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HSHENFEEARSHNFER. XEXNETRNHN
FER, AT FBRIIALT4EE B 4R FRRYIE). BHRTZ AR .
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o TILMMALRMERNIRE, ME-— T ERIEN—DER
MERNFHR, ENHXABRRNE, B2, IMER
FUBARGHNFEBERE. flw, meEHEMNHT
HFIRZHHHEFR S, Sonoclot” XA RIR KB EIR 7 A
73, T ROTEM® Rilid ik i f2 = B R iR & M9 IR % R
FIRSEIMEo

10 4% 58 77 B 3 A S ER R 1 B I A S R B ATLAR 2B 14 42
BG: —EBRIAR, HAhIREY 0.36 2R, — BRI
EEIHNE EHBREERER. BFEafRETL2EN
BN EE, MEREIBIER 4°45 1, R, HRANIE
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RGPS E) T PRI, BN Y,
s B FEREBGER . IE " SRR B 7,
#4E) L 0 mES RIS %,

MRARE LREREE: ZnERR, SUNEBRERE
PR REERMD. EHIMRERN. BSREHES
miE#Em. MPERMN. BEERF. WAZFER, BITH
ERAR—; SMETEHESRRS, LNeEa et
BIRE, UREFEMIFETEMERE. R, TEE-X
HE MR, FIMERER REEI/MORDE. MARK. mE
MMk, FREMERRM. Mg/ okt EREE,
ASORE X A2 38 A EFE MR AR PRI N B m# T4 5181k,

SRR RS

IR SE (sickle cell disease, SCD) R & FE WML
HPBEREERRZ—, TERHATERARESHEROA
ERpmm™, IZEARSBEREHAMBRENIFE TR
TR, SFEMA MM R MM BRI DERNELERE
fB&R (voC) ™, SCD ##& & ErhbkMFEbk iz i2 ER X
FBARE I Y, SCD BEMNMERELKES T ENMNE
FUSZRERE, #M 11% ~ 25% #9 SCD lEEEH., X
KRB MM RS AT EER SCD BE T RFETHNEBMRER,
VOC 5EMAERES, AKE. I/MrABARNEESES
LPSERE PN

EEERERS (BIERTIRAE) , SCD thilgEmAvie
MRECER XU, MK, AZHSCD EEEWEHR
A5 0 ) RSE 8 0 PO AR MBS A FRAR S MK A
FIAN B MES - FURIES (TAT) E4%. BHEEAR L
2. FEZAKAMEF VINY, D- ZBEMLTRE - st
BEs (PAP) EEWIKFHSIERALAAEE QAR BKBE,
—LEHRXPBAALRF (TF) KEAS, BERAT
—H ¥, FHTMBIERAEANEH SHMER CHAF
MEMRE ™, BTFRENHDEE, EHHBERERY
ik, SHAMMAEEMMIE R AR aE Y,
XATREE B TR MES A0~ 4

ERMBSTELEMAEZCIER, BRMEERMNERZ /MR
MEFRMBUER AT SEistn. WIRMRMESER (ETP) &R
BINARRBRMESERNIK (TCT) NREESY, ENE
KBS MESE R, AT, LUEIGER TGT #MITHIAR, fi
MRERN B MR ME (CAT) , LUTH SCD BER Mt
RIS, EMHAEFBENER WY, XEMANSZRT
HAEXFEMAE, WRAHFSEWRLE, 2R
HAFIEEMRRZEBFRE. BARL, SCD HMmizFIZE{
FETHREST, HFXELUEHIT TCT 2R ER,
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TGT AIRE R R ETMETME BENRES . FXE, RE
SCD BENWZRMSBRETEWN, BRERE—MEE
AT G MA SCD 25 BIRIK M BIIRZS.

MmizsE NETRFTEFRARERNBENERS!
REo Yee EAW—THAR “ W& T SCD ) LERMILHHE,
FREA HOSS ) LESRENRAMBLLEFEEEES. AT, H
FHEAEBNMIENE, AR IIREE. Whelihan FA KR
B—INHRAE 26 & “18%” SCD BERFEHTETFLEME
M MESH M E . SRERNMIKLERETREAL, R
HFHS MisBHERTHN2 B MERBRSERX, CATE
T SCD BERHLA IR ENLERRE, SFLESHSCD
BEM ETP LT REXRE, Wmie#HE S RHHENTE
HRA, EIRAREYIEE, mizaRSBESFE
SHERERTTIESE, CAT KER SCD TAZENER.
Wijnberge % A B9Ff 53 ¥ RBE: SCD 5% it BB 4K
R MiEFPRSER. Mg HEN ERETHERRES, 1§
ENEMEERERRS, BESRENRAMEL, TREESER,
SHEANRERMEEEAURE. nitBEHENERDITE
T, SEREREERTHNEEMRL, VOC BHiENE RS
ERAE, CAT £ SCD TAZ ERBETHAITF LNEEE
Fo SCD WS BRE N EDE DK FMRMMEL S, X2
EERMNERCNE, FEit, RikmieidHEERSCD K
MFIRZS.

Bk ARG S IE

BIE IR AL %G (hereditary spherocytosis, HS)
B—MEEE ARG ENIARREINEEERRE, SR
SRR REDAREH R IR Y. TBERMARM. &,
PR K. ZMIRIERIVRPIKFAMAEIL S, HS MIak™E
RESTHEE, AZHEEAGMEREFNAMMER T, HL
ARTERD, MA—LAm™ENEE, FERMILHAME,
BEMIK AL SERNR AR 2R REANRE, B
AR EBITSER, BIMEERES, RN E— 4
FEIARNERTS, XENIHARRERIRA. THEEN
8B, HIMEREMAEE, dHARBITHENARFHEILEER
IS SRR AT, SR ABRIREE RS SThRE B TR G,
FLAARTR T B, RTFRERALD, TR, Mk
BEZIEIN, SFHEEERMENTSREME, B3 RERKT,



FRECAMAY ™ ERE SRR E BT HRER K.

Seregina % A I 53 R MEYE] (APTT, TTHIPR) . £
HEARM D- ZRAVKE, migssHEM Mm% (TD)
METL 62 ZEBE HSHLE B8REBEM 24 BLH%; F
HSEE: 05 F 17 %) TEAMAERIAEIMIEAMERIAREN
LEMRTS. 102 BEZEERQHNEE)LEEATR, 53¢
BRZEAELL, HS JLEM e AERM TD SEE N E
BAMRIE (60+5mmyvs. 53 +4mm, p<0.05; TD FHREK
2 28 + 3 pm/min vs. 24 + 2 um/min, p < 0.05) , T APTT,
TTMPREMAZEIEGEEEER, HSBEHN24H: &
miERA (28F)) MEAMBREA (346)) . 5REHS A
Bk, AR S JEM TD 283G (figse
FERAIRIE 62 £ 5 mm vs. 57 + 4 mm, p < 0.05; TD &R
4K 31 £ 4 pm/min vs. 26 £ 3 um/min, p<0.05) , 4 & HS
BEWND- ZRAKEAS, RTINREENEE. SWERA
#8LL, HS BEMAAETRFRAKFRE (2. 1+ 0.4 mg/mL vs. 2.6
+0.4 mg/mL, p<0.05) ,

M

M3 (hemophilia) AF1 B 952 H & MEF VI (FVII)
MIX (FIX) BEERTS(EA X LEEEHREREEE
MR, ZWEHHIH 1/5000 1 1/25000, 2HREEFRER
BB M MR — . IR B EIRIB IR PIE S
HAFEFEKTEDNEE (AFKFE <1%) . FE (BFKFE
1-~5%) MERE (FAFKE>5%) , EESEEETENH
MeRE, SEMENBRMENASENRAR LM, XTH
iR ERIEATRERS R ENBHITHERIFEXT R, X
B S BIaET 2 R AMAEZ MR K. PENRFKES
AIREEAHM, AGELHMERE, MERELNRKREEF,
I3 B PR F A M B o

MR EI¥ie, SENRMZERFRFERBEATAR
F@ER, FRENFEFRZ5ENHMEEMIRKRRNE
AR MmAMRBAME PTMIRERIES, M APTT XL
REABERFBEASAR MR, BEA PT 2INRIEEMIE
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RRTEEMEEERZ—, MORFEEN PTEER, B
LHMNRM R MER A AR A ERIRE RN IRENINEER
EIE? #aiEH, ATAMNRERMBREREFECBEN
FXa, LAEB4L12 FVII & FIX SRIG0B? EF AP AR ME
B PR, MRBNAETRZRENR TFFVIa 8 SY80E 4%
B FXa R E, MERARX—EEEREESEHNARRE.
FIXa/FVIlla £ &Y 7E M/NMRREEUE FX, M TFFVIa &
IRTREIRIRTE & AL TF WA REHCE FXP, BFmEsE
TEFRFRE M FXa {064 (TFPIAD AT , fE&AL TF 48R
REF M FXa RREEMEE MMM/ MRRE, AL, EE
BIRET, FXa ¥RARE 1 DHAE, RESHAPTT
B EIRE 2K,

mEREENRRREFETRANER M. K29 10% ~
15% W EMA R A BERIEEMNIGKRRE, Bk, B
BRENRFRNEBETERME™ENL M, FVIIEMA
APTT BAWIMARFN D XMERIESER, B5IakRE
HA—H. #EXERIEAE TR D EBENIRK
A, Sorensen Z A ¥ BTF I TIRIERA T ALK E
g EmS REN e MEMERXAEL, FIRMmieiEHEIR
WER/NAREFHE, BiFRLEENRARREET
ANEMSH EBEET . Lsh, SIBERM FVIa iR
NEREMREESR, RAMEHEIETT FVIla FIEHEHR
BBEIRKRNE. Chitlur AP WS —HREIERA, 58
FERUMXTNHENEEELL, BEREREBLTXTRHRE
KB ETE TEG®5000 = BB BT SR A A 8 /5 B9 SR N BS
EE,

KENENS — DA EEXSE A MHEIF ™ E
REEE, EPEFUEREUEIMETF 1% BKFE, MEi
RFBEEABTENENZBRFIEE, MiMGFHEERH
MR FAEIRIC LERR T AR EE M, Salinas FA *3E
BAY it 58 ) B L1t 5 A 5 X 43 HD ARl FF AN R4 U B9 7= BB
m&fs A, BERIFMHEFIEEN R EN K ERE. B8, X
LRNRAE RIS FEHHMERAEXE,

BAXEIRENENRRHE ZHER LS IEZE
TETEM, BEMRENERINBEFE, Tarandovskiy Z A
MR T RN ARELSEZONSG %, EHRAE™
EMRERENTENRRFA BEPHNMERHERN, K&
MWRETE. AERRARENER., SNEEEETHTES
BARNNES. RAISBREREMENATERS RN,
EHMARF, BARAPMEENEERE A BMARFH
FREEURDEE ALNKFSEENR, FESHMEK
BT B,
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nEREEPEBETSEREME L. BEEBREKY
=HEANHAEREFRAVHI, EEESITR AR AT EEH
TiEoh EMyETD, £TFXER FVIN TG R MEE 72/
BEBER, WFHEMMEBTITR, ARchAFENARE
MREXEE, MieNENAIUAZEMFERNEFLRN
FVIILE, Al Hawaj Z A 1 9ER5TH, £ 10 BEBFRH
MRIWEE A BMERBEEN (FVIIFARGERE], migs 7
B BERY R BY[E] S APTT #1 FVIN JEMAE X, 1E rFVIII TR
KEHEE 48 /BT, MRS AENA FVIIEMRE—, REX
ERE. XEWE, Bl meRHEREERTRAITFUER
AR TR A2, A AS AN R B & E T b e .

NEgl, EfrmeMitmps (1STH) TEARETTE
[ 575 58 2 P A AR 5% ) EL A e i A 38 1 B 046 R
BIEmXI M ) B fede mie s HERIERRH T U TE
W AREFATETURRERE (M2 IE T
FmeOHEN ; WFIRKFE, BUERSKL (Mt
OB E e R miese HEIK) X INTEM (FeikimniesIE
) BRTERZHE;, WFIRAKRE, BIOSARIRMERDS
RBUBEAETERZE, UWREMENAXEANRIERMEE
Bod. BATE 10 F3k, MmieE/ fefemigsdHEEm
RISFHMTEIG T#E, BHRER ZRFIEK. AT
ERMX—BF, FEH-—THHRARERELERSIRARER
ZEBRRER, MERMNHFANMELETRA, BEEFA
ROk, BERXEE MR EWNE TR ML ERD
Ko

[R R Se st /iR R D E

[E & G I/ VRB D  (primary immune thrombocytopenic
purpura, ITP) , NARFFRMIU/IMRB SRR, B—MRE
MESREMRER, RIRKFTIM/MRITEURD S & T I H
MM 0 BB E I/ MRAERARISE, BEAR
ITP 2HRTFRENTH B STIERSEY M/ R P 1% E R4
AT ERIIFIHE. LEMNINSIAAZRENSRGEX
sk ERARBERI/IVER, EREE M/MRERT .
IEPRF|IMEER M/ MRITEARRZERUR D, 3R 52 Bk
MIRHMER. ITP EENMERMERITRE, —RILEZH
2, RAZREY, IHARERE. ZHENERTEHE
BFIRE

Bal, IR LEEBRIBL/RIT A ITP BEHHMD
RS, SERBT AR BITTHE, BRARELMITP BE
HMEERZHI. FRISBOEN, 5MRIHERE
BIMESEME; {B7E PLT <30 x 10° /L 1) LB ES, HEES
M/MRIHREFEX R E. ARRIREEEETE PLT <30 x
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10° /L AR AE K, M) LEBEEE PLT < 10 x 10° /L By
ZHIMmER M, Fm/MRITEREEER R MELE ITP &
Emd M -,

EMRRMENR BT — DN, MAEE
MRMIRE, M/ WREBESEIWE H EE E /] VR AR
Mo MmiesEHEERRRNINEREENEHE, FRIVIMR
HENIRT, eI BRI ENRME MR FE
6, BRHEZSMN BT HmMTN, miesenERNERS, R
BERMENEFHREER, KEH Angle f R BRERS M/)\iRTH
B8, MA BERBRI/MRESEINEE. MREREREFE ITP &
FM PLT <30 x 10° /L BEP, MRS R/ MRE
£ MABERMEX, 5RE. KE. Angle TAEXRM.
B MA EX 585 IEMIhEERIR A/ MRAER, HiEE MA
HREb A2 58 0 E R R B B Ath iR B Ae T B M MR 2
e (CHEREEENMURLEE) « B9, EHRE ITP &
ERPLT<30x 10°/L WEEF, HMBES MA BEFIEX,
FR L HE T & B I/ NRORL /D B9 ITP 835 M i) 5 %R It [ F
FUHEQRTAEEXE, MEMMRHRMERX; MAE
ARV MREREETNREIESR, B I KPR,

/R FFIE

B=Z2Z 8 KM/ RFIFIE (Glanzmann Thrombasthenia,
GT) R—MFWNAEE M MERR, HFERM/ MR R
EH b/lla ZEMMEXREMRESRENEE, XMERF
MEELEHMAEE, BERREHE Y, BXREEE
ERIAN IR Z 28 KI MR T EN AR,

ERMIER, MMREAEEEENER. B85, M
EEWIRGE, M/MRTEWEBFHAST, BEFRRTER
R, HRARTARREE MR MESSE, B ADP X
TXA2, NM#H—F R NMREERE, BUERI MR
gEAHFETRAGME. MERTEME, MMREKTEER
BB AT E O ML, FMEREEWSE, XEFUK
RINSRIDEHIRAGRE, RLEIIEMAER. XA MR
HERSTEHES. H5, /MR T8 MR E & N0



BRAEMRIER. AR, M/MRXYFEENIEMNEERIES
SEEENFER.

Akay™ & T M/MREAFEBEMIGKR. LREMML
EAENRE. £ 1 RIVMREDERED, EFRMmieAZAN
b ha M & TRNEMITS. 2/ MREIIERISE
BENHM M HESHEX, HITDESHE—RK
Fxt, MTDRENERBFRE 1 ZH/LE, KSHme
BHESH REERIN EIVMREIERENXIRAEZE
BT F ENEEER (KBEL p<0.001, fE p<0.001,
RANRIE: p<0001) . EREKBEFMFHTIYNEN 23
D FMBEMUNMREERENRAIRBEYEZEREMR, F15
79209 2K (BETE 44~ 68 2=K) , BUKRE 100%, FHitt,
M/MRITERIER. HMiTHEE. e EE K & A IRIE
PRI RERR FR (R /MR TE S IERI R 2 M k3R

[=inkzS

BImR—FEEM TSN R E I ER. EEaMmE
MANILIERE. DEER. BTREASVATEHENE
MEMABLRFAREEAERNR, HREEMIFEMARNEE,
FERIHEFEMInaE. RIFEOMKHNDLEE. BAKRIE
NKETS AR BERMK. SMENEARS LERE
FHIMNER, URIERFHMNE, FTREEDR, HIEHA.
12 B ImARE D HEET, UM RAARAE, XREE,
FIZHRF. BRAMED NHEAREME. AR MmRE.
BREARB MRS, EARATDAREENRAM. S, &3
BHRUUKET. B HEER AN F AR,

FEHMEAMBEENERHRIE RONERENE
MmEE S FEFRMTRONEERSNEE. HHNREE
B MRRLD . MVMRINEERERS. RIOEFRFR. B4AMRSE
MMERBEF. M/REDEXH IR RS HE MEEES
THIBERE, AFEEEROISENTEER, HAR—
ELUBRRBOIRPRIBIRR, KB ERARIEMEER, MUBERE
fERkEmti. AT REHMEFHNL, EEFERESR
FRI MR ERTT I MRS, B2, XFERM/
RITEAEN B IR EE B IR R EERIFR A AT ER N
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ANIBHIRRBBTIRBIEENTEIREY), MMZuHaT
g, BRRDTER, BAERMINIEF M HERHIAZE
SEHEHMNEEEERX (p<005) , A, SLEDITRE,
M/ R MA BT BB TN B IR B & B KSR R ES R

(5]
o

Apelseth & A BFRZTEREA PLT FI2. I EAREREX
SES PLT REHE¥, {B5 PLT 258K, mie#HERK KK
MERXR, RARSPLTIFEEAEX, BFREMPLT ME. &
/5 1/0\BSF] 24 /\6F, 7E PLT SESMEH LUK PLT #E51m
#ENENEERARBEZBIMERRREXE, fEinmE
HA, MA N5 PR MRS 2 BINERE AER (r=-0.494,
p=0.008) , 182, PLT HEUEMSIRREMIRETRX “,

EANRMARKRENE: BMAM (APTT, PT, TT,
FIB) R M/ MR iT48, EHp, B /OB = 58 iz Bk i R F AR5 ,
RZINMRINES5, H AR EENRIDE, F50, APTT
MEEHRAZ M FFIaBYRTIE], AN~ ET S5 MAESHY 5%, BX
RERMXTERTBERNRENER, WA RERRE
HER. MMMRITHRAZNIVMRIEERT, FFaeRMR
M/MREYTHEE. HALE I ThAER 18 A T I A& R FHE X &R Y
PHHEEEE—ENRMRE. ATHEMREN, LIRSS
IBPRERER, REZHINART BiEMmieRHETRRD ST
2 on P

BF g m gl BATIRKFESERT —
ERBYiE], B2, ZMHMAREMMRERIERF LR RFE
REEESHHE. E—THLtELRRSENHARIRS
t, ROTEM® HZE 2 R ¥ 1.6% ~ 8.3%, TEG®5000 B9 &
RECN 4% ~ 16.3%", LW EEIMEEEITENLLRE TR
N BN IAIEE Z BIRA, TEG®5000 4 7.1% ~ 39.9%,
ROTEM® 3 7% ~ 83.6%", 55— 1Nl 75 5% PFA-100
BIRROE LA, BT LUB IS 68 A SN ERAT A L IR TR 75 A SRARIE
g, Mo, FEESTERNEAT L —SREmEN,
Flan&E TEG™ss N, X BB TR ERH LI Sy
SRR A R SR 50 = (B A1 SRS E A A AT b

FRAAB(E LA A2 58 ) E A A% M2 58 71 E N AU RBIRE S
MNHHER MR NI E BN, EiFSiRR
AR EIREG T RBOERE. RNEWETENER
TIALF M AE 5 7 E R Heds A2 5 ) E 5 HAER M L8 =50
REGHER, URSIRKENEHLERERIE, LHEE
ABLEETREL B RE IR AR IEHI AR . BRI RER B HEIBUE
XY AT A RIAR NN R T, LUBR R EK
BIIRR T Ko
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BE#{T 7 60 FEE TR M IE MIT IR R,
EAZEARNFRNRATIE M3 HEF ROTEM,
KARMBIRR LR M2 3 S EYA ROTEM, LUHATE
BRETURNEBIBEES. EARBEE (RA) mK
(81N n=8) ; WEHRTHEE, BRIETHHR
ISR, WERTRENER MK, KiERL
BE, BERNALERRVSHSRER, EMmies
HEYH ROTEM R4 2 BHRIFIIKIB S5 CaCl, Y
LBl —5, WERNHIREERUNE. BE. RAIRE
MEsAMES, S5MniessHEMNAELL, ROTEM R
BREEFEM (p<0.05) REZAYE (F+SD, 459
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+46 ) , BAIRIE (27.6+16vs. 244+ 1.4 2X)
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ERTBEMATRHEE N RAZEBNER. B2, 17
EBINEBCERNIERT, mig¥7E(LA ROTEM 3148
MERRNASIEEEEERRER. $TXEHIEN
EEWEFINER, FMItSHNARNESR, MTaTEE
SFIIERRE,
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Othman M, Kaur H. Thromboelastography (TEG).
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DRI RIS U AR MR RN & F FRE T
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SR S5 (12489 il ) TMERNIRE, &
1E 38 M AIBE AL ARR R, 15 TR TR, 2
AR, SBEINIEKN. FEFREDE (FiY
NOS 43, 6.07; #rEZE, 049) . fFH QUADAS-2 T
B, 47 THRHPRE 3M (6.4%) EFETE (BEX
B BTN, SERE. RENRE) RERKK;
47 TRERZS TS 37 T (78.8%) Xt T35 FA M B9 48 2 M 5%
1o FARIAE T TEG/ROTEM® 5 R RS MIHEEFEFSHY
P (n=40) . %m (n=25) KRETXR (n=24) B
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BRISSRERNT 2L MRPEFHHRE, X2
TR E A, M, XERNERD IHEREN
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M77%, feMtT BRImESE s AERAZ A A TS L E,
FEmERFEMEPERE 10 FMMR. EIi1EGREL
RFERMENEZMNNEEEBITENE . $5IZ, X
Fref£RmEFRENFINFEEEIHYHITIEMB S
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B, FHETNESNNREE. &fF, WXLEHERN
IR PRI R RISRE T B 2R,
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and antiplatelet therapy after coronary artery
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and monitoring the antithrombotic effect of
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hypercoagulable patients: study protocol for a
randomized controlled trial. Trials. 2012 Apr
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B A—EMRERRF, migNHEN (TEG) 7
HENE RS SR E MR EH LRI INE XK.
AN, SRIMERMETMELL, ERRMEREK
B MR LI MRAT B R E AR ET TEG SR
IR (CABG) BERRFISEESEN, HIFK
MmigteEH LAENARFIETHINEL,

BiE R X2 IR REIRERIAE, RAFFHIR
B|igit, WBEMEEEHTE AN, TEGC BENE
X2 TEG S AIRIETE 69 mm L L, 250 & TEG S@EE
BB D AT ERLE, FIASKRARA 75 mg &
MRS, ELERA=1F (#HROMR 300 mg) , MATAR
FA 75 mg P E]ULAK, SYBRLAERERINARFR 75 mg faE] ITAA,
fEA SRS MM I/ MR T A1 EYT BY M/ RIS S
A% BAIRI B MBI R 1. RS 3 NERAZRIEHECT
(MSCT) & EYIRES .

it AIRBRIZHE—THENIGKIAE, T TEG &5
CABG £& BT REMARERUM M/ NRIETT Pk H. M
FUEIA T H N I MR INEIAERR 7 Rk EE M FA BRI I
IMRIETTE . IRERBEFInRELEEHE XA
REiiHEEERGOERENNG, HABEE5TEH
REFUMRETT 5 2.

Miiller MC, Meijers JC, Vroom MB, Juffermans
NP. Utility of thromboelastography and/

or thromboelastometry in adults with sepsis:

a systematic review. Crit Care. 2014 Feb
10;18(1):R30.
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BY MEDLINE. EMBASE #1 Cochrane Library, 1 2 X
RFREAN, ESHNRFRE RRIIVENS
EXBINREFIORNEMAR, EEHITHILNE
http://www.controlled-trials.com F] http://www.clinicaltrials.
gov E#IT T ER, W ICU BRS MR E B 5 #1T TEG/
ROTEM NEKIARIN B ETEH.

#R 7L 680 RIMIEHIXER, BIE 18 F/iAR, Hi2
BABHNNSRIRE, 16 BAMEMIIRR. TREESR
Eh, ERETEERMNEME, UKk TEG/ROTEM EHR
FTZEE, eRNMRT—EEELBSTEEMER
BRMEX. SHEMEMAELALL, TEG/ROTEM 7] LI
MRIFETE, XARENTRORSENETRER
RMERETE (SIRS) o RERSSHTREME R, TEG/
ROTEM 7EIRFI BT 82 M FFUER M R RYIA T IR BIBK
FHEREHEHOINETLTETME, BERNHRX—IRERIH
RIFEAR.

#5i€. TEG/ROTEM RIRER ISR SR ML TR B T
B, TEGROTEM TEXLEBERNNER AT R,
HRFROEREIRE— I eIdE, ALFEERT TEG/
ROTEM #2 U TELNER T MR EER R MR,

Shreeve NE, Barry JA, Deutsch LR, Gomez K,

Kadir RA. Changes in thromboelastography
parameters in pregnancy, labor, and the immediate
postpartum period. Int J Gynaecol Obstet. 2016
Sep;134(3):290-293.
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B89 ATIERRENZREmE HFERNEL, HBESD
Y BIRY F= fE A 5 M E S ER A R2 M8,

FiE EIMRMER/ PRARS, 32013 F 12
BE 2014 F 3 BfEfERERCH—KAOMIZHERRE
IREALZ 2 M A0HST T MR ERN. FEREEIEYR
RO REBENBED GRS 6 /N\NEE#ITIEHEIE
e SERH MMIBERE, KEBEMNIRKR/ ADFEHE.
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ZR: HE IR FLUS5HP, MeENERGSH
S5iFREIEEEX. NERBIRZIEGE, A4EAE
ARHIE IR 24558 (R{&; 5.8 vs 5.0 min, p=0.036) ,
KBTI E—EREEREE (RER 20 mm ; K{E; 13
vs L1538, p=0.007) . MPIBEINIERE, MmitFAR
BABER 60 7 MieEREEEI (LY60; 1.8% vs
3.1%, p=0.001) ,

0. AARER T —BUK FEIRIRE / = F iR me S
FLUBMKI, FZROFMmieH I ERGIEN D 18
EMITHER — 2RO I o

Solomon C, Collis RE, Collins PW. Haemostatic
monitoring during postpartum haemorrhage and
implications for management. Br J Anaesth. 2012
Dec;109(6):851-863.

mE

FREM (PPH) REFARFMNRETHNEERKRER,
PPH EANRZ, HAEMM™EREREUTN, BEMNL
Mok, IEFEMEMBERERIMES 67 PPH HAlALR
&, HETREMBILMm, SEEM™ER PPH, Xf PPH BE
BRIVRESNE NS FARWLENER. BiRSAETN
RELRAEREXEEMN, AT, BHaisPPH BRI
FEHEEZRIEREERMRSHRE, MERTFHR
ZHWX—MENEREMR, PPH R ENRMARLL
RREFBER. EXmERP, KNEETTE PPH fE
FAARE R E T SCI0 = AR I 154 30 0 B BY F558 14 %8 n 1 )
HIERE. UEZETFIRENNRBETARNEK, &
SESFH, ALY PPH BEMNNEGRR, #FHHIMAIE
BRE, FAMmEEHENET DeEAENN,
B SN BT BE B B F7E PPH HRIE ORI A5 S LE 154
ITo ST, FEH—HHNHRREEEZHE R TR Z
WiIkRZ “8” WEEETE,. REX ERNAMRRE
FERME R AR BRI RER M E R 212 E 1
SOESEEN
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Sewell EK, Forman KR, Wong EC, Gallagher M,
et al. Thromboelastography in term neonates: an
alternative approach to evaluating coagulopathy.
Arch Dis Child Fetal Neonatal Ed. 2017
Jan;102(1):F79-F84.

mE

Bir: AEANE) LFIETERERTUE AN BT F= 34 M
3 HEMG (TEG) MtmETEE,

®Rit: AIEMERERERE

ISR

RIRE: BUFEA) L BEERNFE=HE) LHOEELE
A=,

BE: GIRAHE)LEAWRAE, 17 ZIaKE Hi
FERMAYHTE) LRANTEIE,

TENMEIER. ITRERTURNTREETIRRN TEG 2=
B SMNE TRk FE S BBk R BXRY MR A A3k 1 B R,

SR ) LW TEG SHEMMRAN) LERRATRE,; #
4 )L mAta) (R) fMgmzih® (K) BERIE, m
FEEAMEASEN (LY30) MEmiss (C) &F
AR\, UHu (Q1~Q3) HEMNEAMLEIL TEG
{&79: R4.150 (3.200 ~ 6.200) , K 1.550 (1.200 ~ 1.800) ,
Angle £ 70.100 (66.000 ~ 72.900) , MA61.850 (59.400
~66.000) , LY30 1.050 (0.100 ~1.600) , CI 1.950 (0.100
~2.900) . RAZAETIEfILS MR RED DTN
ERYIEN: R>6.3 (UK 82.4%, 135514 80%) ;
K>25 (BURM 82.4%, 458 M 96.7%) ; Angle < 59
(B M 82.4%, 4521 96.7%) ; MA <57 (B
82.4%, 155 86.7%) ; Cl<-0.15 (BUKM 88.2%, 4%
1% 83.3%) o

£ ITERIURMA R MmN ERNSEE
EFIRFER BTSN B A #E) LR MIIREREES.

Wiinberg B, Kristensen AT. Thromboelastography
in veterinary medicine. Semin Thromb Hemost.
2010 Oct;36(7):747-756.

HE

B 20 42 60 FRAFHALIK, Mg HE (TEG) —E
AT KRB, HESETFERERNEMRIRRILL,
MERTABEIERE, RAE, TEG EERAIE
EFRMESEALERNNERREM. TEG ERAET
PHTIREE M E N R M. S MR RENEERRN
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Y E . EIRANSKEMTS, EiaUA SNz
EMEUNRMFBENENESREIL, TEG ER T,
BFaENRREENNTFUEFAYEIER, EXIES
f, TEG BIRIMEFELLELRNRMIXILEL. TEG BL
AEEFHBITREFNNA, EEBRIXIRARR
HERE, BITLBRFERARRREIZHE KGR
BRI ER R R R0

Dias JD, Norem K, Doorneweerd DD, Thurer
RL, et al. Use of thromboelastography (TEG) for
detection of new oral anticoagulants. Arch Pathol
Lab Med. 2015 May;139(5):665-673.
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BE: HEORTUER (NOACs) MK BEHT &
XL WA E R S ERAEXF LENHBA L R,
BE&E, MBERFABEHKMEEE, UKRFEH
MOEBMEE LG EENE AT ERREER KK
F FUMREYFRD BIKSD FHFER. BEE NOACs
BURtAE, JATT RN MRBVISETBEERY KT o

B8y HARmieshEN (TEG) EENMX 5D BEai#t
HERF S NOACs—— HIZR MESINHIR (GALLIEY)
1 Xa BEFHHF FIEDIIMAIKDYE) B9

®it: ERESEENMRFERFDHRINEENRE
HEERRKEERY NOAC, HiTfLEXY TEG BIFMH,

R SNREREL, Bk IiHERNE (RAYE)
e~ ERNRARRHEELERT, HERMIKD
¥ (REFEEESTEEN) FALLMBETERN, *R
I TEG BUE B MAYE iR 8 FAFE 3 D NOACs 211
FE - REEL, T Xa MFIFEENBERT, i
PrEg IS et ZIe £+ R B8] R EERERISEEE, ME
EERNEBNFIFEFEENERLT, RN IVENNE
RELBIR R B {E14E5a.

£518: PUE TEG LAY BRI S TR F 8
G512 MAN LN NOACs, HEE4PKESIRIL AT A FX 5 Xa 1
FFIFERRMESNGEIF, Fit, TEG FJaER—Fhi%
NOACs BERIEMAPRIEE NN EET A,

Rees DC, Williams TN, Gladwin MT. Sickle-cell
disease. Lancet. 2010 Dec 11;376(9757):2018-31.
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IEARASRAARECTINENE, B2mREE
BENZO. RKREEZEMM, RAETEREMIE
EEM. ) EFRARRNEEREz — M E &R
FIARERNARE, WiMERREETAGXLEFFREF
BERF RN T . MERAEMMENRERFSHK
ZHBE, BEAM. B . 8RMNOMERKN
BITHIRE, BEFRMLK, XMRELEHLALR,
REHFRARRBEEESEIEMN, BEXNZMERA
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FORARRRT ERREE N, RNFEFRES TR
BBV RRARFREEET MR RENS
RBTT 3%
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therapeutics. Hematol Oncol Clin North Am. 2014
Apr;28(2):355-374.
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ZSHHBEATHMEREAE, SEIEMEEIR
MEEXNBER . EXBXEF, HIIEIF T L
RGZELXY SCD HMIREEERNIMA IR, LRI
T B miete BN IEINEVESE, 32X TREbkmiE
BREXERNRHTES. &E, WH/MRIDEIFIFTUE
FIE SCD HEVETE(ERIE T BELR,

Naik RP, Streiff MB, Haywood C Jr, Segal JB,
Lanzkron S. Venous thromboembolism incidence
in the Cooperative Study of Sickle Cell Disease. J.
Thromb.Haemost. 2014 Dec;12(12):2010-2016.
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B AMRHEEENZRESE > 15 58 SCD 2&
HEDRREER VTE (e E) (PE) MIRF#PKIIE (DVT)
RRER, RITETET s@bkmicieEXNONERE
5, FAE TN ES IR TR ERIX Ko
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BEEE S5 ERbK AR 1 A B Y XS EE AT B8 Bk 242 220K
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BEIKINi212 R SCD BE L LRI ENEES
BEEMSET R [JHE/E HR 2.32 (95% CI1.20 ~ 4.46) ]

#518: SCD BEGFEFHAMISIEENEANIL, MEREK
MigteEBENFET RO S F LML ENRE,

Lim MY, Ataga KI, Key NS. Hemostatic
abnormalities in sickle cell disease. Curr Opin
Hematol. 2013 Sep;20(5):472-477.
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B8y BATHRRAMRS (SCD) MEMMAZERE
RS R MIhEER BT ERUEIRSHEX BEER K E],
B3¢ SCD Hrg#fkMieiesE (VTE) HAERURITRFH
RANNFBER, SR, AL NREERS
BONLHIBRFTRER, AMMNERIER B @R,

ITHERL I SCD 1R A—Mie RS RFI ERGE
BIXERFRIRIE. 797 B4 thIRRRBERNE, JL AR
NABEHTT T RMIALE (Mie5e ) EF0 R mEs £ B iR
) , BEEFINL, ERF %, XAUREHTRA
FRIERHY. AT, MBS RAMEZTHFIMNE M
ERELTERMNE R RIS S ENEZER.

B BPkINEI2ZER SCD IW—FhRE 7 INRIVETE
BFHRIE. XMEERSHIGIZE R, XWXLEER
WERANNT BRI EB TS EEFATHE, TNA
LATRFA A AZAL, 3EB] LARZPE SCD Ry % HAth i & AZE
HERAE

Noubouossie D, Key NS, Ataga KI. Coagulation
abnormalities of sickle cell disease: relationship with
clinical outcomes and the effect of disease modifying
therapies. Blood Rev. 2016 Jul;30(4):245-256.
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18.

19.

mE

TR (SCD) B—MEERES. BIEEIEENT
B R, BEMRAAMIVIMOELIEM, MR
MESEMITIEYIKTS, RAVUREDHES, FERR
REE, BRRFREEM, tksh, SCD el
IdnteF & AER KBS, SCD EIEH LRSI E
SZREN, SROBEIRGNIE. BOMN—ALR
RZURFRIARBMIERLRRRAEINE R, &l
BITHIIREER R R AR AL EJ 825 T SCD BI&R i
Hl, {EXF R MmN/ MRIEKTEASE SCD HBXH LEF
BERBVEIER R, H—AHENMMm/ MrZY8IIE
Ridid, ERASMIRERERECEN,

Sparkenbaugh E, Pawlinski R. Interplay between
coagulation and vascular inflammation in sickle

cell disease. Br J Haematol. 2013 Jul;162(1):3-14.

wE

TRAREFRERE LHNEETENRR, JSHE 158
BEMAREERG, BAMIABERACNMNERERR
RARFREEEZHZL, BANMRAMNMNERE
NWEEMRIIEEHHINRT. BERSEHRAER
NE—TEERE, ERBEREMINIRMERASE
TSR, BRHESEIEERE, BMA &5 RmerF
RIERE, MESKERFNMEXESIEXE, &X
BT HRARRNE OEMRMBENER, WTET
AR MBACERETENS], HEM T IEEREXENSIME
RAAEEERRAR R

Shah N, Thornburg C, Telen MJ, Ortel TL.
Characterization of the hypercoagulable state in
patients with sickle cell disease. Thromb Res. 2012
Nov;130(5):e241-245.

mE

HR. HRAEK (SCD) MREEEFEERM, #@
R HIHERBEAGHENZ RS,

B8V R BEROERN BRhiieaE (CAT) #D- —8
AR5 SCD HR R MBBRYAE A 5 IR PRERBIME X 1o

BE/FFE ZARERT 51 HIMAEH SAEFESE,
HBoRAmEREERZN (VOC) ABx (n=34) ,

BARFRERSHEZHMEZ (h=37) . 20 flEE
7£ VOC M T RS Hhim, Lb#E A8 CAT # D- —



20.

BRIATIHE, WELFEIRKRITRENR M EFFER
MZE PR BERFIHEBHIT TR, RALMEOTT
HERRMAMAAE) IR EBEEZMZEY (TCD) EEMN
EESE

£ER: VOC 835 D- “BR{TEYE Q743+3118ng/ml) &
ESTRERS TR FIYME (1151 £ 802 p < 0.0001) o
B CAT WRESRESMBERSH RS E RN
BERNESTMBEEFEEEEER, BEFHIRRIER
MmESER{I (1381 + 295 nM vs. 923 + 316, p < 0.0001)
MR MBS E R IE{E (284 + 9 vs.223 + 18, p = 0.0002),
ERAF, ERERNFHELEEZER. AW,
E)LERER, TCOREMNEMERERSH D- =
Bk ("=0.32, p=1002) REME- FRNBEES
¥ (r’=0.28, p=0.04) %,

20 EREEYEIX S VOC #iEIR) SCD £&, B5
HFEMIRRRE T X,

Tomer A, Harker LA, Kasey S, Eckman JR.
Thrombogenesis in sickle cell disease. J Lab Clin
Med. 2001 Jun;137(6):398-407.

HE

EEY 33 £ BB HRAMAE (SCD) MZiHE, 1 BE
KR, 2 2ELTEEH, 510 R EEXWRAMEL,
FETARNMEEREE NE (1) m/MMRREE
&, RAAEARITEFUESE o iy B o & (GPIIb/
Illa, CD4la) #0P-#%$EZ (CD62p) W9FKX; (2) m
IMRFIALARRRE(R DS, RAMBEANEZCA T
(Fva) #0annexin VH44E; (3) MEIM/NMRIFRE
DWEBMNMREF 4 (PF4) # p- Mi2IKEH (betaTG)
KFE; (4) MEFBRMEEEMMEY. BRIBERELA
EY (F1+2) FDEmEs : UgmEsE &Y (TAT) ; (5)
3. D- _RENFARANNEGEY A EE
S5 (PAP) , 5XBRAMELL, SCD BERTIHEE
IVMRIEEZEIEM (p <001, PiEEFEZRM annexin
VHEES) , M3 PF4 F0 betaTG /K EFE (53515 p
<0.01, p<0.03) , M3 F1+2, TAT. PAP, D- _E
& (p<0.05) , 7£ SCD & R FHAIE), STAERBHAMALL,
M/RGEREEI (p <001, SHTEUEEZ oy B @
SZRF PR RMRIA LI FVa l annexin V HIZEHR)
AR REEEME (p <0.01XFF FVa # annexin V
WEE) , BIFREIM/NRMAL (3% ~ 30%; p <
0.001) ., SCD & & E5 MK F1+2, TAT. PAP #l D-
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21.

22.

IMPROVE REVIEW B4R -0

ZRIOKFEASEX (5FERIMEL p<0.05) o &
FBRPRES TR MRIRESE LR (r = 0.61,
p < 0.05) MMMLFAZMFAS (r=074, p<0.01) 48
*o MEARBES T —RERBAIENEEIZRER (r
=-0.50, p<0.05) . Ak, FTEIK SCD EHERIMEIF
SM I/ NMREN. RS RIS AT HIAMR,
AR A VERTIE N, XL 40 AT AT R AV 4R

—REE R ERIEIFREYIA), MR RIS AR & 1
SCD &K@ R EBT 2,

XLEiE

Sparkenbaugh E, Pawlinski R. Interplay between
coagulation and vascular inflammation in sickle

cell disease. Br J Haematol. 2013 Jul;162(1):3-14.

mE

FRARBRERE LREEEMRR, ISESD
BRAIER . RAMAMMBBREMERERHRK
MPFHRIEEEFZL, ERMIER MMM ERTH
EZURIAEREIIINR. BERSEHRAMBKBENS
— P EERE, ERAAENINERMBZAHENTS
8. HREZHEERA, BROFNXZ T RMmigH L
i, BR3IRSIERFEXNMERIE. AXEGRT %
WP ME RAEMBRMBUENER, 1187 RMES
BOETENG, HEETIEERAXENS MERERE
TERRERZRZE R

Gerotziafas GT, Van Dreden P, Chaari M, Galea V,
et al. The acceleration of the propagation phase of
thrombin generation in patients with steady-state
sickle cell disease is associated with circulating
erythrocyte-derived microparticles, Thromb.
Haemost. 2012 Jun;107(6):1044-1052.

HE

FIRABF (SCD) SmEMEX, HIFHIRIMER
TREYRL (Ed-MPs) JRER. #A, & MmAARRIRAY
AR A 4 AT RV I R ER. BIPH TR
75 SCD B&EPFIRERMEEER (TC) SMESLIAMM
I/ MRSEFRR (Ed-MPs 1 Pd-MPs) SREHEXHZ
o FATEFZT 92 IFa7 SCD £, Hrh 19 fifEHE
BHRAaT, UKk 30 fIEHMERILENEENME TG
HRUEN BRI IE R T b, FRINAMMR AR NEEASH: 2
e (PS) FREMARKIAN Ed-MP Fl Pd-MP, [M3Z+1E
JR B B AR M ST 14 885T. Procoag-PPL AT (., MRE M
FhMmgEATEAMMAIEAKE, UMMM
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23.

24.

LUTHIITER. JIFRERCATH SCD BENFHIREE
IRAY TG E3BMER, X5 Ed-MP/PS+IREMRRX, BE

BITHEE TG &M, B2, B Ed-MP/PS +IK5h
B9 TG HEIERANNERIRA SCD & RMEEN T BHE,
BRENRATT, BT IETA MK A] PR Ed-MPs 15555

MESRYAERL, Mits%ERIEERIZHT SCO BESENRE
MR ETAENEETA,

Amin C, Adam S, Mooberry MJ, Kutlar A, et
al. Coagulation activation in sickle cell trait:
an exploratory study. Br. J. Haematol. 2015
Nov;171(4):638-646.

HE

RIENTHTRF RS TRRARIHE (HbAS; AS) 2
kMt ENRBRAR, RITEEERHFTHES AS
WEERZHERTTRRMERAR, UHERSHEEEM
BRI EEN, MREFE, 2HANESET XH
K& MAARK 18 BRERRNAS BES 22 BMAE
BESMIENEFEEA (HbAA; AA) K 17 flBE %
WREBREZER (HDSS; SS) HIBABITIEL, AS B& M
RRMES - FURMESE ¥ D- ZBAUKFEAEX T AA
BEES (p=00385Fp=0017) , IEMFHAAIABEE,
SSEL AAES (p<0.0001) . 7£ AAF AS ZixE M,
/MR ERZ B MR AR MBS T AX 93, TITE SS &
AP UIRR R RSB AEH T RRHIERE (p<
0.0001) , SS4H5 AA AL MABLRFFHE (p=
0.005) , B AAHS ASATER, MEHIALRAF
EMEASHLEEEAS (p=0051) , BESSHS
AAEBLLBAEFAS (p=0.004) o ATIELRX—HE
MANLER, TREWESEGHRARBFENZINE
BHAHITHIR.

Yee DL, Edwards RM, Mueller BU, Teruya
J. Thromboelastographic and hemostatic
characteristics in pediatric patients with
sickle cell disease. Arch. Pathol. Lab. 2005
Jun;129(6):760-765.
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25.

mE

B BRARKERERAESMMERE, XEERT
BEESRMAREER X, MigRHEMNLHEITHZ
RLIBYTHEE, HEIEPATERBIRRIFRE NS SRS
B—LE1ER, ERARXIHRIRARKRSE HIT R,

B8Y: HRHRARREEERERSNEBLIE R M
R NERGER, BXEERSREWRANS R
ITHRR, HRXLEERS EMNERE M SEHAEXE,

®it EXTUEETERATF, RI1RF T 46 HIHIKA
fEmBE G5HIMmAERSS, 7HMmIER SC, 44
METERA S-pMAEERM) M 20 FIfEERNRAMIEES
EMEMREDBIE SEREBELAFEHT (h=41) &
RAMFBBENINMIZE (=5 ,

R S)RAMLE, MAER SS BEN RV ERE,
MmiEAERGHABE. RAIRBNEREMESRRS. SC
B[ENMAZAAE. RAIRBHENESYS TR
Ho MAFA S BRMBESYRAMLLTEE
ER. SEZXHTHMIER SS BEMBLL, LHR
HARBHNMAER SS BE B ARIEM S MK
10,

it FRARRREEMERIEMEPRIEBEN
BERS, REREIATRRARARNER, 57
BERRIERR. N7 780 WG AR 3% E R BT TN
RARBFARELERA, FEWZBERFRER
R, LURNER. BHONRER KRS MR,

Whelihan MF, Lim MY, Mooberry MJ, Piegore
MG, et al. Thrombin generation and cell-
dependent hypercoagulability in sickle cell disease,
J. Thromb. Haemost. 2016 Oct;14(10):1941-1952.

HE

RARMEFRARER SRR IR — g S RS,
RMENERTENFHS, EERRARKBERENDL
RKpgErE. 2MRMBNERSIMARBERLR
BREEZHEX. REMERQ SRZNERTRERER
S STRRAABES. BT R Hillery B X HRRAARYS
/NRAREL Y AN [ B R IEAYITIE,

B4 4R (SCD) B—MEkRES, AR5
BRMBEMEMENMS e EEHEREREM, AT,

REMKMEFAREINEMES - BMEEES4F D- —
RAFtE, BXF SCD BE MK At MEsE RBYEFIG



26.

NBERE, BREILTHIR. BFRNSENNE, E
B4 (RBC) FEIF2mMARMESHAER, HIMR
RIMEREVAR D (THRR AR ZERNIA
f8) BBhTF SCD HUEEMEGAI 4 Ao Ffi I 25 A “Fa
TEIRZ” SCD HBEFM 25 Hf2 R IE ILECXY FRAV M R 1
F#T2MMBRMEEERNE. LRIEHES SCD ite
MRMESREREEAS, MIMRERMEBNERSE
AR RMER. < ARTHE, 2MAMMREMIH
FERSIAR ENBERLSREENEX. EINR
MENER C A AMEMEETERFENBRT, o
FRMBSHYERLE R SCD HER C/S HUERRAYRE,
XLERATS SCD RIRER STEMEEERFEMEX,
MIRER SEM SRR LERER2NEX.
5T SCD BEAMBIEM LI RABRIRNS RGN
ERSMRZAER, s, XLEHIERA SCD FEEME
ERSHREX (MAERET RBC BiEHLAR) |
XA LR 2 MR mEERAS.

Wijnberge M, Parmar K, Kesse-Adu R, Howard
J, et al. The utility of thromboelastography

and thrombin generation in assessing the
prothrombotic state of adults with sickle cell
disease. Thromb Res. 2017 Oct;158:113-120.

HE

515 BR{EIASNAREA SCD FRIEM SRS, it
FBERRARMEAELRE (VOC) WRIEEEHR
FERm. XTROBERNARSTETHET BNES
R EFRHARF, RINVENRITEMELE SCD BES
R BRXTBR LA LA K IR [F] SCD L 2B A9 I M4 e i AR 1
(TEG) FmKKEEMIEME (CAT) -

MBI E: XA ERRR A, X 77 ZRF (18
~66%) SCD ##E (HbSS # HbSB) #0122 2 {E2REXTER
& (HbAA) KIITIRER2h MR AN 3#17 T TEG A 1pM
TF 85E CAT 42,

LERMLIL: SCD 5FE TEG B3 Mie 2 AU S48
X, CAT £ R 87R, SCD fh CAT B LRI A SRR
&, HRIRERBERE, RERHRS, BTEELE
", SHEANRERNEEE (ETP) KT REENER
4H, TEG AN ET, VOC HAjal Ay M e ARS8
FRARMEATTEE, SCDEILAE CAT ST FER,
IR REA, TEG BERIFHER SCD WML AUIRTS
FHIET SCD W R T 2D SR T IR P A9 4HRe
B9y, TX RAEFE 2 Mnie M Nz,
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27.

28.

IMPROVE REVIEW EZ#$3%E - 103053

Perrotta S, Gallagher PG, Mohandas N.
Hereditary spherocytosis. Lancet. 2008 Oct
18;372(9647):1411-1426.

i

B MK A AMRIE SIER — i E WAEE HER, H
FERA M. BEMEMK, ERE, ERILERMmSH
MEPRELNEEERM. RK™EEERTEN,
REHBERRFHARIEEMMER M. —EATER,
MAa—EABFENAMERM, FRHEM. BEEEX
FARESENRAFEREREROIREL, BFEE
B#EEA. w3 IEEA. o EEAREA 4.2 A,
SBTWRENFR. EREXLEEANERFELLR
MTHSMINRE; BROREIEIKTZARE S ER
RREERBE. FHKFAEERIENRFHERIMR
I, ERXMERFPANNTIEZRE. BLNHRER
FERE. AmMELENBERRLERER. BIKRAZES
TRV S, EBREFETEXATLET T

Seregina EA, Poletaev AV, Bondar EV, Vuimo
TA, et al. The hemostasis system in children with
hereditary spherocytosis. Thromb Res. 2019
Apr;176:11-17.

HE

B BENNTAARESE (HS) BEMNFERM
1EFZBRBIXBLIE N, MieH RAERNFHRNEEATEEL
EEILES, FRREFARRE. BRRSHESANE
SHX.

B8 RARMENEEASIERMNEEMR HS
B LBVBR MRS

Fik: EFARMAYE (APTT, TTHIPR) , FARHR
# D- ZRUAKFLU R M2 AE (TEG) MMigsA%¥

(TD) MERF(E 62 ZEBFHSH)LE 38ZBZM
24 Btz FUEEL 05 E 17 %) MRIMRE. S5
ERARE 102 ZEER) L EWRATEH,

X#EEE | Article Abstract Collection [ 17



IMPROVE MEDICAL PHEEFT

29.

30.

#R: 5348RA4EL, HS 2) LK TEG F1 TD S ¥ (60
+5mmyvs. 53 £ 4 mm, TEG fRAHRIE p < 0.05; 28 +3
pm/min vs. 24 + 2 pm/min, TD BIREKIRE p<0.05) ,
APTT, TTRIPREZEFFEE, HS BEN RN 24: BMh
BR4A (284 MEBMBRA (344l . SREHS
BiELL, AMBKEAEA TEG 1 TD SEM (62 +
5 mm vs. 57 £ 4 mm, TEG B&AHRIE p <0.05; 31 +4 um/
min vs. 26 + 3 ym/min, TD R4 EE p <0.05) , 4
FZHS BEND- ZEBAKEAS, WEARET REE.
S53RRAEMEL, HS BEMNAETHFEKFRE (2.1
0.4 mg/ml 5 2.6 + 0.4 mg/ml, p<0.05) , FZARYE
MRERYESETEN,

it ex32RMmiAie TEG M TD 87 HS BENFEIR
o EEHBMMRERIEE FINSEEENRRIMEHT Lo

Berntorp E, Fischer K, Hart DP, Mancuso ME, et
al. Haemophilia. Nat Rev Dis Primers. 2021 Jun
24;7(1):45.

HE

MmAs% A M B BFELHERMERM x E8ERK, 258
BIEF VIN (FVHD 311X (FIX) BRZ5l#E. HEFEN
FEERERRAT FVII 5 FIX K FRIREE, XZMEE
XERFHEERNBRRELE (558 F8FF9) R
ER. HEMIRKREE, B REREETHTELR
th, B (BRSEMAE) #ANTEXT, MERXT.
BREMNXT, XTRSBEXTHRENRE. MAHM
AR mMAEIERERER, HE 20 42 60 £,
BEFHLA30F, BE, WXMERKRNERNRESHE
FHLEERREAZRNERETHNRRSH T ELR
XHWEZ, SR, IRFBEFTUIF—NIFEEN
TG e EERE. AT, XENEFRNEIHIEE
BEFARNARELE —BDBEFTERRNEEER,
&E, AMIAFRNERSTEENFEEHRE, ATk
RIRAEA I,

Veldman A, Hoffman M, Ehrenforth S. New
insights into the coagulation system and
implications for new therapeutic options with
recombinant factor VIla. Curr Med Chem. 2003
May;10(10):797-811.

HE

R IM AR BX A 42 SRR B A — i B AR AR 0 BBt B9 6 1
REUFRENA, XFREGRFERNERS /MR, REH
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31

MR AR REEE(ER. RIBERIAIEIR, (b
EHOESRGERENALRT (TF) MEFRLRFE
ZFEENERRTF (F) VI (FVIla) ZEINE SRR
RSIEMN, TF- FVIla E&Y7E TF AH BT LB FXE
# FXa, fAfS FXa R IEs/R (FI) 30E 795 MEs
(Flla) . XBRHBEBAVEMESZEE FVII, FV, FXIA
M/MRe ERMESECER M/ MRAEM TR, BRBEHER
EBTTAERE, XEF AT R S & A FE R IRIR,
BIE FVIlla Ml FIXa, BIMEERTEEHREZN NS
HER, FOERE FXIINFEER, URRNEERE
AT QARG (TAFD) . AEZERNEHER
RIUVRE T B MBS T2 AR B2 R MBS A R AV IR, 3
DERRMEBREAEE. REMNFHEZA L MIRATY
BN, MALZEANRARE RO RS MAIAERN.
BT RMEERELNSEABNLEENER, E5
MESTEARSZIRMIERT, L85 MmEs 4 A rIZ5 71 ER
AR CBALEDF " — X—RIBEERNA
FEHENFVIL, BHEMRT Vila RIHEFT L
HAERTFIRFEBENFATRHMA (EBY AT R
FIFI LI AR FVIIBE FIX (RIGMELAR) BSHHE
BB EMNB MR, BT rFVIla BREFIEIRS TEK
/MR ERRMEERIAERL, BIFRREA rFVIla rTEEEEY
FREHM S RENEERZTROBERTHLEL B
ROBIBMFARRIEL 7X—, KA rFVila §EMZIZHI M
NIRORLMIE SR /R T BE TR I 2B 2 LUK R TR FE R L R S
BB FHRH L,

Hoffman M, Monroe DM 3rd. A cell-based
model of hemostasis. Thromb Haemost. 2001
Jun;85(6):958-965.

mE

EHRMNMFZEMTEENAREM” L, RITALRT—
MEREIMER, FZM5RE BT AR MMM
IEAHGL. REME, XFIEnNERMANARE
BERRNRFEETFHX—IE, ARIERE—1E
BREMA2aRNERE, RESGMAEERESAR, |
e, AW T —MRER, HAgimZmARKREmpIE
BUET, XAMMEERE T RMEDSERRZENE
2. Fit, BiERLIREBAMNARELEmF R
URIRFERRENER, XEUATENNRERZ EIME,
BIVARBRONEERZE— “REK” , MER=Z1ES
BINER; (1) EIAMER, RAEEABARRE T,
(2) 418, BOEIVMRAEEBIETF, AAMES~ER D
EeEaE A, (3) MK, BMIV/MRRES~EARE R MES,



32.

33.

XMEFHARNKRRET —LEUEQRARORE
RE SRRV AR M A,

Sarensen B, Ingerslev J. Thromboelastography and
recombinant factor VIla-hemophilia and beyond.
Semin Hematol. 2004 Jan;41(1 Suppl 1):140-144.

mE

miz¥AE (TEG) iBRT2M (WB) BRERNELEE,
AATFIHELEMEYEIMR, WMEALAREF VII (FVIa) o
HNHEBEF R T —MEITH TEG 2, BIEHE
HRRFHBERENESAIE, HERZAETME
rFVIaTEMAFEREMPBLEZ AL R KIEHF (VKA)
MmieFpIRYBREPBIER. B 7 HNARNEHER,
XUEELERROA, £ rFVIla EREENIERER T, @
TEG IERRSNEEHN LIRS IRRERE X

Chitlur M, Sorensen B, Rivard GE, Young G, et
al. Standardization of thromboelastography: a
report from the TEG-ROTEM working group.
Haemophilia. 2011 May;17(3):532-537.

HE

N8R, —EFERmERMAE (WPTHIPTT) X
HMBEFHITRIE TG, RITORMSENE—F T
RIS T ARAA S I/ MR, SRR R AR R IR
BEEM. W—MEBUE “2m WAXHERIL
MRMER, BETROAKRNERME, XSHTA
(1% 8 L Bl 2 Bl AT I A A 5E8 14 PR AR S A M 75 S Y B8 A3
Hl, REF—EHREAMSHEMEREG, ENARE
—MARIE, RARAEEEIREN. AT ERER
MiskEEM RGN ES M —E, REFRERN—
BRRAREFHILT TEG-ROTEM L{E4H, FIEFR
fEF PRP #1 FVII ERFR MR A ATER RS #IT. &
MR T iSRRI R G E LI E — DAL R,
ERIZEARRNEE [TEG® #1 ROTEM®] #MiER, X
BEHREEN INERESSTXIMAR, ERETE
BWEEAEREE, CVAT 10%, BRAXLLERHFRS
AR, BXRINENEZAENE—RES, RGP
SRUENTEEMFENEABIEEM. XERRIE
PRP Li#1THY, HTE L MEA BitiTEY, LR OTREE A1 2o
BIEESHEXMTERRERN, XHERITMET LR
SR IS A 4 AR 45 7 B LA 44 2 AR T4 AR 8978 AR D
BTN Ao
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34.

35.

IMPROVE REVIEW B4R -0

Salinas V, Carmona R, Mohammed BM, Martin
EJ, et al. Is some better than none: are TEG and
TGA profiles different in severe FVIII-deficient
patients with inhibitors? Haemophilia. 2015
May;21(3):398-404.

HE

FEMEF VI (FVI) RZEBE, TIEEL FVIILD
HIFI, EBREEET FVIIKFREK S, FVII TR T
1% WRAFKFEERN. MM™E FVIIERIE, JEHHEIF
BEBFVII < 1%, AIRERBAR N EMNHREFEM,
R, IEIFIEER FVIIE, oSS HERFVII
JE. BN ERIMEMAEMEG (TEG) FEMES
ERIRK (TGA) BEBX S FVIII < 1% BIBEIMAHT
IOXN FVIIDEIR, EZ BRI TEG Ml TGA BF
RETE X 43 FVIN &I FI TFERI AR F TR E FVII EREE
BE, REBRER TEG f TCA 5HMTHXEK, X
TNRMEAARNERERE (n=15) ( ™EFVIIRE
£E (n=15) MEMIDHIFIF™E FVINERESE (n
= 15) #1777 TEG Fl TGA, Bl 13EA TEG EX S
JEHNEIFAARIIN ST R )2 RZBSIE) (5351079 31.3 min vs.
120 min, p = 0.004) FEhAFEE (55179 6.1 min vs.
23.1min, p=0.028) AERF. ESMENEKRREEH
ESHEIFIR, ALRTHOEN TEG FREXHEH, TGA
FEEX DB MBSISE. MR R MESE RS EEY
i&l, TEG #1 TGA SEMHMETHEXM, Sl TEN
B TEG, MAR TGA, FJUEBHEFMHFIN™E
FVII BRPREE Z A5 b, XERNEE LIS M=
BRI M,

Tarandovskiy 1D, Balandina AN, Kopylov

KG, Konyashina NI, et al. Investigation of the
phenotype heterogeneity in severe hemophilia A
using thromboelastography, thrombin generation,
and thrombodynamics. Thromb Res. 2013
Jun;131(6):e274-280.

HE

HR IRFEA (HA) BEEFHEMUBETF VI KE,
AIRMEAENHDAR, [FBIZ, 10% ~ 15% W=E
HA 23 [FVIII: C<1IUAL (-1) ] REEEHAT,
SRR M IR0 AT LUEE B AN AR 53X Fh « 1R 7 i
RE, EXE, BRIHART ARG DR RE,
ERAEFRBM IR MmN,
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36.

MESAE: EEL10 Gl HA EER™E RN 1161
HA BEHRERE, SE M EE, NEMmig#HE (TE) .
mizhH%E (TD) MEIE WAL R FiFE S B MmES
£/ (TG) » HAEM/MRIE (PRP) wh, LFmEs4E
FRER B A NMERT, ERRITRRMES S ERR
TG, LLRIMIMITTREE, XEUATFI/IMREME, BATMA
miEHER, AR TGHM TD,

£5R: PRP TG WE T IEEREMETP REREHMEE
(41.6 £3.5nM, ETP 1966 + 169 nM* min) BAE ST &
EHImEE (28.3+3.3nM, ETP 1359 + 130 nM* min)
By ME—$EATo

e HABYERKPA, 7£ PRP fhid@d TG £ A] LUK
NEERE HA RE, RRVMEENERTESS
REBIIRL. RIBENZAIBARER, FATRTLEN
R ZBEEINGE 5 RIAPSHIVMRA S TCE X,

Bowyer AE, Van Veen JJ, Goodeve AC, Kitchen S,
Makris M. Specific and global coagulation assays

in the diagnosis of discrepant mild hemophilia A.
Haematologica. 2013;98(12):1980-1987.

HE

BRIEFRMEHAEE T LUEE = M7 ARNE: —
BEmERNIPRNEEIRKN. TIERABMHAL, K
SHRE A RMAREENAT VIIEEZERN. A
m, K£930% WEERRENAEMNENEHF VI E
MEEEZEER. FAMARWENZRAETRITPOENES
WEER, THMEERIEFIFEF VI FENENT M,
HATERENRRK A PERTEIXFN 84 BREMN
RBiE A BEFHITEF VIIEENE. NEESBEXR
—MEN_—MERIMINEERNREREANER. #
1ThERE AR S M RN ROE B RN MASIER. 31% B MA
WNERFEER, 12% WRESEEMRIK, 19% 89—
BUREMERMR. RETEEBEMMENERERITN.
SERBFIIAR— M ESENERRMEENIRG. @I
1S E5A N IR RSB IRE, RERN B
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37.

38.

EXXRRNBRNEEITEINGR. BainEwE
FRBEXBTIZREMRRE A BN ARE, —
LREBARFIRINNER. ERIIOARSD, 4% 98
FEEBMBRAF VI NREM B BRI HE, =
BEFISHAIRRRB AR A BB BRI ER—H
MEE (FHFWHA) 1k,

van Veen JJ, Gatt A, Bowyer AE, Cooper PC, et al.
Calibrated automated thrombin generation and
modified thromboelastometry in haemophilia A.
Thromb Res. 2009;123(6):895-901.

HE

BR BEEMIRIEA GG SR MINGES Mk RRE
BOAE K M BT XL BLIERUAE B BN ERMNES 2 A 73 4 (CAT)
MERRARREFHMANSHEMEEENEZ RE
FVII: COKFARMN, (EFETTAMEEEMARMAZ R
ENFIRMESENTTLN, HRENERENETH
F. BRENMEEENELIETERRTEEMS
EmnkHEEE. IKFNEEEE TFERE 1R) E
AEXMRETHATEREEalgRE, BERS
RET (5 um) B34 FVII8UER, HRZE LGeRY
AR FRUERING], 2B ERXNBILLRMT TF RER
RiE, EREMARFEHNmMEEENENEIEES
PREY,

FE EARMRS, RIJELRT 57 fIREZAFHIM
RHBBEMALOETTENNERREETF 1 R/M5 R
PR MBSAE R, FRATIEIET 29 MR w A B&EBIM
15N SR BUR I,

HRE5E: IRBBESIER A CAT £5I8EHRLT;
FVIII: C 5 ETP/ BEERFNMEXM. HMNLM, 5
TF5 AL, FF1ISMNUESERERY, BLM
AT 126, MENENERE, THBEMEMm. $E
Y23 E AR I A% A BISURIE/NTF CAT, BE
MNEXEF/RTFEENTERE, FEEAMENHAR
BRI S GRS RAEXE.

Al Hawaj MA, Martin EJ, Venitz J, Barrett JC,
et al. Monitoring rFVIII prophylaxis dosing
using global haemostasis assays. Haemophilia.
2013;19(3):409-414.

mE

ZHARF VIN (FVIN) FpsREm EmARm [ (FVIIL



39.

40.

C<1lUdL (-1) ] BEBEAXRPERE [ (FVII: C>
11UdL (-1) 1, #Am, M3 FVII: C REERGFHFTN
HIREE, AARERMEEAE MG (TEG) FkRM
BSERRIRIG (TGA) X 48 /NBY rRVIIL 1 HA B9 % i
72k, 10 fliEKRENREFTFEN=EMRFEEES
THARAE RV FARRFIE, HIE 48h [FR1MM. MESHE
FERBFE =AY FVIL : C. TEG, TGA, Xf FVII: Ci#fT
HRmHFE (PK) MLeBHRNSHRZEEXED .
FVIII : CPKBES XEk—L FVII | C5 TEG K R-time,
APTT Z1EEEMX (p<0001) , FVIII: C5 TGA I#
. ETP 5SRESHENEFEEEEMEX (p<0001) , 7
24 0\BFEY, REFVII: CH#A 13.01UdL (1) ,

{B TEG 224714, TGAXTFVII: C < 11U dL
(-1) BIEU, BRER™EHIMRER TCA SR HEMK.

FVIII: C5 TEG, TGA BREH*M, TEG £ 48 /By
RERYE, T TCARH. HIFERMRIERTRAE
HEHIEE S AT LA TR (FVII MAMETR 5 2.

Chitlur M, Rivard GE, Lillicrap D, Mann

K, et al. Recommendations for performing
thromboelastography/thromboelastometry in
hemophilia: communication from the SSC of the
ISTH. J Thromb Haemost. 2014 Jan;12(1):103-
106.

mE

RIS RERED. RAMFIF. MABMARARZ
EEZEEFER. RmTEEFEMREN, i
BRFKTE, M/MREEMIIEE. &if, EMARH
R, ARSI G ie s B 23 12/ b 75 5%
RSRARRE,  MA2 58 ) E AT LU iR SR AZ Bl A2
REMRGRET L, AXNET H ISTH-SSC WP 7 1ie
EAOEMVEN S B RN REE R NBHEETT .

Zufferey A, Kapur R, Semple JW. Pathogenesis
and Therapeutic Mechanisms in Immune
Thrombocytopenia (ITP). J Clin Med. 2017 Feb
9;6(2):16.

RE
RERZBEIM/NMURE (ITP) B—MEXNBES %
BIER, HEREM/IMRITEED. REFUEANSM

/8 T ARNSHMRFHEX#IE, BITPH
RHENEDRBER. S, MAIAA T 4BEIHR5. A
EFREMNBRESUNIERARERE, BITRBEEMR
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41.

42.
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ExpDIEMFENMNMREE, MABEIERM/R
e, —HRTNETIG B S A EMMmIMREE,
“Honrr iR REIGIAY), MZE SMETIRAR.
RE, Z8ATEERMEZARSE MR, XELR
RITIET ITP WRIB A IB R U R RRIRETT A Nl 72
WA & AL

Rodeghiero F, Stasi R, Gernsheimer T, Michel M,
et al. Standardization of terminology, definitions
and outcome criteria in immune thrombocytopenic
purpura of adults and children: report from an
international working group. Blood. 2009 Mar
12;113(11):2386-2393.

mE

RRREEIM/NMURE (ITP) MIZHFATERRK
RELMAKBTIERZ LEIRMME, mMAEXEE
RE2IRFRIRILHIETE, SRR EEIEHTT
AIREENMH— P EBEREIIE LRI REEE X,
HERIMEMARBRZHIR, b, BMSINHEETH
(BNt R E R ERZEEF) MelFaTrA (F
9%t CD 20 $71ff) LUK, XEERIGRIAIEHIT R 2EE
Mo AT FRXLER—H, —MEIINNIGKREREAR
WEFR TIEAB T 7 /98 2 RNEM LAY (Vicenza 3%
AEW) , UENXERM ITP MARERIBRNEX RER
EMEMTEREDRITE, URIGKEEXWERMN
[EIR7, XLEHIRATAER E X AT B FH R M IR IR 3 3 PA
PR, RAXERNEEHTREMRARZENA
B, I’ElRKARZ BRI, REEESTIET
ERMEIE, HAEETREIREMIESR

Bolton-Maggs P. Severe bleeding in idiopathic
thrombocytopenic purpura[J] J Pediatr Hematol
Oncol. 2003;25 Suppl 1:547-51.

HE

JIERZEE IR/ MEER M RIEBREER,
REM/MRITEIFBME, ERIOHLR™ELHD. JLHHE
BRHE, RE % HELHN)LEHITELM, RER
HHMBUBEFHERE. XL/ EFEZEHEE
RITHIHM, ©ENFERMAMZYAT RS/
Wit HHENMNBEFEREN. 2AMA LM

ERSARBRTENHLE, BERLR, ££40.3%
BREBIRRE, MRNETEBESE RIFHNLG
A MM Z BIEAT R —EEMMHE, EFEARE
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43.

44.

ENTBEIRK ERHMBER. BEYXEEES)LED
IMRITERIEERAYBS R KEMIE 0. EfRZIELARKHE
BFREERXLEERHFINESZERE. ARHMNE
HEVEFRTENRD, IRRFESFHNSGER
=H B ZBHNERE.

Kannan M, Saxena R. Glanzmann's
thrombasthenia: an overview. Clin Appl Thromb
Hemost. 2009 Mar-Apr;15(2):152-165.

wE

Glanzmann /MR ESE (GT) B—FI/ N RINEEGRE
BB RGBSR F I M RER. XMERNRSE
AR 2 E B ENFIA T ER D / R Z /MRS, GT
PR MAEEESH I, B, FiREm. SEHm.
mpR. BE3LFMXTRAMM, GPIIb 1 GPllla £RFE Y
HEHEALERESH GT, 7£ GPlIb ] GPIlla RE
SHAHEBURREM GT BE, AIAEEERIXIHENE
HE REBT TG, CT EREMSXRR XL
MEFEABERLRERS, GIMNENEA. FRAA. #
Rt AA. EB#EIBML BRhA AU EAE S L
Ao GT B AN FIEHIREEM ANERRER.
BRINIET LUBE & B RO B R R S 1TRE M.

Ahammad J, Kamath A, Shastry S, Chitlur

M, Kurien A. Clinico-hematological and
thromboelastographic profiles in glanzmann's
thrombasthenia. Blood Coagul Fibrinolysis. 2020
Jan;31(1):29-34.

HE

Glanzmann [f1/)\iR 75 77 fiE 5@ — F 28 D0 A8 % 14 L 1 14 5
75, HEBI2MM/VR EEE A b/l SAMRE R
ERESHTNERSE. BAXREAEERIANZIZH
Glanzmann [f/)\MRFEFJER ST E, Mi2#7E (TEG)

E—MEENRMIRLE, sDUSERF. BHRR L
FAHEE B, RARIFEET Glanzmann f/\MRFE FIE
LBEMIRKR. RIEM TEG 451E, 7E 11 & Glanzmann
MNMRESERES, EFRiER AR LEmhE T
ETEMEHMTS. 28 Glanzmann /iR T F7ERISE
B=MIAM TEG ZHMEX, ¥ 17 BHMITHEENS
S5EEANR, FEEENHMITSIEM, HimiFs
BEME—RMELNE 26) , MREITH @) 2H
ZRE1FHILE, KZHTEG 88 (REFERIN 1E
Glanzmann [f1/MR T F7E & & A3 R4 2 (8] B/R H e it
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45.

46.

2 FHEZEER (KBE): p<0.001,Angle fE: p <0.001,
RAMRIE: p<0001) , EREAEEMENTHNE
79 23 53%h, FifE Glanzmann [/ MR /E B E K RAIR
BB EMRK, TR 209 2K (BFBE 44 ~682K) ,
U7 100%, Glanzmann I/ \iR T D ERY 44858 17
ETRRARBRFERME. Bt m/VMRIHEES. Hi
TN EZE. e EREKMRAIRIBEEATAEW AIEL
i Glanzmann /MR SIERIH HiEo

Bao HX, Du J, Chen BY, Wang Y. The role of
thromboelastography in predicting hemorrhage
risk in patients with leukemia. Medicine
(Baltimore). 2018 Mar;97(13):e0137.

mE

AR SELL R NE (TEG) MM ERM A ETE
TN A (55 28 2 R XU R BT 30 4NN 226 IS 1R
NAMBNEE, SNHMAMIEHMA, FFEEEY
REMBEABFT TEG Wi, LUNE /R FZATE] (R B a]) |
Angle IR AIRIE (MA) LURNE /) vMRiT4L (PLT) |
RIS R BT 1B A B0 2R 9 SR B RGBT A1 B & A H M=
i1TRE . Z T8 R, PLT [{35EL (OR) = 0.993]
M MA (OR=0.921) S5HMAIEXEELT, Zid
EILERE (ROC) 73473REA, PLT #1 MA (AUC = 0.824)
RIE S X MR LRI TN F 2 EEF PLT [ I& T E
1 (AUC) =0.730] 3k MA (AUC =0.819) , TEG F1f%
SRR 7 5 B A FE B PP A P 2B B9 HE RS

Apelseth TO, Bruserud O, Wentzel-Larsen
T, Hervig T. Therapeutic efficacy of platelet
transfusion in patients with acute leukemia:
an evaluation of methods. Transfusion. 2010
Apr;50(4):766-775.

HE

HE: /MR (PLT) $ERIERMSRER PLTSES (PLT
MEMTFEE) MINEENNEREN, EXMATH, K
ITPMEF L3R T RAT 24 A R T 5 A M/ ik
BMEEEN RN SR,

ARG E: ART 40 %5 (28 FEMMS 5T
LRERSTAN 122 MR IR ICE N A P R BRI PLT SR ™) o
FERIMATZ BRI PC Bi8, 7EHIML 1 /1\BSF0 24 /B,

MR D BEURER A, BT PLT 1B MmieES
(TEG) &, Tkt miTHFimMmiaEs (7)) . &
i Spearman AKX ME DT IR, ERBEMNRE DT



47.

SR B EF PC L&,

ZR: PLT &, BEENEMKRREXES PLT REHE
*, B5PLT 75E% (83 ITI)  TEG kIR EME
*o BHMEPLT FERHMEX, BREMPLT &, 1
/NBSAD 24 NBSJS, 7E PLT SE/IROME R UK PLT &2
5 TEG ERARE (MA) ZEMERREEX M. Ei
MEEEER, MA 1105 IR GR H MARES 2 B ER B a4 (v
=-0.494, p =0.008) . PLT i+ ¥ i SIE R B MRS T X0

£5i¢: PC H PLT FIEMFREX FREM BIXI5 M K K7
REE, MiEMERFANBEEZEETEHIFME,
TEG B MA {E5 PLT IHHUgEMEB MMAERX, RIT PLT
SEIANTNRE.

Anderson L, Quasim I, Steven M, F Moise S, et

al. Interoperator and Intraoperator Variability of
Whole Blood Coagulation Assays: A Comparison
of Thromboelastography and Rotational
Thromboelastometry. J Cardiothorac Vasc Anesth.
2014;28(6):1550-1557.

mE

BiR: RSN EIEPRE B TR O REF AR A
RAMASRAER. BREMARERN ST A HIER,
TEG 1 ROTEM, ¥ZREMARIEXLLRE, X5lHE
T MBI ERAER EZFMERNIBN, HR
EHREFMIHMLIRIEE 2 BERNT R,

’it: AR,

M BRSO,

25%. BRREHORFANRERE,

FusEnE: M 21 2 EBEPHRE 36 EA MR, #1T TEG

B TMINEMFLEERR (FF) DMUAREFHRE
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53

ROTEM INTEM S # FIBTEM S 934fr, ~NZIRERNE
MEEHIT TN, DUHERMERENERY. 5
—(HRERMNEAREHRITT 6 MK, LUHEHIRIER
AT R,

MEMFBLER: ERAMBEMVESHFHITETRR
(V) , PraltbS%,. 5 TEG 8Lk, ROTEM %3
WHFTERERE CV I B EM R, INTEM S CT/ &
% £ rBY @ A CV £ 4.7 vs. 16.3, MCF/MA 2 2.6 vs.
43 (p<0.01) , A, FIBTEM S MCF/FF MA 2 8.3
vs. 12.2, 5 TEG #8Lt, ROTEM 24y CV I B EE
£ (p<0.01) , INTEM S CT/ 5l&+ r BFjglpy cV 2
3.1vs. 9.8, MCF/MA 2 1.6 vs. 4, (i, FIBTEM S
MCF/MA £ 6.9 vs. 12.1,

it X—RIIZERKEG ROTEM S4fkt TEG EARIE
£, FIt ROTEM AIREEEAES AP FERER.

Kitchen D, Kitchen S, Jennings I, Woods T,
Walker 1. Quality Assurance and Quality
Control of Thrombelastography and Rotational
Thromboelastometry: The UK NEQAS for Blood
Coagulation Experience. Semin Thromb Hemost.
2010;36(07):757-763.

mE

B EEFAERERASMRMONIEE, LUTEES
FABENEOXEMER, BRATANFEMHIEER
TEG #1 ROTEM, &N EERFBHRE. BIRF
FRBY ISR E M BHRA H R BRI AT, XMMIZEE
BAEKNSEH, R ETERHITRXER, X
HEEHBERAMNLRRATMAELRERNFRIZE;
Hit, REFERELEHILURFERIRENER, BN
MRFMEREBEE A ZLNRERS, REERMKRER
SEOMBERETEITR] (NEQAS) AXELIGEIRMIMEDR
21TE (EQA) MELEITT —RIITIE. HRARTME
TERMIRMEBAITT —RFIMR. %3k 18 & TEG AP
#0108 ROTEM AP35, SMARMAAEMER, 2
HMA T 8 MER, HRBEFME. BF VIS X
MR RNERLE. BmRHIENNIIREEE
FRA, TEGHAERIZ 7.1% X 39.9%, ROTEM 2
7.0% E 83.6%, —LEAREINERAFUNEEERE
RENTWN, SHMS5ENERTETE, R
IBREE, XEIGEFETHHIT EQA AN,
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S ERKE IR

KN XBEER—RAANE, AFTEHELLNI HS BEMERKETUNFSE, (FEERAT2IRRNNIKE (TEG5
D) , WA T EEMIKAMMIE S ERENRMIRS. SRKRE, 2IRRMRE DR ENRE IR AAME S ESERRS
WERAIR.

REMHIKA LIRS S AER) LRYSR I R 45

mE

B BEMNTAARIESE (HS) BENFBIIRMASTMRHNLIEM. MEHAENFRRNEETRAER)LEHR, 53
REFAG. BERSHESBNEREX.

BEY: AHMRHNENZEASIRRMNIEEERR HS B) LBER IR,

FiE: FERRMEYE (APTT, TTHPR) , FAEHEM D- —RAKFEURMEHEAE (TEG) MMieziAF (TD) MEXRF
62 ZBEHSH)LE BRBRAM 24 BLE; FWTERE: 05F 17 %) MRIMRE. SEESHRQKN 102 ZEE) LEFAN
AR

4R SYtERLAMLL, HS 2K TEG #1 TD BU%H0 (60 +5 mmvs. 53 £ 4 mm, TEG fRARIE p < 0.05; 28 + 3 pm/min vs. 24
+ 2 pm/min, TD BHR4EKIRE p<0.05) , APTT. TTHMPREFRAEE, HSEBED N 24A: AMERA (284)) MELAME
KA (3441) . 518 HS AR, BMEREAIEN TEG F1 TD S%uEH (62 £5 mm vs. 57 £ 4 mm, TEG FRAHRIE p < 0.05;
31 £ 4 pm/min vs. 26 £ 3 um/min, TD FBREKRE p <0.05) . 4 & HS BEK D- ZRAKFHE, WIHHET MREE. 55
FRLBAELL, HS BEMFEEARKFRME (2.1+0.4 mg/ml 5 2.6 +0.4 mg/ml, p<0.05) , WAKNEMNRERIIESEEEN,

it £diERMmiKE TEG # TD B/R HS BENSERS. ELRANERRIEETNRIEREEHE K,

XREF: MKRE; RMmeE; £3BRMiKE; JIEFnREKRAENED; FmiEsmPaRm, RmEe; SRKE; n
#EAE; miEHE,

[l

HIERHISMEER. KA IR, BB, EH. I4ER
RERR AR KRGS HIBIRBLIZREL . ERAR, Al

1.5

BEURTAARESE (HS) SAMRRRESEIA

FREIR (AmD) IBMBYERMEERR, ERREONANZ2 ~
3", ATFAMMMMBEMRER L EERET, MEINAME HS
BETEEL. XMEREHIARKREDNINEEIRSHE
EMFRIERES RN, ATMmEEONENHTIEERRE, £
R T RRIRT, FHEIT R B ARAEA SRR M AR bR O

HS (EEMIACAMIER M) BETELWADBER ",
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RS MRG0,

ek £, HS RIMHZFEE, NEERKRSEF 2 M
TARMNERMTANMER M, BN UZKARER, BT
BEBENERE. 11)LE HS WmERHIF, GRENER
MHEERHNNBREET ©%

HS IS ERSEEMREG X, SEMREMINEERE
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B8 MEL AR AR IR R RO B N I VRGE
1k B N THAERERSAISNE B R o Y, FraiX
LA SHEMAR, SIEMIMERS. MR MANCINEE

(1=

AR ) LB AR AR B RRHEEE 5%, X b &%
AB) | B RMRRERSME (0.0007%)

—RRR, BEYIRAEMEEHF RERNRKRINFE
BN, ) I EmMRERIEEEN, A, HS &) LM
RIEBESFRIEX, LEHIBEIBRA 27202, 33 246
HS J LZRYEIIE 5 B R B IR B S M/ MR KA =
BEEEZ /K FrERBY) LE P 94% fEFREHILMmIH & E "
3 231 FlAAMIE R ME)L (K 111 B HS) RREIBRARIE
BB ZRE DR, XEBERKSHEM/IMRIESIE,
FEEMEM, FEURSMEHRERTR. A, RH1
AsirBERRARE R MY LEFR T M2, 1Z)LEK
M/NMRKF &S, MIEFZRBILL At 2 X5 Mg & AETE
HS JLEBFIA 5-~6%) FIRAFLEX, EFLFHTE
R P, Gelas EARET — A 17 FHLERIIRAE]
ERRKIISTE . AMRANT L1 BEF HS HBAFREHNL
B M, AR IEFARBHA MG REAIER & G MM 25
FMmEFEHNRNEES O ENE (11 FF) FREm, 2
T/ EREEEER ",

B HS BE T IRHIMERIERE, NERTIRETSH
Ko BEFERHIARINEIZ S RNIEIRIERS. RELTAE
MR mARFZRR "

FARNENZ T HS ) LERRMAGRS, RFHE
BERESN, BHRMBYEN Fi2# HS BERRMALTRE
FR M, #E—FRMNL, MAPTTHTT, B5 B
RMERFIEAMMERMAPSENG. RFFERN, mitssEhE

(TEG) Mmntezp % (TD) FeIEE MM ZERE
TUBENR, FEHERIERAXAMM R MALE BE R
SEUR

2. R
21 8&

62 Z HS & (38 {B#ZM 24 BLIz, FHSEE: 05 &
17%, ®fuk: 55%) ST XMMAR. EHITEIIHRARZ
BISI R BE T T 9. BERENENNEETREEE
PERERR R, G BEBRELCRYBAEREGEAN, HEER
MR, FiEEENRE—RFEDTE 15 DBl
BREREEMEEY, RIBEFIGKREE “ BEREEEN
HS 2k, AMERMBEN R 24A: AMERA (287, B

26 [@) Xiik¥Ei% | Featured Article

1841, Zr 104, #4805~ 17 %) MEAMBERA (34 fl,
B2, Z1Af, FH1~17%) .

102 ZIEZFEEONEE) LEFAXNRAMNHAR (62
BB 40 BHiZ, FEE: 1~17%, P 8%) .

XYERLBMIFRE &) LE YN fE Dmitry Rogachev EIZFR) |,
RMKEF. MEFNEEFEFMRPL. ZIGKAREET
Dmitry Rogachev E &) LR IRE. MEFEMNEEFEEMR
FIMEEZRRMHE,

2.2 115

SynthASil, RecombiPlasTin 2G, QFA- £F4& H R, I
BEBY a1 D- Z 4K HS Il m M EE B = EZE/MN HemosIL 1Y
BNRLBEMWE, MmiezhHF T = ME D B HemaCore
LLC &,

2.3 IikREMMTHE

A&7 0.106M iTRBR A PRI 3 mL ATE (EEFH
FRIMER) REMR. LL1500 x g BOMAF 15 DHSEIR
MRINE (ppp) > BB MIKFEF LA 10,000 < g B 5 DG
B MRIE (pfp) o

2.4. FMAYiE). FEZEHEM D- ZBENK

FERRTR ppp BEGRIFTTUT MK FrE NIRIERIER R
HEAGEA ACL TOP-700 BEN3 X (EEDF=#E /NI E

BE) BTN,
2.5. 231 E

M TEG®5000 BRI AN RAM —RMERF (REMK
AF) BT TEG Mk, FALIERTHL (NN 20 uL 02M
CaCl2) WItTHRERE MK FA (340 pL) , FERMFF 10 F 30
Pakiibeizy vl

2.6. Mgz

SNRIFmAR 2%, {8 F3 Trombolmager I & MAZ TN/ F 1
Fl& (% HemaCore LLC) 31T TDME, BMEZ, X
A ERETEMKERFICRALERRREKINESRRR

(B 1A) » MEREHEBEENARRAFNRERE. R
BRERFEREKSHENXRE (B 1B) . itELUTTD
S wERE (Tlag- MK FFIAFEIRZ AL Z [BIRVIER)
BREKIVIARE (Vi- 1TE R Tlag + 2 0% Tlag + 6 BYF
BERERKRE) ; BREKIEIERE (Vst- 118 A Tlag +
15 53§02 Tlag + 25 DEHEIRAIFIEREKRE) ; B
HEE (D- BRAVEEEEE) o
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B 1 migshhFE5E. FEEARERNER (A) MR NSHENXRE (B) , ARMEHNNFEH.

& L AW RIMRZEIE

BIMERA TRMERHA &R LE

TIOE REE BME—RAE FHE REE  BME—BAHE TIOE REE BME—RAE
Hb,g/l 100 18 58~ 131 111 20 69 ~ 153 130 17 111 ~ 140
Ferritin,pg/1 216 225 39~929 271 452 10 ~ 1561 28 19 10~ 60
Reticulocyte,% 7.6 6.8 1.23~317 4.6 35 0.34 ~12.26 0.8 0.4 03~12
Total bilirubin,M/1 68 67 7~279 33 27 5~120 8 4 3~17
PLT,109cells/I 341 98 169 ~ 500 286 86 153 ~ 482 275 68 185~ 370
Fibrinogen,g/1 21 0.5 1.47~4.08 2.2 0.4 15~3 2.6 0.4 1.8~43
ALT level 17 1 7~60 15 7 7~47 14 4 8~22
AST level 35 16 17~83 29 13 17~70 25 5 14 ~32
TEG,R,min 12 4 4~21 19 5 7~30 19 5 13~32
TEG,k,min 4 2 1~9 6 2 2~9 6 2 4~14
TEG,a,grad 50 13 25~73 37 7 24 ~65 34 7 20~ 44
TEG,MA mm 62 5 53 ~66 57 5 46 ~ 63 53 4 42 ~60
TD,Vi,um/min 60 5 52 ~ 68 52 6 40 ~ 62 50 3 41 ~ 56
TD,Vs,um/min 31 4 23~40 26 3 20~32 24 2 21~29
27. %53t 3R 3. &8

{8/ Mann-Whitney U #3034 #0855 2 [B1 89 & R #1741t
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ABSTRACT

Introduction: Patients with hereditary spherocytosis (HS) are characterized by having an increased risk for
thrombosis. An early manifestation of thrombotic complications can occur even in childhood, especially after
surgery. Hypercoagulability can be associated with hemolytic crises.

Aim: The aim of this study was to investigate the hemostatic state in children with HS using global hemostasis
assays.

Methods: The hemostatic status of 62 children (38 boys and 24 girls; age range: 0.5 to 17 years) with HS during
and without hemolytic crisis was assessed using clotting times (APTT, TT, and PR), fibrinogen and D-dimer
levels, and global hemostasis, thromboelastography (TEG) and thrombodynamics (TD) assays. One hundred and
two healthy children undergoing annual medical examination were enrolled as a control group.

Results: TEG and TD parameters were increased in the children with HS compared to the control group
(60 = 5mm vs. 53 = 4mm, p < 0.05 for TEG maximum amplitude; 28 = 3 um/min vs. 24 + 2um/min,
p < 0.05 for TD clot growth rate), while APTT, TT and PR were not significantly different between the two
groups. Patients with HS were divided into 2 groups: those during hemolytic crisis (28 patients) and those
without hemolytic crisis (34 patients). TEG and TD parameters were increased in those during hemolytic crisis
compared to the steady state HS group (62 = 5mm vs. 57 * 4mm, p < 0.05 for TEG maximum amplitude;
31 = 4um/minvs. 26 + 3 um/min, p < 0.05 for TD clot growth rate). The D-dimer levels were increased in 4
HS patients, for whom the activation of blood clotting was noted. Fibrinogen levels were decreased in patients
with HS compared to the control group (2.1 * 0.4mg/ml vs. 2.6 = 0.4mg/ml, p < 0.05). Other tests were
within the reference ranges for both groups.

Conclusions: The global hemostasis tests TEG and TD revealed hypercoagulability in patients with HS. More
dramatic changes were observed in patients experiencing a hemolytic crisis.

1. Introduction

Patients with HS (hereditary spherocytic hemolytic anemia) may
have hemolytic crises [1-4,7], which are characterized by the appear-

Hereditary spherocytosis (HS) is a congenital disorder associated
with increased destruction (hemolysis) of erythrocytes due to a defect in
the cell membrane, and it has an incidence of approximately 2-3 per
10,000 [1-5]. Extravascular hemolysis is more common for HS, as the
degradation of erythrocytes occurs mainly in the spleen. This disorder is
caused by dysfunction of erythrocyte membrane proteins that leads to
strength and flexibility disturbance. Due to structural or functional de-
ficiency of spectrin, the erythrocytes become sphere-shaped and are
eliminated from the bloodstream by macrophages from the spleen [1-6].

ance of acute symptoms, fever, abdominal pain, jaundice, weakness,
decreased hemoglobin concentration, and increased concentration of
unconjugated or indirect bilirubin fraction. In adults, hemolytic crisis is
associated with thrombotic complications [2,5,8-10].

Clinically, HS shows heterogeneity, ranging from an asymptomatic
condition to fulminant hemolytic anemia with red blood cell transfu-
sion requirements. Hemolysis can be either chronically compensated or
subcompensated without crises. Sometimes, in severe cases of HS in
children, hemolytic crisis occurs from the first months oflife [ 1-6].

*Corresponding author at: Laboratory of Haemostasis, Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology,

117198 Samory Mashela str., 1, Moscow, Russia.
E-mail address: elsereg@inbox.ru (E.A. Seregina).
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Fig. 1. Thrombodynamics method. Photos of fibrin clot growth (A) and plot of the clot size versus time (B), representing the thrombodynamics parameters.

Table 1
Hematological data of the studied patients.

During hemolytic crisis

Without hemolytic crisis

Healthy children

Mean SD Min-Max Mean SD Min-Max Mean SD Min-Max
Hb, g/1 100 18 58-131 111 20 69-153 130 17 111-140
Ferritin, pg/1 216 225 39-929 271 452 10-1561 28 19 10-60
Reticulocyte, % 7.6 6.8 1.23-31.7 4.6 3.5 0.34-12.26 0.8 0.4 0.3-1.2
Total bilirubin, uM/1 68 67 7-279 33 27 5-120 8 4 3-17
PLT, 10°cells/1 341 98 169-500 286 86 153-482 275 68 185-370
Fibrinogen, g/1 2.1 0.5 1.47-4.08 2.2 0.4 1.5-3 2.6 0.4 1.8-4.3
ALT level 17 11 7-60 15 7 7-47 14 4 8-22
AST level 35 16 17-83 29 13 17-70 25 5 14-32
TEG, R, min 12 4 4-21 19 5 7-30 19 5 13-32
TEG, k, min 4 2 1-9 6 2 2-9 6 2 4-14
TEG, a, grad 50 13 25-73 37 7 24-65 34 7 20-44
TEG, MA, mm 62 5 53-66 57 5 46-63 53 4 42-60
TD, Vi, pm/min 60 5 52-68 52 6 40-62 50 3 41-56
TD, Vs, um/min 31 4 23-40 26 3 20-32 24 2 21-29

Hypercoagulation in HS is associated with several causes, including
plasma coagulation disturbances [11-13], the presence of procoagulant
microparticles released during erythrocyte lysis [10,14,15], platelet ac-
tivation [8,10,16], endothelial dysfunction and peripheral circulatory
disorders [11,12,17]. All of these can lead to various disorders, including
pulmonary insufficiency, thrombosis, and cardiac disturbances [8-13].

The risk for thrombosis in children with hemolytic anemia is nearly
5% [12,16,17]. This is several times higher than the risk for thrombosis
in children of the general population (0.0007%) [18].

The risk of thromboembolic complications appears to be higher
following splenectomy in general [19,20]. Thrombosis in children are
rare enough, however, the risk for thrombosis in children with HS is
mostly associated with surgery, particularly with splenectomy
[12,13,17,20,21]. A retrospective study of 246 children with HS
showed that 94% of children who had elevated platelet levels and de-
creased cholesterol levels before and after splenectomy suffered
thrombotic complications after surgery [16]. Analysis of the hemato-
logical state of 231 children with hemolytic anemia (111 of them with
HS) before and after splenectomy showed that most of these patients
had thrombocytosis, which requires increased attention and can be
associated with thrombotic complications. However, thrombosis oc-
curred in only 1 child diagnosed with sickle cell anemia who had one of
the highest platelets levels. Such a low percentage of thrombosis is
associated with the fact that thrombotic complications are extremely
rare in the age group of children with HS (5-6years), and they are
rather more typical for a teenage group [21]. Gelas et al. reported
portal vein thrombosis in a 17-year-old teenager after splenectomy.
Eleven children with HS after surgery were included in this study [17].

©2022 IMPROVE MEDICAL All Rights Reserved

The risk for ischemic stroke and thrombosis in hemolytic anemia, both
after surgery and during hemolytic crisis, starts to increase in the
teenage years (after 11 years) and gradually becomes nearly equal to
that for adult patients [17,18].

Some patients with HS develop trophic ulcers on the lower limbs,
which disappear only after spleen removal is performed. One mechanism
for the pathogenesis of trophic ulcers involves microcirculatory dis-
orders, diminished local fibrinolytic activity and microthrombosis [1-3].

The aim of present study was to assess the state of the hemostatic
system in children with HS. Conventional clotting times are not useful
for diagnosing the state of the coagulation system in patients with HS,
with the exception of the fibrinogen concentration [11]. None of the
clotting tests, such as APTT or TT, have sufficient sensitivity to char-
acterize the mechanisms of hypercoagulation in hemolytic anemia.
Global hemostatic assays, such as thromboelastography (TEG) and
thrombodynamics (TD), are known to be highly sensitive to hy-
percoagulable changes and have already been shown to be sensitive to
coagulation activation in adult patients with hemolytic anemia [22,23].

2. Materials and methods
2.1. Patients

Sixty-two patients with HS (38 boys and 24 girls, age range: 0.5 to
17 years, median age: 5.5 years) were enrolled in this study. All patients
were analyzed before undergoing splenectomy. The ultrasound in-
vestigation and of the abdomen showed the enlarged spleen in all pa-
tients. All patients were suffered from hereditary hemolytic anemia

XEkEL | Original Article Reading [8] 33
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Fig. 2. The laboratory results in children with HS during hemolytic crisis and in a stable state in comparison to the healthy children group (a — hemoglobin level, b —

LDH activity, ¢ — total bilirubin level, d— direct bilirubin level).

since birth and had transfusion-dependent hemolysis. The last transfu-
sion was at least 1.5 months ago in all patients. No patients had attack
of trombotic event previously. The diagnosis of HS in all patients was
established in accordance with international clinical guidelines [24].
Patients with hemolytic anemia were divided into 2 groups: those
during hemolytic crisis (28 patients, 18 boys and 10 girls, age 0.5 to
17 years) and those without hemolytic crisis (34 patients, 20 boys and
14 girls, age 1 to 17 years).

One hundred and two healthy children undergoing annual clinical
examination were enrolled in the study as a control group (62 boys and
40 girls, age range: 1 to 17 years, median age: 8 years).

All patients and children from the control group were admitted to
Dmitry Rogachev National Medical Research Center of Pediatric
Hematology, Oncology and Immunology. The clinical protocol was
approved by the Dmitry Rogachev National Medical Research Center of
Pediatric Hematology, Oncology and Immunology ethics committee.

2.2. Reagents
SynthASil, RecombiPlasTin 2G, QFA-Fibrinogen, Thrombin Time,
and D-dimer HS kits were obtained from HemosIL, Instrumentation

Laboratory, Massachusetts, USA, and Thrombodynamics kits were ob-
tained from HemaCore LLC, Russia.

2.3. Blood collection and plasma preparation

Blood samples were drawn into 3-ml vacuum tubes (Monovette,
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Sarstedt, Germany) with 0.106 M sodium citrate buffer. The blood
samples were processed by centrifugation at 1500 X g for 15min to
obtain platelet-poor plasma (ppp), and part of the plasma was subse-
quently subjected to centrifugation at 10,000 x g for 5min to obtain
platelet-free plasma (pfp).

2.4. Clotting time tests, Fibrinogen and D-dimer assays

The following tests were performed using frozen ppp samples. All tests
were performed using an ACL TOP-700 (Instrumentation Laboratory,
Massachusetts, USA) automated analyzer according to the respective man-
ufacturer's instructions.

2.5. Thromboelastography

Citrated native TEG was performed using a TEG 5000 hemostasis
analyzer system and disposable cups (Haemonetics Corporation, MA,
USA). The assays were performed 10 to 30 min after blood collection
using citrated blood samples (340 ul) that had been recalcified with
20 pl of 0.2 M CaCl,.

2.6. Thrombodynamics

The TD assay was performed using a Trombolmager device and
thrombodynamics kit (HemaCore LLC, Moscow, Russia), as described
earlier [22,23,25]. Briefly, this method was based on registering serial
photos of fibrin clot growth in a thin layer of plasma (Fig. 1A). Plasma
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Fig. 3. Standard clotting times in children with HS during hemolytic crisis and in a stable state in comparison to the healthy children group (a— APTT, b-TT, c - PR).

clotting was activated by a surface with immobilized tissue factor. Based on
the photos, a plot of clot growth versus time was obtained (Fig. 1B). The
following TD parameters were calculated: lag time (Tlag- the delay be-
tween the test start and onset of clot formation); the initial velocity of clot
growth (Vi- calculated as the mean clot growth velocity over Tlag + 2 min
to Tlag + 6); the stationary velocity of clot growth (Vst- calculated as the
mean clot growth velocity over the Tlag + 15min to Tlag + 25min in-
terval); the density of the clot (D- the light scattering intensity of the clot).

2.7. Statistical analysis

Statistical analyses of differences between the datasets were per-
formed using the Mann-Whitney U test for statistical significance, with
p < 0.05 indicating significance. The Pearson correlation test was used
for correlation calculations, with statistical significance set to
p < 0.05. For all calculations, the OriginPro 8.0 program (OriginLab
Corporation, MA, USA) was used.

3. Results

On admission, the HS patient's condition was assessed in accordance
with the clinical symptoms and results of the laboratory tests. The la-
boratory data are shown in Table 1.

Active hemolysis was suggested by results of the laboratory analyses
that revealed a significantly (p < 0.05) decreased hemoglobin level
and increased levels of bilirubin and LDH activity for patients with HS
in comparison to a group of healthy children (Fig. 2). The changes in
blood parameters in the group with hemolytic crisis were more
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dramatic than those in the group with the stable state.

Standard clotting tests (activated partial thromboplastin time
[APTT], thrombin time [TT] and prothrombin rate [PR]) were not
significantly different for both groups of the HS patients and in com-
parison with the control group (Fig. 3). Patients with hemolytic crisis
had a shorter APTT and longer TT in comparison with the control group
(p < 0.05). TT directly depends on the fibrinogen level which has been
reduced in patients with HS compared to normal group (Fig. 6a);
however, the parameters were within the normal ranges. Only several
APTTs of the HS patients were slightly above the normal range. The
values of PR did not significantly differ among all three groups.

A global hemostasis test, thromboelastography (TEG), allows testing
of both clotting pathways, plasma and platelets, to evaluate the state of
the hemostasis system. TEG has shown a tendency towards activated
blood coagulation in all patients with HS. All parameters of throm-
boelastography, R, k, angle o and MA, were shifted to the region of
hypercoagulation in HS patients in comparison with the control group
(Fig. 4). A statistically significant difference was observed between the
groups of patients and in comparison to the healthy children. The
changes in the TEG parameters in the group with hemolytic crisis were
more dramatic than those in the group with a stable state.

Another global hemostasis test, thrombodynamics (TD), allows the
evaluation of the spatial dynamics of clot growth. TD also indicated the
presence of hypercoagulation with the parameters of clot growth rates
(initial clot growth rate, Vi, and stationary clot growth rate, Vs) in
patients with HS in a state of hemolytic crisis, which is correlated with
data in the literature regarding the increased risk for thrombosis pre-
cisely in the moment of crisis [6,8]. Furthermore, the Vi and Vs TD
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Fig. 4. TEG parameters in children with HS during hemolytic crisis and in a stable state in comparison to the healthy children group (a — reaction time R, b - kinetics
k, ¢ — angle a, d — maximum amplitude MA). *TEG was not performed for all patients or children from control group.

parameters show a statistically significant tendency for activated clot-
ting in the group of patients during crisis compared with the group of
patients without hemolytic crisis (Fig. 5). The clot density, D, was de-
creased in HS patients compared to the healthy children group
(p < 0.05).

Interestingly, the concentration of fibrinogen was decreased in HS
patients compared to the healthy children group (p < 0.05). The
concentration of fibrinogen is more often associated with the con-
sumption of this protein in the processes of pathological coagulation
during hemolysis [26]. Additionally, in some patients with HS, there
was an increase in D-dimer level and fibrin degradation markers, which
also confirms the presence of pathological coagulation during hemo-
lysis (Fig. 6).

The correlations between the hemoglobin, LDH, bilirubin, re-
ticulocytes level and global hemostatic tests were statistically non-
significant (p > 0.05, data not presented). It is known that laboratory
parameters of hemolysis do not always directly correlate with the
condition of the patient. However, comparing the HS patient groups
with and without hemolytic crisis, global hemostasis assays indicated
hypercoagulation on crisis. Furthermore, biochemical blood parameters
indicated increased hemolysis in HS patients in crisis. There was a
correlation observed between the reaction time, R, which is more as-
sociated with plasma clotting and the stationary clot growth rate, Vs
(Fig. 7a). This result confirmed the adequate sensitivity of global he-
mostasis assays for the activation of coagulation in patients with HS.

Additionally, there was a correlation observed between clot density
in TD and fibrinogen concentration (Fig. 7b) in patients with HS. The
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clot density, D, in TD is dependent on the concentration of fibrinogen,
as described previously [27] in in vitro data.

4. Discussion

It is known that patients with hereditary hemolytic anemia have a
tendency towards having hypercoagulation that can lead to thrombotic
complications. The risk for thrombosis is increased in teenagers. In
children with HS, according to the published data, thrombosis observed
mainly after surgery and the risk for such complications is approxi-
mately 5% [10,12,13,17,20]. It is described that hematological com-
plications can occur not only after splenectomy but also after other
surgical interventions, for example, orthodontic operations [28]. Ad-
ditionally, the risk for thrombosis increases during hemolytic crisis.
Disorders of the erythrocyte membrane lead to a loss of flexibility
properties and, at the same time, to microcirculatory disturbance. They
also lead to increased destruction of erythrocytes and to the appearance
oflarge concentrations of procoagulant microparticles in the blood-
stream [14,29]. This can be one of the possible mechanisms of activa-
tion of the blood clotting system. However, the overall risk for spon-
taneous thrombosis in HS patients still remains low. However, in some
cases, hypercoagulation can cause severe thrombotic complications.

Screening clotting times (APTT, TT, and PR) were not sensitive to
prothrombotic tendencies in children with HS. However, there was the
decrease in the concentration of fibrinogen and an increase in D-dimer
levels in some HS patients during hemolytic crisis. This may be due to
the consumption of fibrinogen for pathological fibrin clot formation
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group.

during acute hemolysis with subsequent lysis that leads to an increase
in the D-dimer level. This hypothesis is consistent with the hypercoa-
gulation indicated by TEG and TD. TEG is sensitive to platelet count and
to fibrinogen level, TD is sensitive to fibrinogen level. The platelet
count was normal (Table 1), and despite the reduced concentration of
fibrinogen (Fig. 6a) TEG and TD indicated the increased clotting. Global
hemostasis assays indicate high procoagulant activity in patients with
acute hemolysis. TEG and TD indicated changes in the state of the blood
clotting system in patients with HS, especially in the group of HS

©2022 IMPROVE MEDICAL All Rights Reserved

patients during hemolytic crisis. This result agrees well with the ex-
isting literature on hypercoagulability revealed with TEG in patients
with hemolytic anemia [30].

Patients with hemolytic anemia have an increased risk for throm-
botic complications. It is necessary to monitor the hemostasis system in
HS patients to predict prothrombotic tendencies, especially before and
after surgery. The results of this study demonstrate that the global he-
mostasis assays TEG and TD may be useful tools for monitoring the
condition of patients with HS.
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