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top and top "2} 2] 4k (triple blood bag)S- ©]-&-3f 4]
A" A gAIZE ol ofst 1xF dAREE EElA w5 AP
5 olAE A 2x dAEYE AAHAM FF

al
dFoz yre A9 Fd AeAA Azgelt
H

gt Fzkg9o] QAo How, oA Y AW S FHo]
FEUE #AHS zZted. AR Ad A" sAIZE el dAAA
22 7F kg nojof &) wjie] dALo|rE optgd T B
2y 9] 3| E(recovery)o] thE ®MHO H|s] wom, AW

Hol A7)

w1980t Fub Pietersz 5ol 98] A AlE W AR
(buffy coat method)oll A= ¢4 LdxF Moy &} ofgfzho] 7}
Hgmyl 28 talo] AAA Y top and bottom A e] ALE ¥ (quadruple blood
bag)ell A& W& F IAWFFIPHAE v=2A AH F 2423
el gk 12k dAEeE dA Ad4E £ aga gz
WHTAZE 4 ~ 67 A% =343 vhs oFg 22k dAEEE AAA
=38 A (pooled platelet)S A Z3stch= A AMFAIA o] ol

24X 7F ol A z¥ FAI o] wEXTHE Hol 54 o] th(Figure 1B).*’
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Whole blood
held at 20°C for up to 8 hr

1 1** Soft spin

Platelet-rich plasma
V4 [
RBC
Plasma Platelets
B ol
Whole blood
held at 20°C for up to 24 hr
£
13
E
= -
Buffy coat [ Four to six buffy coats ]
]
REBC Plasma

27 Automated

= Leukoreduced
Platelets pooled PLT

Figure 1. Overviews of platelet rich plasma method and buffy coat method.
A: Platelet rich plasma method. After initial soft spin, platelet rich plasma
is separated into fresh frozen plasma and platelet concentrate by second
hard spin. B: Buffy coat method. Note that after initial hard spin, 4-6 buffy
coats are pooled for second soft spin to produce leukoreduced pooled

platelets.



A MATAZYon Az AAAAY 44 @ Fawa
FREY Wl gE ATE #US FHOE WA olTold
gom, 59, Ty, Aun 5L $EALR AAE NATATYOR
Az FREE Qe DEH Fbolth AW Fujl A WBTASY
of tE AT top and bottom FAe] AEH 71715 o] &7 AAA
2oz 49 A8 nud b gk ol B At wdFdzgos
SEAYT, EGALR L AF AAE AXF T /1E AdLBER
agwel Fawe 3B J1FF ww Pkstel, MATAZH )

T Fho]o] o3k & 35 o] AT AP REEH e JANHS

74 5 S 3 W92 dle] 400 mL (420 g)¢] HEE AU RE

Ad 7RSS B AT HX3 9 ddaAAY] g% #e, A
al

Aol 2L 5 A= FAE, A7 AN wdxke kA,
&

oo 13 A¥ Relgom WYL AA HErt d49 top and
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bottom ®r21¢] 450 mL A &8 4-Optipure RC (Fenwal, Round Lake, IL,
USA)e} Composelect T&B (Fresenius HemoCare, Emmer-Compascuum, the
Netherlands) S AF&3}3ith(Figure 2A). = U 7|59 S AZFS 937
#13l, 63 mLe] 3334l CPD <(citrate-phosphate-dextrose solution)ell 4] 7
mLE A Ao Ml HdE 400 mLE APt A& AA
Axe 220 TFNISAS Be8es Wdy AA E7E Azd
Ak pL2410 (Fenwal, Round Lake, IL, USA)S AR&3te] Al dslolth
(Figure 2B).

3. ¥Alie 2 dAA Abs 8717

oo A R-2]7] RC3C (Sorvall, Newtown, CT, USA)E A}-&35}¢],
4,293 goll 8% it 12k A3 dAEeE sk 2af gk A Ed = 419
gell 9% 3+ Aldelvh. 13 Ad dula 2 EWMETAT
golmore] z} JMAA Hg ARE 93 x53F 71712 Optipress |l
(Fenwal, Lake Zurich, IL, USA)2} Compomat G4 (Fresenius HemoCare, Bad
Homburg, Germany)Z ©]-&3}th(Figure 3). A4l s dAuls R
gAZo] SEHAA s FoystAA HHe] doul Zol(blood bag
hanger)ell Zi Al WES F2W, 7+ 717]d vlg] HFEo] Q=
Z 2 EFo| weba dEF(press plate)o] NS A 3] GEdlaL o] &
A Fom TRYC e A7 I dEo] AF e offFow
AdH] e vE daulor olFstHA =X oR Eudd. 1 ¥
=] Y= LED 7HA7)(sensor)7} HEl® M2 OB o FTHE
o1x|ahar, W3k ] 9Z9] optic assembly’}t M AE A= Y

Zclamp) 7t AHg o2 AFsuA doREst FrE
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:?L_"
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Plasma line
-
In-line WBC filter -\

/— Segment line
off o | f
CPD Y -
63mL Q@ i @
SAG-M
100mL
/}, - —

N~ 16 gauge needle

B Lines for buffy coat bags

~—— Line for
Y ¢ plasma or PAS

In-line WBC filter

Figure 2. Two kinds of blood bags used in buffy coat method. A: Top and bottom
quadruple blood bag. (D Primary bag containing 63 mL of CPD solution. @ Plasma
bag. (3 RBC transfer bag connected to in-line WBC filter and RBC bag. @ RBC bag
containing 100 mL of SAGM. B: Octopus-type platelet pooling and storage bag. @
Platelet pooling bag connected to in-line WBC filter and platelet storage bag. @

Platelet storage bag. (3 Pouch for platelet component sampling and air removal.



Figure 3. Automated blood components separating devices. A: Optipress 1. (D Press
plate. 2 Back plate. (3 Optic sensor. @ Blood bag hanger. & Hb detector. ® Clamp
and sealer. B: Compomat G4. (D Upper press plate. (2 Lower press plate. 3 Optic
sensor. @ Blood bag hanger. (5 Hb detector. ® Clamp and sealer.

AEAAL] Ax 2 FE 54
e Add(Day 0)o 4
g2 skt AE AF %
sl 20C7HA4] 258 W4 v, g%(
otk Alx Fd(Day Dol AP 5 24x7ko] A7) Aol F 3]k
AEs A Eer|7E olgsle WIS HFAET, EPILY 2
g AAZ et s5A4d = 14 28 ¥, Fo] 2mo &
8



5499 ¥Y RystdA Ax FF(Day 1), 15%_‘(Day 15)3

d(Day 35)°l 53], A, AL, Ad84E, 289 N2
A5 HANEA 7] Advia2120 (Bayer Diagnostics, Tarrytown, NY, USA)Z
ol g3t FSAsIA 1 AAE ALY FAAAY Az H
AR AR W AA sHAITe FHEAY Ve v
stlth. ofat o g o o] W= Nageotte chamber (Ballast
chamber Koch Products, Friedeichsdorf, Germany)S Al-&3lo] 2712 AHA &}
Aot

Sy A Ao g4 wwkr] Helmer (Helmer Inc., Noblesville,

IN, USA) oA H#AstHA Ax 2A|ZF $(Day 1), 3¥(Day 3)Z} 5% (Day
5) ol F3¢} daws, A+, M+ 1gal AW AKX EEA
pH, pO,, pCO, A4k E Xt potassium HES do7lx F47]¢1 NOVA
CCX (Nova Biomedical, Waltham, MA, USA)Z o]&3le] A3t &
2o HE FES A ALY wd T Al AR E LAY
Ay e Pl o3 o Ay e o wMidy
=i Nageotte chamber& AF-&-3}o] 3}31 U}

TAEEES 99 saLe] ByebiaA Alx AS(Day 1)9F Alx

A (Day 35)° 3ls3ste] H3], prothrombin time (PT), activated partial
thromboplastin  time (aPTT), AIV-aLARe} AVIIGIAAY] S
aglal A4 5%E ACL TOP (Instumentation Laboratory, Milan, Italy)=-
o]-gsto] =4 sl th(Figure 4).
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Whole blood Overnight hold Blood component Tests for each blood component
Collection preparation
PLT volume
PLT t
optipure RC Pooled PLT —
s Optipress II ‘ on Day 1,3,5 RBC, WBC count
(N=25) (for 7 pooled PLTs)
pH, pO,, pCO,, Lactate, Glucose, K*
1 / \ RBC volume
pRBC
4°C cooling plate | mm | 20°C on Day 1,15,35 RBC count, Hb, Hct |

(for 35 pRBCs)

i N /7

FP FP volume
Compomat G4 on Day 1,35 PT, aPTT
Comp_oseleCt P (for 35 FPs) Factor V, VIII assay
(N=10) Fibrinogen

Figure 4. Study design of blood products preparation and parameter measurement.

gAAA FaE Ags| A5

g Az do ®l g FAE WA SAHsaL, 1 5 AxT 4Rd
HAAA L] FAE FSAHS] L AolE d AANY FAR AL
sttt el dY, 549, £9dAY ada 28 AAY
%< 717} 1.054, 1.075, 1.040, 1.0302.2 Aitste] &5 oo FAE
HlZ 02 tpola dole] FuE F3idlth A W x5 #4367
Aslir EE A FEAA dol deiu S FEA 109 ol
Holdl = EEOA FE3I 4 tg, sampling site coupler (Baxter
Healthcare, Deerfield, IL, USA)E o] AAsfo] F2Ql Wio=
2071014 whEe]l FAZIE ol&ete]l HAE AT A4 dAAA 9
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2|

oAz 4 243 A8 #-d HAe A 3 mLE EDTA tubeel,
i a4 Ak BEg Akl A AAle] SadAke AA
4 mLE plain tubedl Tolxl SAEATE Algdie] AdE WIS AA
dH Y AHes Zotrr] fsiA, o3 $4 sFAd e L
AAe]l HAA HEF+ £l OptiLyse C (Beckman Coulter, Marseille,
France)E 1:99 HI&E 4]aL A=A Adel we} 108 &<t haol
Ao A FoliFE T} Nageotte chamberE o] &3le] F7]|&2 o3}
gazA g o] Wy == 5kl v} Nageotte chamber AF&-A] 100
pLol A 1 celZbA] A& = dem=, 108 3]s dooa WP E
B9 o7 & o] WHFEE 0.1 cell/ul

7 AeAA Aed wFE ¥ QA AAA A FwoA
Wl od PAAN oxE Hise)
daid, g AAE 7 B grelA AW A 1A W(EADR

A &4 Analyze-it for Microsoft Excel (version 2.22, Analyze-it Software
Ltd., Leeds, UK)= o] &3}, TA4 F<9 52 P value 0.05 7| THS
7Fo w2 &t
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1 o] dfsta Hapad

Ad 715Ae] A AR 244 + 62 (18 - 54)AQ L, HELS
wHAb, o2k Z47E 297, 6vg ol vk 715 M E o] N3] 400 £ 5 (386 -
43)mL, Mt AEFEAELS 717 143+ 1.0 (12,5 - 16.0) g/dL e} 42.2
+ 2.6 (38.0 - 46.5) %% 3L, AV, 2703 £ 61.6 (182 — 452) x 10%/uL Tt
PT (INR), aPTT, 49| &%= 9+ 2H2} 0.98 + 0.06 (0.88 — 1.15) INR,
30.2 + 2.6 (23.3 — 36.6)%, 244.5 + 36.0 (182 — 333) g/dLE A4 AL
FenwalAle] Rz 2F3t N FE7]7|& ol&st Ad 75 &2
259, FreseniusAke] 7]15A & 109 o] EFFE AL, HANGEEAA F

o Apolol AT o ® o7k Aol RIATH(Table 1).
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Table 1. The characteristics of donors and hematologic parameters in collected whole blood

Parameters Total Fenwal group” Fresenius group”
Number of collection 35 25 10

Age (years) 24+6 (18~54) 24+7 (18~54) 25+3 (19 ~30)
Sex (Male : Female) 29:6 21:4 8:2

Blood type (Non-O : O) 30:5 20:5 10:0

Whole blood volume (mL) 400+5 (386 ~413) 399+5 (386 ~409) 402+5 (397 ~414)
Hb (g/dL) 143+1.0 (12,5~ 16.0) 143+1.0 (12,5~ 16.0) 143+1.1 (12.6 ~ 16.0)
Hct (%) 42.2+26 (38.0~46.5) 42.2+25 (38.0~46.5) 42.0+3.0 (38.2~46.5)
RBC count (x 10%/uL) 475+0.4 (3.93~5.37) 476 +0.4 (3.93~5.23) 472+0.4 (4.15~5.37)
WBC count (x 10%/uL) 580+ 1.0 (2.98~8.33) 6.07+0.1 (4.44~8.33) 543+1.1 (2.98~7.02)
PLT count (x 10%/uL) 270+ 62 (182 ~452) 265+ 57 (182 ~435) 283+ 73 (196 ~ 452)
PT (INR) 0.98+0.06 (0.88 ~1.15) 0.98+0.07 (0.88 ~1.15) 0.96+0.03 (0.92 ~0.99)
aPTT (second) 30.2+2.6 (23.3~36.6) 30.0+3.0 (23.3~36.6) 30.6+15 (28.2~32.6)
Fibrinogen (g/dL) 245+ 36 (182 ~ 333) 249 + 37 (182 ~ 333) 232+30 (191~ 278)

Data are shown as mean + SD (range).

“There was no parameter showing statistically significant difference between Fenwal and Fresenius group.

13



A
o] HtS 239 + 12 mLo|la Ho &
715(75% o]/l deie] 300 + 30 mLoll EFFEojof I HlwFPS
EAHoR FostA SHUTHP <0.001). 1Y HITFLHEFO HAS
58.6 + 2.4%%, 75% o]%te] deo] 60 £ 10%°l s|FEHo]oF s
AAAA ] 713 vl = FAISHAQD ztolE WEhAl &kt
Aol HdS 424 + 24 gdL fod, dd A 7S] o
AET4E AT Az FY(Day 1)°] AT F5FE2 740 + 3.0%%
WA AA FHAETF] FFE NIFFE 03 x 10999 wvke|lon,
ZE HAaBFE BT 40 x 105l ol 3tE wj$- yokt) Az 9 (Day 1),
159 (Day 15), 35¥¢(Day 35)° =A% HIF&AE, 44 3 AT
Fo A= AIRE A wE AR {ofdt Aole BE A gt
(Table 2).



Table 2. The changes of hematologic parameters in stored leukoreduced red blood cells processed by buffy coat method (h=35)

Parameters Day 1 Day 15 Day 35
Volume™ (mL) 239+ 12 (213~ 260)

Initial RBC yield (x 10*/unit) 1.41+01 (1.08~1.64)

Initial RBC recovery' (%) 74.0+3.0 (67.9~80.7)

Hematocrit* (%) 58.6+2.4 (52.4~62.3) 58.4 + 2.7 (52.0 ~ 62.4) 58.2 + 2.8 (51.1 ~ 62.4)
Hb* (g/unit) 424422 (37.6~47.2) 42.6 + 2.4 (36.9 ~ 47.4) 42.4 + 2.4 (37.6 ~ 47.0)
RBC count* (x 10%puL) 5.87+0.3 (5.08 ~ 6.46) 5.84 + 0.3 (5.03 ~ 6.44) 5.78 + 0.4 (4.91~ 6.30)
Residual WBCs (x 10%/unit) All <05

Residual PLTs (x 10%/uL) All<4.0

Data are shown as mean £ SD (range).
“Leukoreduced red blood cells processed by buffy coat method showed statistically significant decrease in volume comparing
with the standard guidelines of Korean Red Cross(P <0.001).

Initial total RBCs in RBC bag
Total RBCs in primary whole blood bag X 100

*There were no statistically significant change in hematocrit, hemoglobin, RBC count from Day 1 to Day 35 (P value <0.05).

"Initial RBC recovery (%) =




el £ RHE 400 mL oo R W= 27) AAES AlQlEd,
EgE 4% A4 Fy= 290 ~ 369 mLE 5 AEAHI LT AAQ
A 7152 400 mL ofstel sfFaitt. davw FEEFY] FAwUS
3.70 (3.21 ~ 4.63) x 10"/&+$I = 75% o]Ato] AAlolA 3.0 x 10"/e-9] o4
ojo} gt gAY TIEs AT dd" A 71EAe
gl ) Fagsel wud Az 5dAe] HF o 3589
T4 69.8 (655 ~ 75.3)%tE. A diAtel HHAT FEEoA =
davke] Byxgte] Aaglel] we} 29 =9t

214k pO,, potassium F=& FASHH o2 {25 A 53 THP <0.05)

(Table 3).



Table 3. The changes of hematologic and biochemical parameters in stored leukoreduced pooled platelets processed by buffy coat

method (n=7)

Parameters Day 1 Day 3 Day 5
Volume™ (mL) 349 (290 ~ 456)

Initial PLT yield (x 10"/unit) 3.70 (3.21~4.63)

Initial PLT recovery' (%) 69.8 (65.5~75.3)

PLT count (x 10%puL) 1059 (848 ~ 1393) 1014 (812~ 1216) 1007 (867 ~ 1198)
Residual WBCs All < 0.5 x10%unit

pH* 7.12 (7.01~7.20) 7.30 (7.20~7.34) 7.36 (7.20 ~ 7.40)
Glucose* (mg/dL) 429 (296 ~ 479) 391 (286 ~ 463) 373 (257 ~ 400)
Lactate* (mmol/L) 76 (59~11.3) 10.0 (7.5~14.3) 12.7 (9.5~ 16.0)
pO,* (MmHg) 106.4 (90.6 ~ 124.3) 121.7 (99.4 ~ 143.4) 135.4 (106.8 ~ 156.4)
pCO,* (MmHg) 59.2 (49.8 ~ 65.8) 38.2 (29.0~41.8) 23.0 (20.1~34.0)
Potassium* (mmol/L) 4.17 (3.68 ~ 4.40) 424 (3.82 ~4.43) 429 (3.91~4.52)

Data are shown as median (range).

“Two pooled platelets of Fresenius with 400 mL or more volume was intentionally processed in order to increase the total volume

of platelet storage bag.

Initial total PLTs in PLT bag

"Initial PLT recovery (%) =

Total PLTs in primary whole blood bag

x 100

*These biochemical parameters showed statistically significant change from Day 1 to Day 5(P value <0.05).



MY FAFTHOZ Az AT AAe Fui= 235 + 14 mL=E
AR FAGF] FA7FQ 145 mLet 2010 A Ao 3
AAEADE 2000919 FA Aol Hkl 166+ 10 mLE T 40 ~ 80
mL ©]’% BATHP <0.001). WHH, AVIIGILLIAS] S =T HIALo
Aystel] whel, Az Y (Day 1)9 0.78 + 0.15 IU/mLolA] A % 35% (Day
35)9] 0.66 + 0.14 IU/mLZ FAIStH o2 23t A Stolx th(P <0.05). H=3F
20101 200%k9] o] AlMEZAE G FA%e A7l + 0.3 IU/mLE

EAHoR FodtA WEUArHP <0.05). AVEaolxe]l FAHEE AF
el 090 + 0.12 1U/mL, #|Z 35¢] 0.82 + 0.12 1U/MLATE PT (INR),
aPTT, Afrade] sks EF A& ABdagd Adzirpe st
Fazle] sldets WA, Al Aol e SAHoR o=
AskE Uitk A W@ e} AP FR 242 05 x 10799 Wkt 0.3
x 10%/+9] wlwk mj-¢- Sk tH(Table 4).



Table 4. The changes of parameters related to coagulation in 24 hour frozen plasmas
processed by buffy coat method

Parameters Day 1 Day 35

Volume” (mL) 236+ 14 (214 ~ 267)

Factor VIIIT (1U/mL) 0.78+0.15 (0.52~1.18) 0.66 £ 0.14 (0.39 ~ 1.15)
Factor V (IU/mL) 0.90 £ 0.12 (0.66 ~ 1.20) 0.82+0.12 (0.62~1.11)
PT (INR) 0.98+0.06 (0.86~1.10) 1.03+0.06 (0.92~ 1.16)
aPTT (sec) 339+35 (26.0~423) 35.7+3.8 (27.2~44.2)
Fibrinogen* (mg/dL) 241.9+52.3 (168~ 458) 255.3+55.9 (167 ~ 420)
Residual WBCs Al <0.06 x 10%/uL

Residual RBCs Al <0.01 x 10%uL

Data are shown as mean + SD (range).

24 hour frozen plasmas processed by buffy coat method showed statistically
significant increase in volume comparing with the standard guidelines of Korean
Red Cross(P <0.001).

"There was a statistically significant decrease in activity of Factor VIII (P <0.05).
*Quality standard of fibrinogen concentration in cryoprecipitate is more than 133

mg/mL in 3/4 of tested blood components.



TS =9 F Uth= AR NP SAS5 60 mLoll= 30 mLe] A&,
30 mLel P, I ddwl g 2/39] WIS} gl dihgo
F3Eo] Uit Ho| FEato], 1980dT] WRE] WY pTAZHS
sto] Ad F AEAAY Y AxHoz o]gstar Utk

)

drkeel 9 wbE wEstel webgst @l 5%, AE 2
F

$_

_

ofAlo} T o] o] yEtelA MPYFAFTHE o] & HAAA Ax7t
ofx i lar, 53] vtk A4S ©@HSh= Canadian Blood
Service (CBS)©= MIFATHOE Axg AAA S FF 57T 2441t
2 2 FaAAe] BRI

#lako] 20059 5-E 2008 el A A

A FEEES 715 AT EGHAA NPT ATHORE 3]

A= FUldA] A gos WIFLAZTHES o] &alA JEAA AxE

3 sHHET AAY FIE g

AL, Axk ol o A

5 JlEow A AYF 3|5Ee Hio] 74%E 7]ES] wWET
|

ASH T AFolM e Azl oF 75 - 85% Mo} HwE w W Ho
3} oA WIAFATH ] A9 MIAFAT e FAAA dFZFe]
37 AAD ¢ ol glenzg drdFrndGHo) na) JFoew

ATt ol B7] wiEelty aElar HAYeA AHEE Asst d
e 7171 450 mL A¥gow Zzale] UFEe glo] 13 Hg

$gel A APTo} 83 AGFUoR ol el Bt Fug
omm e olge AT xt Ay MAFAZ| Ho} QS
F 5EAATE WATAALHZ st B ok 10%
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Abstract

Quality assessment of red blood cells, pooled platelets, and frozen plasmas

processed by buffy coat method

Duck Jin Hong

Department of Medicine

The Graduate school, Yonsei University

(Directed by Professor Hyun Ok Kim)

Buffy coat method is one of the blood components processing methods widely
used in many countries including Europe and Canada. For the first time in Korea, |
evaluated the quality of blood components manufactured by buffy coat method.
Thirty-five 400 mL whole bloods were collected using the quadruple top and
bottom blood bags. Whole bloods were processed into leukoreduced RBCs,
leukoreduced pooled platelets, and 24 hr frozen plasmas by the buffy coat method
with blood bags and instruments of Fenwal and Fresenius. The quality of each blood
component was analyzed at each scheduled day, and compared with the standard
guidelines of quality control in Korean Red Cross. The volume and hemoglobin of
RBCs were lower than those of the standard guidelines. Comparing with the
standard of apheresis platelets, leukoreduced pooled platelets showed higher total
platelet yield with the median 3.70 x 10" /unit. Frozen plasma showed increased
volume recovery than the standard guideline, but the activity of factor VIII at Day
35 was decreased to 0.66 + 0.14 1U/mL. It was shown that the yields of pooled
platelets and the frozen plasmas processed by buffy coat method were higher than
the standard guidelines. To introduce the buffy coat method to routine blood

component separation process in Korea, further evaluations about the cost-
28



effectiveness of buffy coat method are required.

Key words: Buffy coat method, Blood separation, Red blood cell, Pooled platelet,

24 hr frozen plasma
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