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RIYEE—LIIMYEIE R, &%, VABRECHENIUR
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R SR e S B ARG BRIEA LY,
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1.5 RmE

—RERIE, BRI ERE IR ERFTARAROMIEM, X
BHTEFREEN (LERNRATERSE) FSERD
A SITRRR IS IR, KRR EERFE T2
27 (>90%) , XURIEKSKREREDS (CLSD
ERIFTIETER, AT, HASREREA, 7E3.2%M94.5~5.0mL i
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APTUBEARE, FVI WAFHKITSER FVI FEAS
150%30 U b, HESHM/NMRED, £mERRSEKBET
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TEG SRR, TSR MEAF. /)
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BETE RN R EHUBUE NG R A MM B L 1E MY, B
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ATRHERATENEEERVER, IRKEREFFRA
&, KHNEENREERER, REBEEEARNELRER
—=REiNE, FIENNIEmIRIEFRAvRE, TRAMEER
HEREnES, BARRETE, EREBNER, 22
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RIMRFETXENVED] RN M REBEINE~ LR
m, ESXERENENEIINERENHEEERERRN
KRAME I, SHMAE. SHMEEEXNFEER
OJRERN T M, BERTRERMBENELE R, XEHER
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DINERREREIR, SHMAERMSEWEFAALL, FH
BN ARSS S HI R, Alt, U8R
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IER AL IR AN 577 A TR i 30 09 R A 2R 39 F IR (R 1 I
Mgt RBVERIZELURFURENEETEESS, RIE
MR RLIERTESHBIRNER, NMEREERS. &
BIG MRS RIZIHA T RENERT, B UTRGHER
MEF. HRERFTINERT, HmAETRERBERRY,
FHENERT, R ERNRE RN FTAK AT B EF T RE S
BUg M A FIE MR AT R MR T, EXLER
T, ERBARBIMABERNNER. ERESFHNEL
LIRS EEHY R MiX 3045 REIRMINE, RREBISDATHTSEERAY
MAREER, Eff &M ZRIMIAE DT EE
8 CLSI-H21-A5P%, £AT, EBEM LRI ZHiERN
LIRS KR MR DA FTREFE. FRELREESZ K
BELFEREARNER. HRITE, REMINRESES
MAERPFEAECHARHIEREN, CLSI IEREXT LM
Mt RIS ITRI IR REN T RFIVS %, HIEEH, MRE
BERATENER, RREXNTHITECHMR, UKREA
i I ER BRI LUEZ RIS,

DTRIMERAITELEEERN, LIBRIERINERLTS
IBPREE FEEIRAIZETAAT . AR, ImEEC. &
MAS M), AR ERTZ Y 8] 7 R0 B AL M SRI0 R,
XERZZE TN TEG HNEERHARMMIGEARFET B 7= TR
WL, TEG B—MaSHIZRNSENE R, 20
REFANGERRMEDBIRIE, TEG FERALE, 2MmAD
BRI/ MR, BIERF. FEEAR. FARFNEBAR
o ZBNEEMER, HRIERE AR, TEG MEM
AleR EENRMEENEROE Az —, R OZZATM
BAMHMREAYTE, BFABRINKSEN. {555 M
A AU MREYATT MR ENES e BRI, TEG 1
WTEIRRBI FRMRBER, XMERKREELIRHERA
RORNER, MeForal. . EREEH, UKIIGKIM
1A ERAIEN, BRENZESRERN,
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HEEGAEESENXE,
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D EENTIREEN BIRNNTREEERAE
|, HETERTNIEERREEIR, RETBERNETH
Ro REHRAFHEMRBBENERIRFIFIRAHKEMN
WIEREF. MEASENFEMICEBIERRAFIKIF
ANAJREF A LE M R GBI RAUEMB MR, KAJ/E]AY
BEICIE S MBREMAS HRENRENERELE
Ko FEHMRIMTAFM/NOR KIS TR
R, FELRERHESE, TEINBOEFIR
FNEFEEREH - SHEWIDENNSE. RTRME
MBMSNBERD TR EES, REBERNER
BERRERENTE, XEHEEEARER (Biv)
Rz, FBMRMRERMm) « ROE. EEFREH
B/ NMRBYEE. ETHNERRET G, Xt
RSREMERE, SFEEEMNHIRPRAEEN
REFHLVENNHIBPNIELR, XMRETS
HREVGIMNIN A, REFALMERNERR. BITH
BEERAETIRNES S, MAUAERSE.

X RmQN; DWEIER; RE
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AN AEST 238 & (TEG) #MLERIEIHRD
AL EPHTIEE, EIRRSEERTH2M. RIS
ERITEIMREA AN RS MAERS TEG AN R M
BREm, 24 BRBERESMN T XTEAR. FRITERA
Sh, RIEHBMAEH (Hb) RESFIH0.5~1.0g/L.
20~6.0g/LF17.0~13.0g/LAMRE. hEMEENM
BMmMA;, UEHHB=ZBEXRESFHN 6.0 mmolL.
12.0 mmol/L #1 18.0 mmol/L D NRE. PEMBAEIE
#H, 4 /> TEG #81%, REATE (R @) , HmAHE (K
@) , BE (« ) NRARE (MA B , 5EMM
RO IERNERNE (PT) , EUIBSRIUERN
B (APTT) MAFLZHRE (FIB) BINRAE, M)
RITHBE R FE A%, ERER, PEMEEAMLNF
A3 R EA MA EUREEALN K EY8IEANES
EX8), INARAES, MASHEA TEG B8P
SEXERN, B MR AR EMMKIXE PT.
APTT # FIB MREEIE TGRSR ESUHEIESR
(CLIA) AFHIRE, PEEEEFMMASIMARN D)
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M3 78 (TEG) fEAN—M2IRMEMRMmIRLE, T
RAIEREBRPELFE LR T /L+HF, TEG WidHE
ML NS RERETR T Ef. TEG NEEKIE

(RIs) FIREREME ZRNANSREFNNERZ—
RELRFERIL RIs #BNESH, MEBHT —RERE
BIEEST. FIRATFEMENEIE. SItiTEMARMEEA
EEERAMRE RIs WERGH. 45, FRAHEER
FMA RIs, WTE RIs (1T ZAMNUE R, AERRERME
Ui 930 il TEG ERIFAMRTR, RABEERILS
¥ +55E TEGHI RIs, BIERE. KE. o . MAME.
CI 88, Ihoh, E#HITTIHR FRMEFIKRIELR
TS, UHREEST TEG RPQRHIEE, EAH5R
B, FATLRI TEG SHELMHRIE L BUESHS
B, KESD TEG VELE5FNEREREXE, BR
EEMAEARRFERBEZEBRITEREN, 60 FRILUMEA
X2 BMRIMENNTINS, Lo, RAEEASEST
TEG HJ RIs {7 7T&ZMMEIT, HERHRPEETH
iE. 85, EHEENER TEG B RIs SHIERHEEN
Ris EAEFEEEEZEER, BERSEUSSHP—BE
BORE. SR, BINEEEEL Ris MAERA
789, BTEHE Ris ZRIZEEEIFMNERSFHXE
%, FRIR MR AV EE L

KA L, BEXE; migEHE
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BE

B8 LERIMESES (ECMO) SHFIMEIREE 52
BERENFHNITER2MBFANMIZEHE
(TEG) KMLER,

A& x$25 GIEBEM 4 fIRERERENHE 2 MAITHE
BRem#Tom. EEBMNATRBERPHTMmEEHE
Pali

LR 7L 6 ffl ECMO BEH, 5 fIERITEREHERS
BRARME D TR T, ERIMEIFEEN TEG
TR, ETEREERPEERNERIR. MER
ERE MR PN RIS AT ITIRBR I A 2 8%
BRUMESR,

#ie: T ECMO BEH, ERITHERNERENSE
1T TEG DTS HIBENME, XATRESEXLER
EFHELE,

KR mieROE; FIMRES

Dias, Joao D et al. “New-Generation
Thromboelastography: Comprehensive Evaluation of
Citrated and Heparinized Blood Sample Storage Effect
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BE

Mi23#AE (TEG) B—MEMmER DMK, WELM
HRENAEREEE, FATMUERSRBT. &
m, BMER TEG FERIEF RIEEXTEHREHRIIR
Ul'ﬂo

B AFH—K TEG 6s BIFrERA TEG JAHXFrHEH
B/ NEEET A mTEME R R ARRYE], FHfE X LEaT )
52— TEG 5000 BILLE

&It 3720 BEREINE TR RS mEERE
ZNEYE] 553 1T TEG 6s #1 TEG 5000 HOBRIRESE D,



¥ @A TEG 6s FHIITIRER Z BB A B S /) WML 25 8
&{ TEG 5000 FHIEFSLEIE £3EK.

SR FREMREAN TEG BHRERBESETENA,
FEMEEEFENERNENESRNES. ¥FREFESH
MUMRINEIGIN, FI/MREMLZF 4 h BEEZZER

(BEMEBRINEIESLE, p <0.001; ZBERRRE I
E, p<0.05) o

#Zit: WFEEIRGHINEPOZREREF, FAEN
HETERZBERFSTRMGE 4 h NAIRER,
FEMNMREERFIEFRMAKE 3 b BIIVMRIDEEE
Bo EERBERT, #RREBEUNETT, RETEG M)
M A HER RN TR B,

‘Wasowicz, Marcin et al. “Technical report: analysis of
citrated blood with thromboelastography: comparison
with fresh blood samples.” Canadian journal of
anaesthesia = Journal canadien d'anesthesie vol. 55,5

(2008): 284-9. do0i:10.1007/BF03017205
HE

BRY: i HE (TEG) iTEEmaosaseitsst, U
PHEMARIAZREAN b M, X REEIZENST MR BT OHTRS,
BHMEETERED, FESUMERITON. EX
Mz, TG T XITERER 1T TEG DHTHIER,
HIEXELERSERRFIEER (1h. 20 f31h) K
BEL (BREMALRTF) MABFLRMEMRER
BOE#IT T LR

Bt 310 BREEREGARE 4 (I, WM
RITULT TEG 7347 REZAYE (R ) , EINAYE
(K{B) , Angle 8 (o 1) FIRAIRIE (MA fB) o B
REEMARE 5 min WIRGHIINEE, IEiTEREAM, HEXR
&£/5 1 he 2h 03 h FERFERI. BSKIMALRR
FIGEUM AT MRIERFHITON
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SR SRITERIMEIERMALL, ARERTFERM
RINFFERIHREEERN r M k& (=003, p=
0.008, p <0.0001, p <0.0001) FEZH o BF MA B

(p<0.0001, p<0.0001, p=0.79, p=0.03) o Xk
NEBRRE—8. Bk, ABRIEUNITERESR
FENERS NS IRTRRERRBIERBM.
1% 1 ~ 3 h RUATIRERAF @AY TEG MEEMED

0. HIWARERRA, TEG &N, ST
BEE, FENERSSERE—H. 5—FHHE, €A
Sl L RBUEITERERT T, FERNSRS MIFITIERERN
1M A SRR IRIS HEE AR,

Kristoffersen, Ann Helen et al. “Pre-analytical practices
for routine coagulation tests in European laboratories. A
collaborative study from the European Organisation for
External Quality Assurance Providers in Laboratory
Medicine (EQALM).” Clinical chemistry and
laboratory medicine vol. 57,10 (2019): 1511-1521.
doi:10.1515/cclm-2019-0214.

RE

BRORMREMRIRAAY E RN AETEX FRIEE
WIsHHENAETEER X KRR E R ITERM
SRR E AR MDA A H1 R o

FiE 2013 ~ 2014 5, BIBERUMEIREERE —3IEER
&, BREMEOLEN [ 5E NI 5 D E R E
(APTT) . BRMESREYE (PT-sec) . EFRTAENLLLE
(PT-INR) MFLZHR | WOWMAIER, SFRE
ERAR ATERBRERE. #FRREE. BON@EES
(G

LR HERE 28 M FRERM 662 KEWEIAR, #
M 3.2% (105 ~ 109 ZER/F) ITREAER 74%HISE
BEEA, REEMLZEMAERTHRE, 73% ~
76%M R EERIAEIATER > 9 0%, B IFIRFEE
BYBIRNZIRA [ gk 5079 2500 g (10 190 B9
{ir#853 5079 1500 1 4000) F 10 min (5 # 15) 1o R[E
MR MR P S REEN BN FEERAER,
M, BRTITERBRMNEEZEENETEED A
PT-INR A AEEBFER 0.5 ~ 72 h F 0.5 ~ 189 ho HIR
FHERNEHERRERTHE, 93 2% 84%HIZ 18
ERIEEE R,
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and laboratory medicine vol. 57,12 (2019): 1888-1896.
doi:10.1515/cclm-2019-0433.

wE

BR BERRIOX TR XN
MAELLER, 118ERIHEAT IR AT =L IAYE
TR R IR F AR M3 R E PR TR AIAERT (AFR,

Bk DAMENEARY, SR im, BHER
KT ERERE AT R AINFIFRBRINS . FITEART
ReE TR MM AT ERRR M AFRRIIE N, &Rl
FEPSHRXW. . R, 5. SENEBSMNEEREN
MEHFI, B, BNARTITERMFRRFREN
MAFIEINTAFER (FiXa) EME. B, FUHORLE
£098 (APTT) . RMESFRAYE (PT) FERMAEHTE
(TT) B9RME. HAMRIBBH O, EYFHIGREX
BYNE fRERFRX LR,

HZR: EHNEKIIARENER, BRRZYRIR
ESEREEER. FRUONENSRE, ITEROPE
FHESEEE 5 ~ 50 uL, #. SHLHBESEEE 100 ~
1000 uL, MBI FIRKEXHNRT, SAITRRILERE
BREREE, ERENERTEERBNER, F&EL
EME AT 5~ 100 uL RXTRMIRLHAE Fifo

e RINERKRE, ERELNEBIIFARS, §F
RHITERRRE S RERAATRER, AT, HREEKT
FAIERN, BRIERE U™ ERTNIRER,

KR U BHO; ERKTIFAR

Luo, Cuizhu et al. “Thromboelastography Parameters as
Predictors for Long-Term Survival in Critically Ill
Patients.” Clinical and applied thrombosis/hemostasis :
official journal of the International Academy of Clinical
and Applied Thrombosis/Hemostasis vol. 25 (2019):
1076029619876028. doi:10.1177/1076029619876028.

B"E

Mmigs#HE (TEG) AFHRNEERENRNRE. A
i, TEG 2#HE5XEBENKIPEFZEIRMEXIERF
B, RINEMZEN TEG NEEBREKPETFNF
M. XX TEG ATMREREH#TTOMMLE, R
BEELNENRMINEEET. XA Cox EEANM. ¥
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RE TSI AT Kaplan-Meier 4E72{&1TEI4 5
Mo BATANT 167 BREEE, FLTAHMERE
E (K &) MxkEZEE R E) STEFH, SRS
(MA B) MAE (« A) BFEFE (p<001) o
TEG SHHANBEEE 2 FEENBRER (p <
0.01) o FAM 2 F4EFH MA BIEETERA 0.756
(95% CI: 0.670 ~0.841) o Kaplan-Meier 2E77fiitBi%%
DHETR, MAETUNRESRE 2 F4E7F (p <0.01) o
BARBIERIUNEELE 2 FEFE, RARLR
SN fEEBENR,

RgE: MmieEHE; RARE; T8

Kitchen, Steve et al. “International Council for
Standardization in Haematology (ICSH)
recommendations for processing of blood samples for
coagulation testing.” International journal of laboratory
hematology vol. 43,6 (2021): 1272-1283.
doi:10.1111/ij1h.13702

RE

FESXHRARERMEFIVENESES (ICSH) &
589 ZXARIERNE N RS KIERIRRRIEZE L
ERFRMIACITERMBF AR HESEN. X
HEEUTHE: Foch, SEERSHEERS; T
BERFRTNMIR; BODE; —XENEETREN;
FimaiEan. SBEMmiE;, —REEH—Is%Hh.
EEAIINT; M/ VRITEEK N DATEIZE S, LITHugR
BHEEARNXMHP, ERETEEXE ICSH XHH, Hikim
PRLIOZE S MR IO mpIIER. TR, SREEMTUR
Myl ABES. HmRERE. REFFRI. X
ETEF REBR AN, Feins,. mugtt (B
WIE7E) | AARERIFM, XERNEEFETITY
XEFIE KB R EIE.

X§EiE: ERIM; ICSH; #SAAhE
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Hartmann, Jan, and Nick Curzen. “Modified
Thromboelastography for Peri-interventional
Assessment of Platelet Function in Cardiology Patients:
A Narrative Review.” Seminars in thrombosis and
hemostasis vol. 49,2 (2023): 192-200. doi:10.1055/s-0042-
1757545.

BE

HEMENIR (VET) , SNMmies#E (TEG) , "ILASE
RNELEENAE, HFE—RIIIGKRIFEFER,
BREOHEFR, FEEMCIG, FERRM/ MRS
FRA&H /MR THREITAd AT A 43 4 I/ VR X L (B9 53k
BIE P2Y12 SRR MR RIFREX M/ MRIHEERI STER.
TEG M/MREMSD S B ailn ) MRIHEER SARE IR,
RBREEE, SEEX, AFNSEEDERI B
BABRE MmN E S/ MRE . FARBERT SH
LM MRIJEEMIRABMIE R, EXRLSRF, i
BFIT R 0423 0 E 5 it/ MR ThBE TR MY IR R A, X
BIERS S OEFAEXNNERIVIMRET, MER
WREINNEST. ZBE ERIBKE B RAT L0 B
X, FITEFIY T MmAeEIETE 2019 FRBESHRS
BIFEWRRPNNA, RERBESSRNEAARS
X, REEXEHERPEBERZERE. | KOIHE
SRIEBAZ R M2 3% HE S m/MRIVEETFHMR A, B
TEG /) VIRTE (i 53 AR B B 4 L ot 0 1t ) il fe iz 1
BREN, URFEIFEREEMITMEERMNEES], FHK
A—NEHEHE—TSHANTE, ATFEEEEATH
Ak IE M3E77.

KA M/VMRZHEE; M/)MRIHEEIN; [MmitiAE

White, H et al. “Can Thromboelastography performed
on kaolin-activated citrated samples from critically ill
patients provide stable and consistent parameters?.”
International journal of laboratory hematology vol. 32,2

(2010): 167-73. doi:10.1111/j.1751-553X.2009.01152.x.
mE

Mg NE (TEG) B—TMMERANNITIER, EMK
RERHTE 4 ~ 6 min RFHTTOITBIERIRG T EAERM
W EATERERE N E A AR N IRAT A B BY (BHE
2%, IriEBREERIREM. MIENEM TEG BUEWHE
AV, AMEETEA TEG RUEMERR M. &
R E BRI FEIMIERAMEYY TEG EEERIPA
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ERERARR T ICETERRIEARN S, TEG X 61 f
BEBTHON. BILTMIR 32% T (0.105 mL)
&, ERESG 15 mine 30 min 1 120 min JEIEL5EW
BB R ITOM. TEG SIS HREIER K E
(R{E) . miEFZMETE (KE) « of8 (o) « RAIRIE
(MAfE) . LY30. BRI, FSAMmeLEREET
B, RAMEERIREMRMEER. AN 61 FIEESR
E, FEDMERET, WENES TEG £ 1
(p <0.05) EMAERTEMERF, XMEREAS
WiER TR TRIEM 30 ~ 120 min BZfk, 5N, TEG
PR ENRNESRRATAESRENSES, BRLE
UATIRER TEG RIMERAKERIS 15 min FHARERA, B
B, IERMEE 30 min REMEREKEEAT .

XA MiesNE; TR, BEKRF; &l

du Toit, Marcel et al. “The impact of laboratory staff
training workshops on coagulation specimen rejection
rates.” PloS one vol. 17,6 e0268764. 3 Jun. 2022,
doi:10.1371/journal.pone.0268764.

RE

BR. OMEZERNRMRRERNREMNEE
ERENTHZmM, Eib, EWHMN—BMEEFNIHE
B, HEROTEAREREEXEEN, RRETEAR
EIMERMARRTRZ AR AR, FJESHxLE
TERIRFFA—H. REINREIXEDFTESSH

DB E R MANRAE RN R,

BEY: BRITKREASFIIN R MR AIEL RN,
T EREIRTE SRR E A RXRIMATAIE L RITER T AR
EE.

ik SWRENRIERNMRS ANFLF. B0,
R MAEARNELSIERTT = ARREE
HiZ. BEED T HIHIRRITNSN. BTG
EIREREFER T RMAAHRFIRE, H#TT=1A
NWEEHZ,
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ZR: MELRERMATA 13162 19, EUHIRAE 1104
7, & 839%. TIFERRE, BIRET LA 3.49% ~
11.88%, FHUKEIEEMIRAS 12743 13, BIBRIRA 1514 13
ET KRR EHITHITERINER, 952%M52&R
BT BUHRIENIR,

0. RARIEATEREARERF)INEEMS, #
SIY R R ERAVIE INREAMI TR E RREARIE
HiRAN DRI E S EEUS T M. BTFARSEOFHE

TEREEEREZS, ALFEERHE R EE
AT AWENZRIIEEREA S,

Stauss, Mary et al. “Hemolysis of coagulation specimens:
a comparative study of intravenous draw methods.”
Journal of emergency nursing vol. 38,1 (2012): 15-21.
doi:10.1016/j.jen.2010.08.011.

B"E

BT MR MER™ EEIRAAT L ERRA
2R, FMEMENRLRE (14) 158 Q4
ERKEERFRSERANEK (V) SERANRS
BB M AR MR, AAFRHE—TBNEHEHRR
ERE S ETARBUI ZRIRYE B AR TN M &2

A,

oy

Bk RAREYE. RARMNLLRIET, BERIDRA
BRHROMFAZBNERE, XTMARBEFHEE
58000 AREUHT—RISRBITH. HAREE 121 &
RER212R (ED) £E, BN ARATN—AH, HuE
REANRETT 2 MBEROIRASRESEZNZI, HERE
&R, IRFRERERAIRELIE GRIDZIER

MERMIE

R {FH Pearson y? DITHRKRFIERMLEZ BINE
Fo. MERKBRMNEZMKFIIN p <005 & ¢ 7,
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WMABEBRMEFEFTERITFEEX (p=0.84) . PEE
BEREFN SRR EAM, MRfr E2Am, BIARE
®EBMm (p<0.001) o

Wig: HRnFELINIRRSETROHBIEK
EHEEY, AMEEFS. 2RPLTREEREHMATFR
eI P AL ERTUN R MIF AR EA M. FRRKEERI(E
AEEHM G AR REN. TRINEERARE
BE, XF7ERLUSAMEKERE 4% T, Ak, a0
REEAME, WERRAEBIFHREFRMADEL
BRSERGME FEHTEEHR, UREEHR
WERBE LU BIERIAR

K. A, RUgH; RMinA

. van Geest-Daalderop, Johanna H H et al. “Preanalytical

variables and off-site blood collection: influences on the
results of the prothrombin time/international normalized
ratio test and implications for monitoring of oral
anticoagulant therapy.” Clinical chemistry vol. 51,3

(2005): 561-8. doi:10.1373/clinchem.2004.043174.

BE

EE: ERETEYORRESTEENREESRE DL
Eg R A iE)/EPRAR A ELE (PT/INR) HAIRER, &
IHMET DEIEES PT/INR HIFMH, BIES5IENE
MRREMEELREEXNETE,

Bt REATRESROASLK. RIERRF. By
B4 NERESS, BRSO TESETER. 4 ~
6°C f 37°C {RIFAVF RAPREMRFM PT/INR NE Z 8]
BIBYIE]; FEER. 4 ~ 6°CHI 37°C T THMMRE; By
£ PT/INR NEEIRAE; BOKRBIEE, HFE
MERNTE, Y <25%HEFRETR > 10%HNW LKA,
ZEENFIMRIIRADPE, & > 25%HEERRRIXHH
TR, ZLSMRIRITEAK.

SR RMEFR. 4 ~ 6°C. 37°CHMM A
¥, SROEBONEXX, RIGFI6h A, <25%H
IRA INR T > 10% (M%) . EMRRDETISR
HH—FAE T, EERHE 4 ~ 6°C TR 24 h FIAE
K, Bl > 25%BIBERTN > 10%. EPRELRER, 71
37°C FIEIR 24 h SAAUR T B RAR I, FHITWER
FFARMBEOEYG (BORE, 20°C WERERS;
BEOEE], 5 min 8% 10 min)



2550 FfiTEICR A PT/INR SUE 2 B8] R K8 6 ho
WFEMMEMZGNAS, NAR 24 min BRI
i,

. Poletaev, AV et al. “Alterations in the parameters of

classic, global, and innovative assays of hemostasis
caused by sample transportation via pneumatic tube
system.” Thrombosis research vol. 170 (2018): 156-164.
doi:10.1016/j.thromres.2018.08.024.

HE

BR. SHYRERARS (PTS) BREETIRIEN—
MARKERSD, REERASBAUZENREEE, 25
BFcRmRER. RIARNENZIEREHEEFN
LEMNETSE, UHBEXNXMIZIES EBRERINE S &
AT HIZHTIAX .

Ak ME 10 FIERERESE PTS A LIZHRITANE
% M0 A0 Mo /)N AR I 38 0F 6 36 4 B I UE & BY 8
(APTT) . BMESEESE (PT) . % A5 AT E]
(TT) . FE4ZEAR. ADP. RE. HMEBEME LREX
RBHBEEHARD (LTA) « 2R AMA L/ NMRINEE
iR3& (CD42b. CD61. CD62P. PACI. BEXEH V 4
SMREBEEREKKT) MLnBRmide [ mieshE
(TEG) . RMESEM (TGT) . M#EHHZE (TD) .

MmshH%-4d (TD4D) o

£R: APTT. PT. TT. HFEZERRET PTS BHESA
TR REEEEER. LTA NERBETREIESH
BREEHIN (84+7%vs. 73+ 5%) , XS _EIREMR N
BRAEE (58+20%vs. 72+£7.4%) o EFRIUARMAIM)
IRINBEMNR BRI MREIE PTS BIATUECE, MaAsHIsT
PN E RS & 9 (TEG, TGT, TD,
TD-4d) ¥WETREERER.

38 PTS mHISIEMEMMRONESHNEZLK,
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17.

18.

IMPROVE REVIEW B4 0%

BISHTRE, ANEESERTEEAS. KRR
SHLERKREA, £ PTS #HITHENITREESHER
HNRDHNT, HEURSBEWRENIRE,

KR [EhRfEh; 2WERMYE; ROk

Lima-Oliveira, Gabriel et al. “Sodium citrate vacuum
tubes validation: preventing preanalytical variability in
routine coagulation testing.” Blood coagulation &
fibrinolysis : an international journal in haemostasis and
thrombosis vol. 24,3 (2013): 252-5.
doi:10.1097/MBC.0b013e32835b72ea.

BE

ERAEIMSENSE (WRME) EEARNERESH
B RRRETE B AT NI, ANARABNRIIER RS
ITIRBRINETE, 50 BERERET 5 MARGMEHN
m# (I: Venosafe ; II: VACUETTE ; III : BD
Vacutainer ; IV : LABOR IMPORT # V : s-
Monovette) o EHEMIALE [ FEH 05 5 ILEESETE]
(APTT) . HRIESFEEE (PT) . EEAR
(FIB) 7€ ACL TOP {X28 L5 haemsil HF#H1T, #
REEFNEEMRAGNFE t103, p<0.005, ZHtb
RIGILISNLN IS5V, I510L 151V, 15 V.
I5vimsivimsvimmsvamivs ve, W
HIBEER; APTTERRISI. I5 1L 151V,
nN51v. M51VHIVS VE, FIBMEERRMREE
TER. BIBNESNLRESED IRENTEER,
XEBZBTEFIMISENRE,

i

XA MRS, MRHER; DMEIERMNE;, Bx

E; BWIBdiE

H

Pan, Lin-Lin et al. “Differential impacts of hemolysis on
coagulation parameters of blood samples: A STROBE-
compliant article.” Medicine vol. 100,18 (2021): ¢25798.
doi:10.1097/MD.0000000000025798.

BE

AR EERITAMN FRBEM ST EZRE
LHOWET 216 FIR IR F BERFRPKIMEE
7, A 6 M. BT MREENE R MmAEERATEL.
TEHER Y RIERERYIE. FEERR. D-ZRBE. §l
BRIES NI FERD CF 6 TURIMESE, BE N MRIFAEY
HRMEDHBANZRES, SREPDHNEE ImL
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19.

EN=MFRERNEEIMRMIEZES (B 2 mL.
4mL. 8§ mL) , LUEINMLAERRELNA 0.1 g/dL.
02 g/dL. #10.4 g/dL DEEIEE (1+) « FE 2+
MEE (G+) BAh, ARESHTRLIAR, UHER
WWAMEES RMSHIRNERT N B A BETZIER
X%, Spearman XA ER, FEEEINAMIZEN
1, SEMESRIUERNE. FEEHE. D-ZEHE
MEA CEEERE (p<0.01) . EVMAEESHRE
LRETR, FEMARHRRES —RENER C WESD
LHREESELEMEX, BERINANZGT, REFE
MEEYHETBEN. Lo, TBICREMNME, T M
AEANEE LS ROERNENE S REES
REXmM, MXTRMESREE. FEZRFERMTTRILEE
I WEMARE, £RSMEINAINT 6 BURIISIE
FINARE, O2TIERAISRET AN PFNELS
R,

KA. FUEAS I1; FR; FHEFAR; B

Adcock Funk, Dorothy M et al. “Quality standards for
sample processing, transportation, and storage in
hemostasis testing.” Seminars in thrombosis and
hemostasis vol. 38,6 (2012) : 576-85. doi:10.1055/s-0032-
1319768

BE

BT ERmEHTERRARNTIT RS R RS
mA R, ERAEEFEXN DI R8N, XL
EEENFREEMEENEE,; HFalBERREN;
TRRERRE. REEERE, BOAE;, UKER
BRI RBTER M. ANXLETE, URTHRENND
MERNBEEM, WTRESRENERNERZY
FAILH, AXWET SHERAE, SRMNEEFEXN
DIHIRE, Fieh T HmAENIERF T,
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20.

21.

HE: RN RMESREYIE; EH R Es
B

Lippi, Giuseppe et al. “Interference in coagulation
testing: focus on spurious hemolysis, icterus, and
lipemia.” Seminars in thrombosis and hemostasis vol.

39,3 (2013): 258-66. doi:10.1055/5-0032-1328972.
RE

FEENVRDRT, LTEHREDTHME, HEATEE
MARMEBRMRRE, ERMTINE R EMISE
MU, WNERPHRIEAN. BEMNDERES
ALEEERISHHAL, BIEA MY LEmIRIe R TFH YT
EFHHAMEMER, B PUSEERNEKTEAR
MAZEANERE, UWRARRMREST (NALRR
F. BA. BAST ADP) MR, XE5FAILUBY
WECE R BEA /R, SEIRMENTREIER
BTXEESE, Me S a=ELENTREB R
HMERMEERER, UARBRTANEODNEET
o TESEFRAP, EBRMIAMRIRT AR AR MmAAREIRG
BT ZHE1E, R A MAT ARG LSRN F
ginuingl. EREEEAREK (BN, EHE 650 nm
L) WIRERILN, AISHSRARMLENRETR
MARE, Fit, ERIRRESE 20 mydL W¥R
B, MREREDT LMREAIEN. EAERERFN
KBTI KT 500 nm AIEHRAAE, Ak
BILLA 650 nm HESBYREA/ S ERAESRREERN
EERRLE, RETUESHBEZEBEES (B0 >
1,000 mg/dL) FEARRFEOHAEIET (WNEK
L12) 1REXAER, SKASPUERRT (30 LipoClear, tatSpin
Inc., Norwood, MA) FIIEZHz.

XA FH; Riidse; Bm

Lippi, Giuseppe et al. “Interference in coagulation
testing: focus on spurious hemolysis, icterus, and
lipemia.” Seminars in thrombosis and hemostasis vol.

39,3  (2013): 258-66. doi:10.1055/5-0032-1328972.
RE

ELENTFR, RMERFERISEIRER NI HTR AL
ZH7TEBENEK, BERMINGENTGFERRFM
RIZEEBONIE, RAEMEMm. g, EBRmEERERMES
BRIEESEFEAN R, HMHLEENREFELM
REFREELHN, UAHELMREHER. BES



22.

23.

BEGBRYNSIN, BIERIRKEIRERERERN
EMEOMN, TLUNERSE & Ml KBRS FI A IS
o FRHUAR BB RIER UK N E B H Ath
EMFEBRPHEZRARRETIENTA, BEAMR
EItNER, REZEHEA ZATRIEZEQMNENE
B, AXHNENENBRENB L ARERNTHTE AR
BRINETE e (LM B R U IR,

Ieko, Masahiro et al. “Expert consensus regarding
standardization of sample preparation for clotting time
assays.” International journal of hematology vol. 112,5

(2020): 614-620. doi:10.1007/s12185-020-02983-x.
mE

HERMNRINENEEREEXEEN, RAZNXA
FHEAOBRMETNNFIE, ANEHETHZESRmEN
misMHER. NHEEBEMRERFMERNER, G1F
B, AHESHARASNEREEEER. Alt, AT
REEONENE LS MREANITENR A E, BARSE
BWEMRFFALT R ERKRNEREEIRELT
B4R (WG) » EXERERNIESAHMRRTIRLS
RETHEEZE, TEEERRTHR, FELRWNT.
(1) RMERBFFERITRBINER, KE 0.105 ~
0.100M (3.13~32%) ; (2) £MIFAXEF1hAE
FEE (18~25°C) RfF; () WFM¥EKF&E, N
1500 x g HTZE/D 15 min BIEL, TTE 2000 x g #HITE
10 min NEBBEL; 4) MEHFSEIETRE, E
SBIRTE, 4 h RN,

XHgiE: RmMATENE; MR, BOKMF

Sivertsen, Joar et al. “Preparation of leukoreduced
whole blood for transfusion in austere environments;
effects of forced filtration, storage agitation, and high
temperatures on hemostatic function.” The journal of
trauma and acute care surgery vol. 84,6S Suppl 1

(2018): $93-S103. doi:10.1097/TA.0000000000001896.
BE

BR. fGERIEHRVEE-RMRATHEL
M, HiB&7 ETHMHETNEERR, EHFERR
HAMMEEER, EIRMAERZHAEASTERTE
IRk, 2MEETEHIE, FERDRERN
AIgE, BRAESEAAMMAXNENRN, ERTEFIH
NEARBESEASFUNERENZ LY, 2MAEEFR
RIFLEMIhAE,
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24.

IMPROVE REVIEW B4 0%

Ak KA Imuflex WB-SP REMA, H7E 0 mmHg.
150 mmHg 3 300 mmHg F#E{TEHARES. FIMIE
FELCTREF2 X, T, SREE, Bz
SHIERAEY:, 1E22°C FMRE3 R, 332°C MRF 2ho
WITIRF . B, CD62P/CD42b. TEG/ROTEM #

Multiplate %3,

Z5R: 7£0 mmHg. 150 mmHg. 300 mmHg T, i3iERY
B985 35+ 1. 14+ 0. 9+ 0 min, 150 mmHg 48 1/10
i, 300mmHg4H 4/11 BBAIFRRLMAAMR tWBC) >
5.0 x 10981, 300 mmhg BY 1/11 £F M/ NMREIURER
< 80%o AL < 0.2%. FIEREXT TEG/ROTEM HIZ1R
REWE, £ 4CTRE, BILREES, o M
MA/MCF ¥i&EERMR, £ 10 X, RERNAREKX,
CD62P FKIEM, 7E 22°C THETFSE 3 K, APARE
MEK. 1E 32°CTRTZ 2 h 3F 1L MBI TR R #20,

it REET4EE T BARTERTE, EEMT AR
B4R, FRET IEMIhEE, R ESR, BERNR
BEA, MmNz Hn TR, B5REEMT
Ao JEEER: IV R, SHTIERR.

Vig, S et al. “Thromboelastography: a reliable test?.”
Blood coagulation & fibrinolysis : an international
journal in haemostasis and thrombosis vol. 12,7 (2001):

555-61. doi:10.1097/00001721-200110000-00008.
mE

Mg AE (TEG) B—MEARMRSHNESZX,
EOBMAFEF RGP ENER, AR SBA%ER
MEM. RLEARIN, EHAER—MERNIA,
MUIEBENE RS X THEHTENERAMME
BERTHH—BUERIEN, Fit, SRNEHME. &
MR EEITHENA IR RNIRESE. EEXRE. &
AR, celite. ALAF (TF) 0 Reopro-modi®ed TEG

SHHEE | Article Abstract Collection [N 17
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25.

BRNARANE N B Z F R, KA celite HFmiE
fiEFFEEE 90 min FMINITER, FREHKIA 30 mino

IbfS, 30 ~ 90 min ZERIFRESEERZIZERT [ P not
signi®can (NS) ] HFE—#REEKRME, XA TEG

M celite TEG SHRHAERHEEZENSHELTK (P< 26.

0.01) , T TF #0 Reopro-modi*TEG &AL 30 min [5
AR ARNA R TR B RFIES BN ES ML
RBYF (P-NS) . #UERPA TEG BIEMINERTA, 8
FEXAEANINERIEER, TRIEATREN

YER B

REgiE: MmieSHE; MERERE; REM; SEE

Durila, Miroslav et al. “Time impact on non-activated
and kaolin-activated blood samples in
thromboelastography.” BMC anesthesiology vol. 15 50.
15 Apr. 2015, doi:10.1186/s12871-015-0033-9.

B"E
R MeERNERSGETRETEIN BRI

Mo EHMNBEARD, WINART B LIEMITIRER
T MAIEEARNITERREHF RS 0 min, 15 min 7
30 min BORHABYIEIOR AR, WALCBRAMTTE, FHiktied
R A MRS ERE T Mo

27.

Bk RE 10 FIBRESEENIREZDR, HRESKRE
ECEMARBCERR 0 mine 15 min #1 30 min {70,
ARESTIERLEMBIR LE W ENER BT T AL
L0

#£R: HERBNKES, B DRERNSRESE
B, TRBRPENFRERSI LHENER, NE
Ominf5, MAZENESRPERITFERXHIRRE X,

510 HERBTEN 15 ~ 30 min BY, IBBCEATIRERAM
FEAUEN, EATERLHEL GHUIFR) Hmies

18 [N X#EEE | Article Abstract Collection

Fo HERRAT, NEZERERMSERIHE, BRE
AILMERABIR LELE, BUINEEFRER,

REEE: ATERRENR; SlkL; IEBEL; misEHA

Zambruni, Andrea et al. “Thromboelastography with
citrated blood: comparability with native blood, stability
of citrate storage and effect of repeated sampling.” Blood
coagulation & fibrinolysis : an international journal in
haemostasis and thrombosis vol. 15,1 (2004): 103-7.
doi:10.1097/00001721-200401000-00017.

R"E

mi2s#HE (TEG) S5BEBUITERERMEAERAMLIRK
WERR, BEEEBHMEXTHANATEENRE
MRERT IR, ELL, BIMLRT 10 BRESHEN
BB RAMBS T celite AITEERB 5L MR
TEG &%, HITETEERFET 240 min EFH
B, ITEBIMEER, FiE TEG B4KE 30 min WEREF
RE [ BBRFEETE (K E) 7.2 + 0.6 min; ARG

(MA{E) 485+19mm] M2h (K{E) 7.1+0.6 min;
THIAFEE, MAfE 462 £2.5mm) , ESRAMER
BEBETLY (K E 93+07 mn; MA {§ 435+
2.5mm) FEEFIBESR, REFRENITERELN TEG £
EXREEH 4 h REEENEEEERES. SR,
ATREAESHMNER, AILIEEEES 30 min £ 2 h
REATE celite MATHREAI, BEEEZIRER, TR
EAEhHETFIEH TEG SIS RAMR ARG AILLIE, w48
REANRMBKAFCERT LG, ik, iFEERMme]
BUMEARANRNENSR, A TEG &R, BINR6E
AEEXRE, UWAEESRENEE,

R MieEAE; TERERE; 577, KM

Simundic, Ana-Maria et al. “Managing hemolyzed
samples in clinical laboratories.” Critical reviews in
clinical laboratory sciences vol. 57,1 (2020): 1-21.
doi:10.1080/10408363.2019.1664391.

mE

BB ERE X AL AEME M MAMRIERIT, 58
ERENARAR S FRAIMER MRS, EAERE
MBRERRREN 60%LU L, BRBEFFREIA
DEIHIR. AMERRMEINRAILULE, MERE
m (AN) BR5EENRFRERRSEREX, FEltE



28.

MEMNRARNEENSE, GILEMHREREALL,
B—AE, FNALEEEARMEN. EAkELEES
WM EEMFrEMER (BIRRE. T, LEME
%) , HutkEd THRIRENEMSHS FEXE
ERNEBELRT N, AMTHRBEIL NLRNEILIEE
B () oxxEFH; Q) ARARIER;
(3) HSERE; 1) HEFTH. URINTREER
FAFAMAKFERNES 2. BRIEMIERRE, 53MmE
BN ERE XN TEREEER—, FEMN
. BMIEBRCFMELRERFBKESS (EFLM) B
BIORBNER T4 (WG-PRE) BE%5%H TSI,
BRI X —EE Wi DR AR A e, 5780
FAXAI—Le X% EFLM WG-PRE HERYIEE: () MF
REBPEHRE LT aTHEN, UKRENERE
WEMTEREIGRBRN -5, BIEAMER
(Hindex) ; (i) XFIMOERIESMIRAM/EE/
MmAstedt (hil-3eH0) MAHREBMFENEY; (i) X
Fanfaie WA ERIRKAZNIA B M RN, £
XEERSD, BIMRETAONSEER, GEFERER
FORSIEAR SRR D ATEIR0A, S, BAIFIEFHITIT
HEHELRPEREAMERNSTEN. EFAMmER
WERITE. BXEBER. FRAETIME. BRMARL
BANMNAREEEARES, UKREMESEBERM
. BERRX—EBMHEIRENIRERER
HILRBARENEN,

KA JAMm; T siREME; RN

Lu, Shu Yang et al. “Stationary versus agitated storage
of whole blood during acute normovolemic
hemodilution.” Anesthesia and analgesia vol. 118,2

(2014): 264-268. doi:10.1213/ANE.0000000000000046.
BE

HR. AUSEANRREE—MAPRAR, BFALA
M8 PIMERIREL, M/MRAEFRIR ISR
EEFGEMSR, MERSAEERIMNMRISER
#f, JUFETMBEHERKEN2M (WB) EEHEE
BIRIFER LA 8 ho FARIR, EREMEEIRES,
WB RV G e E ElReEY WB AU MAF L.

FiE: RE 10 fI BRI E [1E KX BRAIRA, XL
WOREAE: HE (BR) Mgl CRER) . At
HAALEAFKTE, UkiieEHE (TEGY) M
2, BF TEG®PlateletMapping®D#f, EER FEFHH
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29.

IMPROVE REVIEW B4 0%

REF 8 h [EXIX R m AN AF a1 To

HR. X9 BFRRESEEN 9 MR WB #HITTH
Wo ELAMMER. MAEH. TARITEL. MRt
BT HEZARKT L, WEERSEINREIH
WBHMZEREREEER. ZTEGYNE, EFMRE
BETE 8 h MICEHIRIRET T WB Rifl. EFFaRmEY
BtEl. RERTZABIETIE. BRI AR R AR EAIR
RBELE, MRA. EINNREIHFERZERE
EEER, EXNRA. EINREINERP, FEZF
BYRRBENIMEIEREER, ZHTP _BERR
BREE MG I/ MREEHRIt R EEEER.

£t HFHEAR/), SHERITFIEETTLIELRR
3%, BDTEMFFERERLE 8 h B9 WB 1, TEG®MZRYEIIN
BESEANTHEEER. XELZMBEBEEAMEN
HRPEEIERE,

NY )

Hvas, Anne-Mette, and Erik Lerkevang Grove. “Platelet
Function Tests: Preanalytical Variables, Clinical Utility,
Advantages, and Disadvantages.” Methods in molecular
biology (Clifton, N.J.) vol. 1646 (2017): 305-320.
doi:10.1007/978-1-4939-7196-1_24.

BE

/R Thag AR BB FIVMRIEFERN SRS, £
EWN+EH, M/MRIIEEN IR ERSME R A )
WRATHIR, IR EIRA BBk AT AL XL
MEEE, Ithsh, m/RIEEN SRS AT NE
FABHFIVIMUETHARUER, BN HMBR
B, EAMRESEER, m/MRIIEENE R HBFITES
REM, ERRUIMRISTIRE Z I MR TZ TR
BB S, M/MRIDEENIX % 75 EfE AN ASE
EIRAEREE RN NAY R RN T f/ ) MRTheeN
HEER, BE#H T /MRIEENIHESET LRSS

SHIEE | Article Abstract Collection [N 19
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30.

31.

BWEZINIER, AEHRT EITR M/ MRThEEN Y
NEBNOHEEE, FY, YEFNAR ZRMmN
RINBER NS EHIT T AR, HWEIRKMARLERR

#HITTIHE,

KEE: M/ MRINEERN; M/)vRERSE; FERRE;
MRS Fui/vMRETr; MRz

Olson, John D. “D-dimer: An Overview of Hemostasis
and Fibrinolysis, Assays, and Clinical Applications.”
Advances in clinical chemistry vol. 69 (2015): 1-46.
doi:10.1016/bs.acc.2014.12.001.

e

D-“RAREFFRLMNR/ NTAE ARSI
B, KiTie D-ZREANEIR. WEFS EMIGKE
o BZEmpuLm (f/MRMMmETEE, 5B, FHER
BA#E, (bm) M D-"RAKN, D-ZREXmENMT
RIFEHE, TMAEMERRM. SUEERKEE
it ENTREZEAS. ATEERE, REHRE
HEBRERBKMARIEE R A AN, ERMIREHMAS, 2
MRS 2 ~4 {8, D-ZBRFthiEEFIAEKMIEM,
R T B1E 80 % LA E AB¥RAYER, D-“RAEEDMNE
TMMERETREENAS, REENEERFDME
TR RIE I, Mi*EHTEE D-—RiAAFRIAME
ERXIEIN. AR T XL R E M8,

Selby, Rita et al. “Impact of specific preclinical variables
on coagulation biomarkers in cancer-associated
thrombosis.” Thrombosis research vol. 191 Suppl 1

(2020): S26-S30. doi:10.1016/S0049-3848(20)30393-5.

BE

BRI IR S TERR K A A2 ZEANEEAE B E P AISURA]
FEME, UREES MR ZEHNBHETEMR
ERRRAR. AT EXERTNERERNTEES,
BICEREVHNE M EBRREBRVIRERR. KFIE
M, SERERNHNDFTENRFTHRT KSR Kl
R B SRR AUE. BIE, SRMfEFEIRER
AR, XERGAERSEERHNIGRESE
Ro IS, DEIFRMANEUSYRENEDITEY ™
EFRBFM, FHit, HREMEYITEDRIATLRN
FARENL, TMXEDMNER, MERDHEIM RN
B, URRERENTT RS RINBERMT 2%
xR MR AO RN, AR EEAERA AT A R AV E

20 [N X#EHEE | Article Abstract Collection

32.

EYTEYEI, i, HINEEBIFLMNLE=Z
RERIEREF B DITAITEIR, REREIRERERT
BT XEERERR 5 P URER AT AN AN B Y R A1 F< R M A4
RSB T I RIAR

R BpRKMARIREE; BAE; EVIITSY; KR

Magnette, A et al. “Pre-analytical issues in the
haemostasis laboratory: guidance for the clinical
laboratories.” Thrombosis journal vol. 14 49. 12 Dec.

2016, doi:10.1186/s12959-016-0123-z.

BE

RIEFEBEMNERENHEER, FIlEnAS, BEE
LEEEMFHEMFR S, REBRHEEREREFND
RIS BRER, MEIEEFREFSG, BERAE
&, s, 4, zh, MEMMEE, BRI
o X—FEFEMFLED, BEONNIEF=
S5, BIEMERTEEMERERN T EAMER
7, WERERIFURRERNREERR. DTEIR
EFRRREEENMUNIED, HITRBFGE. TME
HYHEIROENEFS . EREMRITRAZERT]
BRI, WHERIRBIEER. EAFELINEEN
Pk, AEMMRBIREF. KEERELEDE. T
EfIFK. FERERRNE. XEREHUEFSTE
A, FESHHmEESF. k. FIEMMEED
2, —EERSREHMEDNERNER, KBE
BRAFEFETENFIRER. ERMRIEFE
FMARSHHEIRT R R TRZATENERRERFIS
BiRY. ENEEIEFEIRKER, HWEREFE~EE
A, BRRBLESTWNHERNEE, RioxLe
MRBEBEBIANZE SRR . ERIOFHITEERE
XEEN, BAXWERNRENRRAISEEEEEY
Mo AHETERERITENSS FIRS I AR MR eSS
REXER, FURLEMAZRNEIER. XRGRE



33.

34.

XFRMCNFDITRZEEENEREERNNELE,
FNEARS AR MNE DT EREEZMIAIREY
IE,

KpEiE: LEMIRGE; Einidie

Favaloro, Emmanuel J, and Giuseppe Lippi. “Post-
analytical Issues in Hemostasis and Thrombosis Testing.”
Methods in molecular biology (Clifton, N.J.) vol. 1646
(2017): 545-559. doi:10.1007/978-1-4939-7196-1_40.

RE

e izt N R E DR EERTRLD . XEE)T
hFIAXES, MIRIERERM AT SR, WINIESRY
MBI SN BB RIERETERI R . E—LE88h
BIEEHR, FWEIRBEFE TR, XENREEBE
WA, BEMEME, EREERT, TIN5
EREERRNEMEE, RERTE. DINEIE
AEESNHERNSEYREMNEREX, XEELHE
HRNER, ERHETXESHNBERR, UK
HR/NMEENBIES. 15312, RIHEL T LR,
LR E LMo ERE, AR AERREHEREHN
=, UL ENIGRIZHER,

KR DMEIEE; DNEEE; DHNEE; 28
#HiR; WINARRE; Lbm; wREERE

Giavarina, Davide, and Giuseppe Lippi. “Blood venous
sample collection: Recommendations overview and a
checklist to improve quality.” Clinical biochemistry vol.
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BRI, MEBREFARDLIE SRR MIRIEE
KR, BESIRKRLX.
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B, NelEER TEmEPIERERR, 7 10000 ¢ FEL
10 min fF 9 ¥ SRo

A MREAEEERR O, FAERRERLENERE

I—MSEEE.
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74 HthTFHAmE
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EMRSHERMEREENNT 5%, 7 3 MEHFETWN
F 6%, 7 fEBART PT. APTT. FFEEHE. D-TBIE.

ETEBRH FIVFV/FVIVEVIIFIX/FXUFXIL. Z&M% FXIIL.
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BN 8.1 FPRRRIMKN S RERRK/ S, EMI.
RENBERNFENRBES LEF.

BN 82 fEETRMIRINZ AT, 5B M/VRF RAYMm
FHBATE - 24°C TREKE 3 PAETE - 70°C MREED
6 ™HBo

BV 830 MR FITERRIRF MR Z BT,
B EPRAREE -20°C RERFNEE.,

BN 8.4 AIRTET 1 mL AV FRITIRER MR AF b U7
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BV 850 FEHITRIMIRNIEZ AT, ATLUEZRFIRSFER U
ERURREIS, (BRI St AR R H# T,
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9.1 REMBHEITI/IMRIIBEN

PFT MEMREMBBZERFER, URDAETE
R M/MRER . BEARATHRIVATHRANERR (HRE
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®m, MEENEER, BRRESRL,

XF—LE 1A %, EEFEAKIERN BAPA HUE,
FEASFLHaFIELL, XEqERIA IR SERIEER
EML, SR, FEKEERPUE MDA T AW RS /MR
R, ETE2~3hRIARRES, FURFIBEE. fRdRE.
EFIENE S 54 2 BRI BY B EBXY 65 A PFA-RFI DAL X
FIEIEESES Al el

X F /MR EENEE B R AR AR AT S S En5
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EF, LUBAE#—EREEL FERMARRLS)
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HEEFRAREERINHRSESEEMINREMRNESE
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BUEN PFA R EEER.
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1 | INTRODUCTION
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Abstract

This guidance document has been prepared on behalf of the International Council
for Standardization in Haematology (ICSH). The aim of the document is to provide
guidance and recommendations for the processing of citrated blood samples for co-
agulation tests in clinical laboratories in all regions of the world. The following areas
are included in this document: Sample transport including use of pneumatic tubes
systems; clots in citrated samples; centrifugation; primary tube storage and stabil-
ity; interfering substances including haemolysis, icterus and lipaemia; secondary
aliquots—transport, storage and processing; preanalytical variables for platelet func-
tion testing. The following areas are excluded from this document, but are included
in an associated ICSH document addressing collection of samples for coagulation
tests in clinical laboratories; ordering tests; sample collection tube and anticoagulant;
preparation of the patient; sample collection device; venous stasis before sample col-
lection; order of draw when different sample types are collected; sample labelling;
blood-to-anticoagulant ratio (tube filling); influence of haematocrit. The recommen-

dations are based on published data in peer-reviewed literature and expert opinion.

KEYWORDS

coagulation, ICSH, sample processing

processing, and there are significant cost implications of preanalyti-
cal errors as indicted by a study which estimated the average cost of

Preanalytical variables affect the results of many laboratory tests in-
cluding those related to haemostasis and thrombosis."? The prean-
alytical phase is often the main source of inaccurate laboratory test
results,® with between one third and three quarters of laboratory
errors being attributable to this phase.* Many preanalytical errors
are a consequence of inappropriate or problematic blood sample

©2023 IMPROVE MEDICAL All Rights Reserved

a preanalytical error to be around $200 (in 2013) in both European
and North American institutions, representing an annual cost of $1.2
million for a 650 bed hospital in the USA.°

Preanalytical problems can be surprisingly common occurring in
around 5% of samples in one study.® The analysis of unsuitable or
inappropriate samples and the release of results unsafe for informing
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clinical management decisions constitute important risks for patient
safety. Preanalytical problems associated with sample collection are
described in a separate ICSH document.” The following sections de-
scribe a number of circumstances when preanalytical problems may
lead to bias in test results to the extent that patient safety could be

compromised.

2 | SAMPLE TRANSPORT

Fresh samples should be transported to and within the laboratory
promptly at ambient (18-24°C) temperature.8 Storage of whole blood
samples on ice for up to 4 hours affects some coagulation test results
in normal subjects but not others.” Transporting samples on ice or
storing whole blood in a refrigerator prior to processing is not recom-
mended for most coagulation tests due to the potential for cold precip-
itation of clotting factors including fibrinogen, von Willebrand (VWF)

|,1O

factor and factor VIII,™ as well as cold activation of factor VIl and FXII

with shortening of activated partial thromboplastin time (APTT) and

especially prothrombin time (PT).1

PT assessed with thromboplastins
containing bovine tissue factor is particularly affected by cold activa-
tion of FVII.° Laboratories must ensure that users of their services are
aware of the importance of avoiding storage of whole blood samples
for coagulation tests at 2-8°C. Citrated samples should not be stored
at 2-8°C prior to analysis as this can lead to time-dependent loss of
FVIIl and VWF in whole blood*?* to such an extent that normal sub-
jects could be misclassified as having von Willebrand disease (VWD).
In one study, 50% of samples stored for 3.5 hours at 2-8°C before
centrifugation and analysis were misdiagnosed as VWD. Although this
marked reduction could be reversed if the whole blood sample is pre-
warmed prior to centrifugation,14 these problems are best avoided by
transport and storage of samples at 18-24°C.

Looking to possible new transport systems in the future, prelimi-
nary data on transport of citrated blood samples by unmanned aerial
drones for 6-38 minutes flights indicated no clinically relevant bias
for PT or APTT.?®

Issues related to transport of secondary aliquots are addressed
in Section 8 below.

Transport of both primary tubes and secondary aliquots must
take account of any applicable guidance or requirements from regu-
latory agencies on transporting biohazardous materials.

Recommendation 2.1: Whole blood samples for coagulation
tests should be maintained at ambient temperature of 18-24°C
during transport and storage prior to processing.

3 | PNEUMATIC TUBE SYSTEMS

Transport of coagulation samples through certain pneumatic tube
systems (PTS) is acceptable for some coagulation tests depending on
the conditions,¢ although vibration and movement of the receptacle
used for transport can lead to platelet activation in citrated blood

and should not be used prior to tests of platelet function.’” PTS can

34 XHRES | Original Article Reading

induce in vitro haemolysis as specimens are transported from inpa-
tient wards and local outpatient departments (ODP) to the labora-
tory for testing.1®1?

While cost-effective and time efficient,20 PTS can have a clini-
cally significant effect on quality of samples, as they are exposed to
different temperatures, vibrations and sudden changes in acceler-
ation (g-force).?* Such physical forces contribute to the rupture of
red blood cells (PTS-induced cell Iysis)22 leading to an increase of
intracellular constituents, including haemoglobin, in the surrounding
plasma.zg'24 Haemolysis in vitro also activates platelets with impli-
cations for coagulation laboratory tests.?® Studies have indicated
that acceleration forces exerted upon samples during PTS transport
should be measured, to confirm a transport system's reliability and
effect on sample integrity.? The relevant International Standards
Organization document, ISO 15189 requires preanalytical specimen
transport to be monitored,?” and miniaturized data loggers have
been used to measure acceleration during sample transport through
PTS. Some measures of sample movement during PTS transport
correlate with the rates of sample haemolysis, where it is likely that
numerous changes in acceleration across multiple axes create suffi-
cient shear stresses to induce haemolysis..z‘i"28 Appropriate filling of
vacant airspace in PTS carriers with packaging significantly reduces
vibration and consequent haemolysis.?’ Each laboratory should
evaluate their own PTS for induction of haemolysis in coagulation
samples. Laboratories should do more than simply identify the pres-
ence of in vitro haemolysis. Using data loggers allows modifications
of transport methods to be assessed, quality improvements to be
made, rejection rates to be reduced and ultimately, patient care to
be improved. For these reasons, the use of data loggers is recom-
mended to assess potential impact of specimen transport via PTS.

Recommendation 3.1: Pneumatic tube transport systems should
not be used to transport citrated blood samples prior to tests of
platelet function.

Recommendation 3.2: Each laboratory should assess the impact
of transport of citrated blood samples through their pneumatic
tube system for clotting screening tests prior to any routine use of
such systems.

4 | CLOTSIN CITRATED BLOOD SAMPLES

The coagulation process can be activated during collection and pro-
cessing of citrated blood samples. This can lead to generation of
activated clotting factors, which may result in shortening of some
clotting times. The clotting process within the collection tube can
lead to generation of clots which may or may not be visible on scru-
tiny. There can be clots inside the sedimented red cell mass after
centrifugation, there can be small visible clots containing entrapped
red blood cells suspended in the plasma of centrifuged samples and
there can be clotting in the plasma over the top of red cell mass
after centrifugation has been completed. Activated samples may
contain fibrin clots which are pale in colour. Fibrin clots may be ap-

parent after samples have gone through a freeze-thaw cycle. Visible



inspection on gentle inversion can sometimes identify the presence
of clots, but it is not always possible to detect all clots. This means
that assessment of results should include consideration of possible
effects of activation or clotting in the sample. Formation of clots
leads to consumption of factor Il, factor V, factor VIl and fibrinogen
from plasma. For this reason, the PT and APTT on clotted samples
are usually unreadable, so that automated systems fail to record a
clotting time. Fibrinogen is undetectable in fully clotted citrated
samples. If there is any evidence of clotting of citrated blood samples
for coagulation testing, the samples should be rejected.

Partial clotting or activation may be more difficult to identify,
but may be associated with shortened APTT values. APTT may even
be shorter than those observed in conditions associated with ele-
vated clotting factors, such as third trimester pregnancy,® stress,*!
acute phase reaction or presence of emicizumab.®? Most APTT re-
sults which are 1-3 seconds (s) below the lower limit of the reference
range are likely to be genuine results caused by elevated intrinsic
clotting factors, particularly FVIIl. The presence of unexpected
APTT results that are markedly reduced, typically for example
>4 seconds below the lower limit of the reference range, should be
followed by further sample scrutiny to look for clots, with consider-
ation given to requesting a replacement sample even if clots are not
apparent. The combination of very short APTT and low fibrinogen
can occur in conditions associated with pathological or therapeutic
fibrinolysis or fibrinogen lysis, but is more commonly an artefact of
sample activation/clotting.

Recommendation 4.1: Any citrated blood samples, for coagula-
tion tests, should be rejected if clots of any size are detected.

Recommendation 4.2: Citrated samples with APTT results 4 or
more seconds below the lower limit of reference range should be

scrutinized for possible presence of clots.

5 | CENTRIFUGATION

Centrifugation of citrate samples for most coagulation tests should
be sufficient to deliver platelet-poor plasma with a residual plate-
let count of <10 x 10%/L® which can be achieved by centrifugation
at minimum of 1500 g for 15 minutes® or 1700 g for 10 minutes.
Platelet counts of platelet-poor plasma after centrifugation should be
checked before introducing new centrifuges into routine use, after
any relevant centrifuge repair or recalibration, and taking account of
any relevant regulatory requirements. There are some data which in-
dicate a lack of impact of residual platelet counts up to 200 x 10%/L
on PT, APTT and thrombin time when testing fresh samples.*
Centrifugation at higher speeds for shorter periods at higher g-force
may also be acceptable. One study validated the use of centrifuga-
tion at 11 000 g for 2 minutes for PT, APTT and fibrinogen testing,®
although others reported that platelets can be released from the
tube wall back into plasma where fixed angle rotors are used, when
testing was delayed more than a few minutes after centrifugation.3

Centrifugation should be carried out at ambient temperature

(18-24°C). Temperature controlled centrifuges are not normally
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required, but if used, temperatures of 2-8°C should not be used
since this can affect results of some coagulation tests.'?

Rapid deceleration at the end of centrifugation should be
avoided when processing samples for coagulation testing to prevent
remixing of cells and plasma around the plasma/buffy coat interface.
Therefore, centrifuge braking should not be severe and use of swing
out rotors is recommended to help prevent remixing.

If testing is performed on fresh plasma, most clot-based tests
including PT, APTT and clotting factor assays can be performed on
single centrifuged plasma. If samples are stored deep frozen prior
to analysis, there are a number of tests where it is essential to re-
move as many platelets as practically possible prior to freezing, since
freeze and thaw ruptures platelet membranes. Such rupture leads
to release of platelet constituents, including platelet factor 4 (PF4)
which can neutralize UFH in the sample and give rise to false low
APTT or anti-Xa levels when monitoring heparinized patientsl7 In
addition, platelet membrane phospholipids are externalized with po-
tential false normalization of some lupus anticoagulant (LA) tests.%’
Some tests for activated protein C resistance (APC-R) may also be
affected by freezing once-centrifuged plasma.*®

To ensure that samples are sufficiently platelet-poor, they should
be double centrifuged (“double-spun”), prior to freezing. To double
spin plasma, the plasma from the first spin (not to include any of
the cellular pellet if present) is aliquoted into a suitable noncontact
activating secondary container (such as polypropylene) and re-
centrifuged. The plasma from the second spin (not to include any of
the cellular pellet if present) is aliquoted into an appropriate polypro-
pylene tube and frozen.

Micropore filters that selectively remove some of the FVIII and
VWEF and other clotting factors from plasma should not be used to
filter plasma in an effort to remove platelets.39

Recommendation 5.1: Citrated blood samples for coagulation
testing should be centrifuged at ambient temperature of 18-24°C
using conditions sufficient to achieve platelet-poor plasma with a
residual platelet count of <10 x 10%/L.

Remark: This can be normally be achieved by centrifugation
for 15 minutes at 1500 g or 10 minutes at 1700 g and should be
checked by performing platelet counts on platelet-poor plasma
every 6-12 months.

Recommendation 5.2: Samples destined for lupus anticoagulant
testing and samples containing UFH destined for APTT or anti-Xa
testing should be subjected to a second centrifugation process after
the first, prior to being frozen.

6 | PRIMARY TUBE STORAGE AND
STABILITY

Clotting factors are potentially labile depending on the conditions
of storage, so the interval between collection and processing as well
as the storage conditions can affect the results of coagulation tests.
There are many studies evaluating the stability of whole blood sam-

ples and centrifuged plasma for tests of haemostasis.*048
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It may be unsafe to generalize the findings from one study to other
settings because the results may be different when different blood
sample collection tubes are used, or when the tests are performed
using different methods. The 5th edition of Clinical Laboratory
Standards Institute (CLSI) guidance document H21 (under revision
at the time of writing) recommends that most tests of haemostasis
are performed within 4 hours of blood collection.® There are, how-
ever, other publications addressing coagulation practice identifying
tests/collection tubes/conditions associated with stability longer
than 4 hours (see below). Where data are available, confirming ad-
ditional stability for the specific tube and method in use, it is ac-
ceptable to extend the interval between collection and processing
beyond 4 hours subject to any local regulatory requirements.

The stability of coagulation samples depends on a number of
variables, including the blood collection system, whether the sam-
ples are processed prior to storage, storage temperature and the test
parameters to be analysed.8 In general, whole blood samples should
be kept capped and maintained at ambient temperature of 18-24°C
prior to processing.

Some studies have demonstrated that citrated whole blood
samples stored at ambient temperature are stable (defined by
the article authors as <10% change) for up to 24 or 48 hours for
many haemostasis tests including FllI, FVII, FIX, FX, FXI, VWF:RCo,
VWEF:Ag, AT, PC, APC-R and D-Dimer (although not for APTT, fac-
tor V activity, factor VIII activity, and protein S activity).*” Other
studies have described significant changes in some test results
over such time periods.42 Further evidence of D-Dimer stability
for 24 hours in whole blood is available.*’ In some studies, citrated
samples were stable for PT/International Normalized Ratio deter-
minations at room temperature for 24 hours®® or even Ionger.40
Routine APTT determinations should be performed within 4 hours,
although local studies may allow these limits to be exceeded.*>%
If testing is not to be performed within 4 hours for the APTT and
24 hours for PT, the plasma should be separated from the cellular
fraction. Once separated, plasma can generally be maintained at
room temperature or refrigerated for a few hours without adverse
effects on results.’® Factors Il, VII, IX, X and FXI were found to be
stable for at least 24 hours (defined as <10% change from baseline)
in double centrifuged citrated plasma after transfer into polypro-
pylene tubes with up to 12% reduction in FV and up to 14.8% re-
duction in FVIII after 4 hours.*®

Protein S activity is stable for 8 hours, whereas protein C, anti-
thrombin (AT) and vitamin K dependent pro-coagulant factors are
stable for at least 24 hours in plasma.4l’42

Samples containing UFH destined for APTT or anti-Xa testing
must be centrifuged within 1 hour of collection and low molecular
weight heparin containing samples within 24 hours of collection.’®>!
PF4 released from platelets during storage of citrated samples will
neutralize UFH, while LMWH is less susceptible to PF4 neutraliza-
tion. Once centrifuged, APTT or anti-Xa testing on samples contain-
ing UFH should be completed within 4 hours of sample collection.*?

Sometimes, laboratories report the initially requested coagula-

tion results and are then contacted later with a request to perform
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an additional test on the original sample. It has been demonstrated
that there was less than 5% change in PT, AT, fibrinogen or D-Dimer
in plasma which remained over the cells in the primary tube after
centrifugation for 24 hours at room temperature, although APTT
may increase by close to 10%.%°

Recommendation 6.1: The allowed interval between sample
collection and testing should be validated or verified for blood col-
lection tube and specific coagulation laboratory tests and methods
in use.

Recommendation 6.2: Citrated blood samples containing un-
fractionated heparin destined for APTT or anti-Xa determination
should be centrifuged within 1 hour of collection, and the analysis
shall be completed within 4 hours of collection.

7 | EFFECTS OF INTERFERING
SUBSTANCES INCLUDING HAEMOLYSIS,
ICTERUS AND LIPAEMIA

7.1 | Haemolysis

Visible haemolysis in the plasma of a centrifuged citrated blood sam-
ple may be caused by in vivo red cell disruption as a consequence of
a particular disease process (eg, Auto-immune haemolytic anaemia,
sickle cell crisis, transfusion reaction etc). It can also occur during
extracorporeal circulation of the blood, or it may occur following in
vitro lysis as an artefact of sample collection transport, storage or
processing. If haemolysis is thought to have occurred in vivo, it is
appropriate to proceed with analysis and reporting of coagulation
tests. Results obtained on samples where haemolysis has occurred
in vitro may be altered to the extent that they are unsafe to be used
for patient management decisions (as described below), so that it is
important to have data assessing the impact of haemolysis on coagu-
lation test results.

It is usually considered that haemolysis is visible for plasma hae-
moglobin concentrations between 0.2 and 0.3 g/L or more,** al-
though analytical systems used for haemoglobin measurements on
such studies are sometimes designed for use with whole blood sam-
ples. Therefore, the recommended measuring range of the method
may not include such low levels. Visual scrutiny of samples may be
operator-dependent, and hence, it is useful that automated detec-
tion of haemolysis is available on multiple coagulation analysers.f’E'59
Automated assessment should be used where possible to standard-
ize sample checks for presence of in vitro haemolysis. The optical
characteristics and colour of plasma may occasionally be altered by
therapeutic infusions which could impair interpretation of both vi-
sual and automated checks.

It is possible to perform a check for haemolysis in a blood sample
in a few seconds using a point of care device which would allow the
possibility of checking a tube while the collection device remains in
the patients vein so that a replacement tube could be collected be-
fore conclusion of the collection procedure without requirement for

anew venipuncture.60 This system could also be used when sample



analysis is being performed on an analyser which lacks automatic
checks for haemolysis.

It has been common practice to assess the effects of haemolysis
on coagulation tests by adding haemolysate to plasma, although it
should be kept in mind that adding lysed red cells will not normally
fully mimic all the effects of haemolysis when haemolysis occurs
during blood sample collection and processing. There are a number
of techniques in use to create spurious haemolysis including spik-
ing plasma with haemolysate preparations; freezing and thawing
whole anticoagulated blood; lysis of whole anticoagulated samples
by means of deionized water with or without detergents; mechan-
ical lysis of whole anticoagulated blood by sonication; stirring with
a metallic bar; application of the blade of a tissue homogenizer and
aspiration through a fine blood collection needle (<25 gauge).

There are a number of published studies describing the effects
of haemolysis on results of clotting tests, in which cells have been
deliberately lysed followed by addition of cell lysate to plasma.
Addition of cell lysate to test plasma leads to dose-dependent trends
to over-estimate PT and D-dimer with decrease in APTT and fibrino-
gen compared to baseline sample with no lysate added.®* This study
reported a 5% increase in D-dimer results in the presence of 0.9%
cell lysis, corresponding to 1.7 g/L plasma haemoglobin, with an
increase of around 10% in D-dimer results at around 9 g/L plasma
haemoglobin. For all the tests studied, there was considerable and
unpredictable interindividual variation in the effects caused by addi-
tion of cell lysates to plasma prepared from the same normal subject.
Significant differences in results of clotting tests as a consequence
of targeted mechanical haemolysis have also been reported in other
studies.>>®2

Interference in results of coagulation tests can derive from ab-
sorbance of the interfering substance at wavelengths that are com-
monly used for optical detection in coagulation analysers.63 Beside
this analytical interference, the interfering substance or interfering
substance-related components can induce a direct interference with
haemostasis. Forinstance, phospholipid membranes from haemolytic
red cells may interfere with the coagulation reaction by providing a
phospholipid-rich surface that accelerates coagulation reactions.®*
Platelet activation by haemolysed red cells can impact coagulation
test results indicating that effects will not be restricted to those in-
duced by change in the colour of the plasma samples under analysis.
The disruption of cells may not be restricted to erythrocytes and re-
lease of cellular content will not be restricted to haemoglobin. It has
been shown that red blood cell lysis activates platelets through ADP
release and that the haemoglobin released enhances platelet activa-
tion by lowering nitric oxide bioavailability.25 These effects are likely
to contribute to changes in coagulation parameters in haemolysed
blood samples during the interval between occurrence of haemoly-
sis and analysis of the sample in the laboratory.

Haemolysis in citrated blood samples which occurs in vitro is
normally preventable if appropriate collection transport and pro-
cessing techniques are used, but nevertheless is commonly encoun-
tered. It is unclear to what extent the impact of haemolysate added

to plasma reproduces all the effects on coagulation tests that may
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TABLE 1 Causes of in vitro haemolysis (adapted from
reference 63)

Sample collection Poor venous access

Poor technique

Traumatic venipuncture

Small needle size

Forced passage through needle

Sample handling and
transportation

Excessive shaking or trauma to tube
Excessive delay before centrifugation

Exposure to very high or very low
temperatures

Inappropriate centrifugation conditions, for
example temperature too high or low.

Sample preparation

Transfer of plasma contaminated by red
blood cells followed by freeze/thaw

occur in samples where haemolysis has occurred during sample col-
lection and processing, particularly because there are a number of
causes of unintended haemolysis in citrated blood samples which
have been reviewed elsewhere® and are summarized in Table 1.

Since there are many possible causes of in vitro haemolysis, it is
likely that the effects on clotting tests are also multifactorial with
coagulation activation, clotting factor consumption and changes in
the optical and mechanical characteristics of the sample occurring
in isolation or in combination in different samples. Some of these
effects may be absent in studies of the effect of haemolysis on coag-
ulation tests performed using samples which have been constructed
by addition of lysate to plasma. Such studies should be interpreted
with caution.

Some centres reject samples with in vitro haemolysis and re-
quest replacements. Some studies have therefore been able to com-
pare results in rejected haemolysed samples with results obtained
on subsequently received replacement nonhaemolysed samples
from the same subjects collected within 3 hours®? or within 4 hours
of each other.>

The level of free plasma haemoglobin in samples with visible in
vitro haemolysis was 0.2-7.0 g/L in one of these and 0.5-9 g/L in
another (total sample number in the 2 studies was n = 119). The two
studies used different blood collection tubes from widely used inter-
national suppliers, suggesting that the level of in vitro haemolysis is
not a consequence of poor collection tube quality and not specific to
a particular tube type.

Both studies show that, on average, the impact of haemolysis on
PT and APTT was low but there were individual samples in which
changes in APTT induced by in vitro haemolysis would have import-
ant clinical implications. This did not occur for PT, that is the bias
in haemolysed samples were not clinically relevant. Falsely normal
APTTs occurred in approximately 5% of haemolysed samples where
the true APTT (on a matched nonhaemolysed sample) was more than
6 seconds prolonged but was normal on the haemolysed sample.®®
In other samples, D-Dimer results that should have been below the

cut-off for venous thromboembolism exclusion were falsely elevated
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above the cut-off in haemolysed samples.®® Detection and rejection
of haemolysed samples for APTT and D-Dimer is therefore import-
ant for patient management purposes. Clinically relevant differences
in APTT and D-Dimer, but not PT or Antithrombin, were reported
in patient samples with spontaneous haemolysis when compared to
matched nonhaemolysed samples from the same subjects using a
different photo-optical analytical platform to the studies described
above.”® If a request for D-Dimer is made to confirm a level is below
the cut-off for VTE, then it may be possible to safely test a hae-
molysed sample, despite some possible artificial elevation, provided
the result remains below the cut-off, since D-Dimer is not falsely re-
duced in these studies (being either unchanged or falsely elevated).
Here, a nonclinically significant (artificial) increase caused by haemo-
lysis may have no impact on management whereas rejection could
introduce delay.

The APTT of a sample with in vitro haemolysis is often falsely
shortened, but can also be falsely prolonged, and the change in
APTT as a consequence of in vitro haemolysis is not correlated
with the level of plasma haemoglobin irrespective of whether
the APTT was determined photo—optically63 or mechanically.59
Clinically relevant changes in APTT can occur when even very low
levels of in vitro haemolysis are present.sc"""“’65 It is therefore un-
safe to attempt interpretation of APTT on samples with in vitro
haemolysis.

In the studies comparing results obtained on matched pairs of
haemolysed and nonhaemolysed samples from the same patient, the
authors attributed the differences observed to the effects of hae-
molysis, but the possibility of a real change in the patients clotting
results within the period between collection of the two samples (up
to 4 hours in the studies discussed) could not be fully excluded in all
cases. Despite this limitation, conclusions on the impact of in vitro
haemolysis on tests of coagulation may be safer when based on data
comparing haemolysed and nonhaemolysed samples from the same
patient where possible.

Haemolysis frequently occurs in vivo in thrombotic microangiop-
athies, but if haemolysis is thought to have occurred in vitro as an
artefact, in citrated samples for ADAMTS 13 activity determination,
then ICSH have recommended that replacement samples should be
obtained, and that if this is not possible, a comment regarding poten-
tial assay interference should be added to the laboratory report.®

Recommendation 7.1.1: Plasma for coagulation testing which
has been prepared from citrated blood samples should be checked
for the presence of in vitro haemolysis, preferably using an auto-
mated system for consistency.

Recommendation 7.1.2: APTT should not be performed on sam-
ples with haemolysis that has occurred in vitro during sample col-
lection, transport and processing.

Remark: The impact of moderate in vitro haemolysis (ie,
<10 g/L) on PT/INR is usually clinically irrelevant.

Recommendation 7.1.3: The possibility that haemolysis has oc-
curred in vivo should be considered. Samples from patients with in
vivo haemolysis for determination of coagulation tests can be ac-
cepted and tested.
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7.2 | Icterus

Icterus is the yellow colour caused by bilirubinaemia in plasma.
Bilirubin has a high absorbance between 400 and 520 nm with a peak
at 456 nm which has the potential to interfere when photo-optical
coagulation analysers use similar wavelengths to monitor reactions.

There are a number of studies assessing interference of bilirubin
on coagulation testing using photo-optical analysers, sometimes by
comparing results before and after addition of bilirubin to plasma,
and sometimes by comparison of results in patient samples with hy-
perbilirubinaemia obtained with optical and mechanical coagulome-
ters including samples with markedly elevated concentrations (for a
comprehensive review see 63).

The impact of icterus on PT, APTT or fibrinogen with a mechan-
ical system was clinically irrelevant in one study,59 while another
study reported some shortening of PT and APTT (all <10%), increase
in Fibrinogen (up to 20%) and elevation of D-dimer (<10%) in the
presence of increasing bilirubin concentrations, depending upon re-
agent/instrument combination.®” Billirubin levels >100 pmol/L can
reduce ADAMTS 13 activity in some fluorescence assays by quench-
ing fluorescence which can sometimes be avoided by sample dilu-
tion.%¢ Sample dilution may be an option in some other tests such as
chromogenic assays, if bilirubin interference is suspected. Where a
manufacturer identifies a level of bilirubin that causes interference
in a particular test that should be taken into account when interpret-
ing and reporting test results.

Recommendation 7.2.1: Citrated samples with hyperbilirubinae-
mia for 387726645PT APTT and fibrinogen coagulation tests should
be accepted for analysis.

7.3 | Lipaemia

Lipaemia in citrated plasma samples can lead to problems when sam-
ples are analysed for coagulation tests due to increased light scatter
or absorbance using photo-optical systems.‘i‘3 Lipid can be added to
plasma samples to simulate the lipaemia that occurs in patient sam-
ples to assess the level of interference but it is not known to what
extent these samples truly mimic patient samples where different
types and concentrations of lipid may be present. The interference
of lipid can be reduced by using increased centrifugal force.®>%®
One study compared results on samples before and after use of
a double high speed centrifugation (often referred to as ultracentrif-
ugation) of 15 000 g for 15 minutes in 101 samples with excess li-
paemia (detected by an analyser). The differences in mean results of
PT, APTT AT and D-Dimer were <4%. Extra centrifugation increased
the result of Clauss fibrinogen measurements by approximately 10%
for fibrinogen in the range 2-4 g/L, suggesting that there was some
underestimation in lipaemic samples.69 In another study, centrifuga-
tion at 10 000 g for 10 minutes was sufficient to markedly reduce the
lipid to the extent that all 22 samples failing to give PT or APTT re-
sults in the presence of lipaemia (mix of constructed and real patient

samples) gave clotting times after centrifugationA70



The impact of lipaemia on PT, APTT or fibrinogen with a mechan-
ical system was clinically irrelevant in one study® and dependent
upon the reagent/instrument combination in another study.®”

Samples with detectable lipaemia should not be rejected since
replacement samples may have similar characteristics and because
the impact of excess lipid found in patient samples on coagulation
test results is small and not normally clinically relevant.

Recommendation 7.3.1: If the lipid level is so high that the anal-
yser cannot accurately detect clotting, the sample can be analysed
after removal of the lipid from the plasma by centrifugation at
10 000 g for 10 minutes at ambient temperature.

Remark: If high speed centrifugation is used, a reference range
should be established for tests on samples processed using that

procedure.

7.4 | Other interfering substances

It has been reported that C-reactive protein (CRP) can cause prolon-
gation of APTT depending on the reagent used. There was a positive
correlation between increasing CRP concentration and APTT deter-
mined with STA Cephascreen APTT reagent but not with a kaolin-
based APTT reagent in 59 emergency department patients. Addition
of CRP to normal plasma caused average increases in APTT with four
reagents as follows: STA Cephascreen 5.6 seconds; STA CK Prest
1.6 seconds; Actin FS 3.5 seconds; Synthasil 2.1 seconds.”! There
is also some evidence that CRP can interfere in lupus anticoagulant
testing.”? A number of other substances may interfere in coagulation
tests. Interfering substances should be considered when unexpected

results occur and repeat sample collection may be useful in such case.

8 | SECONDARY ALIQUOTS—TRANSPORT,
STORAGE AND PROCESSING

When samples are submitted to the laboratory as secondary tubes,
samples collected into the wrong anticoagulant or that have been
combined from blood collected into different types of tube are not
readily recognized as inappropriate samples. To avoid reporting re-
sults of tests performed on an inappropriate matrix, some laborato-
ries characterize (by measuring different electrolytes) those samples
that yield abnormal results and have been submitted to the labora-
tory as secondary tubes before reporting.73 See ICSH recommenda-
tions for collection and processing of blood samples for coagulation
testing for a review of coagulation test results on samples collected
as serum or into anticoagulants other than citrate.”

If tests for lupus anticoagulant or UFH (APTT or anti-Xa for ex-
ample) are to be performed on plasmas which have been frozen prior
to analysis, the plasma should be separated into a secondary tube
after the first centrifugation and subjected to a second centrifuga-
tion process, as described in Section 5, prior to freezing.

Secondary tubes constructed from polypropylene are suitable for

t.74

storage of frozen citrated plasma for coagulation tes Differences

©2023 IMPROVE MEDICAL All Rights Reserved

between results obtained on samples stored in screw cap tubes with
rubber seals and snap top versions were clinically irrelevant and ei-
ther can be used.”* Secondary aliquots for deep freezing should be
capped throughout preparation, freezing and thawing.74

When platelet-poor plasma (PPP) is frozen for future testing, the
freezing and storage conditions affect the stability of frozen mate-
rial. Rapid freezing reduces the opportunity for changes to the clot-
ting factors and is more easily achieved when the secondary tube is
transferred directly into storage units already present in the freezer
for sufficient time to be acclimatized to the freezer temperature,
rather than transferring samples in carriers or storage units that
have been at ambient temperature.

Storage of platelet-poor plasma (PPP) at -20°C may be inad-
equate to prevent change in results of some coagulation tests.
Freezers with autodefrost should not be used to store PPP prior to
determination of coagulation tests since there can be significant rise
in temperature during defrost.

The sample stability is improved at lower temperatures and while
-24°C is adequate for 3 months storage, stability for many coagula-
tion analytes is improved by use of -70°C for samples that are being
stored for more than 3 months.”® Minor differences between results
on samples tested within 2-4 hours of collection and again after
1 week storage at -70°C were not clinically significant for PT APTT,
fibrinogen, D-Dimer, AT, FV, FVII, FVIIl and FIX.”

If frozen plasma samples are transferred to another site for anal-
ysis, this should be done using conditions which maintain the sample
temperature below -20°C. This is most effectively done by packaging
the samples in close contact with sufficient volume of solid carbon
dioxide. Use of temperature loggers alongside such samples provides
useful evidence that adequately low temperatures have been main-
tained. Secondary samples transported like this must utilize sample
containers with adequate sealing of the cap since CO, gas entering
the samples can lead to pH change in lyophilized plasmas, to the ex-
tent that some clotting test results could be affected.”” Other studies
have reported pH changes in plasma samples exposed to dry ice.”®”?

Prolongations of PT and APTT in frozen citrated plasma which
occurred following 24 hours exposure to dry ice were abolished if
such plasmas were stored at -80°C for 24 hours between dry ice
exposure and analysis.”®

Frozen citrated plasma samples should not be allowed to thaw
slowly at room temperature or precipitation of fibrinogen, FVIII, VWF
and AT may occur. Samples should be thawed in a temperature con-
trolled water bath at 37°C with the surface of the frozen plasma held at
or below the surface of the water, after which the sample must be mixed
by 3-5 over end inversions prior to testing. If the volume of plasma is
less than 1 mL, then 5 minutes thawing time is sufficient.”* Thawing
appropriately (at 37°C for 5 minutes) without post-thaw mixing is not
sufficient since a lack of mixing was associated with a 60% loss of VWF
activity and antigen from normal plasmas which was avoided by any
of 3 different mixing methods, that is gentle mixing by 6-8 inversions;
5 minutes on a roller mixer or vortexing for 10 seconds.?°

It has historically been common practice to avoid refreezing of

secondary plasma aliquots which have been previously frozen and
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then thawed despite a lack of published studies supporting that
practice. Actually, there are several publications addressing this
issue, which indicate that some coagulation parameters are unaf-
fected by multiple freeze and thaw cycles, at least under the condi-
tions studied. Using 10% change as significant, FIl, FV and FIX were
not significantly affected by two freeze-thaw cycles whereas FXI|
was significantly affected by a second freeze thaw in one study.81
A comprehensive study assessing seven cycles of freeze thaw (with
-70°C storage) confirmed less than 5% change after two cycles for
all parameters studied and <6% change after 3 cycles.”* The authors
studied PT, APTT, Fibrinogen, D-Dimer, clot-based FII/FV/FVII/
FVII/FIX/FXI/FXII, chromogenic FXIII, AT activity, PC activity, PS
activity plasminogen, DRVVT and anti-Xa (LMWH). Five freeze-thaw
cycles did not cause significant changes in anticardiolipin or anti p2
glycoprotein 1 antibody testing.®? Taken together, these studies in-
dicate that many coagulation tests can be safely performed after
2 cycles of freeze thaw when thawing is done in a water bath for
4-5 minutes and freezing/refreezing is done at -70°C, provided the
interval between thaw and refreeze takes account of sample stabil-
ity (see Section 6 above).

Recommendation 8.1 Citrated plasma should be frozen in poly-
propylene vials which are capped at all stages of processing, freez-
ing and thawing.

Recommendation 8.2: Citrated platelet-poor plasma samples
can be stored at -24°C for up to 3 months or -70°C for at least six
months prior to performing coagulation tests.

Recommendation 8.3: If frozen citrated plasma samples are
transported between sites, they should be maintained at -20°C or
colder during transfer.

Recommendation 8.4: Frozen citrated plasma samples of
up to 1 mL in volume must be thawed rapidly in a water bath for
4-5 minutes at 37°C and thoroughly mixed to avoid formation of
cryoprecipitate.

Recommendation 8.5: Use of 2 or more cycles of freeze thaw
prior to performing coagulation tests may be acceptable, but should
be verified for the local samples and methods being used.

9 | PREANALYTICAL VARIABLES FOR
PLATELET FUNCTION TESTING

There are several guidelines, consensus documents and review arti-
cles that provide useful information about platelet function testing
(PFT).8%-8% Preanalytical variables that impact on PFT in the as-
sessment of aspirin and clopidogrel responsiveness have been re-

d86

viewed®® and will not be specifically discussed here.

9.1 | Blood collection for platelet function testing
The collection and handling of blood samples for PFT requires spe-

cial attention in order to reduce platelet activation during handling.
The specific details may vary depending on the reason for the study

a0 XHRES | Original Article Reading

(investigation of inherited and acquired platelet function defects,
assessment of responsiveness to platelet antagonist treatment) and
the type of platelet function test to be performed (eg, PFA-200, light
transmission aggregometry [LTA], impedance aggregation [IA], flow
cytometric techniques, thromboelastography).

Where possible, a rest period of few minutes before blood col-
lection may reduce stress and exercise induced changes. A record
of all drugs (including nonprescription or commonly referred as
over-the-counter medicines) and herbal supplements that have been
taken in the last 7 days should be collected, due to the large number
of substances that may affect PFT results (see 86 for a useful list).

For most purposes, it is generally recommended that blood for
platelet function is collected by clean venipuncture, using a needle
size of at least 21 gauge, rapidly anticoagulated (usually in citrate)
using siliconized glass or polypropylene blood collection tubes,
maintained at room temperature (18-24°C; never chilled) and tests
completed within 4 hours. National and International consensus
and guidelines have recommended either 109 or 129 mmol/L buff-
ered sodium citrate for LTA,25®” but there is some evidence that
109 mmol/L is preferable and should be tested within 2 hours.8887 |t
is also suggested that the first 3-4 mL of blood is discarded or used
for other purposes.7 There is some evidence that citrate tube volume
may also have an effect, with a decrease in impedance aggregation
with time, using collection tubes less than 3.6 mL.”®

For some IA methods, hirudin and BAPA anticoagulated blood
have been recommended, as these may improve the storage stability
of the sample in relation to certain agonists.”'94 However, platelet
clumping may be observed in hirudin anticoagulated blood with a
consequent decrease in IA at 2-3 hours.”” The choice of anticoagu-
lant, specimen collection, transport and time between sampling and
analysis all have critical effects on the closure time using the PFA-
series analysers.%'99

For flow cytometric investigations of platelet membrane
glycoprotein receptors or generation of activation markers in
response to agonists, citrated whole blood is normally used. A
recent study showed no differences between vacuum tube and
syringe aspirated samples or between the first and second tubes
drawn.'°° Fluorophore-labelled antibodies should be added to
the sample as soon as possible after blood collection; after ap-
propriate incubation and dilution, a mild fixative should be added
to prevent further activation or deterioration (for guidance and
protocols see 101103),

The impact of blood collection method has recently been stud-
ied and found to have no significant effect on PFA and IA (using
the Multiplate analyser) methods. Blood collection can be by ve-
nipuncture and from venous, arterial and central venous lines.***
However, this may depend on the type of substances that have
previously been infused through the line (ie, blood products or
heparin) and there may be differences between research studies
with carefully collected samples and the real world, with blood
collection outside controlled conditions. Some of the authors also
found no difference in PFA results for syringe collection versus
evacuated tube.



9.2 | Transport of samples for platelet
function testing

Transporting blood samples to the laboratory by pneumatic tube sys-
tems (PTS) may considerably reduce the turnaround time for testing,
but each type of system should be assessed for impact on PFT results.
In Section 3 above, we have recommended against use of PTS to trans-
port blood samples prior to tests of platelet function although this
may be possible in specific circumstances if robust data are available
to support the use of particular defined conditions since one recent
study found no difference in PFT results (assessed by LTA and flow cy-
tometric methods) when a PTS was compared to the regular transport
system.105 However, others have found significant changes in LTA and
pre-activation of platelets by flow cytometry®® decreased platelet
function by PFA and IA methods.’?”1% See also Section 3 above.

9.3 | Sample preparation for platelet
function testing

Blood samples should be allowed to “rest” at room temperature
for 15 minutes before centrifugation for platelet rich plasma (PRP).
Some centres utilize a similar “rest” period for PRP before testing,
in order to allow restabilization after the mechanical trauma of cen-
trifugation. PRP should be prepared by centrifugation at 200-250 g
for 10 minutes at room temperature, as loss of function occurs in LTA
with increasing centrifugal force, probably due to the loss of larger
platelets as indicated by a falling platelet count and decreasing mean
platelet volume 109110

Haemolysed samples should not be used (unless there is good
reason to expect in vivo haemolysis), since this implies that the sam-
ple is activated and therefore platelet function will be altered in
vitro.? Samples containing small clots or clumped platelets should
not be tested. Grossly lipaemic samples may cause problems in some
optical methods (eg, LTA, where it may be difficult to set a suitable
100% light transmittance).

There is controversy about the need to adjust the PRP plate-
let count for LTA. The general consensus is that adjustment is not
necessary when the PRP count is within the normal range as this
can impair responsiveness to agonists.g‘s’111 However, most work-
ers feel that the platelet count should be reduced to normal when
above 600 x 10%/L and this is usually performed using autologous
platelet-poor plasma (PPP; prepared by centrifuging at 2000 g for
15 minutes). PRP and PPP should be handled using polypropylene
pipettes and tubes and should be stored at room temperature in
capped tubes to reduce pH changes.

Recommendation 9.1: Blood for platelet function testing should
be collected using a 19-21 gauge needle, mixed with 109 mmol/L
trisodium citrate (excluding the first 3-4 mL collected) and main-
tained at 18-24°C during processing and testing.

Recommendation 9.2: Platelet rich plasma should be prepared
by centrifugation for 10 minutes at 200-250 g at room temperature
of 18-24°C The platelet count of PRP should only be adjusted down
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to 250-300 x 10°/L when the platelet count exceeds 600 x 10°/L
Any such adjustment should use autologous platelet-poor plasma.
Recommendation 9.3: Processing of blood samples should begin
15-30 minutes after collection and analysis must be completed
preferably within 2 hours and always within a maximum of 4 hours,

taking account of any relevant manufacturers' instructions for use.

10 | CONCLUSIONS

Some blood samples may not be easy to replace, and not all rejected
samples are replaced within the relevant time frame. This means that
any citrated blood sample acceptance/rejection protocols taking ac-
count of the causes of bias in test results described above and in
ICSH recommendations on sample collection’ should balance the
risks of releasing unsafe or misleading results against the risks as-
sociated with rejection followed by delay or absence of coagulation
test results. If a preanalytical change causes bias, which is unequivo-
cally not clinically relevant, then the balance of risk favours release
of those results. This type of approach has been considered in other
areas of laboratory medicine.!*?

Recommendation 10.1: All coagulation laboratories should es-
tablish written policies on sample transport, storage and process-
ing of both primary tubes and secondary aliquots which includes
a description of which citrated samples are acceptable for testing
and those that must be rejected; this should be jointly developed
by laboratory management and the clinicians who make use of the
coagulation laboratory service.
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