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IMPROVE REVIEW BEZEE-IC0RS

FHPNXMSENE—RXT (AZROEGARER BFRENERQRTENZE) NEk, SEERMTLITEEENES
BXEARRE, BERANTETROEFARENSFEENERQIRTENZM, UEIRKLIEA SR BT R,

REXMERARERENEEXE RAQKRITHE KR
R
FHEE—ARER

1. R

BT RIME R MBARARHI TN R, IR
IO, MBRRAEATSMAREMNTERLE, WK
B, FRE. REFRE. 2FENERARBEENL
F, XERNERNTRRINZEaTEEEENER, &
B, MRMEIFAEFERY, SEEZMMRRERNRE UKL
KM REVERN, KMXIRRISERFIST =R FRIE,
XY FEEROEGENMESRFEER, HP, TEHRE
HEfEERR T A RENNNERNEER R, F3XER
REZ=RMETARE R BFRENE WEIME R, L

BIGERAIN R BT HAIBIRA,
|

~
2. ERIMTALRE BRI RAR A L ERIY

BBk IMARAT AN IRR IR AL R EPIFEERM—II(F,
EEEF M IERIERIEMIZEERNERIEL. Eit,

B ERMKEE T AR TAARE RIS A A MR AR A
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BIRE. LB, (IERAFRBIRITANKES L
) (WS/T 225-2002) MEBXF LB HMNiEs mRzAE
e MBRMRH RN, BAMMS AERHNL I+
BHR (RIEEEICHAIERIEPBRK AT E S MRk R
BOERIESERM) o MREMAEER, HFE2 h IS BH
mEHME, ENBRIMBE/ME, £ 22°CHRERBT 8 ho
(EEIGFRICIIRIEMIE) (5 4 hR) PEN=ELRS£Mm
HANEREG 2h ADBEL, BNREE2~8CT. (&
BRIRATASREEIER)  (WS/T661-2020) PEXR T MiRAT AR
EENRFEENIHIEE, BIKNRITARERSERIE
1, BETE2hASEREERE LD BME/MER (LmENRE
BRIM) o EEIGRMETIGZEIRAENS (Clinical and Laboratory
Standards Institute, CLSI) “#g%l, £ ERIME/ MENEER
THRERBE 8 ho MRNETRRET 8 h ATERL, MiE/MRKN
R (2 ~8°C) o MEMEARTE 48 h WFERL, D BWHIME/
MR FAERIENEIT 48 h, MMIE/MIRMTE- 20°CEHAEF- 20°C
BFR. E—MRERT, MFEAE 49°CTERR EHEFKE
48 h, 1BRRSN, MRFEE, KELLZE. ZIRINEA FIKE
the BKR. FSEE) ( TRT. NS FREMME R, X
YRR D BRI ERREE R ERHER TR EFRR
FIREERS (ICSH) PEINIMRITARERER 1 h RIXE
KRINE, HE 4 h RETOBMBRME, MRIFEETER
FRRRFFIER.

REBEARMEXRITEIE R B MRAT A IBH TR
RO, EERMQIRT, KRR ARMUERE

i#kSiE | Article Reading Guidance [9 1
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AZIRALE, RERSE. BHEL BE. RENFESEMHE
ZWTMETHESRE. Bit, ENRARITOTNIER,
FREAKONMBENTE, SREXERIMIEERA
MR, EFEERMEST, MUBRENERIERE,

3. IRERENEFREEXE RAKE T E RN

31 ZEARBRNE

mESEARRTFSFIRELRNEM, EPFZEAR
UM T, BTFIRPIESELRENNETATIT
&, PSS MERIRE, it RERBREL.
RAESBRIERR. PALBANENRERINRE LNEND
fZz—o

A EFE RS BANRNRENBERR, ATEsEERM
EUTENRE, —LEMIRKEVSH (REA. BTA.
ISR SRS, AESSES. HETHENAR) WREMEERH
KR EFRMG THALN—RYIEFRHT T, X
LIARREA, BENFEFENEREERR, FJESFmMELD
MR, (IRKEAEMREMBESEXEE 2 55 0
BERER. BER) (WST 404.2-2012) NXFEARUEDN
MmRERLERY: MERAETROAR, EREXER
2 h ARNSBEME, BEHFIRSM. BERIEER, I
ENBE 2 h REITHM. Cray SUHIZ T REMI1E a1
ARIMESE DEUDTIERNEIE, BARIMEFARTE R
BET 4C. R, 37°C) MAEREFMERE (0h. 2 h,
4h. 8h. 24h) TXHEERFHITOM. HATAKIL, ALBF TP HY
RETERTHE 2h FREWTE, LHEETSEEHT

(#81d 25°C) , ALBHI TP WFEAEREEE R, FlL, TEAR
KM, KREAE SR FENBEATTIUEREP ALB
TP R E M.

o, FRENEARNEERENRBEEERR,
Daniela FUEHEHAMBESMBNEM (WER 3 h W,
4°C/24 h [G. 4°C/48 h ]FAR - 20°C/48 h) EO I BEDR

2 E XEkSiE | Article Reading Guidance

BEARMEXAS (BB o w- B B M y-IRE
B) MR, SERRAMBEME 4°CTHEE 24 h A 48 hWEE
B. BEAM-KEREEEERN, B85 HREAEEER
MW, HFEMETE - 20°C TERF 48 h REBNTAAEXLES
#, ZARS TOTHOVAU!SREMFYFHILER—5, HEAT
BRT o-BRERLSM, BEAHETFAE 4°C BY, RILIJESRINFG 48 h
RIMEMESEHAD, REAREDER. Christensen!!!)
MR T EEREMB AN A MBS A EYITEMRE LN
M, ZIMIE 4°CTEF 24 h, ABHEARNESELEEET
o MTE - 20°CE - 8O°CHYMELR T KA EfiEE, FLERR
NWEEREZ TR, NAEZE ALESER (RBP) Al &
EAH (AIAT) %, b9, KEFEIEES SHE A RER
RE, ¥MEREM. Fit, WFILEEAREVREYIIGHE
MO, MiZERESENEEMIEFNE, HROTagRiH
(Eparin®

BHRR, WFIBETARAE, ViZREBEKITER
EFRENSEFER, UWRIEZEARNREEERIL. 7RIS
RANFEFANEQRRNEROTMW, FTUREBLEER
AR BIERERNFAMES ZNMNEFRM, UBRERE
WM,

32 THBEFNE

MmEH. . SVERRAE LHNASNTEZ—,
BEFK. BERETEHMERETHRILNALE, FEREN
REFEEYSEBRIUREN PH EREHENHT,
(2EIRKQIIZEMIZ) PigH, MESMmRARA R Kby
NE, RemirAREREREK, FIMIABEEAHETE
i, RETESHAAME L Na'-K' ATP B§TEIERIE
¥, NMFBERSLARRNEHIFZTIRA, EMEH
e, ENESEREIREES. EBELT, dABRRS%
M. AEFOTEHZBEBRREIBER, J5RREN, =
BERBRE EBAVIEIE PR, ERMPRMEA S, MEMFIRAE
B, EE®E 30 ~45 min FEODBMKHIME. EET,
MEBWAT AR LNV R KIS ERREIZ 4 h, 15 ~30°CHIIF
RTAREE 8 ho WNTIETE 4 h W5EEE, MBI FIZHK
RIFTE2~8°C, 7E48h RNTEAMNE, MEMMHES, ME. M
RATAETILUE 2 ~ 4°CELRE, AARPHHSEN M
Kehyy 1/10, BMERMXHRENE LR SRR,

IEERMEAKTR 135 ~ 145 mmol/L. BIHRIRE 2k
Z2M7E 4°CEHTRE 3 B, ISRABRNNEFKTEAS
FARAEEF KT TR, RNHBEERFMEFHEFNHR
BFKTEREREN, ERMIFKFEN3I5~50mmol/L, £



10 XHZE 15 X, FREDIBLINT 21.4%FM 60.7%. FEE
By AN eI AE 2 TSR Na™-K*ATP BSRUR SN SR THRES IS L
MANRING, FEMEHNELSRES,

MRBEE, AERIMEBTFHEER, URARARY
FE MR, AREESMEEI. AU RREEEEER
MV/VRIEIR, HESTAMAEEFRERBMRKR, I
EMFNRANZREDE, CLSI BIIE R T NERFH
BFRIMANERER 60 min RELT. FENERTESSE
FIRER, M 30 min WD, FAEETLMnAEE
HRAWME, HRIRBE L. XEMF IFCC BRI, Z
ENRAATRNSEEFRENSMERNEEER 15 mn B
BT Gerald FEIRAR T BT AN THIREF. 85
F. BEFEEEMAEFZGTHREN, SRETEETEFK
#TF, 2nWm. #. BTENENRERRBREED
109 min, TEARIINESR, MRABFIN, FEBRBRRRELR
FIZE, =KFX 178 mino

A, FEHTIELNEFNER, NZRESRFEITE
KEZETERESRE To FRMARKRERXE—IEIRIIE
HERNERNAEAIGRGIEIRREE, ERFREITE
R, FEEFELESHMERHITESITE, UARELR
EE LR TEENNE, RLRTERNMITENER,

3.3 IiEESEN

IR AP UER N —XSHEQR. BFETA
FREAR, FRPEIIRE R IBR AR NRE RN EIRRE
RS, AmMEBFIREKIZSE. B, ME/MRXAREEE
(ALT) MBERGE (AST) RUEERIENA AR HGAVER
SKNE, mE/mREEHERE (ALP) BUEMERARITMAE
TTRIRE. A, BEMNENERSRIDMEIRRNR
M, WMIERARAERMM DT RRE. EEFRRESER
Y, FJRETATRESEERRMISIE R,

Divya FHRRT FEEEMNEN S A IFmiEEEE

©2023 IMPROVE MEDICAL All Rights Reserved
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HREM, WARBRERHET (4°C. - 20°CHI=ER) MmEFF
BEMREMSSE 1 R 2K 5K, 8 K. 11 XM 14 KAGHHEE
MmEEZE (B 0 X) WEEHERITHE, ZNASREEE
(ALT) £ #°CHIEMHTRBIZE, MEERM - 20°0CTFUR
RE. AEHSES (AST) TE4°CH -20°CTEBREE 14 K,
MAEERTRIBES 2 R, WA (ALP) EHEENER
HRANEWL, -ORBEEE (GGT) JEMAE - 20°CETHER
EMELLTE 4°CRRREREE, R, Nwosu FERTELIEKFE
(2~8°C, Fig4°C) MER (30~34°C, F§32°C) Th&tE
120 h (5 X) WIEMMEHFRFRIRERE (ALT) . B8
B (AST) MM (ALP) EMNZ. KIQNAY
XML RNESTHEE R TRENESERE, HB
EHEEERET, METRESLLMRTHESERE. Hthf
REVHWIRET 5B, MEPNEBERE, XML
BRI X LR E M ENE R e IXUERSFE MR SR
TR M TRE R B T/ R A B E A I U M T

BEMIREA ZITE T SRR AT A (B 77 B R X
MEESR MR, NFREKBREFNRAREEMRRER
FEHLEM, Kolahdoozan® ¥k 7 JLFHFTAEEETE - 70°CHETF
SENREY, ARERER, ALT. AST# ALP ERVIERF
EN=1TA#MEHEENTRIES, GGT £ 5 FELEHEE
5, FIUTRENEREATE - 70°CHETEiBd 2 £, B[N ERN
FREIHVES,

MERANRENBMEE RIS NELSRNER
EZ&, XYFAEEEE, HERRREEMNTETARREMEM
EEEREREAE. —RMS, BReRETBNEESE
®, MR (4°C) MaEAEERITERNE, BRET
B RSERENREIAETK, NFEEKREIREEERA
BIFRREMEIIE, MERENRERDEL Fit, EXRFHRIE
B, MIREEREERFEMERER, EESENEERY,
BURIENE 5 R8I 7] S 14

34 IRESERN

AMEDN AR DREERBEERE, AMIFRENEES
70% A L REHEEEA LT IRREN, INEFAFRNERE
BIEEFRER. MBRAEHE (glucose, Glu) MEFEFMHEN
REAREIRS. DETEREEEXER, B mREMEIE
HENERAT ARFHTEAEEENE.

MAZRGENEI A2, MERMRP#HIT. (2EIRK
WISIREMIE) s, 2MFERRELLMTIMER 12%
~ 15%. BUNEMLNNEER, MARFHEERREEE
FERERR, FIrARERNRRDBMEHMBE.

XS | Article Reading Guidance [ 3



IMPROVE REVIEW PREET

MFEARARERINFIFIZELH, BESHETNER
H—EER. 2OGAEANNEROTEZ —_BEZ 8
(EDTA #) . X EDTA HIMAILIRIFEAFE, ERESMRK
BHEFTRINES, BEEAERFTRATKNEEY, AT
LIEAFAETRARIL. Kehaled F2ULL 30 min AIEIRE, WERET
BARASTE 3 h AMABKFENT, AMTIER AR
, BERNREETHEFREST2 —BELTRERS, BUR
/BRSPS AR ARRE RIS, EARILNEEIEINE
BRI IR RIRERESRYENE, NTTREREREN SR, EEER
fEihs (ADA) P*2002 FERMAVERINAN 2000 R TAARE
PUBRRIE Y, BRRKILIE MIBTENESEYA, HERAEE
VRS MR EEEERBUSEIAMED, 7E 30 min TR,

ERPRIEFRIC I A IERAS NS EHREKE, BE
REMSHANBEREFEEEX, BIGKIGILERERH
UTEY X8, Ahmed®FFFTTE4°C (24h. 48h. 72h) F25°C
(0hy 2 he 6 he 12 h) BMEAMERRPEEEKFEHE
%, RMERTHEFNMBEESEENREMEE 20 N, T
4 CREFEMIEREIETE 24 h RRE. MEATSHEEEETH
FREMAREBIT 6 h, TTE 4°C T ETERTRIRREME S 48 ho

Hit, ANTREITENER, BWIGKRMTERRLT
ERFRRMRFRACNMRFPRENE, LA RmERE
MR, EREERMMITAEER, WRIEGIFTEERR
ENEMRE, EREFAEILRANSRETEEENNERHITHE
HRENE,

3.5  M4AREsa

RIBEPRIRZIENER SRV, K-EDTA HUEI
R BRI A ENEARAS, AR ARSI SRR 8 R
EDTA #igE#l. (lEFRMIKS &R i00E R ARITE)

(WS/T 806-2022) PR FARARMESHEEFRI: AR
DFIEFRITEEERER 8h WFEMRET,

LMAMITE (CBC) MBS (DLC) , 28
ERMNMERFELRERNZ —, CBC NERTESTZIIRE
MARBIERNEN, FIEREMEE, RIBEFRLRFITE
HERSWENAGEEZ, CBC M WBC HBEmD T
BN AFEERE 4°C TIREED 240, EEZ 720, B
EEZRBURT BNMAM S IHEER, Gunawardena
L8R Sysmex XS-500i (Sysmax) [MARRE S M {NE %
W, 7£CBC &%, B4 (WBC) 14888 (RBC) . I
IEH (Hb) « FHARMAER (MCH) « SRR
MEMAREFRE=EE (4°C. 10°C. 23°C) THBEKA
48 h, BT IVMRITER (PLT) RIFERES 6 h Ri#T.

q E XEkSiE | Article Reading Guidance

Kayadibi & APNEET CBC E&%E K:-EDTA MR
RERREMN, RIMTAE 4°C MEBTHEEFRKE 240 mino
5 Cadamuro FARHLEREM, EEEREEZHET,
CBC AL HBSHTE 24 h ARIFISE, MfE#TT CBC M DLC
B, BN 4°CIREF 12 h AREFRERE. B, BENRE
IRK & R FHRA B LI E TR RIHA E SF R B SRS T4
NMRFNEFRERNZM, WHRERERKE.

L EATA, IR IEATARIFIEIFLEE X 2 AR
HEERERM, MRRIERRENS MITARIXR, RA
BB7E 3 h MRS, HERSEREEMAIETAEERS
BIPR, XY TFREEMITIXBMR R RERETF 4°CHIE TR
7, HE24nARRIEM. X FRFHEREKBIRA, N
RNFEDERNENEERRRN, KMAEXEREER®
B, PHRATIREE SR RAIKE,

-

|
alal o

J , ¥
\M MZ

- s

3.6 BEAUDOZESEN

MO ER=AARTNIEQSHERNESTY),
HbA, EENXMAEANTEAMMS, EVERREE K
RERBOIET. FTRNFEEEFGFTESFI HbA,.
8, MMmIaREERIZET,

BEAHE I TRERAMIGRIRE AT AR E K
fR7%, Bergmann FCPUN—INHISTREA, HRTE - 80°CTiEE
2~ 12 AFRREMASMREEEE (Bio-Rad D-10"3471%)
MEH HOAGRE, ST S EMIERE S —ARERERE
F 4°CHIfETERE, Niazpour ZPI5F COBAS Integra 400
ETERRAEFERENSMATAPREMIZER (HbA,) K
RN, MRANERER MEENMRERD, HbA, RE
Ei87F 2 RIBEE T, M 4°C T EENERD, HbA, R
EIERF 7 REAHMEE T, BERETIARE (Bl
MAEHRMWY  (WS/T 461-2015) B35 : BHUMAERK
NEXRBEBEZ_HOUZE (EDTA) HBFHNROE, —/
BAT, mtFRTE 4°CiEF, TLURE 1 B £ - 70°CH



ERBEETUKEEE, ZO0BE | &ML, BEXRE®E
- 20°CKHRfE TR

IRATF A B LR E X L A E R ERRAT M,
IWERESITIARERENEXXEIRE, ERMERREFROR
E5EdiE,

37 MBREFNE

MAEREE (hemorheology) RMIFIMKARENS T HIME
HigkZAN, (EIRFRGRZEMRE) PPRXFIRRE
FHRERENEKRAR: RIMEIIATAR I BNXEE#HTTE,
AR 18 ~25°CIRTF, ®RFT 4h NTRi, =R FEmEY
K, RIEVELRRS, EFT 4SLCKEAIEKE
12 ho MBERETE 0°CUUTHFR, RATELSERETILHARS
REWE,

BXXBIREPHIRAFRACREN 4°CRIMERE R
BRARE. MEEREN LA, MRREERSLENT, W
HE. RUEEEFERST ERANMKE . Uyuklu FETHE
THEFERE (B 4°C5 25°C) ML a2 IRE MR
HERE MKRMIARTAMEMBEMENFIE, TR
BARA, MRALATE 25°CTEFKIE 6 h LUAITER MM
R, BMRARTEIEIAMESE, WXERIHEINREIE 4 h
Mo MIE 4°CTFEPIEREEVENFHEMLEKE 120, B
TREF TS NENFFAEREKE 12 ho X FRIMEZREM
RERZEFREIE N Hit, ZICREFNE ZErTE
BB R ATRERE, HEER—ERS.

MR AR ERNE S EERER MR R E LR NE R
BERER, NTRIEEVERERE, GBI EITHIXER
Fo b5, AFEMERNEMETETRR, EHTMRAES
KRS, ERBESEEFANER, BREXERIERE
A fEE.

©2023 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW B4 0%

3.8 AA4BRRTFRRENIE

MAFR—IE R R AEREIT, ERRIGIPR A2,
TAMRREER (ESR) BEEMRMBENER, BEEN
RIERNZEIINEYZ — B IEN 7S 7EE B ECH A
BEIAICE, RENS ENRANLEFGTHEER.

(2EIRRICIIRIENIE) PR BEHNE TSN
RESTEBKTA, BEEVTER | 1 G, R ELBORSE
= REERN A ARTIRERE, ZRMNEARARES 3 h A
MESTEE, FHETEEST 3 h (R, SHIEELES. 85
DFACENE WM BROITEANEEREHSHT (18 ~25°C) ,
2 h RNE. ENEHRREERA TR, BEE £ 1°CZ
Mo EREENIUAIMR, AILURRERIRE. RIS
MRS, FERIE, FHATERED 3 h MR, ERRER
I8, 1R1E 1993 FEGMRFAVECERS (ICSH) PR
2N, SR EEER T, MM 2h A
FERR, TIE 4°CEY7E 6 h STk, EEIGRERERENER
% (NCCLS) PEMREFAEIUTE 4°CFR7F 4 h AL, B
XK R RIF I A TS RN, MR BIEIRE

(ER 18~25°C) RETF, HTIE 4 h AFERMiL. NRIFZ
RIFTE 4°C, WRARIMERIER, MIARTE 12 h NFEM.

BHRPIRET ESR MUNEEUR TR AR EF1R
B, 7E 4°CH 23 + 2°CHYEFIE T, BREAMIENER ESR 12
EMDFIA 8 h Ml 6 he BHREMBIRAEFEEAEE, BN
£ 8 h POEITIIR; MBREMEEEET, ESR MRXRAE
6 h Ni#fT. EHR ESR WREESREENENHEB MR,
A THENEBSKSFIMAMT R EURSE, FHN,
THMRBRRENNEEAZANEFEEERERRENR
T, R THRENER KSEMEEEERICRETEM,
SH ESR REMFER. ZIARS Cladio™ 3R TESTI AR
BILER—B, 7£ 15 ~ 25°CTF ESR B EMKIA 8 h, TE2 ~
SCCRREMEKIR 24 h, H—FIERA 7 X PR A A% F 37T
BRMER M, TR NE SR,

Hitt, ATERKARIFEFRIGRESR, AR
RWZERFERRNVE, NERFELHITEXKIENSER
KIEFEINHTT, HEEEEEMARFM,

3.9  WERNRME

MARMMEPNRREERERTZERIEM, XFEMN
FTEEBIMEMNARELD RSN ATEAAMBRRERELN
B MEVRESOAME. mM/MRIHE. MK -BRBtLsEs
MRRRIERBEEMEEEEX. FI, AT HEEINE

XSk | Article Reading Guidance [ 5



IMPROVE REVIEW PREET

B, MBRFERDIERER 15 min ARERBIEEKE
=, FIBE 4CTEOED, UBIEMEMRMAEAE,
PRENASN=E RREERTEMEY, WFMRRERUTFERLR
E—RIEBMMY, TESIRESEMRNABNER,
BRI T B FRRENERHE M&RFFETIE
REKEELMENNENERZEEZEF M. BOMMBL
BE1h, REFRRFEE SRERZERNEGE 1.75h
B (B0 105 min) o B, SIFRFMBHERE - 80°CIR
RREN,

(2EIEFRRIIBENE) T LERINENITERES
RigH®, MENARANERERH. EDTA HFFRTEN
MR, TEERRFRBEMANMYNE, BENEELES. 7
FIRER, MRPIERIAILERIS R, ANSHRIOSRE
FE. BMETE 0°C, RINF 15 min L EFETSIRRMEREF
= TE25°CHY, MEREIEEERZELA 0.017 ug/ (min-mL)
mik. Hit, RMEXAIENEKE, RROBEHME, Kt
BHITE. Gifford FWIAFRT —MERENAE, ATRE
RMEEE 12 h IR SRS, %7574 EE RIS TR
B/L- 2 RERST MARAR A TIIRNE, HE 4°C T IERER.
S XERTALE, fthf1RRE, X$TF ALT & GGT JEMEIEEH
FEREAR, FIMEREMRERT 0.5 pmol/L/he FIMZEAR
EIEETE - S0CTREEFHEATURBEANRBEY, £
ALT 3% GGT EMERIEM, BRMRNFE 30 min RRF5

,

Hitt, x3F 3RS NN E R EFTARA T ILEI# T 5
i, FERIEX TS AT AERIE RS S & IR R R R
i, URERDDAIMKREEFREEFRERIENFRE
PERT AL MEE SR HBTIE B2 B

3.10 S migen

= AR M NI e R R A R A E) (PT) « JELERD
BIMEESEYE (APTT) . FEZERQR (FIB) FAMESHTE
(TT) - H, PT TERATIHHINERMALRITIEE, 1

6 E XEkSiE | Article Reading Guidance

BIMAFL I V. VIL XMAEZERREZOERFRELS
Bo (2EIRRIGIARIEMZ) P IARARE T L IBHIETE]
REFEE, XWELENEEE, MRFVIIRFRE, B
SEIBMN, FEARAETF - 80°CakFETR. M/MRINAER
W, TRAERNZEET 18 ~ 24°C, R ILERTFAFER, IRAKRSE
BEMRENS (CLSD) WREINAZHRNSHLAEER
4 h WHITIEE, BEEERNLSTEEERFRETHMIEH
Sh, HIERBHEI RGBT 2 ho RUM M4 A0 IATTE
(ECAT) WRIZE R MEES ML RMARLAE (GEHT) Hith
RETHEMMEI. XFEABRMME, 0% mESRE
(PT) FEMERDBRIUERSEIE (APTT) , RIFE 2 h AIIEHR
ARF SRR EHTMIN, MRAFEEILAVIIR, WECRARARE
TEERT, FE 4 ho MRFEEKEEINFME, WERAR
NMRIFEIEKFED, BEME2~8CZiE, FE72hR#ETid,

(IR ARSEROILEAZTARITE) (WS/T 806-
2022) PIRREY, AT S ki BN B BT
105 mmol/L ~ 109 mmol/L (3.1% ~ 3.2%, BEHN 32%) B
BERIKAY) (NasCeHs0,-2H,0) , MRS HFIEFI AL
BlX 9: 1. AFmgSENERMBRNNGE, EETE
B (18°C~24°C) %M, EIFARERF I hASBMEK, 4
h WTERASN; EMRATEERER 4 h RN, FHBMmE
HBEDSTIENASEURAECENHNE (NREHM B
&) B, MABEHONEF, 2FTF - 20C (RERE
2[) = - 70°C (REFEF6NMA) o AFI/IMREELINH
IR, HTE 18°C ~ 24°CHM TR, FRESHEHIS Ko M)
IREBERIE ERIMN/G 30 min 2 4 h Z[EFeHN,

BRARCBRIFAR BN ES K. SEHSRmEE N
SR, YWEITAKEBETERT 8 h ZEHTRINE, KNS
PT. APTT HIRESTHEIBTONLER; FOEET 4 h B
SH TT WNERS TN, Feng FVHRAMATF
Fbg. PT/INR #1 TT MEMIMELEATLUE 4°C 1 25°C T
REEERKIA 24 h; BT APTT MEMREARLTE 4°C T
L2fEF 12h, £ 25°C TIREMF 8ho Toulon FEURE T
REOBITRRRE IR AT R T R REMEZE B #UE
IRINLERMFN, PT/INR. APTT. SF4EZEHR. FV # D-Z
RARLERIEER MMEFKE 8 h; WF FVII, &IEE
FEEIZ 6 ho

Fltt, TEIRERAEHTRMEI MY, FINRIARAHIR
BN EAERERERITTEES. EMERERRRNEHE
FITEER 2 h ZA5ER, BIREE 4 h, #HMESRNER
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BESTE 4°CTIREE 14 X, MEERM - 20°C TR
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BHSEANEEMNENEE K. FEMATAMRER
RIEE TSR E AR,

#R: E/LVFFENEES, FFBNELRERTRE
NE, MEESRLGIEFEERD, BEALFERAH
RN EE, XEHXHREHKTEERFo T
B, EEAE—FZA], MR, R
R REERLAEMENLERNKRIETE, Eoabkik
Fho

11 [N XHEEE | Article Abstract Collection

13.

14.

it MBEF AR KIRGEEFETREIRES B8
BAETFE, GGT FRobs FEBOSHAMBFEIHE,
RZEMTERNRIFTEE T o

Al Salhen K S, Saad E K, Aznine A J. The effect of
storage time and different anticoagulants on fasting
blood glucose concentration. [J]. Al-Mukhtar Journal of

Sciences, 2018,33 (2) :104-111.
BE

RAPIREELR T R BRER BT SLH/E
Fa$. EDTA. #TIREATA. [17EXT % B8 MBI E/E
o BY 75 BIFMERBBIE=RIE, SR 30 min WE
—RINHERF, RAKHIEN3h, HKITHLERRKRA,
BEBY 5] U AR R R E MU Fe MIRIRLERA]
WEH, TRHER, MERERETRENEETRR,
LRI, AEFETATIEERH. EDTA. AUWER
AN IE AR MIHETE 3 h/ERVFES 5 28.4 mg /dL.
58 mg/dL. 15.4 mg/dL 1 60.2 mg/dL. *TFHETERIAVE
BRERE, XRAEAEBRACYEARENEELR
ARESERKNBINEFHRFFEK T, kREEH
30 min ARES BIERMNGINERER, MARINEDR
R OB 13%) o Bk, MERITWAIRE, RA
B, TICIRARE, REMEHRTILE, MERE
ERFIRPHBERFARE, ALt, BINFEERERS
BIENHITINES AT, RIENEFIPEEERATAERN
BHElI#T, LURSAIRIER,

Ahmed M O H M. Effects of Storage Temperature and
Duration on Glucose Levels in Serum and Plasma. [D].

Sudan University of Science and Technology, 2018.
BE

R AERREAXNIEEEXRER, SFEAREAN
BERG— TeRMEERRMEE. MBERRE
ERFNEADINENPRINABREENSHZ

)

B8y RWARREFRENRE BN M7 MK mik
S ESEAN

MEFRIAE: AART 2018 £ 3 B ~ 8 BEELBH
7. B1F 100 BRRERE, FRE 8 %5 ~28 F2
B BMEREASRIEBRETATIIERE, FHM
NEENEBRANCYNENBT LRSS BLEmH



15.

16.

FRENFENE MEMMTPHMEE, HA SPSS &
B EIEHRIT ST Do

28 FBM 4°CMRERMMBM
BERK,

Ky miEk T

30 EE T REHNMIEE 49°CRFE, E2h WA 240
AkEREM. KUMMEAEEETREARBE 6 h,
4°C T iE7E 48 ho

Unalli Ozmen Sevda,Ozarda Yesim,Stability of
hematological analytes during 48 hours storage at three
temperatures using Cell-Dyn hematology analyzer.[J] .J

Med Biochem, 2021, 40: 252-260.
R"E

BR: 2hAMITEH (CBC) 5HARERITH

(DLC) REAREERNMRZ—. HMNIXMERZ
e R MBI, AR5 B T IRR A
E=MIRE TETF 48h AU TE L.

Bk M 22 BEERREAS ERE K-EDTA-IMR. 7E
4°C. 10°C 5 23°C T™Mi#E7F 48 h /5, ILBNMERAMBR DTN
#4T CBCHM; Oh. 4h. 8h. 12h. 16h. 20h. 24h
N 48 ho

LR A4R. /MR, OAEHMFYnIESE
4°C. 10°CE} 23°Cfi&7z 48 h HREIRIREM, MABREFNFE
HMESTUGHN, MELHIEE 23°CTE=F 48h BRI
MEAERE. PMERIAARE. FERA MR R A R M M AR A
£ 23°Cfif77 12 h ERIVHBAEMES,

250 dA. MWk, MIEEMNTYMEMIER
£ 24 h EEHEH—FEELENEESH, YT
CBC #1 DLC BY, BRI 4°CYEN 12 h EENREEN

EERE,

Gunawardena D, Jayaweera S, Madhubhashini G,
Lokumarakkala DD, Senanayake SJ. Reliability of
Parameters of Complete Blood Count With Different
Storage Conditions. J Clin Lab Anal. 2017;31 ) :
€22042.

BE

BHR. 204t (CBC) BRESKEHITHRRE
Bl ARG T BREMEMEFEN CBC B8
BRI, XA EERRREXIRSMER,

©2023 IMPROVE MEDICAL All Rights Reserved

17.
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Bk E—DUEETERRA, 3 102 ARENIERNRER
MEHITT CBC 1ZE, FHFH Sysmex XS 500i £H
ARSI B NEERITT 9. E4+2°C. 23
+2°C 31 £ 2°C WEET, WHRHATT CBC KX 48 h
HIfiE7F. LA 6 he 24 h A 48 h BYBY[ENEIPRIC BB,

LR £ CBC ¥+, DM, T4Mm. maOEA.
FI9MMMOEE (MCH) « MR BT
FIE=MBETIOREKIX 48 ho BIZ4AM. FEEAMEH
#HFE. MCH RE. MAMRLLS (He) FLIHARDIREE
ELTRARMIE 23 £ 2°C M 31 +2°C HERHEBSIT
FENNTL, KX 48h FIFFEM S RE TEMERE]
M/MRITER (PLT) 23 TR AR T3 /) R (A FR AP
PR MERIBAE I ERE Do

%30 AMARE, CBC WAZHBHRAZFAARN
KX 48 h YBTFRERRM, FRT PLT RTERESS 6h
Ri#IT, RER—ES (0 HTC) RETh, MR
It aBEER, SIFREREET 4+2°C,

- e
r\tx L \F ¥
4 P
b
v ¢ CF
3 J
- ' o ’
&
‘$ 373
® :
PO N A
) ¥ ) &

Kayadibi H, Acar IA, Cam S. Stability of complete blood
count parameters depends on the storage
temperature,storage time,transport position and selected
stability criterion. Scandinavian Journal of Clinical and

Laboratory Investigation 2020: 1-9.
HE

BH: BYLBRAENREMNRE, ¥ Hema&Tube
REHIEERAEHE K-EDTA MR 4°CHERETE
7. KFEMEBETEAIE KX 240 min B CBC 288952

E Mo

Bk HE 450 BIIBER, 8MER 75 1, #F
240 mino {8 SysmexVR XT-4000i MR X FEfETRRS
EEEL. % 60 min, 120 min ] 240 min XFEFEFHITH
Mo MRIBECKTHELR ¢ 4230, —1 CV%MIE(L. CVI. BV

SHHEE | Article Abstract Collection [ 15
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18.

DES 2014, RCPA. IQMH. EFLM Biological Variation
2019. ESfEQA #1 CLIA I2EMATEST CBC AR#HITT
Eb3Ro

HR: EFMECRFNHT, RELWER « 01, LF
FrER CBC SHHBFREM, BIEB— CVHHNE
£, RBC. MOER. MAMELLE. RDW-CV. HiER
4HpE. /MR, MPV. PDW EXRLEWFH TERE
ER. A, BRT MCH. MPV. PDW Flf/\igsh, K
SRSBEMBFHTHRIREN, MERERENRS
B CcVI, RF MPV #l PDW 7£ RT FREIEHEH T=ER
REM,

R0 BXEAR t B CVRT KRR E EARET
FEERK, RARERENEIE CBC SHBIEEFR
8. EFERENSRUENZMN, RNREENESH
EREMAERNRR CVI XEMTEN MM, BANEE
KARFDTRENIGRRENZIE, BRI,

Cadamuro J, Lippi G, von Meyer A, et al. European

survey on preanalytical sample handling - Part 1: How
do European laboratories monitor the preanalytical
phase? On behalf of the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) Working
Group for the Preanalytical Phase (WG-PRE). Biochem
Med (Zagreb).2019;29(2):020704.

mE

HR: BRE&EXTWNAENEIZRMIFRAL,. &
BEEAsm (HIL) KiER, EBXTFREEEEHME
F9ER. EFLM WG-PRE #1777 —IUAZE, LUTHER
MSRILZE B FITE HIL NS ENECE. XRRXENSE
HHEERXT HIL,

MRS, 7 EFLM RRESS S T —HIELEE,
HBEE 39 MEFHRSNENEE, 17 NOEE]
SHITEAMEE T HIL B99F(E. EIRREETH,

16 [ X#EkEE | Article Abstract Collection

19.

SR [ams, WEITRE 37 MEKRK 1405 HEXK
ES, BHE 1160 ™ (86%) OEERTIMEH#TH
M——M HIL, HIL FBEIRKMFERPIOE, ME
FBLEATF R, JaT 2 MR M5 AE
BEARPIEITERRIR, BT B HIL BT
KM HIL, URBANEHIEENEN, EEEEPER
BR. M Zz—MWRNEEEHITES HIL ENERT
NEREEH, EAMEBEAFIMERRS, KSHM
ME (70%) RIEL HIL SURSE, AL 20%A90mL
BN THENURER, HET—HREITE. Hitty
EEEENN, BIELTEMER, M—EARTH TR
BHNRER, SETE, SRR, 26%5%0 HIL 1
EIRz & fERX—{E B RS HM g RNT AR,

£510: RN, BN IEAMME., AORMSKAS IR
FERBEEI A, RUNHEBFETIFEREFHAX
L DLERSREIEAN RN, MU ER A BONAYRES.

Bergmann K, Sypniewska G. The influence of sample
freezing at - 8°C for 2 - 12 weeks on glycated
haemoglobin (HbA1.) concentration assayed by HPLC
method on Bio-Rad D-10® auto analyzer. Biochem Med

(Zagreb) 2016;26(3):346-52.
e

IS ARMNBNSIHME—RF/RIERTA™HE HPLC
FEMNER HbA, SREMNEM: SHRMNENETG—
RERAER T A E HPLC 7EMEM HbA  RERS
uﬁ]o

MEMGE: AREEMBERFEE (N =60) FER
EEE (N=68) WEM 128 HL2Mifa,

HbA, BREREMEMREATNEN, REEER
£ - 80°CF/27& 12 A, HbA, 7E Bio-Rad D-10°7347{Y
LEAB T HPLC F53E# TH M. B Wilcoxon M5 ZE
534 Kruskal-Wallis #0230 REIRE &, ITHE T EMEFL
HREERPIIEH HbA, ZBEMRE. HbASRENTILLE
3 Bland-Altman BRI,

LR FEEARR HbA, REFME (IQR) A 453
(36.6~61.2) mmol/mol, R FMFIEART 453 (36.6~
60.6) mmol/mol, TELHURBENIERFZIXNET,
EER R AN /MR RRVIE AR, & BRI HbA, TREAIER
BER (p=0070) . E2EMNEEZIRNED, HEM
RFEBEERZ BN ERETER 0%, MERRRK



20.

21.

BEDPN 1.19%. BIBEL HbA, BENTE, ZELI
RENEEESR (p=0.150) o Bland-Altman EI51TE
RERERN 04% (95% CI: - 2.8 ~ 3.7%) , XKEA
HbA EZEINFEHRE, #EQKRI HbA, MEMIG
PRE G B XM,

50 1F - SOCTEFR 12 A, FHIT—RE/RE
IF, REEIMTE Bio-Rad D-10*9 47X £ HPLC 735
M HbA,RE,

Niazpour F, Bandarian F, Nasli-Esfahani E, Ebrahimi R,
Abdollahi M, Razi F. The Effect of Blood Sample Storage
Conditions on HbA . Concentration. Clin Lab. 2019 Jul
1;65(7).

mE

HR: HbA, RERERFBEEKAHRELRNE
ro FRBFREFHFAETESKM HoA, E, MM
FMMIGREERIZHT, EXRART, HIART REME
FRERERYEIETEST HbA, Z5RAVRZM,

FiED BHEEET 40 HEBTRE HbAle KTAIHEE
LmER, FEREENIX 0 K. 7 X 14 X, MR
WERE 21 X) A Cobas Integra 400 2347 (Roche
Diagnostics, ZEIE/EHE) .

LR VIAMEETH HbA, B (7.05 £ 145) BET
-20°C Ml 4°C VER, B5 25°C ‘RE THLERMEL,
(6.08% + 0.86 %% 7 X, % 14 RFH 552% +
0.80, %8 21 REH 4.81% = 0.66) ¥BNEEREE

So

210 BIEHLEL, PEALFEEEEERT
Cobas Integra 400 =2 HbA,., BARSIIFERLRKBIHE
SRASTE M= E ARFIR I,

Uyuklu M, Cengiz M, Ulker P, et al. Effects of storage
duration and temperature of human blood on red cell
deformability and aggregation. Clin Hemorheol

Microcirc. 2009;41 (4) :269-278.
HE

MRREF AT P ERNMRF AR R R GET—FRAY
i8], EfFENEMELSERTD RN, RARITET E
FRE (AP 4°c5 25°C) FBYIEIXT R ERY BREA AN NG M AE
BEMKR RBC TRMMBENZM. RITNERE

©2023 IMPROVE MEDICAL All Rights Reserved

22.
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B, MFEENMR, TICHEFRENME, 8id 03 ~
50 Pa B RBC TRETE 6h REIREM; E8h N, EIR
EHEEER, {85@1Y Lineweaver-Burk 53E1HERY SS1/2
RIATHMESH, HEERERINT RBC REMNIRTE:
£ 25°CHY, REMERFE, ME 4°CH, RERRES
12 ho BBMNE, REMUIDERENMRERZEFH
IR Fith, MRTE 25°CTFRILUETE 6 h #TEH
MEFZ, BXF RBC BERPREITE 4 h A; 1E 4°CTHE
FrIREREREMMEFREEKE 12 h, BREHITE

NS, FEIt, SREFNE Z BIAYET a8 R /R AT 4E
52, H5ER—BIRS.

Hu, QL., Li, ZJ., Lin, L. et al. Effect of storage
temperature and time on erythrocyte sedimentation rate.

Eur J Med Res 27, 76 (2022).
BE

B BRI A RE R EA a3 4R TR
# (ESR) HI%MH,

Bk RE 80 fIBREMNLM, AITERMNAR 11 9K
B 8 HEREIRRMIE. ERRKNSE, T
REE 1h WML ESR, —MFRBETE 4°C, Z— T
BEER (23+2°C) o P3)F 2he 4hy 6hy 8he
12he 240 MBI EEERBEMEEINERLT, WK
BT T H D

#R. AERT, AT 6 h NEHRK, EERTSR
HEEN. F#E, 1 4°CHHT, HMTE 8 h WY ESR
TRLEEZEER, BEZEE TMERF 6 h T 4°CTHEF
8h/E, ESRERBETR, 74 CTEFNEREER
BB IR ESR BV REF =R EFHIE Mo

51t MR REMRE R EXER AN EMITE 7
Mo TEIRAKRIIER, MAMMERERER 4 h W%
’ﬁo
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23. Tlardo Claudio,Richerd Christiane,Rostain
Vanessa,Impact of preanalytical storage on the
measurement of erythrocyte sedimentation rate using an
infrared microphotometer system (TEST1).[J] .Scand J
Clin Lab Invest, 2020, 80: 523-524.

BE

AR ER T BEMER TEST1 R4 ENERLTAR
IR (ESR) DraiieEMENEM, £—1 RkaE
EERTHEFR 102 MER, FARREE 12 8%
HE, HABETARE 2 ~8C) iEfF. BIINHARE
™ EER (15~25°C) T, ESRIVERRBERISh (p
=0512) o £ 2 ~ 8°C 77 24h W REREN @ =
0.280) o

24. Ib A, Pep B, Ja A, et al. Transportation and handling of
blood samples prior to ammonia measurement in the real
life of a large university hospital — ScienceDirect. [J].

Clinica Chimica Acta, 2020, 510:522-530.
B"E

R eERE®EEE, AR ETSE.
ATETRRR A MM S RELER,

BRI % BRNRIRNEEMNE ORI RRIEERE
AEERMNEASIFREFNENERE SRIBXFIGIER
IR MENEIREHTHR. EHERNEMRIFER,
WE 7T B O mSEFREIHMEKTE - 20°C A - 80°C T
fE1Z R RIR M,

#£R: REXASER, BHAIALIREN B
EEEHEENERNEZ N TELENEEEK,
SRELERTTNRERNSHERMNBOFRE
175 h MIBOE 1 h BEFEEIRRIE, HREEE
-80 °C BY, RIREMEIT.

18 [N X#EEE | Article Abstract Collection

25.

it NRERERSIER ORI L7ShFIBOE Lh,
HEHRRIFEE, BRINTREEMLBRINSHER
MERVIEFREMERELER, T, REFELES
ARTE - 80°Co

Dukic L, Simundic AM. Short-term and long-term
storage stability of heparin plasma ammonia. J Clin

Pathol. 2015;68 (4) :288-291.
BE

Bf: SR —MLFARENDITY, EXE. ThHE
FIRPFERIER. SHRHENEITEFRER
KpEEEH (°C) FKH (-20°C) fEFHEINGR
EMo

Fik: R 20 IR ABITIRERR EMITE, S
B RANED I, HIE 4°C THREETHEER,
MAIDETRFFADFREZ 1 hy 2h « 3he 4hF124 ho
+THERAMEHESATRKBREMITE,. 8MERRDNR
J\f5}, HTE -20°C THREFIEHZEES 3hy 24 h, 48h
MR ISR 1A 2B, 48, sEM12/E,
SURETE Beckman Coulter AU2700 bE 53 Y LA
Randox EEEIE UV JEME, RIBEBTIESHTAE
HEBRE, HS5EANATERFEFRFREXHR
EHSHITIER.

£ER: BRI 4°C TfEE 1 h, £ -20°C TiEE 3h
B, FHREBLT RAFIRE,

#it: &7 4°C M - 20°C THEEFEFZEMLRPHT
PRRE, FEURIBHAITIM.




26.

27.

J.L. Gifford, W.N.T. Nguyen, L. de Koning, 1. Seiden-
Long, Stabilizing specimens for routine ammonia testing
in the clinical laboratory, Clin. Chim. Acta. 478

(2018) 37-43.
HE

BR AIMNEFRARERRENMRFEEP~ES,
AR LEXER, BEEETREVNEMARETKE
FHEEIT (BlW, 77 1h W) « HITFRT—MRE
RN ER T %o

Bk MENBE, B 500 pmol/L FLEFEEE 2 mmol/L
HERSAS 5 mmol/L L-Z2&ERMASINAEI BB IER LM
REM ALT 3 GGT HIREEMARLUNGIREIER; /=
TREBRMMREBT RO SR AEEERMEERR 4°C
T, REMBRIESABTE - 80°C TIFF, £ 0 he
1h, 2h, 4h, 8h. 16hF] 24 h TMER,

$R: UiE 4°C TIHFEMALEN, BEESZRERN
RIREAIEINT 0.5 umol/L/h, T ALT 3 GGT &l4S
FHSEZLMRMERMIEMT 3.6 umolL/h  (p <
0.001) o HEFSMIE 4°C TSMBER/L-LaR—EF
B, AFEE (03 umol/L/h, SHRAIEITEMLL p <
0.001) SN ESIEMERRE S P &I H R E B E MR
( 0.1 umol/L/h, p < 0.001 IFLLARLIEBRIFTER) o Iz
F ALT R/, GGT RE, BEARMEER - 80°C thiRE
TRTESHES (0.2 umol/L/h, p<0.001 SKE
BIXTERAELL) o

230 BB HIR/L- 25 AEESES, MESIR
AZE/DAILIFRRE 12 ho

Feng L, Zhao Y, Zhao H, Shao Z. Effects of storage time
and temperature on coagulation tests and factors in fresh

plasma. Sci Rep. 2014 Jan 27; 4:3868.
HE

BORERNEFUSEH ZHATFIERIER, X
B, BISEME & IaRE S Fef iR FE
RIMERSETE (APTT) « FEZEHE (Fbg) « BRI
E§ERETE (PT) . EIPRERELLE (NR) . ERIESH
& (TT) « #H/\BAFEM% (FVILC) MEARFEYE
(FIX: C) B9, ERA MO 25°C (FR) f4°C

©2023 IMPROVE MEDICAL All Rights Reserved

28.

IMPROVE REVIEW B4 0%

(%#) fEF0oh (B4) . 2h. 4h 6h. 8h. 12h A
24hfE, W72 HMIEHTTT MR ARTF 10%FHE
DHTBUMATF 10%H B EEEHEBE 25%mHEARHER
WEIGRIEXMNES, FIHEA, TEMME. PT/NR
TT WREARTI UL SMIREFTE <24 h; FVIL: C 7 <
2 h; FIX: C 7 4°CH1 25°CTERAI LUfRTE <4 h; APTT
£ 4°CH1 25°CT D RIRTF <12h M <8ho

Toulon P,Metge S,Hangard M et al. Impact of different
storage times at room temperature of unspun citrated
blood samples on routine coagulation tests results.
Results of a bicenter study and review of the literature.

[J]. Int J Lab Hematol, 2017, 39: 458-468.
BE

NE: RESHEEEHE VTR MAR MmN 2 & KT
R4h, ATFEXRERENENEEER, BITART
FRNFKLAEEEFEE (Bl <2h. 4h. 6 hFI8h) X¢
EAUER I 4 R B TE R,

FiED M 144 BEEPHENT EHF 0.109 mol/L AR =
MHMNEH=REYE, B1F 39 BRALER K 1
FINBE, REFERES, MEREHEHTHENS
MEnd 2. O ERERREA K438 MEFATE]
(PT) / EIFRARAEMKLEE (INR) | SEWIBS EIEES
BYEl (APTT)  FERBEER. BAF Vv (FV) . FVIL M
D ZERAE#HIT T T

SR TKMEEREETEN APTT. F4EEHR. FV
MFVIIARS/NF 2h EENSTHLREREEENE
5, T PT/INR Fl D-ZB{K7E 8 h WRIFAZE, PRT fiE
72 6 h M1 8 h [FIF(EM FVIL 9b, FREMISSEIEEKAE
FREEREHNHER Z AN T RENKTFER
&, {BRETE FVII BT 100 IU/dL EBEHR, REMEMN
BIMREDBIN -5.2%F -8.5%, {H7E GEHT HENLTR
SEEIN, 1BHTE 8h fEFEENITHMEAAES B FVII NEE
1o

£t XELERKRP, EFRARNERAEZHGT,
PT/INR. APTT. #F4EZEHR. FV M D-ZRAFI TR
MEEER TE7F 8 h WRIFEMIT(E, FVIIMREER
BYiBIRZ1Z 2 6 ho

SHIEE | Article Abstract Collection [N 19



o JiE T

I”’ﬂ”y[ IMPROVE MEDICAL

N BEAR

(i

ot | B

fRZEfTIMPROVACUTERCEZRME R

— WBR ) 5L RE,
ALWAYS EXELLENCE.




IMPROVE REVIEW B4 E- 0 OR S

Featured
Article

D ETEF A I R R X F R R SRR M R E VAR S YR R

BE

FEIRARSERERRP, FENENEEARENTREMREYTSYNRBIFHENER, UELERRERE (AD) 2
. XN TFEMNIRKRER, EVIRSHSITEDNEIFRABF A TRERBNTRNER. HITRAET FRNDMEFRLIE
BN 7 NEEF R PRIREYAT SRR, XEARCYRIEER AD ENER. €8 (U g (MKRLDK M Q)
SRR, FANTET (A) RENEBREE. B) RFEKR (FT) B, (C) s, (D) E%BMN (B) E8E
LEMRME, MRFARMEILIZIZFERAERANESREPRIRMEREN, B ELECTYS MRRE BB DELN B2
BEH 140 (A-B40) « B-EMIEEN 1-42 (A-p42) . HIEEH F4. REAFAERMEER. WEALER. BENY wuls] MBERL
w217, WHETESMMREYTEYHERLESENREES. NTHRENENMREMITEY, e (MKLFE) MRS
RO ITEIRRERM, HUEnMZ ZREZERMKEEREFN, PRIEFIEMREMITSYE 4°C T < 24h RERZER
Tl BESTRTFRZENESRE, R FTEF, UNERRFIRZEERZKBETRILUER, T A-p42 Fl A-p40
ZHNFTE MR EMIRES), EDTA. FFREMTERINNE 2B DK TERBM. A-p42 1 A-p40 WOMEIMEREU,
A-B42/A-B40 BILLERREER D AMEXINRIM, FTEMFEN AD MIREYFIEY D ITHNREF RAESRRETEN, LR
SRR EYITIE DTN E S N B MIGARSE B P BB TEN Ao

SR EIAERS AR PRIAFEEMEERRENRE
AD BW=HAIRRIRIER (Bisai, 2022) o XMFEAY dmt 7]
BETE AD WEREHMESREN, Alt, BEEMIGKERSHE
EEAN tau FIEEXN IR EYITEY, URHIRIEE
B—H IR FFIE DMTs 9% (Rasmussen & Langerman,
2019; Rozga &, 2019) . EREFFRERIFZEBENRRA,
HENFIETE AD BEPREN, FEBBRKESIESHEE
HWHRESEXD AR, UEBEH AD WIZMBREE
(Rabinovici FA, 2017, HERZREEA, 2017) »

o

1. ®i

FR/R%EHAE (AD) BEFEAREIMNARELR. &
TN, 2 2050 4, £HBEBE 1.52 CAZERR
fiE, EAEIA 70%89RFIVIETF AD (Nichols et al, 2022;
KBRS, 2022 F) . AD BEUKRTH p- 2SS

(AB) MR CRMFERRIE) M tau FEIFHE (DeTure &
Dickson, 2019) o

BERh, EREFANERNESTE (DMTs) BJLUR
B5 AD HEXEVARMMINE TR, HFUESENEERE
(Rasmussen & Langerman, 2019) o #ATM, 7£2021 &£6 A,
ZERSNAYEEBINEAET aducanumab, —Fh A EH

BRENE, BTATREEERYE AD £2%& (Esang & Gupta,
2021) , FHTE2022F 9 B, BT lecanemab FAT/AITH AD

LIIIRER (CSF) E£YIREY [ 84 AB, 2 tau A
BEAML tau (BEBATL - taw) | FIEBTESEEM (PETD) &
YIS IEE AT AD BVISHT; SAT, XLEFARBADRE,
BEENYE, HEEVRAREFEFIRMER (Blennow &
A, 2015; HEEBREA, 2009; Janelidze EA, 2020) . Bl

©2023 IMPROVE MEDICAL All Rights Reserved SCRkESIE | Featured Article @) 21
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A B A SRR R BRIEN AD MR YRS
FR, REAREYAIRE. BOIBSTFER, UEEBHRERLL
BERSEHT CSF M PET MHEISHEISURTRE, HHEIRTMIEE
BYRIEM AD BURATEEMEEE (Rozga EA, 2019) o

SE#ZRIA PET RSB RELL, BTt
MK, FANEED, BEAEMR. s, FEME RN
MR RIE LA EMIREY) 2 81 R 5 R 588946 X 14

(Barthélemy %A, 2020; Blennow FA, 2015; Karikari &
A, 2020; Khoury & Ghossoub, 2019 ££; Ovod A, 2017;
Tatebe EA, 2017; Zetterberg, 2019) o FFRIRE, [13K B-EkD
BER 1 -42/p- MR 1-40  (A-B42/A-p40) FIRNE RES
B8 - tawA-p42 LLERMT ARFPREMEERQRE, 5 PET
B, LEERENR 90%, BURTFHRERANS TS

(Doecke ZFE A, 2020; NFHRFEA, 2018; ; Nakamura FA,
2018; Ovod FA, 2017; Zetterberg, 2019) o

TN ZEl, BTFAEMRMNE RERNEFERRE
MZEFEEER, XEREFNERAESHUEMEREYR
FYHAPMBR MR EEMMRENEZEES (Hansson
etal, 2021; HAREEA, 2014; BRFFEA, 2012) , =AW
ARG T & RS ITRI S TR R BRIEMN AD B
EVIRSYINEMNEM, FREETIVEMEELEEFNRS
XLEEMREN DT RERNRIL (Rézga FA, 2019;
Verberk A, 2021) o ATEBMEREELEMIRKNKRH
SRR BREER AD MIREVIATEEITRIRED N, T
e (MRARKR) BRI 2R MR EYATEHITES
MR ALIRREFNE—S AR, EREEMTS.

XTURREMREEITEMEE (MRALFR) MIanL R
EMEFMENRARENRN,; XLEF G2 EAMEZRE M
(WB) SBMME, UEM WB 2BEHEIHMEHITH.
tesh, ARTRFRMEE (F/T) BIFERE (MKLSF) MK
IR, HURFIN SEEBT LA RMEFHRNE, Uk
ERERRTENE (MROHE) MDA PRI (&
1; BSL o

2. Ak

2.1 WRIRIH

XA, I T AR T 2020 £ 12 AE 2021 £ 10
BEEEHT BXrRETFEERER IMU RERRFE
B%; Roche Diagnostics GmbH, Penzberg, Germany) o XIEf
REREMRFES SMERMEESES RIFIGRSEEIERA

22 [ xitsEiE | Featured Article

REN#TH. FES5EMRETPENBRE, 85
PsyCourse E¥IREAREME, GIEHANKE. FiE. 9.
NEFBEND L. MRERES, SEIRRKELZ. LEF
EHREEAZEHRENOESTRMT, HRETRER
KFECEZRSHIVE TEHS 18-716) -

M3 A-p40. A-p42. HAEER E4. RELTHARMEH.
AL IRHE, FREAMK tau-181 FNEAERMY tau-217 BYIIRIKTFTE
Cobas®e601 S34fr{% (All Roche Diagnostics International Ltd.)
£ B85) ELEXSYS® MK R RZ DTN, Electrsys A-
B40. A-p42. HFEEH E4. GFAP. NFL. WiBd-tau-181 B4
B&-tau-217 MR R RB OB TIRES/MRERN, BEiREH
ERTIRFRSE VAR, RIBRERNARERRNEM I
FAWRIEER EMEA/CHMP/EWP/192217/2009Rev.1 Corr.2 B
RN ERE X R A R DATEHITIONE, HEP. HEBIRN(ERIE]
BEENESRABLATE Sl, REESMOIMEGEERES
IRIGHY A-B40 F A-B42 MELERITE A-p42/A-p40 LEEE,

22 B5EMERKE/E

REFHNE5EZREERER - FRZESHREED
2i5E (McKhann %, 2011) FTAESKATAERY AD SHAIIAKIFE
BEE, TREE LMU AZERHTEMIGKIAR. #E30
EEYRCINER AN LR ER SR —PNEBERER.
Eitt, EXMARF, EEHITHENDEME, SEHEHT
BiE, WEERAMAHENERETE. RITEEAXTH
HITINEITE, RAERERETESMERSSERANLL
B, HEEEFEp EH. REEEASR/), BRBENEINZ
—H8, XILRIMBEAMEIINTREANTM. SEER
WHBRTE DM Z b0

PR 2.3 WHRBMEIN, FREHFARBYE=RRIIERIER)
HRREE, HIRFIRANLE (Rézga FA, 20195F) . KiRE
BREEFHITHBRERA, RIENRTE, BEHK, B%E
., WB RUREE=%F (K;) ZZRKRMEZE (EDTA)
S-Monovette & (Sarstedt Inc.) o TEFEMRERERIENEIAE
BAEBERR, AR WBSHEPFENTENRIER. N7
AEIEMR WB ST ARG, RIBEIEHIRE, S
ERMPIATINTMAET, (RSB RE, WB BEEER

(RT) TEGFEWEESR, HETWER 1 h ATE 2000 x g B
RT FHEERBOHFEDC 10 min, FAF, DENMEEEDL
B 1 h NEBIRRFE (PP) B, LREBLURRERTD
BE, FIUMEHEEND PP B, k2 RETHRAETFHNE

ZAMT,
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R 1. FAARPIENDITEEROESHRNNE S EREERNELE

Sample handling parameter

Storage time and temperature Anticoagulant Tube type

RT 4°C

WB (h) EDTA plasma (h) WB (h) EDTA plasma (h)

Number of F/T cycles EDTA plasma Number of PP
Assay FNF PF FNF PF FNF PF FNF PF (-20°C or -80°C) (reference) LiHep NaCit tube transfers (reference) PE-LD
Ap40 2 6 2 2 24 24 24 24 2 v X v 5 v v
Ap42 2 2 2 2 24 24 24 24 2 v X v 5 v v
Ap4az/ Ap40 2 ] [ 2 24 24 24 24 4 v s v 5 v v
Apolipoprotein = 6 2 24 24 4 v 5 v v
E4

GFAP 24 24 24 24 24 24 24 24 4 v v v 5 v v
NFL 24 24 24 24 24 24 24 24 4 v s v 5 4 v
phospho-tau-181 24 - 24 - 24 - 24 4 ' 4 v
phospho-tau-217 24 24 6 24 24 24 24 24 4 v 4 v 3 4 v

A NERRMREYITEN K FETRE X ERITEANNE. 45 (V) RRMREMITENKFERSEAENEZITEANSE; X X)
RRMEEVIT S FAFETENENEZIENS . BE () IRREREHIENSH.

JEREIE: A-B40, B-EMIEER (1-40) ; A-p42, P-EMEER (1-42) ; EDTA, ZZRRIUZER; FNF, #itf (MKZF) ; F/T, RIEMEE;
GFAP, RRRLFAMMER; h, /\BY; LiHep, AFZR$E; NaCit, ITIREATN; NFL, #94E2525%; PE-LD, {REERZME,; phospho - tau - 181, AL
tau - 181; phospho - tau - 217, BERTK tau-217; PF, %cBD4VE; PP, BBAM; RT, EB; WB, £,

23 SNEIERLESEITE

T U DA MRS MR E YIRS K TR

AUR
(A) fEFEEFIRE
(B) F/IT &R
(C) FukEmIzs
(D) EE®
(B) EBRERE,
231 fEFNEMRENY

ATIHEEENEEEN MRS ER WB REMNR
m, EROMMEREZR, F—H WB FmIRIFE 4°CULT
FEl6h, ATFEEFHNRE, XA 6hBTEIRER AT
"o XK, BERWRETXTFONYE 4°CTIRREN
NEBER, HINRTE 4°CTEF 6 h AZFLUER A,

Fib, FEEH (MFRARD) ERMREEREH ST
4°C TR 6 h, ZAIRENBELMEHRERIERIE RT T
RTF 30 min, TR ZEITE- 200C TR FK. MEHFEAA
A-P40. A-p42. HEEERA E4. REAHREER. NFL. B
F&-tau-181 FBEER-tau-217 MRRRRBHMERITIFME, XL
WESMNERSYNELNEE,

YN WB B AREEEOMMRSBE 2], BIREIR

©2023 IMPROVE MEDICAL All Rights Reserved

FHERT H4°CEIMY2 he 6 h K24 hRHIT “FH” o X
L “E7 EFREEENERENER, AXMELT, @
FABZEHZ ERIRELTARE, NMSBRMEER, AR
ENERR (ITHON “RBES WB 898 (MKRIFER)
M3g” ) HEDWEITE - 20°C TRFENES (LUTFHRA “k
BES WB BEEIARLZEMmK” ) -

R T I EEERE AR ERT MR E AR, X WB
T EFRRBIRLEE, RERDBIMIESHIRER.,
AN FR MR ARNRIIEENE, FBTEHEHF
FHERT L 4°C MY 2 he 6 h3E 24 h KT “BOg” , A
FEERBI ST [ “WEE (MRFL) NEHMmEK”
B ] AT - 20°C PRFRHERFEILAH#TOM ( “Ha0
TRERIRGRIME” )

N F2ZANRERNMRER, HRT=MaETRRRESZ,
BEME D BENTRBEFIT “N” . EXLEER
T, () ERRERMREBINEEFHEMES; ()
R MBRREEPRIMNENARRENEEPHI TR,

(3) ERAERBINEEFHTEENE . I8, &F
TEARDAREE R m P E 2 AYBEER -tau- 181 RYEUE.

2.3.2 F/T BHAM(L

BT F/T B DB RIE B ORITE 4°CHRE 6 ho TN
F/T BT MRAEAR ISR ERIRM, S37EHEE (KRR
AR) B FTHEIR 1R 2 R 3 k8 4 RGILEPNE M3
EYIREYNRLOKT, T8N FTRIHR, #FmfE RT @k
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BITE -20°C B¢ - 80°C /2% 8 ho
2.3.3 PUEFIIRE

F#T K3 EDTA B4h, IT7E S- Monovette A& (LiHep)
#N S- Monovette ITIRERTHN (NaCit) & (397 Sarstedt 2F]) H
Wege WB, LUTAEHUEIST MR YIRS MK TEREm, RE
&, WB BRI 2.2 WATRHTAE, HE - 20°C TRFo
fRRE, BERTEHEMREMITENKTE, IR, BAiE
BTV FIERPE-tau-181 AUNEEIE,

234 BEFEBITML

AT HEREHRBI MR EVIREYIRE IR, Sal
RRMMRER [ 1 22 TAARLE; 0 SIHE (B&K
) , PP IRE ] £ RT TR, RAEEBET— PP XE

(1 B1RE) . XMIEERT —K. ZRMER, SRS
MEA— B RER.. AEUE 0B, 1 &, 3 BMS
B MRS 0 M3 4 RS T

2.3.5 BBRIEISEIT(G

7T THMEEER BRI R E WIS MK R, s
WB 4, REREE 22 BOAHTHE, REEBOZH
¥ WB £ 4°CTEKMEREVNTF 6 ho S EMIREEEE
PP HXZERZE (PE-LD) MBEH (9FH Sarstedt AF
MZ KISHERERAR) , HEEBBILMTIRN [ “F
&8 (MFKLF) 7 ] HEVEFER ( “FRiE ) o

24 ¥iBSW

RO EIEN AR SRR EVITEYMEBE — R ENE
B, HEEENENERT, HETFE. NTFHRAEURN
HRAESH, RETSSEHMEL, A-B40. A-B42. B8
£ H E4. GFAP. NFL. ASEE tau-181 FIHEASEL tau-217 A9
2E8. WFEIE5BMEE, URFENSMMEEYR
EY, BRIRERSSEEAMELESMEEN + 10%. 1R
EBOWYIREITE A-B40/A-p42 thE, HiIRESSZHAMEL
BLLEMIMEES, & S3 PRMET AFLRATMNRAE M
RAESHNESMENSEERE, WNMKEEN E4 B
ATHERESTE APOE e4 KFE; BE, EFEHRERRMLS
B4, NFIEEHE4HDN, IMERKINEZHE4MHR
M (BNEDEFEE— APOE o4 HMERA) FMBMY (B1EE
APOE ¢4 HERE) . 55/ IMP 15.2.0 R (SAS Institute Inc.)
ERITYIKERNFEE, BTFEERE), WHIENESET
BT, thoh, ATFRERESHRER, DWHEEE
EXNFREENSHICR,

20 [&) XitsEiE | Featured Article

FE=RIBBRMTERNT, HMET N=16 REEKN WB
B, R 1T AARPHITHDFARSHERR,

31 fEERNEFEREY WB FMRAIRm

PR #MIR A M 3% £ MAn S Y7E UL WB Ml EDTA MR
HNAEFR, £ 4CTRZARE 24 h (B 1) . A-pd2.
A-B40 1 A-B42/A-B40 LEZRUNR LA WB 1 EDTA M¥K7E RT T
fB7FE8E 2 h MFF2E. Phospho-tau-181. GFAP 1 NFL 7
WB # EDTA M#XF7E RT F&=ZI27E 24 h; Phospho-tau-217
£ WB FI7E RT TREZRTE 24 h, EMEFRE 6 ho XHTFR
BENEMMREYIREDDINEIREL, #eE (MKLDF)
LRI HENMEFEAZ BNRUMERES EEHRENE
Fo Lboh, WRANAANMERAN=FLIEARZEEE
HENER (B S2) .

32 FTEAMFE (REOF) MMM

PR A-p42 0 A-B40 5b, FRBEMIREMITEMNIMEESE
24 FITASRBEAESN (B 220) o T A-p2
A-B40, EFN F/TEIARAILUERAY, M A-B42/A-p40 Lb
EWNFRZE F/TABEILUESZN. FrENERNMEEY
IRSHIMIRE E STENKTE - 20°C MRERATARTE - 80°C 1Y
oz EABR,

3.3 HURFIREINRNE

Bk A-B42 A1 A-B40 5b, FRE MR EYIIREMNI DK E
7£ EDTA. LiHep 1 NaCit B2 BIEAMY (EDTA #HAFS
%; B 3a) o 3§ LiHep B5 EDTA &48Lt, LiHep BRI A-p42
0 A-B40 AU EIKRIES 2 BIEINT 10%H 9%. 5 EDTA B
#8tb, R NaCit BB, A-p42 1 A-B40 P MIIRERES 75
TBET 6% 4%. Lt4+, 5 EDTA M LiHep BEA8LL, A
NaCit &, GFAP Ml NFL B &%, &BERKBREED E4
M AR AR B T2,

34 EFEBRHEM

TESCRT2ARM EDTA MR, FREMITEM IR ERE
MERLRAERBHEHBERE (B3b) o A-p42 F A-p40 BIH
MEESE—R. ZRMARAEEBZEZEL; A
i, XD REMENESZIREZR, BRUMERESH
+ 10%.
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3.5 BEHEXRTNENR 2b) o W (MFKLR) MEFLRNMEERZE, AN
. . N . _ ENMEEYSYHNRUREESZALLHN (B 2b;
e (MRISTR) M3RANERER MR EMIREY, )
S3) o
72 PP EM PE-LD BB EMRENPENMEES T (B
@ 45 , , (b) 450 -
140 - i ; 140 - : :
130 4 i I 130 1 i
— 120 i i — 120 4 ; ;
£ 110 : b £ 110 1 : :
5100'?98’-7-‘"—'5'%5@:'“—'5——; o= ——— 511}0--,;-::1"—“-‘”-5-95—-—--95—: E—
s 90 | — g o1 i s
3 80 - ; . 8 80 b0 ;
® 70 : ' e 704 ' b
60 A | ) 80 ! I
50 1 | | 50 | %
40 } + 1 40 1 1 1
2 6 24 2 6 24
Time to blood centrifugation (h) Time to blood centrifugation (h)
© 450 - . . @ 450 - . .
140 - : : 140 i .
130 i : 130 - i i
- 120 4 ' ! - 120 4 ' i
£ 110 A ; 5 € 104 - b P8
100 [SoBp-c—iefo0eee—io9gnee = T 00 {mepuen et o cie
3 90+ : : 3 904 - : E"] :
8 80 ! ! 2 80 ! - ! -
2 5] | i € 70 - | | _|
| i i ] s s
50 ] ] 50 4 i i
40 : i | 40 j i 1
2 6 24 2 6 24
Time to measurement (h) Time to measurement (h)
1 Phasp 181 O F pho-tau-217 [0 AB40 [ Apaz AB42IAB4D GFAP NFL Apolipoprotein E4 positive Apolipoprotein E4 negative
—— Reference +10%

1. fEEBTIEATRESS (A) 4°CH1 (B) RTf&7EHI WB MUK (C) 4°CH1 (D) RT f&f2MVMEE [ EHEF (MRAFH) MEPUE | PIREY
IRSHIK TR, BREISER B4 FAMAMAMSS, FIEMEIRSYIn=6, Hhn=1Ffn=5 BRIEREIERE n=x MIMABEESIENES
MEEEN—MUER, HERTPUBMESMUECEE; PR, JngIMEMSE 25 MEHMIE Q1) 3 1.5*IQR FHRSE,; HAHS, &R
TRERAEMNE 75 MESIEL (Q3) F 1.5*IQR FIRIESE. A-B40, PIEMEER 140; A-p42, B-EMIEER 1-42; GFAP, REAFHBMEERD;
iqr, TOIECEE; nfl, MELEHE; Bif-tau-181, BiERfK-tau-181; BifR-tau-217, BiER{L-tau-217; q, MU, RT, =&; WB, 2,

(a) 120 . . . (b) 130
110 4 ' v ; \
g,z | ] 5 o 120 +
1% - ‘8o 0. '8 - = "le
- 100 T _7_3E| _7_357 _?T O o -
£ 04 | e g £ moq
2 80 ' ' ; s e
S 120 ; : | 13 $ 100 —=8 5=
3 : : ! n 8
g 10+ : : ! " 3 g 90 A
100 %0 B 2 D0 =0 280, a. 0 8
TV T E S 80 -
% 1 ! .
80 i . | 70 ,
1x 2x 3x 4x PE-LD
Number of FIT cycles Plastic tube type
[0 Phospho-tau=-181 [0 Phospho-tau-217 [ AB40 (11 Ap42 AB42/AB40 GFAP MNFL Apolipoprotein Apolipoprotein
—— Reference +10% E4 positive E4 negative

B2. (A) FTHEFRM (B) BRERINIE (MKELFR) MEPMEEYIREY KRR, BREREEAR B4 BREFBAMESS, P MEAREY n =
6, Hfn=1fn=5 BTRNEERSERE n=x M ABEENEENSMEBEN—MUES. ST BIR, £H PP EFASEBY, HERTS
(IEAEDMIECEE; AR, RREIMEMSE 25 MEAER (Q1) 3 1.5%IQR FMikEE,; MAHE, RTEAEMSE 75 MEHIEK (Q3)
F 1.5*IQR FHRMEE. SR LEARTANEREHINS. A-B40, BEMEER 1-40; A-p42, BEMHEER 142; F/IT, RFARR; GFAP, BRER
STHEBMER; IQR, WUHNSEE; nfl, R4, BB -tau-181, BEBER{L-tau-181; BEEA{L-tau-217, BEBRIK-tau-217; q, POSMIL
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(@ 130 -

120 +

110 H E

Recovery (%)
8
|

70 t 1
LiHep MaCit
Anticoagulant

1) Phospho-tau-217 [T AB40 Ap4Z ABAZIABAD

—— Reference

GFAP

T
Z

o

(7]

=}
)

120 -
110 -

o JosB0 B0 o cos 5 o e,
90 - E.l :E

80 i

Recovery (%)

70

1x 3x 5%
Number of tube transfers

NFL Apolipoprotein E4 positive
+10%

Apolipoprotein E4 negative

3. (a) FURAIAD (o) HERBXLTORMER RMRZEVITEIKTHRME. WF AH, AENENMREYATSY n=4, BRTIEEAE4M
EMAE, n=0fn=4, DB, WFBH, FMENSMNIREYREYI n=5, BRTIEER E4 BAEMPAY, HEFn=3fn=2, H5l. FEEGE

kB n=x MEBENLIE, SMEH

— MRS, ERRKRPUEMLOULEER;, FTRARRIMENSE 25 BHMUH (Q1) = 1.5*IQR WS

B; EMRERRAENE 75 BONME (Q3) Z 1.5*IQR HRKE. A-p40, BIEMIEER 1-40; A-pd2, B-EMIEEH 1-42; GFAP, KFRLTHERRM
EH; IQR, M9UECERE; LiHep, FTEE; NaCit, ITERERTN; NFL, #424£42%5%; phospho-tau-217, BiE&fk-tau-217; Q, MHZ—,

4. i1ie

RIS T RN ERRE e (MKAR) Mk
BRIMET H A-B40. A-B42. A-B42/A-B40 LbE. BBEHR
E4. GFAP. NFL. BE&-tau-181 FNBEER-tau-217, LAKZMEZE
WB 2 BRMES 5B ER M IRAELL, REREFRERN
FoE, Lboh, R TEHE (MKLF) MEKF F/TEIFNE
W, FRECLRMBRIERFIFAE FEBIREM, URBEHER
BfEREE (MFRFR) MR RHIRIE,

FRE# ML AY M3 4 ¥A5 EW7E 4°CBI7E WB R EDTA I
KRMIREMENA 24h, XEFRE WB 8] B EFIEKFEN
RIMED, FEEINBE, 15, EDTA MEAUESR LG
EFERRIROETR, RBEN 4°C (RPMEAEE IR BT
BONHRIER) o B A-p42 T A-p40 5, FRAEMREYTS
VIR EK D F/T BHARNEI B LUEZH; SF A-p42
N A-p40 3K, RZALUAEIRE F/T AT UIER N, ¢
FREMNRNMZEREY, W (KRR TR
BUREA 2 [BITI DR REA LR, REBRTFRE AT
AFHE (KKK BIRDH, WEEER B4-BEMAEER
B, HITMIERT MR “R%”  (BIFE RT/A4°C fiE7F)
BB BRI AR TR RARIZ A Z G, FRE, X—KIEHE
HRIMERNMTIEMESS, RA¥SAEEILNE, M2
AILUHIT AR GRERE, XERMEDTHIHMAELEEFIM
TEEEAMRIEYE, XBHKENRE] UEFIMPEERER.C
BT, XRERXEAIMEREMERIEN AD TEEMA

7o
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EHIET RIZURE (EEZHE) EAFHRAN
Electrsys A-p42 1 A-B40 MR REL GG 5347 75 75 TR —Tbf
FIREM, SANSHRRIMTEARPRY A-p42 T A-p40 KFIEN
ERIRIFE 4°C FRZIETE 6 h; MRIRET A-p42/A-p40 L
R, NXLESHYE RT M 4°C FTRIFBELKE 240 (Rozga
Z A, 2019%F) , R, BRIFAIRA, A-p42 Hl A-p407E
4°C f#5R8 EDTA MEPRFRFBEKZE 24 h, BNRKRSE
A-P42/A-B40 BIELER, MIRFE RT FRFRERKIX 2ho FHAIW
Z£RER, 5 A-p40 18LL, A-p42 KFHEER MRS TS
ER, MTFEET A-P42/A-B40 LRI XMEINBIRMERE ST

BAEIRS ZmmM— RS (Liu A, 2020 F) Kk
—5, IRERIEL, KEE F/TR EHRARNEM, A-p42 F A-B40
BKFEE TSR, SXENRINERLEM. RELFHR
HRELEMFE (MRLAF) MEF A-p42 F1 A-p40 HIKTF5S
ZHEND FTEABHNLEEEFTZ LEEREEER [ (T
BATEIEE (MKAR) MURA A-p42 M A-p40 REH
F/T BEARAILIESH) 1, BRITAAXHMERTERHTH
IBAERRIINIE R REIFTEG

BHRMMRERRKRE, HAEER E4. GFAP. NFL. B
ER (L -tau-181 FNEEER{L-tau-217 BYKFFE EDTA. LiHep #
Nacit EZEREMN . X2 AFEN, EABE-tau 2
BRI EEMRNRERIBNIR EYITENZ —; XFDR
¥I7E EDTA. LiHep Al NaCit B Z IRV E MR EMHBFFHRR
WAMER R, AT, BIVEBE VR XEFREENRE
M, FEWRIMNNERMZEXHERTHER. SEINMR
HRER, TENMARALN, 5 EDTA Bk, NaCIT B



BYBEER-tau-181. GFAP F1 NFL AUKFRIE (FPAIEUKESE
El: 74%~103%) , i LiHep & FAIBEER-tau-181. GFAP Fl
NFL BJKTIE (Ashton FA, 2021 &F; Verberk FA,
2021 £F) o ZANHINEREIM LiHep F1 Nacit B A-p42
ABY MEGESHIEMMBALSEARANER—K
(Ashton A, 2021 ££; Rézga HA, 2019 ££; Verberk £
A, 2021 F) o A NaCit iI{ERMREN DK FT TR
— MR RN EPNITRBR A ARER T ER. KW
IR M T #— S HVIEHE, ZREA LiHEP A NaCIT EMERS
MR A-B42 M A-p40 RUNE, HREAUMR A-p42 M
A-B40 BREMBI DAY, B4 EDTA Bolae2E AIEH,

SRIM—IARAI, REREATEEZ BMELETS
BETM A-B42 T A-p40 BIMEKTFE (Toombs FEA, 2014
F) , R, Z—HRERE, REEBWTMEPH A-p42 7
A-B40 BEFM, XIZFTAARER (Rozga FA, 2019
F) . B, MEAERBHENIEM, A-p42 M A-p40 KT
ETHE#ES; A, XEMEEXWESIRECERN, RATkE

Blood sampling

(Venipuncture according to
standard operating procedure)

RT: max.2 h

Plasma tube:
+ EDTA anticoagulant
(e.g. Sarstedt S-Monovette)

Centrifugation and plasma separation

(Centrifugation according to
tube vendor instructions)

Plasma sample handling:
+ Up to 5x tube transfer
+ Up to 2x FIT cycle (-20°C or -80°C)

IMPROVE REVIEW BE4EE- 008

AL A-p42 MEBIKESHERENMEEE FRERER
(Willemse A, 2017 ) »

LIRTHASTZREA, AD EWIRSHIRIMEKTE, FHRIR
A-p42 Fl A-p40, SEATRANERELERERIFRER
(Lehmann A, 2014 £ ; Perret-Liaudet & A, 2012
F) . EXTHARS, BIEAFRNEEATETFOMH
REEIRHTIME, RTOREVIRCYMEESHH
R HREEST,

RIBXIRNGER, BRIMRIEME (NROF) HAH
MEBLR, APTRMETMAN AD MIMEEYARICHIM IR
REMERVBRETRELEAR (B 4) . BIWENS

AR ER IR E YIRS TIEA MR A —
W, GEFERHEDTAMRERTIIRRE, REAEEE, MU
REZFR FTER (-20°C 3 - 80°C) , LURSFIIREEZA
FRAEYIAFCYIROIRRENE (Verberk ZEA, 2021 &) o A-p42
A-p40 BXATEIERLERHRN ST, EEmREET
fEF A-p42/A-p40 BILLZESRER 3 4ME

Measurement

(e.qg. Elecsys assays on
a cobas e analyzer)

RT: max. 2 h

Measurement tube:
+ PPorPE-LD

+ Recommendations apply to fresh,
never frozen and previously

frozen plasma

During whole sample preparation, try to process samples very quickly and avoid storage
at RT, or keep storage at 4°C as short as possible

B 4. SEMPERIESE AD WIMFEMITE A THIRMASFEE DL IERNIER. AD, M/RKEIMER; EDTA, ZRRIMZER; F/IT, RF/MHR
A5 h, /NEY; max., &K, PE-LD, BRBRERZIEG; PP, BEME; RT, TR

XA — N X EAIZ, WB F EDTA M3RATLE 4°C
TFEEGA 24 h, TE RT FEAEROERRSRHI RS 2 ho X
RWMAT (1) BE#EHT AD MIRMANATH, XEERE AT
AT LAERINIRMRENERRTT; (2) BRI ENFARNL
i,

XTEFRBRBEIENERE (MRSEF) MmTFAFR
—RAMREMITCY), UNERLBHMSHEN Electrsys

©2023 IMPROVE MEDICAL All Rights Reserved

RRBEBHT, XATSKITY E; S5UFIMRMALL,
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Abstract

An unmet need exists for reliable plasma biomarkers of amyloid pathology, in the
clinical laboratory setting, to streamline diagnosis of Alzheimer's disease (AD). For
routine clinical use, a biomarker must provide robust and reliable results under pre-
analytical sample handling conditions. We investigated the impact of different pre-
analytical sample handling procedures on the levels of seven plasma biomarkers
in development for potential routine use in AD. Using (1) fresh (never frozen) and
(2) previously frozen plasma, we evaluated the effects of (A) storage time and tem-
perature, (B) freeze/thaw (F/T) cycles, (C) anticoagulants, (D) tube transfer, and (E)
plastic tube types. Blood samples were prospectively collected from patients with
cognitive impairment undergoing investigation in a memory clinic. p-amyloid 1-40
(AB40), B-amyloid 1-42 (AB42), apolipoprotein E4, glial fibrillary acidic protein, neu-
rofilament light chain, phosphorylated-tau (phospho-tau) 181, and phospho-tau-217
were measured using EIecsys® plasma prototype immunoassays. Recovery signals for
each plasma biomarker and sample handling parameter were calculated. For all plasma
biomarkers measured, pre-analytical effects were comparable between fresh (never
frozen) and previously frozen samples. All plasma biomarkers tested were stable for
<24 h at 4°C when stored as whole blood and ethylenediaminetetraacetic acid (EDTA)
plasma. Recovery signals were acceptable for up to five tube transfers, or two F/T
cycles, and in both polypropylene and low-density polyethylene tubes. For all plasma
biomarkers except Ap42 and AB40, analyte levels were largely comparable between
EDTA, lithium heparin, and sodium citrate tubes. Ap42 and AB40 were most sensitive
to pre-analytical handling, and the effects could only be partially compensated by
the Ap42/Ap40 ratio. We provide recommendations for an optimal sample handling
protocol for analysis of plasma biomarkers for amyloid pathology AD, to improve the
reproducibility of future studies on plasma biomarkers assays and for potential use in

routine clinical practice.

Abbreviations: 9NC, trisodium citrate; AD, Alzheimer's disease; AB, B-amyloid; CSF, cerebrospinal fluid; CV, coefficient of variation; DMT, disease-modifying therapy; EDTA,
ethylenediaminetetraacetic acid; F/T, freeze/thaw; FNF, fresh (never frozen); GFAP, glial fibrillary acidic protein; IQR, interquartile range; K3, tripotassium; K3E, tripotassium
ethylenediaminetetraacetic acid; LiHep, lithium heparin; NA, not available; NaCit, sodium citrate; NFL, neurofilament light chain; PE-LD, low-density polyethylene; PET, positron
emission tomography; PF, previously frozen; phospho-tau, phosphorylated-tau; PP, polypropylene; Q, quartile; RT, room temperature; WB, whole blood.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2023 The Authors. Journal of Neurochemistry published by John Wiley & Sons Ltd on behalf of International Society for Neurochemistry.
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1 | INTRODUCTION

Alzheimer's disease (AD) is the most common form of dementia in
the elderly. Recent forecasts predict that by 2050, there will be more
than 152 million people living with dementia worldwide, with up to
70% of cases being attributed to AD (Nichols et al., 2022; World
Health Organisation, 2022). AD is commonly characterized by
B-amyloid (Ap) deposition (amyloid pathology) and tau pathology in
the brain (DeTure & Dickson, 2019).

Until recently, there were no disease-modifying therapies
(DMTs) available that could attenuate the cognitive and functional
decline associated with AD and improve the patient's quality of life
(Rasmussen & Langerman, 2019). However, in June 2021, the United
States Food and Drug Administration granted accelerated approval
for aducanumab, an Ap-directed monoclonal antibody for the treat-
ment of patients with mild symptomatic AD (Esang & Gupta, 2021)
and in September 2022, phase three clinical trial results for leca-
nemab for the treatment of mild cognitive impairment due to AD and
mild AD with confirmed presence of amyloid pathology in the brain
were announced (Eisai, 2022). Such novel DMTs will likely be most
effective during the early stages of AD; as such, routine clinical use
of plasma biomarkers that correlate with cerebral amyloid and tau
pathologies are required to enable early identification of patients
requiring further evaluation and initiation of DMTs (Rasmussen &
Langerman, 2019; Rézga et al., 2019). Given that there are many un-
derlying causes of dementia, and co-pathology is common in indi-
viduals with AD, it is also important to be able to differentiate the
clinical syndrome from the underlying pathological process to arrive
at a diagnosis of AD (Rabinovici et al., 2017; Staffaroni et al., 2017).

Validated cerebrospinal fluid (CSF) biomarkers (including AB,
total-tau and phosphorylated-tau [phospho-tau]) and positron emis-
sion tomography (PET) biomarker testing are routinely used for the
diagnosis of AD; however, these procedures are expensive, invasive,
and have limited availability in the primary care setting (Blennow
etal., 2015; Grimmer et al., 2009; Janelidze et al., 2020). There exists
an unmet need for reliable plasma biomarkers of amyloid pathology
and AD that are accessible, minimally invasive and easy to use, to
aid identification of patients who would benefit from confirmatory
diagnostic evaluation using CSF and PET, and rule out patients with
a low likelihood of amyloid pathology and AD (Rézga et al., 2019).
Collection of plasma via blood draw is associated with less risks,
is less invasive, and inexpensive compared with CSF collection via
lumbar puncture and PET imaging. Furthermore, a strong correlation
has been observed between several of the biomarkers found in CSF
and plasma (Barthélemy et al., 2020; Blennow et al., 2015; Karikari
et al., 2020; Khoury & Ghossoub, 2019; Ovod et al., 2017; Tatebe
et al,, 2017; Zetterberg, 2019). In particular, the plasma p-amyloid
1-42/p-amyloid 1-40 (AB42/AB40) and CSF phospho-tau/Ap42
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ratios are reflective of amyloid pathology in the brain, with a diag-
nostic accuracy of approximately 90% versus PET, dependent on the
analytical platform used (Doecke et al., 2020; Hansson et al., 2018;
Nakamura et al., 2018; Ovod et al., 2017; Zetterberg, 2019).

Variability exists between institutions in the procedures used to
process plasma and CSF samples prior to analysis, and differences in
these procedures may contribute to the significant inter-laboratory
and batch-to-batch variability observed in previous studies on
CSF biomarkers (Hansson et al., 2021; Snyder et al., 2014; Watt
et al., 2012). Recent studies have evaluated the impact of common
pre-analytical parameters on the measurement of plasma biomark-
ers for amyloid pathology and AD, and provide recommendations
to standardize sample handling procedures and improve the reli-
ability of analyses on these biomarkers (Rézga et al., 2019; Verberk
et al., 2021). Further investigation into appropriate pre-analytical
sample handling procedures across a wide range of plasma biomark-
ers, in fresh (never frozen) samples, using fully automated platforms
is required to aid the reliable analysis of plasma biomarkers for am-
yloid pathology and AD in routine laboratory practice and in clinical
trials.

This exploratory study aimed to evaluate the effects of storage
time and temperature in fresh (never frozen) and previously frozen
plasma; these evaluations were conducted using plasma separated
from stressed whole blood (WB), and plasma stressed following sep-
aration from WB. In addition, the effects of freeze/thaw (F/T) cycles
were studied in fresh (never frozen) plasma, the effects of anticoag-
ulants and tube transfer in previously frozen plasma, and the effects
of plastic tube type in both in fresh (never frozen) and previously
frozen plasma (Table 1; Figure S1).

2 | METHODS

2.1 | Study design

This prospective, non-interventional study was conducted between
December 2020 and October 2021 in Germany (sample collection at
University Hospital, LMU Munich, Munich, Germany; measurement at
Roche Diagnostics GmbH, Penzberg, Germany). The study was con-
ducted in accordance with the principles of the Declaration of Helsinki
and the International Council for Harmonisation Good Clinical Practice
guidelines. All participants provided written informed consent to par-
ticipate in the PsyCourse biobank project, including the collection, stor-
age, analysis, scientific utilization, and distribution of samples. Blood
samples were anonymized, and no clinical data was shared. PsyCourse
was conducted by the Department of Psychiatry and Psychotherapy,
LMU Munich, and received approval from the ethics committee of
LMU Munich (project number 18-716).
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TABLE 1 Summary of pre-analytical sample handling parameters and assays evaluated in this study and their results

Sample handling parameter

Storage time and temperature Anticoagulant Tube type

RT 4°C

WB (h) EDTA plasma (h) WB (h) EDTA plasma (h)

Number of F/T cycles EDTA plasma Number of PP
Assay FNF PF FNF PF FNF PF FNF PF (-20°C or -80°C) (reference) LiHep NaCit tube transfers (reference) PE-LD
Ap40 2 6 2 2 24 24 24 24 2 v X v 5 v 4
Ap42 2 2 2 2 24 24 24 24 2 v X v 5 v 4
Ap42/ Ap40o 2 6 6 2 24 24 24 24 4 v v v 5 v v
Apolipoprotein - - 6 2 - - 24 24 4 v - - 5 v v
E4

GFAP 24 24 24 24 24 24 24 24 4 v v v 5 v v
NFL 24 24 24 24 24 24 24 24 4 v v v 5 4 v
phospho-tau-181 24 - 24 - 24 - 24 - 4 v - - - v v
phospho-tau-217 24 24 6 24 24 24 24 24 4 v v 4 5 v v

Note: Hours indicate the time for which the plasma biomarker levels were within pre-defined acceptance criteria. Tick marks (v) indicate parameters for which plasma biomarker levels were within pre-
defined acceptance criteria; crosses (X) indicate parameters for which plasma biomarker levels did not meet pre-defined acceptance criteria. En dashes (-) indicate parameters for which no data were
collected.

Abbreviations: Ap40, f-amyloid(1-40); AB42, f-amyloid(1-42); EDTA, ethylenediaminetetraacetic acid; FNF, fresh (never frozen); F/T, freeze/thaw; GFAP, glial fibrillary acidic protein; h, hours; LiHep, lithium
heparin; NaCit, sodium citrate; NFL, neurofilament light chain; PE-LD, low-density polyethylene; phospho-tau-181, phosphorylated-tau 181; phospho-tau-217, phosphorylated-tau 217; PF, previously
frozen; PP, polypropylene; RT, room temperature; WB, whole blood.
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The plasma levels of Ap40, AB42, apolipoprotein E4, glial
fibrillary acidic protein (GFAP), neurofilament light chain (NFL),
phospho-tau-181, and phospho-tau-217 were measured using fully
automated Elecsys® plasma prototype immunoassays on the cobas®
e 601 analyzer (all Roche Diagnostics International Ltd). The Elecsys
AB40, AB42, apolipoprotein E4, GFAP, NFL, phospho-tau-181, and
phospho-tau-217 plasma prototype immunoassays are intended for
investigational/research purposes and are not currently approved
for clinical use or commercially available. The prototype immuno-
assays were validated according to internal procedures adapted
from the bioanalytical method validation guideline EMEA/CHMP/
EWP/192217/2009 Rev.1 Corr.2 from the European Medicines
Agency. The coefficients of variation for intra-assay, inter-assay and
inter-instrument precision are summarized in Table S1. The Ap42/
ApB40 ratio was calculated from the AB40 and AB42 measurements
obtained in each analytical assessment procedure.

2.2 | Participants and sample collection/handling

Eligible participants were patients with cognitive impairment due
to possible or probable AD according to the National Institute on
Aging-Alzheimer's Association criteria (McKhann et al., 2011), pre-
senting for routine clinical visits at the University Hospital, LMU
Munich. The laboratory site that received the samples for plasma
biomarker measurement had no further patient information. Thus,
no randomization was performed to allocate individuals in this study,
no blinding was necessary, and no pre-determined sample size calcu-
lations were employed. We did not conduct power calculations for
this analysis, as the results were based on signal recovery rates ver-
sus the reference sample, and no p-values were produced. Despite
the small sample size, the effects were consistent across patients,
which gives us confidence that the changes seen are robust effects.
No samples were excluded from the analyses.

All samples were collected at three independent blood donation
events and processed as previously described (Rézga et al., 2019),
unless otherwise specified in Section 2.3. Venepuncture was per-
formed according to a standard operating procedure and free flow of
blood with mild aspiration was ensured to avoid hemolysis. WB sam-
ples were collected in tripotassium (K3) ethylenediaminetetraacetic
acid (EDTA) S-Monovette tubes (Sarstedt Inc.) and the tubes were
immediately inverted five times after sample collection to ensure
sufficient mixing of the WB with the anticoagulant present in the
tube. To achieve the correct WB to anticoagulant ratio, each tube
type was filled to a nominal volume according to the manufacturer's
instructions. Unless otherwise stated, WB samples were stored in
the collection tube at room temperature (RT) and centrifuged within
1 h of collection for 10 min at 2000xg at RT in a swing bucket cen-
trifuge. Separated plasma was then transferred within 1 h of cen-
trifugation into a polypropylene (PP) tube, inverted several times to
ensure sufficient mixing of the sample, and immediately aliquoted
into PP tubes. Further details of the tubes used are provided in
Table S2.

©2023 IMPROVE MEDICAL All Rights Reserved

2.3 | Pre-analytical sample handling parameter
assessments

The effects of the following pre-analytical sample handling param-
eters on plasma biomarker levels were assessed: (A) storage time and
temperature, (B) F/T cycles, (C) anticoagulant type, (D) tube transfer,
and (E) plastic tube type.

2.3.1 | Storage time and temperature assessment

To assess the effects of storage time and temperature on the sta-
bility of WB prior to plasma separation, one ‘baseline’ WB sample
set was kept at 4°C for <6 h prior to centrifugation and plasma
collection. This delay of up to 6 h was unavoidable due to logistical
circumstances. At the time of this experiment, sufficient informa-
tion had already been collected on the stability of the analytes
at 4°C and storage of <6 h at 4°C was considered acceptable.
Thus, fresh (never frozen) baseline plasma samples were stored
for <6 h at 4°C prior to preparation, and previously frozen baseline
plasma samples were stored for 30 min at RT prior to preparation
and frozen at -20°C prior to analysis. Plasma samples were as-
sessed using the Elecsys Ap40, Ap42, apolipoprotein E4, GFAP,
NFL, phospho-tau-181, and phospho-tau-217 plasma prototype
immunoassays to determine a baseline measurement for each of
the biomarkers tested.

Additional WB sample sets were ‘stressed’ by keeping them at
RT or 4°C for an additional 2, 6, or 24h before centrifugation and
plasma separation. These ‘stress’ procedures were intended to sim-
ulate laboratory situations in which samples may be left unattended
prior to, or after, processing, causing a delay in handling. The sam-
ples where then either measured immediately (hereafter referred
to as ‘fresh (never frozen) plasma from stressed WB’) or frozen at
-20°C prior to analysis (hereafter referred to as ‘previously frozen
plasma from stressed WB’).

To evaluate the effects of storage time and temperature on the
stability of plasma, WB samples were processed as described above.
Separated plasma was then pooled and split into aliquots. Aliquoted
plasma samples were assayed or frozen immediately to establish a
baseline measurement, or ‘stressed’ by keeping them at RT or 4°C
for an additional 2, 6, or 24 h, and either assayed immediately after
the delay (‘fresh (never frozen) stressed plasma’ samples) or frozen
at -20°C and assayed immediately after thawing (‘previously frozen
stressed plasma’ samples).

For previously frozen plasma samples, three possible handling
scenarios were investigated, whereby ‘stress’ simulation occurred
at different times after plasma separation. In these scenarios,
plasma was (1) transferred to a measuring tube and stressed prior to
freezing, (2) stressed in the original blood collection tube and then
transferred to measuring tubes for freezing, or (3) transferred to a
measuring tube, frozen and stressed after thawing. Note, there are
no data available for phospho-tau-181 measured in previously fro-
zen samples.
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2.3.2 | F/Tcycle assessment

Samples undergoing a F/Tcycle analysis were kept at 4°C for <6 h
prior to centrifugation. To evaluate the effects of F/Tcycles on
plasma biomarker levels, aliquoted plasma was assayed immediately
to determine the baseline level of each plasma biomarker in fresh
(never frozen) plasma, or after one, two, three, or four F/Tcycles.
During each F/T cycle, samples were frozen at either -20°C or-80°C
for 28 h before thawing at RT.

2.3.3 | Anticoagulant assessment

In addition to K3 EDTA tubes, WB was also collected in S-Monovette
lithium heparin (LiHep) and S-Monovette sodium citrate (NaCit)
tubes (both Sarstedt Inc.) to assess the effects of anticoagulants
on plasma biomarker levels. After collection, WB samples were
processed as described in Section 2.2 and frozen at -20°C. After
thawing, the level of plasma biomarkers were assessed as described
above. Note, there are no data available for phospho-tau-181 meas-
ured in anticoagulant samples.

2.3.4 | Tube transfer assessment

To determine the effects of tube transfer on the stability of plasma
biomarkers, previously frozen plasma samples (processed as de-
scribed in section 2.2; tube O [baseline level], PP tube) were thawed
at RT, before being transferred into the next PP tube (tube 1). This
process was completed one, three, and five times. For every transfer,
a new pipette tip was used. Plasma biomarker levels were then de-
termined for each plasma sample in tubes 0, 1, 3, and 5.

2.3.5 | Plastic tube type assessment

To assess the effect of plastic tube type on plasma biomarker levels,
WB samples were collected and then processed either as described
in Section 2.2, or with prolonged storage of WB for <6 h at 4°C
prior to centrifugation. Separated plasma was transferred into a PP
or low-density polyethylene (PE-LD) measuring tube (Sarstedt Inc.
and Roche Diagnostics International Ltd, respectively), and assayed
immediately after transfer (‘fresh [never frozen]’) or frozen before
measurement (‘previously frozen’).

2.4 | Statistical analysis

Most of the plasma biomarkers included in the present analysis were
measured in single determination. Where duplicate measurements
were available, mean values were calculated. For all sample handling
parameters tested, recovery signals for Ap40, Ap42, apolipoprotein
E4, GFAP, NFL, phospho-tau-181, and phospho-tau-217 compared
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with the reference sample were reported. For each participant and
sample, and for all of the plasma biomarkers measured, the accept-
ance criteria were +10% of the signal recovery rate compared with
the reference sample. The Ap40/Ap42 ratio was calculated based
on analyte concentrations, and the recovery signal of the ratio com-
pared with the reference sample was reported. A summary of the
reference values used to compare the signal recovery for each sam-
ple handling parameter tested is provided in Table S3. The detec-
tion of plasma apolipoprotein E4 is intended to determine carrier
APOE &4 status; however, it does not establish homozygosity versus
heterozygosity. For apolipoprotein E4 analysis, analyte results were
separated into apolipoprotein E4 positive (i.e., presence of at least
one APOE &4 allele) and negative (i.e., no APOE &4 alleles). Box plots
of the analyte levels were generated using JMP version 15.2.0 (SAS
Institute Inc.). Assessment of the normality of the data was omitted
due to the small sample size. In addition, no parametric tests for
outliers were included in the analyses as an abnormal distribution of
the data was assumed.

3 | RESULTS

WB samples were collected from a total of N = 16 patients across
three independent blood donation events. An overview of the
analyses performed in this study and results obtained is provided
in Table 1.

3.1 | Effect of storage time and temperature on
WB and plasma

All of the plasma biomarkers tested were stable for up to 24 h at 4°C
when stored as WB and EDTA plasma (Figure 1). AB42, Ap40, and
the AB42/Ap40 ratio were unstable if stored for more than 2 h at
RT in WB and EDTA plasma. Phospho-tau-181, GFAP, and NFL were
stable for up to 24 h at RT in WB and EDTA plasma; phospho-tau-217
was stable at RT for up to 24h in WB and 6 h in plasma. For all of the
plasma biomarkers and pre-analytical effects measured, there was
no marked difference in the median recovery signal between fresh
(never frozen) and previously frozen plasma samples. Furthermore,
there were no marked differences between the three handling sce-
narios employed for previously frozen plasma (Figure S2).

3.2 | Effect of F/Tcycles on fresh (never
frozen) plasma

Recovery signals for all plasma biomarkers except Ap42 and Ap40
were acceptable for up to four F/Tcycles (Figure 2a). For Ap42 and
AB40, up to two F/Tcycles were acceptable, whereas the Ap42/
Ap40 ratio was acceptable for up to four F/Tcycles. Recovery sig-
nals for all plasma biomarkers measured were comparable between
samples frozen at —20°C and samples frozen at -80°C.
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FIGURE 1 Effect of storage time and temperature on plasma biomarker levels in WB stored at (a) 4°C and (b) RT, and plasma stored at (c)
4°C and (d) RT (measured in fresh (never frozen) plasma). For all plasma biomarkers measured n = 6, except for apolipoprotein E4 positive
and negative, where n = 1 and n = 5, respectively. Box plots shown comprise data from n = x individual donors and one data point per donor.
Boxes represent the median and interquartile range; the lower whisker represents the higher of the minimum values and the 25th percentile
(Q1) to 1.5*IQR; the higher whisker represents the lower of the maximum values and the 75th percentile (Q3) to 1.5*IQR. Ap40, B-amyloid
1-40; Ap42, B-amyloid 1-42; GFAP, glial fibrillary acidic protein; IQR, interquartile range; NFL, neurofilament light chain; phospho-tau-181,
phosphorylated-tau 181; phospho-tau-217, phosphorylated-tau 217; Q, quartile; RT, room temperature; WB, whole blood.

3.3 | Impact of anticoagulant type

For all plasma biomarkers, except AB42 and Ap40, analyte levels were
largely comparable between EDTA, LiHep, and NaCit tubes (EDTA was
used as a reference; Figure 3a). Comparing LiHep tubes with EDTA
tubes, the median recovery signals for AB42 and Ap40 increased by 10%
and 9%, respectively, with LiHep tubes. In NaCit tubes compared with
EDTA tubes, the median recovery signals for AB42 and AB40 decreased
by 6% and 4%, respectively, when using NaCit tubes. Furthermore, with
NaCit tubes, a downward trend was observed for GFAP and NFL when
compared with both EDTA and LiHep tubes. There were no samples
from apolipoprotein E4 positive donors available for this analysis.

3.4 | Effect of tube transfer

All plasma biomarkers assessed were stable for up to five tube trans-
fers in previously frozen EDTA plasma (Figure 3b). The median recovery
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signals for AB42 and Ap40 decreased progressively between one, three,
and five tube transfers; however, this decrease was within the pre-
defined acceptance criteria of +10% of the median recovery signal.

3.5 | Effect of plastic tube type

There was no marked change observed in the median recovery signal be-
tween PP and PE-LD tubes for any of the plasma biomarkers measured
in fresh (never frozen) plasma (Figure 2b). Median recovery signals for all
plasma biomarkers measured were comparable between fresh (never
frozen) and previously frozen plasma samples (Figure 2b; Figure S3).

4 | DISCUSSION

The present study evaluated the impact of storage time and tem-
perature on Ap40, Ap42, the Ap42/AB40 ratio, apolipoprotein E4,
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FIGURE 3 Effect of (a) anticoagulants and (b) tube transfer on plasma biomarker levels in previously frozen plasma. For panel A, for all
plasma biomarkers measured n = 4, except for apolipoprotein E4 positive and negative, where n = 0 and n = 4, respectively. For panel B, for
all plasma biomarkers measured n = 5, except for apolipoprotein E4 positive and negative, where n = 3 and n = 2, respectively. Box plots
shown comprise data from n = x individual donors and one data point per donor. Boxes represent the median and interquartile range; the
lower whisker represents the higher of the minimum values and the 25th percentile (Q1) to 1.5*IQR; the higher whisker represents the
lower of the maximum values and the 75th percentile (Q3) to 1.5*IQR. AB40, B-amyloid 1-40; AB42, B-amyloid 1-42; GFAP, glial fibrillary
acidic protein; IQR, interquartile range; LiHep, lithium heparin; NaCit, sodium citrate; NFL, neurofilament light chain; phospho-tau-217,

phosphorylated-tau 217; Q, quartile.

GFAP, NFL, phospho-tau-181, and phospho-tau-217 in fresh (never
frozen) and previously frozen plasma, and the effects of storage time
and temperature in plasma separated from stressed WB compared
with plasma stressed following separation. In addition, the effects of
F/Tcycles in fresh (never frozen) plasma, the effects of anticoagu-
lants and tube transfer in previously frozen plasma, and the effects
of plastic tube types in both in fresh (never frozen) and previously
frozen plasma were studied.
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All plasma biomarkers tested were stable for up to 24h at 4°C in
WB and EDTA plasma. This means that WB can be stored directly
in the collection tube in the fridge with no immediate processing
needed. Moreover, EDTA plasma can be stored in the original blood
collection tube at 4°C after centrifugation (mimicking a scenario
when the sample is mistakenly left in the centrifuge). Measured lev-
els of all plasma biomarkers except Ap42 and Ap40 were accept-
able for up to four F/Tcycles; for AB42 and AB40, a maximum of



two F/Tcycles were acceptable. For all plasma biomarkers tested,
pre-analytical effects were comparable between fresh (never fro-
zen) and previously frozen samples, although the data for apolipo-
protein E4-positive were more difficult to interpret due to having
only a single sample available for fresh (never frozen) plasma analy-
sis. We also demonstrated that the timing of plasma ‘stressing’ (i.e.,
storage at RT/4°C) can occur either before, or after, the freezing
cycle. Again, this finding will make sample handling and processing
more straightforward as samples will not need to be measured im-
mediately and can instead be frozen. In combination, these findings
allow for greater flexibility in pre-analytical blood sample handling
and processing meaning that testing could take place at e.g., primary
care centers, which in turn, would make large scale assessment for
amyloid pathology and AD more feasible.

A previous study, conducted using earlier versions of the
Elecsys Ap42 and Ap40 plasma prototype immunoassays at Roche
Diagnostics GmbH (Penzberg, Germany), reported that Ap42 and
AB4O0 levels in previously frozen plasma samples were stable for up
to 6 h when kept at 4°C prior to measurement; if the Ap42/Ap40
ratio was reported, these analytes remained stable for up to 24h
at RT and 4°C (Rézga et al., 2019). Conversely, the present find-
ings indicate that Ap42 and AB40 remain stable for up to 24h at
4°C thawed EDTA plasma but were only stable for up to 2 h at RT if
reporting the AB42/Ap40 ratio. Our results show that AB42 levels
decreased faster over time compared with Ap40, reducing the ability
of the Ap42/Ap40 ratio to compensate for this effect.

Our data are broadly in line with a previous report (Liu
et al., 2020), in which a downwards trend in the levels of AB42 and
Ap40 with increasing number of F/T cycles was noted, similar to that
observed here. Although the prior report did not find a statistically
significant difference in the levels of AB42 and Ap40 in fresh (never
frozen) plasma compared with plasma experiencing five F/Tcycles
(whereas we found maximum of two F/Tcycles were acceptable for
Ap42 and AB40 in fresh [never frozen] plasma), we consider that
this discrepancy is likely due to differences in the rigidity of data
interpretation.

Present findings indicate that apolipoprotein E4, GFAP, NFL,
phospho-tau-181, and phospho-tau-217 levels were comparable
between EDTA, LiHep, and NaCit tubes. This is encouraging given
that phospho-tau is one of the most promising plasma biomarkers
currently being investigated; the comparable stability of this analyte
between EDTA, LiHep and NaCit tubes is beneficial for future large-
scale studies. However, we did not test stability in these sample ma-
trices, and so our results should be interpreted in that context. In
contrast with present findings, previous studies found that levels of
phospho-tau-181, GFAP, and NFL were lower in NaCit tubes (range
of median recovery: 74%-103%) and higher in LiHep tubes (103%-
206%) compared with EDTA tubes (Ashton et al., 2021; Verberk
et al., 2021). The increase and decrease in recovery signal observed
herein for Ap42 and AB40 in LiHep and NaCit tubes, respectively,
is in accordance with findings from previous studies (Ashton
etal., 2021; Rézga et al., 2019; Verberk et al., 2021). One explanation
for the decrease in analyte levels observed when using NaCit tubes

©2023 IMPROVE MEDICAL All Rights Reserved

may be that the citrate solution in the tubes dilutes the sample. Our
study provides further evidence that use of LiHep and NaCit tubes
can impact the measurement of Ap42 and Ap40 in plasma and indi-
cate that EDTA tubes may be preferable if AB42 and Ap40 are the
analytes of interest.

A previous study found that consecutive transfer of CSF sam-
ples between tubes significantly affected measured levels of Ap42
and AB40 (Toombs et al., 2014). Conversely, another report demon-
strated that tube transfers had no effect on Ap42 and Ap40 in
plasma, which supports the present findings (Rézga et al., 2019).
Herein, a downwards trend in Ap42 and Ap40 levels was observed
with increasing numbers of tube transfers; however, this was within
the pre-defined acceptance criteria and can most likely be explained
by the hydrophobicity of Ap42, which leads to aggregation and ad-
herence to tube surfaces (Willemse et al., 2017).

Previous studies have indicated a sensitivity in measured levels
of AD biomarkers, especially Ap42 and Ap40, related to the use
of different plastic tubes used to process CSF samples (Lehmann
et al., 2014; Perret-Liaudet et al., 2012). In this study, we evalu-
ated data using two tubes commonly utilized for Elecsys assays
and found no noticeable change in median plasma biomarker re-
covery signals.

Based on the results of this study, we provide recommenda-
tions for an optimal handling protocol for blood collection and
sample handling for analysis of plasma biomarkers for amyloid
pathology and AD based on measurement in fresh (never frozen)
samples (Figure 4). Our recommendations are largely in line with
recent findings from the Standardization of Alzheimer's Blood
Biomarkers working group and include the use of EDTA anticoag-
ulant tubes for blood sampling, a maximum of five tube transfers,
and a maximum of two F/Tcycles at -20°C or-80°C to maintain
biomarker stability in plasma samples (Verberk et al., 2021). Ag42
and Ap40 were the analytes most sensitive to pre-analytical sam-
ple handling and the effects could only be partially compensated
by using the Ap42/A40 ratio.

One key finding from the study is that WB and EDTA plasma can
be stored at 4°C for up to 24 h, while storage at RT should be avoided
or limited to 2 h maximum. These findings could (1) improve the fea-
sibility of conducting AD testing meaning that such assessments
could be carried out at, for example, primary care facilities, and (2)
simplify the handling of the samples in laboratories.

Strengths of this study include the measurement of a large set
of plasma biomarkers in fresh (never frozen) plasma samples and
the use of the fully automated and highly precise Elecsys plasma
prototype immunoassays, which allow for global scalability; this
demonstrates novelty in comparison to previous studies (Rézga
et al., 2019; Verberk et al., 2021). Other novel aspects of this study
include expanding the analysis of biomarkers beyond that of Ap42
and Ap40, evaluating samples stored at 4°C before further process-
ing, and using clinical samples from patients with cognitive impair-
ment due to possible or probable AD, as opposed to samples from
healthy patients. Our results confirm findings from previous studies
and are therefore likely to be reliable (Rézga et al., 2019; Verberk
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Blood sampling

(Venipuncture according to
standard operating procedure)

Centrifugation and plasma separation

(Centrifugation according to
tube vendor instructions)

Measurement

(e.g. Elecsys assays on
a cobas e analyzer)

4°C: max. 24 h 4°C: max.24 h
=
RT: max.2 h RT: max.2 h
Plasma tube: Plasma sample handling: Measurement tube:
« EDTA anticoagulant * Up to 5x tube transfer ¢ PPorPE-LD
(e.g. Sarstedt S-Monovette) * Up to 2x FIT cycle (-20°C or -80°C)

* Recommendations apply to fresh,
never frozen and previously

frozen plasma

During whole sample preparation, try to process samples very quickly and avoid storage
at RT, or keep storage at 4°C as short as possible

FIGURE 4 Summary of recommendations for blood collection and pre-analytical sample handling for the analysis of plasma biomarkers
for amyloid pathology and AD. AD, Alzheimer's disease; EDTA, ethylenediaminetetraacetic acid; F/T, freeze/thaw; h, hours; max., maximum;
PE-LD, low-density polyethylene; PP, polypropylene; RT, room temperature.

et al., 2021); however, future studies involving plasma biomarker
immunoassays from other manufacturers are required to allow for
comparison between platforms.

We acknowledge that this study also has some limitations.
Samples were included from a relatively small number of patients
(n = 4-6 per experiment, from a total of 16 donors), and very few
were APOE ¢4 carriers. Despite the small sample size, the effects
observed were consistent across patients, which gives us confi-
dence that the results are robust. Additionally, the study popu-
lation is reflective of real-world use of the Elecsys Ap40, Ap42,
apolipoprotein E4, GFAP, NFL, phospho-tau-181, and phospho-
tau-217 plasma prototype immunoassays (i.e., in patients with
cognitive impairment).

The recommendations for an optimal handling protocol for blood
collection and sample handling for analysis of plasma biomarkers for
amyloid pathology and AD presented here will improve the repro-
ducibility of future research into plasma biomarker assays and may
support the adoption of these assays into routine clinical practice.
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