proulle V.,
Multiplate whole blood impedance aggregometry: a new
tool for von Willebrand disease. ] Thromb Haemost., 2011.
9(8): p. 1645-1647.

©2019 IMPROVE MEDICAL All Rights Reserved

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

IMPROVE REVIEW EZFISEE-1030HH

Femia EA, S.M., Lecchi A, Cattaneo M, Effect of platelet
count on platelet aggregation measured with impedance
aggregometry (Multiplate™ analyzer) and with light
transmission aggregometry. J] Thromb Haemost, 2013.
11(12): p. 2193-2196.

Flechtenmacher N, K.F., Dittmer R, et al., Clopidogrel
Resistance in Neurovascular Stenting: Correlations between
Light Transmission Aggregometry, VerifyNow, and the
Multiplate. AINR Am J Neuroradiol, 2015. 36(10): p. 1953-
1958.

George MJ, B.J., MacFarlane B., Multiplate and TEG
platelet mapping in a population of severely injured trauma
patients. Transfus Med Hemother, 2018. 28(3): p. 224-430.

Hartert, H., Blutgerinnungsstudien mit der
Thrombelastographie, einem neuen
Untersuchungsverfahren(Blood cogulation studies with
thrombelastography: a new evaluation technique). Klinische
Wochenschrift, 1948. 26: p. 577-583.

Hunt, H., et al., Thromboelastography (TEG) and rotational
thromboelastometry (ROTEM) for trauma induced
coagulopathy in adult trauma patients with bleeding.
Cochrane Database Syst Rev, 2015(2): p. CD010438.

Conte AH, e.a., Thromboelastrography (TEG) is still
relevant in the 21st century as a point-of-care test for
monitoring coagulation status in the cardiac surgical suite. .
Seminars in Cardiothoracic and Vascular Anesthesia., 2017.
21(3): p. 212-216.

Tapia NM, C.A., Norman M, et al., TEG-guided
resuscitation is superior to standardized MTP resuscitation
in massively transfused penetrating trauma patients. . J
Trauma Acute Care Surg, 2013. 74(2): p. 378-385.

Di Filippo A, G.C., Perretta L, et al. , Low central venous
saturation predicts poor outcome in patients with brain
injury after major trauma: a prospective observational study.
Scand J Trauma Resusc Emerg Med, 2009. 17: p. 23-30.

Dickinson KJ, T.M., Homer-Vanniasinkam S. , The surgical
application of point-of-care haemostasis and platelet
function testing. Br J Surg, 2008. 95: p. 1317-1330.

BJ, M., The influence of diet and nutrients on platelet
function. Semin Thromb Hemost., 2014. 40(2): p. 214-226.

RE, S., Drugs that affect platelet function. Semin Thromb
Hemost. , 2012. 38(8): p. 865-883.

Adcock DM, H.D., Kottke-Marchant K et al, Collection,
transport, and processing of blood specimens for testing
plasma based coagulation assays and molecular hemostasis
assays; Approved guideline, Sth edn.PA. CSLI document
H21-A5-A. Clinical and Laboratory ~Standards Institute
(CSLI),Wayne, , 2008.

Harrison P, M.I.,, Mumford A et al, Guidelines for the
laboratory investigation of heritable disorders of platelet
function. Br J Haematol 2011. 155: p. 30-44.

Christie DJ, A.T., Carrington LR et al, Platelet function
testing by aggregometry; Approved guideline. CSLI
document H58- A. Clinical and Laboratory Standards
(CSLI), Wayne, PA, 2008.

WEESE | Article Reading Guidance [ 13



o Jig T3

’”F#ﬂyf IMPROVE MEDICAL

MA
s

SmETE | [ & g 'u:.';.‘;i.ﬁrz';
2 | MAFERGHRRR |

BH % 57 ImproClot iUk s ) B, Blat 1 Hb

__ ) PEE EsTImproClot® mie3¥HEN




Article
Abstract
Collection

IMPROVE REVIEW EZH8EE-1030E B

FPHEEEN AR/ MRINEENS A HBNREZE. BEFUATIRESRIERNTTE, FE M MREYIXH /) VRETEIRR

FECMERRE —RABLREER, NS ZEEOMEINIRPERRFINA, WM/ MREEN /) VR Z5448 5K I8 H
(ICH) BENARFIAGERR.

SEMPEAEEF

Niklas Boknis MD, PhD, Ankit S. Macwan PhD,
Anna L. Sédergren PhD, Sofia Ramstrém PhD.
Platelet function testing at low platelet counts:
When can you trust your analysis? Res Pract

Thromb Haemost. 2019;3:285-290.
HE

HR: REARNARMNERE AN/ MR MENE
®HE, BEREFNREE (LTA) MSBREBEZE
(MEA) #8EL, EEATFERTRRARA M/ MRINEER
M (FC-PFT) £5SRBIMEX MR IR E,

B FEASERMNREEETRELL R TREE S
m/iR3tE (10, 50, 100 1 200 x 10° L) X FC-
PFT, LTA 1 MEA UZ/YM/MRSELBIFZME,

FiE: AmME AR MRECER (ADP [6.5 pmol/L]
# PARI-AP [TRAP, 32 pmol/L]) FUEM/IMR. BT
BEERFEAARMNARELFINE S M/ MRAN M/ MRAY
MERWMRAE, KRESBENHERDIRITE

LR £ FCH, £ PARI-AP RIH/E, P-EREREE
1 PAC-1 & B 10X10° L' BEE (59512408 20%
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CV EEFMH (CV BT, OAERE. FX. FIEERLD
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related intracerebral hemorrhage patients. Exp

Ther Med. 2019 Mar; 17(3): 2263-2267.
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John W. Weisel. Quantitative structural
mechanobiology of platelet-driven blood clot

contraction. Nat Commun. 2017; 8: 1274.
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HEAMBRE L. BN/ MRINBEAERINIRE
BB BRI EERE QN SRR ELARINER,
BEAHEAES NS BRI/ MR E TR X R
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g ROTEM®) , XREASEIIREFRE, R R
BT IRRSURITE BAREEN S, FEERIRE (T2
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R ESHN D PRI/ MRER. TERE
ARAMERSIEEA BT EFtIZFR M/ MRIE L.
HNERRE A EFSARERRE N HETS
BEHB, BR. EfE. SRGEEVNFETESHERS X
BES, AIUEASIVMOEREE FERIINR, M
M8 AT REFERE & H BEBSTE A B T A B E., —
NERBRENSENEMLORENEIRER, TEH
BRREZAHIMR.

EGEYZFENERBEERANAR, Hh—LEMER
EEEERSMARKSZ N EREN A ERIER, EX
B, BIVEEEMNIF, ERSuANGENERRS:
BT AR T WERERNI/MRINERN LR S50F
AR, F—MHIFE R T ERGEAETR)
REVE BT B BT @ R ) MRS & £ R R R
ROEIEMR AR B AMIFE R MR AR M
ESEFNATE—TMEENSE, BEFEREE NG

P
1% o
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Agnieszka Skorko, Matthew Thomas. Research
protocol for platelets in out-of-hospital cardiac
arrest: an observational, case-controlled,
feasibility study to assess coagulation and platelet
function abnormalities with ROTEM following
out-of-hospital cardiac arrest (PoHCAR). BMJ
Open. 2017; 7(7): e015663.

H/E

G ERE, RIMOMEEE (OHCA) HERBRRLN
60000 f5l, EZEFHBIBEDRE 10%8EFE LR WF
REOITHRER OHCA, &EFIM/MRIATT Bl S
o LIERIHARRER, CIHBEEFEEERTS, XM
SrIESBMASHIZAN, HSBARNME. Am, Fil
MRIATT B ARE S X MAEIGAY H M K PLE JIAEF
5,

FEMD: AMBMHAMTERRRESR 30 BXLWEL
MEIFE OHCA RERIME, £ 6 MHEEE#HFANEN=
KL, HAFE Utstein RIWRE (MOEEE. VF R
BkiE VT FIATRESBERENORERR) o SRR

&7 (PCD 0 PCIfE 12 /1B, 24 /NBYAD 48 /B, 3§
BHTHERE MASSR NS I/ MR INRE TS, (ERXER, 30
£E ST BamOAESEH SR R R PCl BB ER#HIT
EENIREGE. ERRTERE, BRBMRERIHT
#HMR, WUEA c. BH S, RIE-MRNESS
Y, BRMNES, HURMES, (FARSRSUEYHIHIN-1, B8
Bs-TiAARE A, R, VMRETF4 KIKFE, P-
WEER, E-ABRRMRMARAER 1 0 2, HX 30 XA
HAEH{THE.

EEFEE: ZHAREIRE Wales REC 7 FIGICIEER S

Bt SERBRRARITITENEFRATIAESNER

FERFZN. ERFEIHINBEMQAHNSEIFEY
Hf&iE,
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Mercy Halleluyah Periayah, Ahmad Sukari Halim,
and Arman Zaharil Mat Saad. Mechanism Action
of Platelets and Crucial Blood Coagulation
Pathways in Hemostasis. Int J Hematol Oncol
Stem Cell Res. 2017 Oct 1; 11(4): 319-327.
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MERLHEN, ANCRRENEELTR; KRS
FEERENESMN, FBEIMERREE, LXK
TRANBEMME, EMZ~EFE NS mAREE
12, A, MMRERWNEZARNEXSBEAR™
ENBRNHIM&RRS, ENEMEREMLEnREEE
B, MUMRIETHMT. EUMBERLIZHIEMEE
11, REFREARBGIRE, FEXEFERRIEE
MEFMEMATREIRLED, b, XEHEN—FR
JEHRHARESMBRNEEEYEIRE, AERMBER
ESEAHRBMNMUITHOEREONEEREZ, It
Gb, ASGENRT MMRBITERNE, SIEREH. &
. BEMEM, ULAEBTIEMMGORESHER,

Tomas Vymazal. Massive hemorrhage
management-a best evidence topic report. Ther
Clin Risk Manag. 2015; 11: 1107-1111.

HE

MR KHMDBARBENT TR CHEIRRE,
BT LIRS 10% ~ 20%NEEFEE, A
TERMNEERIBERERSIME, BEHETHEX
R FIS, XEFERNARERENY, FE
EEFTHPOZEBRAES,

MRAAE: EXERRNER L, FAREXERAN
EFEAFE (Mesh) F5|, 27T 2000 FLKTE
Medline. PubMed 1 Google Scholar ZEHAT & FRAIXK
FAREM. SET. MELOMFEEARNNE,
HEMAT > 1.000, XLHIEEGIELRLRE NI
RITFIEM AL IR I SARER =R, mDaT
STEEMEIRIN. i mtBELEBNT MR
HEARETEHOFNER. WARBIHEEHRTT
iR N, HESNBT R, EFNANK
MRS 3,

SR Rt meNERMBRYIRAF™E R BE
BLRTIESRARSEN TR, L 1: 1.
10101 BEbBIBRmR. M. mMMRRIFEER
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ENFREMELNREEY. REIERERALTUE
BENErFELNEENTGE, BRNXRREERIRR
WeNem, XEFLEIRKERTRFERFRITE.
—LEEERN, FERHRMEMEDRFNRE DR
EHRAVAE S B IR TE I,

it XMHERRONEERERET X TFAHME
ENemEiER.

Anne Wikkelso, Jorn Wetterslev, Ann Merete
Mgller, and Arash Afshari. Thromboelastography
(TEG) or thromboelastometry (ROTEM) to
monitor haemostatic treatment versus usual care
in adults or children with bleeding. Cochrane

Database Syst Rev. 2016 Aug; 2016(8): CD007871.
HE

HR: mFEHOMRNRE™ENIGKRRE, 5aT
KHX, MEBHE (TEG) FHERFMmiEsEMNE X
(ROTEM) MR LA TFIESMMRE, Bl
ERMEESIN. WFETF 2011 FEERER, 2016 F
1 BE#H,

Bix: FANTET mieHE (TEG) Sheikmieis
N (ROTEM) 5ISHMAERMAM)LEH M rIzELL
MeE. WIMMBETEMER, WESETENHMNE
%, #IT T DHEMNBBED N, BETRENER, 7
MARBEFIDH (TSA) REEIESKRERIEESN
e,

WERAEE: ERREMNGRFR, HIIMUTEFEHIE
b E T REMITERIRGE (RCT) @ Cochrane ¥$HRIXIL
OB IEM (CENTRAL; 2016, % 1 H#) ;
MEDLINE; X##; #Z5|XE51K; BRRFEWN;
CINAHL; ¥£T%; MFELEMEZXHBEE (BE
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2016 F 1 85 H) » BRINBERTIHRES, ZaiTeH
EE U RZERHIER. RIBIERT 2010 £ 10 Bi#

7o

HEEAOE D WA TFERNIRRALE, TIREER
BEWM, ¥ TEG I ROTEM 15T THHIMSIGERH
S THEM. REXREXRIES THRMEHEE
LEHITHR. BRITEEESRELRENIARE (128
WEXSERANEIE TEG I ROTEM ERHINANEZ.
FEBHHEIE TEG 3 ROTEM SEALLIR 288950,

BIRIREM D4 MOLTCEE I IRIEUE; ®I1E
IR T A . B 95%EBEXiE (C) 8
Rt (RR) 2MT FRAMREN ZHEERTCEMG
ite HFEIBTRIM, BENESNERIUERETS
o BNNEELRIENRZLREETE, KIT#HTTE
EMBBED T, LUFHEETF TEG 3 ROTEM 5|88
EMNBRIRNEE, UWRRARM) LENEMIGHRMNEE
LRIEM, BALELITEIXR S ERIE R P52k T
RENNE, B TSA IHMERENFEIRIIR L,

FELER: RNEXBEMNERPRHEGLET 17 W
R (1493 855%) , HA 8 TUAFMNWHAR (617 &
25%) , #l. #£8 15 TAEAEHEDFIRE T K
. BITAAREAEIZLAERENBENIL, K%
HIARGIERZ ODREFANSES, HITAMT 6 WIE
ERITHIRLE, BREMPRRIERRIE. S5RBE
fAI75355 |1 SRIMmAELL, TEG 3t ROTEM MFREET 2
BFETE [74% vs. 3.9%; RBEEL (RR) 0.52, 95%CI
0.28 ~0.95; 12=0%, 8 AR, 717 BE5%E, KR=E
IHE], B1VE 8 TUdNRM TIRRTERE, 2 Midlhh
TEHHK, FMNNIITESR, TEG 5 ROTEM 5PF
S5ERELO4H (PRBC) (RR 0.86, 95%CI 0.79
~0.94; 12 = 0%, 10IEAR, 832 BE&5%H, KIHER
2) . MEHLRMME (FFP)  (RR 0.57, 95%CI 0.33 ~
0.96; 12 = 86%, 8 W%, 761 B&5%, RIEER
82) . /MR (RR0.73, 95%CI 0.60 ~0.88, 12 = 0%,
10 B, 832 B&5%E, KIHERE) UK FFP 3¢
MR #ATEEMR I S mMATEL G (R E8IEE) 48
kb, BESITFEEN. Meta DITEER, BEHIES
RERBMNES5ERD. RINANBEFABTANL
il (RR 0.75, 95%CI0.50 ~ 1.10; 12 = 0%, 9 BFA5T,
887 B&5%, IHEREMR) MIELNEGFHIASE
M (RR 0.38, 95%CI 038 ~ 1.77; 12 = 34%, 2 Ijhf
R, 280 B55%F, IHEREMR) SEER. THNTE
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HANMRERIAEZEER, REARTEENERE
R, BRANREME. REHH. TEBHIEREEYE,
BITSIEERETENRRE, TSA 18, FEFH
ik, ERTEAE, UAZMEGEER/NG 54%, FEY
AR IHERARNEREH. SRR, TRERS
TEG 5 ROTEM $§F M HMBE HMA L —,

EEMLEIL: BRMSMIEIERA, NA TEG %
ROTEM 35| A% M S5EBE AT LUR /LS IR #I B ER R,
BExiRERnEENLRFE, AWM, XEERTEET
EFREOREFAR (BFEOFER) X, IHEKED
ARMK. FEH—FSTERMINET TEG 5 ROTEM
5| SR KA R A XL R R E B E X5

Y
Kazuhiro Takahashi, Shunji Nagai.
Thrombocytopenia after liver transplantation:
Should we care? World J Gastroenterol. 2018 Apr
75 24(13): 1386-1397.

H/E

mRENMUR D ZFEE LT ERNELRR. %
1E, WMRIHETRE, HERESE 3 ~ 5 RAZRMK
=, MVMRIT SIS TRRE 60%; MVMRITEIE LT fFX
AMBMERIARFIKFT, HNATREFEHNNG EFEM&
W MVMRERED . BEEM. BYarr. B3
Mg EX LS IZNA S, A, BN AE
Bo EFR, MIMREFSEDIERRFIITRA, &
[EmAN MRS, M/MREPERBRE T 55K E,
WRTRERRRES, BFABIVMURMESSEISEY
BEFRR, BINAEFLRRE, BLEEY, FRFZE
EERERNERNKAEER, EMEFARIM/MRIT R
B/ MRIaYT, SNMVMREMZER. MVIMRER R A5
O M/MVREEE. BEEIRRARMECE N RRKERR
7, FIREBNEBENEENES, BRZIEKRER,
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19.

H-SHRRBELEN, DN ESZES
EYDEFRMUAGHAENERFRRNER, HBEE
EEEMIMRATT, UBEREHLRE, MMEBE
RIS,

Donat R. Spahn, Bertil Bouillon. The European
guideline on management of major bleeding and
coagulopathy following trauma: fifth edition. Crit
Care. 2019; 23: 98.

BE

BR: RS MRS MNEST RIERSH RN
i, SlfhEHIN{LAR R EBE R BENAIAHMEIET
NEERR, AXHEENEIEEALMAEMREE
ERMES, ASRIENANEHENZRAREX
PRIARBYHE SR,

Ak R R A MRS FR T EEMII T 2004
%, BefFEENASEAR T EXIEN T LSRR
®o WNAXRB—MEMERN. BEFEENHIRAER
AR Z A, XEREESIUE RN X 7518
M. ERERMIFANGRSIEMNE RERN, 15312
ERAHTREHITRENIGRIXILA TS, RIEE E—HR
LURH IR 2 IEHEM MR BN IR R SEERZ L, WIME
Bi#HT T ENHEENEIT. SIETHHNEN, URR
L ATBYIRPRIR) A = A AR ST R ER s

ZR: BT ERIFREEEFERROHD
TEFNEERE, SEEAMMBERSRGTSE
FERARENEIEE. SafiEENSAARIRITE
TEUKRBHIB BN f R EE B 12 LR IRPRR SRS A2,
BIARDEEXRAERNERNREEE, XBRAER
EEHEBEHRAN, MABESRERQTRAEX
B BARLEEI A K MAEMBIZ AT R H
THES, ERHINIEHESFEESNANRS, BEd
#E. BUMBRSAMIGRERE LT UL REANE
EE



20.

#it: ZFERFENRBRIIERENEREMENX
B MRMNZMIKEL, XEIRKRSLEISEE JREMR
KM G — IR B, H AT ESH el RER M
BIFILER,

Mathilde Fahrendorff, Roberto S. Oliveri, and Par 1.
Johansson. The use of viscoelastic haemostatic
assays in goal-directing treatment with allogeneic
blood products—A systematic review and meta-
analysis. Scand J Trauma Resusc Emerg Med. 2017;
25: 39.

BE

BHR AFSETMIMFRRESBEmEHmEE
HNEE, WREBERE, ERNSNEIHTRLE
IBEEAMMSET. S2ENTNENRRSHE]
FRALTERENXTBRIAIE (RCTs) , XLEXWHTTREH
MAFSHRMAEE, DUTMEAEMEIEMRE (VHA)
FEFXTHM, HmFERMNFETRIRZM,

7575 S4F PubMed A Embase #H1TiERIBENIXTERIX
¥, 1) 1RIE VHA [ 4E (TEG) heiEMmiesE
MENE (ROTEM) | BiEES (FMA) AlSIGKE
ERFIBA/RE T EARLQNN BEHTHD T8
4) ; 2) BEAZFES BN/ M/ T RRS,
MEMRAPIREVEI, MMM TENEIR, HAN

EEDH,

LR 85 15 MRENXRIRE (n=1238F1FE) .
RS R OKEE, —TURRSREFBIE, —Tiik
W RIRG IR, —TUAS R, —Is
WHWAFBELES, —TRREESEENNFANE
BT, TE—TURLIT HE M= G 1 ThE
WM&, £ VHA 18S4F, HiEI4m (RBC) « #
EORME (FFP) MEBMBR ML, i/ MriEE
ERNMATEVUELEEER,
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IMPROVE REVIEW EZFISEE-1030HH

Eduardo Gonzalez, MD, Ernest E. Moore, MD, et
al. Goal-directed Hemostatic Resuscitation of
Trauma-induced Coagulopathy. Ann Surg. 2016
Jun; 263(6): 1051-1059.

wE

B8 AERMAE (MTps) B AATHIMERIA
BENIERT AR, BRSXEHFENRIKINTER
Ao HAVATT —ILARRENIRKIRE (RCT) , X
BIEUATRIZ: SEFRMIAE (CCA) ESH MTP
ML, AhseittidiomiesshE (TEG) ES|H MTP A
REEELEHFE,

FiE XWRENITRINEMTE MTP BEhifEN—&
BlEhOBYEE, MTP BEIfE, BEWHEIS A
48: —4HMH TEG #6S8 MTP BATATT, 5—4H CCA

(AMEMRRERILE. FEERRE. M/MMRITEH) &
fro TELERE 28 RTEEE,

ZR: 111 FIBERANBRET 7 (TEG=56,
CCA=55) o TEG AMEEEHEST cCA A (log-
rank p = 0.032, Wilcoxon p = 0.027) ; CCA £H 20 I3t
T (36.4%) , M TEG £AF 11 fHIFET (19.6%) (=
0.049) , ARZMEBEFRTLEFINAERGHIET 6 /)BT
M (21.8% CCAH vs. 7.1% TEGH) (p = 0.032) o
CCA BEMIMMEMIES TEG BEMEM [CCA:
50 2~11) , TEG45 2~8) ] (p =0317) , {En
WEIES [CCA: 2.0 (0~4) , TEG: 00 (0~3) ]
(p =0.022) , HEEERF 2/NNE, IV/MRE
E% [CCA: 00 (0~1) , TEG: 00 (0~0) ] (»p =
0.041) o

38 5 CCA 18SM MTP #8Lt, FABIRSME. TEG
ESM MTP ERTELGBEETIRESEEER, FHE
£ R ERE R R R M AN M R E,

Laursen TH, Meyer MAS, Meyer ASP, Gaarder T.
Thrombelastography early amplitudes in bleeding
and coagulopathic trauma patients: Results from a
multicenter study.J Trauma Acute Care Surg.

2018 Feb;84(2):334-341.
RE

B MMM, mieAE (TEG) FEkm
#EMNE (ROTEM) KR HIRIBREMIZH T 4
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R, XWHNBENEAEXRERE, FARBFET—T
REZHROAR, E=MEER—ReIR OMERNFE
EEEQIHEED, TEG REIRESITAE TEG TEZ
ERIX R

FiE: RBRH. RE. SFERIR. FEMPEREE
B9 404 B lEFKITERA™EIREHOG B E HREEENER
MR ERAHERAEMAIGKREUE, SFELRM TEG
B, RIEK L TEG. &R TEG MIIEEALEAR
g%, ICREHIRIE A5 M Al0 (5 A 10 DEFETAIR
18) o MRIEINR J9 120 NFHATF 12, UREMER
(12 /hBRSRHIM, 1~ 9 MIAMEAI > 10 NI
MERM) SHEEHITHR.

R BHEE 404 BEE, BHTERETSPUK
A 13 530 EFRBMRNDITH, AS/A10 MRAIRIEZ
B ERIRMIEMER, B rTEG RAIRIEN KTEG RAIR
185h, FiE TEG BEHSHIBENRTCEEEHEX,
556+ TEG 18EL, HUE TEG MIMEEMATAEZARM
FHANZEER AS M A10 HEEIRE, SRE TEG RAHKR
TEAELL, PRR TEG AS BT 3T 50%H9BY 8l

it BNEW, EHERNEBNASRHNERNL
HEER, TEG RHHIRIE AS/A10 51RE TEG. Bkt
TEG FINREMLTAE AR R AIRIEZ BB RBAIERX
Mo, SINRHARIBAI4B52 B MIPEISAYIZIRET A, ATAT
I EREN TEG Hll, #H—HHIRENX BRid 1T

TEG TEHESFIENEFFHIERRE L ERN.

Matthias Hartmann, Cynthia Szalai, and Fuat H
Saner. Hemostasis in liver transplantation:
Pathophysiology, monitoring, and treatment.
World J Gastroenterol. 2016 Jan 28; 22(4): 1541-
1550.

BE

RITAI, BEERRTR B ERRIEAIEA L i XY AT A%
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24,

EEEPNRLEEEEEERCM. HRESNIEER
B, ERTRE(LEE R85 MR 70 M/ iRk it
WAL R BE AR TR NSRBI (KU B B] $246 47, 48
&, WIEMWAEEXSH T BFEROAFIES:
BAINRIFECPERLEFRREE, BEFHE
AR NERFNAEERAREENSRERE
WRL T, B, IUMRITEETRLD AR S AR
von Willebrand FFZERK5 | M/MREEE M IE IR
#HoH. A, BORAREEH FH. SATEEN
‘TR 4 TROMBEIREERM, BYIMEN
MBS, SRECMEBM M MERTRER £ BRK
SHABEEESE™ENEL, BRTHEEELE N
FRERELAMTRLEFN=E, RIS EREARR

FFEt. EFBETRET, FNRASLXERZINE
o FAREMASBEREMELM, FARDEF I/
WEZRL, SUAESNRMFEAEL, RmMALKL
HRAISHEMNNE. NEERENEEIFREES
F—TEINTREEAEEARR, CREARRMEGL
HEARMNESHEIEESRES REARIEF &L, It
4, FBEPNIMEEAHHTLN, FEIENET
E, BT EANLRESEIN, FBEPERRZSRL
WM (30 Mg AE. mMAREANE) KRS
®HEARMM/MRIT BN TREURSAEEDBMHE, H
TG, EFREMANTHE B BRANAE
7. REIHERA, FAETRZSRMENNESR, 7]
LUR /D IR EIREER, BRI, HSLREETE,
EREEMNE, ERZ SRR MDEF R KK
BRAETAERY, FUILEIGE AR # 6 A MR o

B

Liang Shen, Sheida Tabaie, and Natalia Ivascu.
Viscoelastic testing inside and beyond the
operating room.J Thorac Dis. 2017 Apr; 9(Suppl
4): S299-S308.

BE

HinEENEFARALRENATERNTERER. Bal
PRI EEREBRE, SFLRMEK,
RZBEMFEKNEFZEER, RZAERNEANE, RZ
ESRIMAYEE, MR ANIFS IR ERM T —
HERBNBRALR. RRMANENRSE, mMieEH
E (TEG) Mpefcmi2®ME (ROTEM) , M7
MR ML, TREIARNESR, HRENERMLK
FRT. ERFEMEEERIEHIRRMEE, 2E
AREHHABBREOBEFAZERHITHN, XEEGAR
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BH, ELUsM IRl TR e B M SRR E iR
ESNEIEBRED, AMARAR (pRBC) . MMM
MREVRESR LD KR ARITE T R MFRAR,
REFABTMEMASWMELZEES, AN
RINFEEFFREIEMNIR, KNS BEEIRR
R TR/ AT TR, WMIMAE. = RHH .
BEEHMERS. EFARMmEEE KBTS
B ZFAANEZEORIET (DOACs) » BALR
RE®, BESALETREHRITIREN. EXNR
3o, HESEBMENRI AR — AN FT BT R MR SHY
%, BENARIERMFET TR MR mavEE,
LEHROEFABE,

Mia-Jeanne van Rooy, Wiebren Duim, Rene
Ehlers, Antoinette V. Buys, and Etheresia
Pretorius. Platelet hyperactivity and fibrin clot
structure in transient ischemic attack individuals
in the presence of metabolic syndrome: a
microscopy and thromboelastography® study.

Cardiovasc Diabetol. 2015; 14: 86.
HE

R PRESTEGEMRMEE (TIA) ZHX
&, EEMRRIZERESABESE (GlEEMER
i) BX, SEEAMERMFR,. XARNENZEH
EEFERSSSIENET ENRNL FRESEEA
ML, MIMRFISFEE NSRS RMFIEESRE

MEFIAE: XIMARE 40 ZEEEAR. 20 BEE
EEE 48 NIRREIEEERRNAE, EDEF 2
MBGEIERER, 20 ZEREFRERERNR
H. ABFEMNRNRFHEMREATHRRI/IMR
FH/EOTS, RFHEMEATHRARIVMRIFLESR
BeTEElE, miedNERTFRRERMINAE. XMEH
IEtFEamttis. EPREERT, p BT 0.05 HiA
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REEFHEEX.

SR WRAMNNMRERE, NEELVENE, FEE
FfR M Z (EMA I MREXREHNEHIT B, BNEL,
M/MREBEBEFE, R MANTLES B M B EF 4N
MATAEAR, TN BARNTEMNE, FEEMRMA
ENANAETEMARR D, FHEKIBR N SRR
THRLAAELL, TIA AFEERTEEEREEM (p <
0.001) o BHEMAFATREBRENTHEEALFERN
THMMLE, SEIH M/ MRFLTHEE QT it &R
& ( B934 0.0042 7 0.0007) o BFMERILEMTE
RERENBAEEEER (p>0.05) , KRR
THREIE

it MRERKER, HEMEMET TR mARE
RIS, MERAM/MRITREE (BFEER
fE) SlEERY, HMSBAEEITMINE.,

C. Longstaff. Measuring fibrinolysis: from
research to routine diagnostic assays. J Thromb

Haemost. 2018 Apr; 16(4): 652-662.
BE

MAF 4T QAR IR BIMEHIZ LB MR 50
HEEE, BRNRZENNALEQ SRS BEME
i, EERREMRD, BEEMAETATTRALE
BARNIAT R AN I FENER. EELRPT
HEABMREE, BTFERMEN, LSBT ARREE
FIRMBREMEFR, EHEBT R RREDSIF
WIRER, BREXLREEFSERERK. $F “HF4
BEOBMHE NNREARBHEL, IBNALE
BISRRINGIF. ARBEEEWINGIF 1 (PALL) SR
MESECEFAZ L ARINEIR (TAFD . BBRZUEIEE
AREREINMARTE RN, AT, SERAFTEZE—H
B9, XEANHIFILRAEE QREREY (D-Z8BEF) 8
MEMEERSIRERBIRA, ROGHER AR
RARDREMPNALEEARR, BREEEHZE
(VMs) % ROTEM #1 TEG HSZAl UFARAAMAY =
), LHEMMMR. VMs IGFK EATIZSEETERE
XABH, KT VMs fER—FERZ N ENER
%, BRIREGER, FEE—1$L. REYSHA4
EHBMAZEERYE, EA4ERRRAKNHARE
EREHE, SIEMEANERFRDEREZ, &
MR EERENER, BENIZIAENETA
o
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Contact factors

Q}& la HMW'K FDPs
i ~ [ D-dimer
A

plasmin

plasminogan

Thomas Kander, Josef Dankiewicz, Hans Friberg,
and Ulf Schott. Platelet aggregation and clot
formation in comatose survivors of cardiac arrest
treated with induced hypothermia and dual
platelet inhibition with aspirin and ticagrelor; a
prospective observational study. Crit Care. 2014;

18(5): 495.
BE

D BN AREESERETHORBE=EE
T7—IRIEENRASE, 1T TREN R THRE
M/MRINEENRE ., FANERR T B R=MMEY KR
BHER (VASP) ZIEIMXR,

Bk RIBRE ST ORREE S M =) LA INE /)
RIS, BBIMOBEREH SR FEEFE D AFH, TR
FERRE (33°C) |F 12 ~ 24 /UL SE—H ki
m (T1) , H5ESAHAPEIER 37°C) (12) &
12 ~ 28 /NS UREE I R A% o AT LU IR PR R MIiET
Sonoclot #EEM, EFRAAMAR VASP MZHBIRE
EME L, Multiplae® #H T2 ; ZHBEBEE
(ADP) . BRIR (COL) , X IMEs = 48 =h 5 Ak
(TRAP) ML MEE (ASPI) o Sonoclot
Multiplate* X 2RI BEARRBRET. NESBTENBER
S, UWTEEERARNMMNREYH R, A
Wilcoxon EEXBERISIITEERAR T1 M T2 NE
8. BEMKFIZEHNp<0.01,

HFR: BHEE 23 28EF. TEBNEN/MRINFIN
£EH (n = 14) , Multiplate® ¥ 27~ ADP ®IEAYM
MREEEWN. 5 T1 #8tk, T2 B9 COL, TRAP M
ASPI BEEE S, Sonoclot DITER, HUEHEEILATIE]
(ACT) ®BEZM, B T2 BEERE (CR) IR
IhgE (PF) 33T Tl. VASP M 53 + 28 (T1) PRE 24
(p <0.001) o T1BIRANBRDWES
VASP (T1) 8%, r =081 (p < 0.001) o FERABM/
RIMHIMEES (n=9) , TIF T2 FEWELL/MRIDE]

+22 (T2) ,
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28.

29.

NBEPHBEMNENL, T VASP REL K,

it RINEKILESE, AR MEATHORREEE
B, v MREESEM MmASTZARERS EE M. £ HARRE I
MRIDFIRBE D, BEIENIERBGER, FIREEH
TFEH=TEIE,

Mark Walsh, Stephanie Fritz, Daniel Hake, et al.
Targeted Thromboelastographic (TEG) Blood
Component and Pharmacologic Hemostatic
Therapy in Traumatic and Acquired

Coagulopathy. Curr Drug Targets. 2016 Jun; 17(8):
954-970.

HE

BFIESIERIFE (TIC) BREHMAN—MER, —

REEIEMRMIRE (CCTs) 28T, FIiNRmasR
&)/ E PR AR (PT/INR) , SEEES) & NES R BY
i8] (APTT) , MUVMRITE, MALZARKTE, XL
CCTs HEURMMTRERR, EREHRMARAR
MimPRE M ARSI (VET) , dimiesE
(TEG) , LUBERSANA R AXLESIGIR A M
1%, IESHTIEMAMFEEET (TTHAT) . Z4&RHE

RT VETs (F3I2 TEG) ERAFMFEBUEIELHIES
BYER MR TTHAT BURL &,

Nikolaos Spinthakis, MBBS, Mohamed Farag,
MSec, et al. More, More, More: Reducing
Thrombosis in Acute Coronary Syndromes
Beyond Dual Antiplatelet Therapy-Current Data
and Future Directions. J Am Heart Assoc. 2018
Feb; 7(3): e007754.



30.

BE

SMRREKEEE (ACS) BIEREIE I F ki
RITEERL, XRM/MUBIEM B MR KA RNER, 7
TRERRMAEFHING, ACS BEMRANTI/IMR
frix (DAPT) #1T:877, BIMEILMS P2y12 #0%l
A, MEAMEE. BEEHERNZHEE. REXRA
DAPT, 184y 10%H) ACS BEETMEN 30 RAREH
NEALMERREMN. ERRGRT, KR TiE
SHIEMAR, UREEBMMEHMEERMASE
7 ACS BEMMAR. HINEFRKEERFTTLELE
Hizhey ACS BE, RABLLETHEIRERPHRNE
TERERT, SEORTE, RIPDAARZEI— 2
TEISEBAT . EAXH, BAIITICMB IRFRIRIL I
BARGIFIRR A, HImERE LB ERXR
K ABETIRBIBK AL A2 AR B9 MU BOTR I, RIBYST
MR,

Timothy H Pohlman, Alison M Fecher, and
Cecivon Arreola-Garcia. Optimizing transfusion
strategies in damage control resuscitation: current

insights. J Blood Med. 2018; 9: 117-133.
BE

IR SR ZE X 45165 5 HEE A 45 TE ER L FRFE RYRRST, ]
HiEHIE7 (DCR) MAHMMATRERNEER
BS. FLAZRMMEIEEEN DCR €1F 1) HME
Hl; 2) FARBMEOLE; 3) G55 AR IR TRFEF
BIE, XBEHRMAGGRMEENLRE (ACOT) . BF
ACOT Wl EEREREBNAMER, KEH

Fbkiam, HEEESHNEMNI, S50l HEX LN
ARG SRS ESME S M) RERE. (€
BROMAMEARRES, URABRFAATHRAESIES AR
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MR, o, ACOT B2EBEHHBETIERSES
fERVAERRERS), BEAZMRIER, I5HMAM2S
EEER OIMIME. OAUEZERMOERE) £ £
HEZNHE-EEUINERRERS:, BERAEEL
MmAYIEPRELRIgESE2 T 5 DCR HXMERHE,
Hitt, FMNEMEERAI, #—HHR ACOT HIHE
£BE, HERX—HESEHNEARRBRENE R
BRI LR RIS o

Tobias Geisler, Jean Booth, Elli Tavlaki, et al. High
Platelet Reactivity in Patients with Acute
Coronary Syndromes Undergoing Percutaneous
Coronary Intervention: Randomised Controlled
Trial Comparing Prasugrel and Clopidogrel. PLoS
One. 2015; 10(8): e0135037.

BE

R BHUREERDIMEREGSIERNI/MRESES
HELRMBEEEN. ARMEEETNREZ M/ MR
RE (HRPR) 2E (BIRNFR) #H, XFEREE
R&TIENEERA R,

Bir: HBEZhEEFENBEM/)MRINEENEME, 3¢
ES2MTREEK (ACS) MR TRk T MBI SEnt
EENSM/IVMR R ER.

BE: WRHRASWSEEN ACS BERIM/IMIR
R = 40 AUC, Bl “REARE" HFENMEFENIL
FNIRAEHAEE (60 mg A 10 mg £RFIE) HE
HAEE (600 mg BEM 150 mg HHFFIE) . TELER
ERRBRALATEAYE 1. 4 MG, mWIMRKRE
MEBE <40 AUC BILLH, 44 BBEWEID, H5iEs
&1k, EASINGE P2Y12 M7, [IMEENERS
BT,

LR ERRE 4 /DEIRAEY, 100%NEEFEREN
BERT, M I%NBEFEREMEERTETLIVR
KR <40 AUC (p =049) , M7E 1 /NBSBIELHFID F)
7 95%F 64% (p = 0.02) o EERAEEMRAMIEEA
WA 4 /NEFD 1 N SEY VR R B2 5159 12
vs.22 (p=0.005) M 19vs.34 (p=0.01)

#it: BAMMRIENRFIRGISMEERESAE
WMRREE ( “REFR” ) NEE, SHRENXK
%, MAERAMRESEESNEFARME M/ R
o REMAEFEMEXZSXIRRE L.
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32.

33.

Jun-Jie Zhang, Xiao-Fei Gao, Zhen Ge, et al. High
platelet reactivity affects the clinical outcomes of
patients undergoing percutaneous coronary
intervention.BMC Cardiovasc Disord. 2016; 16:
240.

mE

Hx IVWRREAMIBRERZEINXR, [FHIE%R
MEFHIRER, FEBAFER. RITRESI/IMRKR
F2E#Mmz% (DES) BABRENIRKRLER

Bk FiB#ER DES ENATREMMEIRA PL-
1. /MRS Z#1TIHE TBERTE 2 EHAH
EMAJRERSZ R MIE T E . RELRBETERRD
MEMBMESEH (MACCE) , BEMBREELT.
BARMOAESE (MD | ENEMEER (TVR) Fik
miEH R

SR HATROHE 1331 BERIFEA. B 91 BRA
(6.8%) EMBLM ELMSM/NMRRE (HPR) ,
437 BEE (32.9%) TRMEERE HPR, 7% 2 &
B, BRAEMEILAMEY HPR £E (9.9% vs. 0.4%, p <
0.001) , MUMARASILEE HPR (3.0% vs. 0.1%, p <
0.001) WEBELZRMISH AL EZR, 7L 5 LIAA
HPR &1, MACCE #10 (16.5% vs 8.5%, p = 0.021) ,
FEZHFAERRAET (7.7 % vs. 1.6%, p =0.002) F
MI (9.9% vs. 1.9%, p < 0.001) BIEm R E#ERNMRE LT
B HPR. [FIf¥, ERMARELH HPR H, MACCE
MERERS (12.4% vs. 74%, p=10.004) o FREHI

MEMmEFRRITER

it AMRKE, MELMANSHEENSIIWRR
[z1$5 DES fEN/EHEINBS SR mASTZ A E Ko

Thomas Gremmel, Renate Koppensteiner, and
Simon Panzer . Comparison of Aggregometry with
Flow Cytometry for the Assessment of Agonists’-
Induced Platelet Reactivity in Patients on Dual
Antiplatelet Therapy. PLoS One. 2015; 10(6):
€0129666.

H/E

FXFED RN M/ NRITTEETEEE (AA)
M _BERERE (ADP) REZMERREEMIM/MRIELZIBIR
—HMERIERD. Elt, HBITE=TIIMRESERES

28 WEHRE | Article Abstract Collection

MRS TR, LUTESH I MRIETT R R R,
£ 316 BESMEALANaMESEaTNEsEs, @
HBHRERR (LTA) . VerifyNow % BILEER

(MEA) MEM/ME AA 1 ADP B9, AA F1 ADP
FESH P EREEARKNEEEER (GP) 1b/lla H
TRV OGIRIBE, LTAL VerifyNow P2Y12 1 MEA
X ADP MyMAR 2ZEMEX (33 p < 0.001) , LTA 5
VerifyNow P2Y12 FUAERMRIF(r = 0.63). FIEREN
A ADP ES IV IMRR NS ADP ESH P IEERIA
MECER GPIIb/IIa (FRE p < 0.001) BEMERX, WIE
MTE P2Y 12 UEMBCER GPIIb/IMIa (r = 0.68) ZiEfE
EREEXE. EFREWLRSE (FiE p) 3 ADP K5
BTREIUMRR . (HRPR) BES, PIEERREME
& GPIIb/Illa 1E471 ADP R M FRRY I/ MRRERIAIY B &
FE (p < 0.001) o 7E LTA B9 AA FRIVIMRRES
VerifyNow FIB]ILARURE (r = 0.15, p = 0.007) Z[&]N
REEHEMNEXYE, MAEMAEERS MEA REX,
AA ESHNIVNMRREESHRERENREERX, B
5 AA BESH PIEERRIEA (28 p < 0.05) EE4E
X, M LTA X AA FRIVIMRREES AA BESHEE
GPIIb/Illa (r=0.21, p<0.001) EEM*X, 7£ HRPR &
Eh, LTA AA 1 MEA AA (397 p < 0.02) B9 P-
selectin I/ MRIREFRABESTF AA. R, P-iEF
EREXN AA BWRE5%E HRPR HEERM, @
VerifyNow FIRILAMUE (p = 0.5) , f/MRREECE
GPIIb/IIa MR AA FREMRRS (FRE p > 0.1) &E
HRPR 5 AA NBEZERBEEEER. 82, ADP 5|
2 B9 /) ViR B2 5 R L 2 B 43 3% 1k A S VAR AR (U
Eo HLZTF, AA FESHILIRR M ERRE /R
REMAZ U RE AR AN Z B X E,
BIETE, XFMS AR T /RN R RS &,
FEULERERS A MR R T E PR B, B
BinRERBUBRBEMLNZRAIILE S TRE
REEFREREX,
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AXZTF 2018 FARTFOMENEHATI Res Pract Thromb Haemost ZKEH—EELRIR, ¥EH Paola EJ. van der Meijden, REFE=SH
FEMFAZHNOMERR. SRMIMRMESESAZERT /MRS BRNRKLENBEIER, BIZBRIBIARKFEIEREES
BAERIVMRBIMAS RIMAKLEIER, BIEEVIHTHIMAR, IEREMSIEERATIERES, ATRENRNR. NEESHFRER
7 I BEIRIERABIGRA R, EABANZERATREA IGREE T RBENENDE,

LHAEE AR I/ MRS R IME R R FEF R

mE

MRiBEEMARSRNRALEREER, MUNZEMASTRHNE, MEPMRMERNBELE. AXZERT M/
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MMREE, IRRMZERERNEMMRIVENARSZ BMEEFER, KERTEOMERRBN AP E R HENE
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1 | R

ERENTEER, AMIBLBEEMIAIRE, F8Ep9itmn
MRS, BIESAELIVMR, ERKERNOAL, B

—BSFEMUMET T M/MRIEMRSHEHFREE
MIMEE, FERANSEREFRANBERANIE
w2, MOEARSRISR M AR A b, (RS RhBXANREBX RS M
BV IRPRAF < AR I MRANFUE ST M EAMER R T LA R
FHIVMRSRNRZZ EMEEERN (FE) £EFHME
2,

INEEBRA RS R KRR
F (TF) BEhspRkmieRzaL™;
BRI BRI BRI MAS T AT 2 (i) BRI SRL YT ESR
BET TS RBFEMERS;  (v) BxEmEmeRm
RREYERN I /) ViR 53X 5% 0 B T FR P SRR

(i) BRERMEMESETERH
(i) M/MRFDE MBUEER(E

/)R 5 BRI R ST 8948 B R AT LU R A e T2 i A2 R
B— PRI R, EBWYIMY, EMRITMEFE
EEREE, EREMETZRIEPHHREURREN—RT!
HEER. —ARIANMERNAZRIATMEEDREN TF B8
B2, SIRIVIMRKEHY, HAEMEERMESRIZM. EIZRMER,

/MR SMARE R MR, BEMN/IMREEWSE.
T8, BMBANRREMERITEEATAMNE, REMETA
IBARE “R&FH” FAEEREMIMRIRMAEREEF
Ao

2 | MMRINEE SRR AR ERR?

/MBS M ARET RN, SBRMEEINFTE;
WBUBERLER (PS) 88, BUIBERESEY GPb-V-
IX. B4% allbp3 M GPVI EE&RMETF; M@ EImEs
BESNEAELZENENL (PARs) (B 1A) o WNA7ERR
BDEBEXEREHE, B2— MRS,

2.1 | PSRENEREMER

ERRASBH BB PS RLEOMN—MEHIE
12, [EMsAE#E® PS BB/ VRN EAER AT
REIWERIPBEEC, A, ERGIENE, REAMEMEM
MELMABEERM—D PS BERT, WIVMRTE, PSEE
BHBBEN (BEFENAMRAR CMARE) URAT
(BT IE Ca KB F AR T ) SIFEMAND, 1B
JESE, BTFBE anoctamin-6 (BE ANO6 X TMEMIGF) 1
Ca* kit PS RE (WIAMISEEL) UURIELIMRAH
KA AR PR B X BIEARI, BREFHRMER anoctamin-6,
BIINTE Scott LRETE (UNO6 RE) HEMEINEHR, =T

©2019 IMPROVE MEDICAL All Rights Reserved
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BEMENRE, MURIVMRTFEEET Ca® fk#filt PS REMN
RAK?, B PS EBENHAMmNFIAERKRRER MR
g, T GPVI S5 F. KT Ca FEABH TRHE
SESDFEIE Fe TRy 5% (FcRy) « LAT. SRC BBESEKIK
(SFK) . SYK. HifgEs Cy2 (PLCy2) FNEAASERANEZ 3-BES
(P3K) & p M v, HWESBREFRRFEREL
Orail B STIM1 fZRREME CaHENAAEIN, LU MERAL
FIBR Ca¥', HESSRAANERANREREEER
BB C BURSERMZE 2 (CLEC-2) , SHEMMIESH
BRN, BENE, TAGKRREFMANMIEEREENRS
2R PS BE, 12 CLEC2 BfERAN, &L, PS B2EN
/RSB R B B H R TR S B, Mg in H &gt R mE

14,

PS RBNIVNMRAERENIER, [TRAFEERLAT
B Gla-ZEMIEMERMAOLES, B CELH) RMER.
FVIL. FIX # FXU, 3EF Fv m@dH C2 &i9i5 pS &
ZEE, BHHEMBERKA, R (FVIla f FiXa, #UE
FX) MRMESEES (Fva M FXa, BEHRMEBR) E495
PS REM/MREIED L FREIEEMT, BEIENE,
XF FVII (a) , AMRBFEHROHEM, HPAZE FVII
5 von Willebrand BF (VWF) HEM, {#REIEER— M
Rz, shAFHARZRE, &5 PS WARAEERVESTI RIS
RESESMREIERS 1000 B, RE PS HIIVMREED
— MR HARINEE (R , XFHHI B FIERE

AR AT R R IR IR R TR ERRER,

PS |FEMIM/NRESBRMNMRBREY, EEFRBIE
B, WREERIEHTREE, AR IRER—TEaRAE
BERRES T E M/ MRITEZE AN HNBIR, MRS L,
WEAMVAR, ERAN PS BRE, FERMASHCE FXII
RRE A RBRRIRISIRE, HAWN/MRRESEF AR
BEANZSMERRIRZEKY, HARIRKETNESER albp3
HARE R R IV MIZHIA A E QP BRIt R,

EANINMESRF OB ESMENRF (RMEER.
Fv. F8 ®BRY. FXII. FEERR) MRERF Grgm
s, SMLTREOBINGIFN) o MMRF M/ MRFEDEF
NESTUEIFPBENELE (B 2) , RMIRFEHRH
—ESHE LR FENMRPISEEE. ARG, LHZ
FEEN TR USZFFIEME ‘587 migREE, HAMFE
—EPEEXRM FV RZMNEBE, HPHRRIVMREEFN FV
BAIAR R LRI E I, EXEEBRER, SV MRiRPH
1 E)EE M A AT B,
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B2, XEET MR, BNEKRIM/)MR (B MmEsLt HRETRTHEEOER.
FECE) SWERINET, #8& PS, ZIFRMEAMNER, HiE

(A) Fibrinogen, F8I2
FIl, BV, FXII, HMWK
AT, TFPI, serpins

. A
= {Fibrin bound) VWF
Rl Oy Thrombin Fi;‘_ﬁge" Thrombin FIl, FVII, FIX, FX
Fwil, FXI, EXIE, HMWE ! )

i m <
<
—LCOLCOC0-

Py GPIb-VHIX GPVI PAR1,3.4 T 2

sl e ]
(B)  Blood flow rate

T -

Ye o T e Sp T
Thrombin

Fx1i  Collagen VWF 38

Contracted Loosely aggregated Procoagulant

B 1. 20 0/)vMR BRIV VRET - N R SR EERM M/ R-EE A MR, (2 XRBIVVMRZERE (BF) EEERIVMRIBERIIEERER
B ERRBI/IMRZES PS BB (B, FS. BL. XF) MRERERFS s REREESHEN, (BERMESNER. Ik, BINwS
o () BORAF, BRmIMOETRLRE, (b) VMR-AFEZEAMmEERIVVRSRNRSENSEEER: BV MREE. RiisR

BMEENNEERFEED. XERANBIEEOMENT R, RBEMPEEMNIIME. BXRFMRE, BSRIEX.

< 100000 mmmm Plasma (x 108 M)

S

g 106656 Im  Platelet (kCopy/plt)

o

g 1000

'_ac_'_; 100

o

5 10

g 1

5

o 0.1

o o o Sk 58 N O D ARD oD DG
R I I O e S L S

?‘Q < < < Q’bs' N

B 2. (MRS () BOnEANENEE. BRFARARISENENSENEMNMUME (k6) Fir (1) SGhRFHNEERZENEHR
(kCopy) o L4, ERtBEEREMEHHFIRFKFE (x103mol/L, BE) . XF FVII, M/MRIENIEIEHIRE F8 BRY F812, HMWK, &9 F
AR, VWF-m, VWF B{K; TSP1, MUMR&RNZER 1; TFP1, BLEFIHFINEIF,
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2.2 | GPIB-V-IX 5 VWF/FVIII REMEZRNBEIER

GPIb-V-IX EEM5SEEL VWF HBEERZ K
MM — MRS E, HEXERFRMRIEEEE.
GPIb E&MSAMBREERE, NMEAE M/ MREH,
MEABME, GPb-V-IX 5 VWF MHBEER{IESHMEEH
MEAES (GH&k 14-3-3. SFK, PI3K #/ GTP E§, T
B) , NSREAER obp3 SEXMDLNMRYT BERM, —%
VFIRERA, XHEEER, EREMKPNIERTRRRES
IR (R0 PS) REUIEERIMESRYF= 425, 2T, SILRYEUE
RIA, BEASSYEN)VRFRNEERHNERS VWF M
GPlba LX), EMME, 14-3-30 TELKIKKRFE PS BEF
HIERMTFES VWE-GPb MEMERLXY, Hit, XFXD
ERERBER AR LS,

/MR GPIb-V-IX E&¥#EH—S HRMBRHET -5
FMANMEEIERALS, MIMMET PARI1 Al PAR14 SZ{AIG58
MUNRGERES, LbSh, GPIb E&¥IRIEE LR EMELR
F, %W FVI (a) « FXI. FXII &P FEHKE, BORF
5 GPb-V-IX (HHAEEA E A 2) 48 (RMESFRIN) 0
e ERIMTER, RIFN—RICXIsE, RSB &k
# GPIb WATUAE FXI, SEEMENENMERE, M
g GPIb. RS FXI #HE 2 BIEEERNER RS,

23 | BAEE olbp3 WEEER

M/MRREBASEEER ollbp3, HitE N MIMRE 8 7
MR, WSNHEAAREREXR. BAaRESH4ERD
R LFEERER. VWF MEMMEER, EHERESH
MEBUESEAR. BUERPRES, BERNBEUERMm/N
REBENXE, Rt FeEAAMmRPHRELEXE
FEBL, ERAFTE ollbf3 BWIESESIN, AR R
R IMR R o BRITANIEIERER allbp3 AT LAHUAM MR AT
AMAERAR, MIFESMIMRESHTLERAR, UBR
“BR7 IMRIERED,

IMPROVE REVIEW EZH8EE-1030E B

ElteRZaad g, BE5EE@EE SRC M SYK BREERE
BEESESPUMERENEESHN CaAE, MmN
T Ps BEHEEFEASRMEE™, XMBET LRSS
ERMMNEFE S M MRINK AR MASERUR/L, MMEK
BRMATES, ERAM—LR)SMT PR, olBR3 FHEH
& BHUAT MR E RS IERER NI/ WRERE, &
BEMNFILFLEZ AR, BHRE, BERESMFERT
RRE Ps WRE, BEFEURIESEXE R,

M/MRALRHMENREEFTEES RLIFHINHRN
ESE20, BRiIERE olbp3 NEER— 1 SEMNTH
12, REASWHNEZDWETF, 1$531=E ADP (@ P2YI2
FR) FHERIIIMREESCS, ollb3 TESEHISIZPIRM T —Fb
ARIENE, £/ Ca¥. PS REMVIVMRA, B3 HEMIBXE
B (8% SRC M alin) KISERDMBNS T ZE),

Bz, EEY GPIb-V-IX Fl ollbf3 TEEMAHIFEHIIER
MER=FEMN, BI: () @# (RIEEER, HERESE
S) ; (i) & (AREREE, HEAELEH) ;5 (i)
RAEMRNAFREESM S,

24 | GPVIHIBEIFRGIER

REMM/MRAME 1 BIRR (VWF &8) RBT2E
GPVI HIEEE w2p1¥04), BMEAEREH T iZ%ZSHIE,
FATETRERE Ca?. BEZER a2pl F allbp3 BIEGEF PS #Y
FEY, H/RREF, FHET GPVI SERZ FcRy, LAT,
Syk & PLCy2, RAISHKREIFSHMISHARL, PS M
BRMESERRL W, B—AME, PLCy2 MITHAERSMRTIL
M7 REESHNMEH AN PS REW,

XF GPVI TSR EERREIMERNE—MERERE
FMRMEIEE, E— FeCl FERMEMNREEF, GPVI
REZFERTEZMEH M EMMEREN, X58F
WEM GPVI BIfEAALTHZAMYIE—, AIeeSM/,
R-FEE R MASNFLEEREXS, HF AL/ MR/
R, FEEORWNSE GPVI ESEMM, 5 ollbp3 X
U, EXMERTHALGNES pS BEMNIEM, MH, &
GPVI FAEEBENESIV/IMRIMES, ROEHNERBPES
], FETER (300/s) FE (1500/s) BILIEETF ML/ MRXSEF4
B ERIREHS SIBEMEL),

BRI/ VRAD SR MS0E 2 (BRI L IE R IR EIRR SN, BB IE
ERAFENRBEE, BIRUEM/IMRLE FXa KHIERIAY
GPVI BUESRI, BBHE, 7TXM GPVI R KEEEIHE
iR E R NE AR MESAIER.
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B2, XRAFHEZOERERM G MEEX M/ MREIEER
BIERPRIZEEECHER.

25 | BROBZENEEERA

RMEER—MXBNEOE, SRMAKNSIERE.
M/MRERFIAAEATRE X, RNERBSHE Gla &4
BE5RELNIMRES. — BRI, RNES5mIMR GPIb
# PAR =& (AZA PARI/A4, /NE7 PAR3/A4) BEMsazIE
EfEMA, NMESEMRE. EAXIERT, 5 PARI #ALt,
PAR4 FINHEBEEZRERERMAFY), XFEFTEER Gq
1BEXS2 (A, @B PLCB 58155, SHABMMLMAR Ca>'
REEE, HEMRE s RE, RMEESH PAR BUE
58T GPVIESHM/ME PS RE.

MASERERZMBRE M/IMRERTES PAR TR —
METREF, BIE (REFL) SHEERTTES, TR
FHT, ROBERYSREBTIVVMRN PS &8, AREWE
B LR A A, B, ERENMES, K
ZERMBMTRFEEQHER, ROER, MIVMRIIEE
RHROFERO AR ERMEGTNIER, BXMEDBR
FITEMASHL, FHIRMRERARE, FHREQRMEBRTTR
MESIDH, XERERMESTE ML EEENRS.

PAR BEMBRAIAIRSHEREREDE (B
ADAMI175 FFPMERIARRESTEARERE G) tIE)5, PAR
BB RLEIEEER C (APC, St PARL 15R) MA4S
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HAMERREEH (3 PAR41FR) STAlY, AT, EMMRR
BT, B8 (RIESFRSM) 5% PAR HEERVEXRBAETE

oz
REo

BRER (GPvI) FEEMES (PARL/A A, 3/4 /NR) BIM/)
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Essentials

Abstract

Platelets interact with the coagulation system in a multitude of ways, not only during
the phases of thrombus formation, but also in specific areas within a formed throm-
bus. This review discusses current concepts of platelet control of thrombin genera-
tion, fibrin formation and structure, and anticoagulation. Indicated are how combined
signalling via the platelet receptors for collagen (glycoprotein VI) and thrombin in-
duces the secretion of (anti)coagulation factors, as well as surface exposure of phos-
phatidylserine, thereby catalysing thrombin generation. This procoagulant platelet
response is also facilitated by the adhesive complexes glycoprotein Ib-V-IX and inte-
grin oy, P5. In the buildup of a platelet-fibrin thrombus, the extrinsic, tissue factor-
driven coagulation pathway is predominant in early stages, while the intrinsic, factor
Xl pathway seems to promote at later time points. Already early generation of
thrombin enforces platelet responses and stimulates intra-thrombus heterogeneity
with patches of loosely aggregated, contracted, and phosphatidylserine-exposing
platelets. Fibrin actively formed on the surface of activated platelets supports throm-
bus growth, but also captures thrombin. The fibrin distribution in a thrombus appears
to rely on the local procoagulant trigger and the blood flow rate. Clinical studies sup-
port the importance of the platelet-coagulation interplay, by showing beneficial ef-

fects of combination therapy in the secondary prevention of cardiovascular disease.

KEYWORDS
coagulation, fibrin, platelets, thrombin, thrombus formation

e Activated platelets secrete coagulation factors, expose PS, and support thrombin and fibrin formation.

e Platelet receptors for collagen and thrombin are complementary and enforce each other’s activity.

e The extrinsic and intrinsic pathways are inversed balanced in the formation of a platelet-fibrin thrombus.

e Clinical studies support the high degree of interactions between platelets and coagulation.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2018 The Authors. Research and Practice in Thrombosis and Haemostasis published by Wiley Periodicals, Inc on behalf of International Society on Thrombosis

and Haemostasis.

38 [p] xit/Ese | Original Article Reading



1 | INTRODUCTION

Over the last decade, it has become clear that the conventional
concept of hemostasis and thrombosis, relying on platelets firstand
coagulation second, needs to be revised. Platelet and coagulation
activation are not separate processes, but need to be considered
as highly reciprocal and interconnected processes.> The impor-
tance in (patho)physiology of the interplay between platelets
and coagulation is evident from in vivo experimental thrombosis
models, from clinical samples of dissected thrombi in arteries and
veins ex vivo, as well as from complementary effects of antiplate-
let and anticoagulant therapies. Mouse studies have shown that:
(i) collagen as well as thrombin via tissue factor (TF) initiate arterial
thrombus formation,® (i) both platelet and coagulation activation
contribute to the thrombotic process in arteries and veins,* (iii)
the coagulation end product fibrin is present in initial stages of a
thrombus,” and (iv) essentially all thrombosis models are sensitive
to deficiencies in either platelet or coagulation factors.®

How platelets interact with the coagulation system can be under-
stood traditionally as a phased process during thrombus formation.”®
Or rather, as we begin to understand it now, as a sequence of interac-
tions occurring in specific areas within the developing thrombus. The
general consideration is that thrombus formation starts with exposure
of collagen and TF in the vessel wall, triggering platelet adhesion along
with formation of first traces of thrombin. In amplification phases, pro-
coagulant platelets in various forms promote thrombin accumulation,
and aggregated platelets contract. Then there is, what we thought to
be the final stage, the phase of fibrin formation, although it is now re-
alised that the “end product” fibrin can have a role in both platelet and
coagulation activation.

2 | HOW DO PLATELETS CONTROL
THROMBIN GENERATION?

Platelets regulate coagulation reactions leading to thrombin genera-
tion in multiple ways; by phosphatidylserine (PS) exposure; by bind-
ing coagulation factors via the glycoprotein complexes GPIb-V-IX,
integrin oy, B, and GPVI; and via thrombin-induced activation of the
protease-activated receptors (PARs) (Figure 1A). How to conceptu-

ally integrate these interaction models, is an active area of research.

2.1 | Establishment and roles of PS exposure

Exposure of the negatively charged phospholipid PS at the mem-
brane surface has shown to be a controlling process in hemostasis,
as recently observed in mice carrying platelets with deficient PS
exposure.? Yet, upon injury or activation, also the endothelium and
other vascular cells can provide a PS-exposing surface. In platelets,
the PS exposure is triggered by strong agonists (via prolonged el-
evated cytosolic Ca®*), as well as in apoptosis (Ca%*-independently
via caspases) or necrosis.’® It was established that the ion chan-
nel, anoctamin-6 (gene ANO6 or TMEM16F), is a crucial player in

©2019 IMPROVE MEDICAL All Rights Reserved

Ca“"-dependent PS exposure (also indicated as phospholipid scram-
bling), as well as swelling and ballooning of activated platelets.!
Defective anoctamin-6 expression, such in patients with Scott syn-
drome (ANO6 mutations) or deficient mice, leads to a mild bleeding
phenotype, and platelets with failure to Ca?*-dependent PS expo-
sure and ballooning.'? A typical agonist combination causing PS
exposure is that of collagen plus thrombin, relying on signalling via
GPVI. Downstream signalling components required for a prolonged
Ca?* elevation are the Fc receptor y-chain (FcRy), LAT, Src-family
kinases (SFK), Syk, phospholipase Cy2 (PLCy2), and phosphati-
dylinositol 3-kinase (PI3K) isoforms p and y.2 Other contributing
pathways are entry of extracellular Ca?* via Orail channels and the
STIM1 sensor, and Ca?" liberation from mitochondria.'® Activation
of the C-type lectin-like receptor 2 (CLEC-2), by the snake venom
toxin rhodocytin or the endogenous ligand podoplanin, results in a
similar signalling cascade. Interestingly, thrombi formed on a rho-
docytin surface showed relatively high PS exposure, pointing to a
role of CLEC-2.8 Structurally, PS-exposing platelets rapidly swell
and transform to a balloon shape, thereby increasing their proco-
agulant surface.'*

The procoagulant role of PS-exposing platelets have been at-
tributed to the high-affinity binding of Gla-domain containing
coagulation factors, i.e. (activated) prothrombin, FVII, FIX, and
FX.'® Cofactor FV can bind to PS membranes via its C2 domain.’”
Microscopy studies indicated a near complete colocalization of
the constituents of the tenase (FVIlla and FIXa, activating FX) and
prothrombinase (FVa and FXa, activating prothrombin) complexes
with PS-exposing platelets.’®'” Of note, for FVIII(a) only sparse co-
localization was observed, with the majority of FVIII costaining with
von Willebrand factor (VWF), likely acting there as a supply pool.””
Kinetic studies have shown that PS-containing membranes enhance
the activities of tenase and prothrombinase complexes by up to
1000-fold.*® PS-exposing platelets also shed extracellular vesicles
(microparticles) via a mechanism that is still partly unclear. Such ves-
icles can accumulate under pathophysiologic conditions.*’

The PS-exposing platelets are often confused with coated plate-
lets.?? The latter form a subpopulation, also arising after strong
agonist stimulation, which is characterized by the formation of a co-
valent coat, containing transglutaminase-anchored platelet-derived
proteins.?! Conceptually, it is now believed that, after initial PS ex-
posure, FXIII activation by thrombin is required to de-encrypt the
transglutaminase activity, and to allow cross-linking of multiple pro-
teins including fibrin at the platelet surface.?° Both transglutaminase
and integrin oy, B, interactions are required for a platelet control of
fibrin formation.

Activated platelets carry and secrete multiple coagulation fac-
tors (prothrombin, FV, an F8 transcript, FXIII, fibrinogen) and anti-
coagulation factors (antithrombin, various serpins). The picture that
emerges from the abundance analysis of coagulation factors in both
plasma and platelets (Figure 2) is that especially factors implicated
in later stages of the coagulation process are stored in platelets. It
can be hypothesized that especially the latter are important for for-
mation of a sufficiently “strong” thrombus supporting hemostasis.

X#tEX | Original Article Reading [8] 39



(A)

(Fibrin-bound) VWF
Thrombin
FVII, FXI, FXIl, HMWK

Collagen
Fibrin (ogen)

Fibrin (ogen)
VWF

Fibrinogen, F8I12
FIl, FV, FXIII, HMWK
AT, TFPI, serpins

W

opP3 GPIb-V-IX GPVI
|
\-———-} L = = Pe == =
(B)  Blood flow rate
—_—
4 =g
Thrombin .

FXII Collagen VWF

Q -

Contracted

Loosely aggregated

Thrombin Fll, FVII, FIX, FX
COCLOL O
PAR1,3,4 ps
I
s s Ao
~— At ™ J:_-'- < /\

= Thrombin

Procoagulant

FIGURE 1 Platelet-coagulation interactions on individual platelets and in a platelet-fibrin thrombus. (A) Key platelet receptors and

their (procoagulant) ligands as constituents of the platelet procoagulant function. Indicated is the contribution of platelet receptors to PS
exposure (straight line, inducing; dashed line, supporting) and the binding of procoagulant factors to the PS-exposing surface, magnifying
thrombin generation. Also by secreting a variety of (anti)coagulant factors, activated platelets modulate the coagulant response. (B) Platelet-
fibrin thrombus showing the dynamic interaction between platelets and the coagulation system with: local platelet heterogeneity, thrombin
feedback and dense vascular-oriented fibrin. Highlighted herein is the extension of the fibrin network recruiting and activating additional

platelets. For further description, see text.

Exemplary is a patient with severe congenital FV deficiency, in
whom residual platelet-stored FV was considered to be sufficient
to prevent major bleedings. In this patient, also thrombin generation
was detected in platelet-rich plasma.??

Together, this leads to a concept, where activated platelets
(coactivated by thrombin) secrete coagulation factors, expose PS,

support thrombin generation, and form a fibrin coat at their surface.

2.2 | Interactions of GPlb-V-IX with VWF/FVIII and
other factors

Interaction of the GPIb-V-IX complex with immobilized VWF is
an initial step in shear-dependent thrombus formation and, by
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implication, for ensuing platelet procoagulant activity. The GPIb
complex is tightly connected with the cytoskeleton, thus defining
the platelet structure.?® On its own, GPIb-V-IX interaction with
VWEF induces merely weak intracellular signals (involving 14-3-3,
SFK, PI3K, and small GTPase isoforms), causing only limited integrin
a,,,B5 activation and platelet spreading.?* An initial report suggested
that this interaction, in coagulating plasma, enhances platelet (and
PS)-dependent thrombin generation.25 However, more recent data
point to a role of the glycoprotein complex in platelet procoagulant
activity independent of VWF and GPlba.? Intriguingly, also a role
of 14-3-3¢ in mitochondrial-dependent PS exposure appeared to be
independent of VWF-GPIb interactions.?” Hence, the last word on

this topic has not yet been said.
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FIGURE 2 Relative abundance of (anti)coagulation proteins in platelets and plasma. Shown are the protein copy numbers (kCopy) of
indicated (anti)coagulant factors per platelet (grey) as determined by mass spectrometry.!'° In addition, average factor levels in normal
plasma (x1078 mol L%, black). For FVIII, the platelet copy number refers to the F8 transcript F812. HMWK, high molecular weight kininogen;
VWEF-m, VWF-monomers; TSP1, thrombospondin 1; TFPI, tissue factor pathway inhibitor

The platelet GPIb-V-IX complex furthermore provides a high-
affinity interaction site for thrombin, thus potentiating platelet ac-
tivation through PAR1 and PAR4 receptors.?® In addition, the GPIb
complex can bind multiple other coagulation factors, such as FVII(a),
FXI, FXII, and high molecular weight kininogen. The functional con-
sequences of coagulation factor binding (other than thrombin) to
GPIb-V-IX (or alternatively the apolipoprotein E receptor 2) is still
largely unclear.” A recent paper indicated that thrombin-stimulated
FXI activation, in a way depending on GPIb, contributes to vascular
inflammation in hypertensive mice,?? thus pointing to a complex in-
teraction system of GPIb, thrombin and FXI.

2.3 | Interactions of integrin o, f,

Integrin o, B, is expressed abundantly with an estimated 80 000
copies per platelet, also with links to the actin cytoskeleton. The
integrin binds fibrinogen, fibronectin, VWF, and other plasma pro-
teins, after an agonist-induced conformational change that results
in an open, activated state.%° Integrin activation is pivotal for plate-
let aggregation, and hence for thrombus buildup and stability under
flow.3132 Subsequent outside-in signalling of ligand-occupied a5
can trigger several coagulation-stimulating platelet responses.
Recent evidence shows that «;, f, can mechanically sense soluble
fibrinogen versus platelet-bound fibrinogen to avoid “spontaneous”
platelet activation.3®

During thrombus formation, integrin outside-in signalling via
Src and Syk tyrosine kinases can enforce the initial thrombin-
induced Ca?" rises that mediate PS exposure and ensuing massive
thrombin generation.34 This explains why integrin antagonism
causes a decreased thrombin generation in platelet-rich plasma
and, thus, prolongs the clotting time.%® In flow studies, treatment
of patients with unstable coronary syndrome with the o, f, an-
tagonist, abciximab, did not only suppress platelet accumulation,
but also fibrin formation.®® Overall, integrin signalling appears to
enhance procoagulant PS exposure, but is insufficient to cause
this by itself.
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Integrin outside-in signalling is also required for the re-
traction of a platelet-fibrin thrombus.®” Current understand-
ing is that the activation of « B, is a highly dynamic process,
requiring persistent platelet stimulation provided by autocrine
and paracrine factors, especially ADP (via P2Y,, receptors).?® A
negative feedback mechanism is provided by o, B, in-activation,
which in high—Ca”, PS-exposing platelets is mediated by calpain
cleavage of the f, chain and associated proteins, including Src
and talin.%’

Summarizing, the roles of the adhesive complexes GPIb-V-IX and
a,,p5 in coagulation appear to be threefold, namely: (i) facilitating
(thrombin delivery, enhanced signalling), (i) structural (cytoskeletal
linked, anchoring fibrin), (iii) providing binding sites for multiple co-

agulation factors.

2.4 | Initiating and feedback interactions of GPVI

Stable platelet adhesion to collagen type | (to which VWF binds) re-
lies on the receptors GPVI and integrin ,p,.“%** Thrombin clearly
supports the signalling processes, as it potentiates the rises in Ca?*
activation of integrins a,B, and o3, and exposure of PS.*® In mice,
blocking of GPVI or deficiency in either FcRy, LAT, Syk or PLCy2,
resulted in diminished collagen-induced thrombus formation, PS
exposure as well as thrombin generation.*? On the other hand, a
gain-of-function mutation in PLCy2 increased collagen-induced
thrombus formation and PS exposure.*®

First evidence for an additional role of GPVI in later stages of
thrombus formation came from the observation that, in a mouse
model of FeCl;-induced injury, GPVI deficiency or depletion mostly
affected later stages of thrombus formation and vessel occlusion.**
This agrees with a recently identified role of GPVI as receptor for
fibrin, likely to be relevant for continued growth of a platelet-fibrin
thrombus.*® For both human and mouse platelets, fibrin adhesion
leads to formation of a GPVI signalosome, independently of o, f,.*
Increased exposure of PS is measured in this condition as well.
Furthermore, in platelet-rich plasma from GPVI-deficient patients, a
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marked impairment was seen of thrombin generation, along with re-
duced platelet adhesion to fibrin at low (300 s™%) and high (1500 s}
shear rates.*¢

In addition to these positive feedback loops between platelet
and coagulation activation, there is evidence for a negative feedback
process, realised by FXa-dependent shedding of GPVI on activated
platelets.*’ Interestingly, no role of the protease thrombin was found
in this GPVI proteolytic cleavage.

Taken together, this indicates that fibrin can play its own role
in the mutually stimulatory effects of collagen and thrombin on
platelets.

2.5 | Interactions by thrombin receptors

Thrombin is a key protease implicated in the initiation and prop-
agation of the coagulation cascade, in platelet activation and in
fibrin formation.? Prothrombin binds to procoagulant platelets
via its Gla-domains. Once cleaved, the thrombin strongly inter-
acts with the platelet GPIb and PAR receptors (PAR1/4 in human,
PAR3/4 in mouse), thus inducing multiple responses. In the human
situation, higher concentration of thrombin are required for the
cleavage of PAR4, when compared to PAR1.%84? Both isoforms are
Gg-coupled receptors and signal via PLCp, causing quantifiable
cytosolic Ca?* spiking,50 and only limited PS exposure. Thrombin-
induced PAR activation enhances the GPVI-induced PS exposure
of platelets.

The blood flow rate was found to be a modulating factor de-
termining the contribution of PAR isoforms to platelet activation,
i.e., declining at (pathologically) high shear rates.”> Under flow
conditions, thrombin initially binds to PS-exposing platelets, but
then relocalizes to the newly formed fibrin fibers.'® Hence, in a
developed thrombus, most of the thrombin appears to be captured
by fibrin. In other words, the fibrin fibers extending from a plate-
let thrombus function as a thrombin sink, confining this protease
to the thrombus proximity. Early findings suggested that fibrin-
bound thrombin is protected from inactivation by antithrombin,>?
implicating that thrombin’s activity near a thrombus is relatively
high.

The PAR-type thrombin receptors can additionally be
cleaved by several matrix metalloproteinases including
ADAM17°%°% and neutrophil-derived cathepsin G.°° Cleavage
of PARs can also be accomplished by activated protein C (APC,
specific for PAR1), and the fibrinolysis protease plasmin (spe-
cific for PAR4).°® However, the relative contribution of PAR
cleavage by proteases other than thrombin under flow condi-
tions is still unknown.

The platelet-activating receptors for collagen (GPVI) and throm-
bin (PAR1/4 human, 3/4 mouse) are complementary in signalling
and thus enforce each other’s activity (e.g., in PS exposure). Both
receptor types can act in both early stages (TF-produced thrombin,
collagen exposure) and late stages (fibrin as a thrombin sink, GPVI as

fibrin receptor) of thrombus formation and clotting.
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3 | HOW DO PLATELETS CONTROL
FORMATION AND PROPERTIES OF FIBRIN?

Fibrin is actively formed on the surface of activated platelets, with
triggering via both the extrinsic (TF, FVII) and intrinsic (FXII, FXI) co-
agulation pathways. Platelets furthermore alter the fibrin network
structure and coordinate the contraction of a clot (Figure 1B).

How platelets and flow change the formation and structure of

fibrin clots is still largely unknown.

3.1 | Fibrin formation at the platelet surface

The traditional view is that the growth of a platelet thrombus is sta-
bilized by thrombin and fibrin, likely formed via both the extrinsic
and intrinsic routes.’”*® Mechanistic studies also showed that, at
sufficient thrombin generation, the fibrin network can extend from
the platelet and thrombus area.>? The platelet-dependent fibrin for-
mation is in particular triggered by TF, and contributes to the forma-
tion of a densely packed thrombus core.®® Extensive fibrin formation
can also be observed on coated platelets and, here, relies on trans-
glutaminase (FXIII) activity and oy, f, binding.%°

3.2 | Rolesof TF and FVII

Triggering of the extrinsic pathway occurs through TF, a membrane
protein highly expressed on subendothelial cells (smooth muscle
cells, fibroblasts, monocytes, macrophages) and at a limited extent
on the inflamed endothelium.?%! Thrombin generation via TF re-
quires the presence of procoagulant membranes, which can be pro-
vided by PS-exposing platelets.? Platelets can furthermore deliver
protein disulphide isomerases, which help to de-encrypt TF into its
active form. There is a long debate whether the limited amount of TF
expressed by platelets is capable to trigger thrombin generation.®?
Platelets most likely inherit TF from their precursor cells, since
functionally active TF could be identified in proplatelets shed from
megakaryocytes.63 However, given the presence of relatively high
amounts of tissue-factor pathway inhibitor (TFPI) in platelets, the
actual contribution of platelet-derived TF likely is limited to specific
environments.* The physiological role of TF-expressing extracellu-
lar vesicles (microparticles)65 is not well understood.

During the in vivo buildup of a platelet-fibrin thrombus, the
TF-FVII(a) complex can play a rate-limiting role.®® Also under flow
conditions ex vivo, immobilized TF (and FVII) together with collagen
supports high levels of thrombin generation, with a late-stage con-
tribution of FXI and with fibrin serving a potent thrombin-capturing

mechanism.®”

3.3 | Roles of FXI, FXII and polyphosphates

The importance of the intrinsic coagulation pathway, accom-

plished by FXII and FXI, in platelet-fibrin thrombus formation has

been shown in vivo using deficient mice upon injury of healthy®8¢?



or atherosclerotic®® arteries. Especially at low TF levels, this path-
way can be considered pivotal for the formation of platelet-fibrin
thrombi.®® Experimental mouse models support a role of FXII and
FXI in (later stages) of thrombus stabilization, since deficiencies
in prekallikrein, FXII, or FXI promoted thrombus embolization.”®
Similarly, pharmacological inhibition of the FXII pathway resulted in
detachment of platelets from the surface of arterial thrombi.”*

Intrinsic triggers of the FXII/FXI pathway include binding to col-
Iagen,58 while it also binds to fibrin fibers but not to PS-exposing
platelets.®® The presence of FXII at fibrin fibers in a developing
thrombus may ensure fibrin-dependent progression of the intrinsic
coagulation pathway. However, this FXII pool can also modify the
fibrin clot structure.

Platelets can enhance coagulation via FXII (auto)activation
through secreted polyphosphates.”? However, the FXll-activating
role has been questioned, as soluble polyphosphates secreted by
platelets do not contain the proper longer chain length to enable
this.”® Kinetic studies indicated that the platelet-derived, short-
chain polyphosphates rather enhance FV and FXI activation, and
thus promote clot stability. The controversy may be resolved by
recent insight that the FXIll-activating potential can be provided
by nanoparticles of clustered polyphosphates, associated with the

platelet membrane.”*

Overviewing the current findings, there appears to be an “in-
versed balance” between the contribution of extrinsic (TF, FVII) and
intrinsic (FXII, FXI) pathways in the formation of a platelet-fibrin
thrombus. The extrinsic route is most strongly active near the ves-
sel wall with perhaps a small role of platelets (extracellular vesicles)
expressing TF later on; the intrinsic route is moderately stimulated
on collagen surfaces, and possibly enhanced later via polyphosphate
clusters.

3.4 | Regulation of fibrin formation and properties

Several observations have shown that platelet-dependent fibrin for-
mation starts at the thrombus base (near the site of TF), then grow-
ing upwards within and outside the thrombus, depending on the
local procoagulant trigger.”® Analysis of the elastic-mechanical prop-
erties pointed to a relatively low elasticity of the fibrin inside platelet
thrombi. Key elements for high elasticity, outside of platelet thrombi,
were a relatively low blood flow and a low TF trigger. When reducing
the elasticity, e.g., by inhibiting fibrin polymerization, thrombi be-
come vulnerable to shed emboli.”®

By regulating the local thrombin concentration,”” platelets can
also indirectly influence the structure of the surrounding fibrin
network. The prevailing concept is that, at low thrombin concen-
trations, thick fibrin fibers are formed in a loose network (more
susceptible for fibrinolysis), while at high thrombin concentra-
tions thin fibrin fibers pack into a tight network (more resistant
to lysis).”® An explanation for the lytic resistance is the low tis-
sue plasminogen activator (tPA)-mediated plasmin generation at
thinner fibrin fibers. Incorporation of red cells may lead to distinct
regions of highly packed fibrin fibers next to areas of limited fiber
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formation.”? Under specific circumstances, also neutrophils and
red blood cells can contribute to thrombin generation. This is not
further discussed here.

The complexity of platelet-fibrin interactions becomes evident
from studies with patients with complete fibrinogen deficiency.
These patients can suffer from both arterial and venous thrombotic
events.® This is explained by a higher circulating thrombin activity,
as generated thrombin is no longer retained by fibrin, with as a re-
sult increased thrombin-induced platelet activation.®! On the other
hand, a lack of fibrin in the patients’ thrombi reduces the stability
and increases embolization.®? In platelets from Scott syndrome pa-
tients or anoctamin-6 deficient mice, with defective PS exposure,
fibrin formation is also impaired.””>

3.5 | Clotretraction

After the formation of a platelet-fibrin thrombus, clot retraction
is essential for proper hemostasis as it tightens the wound edges.
Clot retraction can also be considered as a way of platelet-platelet
contact-dependent signalling.® Most likely, thrombus contraction
refers to the same process of tightening platelet-platelet contacts

in a fibrin environment,®’

although thrombus contraction can also
occur at limited extent without fibrin.84

Clot retraction, in the presence of thrombin, relies on the bind-
ing of fibrin(ogen) to activated B, and subsequent outside-in
signalling events, ultimately leading to actin-myosin rearrange-
ments.%° Platelets from multiple mouse strains with deficiencies
in (integrin) signalling proteins, or lacking cytoskeleton-associated
proteins show an impairment in clot retraction.®” Strikingly,
the nonaggregated, PS-exposing platelets do not contribute to
this process, likely because of calpain degradation of the actin
cytoskeleton.®?

Taking this together, clot retraction may ensure that the vascular-
oriented fibrin within a thrombus shows: (i) low elasticity (high stiff-
ness), (ii) tight packing, (iii) and thrombus stabilising effect. The
underlying mechanisms still need further elucidation.

4 | THE FEEDBACK LOOPS OF
THROMBUS HETEROGENEITY

Multiple factors have been listed explaining the structural and
functional heterogeneity of platelets, while in circulation or when
assembled into thrombi.” In a growing thrombus, individual plate-
lets become exposed to different micro-environments (e.g., bind-
ing to collagen or adjacent to TF). However, response variation has
also been examined between single adhered platelets, seemingly
exposed to the same micro-environment.*? The intrinsic factors of
platelet heterogeneity are largely unknown, but likely include vari-
ation between megakaryocytes and the ageing of platelets.?’ In
vivo observations also point to an overall heterogeneity in throm-
bus buildup.®® Platelets (with secretion and integrin activation) ap-
pear to be densely packed platelets in the thrombus core, which is
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surrounded by loosely adhered platelets in the outer thrombus shell.
This implies a certain degree of cross-cellular communication in the
thrombus core, such as indeed has been reported.®¢ Neighboring
platelets can form gap junctions, which might be a requirement for
dense packing and platelet contraction.®”

Platelets with high Ca?* fluxes, for instance upon collagen and
thrombin costimulation, appear as another population in thrombi in
vitro and in vivo. These platelets are characterized by PS exposure,
ballooning, and microparticle shedding.®® In mice, the injection of a
PS scavenger (annexin A5 or lactadherin) resulted in a reduced arte-
rial thrombus formation, underlining the procoagulant function this
population.*®? Typically, these platelets are unable to o,,B5 activa-
tion,%? and are separated from the patches of aggregated platelets.*
This thrombus heterogeneity likely is caused—next to intrinsic dif-
ferences between individual platelets—by different exposure of the
platelets to soluble agonists such as ADP, thromboxane and throm-
bin, as well as by a varying hemodynamic environment.? Other fac-
tors for heterogeneous thrombus growth can be the vascular bed
and the (patho)physiological state of the injured vessel.

Microfluidics studies have pointed to a positive feedback loop
between PS-exposing platelets and thrombin activity under flow
conditions. Thus, where coagulation is restricted—in hemophilia
blood or dilutional coagulopathy—especially the population of PS-
exposing platelets becomes reduced.” This points to a thrombin-
dependent enhancement of PS exposure that results in additional
thrombin generation. Intrathrombus heterogeneity is also observed
for the fibrinolysis factor, plasmin, preferably binding to PS-exposing
platelets.”®

Conclusively, thrombus formation relies on a continuous and
dynamic interaction between platelets and the coagulation system.
Intrathrombus heterogeneity with different patches of (loosely)
aggregated, contracted and PS-exposing platelets is enforced by
the positive feedback loop of thrombin generation and thrombin
responses.

5 | HOW DO PLATELETS CONTROL
ANTICOAGULATION?

Coagulant activity is tightly balanced by both pro- and anticoagu-
lant factors. Several anticoagulation factors are present in the blood,
including the protein C/protein S complex, TFPI and antithrombin.
Limited information is available on a role of platelets in the antico-

agulant processes.

5.1 | Protein C, protein S and TFPI

The vitamin K-dependent proteins C and S are known to bind to
PS-exposing membranes via their Gla-domains, with protein C as
protease and protein S as membrane-binding cofactor. Thrombin-
activated protein C (APC) selectively inactivates FVIlla and FVa, thus
suppressing tenase and prothrombinase activities. How the protein

C/S anticoagulant pathway contributes to thrombus formation is
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unknown. Clinically, the importance of APC cleavage is emphasised
by the fact that patients with a FV-Leiden mutation (carrying a FVa
mutation that cannot be inactivated by APC) have an increased risk
of venous thromboembolism. On the other hand, mice with a ho-
mozygous FV-Leiden mutation displayed normal mesenteric arterial
thrombus formation.* A meta-analysis revealed a relative risk in-
crease of myocardial infarction and coronary stenosis for carriers of
the FV-Leiden allele of only 1.17, suggesting a no more than moder-
ate association with arterial thrombosis.”

The anticoagulant TFPI, a Kunitz-type protease inhibitor, revers-
ibly inhibits the TF/FVlla, FXa, and protein C pathways, attenuating
thrombin generation through proteolytic inhibition of the cofactors
FVa and FVllla. The isoform TFPla, carrying all three Kunitz do-
mains, actively inhibits TF/FVlla and FXa, interestingly in a protein
S-dependent manner.”? While TFPla circulates in the blood at low
concentrations, levels may locally increase due to platelet secretion.
TFPI has indeed been detected on the surface of (coated) platelets.
In vivo, mouse TFPI was shown to suppress thrombus growth.®* Ex
vivo, the role of (plasma) TFPI appeared to be confined to conditions
of low coagulant strength.”®

5.2 | Antithrombin

Antithrombin is a key serpin (serine protease inhibitor) that targets
multiple activated coagulation factors, especially thrombin and to a
lesser extent FVIla and FIXa-XIla.? Antithrombin is an effective in-
hibitor of thrombin generation in plasma, and its activity is greatly
enhanced by heparins. Antithrombin has not yet been identified in
developing thrombi.

Interestingly, PS-exposing platelets can serve as assembly sites
for both coagulant and anticoagulant factors. How anticoagulants
compete with the coagulant factors, however, remains unclear. For
the active-site inhibitors, antithrombin and C1 inhibitor, no platelet
binding sites are known.

Taken together, no more that little is known how anticoagulant
factors interact with platelets, and how anticoagulant mechanisms

can restrict thrombus growth and stability.

6 | PARADOXICAL EFFECTS OF BLOOD
FLOW RATE

In general, arterial thrombi (formed at high wall shear rates) are rich
in white platelets and fibrin fibers, whereas venous thrombi (formed
at low shear rates) are usually more red with a fibrin network, plate-
let clumps, and incorporated red blood cells.”* Microfluidics studies
have provided insight into these processes.

Both platelet and coagulant activity rely on the local blood flow
and shear conditions. A relevant parameter here is the wall shear
rate (near-wall sliding rate), which is low in the venous part of the
circulation, and gradually rises from large arteries to small arterioles
of the microcirculation.” At arterial flow conditions, platelet depo-

sition and hence thrombus formation increases with the wall-shear



rate (and hence flow rate) through GPIb-V-IX interaction with VWF.
Also the contribution of GPVI and P2Y,, receptors increases at
higher shear rate.”® At pathological, very high wall shear rates up to
10 000 s7%, at sites of stenosis, VWF is released from the endothe-
lium, thus further enforcing platelet deposition.97 On the other hand,
coagulation processes are enhanced at lower flow rates, as this limits
dilution and facilitates thrombin accumulation. Mathematical mod-
els show that flow rate determines the transport rates of coagulation
factors and thereby the extent of fibrin polymerization.”®

Accordingly, depending on the flow conditions, either platelet
adhesion (high shear) or thrombin/fibrin generation (low flow) can
act as driving factors for thrombus formation.'®”> By extension,
local differences in shear and flow rate may result in a differen-
tial formation of thrombin and fibrin within a growing thrombus.?’
Typically, shear and flow rates will drastically increase during
thrombus growth, a condition fostered by stenotic sites, which pro-
mote platelet adhesion, but also embolus shedding. On the other
hand, interstitial flow rates can be relatively low near developing
thrombi and stenotic sites, which will prevent coagulation factors
from dilution.'®® This may explain the heterogeneous fibrin buildup
often seen in and around a thrombus. Blood flow also stimulates
the fibrinolysis process by enhancing the dissolution of platelet-
fibrin thrombi, provided the presence of a fibrinolysis trigger such
as tPA.7°

The prevailing flow and wall shear conditions may, reciprocally,
determine not only the global buildup of a platelet-fibrin thrombus,
but also part of the heterogeneity in thrombin and fibrin accumula-
tion within the thrombus.

7 | SOME CLINICAL CONSIDERATIONS

Antithrombotic therapy for the secondary prevention of cardiovas-
cular events typically consists of two antiplatelet drugs, given for a
certain period of time. In multiple studies, dual antiplatelet therapy
(aspirin with P2Y,, receptor blocker) has shown to be beneficial, al-
though recurrent thrombotic events are not completely eliminated
and the risk of bleeding events is relatively high.'°* As a possible
improvement, the PAR1 antagonist vorapaxar has been examined.
Vorapaxar only blocks the platelet effects of thrombin, while leaving
unaffected thrombin’s effects in coagulation.'? The TRA2P-TIMI 50
study evaluated a combination of vorapaxar with aspirin and clopi-
dogrel (P2Y,, antagonist) in patients with stable acute coronary syn-
drome, and reported a lowering in cardiovascular events, but at the
expense of increased major bleeding.'°® Complications here can be
platelet-independent effects of vorapaxar, i.e., on endothelial and
smooth muscle cell PAR receptors.

Concerning coagulation targeting, the early WARIS'®* and
ASPECT? trials demonstrated a clinical benefit of vitamin K antag-
onists for the secondary prevention of coronary artery disease, al-
though bleeding increased. Yet, dual-antiplatelet therapy was found
to be more effective. More recently, direct thrombin and FXa inhib-

itors were evaluated in such patients, mostly in combination with
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dual antiplatelet therapy. The APPRAISE-2 trial, using apixiban (FXa
inhibitor) on top of aspirin plus P2Y,, inhibitor, was terminated pre-
maturely, due to negative effects on recurrence and higher major
bleeding.'® The ATLAS ACS-2 trial tested a low dose of rivaroxaban
(FXa inhibitor), again for the majority of patients on top of dual an-
tiplatelet therapy (aspirin plus thienopyridine), and had a more pos-
itive outcome on the primary endpoint—a composite of myocardial
infarction, cardiovascular death or stroke—albeit again at the ex-
pense of bleeding events.?’

More recently, multiple studies have combined low rivaroxaban
with either a P2Y,, antagonist or aspirin. The recently published
COMPASS trial reports a superiority of low-dose rivaroxaban plus
aspirin versus aspirin alone regarding the primary endpoint.’°® No
difference was found between the groups in intracranial or fatal
bleeding, but major bleeding again was by the combined treatment.
The ATLAS ACS-2 study indicated that joint inhibition of platelets
(aspirin plus P2Y,, antagonist) and coagulation (rivaroxaban), when
compared to dual antiplatelet therapy alone, reduced the risk of in-
stent thrombosis.1%?

Clinical studies thus support the high degree of interactions be-
tween platelet activation (by soluble agonists ADP and, thrombox-
ane) and coagulation (thrombin) in recurrent cardiovascular disease,
and also in the control of hemostasis. For combination therapies,
fine-tuned targeting will be needed to achieve maximal suppression
of thrombus formation with minimal bleeding risk.
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