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Fig. 1 BET prepared via our simple method

TRRETHLIENTELEMEDT ¥ T 5 —(F2—
7F v 7 0554850 : APRHPGH) 12Ny &2 FEo, B
ORI T (10X 10°%gsec) L7z (@), @i
Ny ZOTEERYEPT L2 LT, RiEEZNY
FNEFUML, RMEREOAZ B L 72 (®). il
Nv 7k FFP-LR O\ v 7 % R 2 H#6 L (6),
% 45ml O IHE % RIMER~HINT 5 (D) & T, R-
BET & L7z (®). P EOFTHEICIEH 30 5% ET 5.

2. #B&H R-BET & BET DS

ABHIMEICIZ N3 b 2 BT oRIE 5 H HO RCC-
LR (¥ 270ml) & #RIt% 6~11 % H##E L 72 FFP-LR
%7z T RBET fi#H & LCTRCC-LR 225/ 3y
72 60ml B L, R 1SR T RBET % di
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1 470> BET ##H8LL 7=
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1. R-BET O&IR

R-BET Ok % BET OPEIR & Ik L 72 (Table 2).

R-BET ®%#13#%) 77ml T, BET ®#%y 190m] (2~
13 EICHB I TV, A~ 2 Y » ME, Hgb,
RIMEREL, pH X, WIN DA EAIE RS, 572, RBET
O EFH ) T LRI 44mEq/l TH Y BET @ 36
mEqQ/1 IZHARFE Do 72 EETALNT, WL b
FiEBRZER O RCC-LR 75 70% UL ED A ) 7 2 hkd:
ENTwie, RiENEZOE Y, BET, HiA- BB
PUMEC A ERZIA SN Do 7.



AARmMmMILGRE RS H59% Howr

Table 1 Methods of measuring quality of BET

Measurements

Method/Machine

Volume
RBC counting

Hemoglobin, Hematocrit

ATP
2,3-DPG

Supernatant potassium

pH (at 37 C)

Supernatant Hgb
Supernatant Osmolality

PT
aPTT
Fibrinogen

Coagulation factor VII activity

Anti-A/B

For the calculation of BETS, specific gravity 1.055 was used.
K-4500™ (Sysmex)

K-4500™ (Sysmex)

Luminescence enzyme method using Gene Light 55™ (Microtec Nition)
23-DPG [RD] ™ (Roche Diagnostic)

644 Na*/K*/Cl~ analyzer (Bayer Medical)

248 pH/blood gas analyzer (Chiron Diagnostics)

LCV method by UV-2500PC™ (Shimazu)

Cryoscopic method

Light scattering photometry

Light scattering photometry

Thrombin coagulation time

Coagulation time

Direct agglutination using tube method

ATP: Adenosine Triphosphate, 2,3-DPG: 2,3-diphosphoglycerate, PT: Prothrombin time, aPTT: activated
partial thromboplastin time

Table 2 In vitro qualities of BET and R-BET
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BET R-BET

Volume (ml) 191.2+6.2 769+28
Hct (%) 358+20 359+19
Hgb (g/dl) 132+08 131£06
RBC (10%/ul) 4235+20.1 424.3+23.7
pH 6.87 £0.02 6.90 +0.04
Supernatant potassium (mEq//) 36+0.1 44+03
Removal percent of sup. potassium (%) 68.7+39 642+42
Residual Hgb in supernatant (g/dl) 0.06 +0.04 0.05+0.03
Supernatant osmolality (mOsm/KgHz20) 3005+29 3053+ 1.0
Anti-A/B (2") <1 <1

n=4, mean * standard deviation

BET: blood for exchange transfusion-leukocytes reduced 'Nisseki’

R-BET: reconstituted blood for exchange transfusion

*Kruskal Wallis H-test p<0.01

2. R-BET DAEHE

%O R-BET & BET % 120 BRRIRAE L, ARiLEk
FERE 2 & OREREEA L &2 i ~<7: (Fig.2).

ZORER, WL QRFIC LD pHIdRA ITIET, |k
HANEZBE VREIX RN TH -7z, RiEAY Y
LRI & D RIF ISP WAERIC EA L22S, Eh
UM oW EHE CIEMAEMOBEREZAEZ% 5 I BET 24
WHHEOFEE2ROR) 7. ATP, 23-DPG, &t
[ 45 VIIL NSRRI L DIRT 9 525, BRI 2
L NI BET 24 Wi H L OFFEIIA LN L0572 PT
R aPTT, 74 7)) =7 &, Wi e HIRFEIC X A8
BREAEIA SN o T2

3. High Het-BET D H 5

High Hct-BET OPEIR & SWE % BET &L TRL 7
(Table 3, Table4).

High Hct-BET &, fliF /Ny 72 W26 7% 6 TN
ISy T Hwiegaedind, RIS 5 5

R DD R B DAT, BET & [AkkD )Tl
anhr.

Het 13, #% /3y 7 TIZ BET 358%, High Hct-BET
535%, /NN 7 TiZ R-BET 359%, High Hct R-BET
547% T otz BHENY FTHRELZGAORRIX
High Hct-BET T# 128ml & BET IZH~% 60m! 47
Mo 7z2hs, Hgb LRIMERBIEZFNZENEMEAE R L7
NNy 7 TEE L YA D% 813 High Het R-BET &
R-BET & T#137% <, Hgb, #RIMEKEZ High Het R-
BET T R-BET ICH~NFEETH - 7-.

72 BRI AREAE T D22 L % Table 4 1278 L7z, pH \3ARAE
Z & BEAIEA SN H o 72 ATP, 2,3-DPG (244 &
E LT B, EENY 7 LNy ZIE N Het
WX BEEIASNEDP o7, BIEAEZOE VikER,
S HWE Ny 7Ny 72 BI2BET - R-BET
|2~ High Het-BET - High Het R-BET O 52585\ il
L7 BETIEHTER LS O0HE LM
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Fig. 2 Invitro qualities of BET and R-BET during storage period of 120 h
Time-dependent changes of (A) pH, (B) supernatant Hgb, (C) ATP levels, (D) 2,3-DPG levels, (E) su-
pernatant potassium, (F) fibrinogen, (G) coagulation factor VI activity, and (H) PT of BET and R-

BET are shown.
n=4, mean *standard deviation
*Kruskal Wallis H-test p<0.01
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Table 3 Inwvitro qualities of BET (35% BET) and high-Hct BET (55% BET)

BET R-BET
35% BET 55% BET 35% R-BET 55% R-BET

Source product

RCC-LR 1 bag ( = 133 m)) 1 bag ( = 133 m)) 60 m! 85 ml

FFP-LR 1 bag ( = 116 m)) 45 ml 45 ml 25 ml
Qualities

Volume (ml) 1912+62 1280+26 769+28 79.0+13

Het (%) 358+20 535+20 359+19 54.7+0.8

Hgb (g/d]) 132038 190+09 13106 195+05

RBC (10%/ul) 4235+20.1 616.0+6.5 424.3+237 660.3+12.3

pH 6.87 +0.02 6.86 +0.02 6.90 +0.04 6.87 +0.02

Supernatant potassium (mEq/bag) 04+00 02+00 02+00 0.3+0.1

Removal percent of sup. potassium (%) 68.7+39 848+12 642+42 771+15

Residual Hgb in supernatant (g/dl) 0.06=0.04 0.02+0.01 0.05+0.03 0.02+0.01

Supernatant osmolality (mOsm/KgHz20) 3005+29 301.3+1.7 3053+1.0 3105+17

Anti-A/B (2" <1 <1 <1 <1

795

n=4, mean * standard deviation

BET: blood for exchange transfusion-leukocytes reduced 'Nisseki’

R-BET: reconstituted blood for exchange transfusion

*Kruskal Wallis H-test p<0.01, 35% BET vs 55% BET, 35% R-BET vs 55% R-BET
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IR LT, REMICEETNTYD., Z00RAII
@ Het % Hgb (& BET & 0 ftie 22 0, FHAER~OH
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Table 4 Changes in in vitro qualities of BET (35% BET) and high-Hct BET (55% BET)

0Oh 24 h 48 h 72 h 120 h
pH
BET 35% BET 6.87 +0.02 6.87 +0.06 6.84 +0.02 6.80+0.03 6.77 +0.03
55% BET 6.85+0.02 6.81+0.04 6.76 = 0.04 6.73+0.01 6.66 +0.02
R-BET 35% R-BET 6.90+0.04 6.89+0.03 6.87 +0.03 6.86 +0.03 6.82+0.04
55% R-BET 6.87 +£0.02 6.82+0.05 6.77 +0.05 6.76 +0.02 6.69 +0.04
ATP (umol/gHgb)
BET 35% BET 7.74+140 794+0.77 728+1.12 6.64 +1.56 6.43 +0.86
55% BET 6.05+0.34 6.38 +0.61 6.01 +0.64 5.93+0.69 541+0.44
R-BET 35% R-BET 786+1.75 753+0.73 757+1.04 6.74+1.12 6.43+0.86
55% R-BET 6.40+0.43 6.01+0.39 6.34 +0.49 6.07+0.48 564 +043
2,3-DPG (umol/gHgb)
BET 35% BET 453+1.51 387+147 332+154 269+1.33 203+1.40
55% BET 513141 397158 299+1.21 2.25+0.81 1.45+0.40
R-BET 35% R-BET 4.62+1.67 3.66+1.35 351+1.65 280+1.30 2.76+1.39
55% R-BET 5.05+1.38 405+1.75 285+1.23 243+1.01 145+0.64
Residual Hgb in supernatant (g/dl) ( )* =ratio vs 1.00 at the time of setting 0 h
BET 35% BET 151+37 171+1.0 199+6.3 278+17.3 30.32+14.7
(1.00) * (1.13) * (1.31) * (1.84) * (2.00) *
55% BET 17.3+£5.3 242+11.3 258+16.6 34.6+239 4397+31.2
(L00) * (1.40) * (1.49) * (2.00) * (2.54) *
R-BET 35% R-BET 11.1+23 144+21 174+48 18.0+6.0 2873+11.1
(1.00) * (1.29) * (1.56) * (L61) * (2.58) *
55% R-BET 195+38 181+4.1 198+2.3 222+50 2865+79
(L00) * 0.93) * (1.01) * (1.14) * (147) *
Supernatant potassium (mEq/bag)
BET 35% BET 04+0.0 09+02 12+03 15+03** 21+04%*
55% BET 02+0.0 04+0.1 06+0.1 08+0.1** 09+02%*
R-BET 35% R-BET 02+0.0 05+0.0 0.7+0.0 0.7+0.1 1L1£01**
55% R-BET 03+0.1 05+0.1 06+0.1 07+0.1 09+01%*

n=4, mean * standard deviation

BET: blood for exchange transfusion-leukocytes reduced 'Nisseki’

R-BET: reconstituted blood for exchange transfusion

**p<0.01 (Kruskal Wallis H-test, vs 24 h)

7z, AAREFEBRIGRIMEREAARICY v = b=V 2 fli ]

L T2 KETI, ARIMER % A B A CHiE L T FFP
ZMA Het 2 45~60% & L72BET #HE3E LT3,
FITRAIGEFE Ny T LNy TE2 VT, Het %
55% IZFi#s L 72 BET D8k % A7z, Het D%,
BAT 2R EAOREEEZSH L TIHETH 5.
Het 2535% @ BET % #i#9 244121%, 1 B2 RCC-
LR |21 # {7 @ FFP-LR % il 2 % »%, High Hct-BET
TliX 1 ¥ RCCLR I2/z % FFPLR & T 5 2
ECRIMERDOE G ZFmD DL, MBEDRMEI DN
& %5 High Het-BET T3 A&7 BET 12~ TH 60
ml V7%, Hgb, RMEREIZZFNZENEMEZRL,
BMOFRESEHESINL DO BN,

R-BET T3/ Ny 7 DA% 8 2 70 WP CF0R L
HOGIEZRETE L. FHRBEORREE 80ml 127 5
YA, Table 3 IR THAROFEREANZ b2 LT
Het 7535%,55% 70 R-BET & iHETRETH - 72
a4 A ETEFA RO B O E W T R-BET
AL 7225, Mkt o H EEO BRI BT SR

KPBONLZEZMRAL TS (F—FRET).

8 #% o High Het R-BET 13 R-BET (21X, Hgb,
RIMERB B TH o7, Tz, Ny ThHizh)o bk
B ABIIRFEIZE 5 TER L, BET & High Het
BET T2 72 K:fJ H %> 5, R-BET & High Het R-BET
T 120 BRI EH 5 5, 18/4F 24 BRI B I REEEDLH -
7o ARE 1kg OFAERICIZ 1 HIZ2~3mEq DA ) 7 4
BAIMLCTHBRWET 252D 5. SHoOflET
BTNy ZI2BWTH EiEA Y 7 A BIIEREC
XoTERLZZS 1 HIZ2~3mEq ® LNV F Tl
LThWZWw. WTFIZLTS BETHO A Y 7 Amlidff
L & HITHNY 5729, RBET #1213 BET % #
TS AR FRE FRINME 5 H LA @ RCCLR 2 v 5
CENEFLWEER D,

HART 74T 201343 H X ), 7€k BET
WA O A & 2 AR [HR] 2L Tw
L. AR [HAR] 1334 OFT > 72 High Het-BET
OFEL L M HRIZ, FFP-LR O %83 % 2 & T Het
HER DK 35% 5K 50% ~NEEHEhz Fr o
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FABR T Het % 55% (CERBE L7225, AR [ HR]
L AKED Het 50% @ R-BET 3, Fig. 1 @ THQ@THHL
3% RCC-LR &% 75ml &, L@ TR % FFP-
LR % 25ml 129 4 Z &L CHRBWHETH L. 51T, #E
k@ BET Tl3ARIN A 24 BRI TdH o 72785, ARl
W HAR] TIF A8 HEHICIER ST W5, JBITli~7z
EBY, AHICBWTY BET OMREENWHETH S
ETBRREBTWS I LSS, RBET OMHBIED
EELTRELEEZ L. 202 ki, MEHK LR
HOBEIZB T LR LD 5.

HARRBRIER A RDPIT o727 ¥ — MRERIC K
e [Hlm THR] oRERER»ZTFons] &
W% U 7z R B 1 FIREEECTH - 727, 5o
WA Tlx TBECA BRI Z 1R T & % RSB IR 5
NTEY, FAEREZWR fix0L T, B2E2ETL
AR A MDA TRETH S ] L EhT
Wwa,

Ltk, 2w L7oA I [HAR] oMEFaaAG] 2 f 7
95 LFEIZ, BET & ME0 MK %2 BE T %
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A SIMPLE METHOD OF PREPARING RECONSTITUTED BLOOD FOR EXCHANGE
TRANSFUSION FOR EMERGENCY USE

Masako Katsumata, Mitsuaki Akino, Yuki Naito, Chihiro Homma,
Toshiaki Kato, Hisami Ikeda and Shigeru Takamoto
Japanese Red Cross Hokkaido Block Blood Center

Abstract:

Blood for exchange transfusion-Leukocytes Reduced, ‘Nisseki’ (BET-LR) is mainly used in emergencies for ex-
change transfusion in cases of neonatal hemolytic disease. However, recent consolidation of blood centers by the Japa-
nese Red Cross may prolong the transportation time to hospitals, resulting in the expiration or reduction in validity
of BET-LR.

Currently, we use a cooling centrifuge with a large-volume capacity, to which hospitals rarely have access, to pre-
pare BET-LR. This limited access is considered to make it difficult for hospitals other than blood centers to prepare
BET-LR independently.

We developed a simple method of preparing BET-LR with a quality equivalent to that of BET-LR and at 1/3 vol-
ume (reconstituted blood for exchange transfusion, R-BET). We were able to prepare R-BET outside of a clean room
using a compact table-top centrifuge. Further, we were able to raise the hematocrit relatively easily by changing the
volume of red cells concentrates-Leukocytes Reduced, ‘Nisseki’ (RCC-LR) and fresh frozen plasma-Leukocytes Re-
duced, ‘Nisseki’ (FFP-LR) to 55%.

The quality of the resulting R-BET was equivalent to that of BET-LR.

Our method of preparing R-BET is feasible for practical use, particularly during emergencies in hospitals.

Keywords:
Reconstituted blood for exchange transfusion, Supernatant potassium, High hematocrit, Table top centrifuge,
Small blood bag
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