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75, American Association of Blood Banks (A ABB)
1%, 1977 412 FFP @A % OMEHIHRZ 2 R I & L
Tw72¥ BI7ElL, Food and Drug Administration (FDA)
S, FFP @fi 2 OfEHIR % 1~6C TT24 R £ T
oY AABBIX, 5124 H (M5 H) offfiEE
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Table 1 Comparison of plasma products in various countries

Japan USA2 b Europe? Australia?
Preparation
Collection method whole blood, apheresis whole blood, apheresis whole blood, apheresis whole blood, apheresis
Time from draw whole blood: <8 hours (CPD) <8 hours whole blood: <6 hours whole blood: <18
to start freezing apheresis: <6 hours (ACD-A) (if the unit is refrigerated, hours
<18 hours) apheresis: <6 hours

Freezing condition,

temperature

Expiration

After thawing

Storage, expiration

apheresis: <6 hours

<-20T <-18T <-25C, —18 to 25C <-25T
1 year <-187T, 12 months <-25T, 36 months 12 months
<—-65TC, 7 years —18 to 25C, 3 months

The appropriate date or
time of expiry

2 to 6T, 3 hours 1 to 6C, 24 hours UK9Y: 42T, 24 hours 2 to 6°C, 24 hours

22+27T, 4 hours
Germany®: 6 hours

CPD = citrate-phosphate-dextrose; ACD-A = acid-citrate-dextrose formula A

4 American Association of Blood Banks. Technical Manual 17th edition

Y American Association of Blood Banks. Standards for blood banks and transfusion services 28th edition
9 Guide to the preparation, use and quality assurance of blood components. 16th edition

9 Guidelines for the Blood Transfusion Services in the United Kingdom 7th edition

9 Cross-sectional guidelines for therapy with blood components and plasma derivatives

5 Blood Component Information 2012
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Fig. 1 Thrombograms in thawed FFP-LR
a: Lag Time (min), b: Endogenous Thrombin Potential (nM * min), ¢: Peak Height (nM),

d: Time to Peak (min), e: Start Tail (min)

2. BENSX—2—DBIFE

MR EERE VB 585 X — =L LT, Futno
v E VR (PT), GMEALE S ba v R T 5 AF VRER
(APTT), 747V /=%, MiEESE 1(FID, V

(FV), VII (FVID),

VIII (FVIID), XI (FXI) W&

", 7+ €L 772 FET (VWF) BXO7 v F b
a >V I (ATII) (&, 4 H B i 5t ) 208
(CS-2000i, Sysmex Corporation) % i\ Tilll%E L 72.
7)—=7us54 v SPS), h—% )L PS, ADAMTSI3,
C3a B L OlivMkHIk~ £ 7 1 8—F 1 7 )V (PDMP)
%, #NZFN, Asserachrom Free Protein S(Diagnos-
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Table 2 Coagulation factor levels in thawed FFP-LR during storage at 4 or 22C for 120 h
paremeter 0h 3h 6h 24 h 48 h 120 h
APTT-based assays
APTT (sec)
4T 292+15* 294+15* 309=1.7* 316+18* 320+19*
+
22T 200+15 290+15 :[T 291+15 :[T 300=1.7* :[T 30.7+1.8* ]T 31.7+20* :[T
FVII (IU/ml)
4T 0.89+0.18* 0.83+0.17* 0.62+0.13* 054+012* 050+0.11*
+
22T 095021 0.89+0.19* O.84i0.18*:[Jr O.64i0.14*:[Jr 055+0.12* 050+0.11*
FXI (IU/ml)
49 .86+ 0.20* 184+0.19* 182 +0.19* .79+0.18* 78 +0.16*
Co 089+ 0.20 0.86+0 0* 0.84+0, 9* 0.82+0, S)*:[Jr 0.79£0, 8>‘< 0.78%0 6*
22T 0.87+0.20 0.85+0.19 0.83+0.19 0.79+0.19 0.77+0.17
PT-based assays
PT (sec)
4T 11.3+0.6 11406 116*0.7* 119+0.7* 121+0.7*
+
22 11406 112+06* :[T 11.3%06* :[T 11.3+0.6 :[ 116*06* ]T 126+0.7* :[T
FII IU/ml)
1T 0950111 0.95+0.12 094+0.12 094+0.12 092+0.12* 091+0.10
22T e 094+0.11 094=0.11 094=0.11 091+0.11°* 0.88+0.09*
FV (IU/m])
1T 0.91+0.20 0.91£0.20 0.88+0.19* 0.84+0.19* 0.81+0.18*
+
22T 091021 0.92+0.19 0.92+0.21 0.92+0.21 :[ T 0.85+0.21°* 0.78+0.18 *:[ T
FVII IU/m])
4T 1.08 +0.20 1.06 £0.18 095+0.17* 0.85+0.14* 0.73+0.12*
1.09+0.2
22T 09020 1.12i0.20"‘:[Jr 1.11+0.21 1.034:0.18*:[Jr 092+0.17* ]T 0.70+0.12*
Fibrinogen (mg/dl)
41T 2136+30.3 2144+29.1 2138+31.0 211.1+302* 208.0+294*
+
22T 2133299 2133+30.8 214.2+30.3 211.3+30.6 :[ T 206.7£29.8* ] T 196.0+27.0 *:[ T
VWE: RCo (IU/ml)
4T 103021 0.99+0.20* 1.03+0.21 1.00+0.21 0.99£0.20 095+0.19*
22T T 1.00+0.19 1.04+0.21 1.02+0.21 0.98£0.20 094+0.18*

Data are represented as mean * standard deviation, n=15.
*Comparison of factor activity levels at 0 h versus 3, 6, 24, 48, and 120
T Comparison of factor activity levels between 4 and 22°C with paired

tica Stago), Asserachrom Total Protein S (Diagnostica
Stago), ADAMTS13 ELISA Kit(Kainos Laboratories,
Inc.), Human C3a ELISA (BD Biosciences) B & Of
PDMP ELISA kit (ProteinPurify. Ltd) % FvCHIE L
7z, pHIZ, &HB)MEZ R - B 5HTEE (cobas
b 221, Roche Diagnostics K. K.) 12X DillZE L7z,

3. bOCECERBEDERIE

b o v ¥ v A eI, Thrombinoscope BV #@ Cali-
brated Automated Thrombogram (CAT) %% T
WEL, MaryR 77450 HBHEBEIN T A—
% — & L C, Lag Time (min), ETP : Endogenous
Thrombin Potential (nM * min), Peak Height (nM),
Time to Peak (min) 3 & OF Start Tail (min) % f##r L
7z (Fig.1).

4. HrEt

FFP-LR Allf# O RERI & 3, 6, 24, 48 B X 0N 120 Wl
D IL#RIL, Repeated Measures ANOVA TH%E, Dun-
nett’s test # F\vy, fEbaR (P)5% Kz HEE L7z

h with Dunnett’s test. Significance was set at p<0.05.
t-test. Significance was set at p<0.05.

PREREDOIEIZIZ, paired ttest Z W, felR® (P)
5% Kix HFRE L L7z a2t GraphPad Prism
(Version 6.0, GraphPad Software, Inc., USA) % fv 7z,
= R

1. MALERERF

FFP-LR % @if#fg, 4C £721322C CT120 M FC
PRAF L, ILIRCo5E 1 B [N - D 224 L & i< 72 (Table 2,
Table 3). 4C P47 FIZB1F % FVIL I, Ritfigk 24, 48,
120 KsfE <, 2121 095+0.171U/ml, 0.85=0.14I1U/
ml, 0.73+0.121U/ml T V), WfFE#H & I L THE
IAKETH o 72, FVILIZRERIIKT L, Bl 3,
6, 24 KR Tix, 212N 0.89+0.18IU/ml, 0.83=0.17
IU/ml, 062+0.13IU/ml T& - 72. APTT (Z@lf#E % 3
REILARE, PT id 24 R DIRE TR B & KL C,
FNENAEICERE L. FV, FXIBX WU VWF 3,
AR 120 RERS C, AR E I3 LT 10% IR T
otz Fll, 747 =7 Vigh, ATIL, 71—
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Table 3 Coagulation inhibitors levels in thawed FFP-LR during storage at 4 or 22C for 120 h

parameter 0Oh 3h 24 h 48 h 120 h
ATII (IU/ml)
4T 100008 1.01+0.08 1.01+0.08* 1.00+0.08 0.98 +0.08* 0.97£0.09
22T R 1.01+0.08* 1.01+0.08 1.00+0.08 0.98+0.08* 0.96+0.09*
Free Protein S (%)
4T 735+86 736%95 72.7+108 69.9+75 705+83
735+9.8
22T 71.6=8.0 721+96 70.0+10.9 685+9.9* j T 66.4+84* ] T
Total Protein S (%)
41T 732+14.2 721+129 686+10.3 722+16.1 681+112
724+131
22T 709+11.8 63.6*13.6 654+10.7* 614=121* :[ T 528 +8.7* ] T
ADAMTSI3 (%)
4T 972%9.1 101.0£11.3 96.0+17.7 984+11.6 98.0+9.7
- 987210 i
22T 96.7+104 988+11.2 97.7+181 97775 936+114

Data are represented as mean * standard deviation, n=15 (ATII, free protein S, total protein S) or n=6 (ADAMTSI3).
*Comparison of factor activity levels at 0 h versus 3, 6, 24, 48, and 120 h with Dunnett’s test. Significance was set at p<0.05.
+ Comparison of factor activity levels between 4 and 22°C with paired t-test. Significance was set at p<<0.05.
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Fig. 2 C3a, platelet-derived microparticle, and pH in thawed FFP-LR during for storage 4 or 22C for 120 h
Variables of C3a (a), platelet-derived microparticle (PDMP) (b) and pH (c) in thawed plasma are shown.

Data are represented as mean * standard deviation, n =15 (C3a, pH) or n=6 (PDMP)

*Comparison of levels at 0 h versus 3, 6, 24, 48, and 120 h with Dunnett’s test. Significance was set at p<0.05.
 Comparison of levels between 4 and 22C with paired t-test. Significance was set at p<<0.05.

PS, h—% )V PS 3 X OF ADAMTSI3 i, 4T 45125
W, FELWE LA LD o7,

—75, 22C AFIC2BWT, FVIL I, Blf## 120 BeRY
FORBEMICIRT L, F72, 4C REFE L LR TRUERE
3, 6, 24, A8HFMIIARICEMEZ /R L7z, FVII I,
RlfRfA 3, 6, 24 BFRIT, FhF 0.89+0.191U/ml,
0.84+0.18IU/mlI, 064 +0.14IU/ml T o 72. $72, 4T
PRAF L LERCTRMARTE 6, 24 BFRIZAE = ICEEZ /R L 72
B, FOEIMENPTHo72. APTTBIUPTX, Bt
R 120 KRR F CRBIICIER L 7=, 7V — PS (2 Rlf#
% A8 BRI LARE, +— %V PS 13 24 BRI LARE T, Rl
BLEWMRTHBIKMETH Y, 72, 4C RAF LKL
AEIRfE%Z/R L7, FII, FV, FXI, VWF, 74 7
V)= ViEE, ATIHI B X 0 ADAMTSI13 i, 22T
BREFICBOTELVELLZ AL DT, /2, 4C RAFL
FARETH - 7.

2. C3a, PDMP, pH

Blf# L 72 FFP-LR ROk, PDMP £ &£ OF pH O%
bz #Et L7z (Fig.2). 77747 F¥¥»Thb C3a
1&, 22°C PRAFIZB W T, Bl 120 IRERE259,261.6 = 894.8
ng/ml TV, RUFRE (6641.3+1,757.3ng/ml) & It
WUARICEMEER L. T2, BEE 48, 120 Ry
13 4C REICHRTHEICEMTH 72, PDMP I,
PRAEICHE) B bR AL DT, T/, WEICX 25 M
Lo 7z pH I, 4T RAFE L UF22C RAFIEICHE
B % ER 2R L, BRI Z O 7431004 & HERT, Bl
1% 3 REFI LA BICEETh o /2. T2, 22T /17
1%, 4T RAFICHART, WTFh oM A RICEHHTH 5
7z.

3. bOYE4REE

FFP-LR % @lfif L 7- 1% Ot FEEZ 5700, bo v
Y UERSREZNIE L7z (Table4). 4T fRAFIZBWT,
ba v ¥ U E TO Lag Time &, B 120 B £
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Table 4 Variables of thrombin generation in thawed FFP-LR during storage at 4 or 22°C for 120 h

parameter 0h 3h 6h 24 h 48 h 120 h

Lag Time (min

4T 18403 1.7+02 19+04 19+0.3 2004 20+03

22T T 1.8+0.3 20+04 1.9+0. 2102 22+03*
ETP (nM + min

4T 1,260.2 1289 1,217.7+1223 1,235.3+133.3 1,185.3+145.9 1,160.8 +101.3

+

22T 120931640 1,2525+149.3 1,165.0+136.8 :[ 1,190.1 £1494 j 1,140.3+141.8 :[ 1,090.0 925 j
Peak Height (nM)

4T 3245+256* 313.1+26.3 3105+295 3025+23.1 3028 +25.3

- 3044 £307 ¥

22C 3155+29.0 301.7+ 315 301.3+30.2 300.4 = 30.6 299.2+282
Time to Peak (min)

4T 3604 38x05 3804 39+03 .9+0.3

o 3704

22C 3704 j ¥ 38+04 39=0. 39+0.3 39+0.
Start Tail (min)

4T 177+10 181+1.1 180+1.0 182+1.1 181+0.8

+
22T 17909 178+1.0 179+1.1 :[ 180+0.7 180+1.1 :[ 177+0.8 j

Data are represented as mean * standard deviation.
12 observations are used.

*Comparison of levels at 0 h versus 3, 6, 24, 48, and 120 h with Dunnett's test. Significance was set at p<0.05.
T Comparison of levels between 4 and 22°C with paired t-test. Significance was set at p<<0.05.

TELR AL Do/ B Yy EEET ETP
X, BlU#L 120 BFEC 1,1608+101.3nM - min TH 1),
AR (1,2093£1640nM - min) ¢ FEEZA LD
Lhrodz ba v U EREOREE%E R Peak Height
&, BRI 425 3044 +30.70M TdH Y, BlfFE 120 FER
FCEALE A E DD o 72, Time to Peak (b1 v ¥~
AR KB F TORER) 35 X 0 Start Tail (FB > E >
AR TIRERE) U, 120 FER F CRFIC L A& bR AL
Dol —F, 22T RFICBWT, A%l
X, 4C BRAFEBETH - 72,

z =

FFP-LR % Bl 26 3 5 B, T <o a2
VT 30~37C TRl L, 3ERILIPICHER L 2 h
B bhnE 3hTns?, HidlikHEg Cl, FFP-
LR % ERFRICIED %5 SN ERADH L L5, H
ARARA A1 FFP-LR @t o R RI2ow
TOBELENPFELNTWEY, T/, HMEe K& MR
213 FFP 2 B ICHR5- LR E e S hvne Sha'?
7%, FFP O @213 2 Wi 3 < 20 R+ B3 5 72
DY BEANED BB R O 558 T b BRI
RIERIAHTHLEERD.

FENZ BT, FFP & Rilff L 7=t o BRI 52 7
B, FADWIZ6 KR, £ F1) 23 4T RETIEZ 24
Wi, 22C RRAECIR A E LTwa. 7R Y 7,
2012 412 FDA 25Rlf# 6 WEf] 2> © 24 Wi o> fi F I RREE
F2KBLY, $72, AABB 135 XV % thawed plasma
EEZBIET, EHIC4H (RESH) FTREDT
WA WG RFRIC IR T, FFP Rl % o 1

BUI SR <, M N1 oL@ vk 2 50l L 72 b %

b\11)12)15)~18).

S Cld, FFP-LR % Rl L 7214 o) L i 4t 5 B 5L 1]
ToOEER M a v C AR ME L, BFEEOE
HIBRASIE vl B RS L 7.

FFP-LR % @hfif L 72 #% o M s 6 K 70544 1%, FVII
PRDAREETH - 7. 3—1 v 3Tld FFP O WES
PULHE L L C, [FVI A3 0.70IU/ml VL& F 20
N on [ EFREINEY. ZoIEERH LY
4, FFP-LR % @lf# L72#® FVIIL i3 4C 3 X 0r22C
PAF T BlF% 6 BER E CTHA L7

Downes 5'91%, FVIII 2%@lfi#t: 1 HT28% KT L,
Al#E: 5 H121Z O Bl FVIILiGEEASRY 40% & 7% 5
7275, 5 HBEPRAE L 72 RIS FVII O R ZIHE% Br &
FPRESENC X 2 SR H, AP i MR PE SR B D
BRICEEHHTE S E LTWwA. AABBYIZ, Blif#
1413 5 HARAFC FV iEME2560% Lk, FVIIL iGHEAs
40% M b&te & L, FVII DA &:RE K 7R ZHEDHE
Wrdin e LTwh, RRETTIE4C, 22T L b
12, RETE 120 RIS BWCh, FV % 0.81U/ml,
FVIIL 25%) 051U/ml T& V), #Est & M O#RETH -
72 (Table 2). F7z, LML E SN BIEMAHIE, FV
A310~30%, FVIII #%30% THS & Shp?Y. Lz
35 C FFP-LR (&, 7R B, @IS & - THlfi# 120
KR F CURB ISR B E N TIE A R L T b &
Ezohiz.

Thiele & "™, MEHERE K128 %2 RIT T IMEEOLR
TEREEIS DWW TIRE L, EiP-AE T FVIIL FVIL PS
DERTFAREVEREL TS, PSIE, RSN
ZRTEEINBY. AMEFIZ, 7 — PS O HIE
L, 22C 1RAFCIIRRS 48 WERI DL, 2% $hilE (70~
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140%) " DO T RAELLT T o 7235, 4C 1AE TR RlRE
120 BRI C 70% ML L2 #EfF L7z (Table3). 72, 7
FT74 5 ¥ THD C3a D EFE 22T BAFDOTTH
KE&Eh o7z (Fig 2a). IMi4EH O C3ald, #2277
T4 FEY VIEEOME C3a-desArg I25E S B
B, WEROEBERANOHBIISH S SR E2ET 5.
ER IR ORI AR, MR H & S 115 2% Sidhu
LPNE, BEL7ZZT7 72— AHEFFP 22V T,
1~6C T5 HERAER, RN 722 TOMMAREEY >~
TNVBBERETHo ek LT b, 72, AABB
1%, FFP %@ ICREH & 2o 72 8h, TOMR%
WRASHELTWAED, FADFARALMY, BRI
FESHE U7 e v ) i IE /AN 75 o 7.

N T, FFP ORI Ci, s & K7
DREN—EENATDNTE 2. LA L, KHLiEHE
N HMMOWBREDO A TIE, A4 EEFEIREE & HHE L
TwWE SN DY, SEE, AFSMAIEVIRET, MK
B SIS DR 2 ST REIC L7z b a > e v Al
EYATAPEHENTWEY Y, K 2id, CAT %
JAWT FFP-LR 2@ L7260 b v & v ERgEEE
E L7 (Tabled). Lag Time (h 1> ¥ v AEKOBEK
e (&, 22TC ORFF, RRER 120 RERICTh 32 ICIER
L7-. ETP B ru v ¥ v&) 3@k 120 B <
ZAb % 809, Peak Height( b1 ¥ ¥ VU EREDORE
fii) &, RUF#E 120 KEHIZ 3B W T D Thrombinoscope
BV #257R 3 % IEF % 0P (301 +2nM) &3k
PL T, X o7, FFP-LRZ, 4T, 22C & bt
A% 120 e[ F CRURIE . & FSE OB ERE 2 MEFE L C
WhEEZ LN

41X, FFP-LR Blf##% D PDMP BEEICOWT H
L7228, RAFRE T R IR 12 I & $ 8 LA A B e 2o
72(Fig.2b). i, A o /MR 2SERAE [T A i
BB L o TIRITRACKRES K, MEPICRAT
L IM/MEATTRD TH W2 EXER & b,

Pboz & s, FFP-LR X, @lif#f:, FVII DAto
MR EEE R 7E5%, HEENIC L - TEBITOMR
TH b 322 72 120 KR < H AT HE & RE &
nrz. 4%, WL 72 FFP-LRIZ>WT, tary e
AR BEDA, Rotational Thromboelastometry (ROTEM®)
¥ 721% Thrombelastograph (TEG®) Z w727 a v
(MBF) TEEOWED S, X EBRIEE L3 w»
REREEMR L, BEEEC LA Z UEIICEHMEST % 2
ENEELERD.

w

FFP (&, BLEARRRIEZ L TLok, Mz [l
fft% 3 BERI DIICERIRICETE S 2 ) L LTwb. 4
W], FEP-LR Rl £ o> it 1 R 78 0 A 72 597, i
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B [ OIS O AR ATEH v e 722 b 1 > ¥ 2 A ERE
Mead L, FEP-LR Bl 4 o i B FFaf Al & 3l A7z, S 51
AR O R IE R 12D W T S BET L 72

FFP-LR |, Alf#tk, FVII 25 d 23T L2
DD, 6 R F T EU 2 (0.71U/ml) &7z LTz,
FV,EVIL B X7 4 7Y ) —% Vi3 4C, 22T %
5L bR 120 R & Clk M O R iR % MERE L
Tz, F72, BB OERERE, RFE 120 BE
TRIFIE % & A% TH -7z, H-> T, FFP-LR (&, Rlf#
% 120 BEC 3 FVII K ZHAE AN fE & R X
N7z, FFP-LR % i L 7= O BRI & S g,
WRRBLY TR Z R o 7o AWIFEC &, il PRHE 2
BUWTRWICEHLEEZ S.
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SHELF LIFE OF THAWED FRESH FROZEN PLASMA

Yu Naito, Yoshiaki Hayashi, Mitsuaki Akino, Shinobu Wakamoto, Mitsuhiro Fujihara, Chihiro Homma,

Hisami Ikeda and Shigeru Takamoto
Japanese Red Cross Hokkaido Block Blood Center

Abstract:

In Japan, fresh frozen plasma-leukocytes reduced (FFP-LR) must be used within 3 hours after thawing. However,
the longer shelf life of thawed FFP-LR makes it applicable for neonatal or critical care settings. Since the level of each
coagulation factor does not necessarily reflect physiological coagulation potential, we have conducted a thrombin gen-
eration assay in addition to evaluation of coagulant factors for the thawed FFP-LR up to 120 hours.

The FVIII level decreased by the largest degree among coagulation factors, however, the level was higher than
0.7 IU/ml (i.e. European standard). FV and FVII levels after 120 hours of storage at 4C were 0.81 +0.18 IU/m! and
0.73+0.12 IU/ml, respectively. The level of fibrinogen was almost unchanged after 120 hours of storage. Thrombin
generation was maintained even 120 hours after thawing.

These results suggest that thawed FFP-LR can be safely used to treat coagulopathies other than FVIII defi-
ciency for up to 120 hours after thawing.
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