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HH2—1

FMEERELORHCEET—F 5T L —TREE

1 &1

MRMEEDHYSICETIRHRINBEHETHETHIEmMEERBELOMKE IS
DVWT . EKBRERICT—F T T N—TEEREL. UT (1) ~B)IZBIFERMDOR
ELEZFICODLWTIET U RORIEETL., REICEBTRENESIHERELTE
=BRET—X T T N—THREBLELTRETAEDTH S,

(1) 400 mL £, KA FEOOTREHDOREL

- M8M~] — F17E’£~12l1r16ﬁ~1t§§7&§7b\
(2) M/MERSRMO LBREHORE

- [~B4 |Z5|ZEEITARED
(3) FMEZEBBHEOIMAFLER (IMEREIZMBRE IITHHONLELH
(4) EEKRFEMNE. FRFEOEY. FOFRERETEN

» 400 mL OFMFEMLEY : [BH3ELUAI-TBH4EILIAIGE
(5) BHOMEBFRERBEEZRETNEH

- |ITOM 125g/dL LLE] — T 13.0g/dL LLE 15 E

(6) REREFEDATA—LEF Ot FH— o)iéﬁ‘%kamrto%zé

NGBS ED LB ESTEIT)
(7) TOMBEELHSHELEIR

(D—F2 05 V—TREER)
® F1BRI(ER21FE159H)
- EARELEICRIMXFICOVTERTE
® F2E(ER215E2H2H)
- BIRRSNERXFICOVTEREE
D= G N—THREBDEYELD

2 =X N—~TER (WMWK, 50FIE)

N.| B % ) L

1| FHK # | KEXEEHKER EXEFEHRHE 848

2 | wmE B | REXKEXRFR HEEHEHE 848

3 | AR MX | EREMEHAFEAER EEPREWRE KIS

4 | 0 BF | BRFTFHOEEERT 33 SEFER ROFRE
O|5 | BF # |BNEMKZEPI @Ml %%
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ER214£2A178

BEhEERELORMIEET—F TN —THEE

1. 400 mL £mKMmEMEED TFTRERORELIZOLT |

(MEE®)
FMBRBF=HLTIE 400mL ﬁﬁmEB%ﬂﬁlwﬁgﬁ‘gﬂﬂfﬁél_%b\b\bbf !En&&tl:tit/u
EOBEmBAEH 200mL FRMUH TELZUVKRAH D,
BREROBRMORERL T OROKMITEIOB BT +EL->TNEEE  HEEMOBRMEARIIED T
EETHAH LMD, 400mL RO FREHKRORELADETIIHL D,

(& &)
BAFR+FHICKIEHRNOBMMBERARERT —4EM KBTI 5L, 400
mL £MEAICOVNT 178 BE~ANDFERTREKIIAETHIEEZLND,
EEL. B FEOREEHETHE RIS, FICENFROVRAIEREZRIES
AL MNMAHEADRIL KER RICTHENARBETHS,
ETDOHDOEHRE(16EBEXRU17EXN) ITOVTIL, 5IEHERIEET
o |

2. [M/IMERS RO ELNEED FRERORELIZDOT |

(FEE®)
RITEE (LRFR: 5480 (X, BB OM/MROFERESHICHESINTHY. ﬁﬁﬂ)mlll\ﬁﬂﬁld)
ERARRICALERELASES TRV,

(ﬁ nm) '
EANTHELNERSIORORAERARERT -2 SHET 5L, /MRS
A0 ERERICOVTIE, BHEICRY . 69BETOIHKNAETHEEE XS
hd, ,
(fzf2L. 65~69mMDBFIZOL\TIL. 60ITEL-B M 565RIZELI-HDHTH
FTORAICRLLTHN-HIZRS.)
KEISOVTIE. SIEHERHEET S,

3. BOEZBAICETAIMELEX ZmMEREISOLT |

(=)
MEEFILIRES ZDERNEATNDIIENS, fﬁn@.iiﬂ‘ﬁ—?"\%‘ﬂi&t\h\,»

(RRK Tl R E 12 AL TLBEIZDAEN,)

(% =)
EXMICE. TIEREIH—TRETHS. o
L. K CHATEIRERBIS BN LOBRIOATHD-H. 150
Bl ROZZEGFRUELTTHERE LTI, EREBLIMERE ITRET
It T,



4. | TEMBENE. BOEN. EnEEIZUTEEOOERERERIITOVT ]

(FIREE#)
HOHEFBEAEERICES HC2nRMICHITSEML RO R R CEMBEORBOUDLEN, FROR
ENTMAREEDO-O. FICREGH(CIILYSEBL TESZEL5, ThoE RETAEFTIIAL,
- Ff=, 400 mL £MBMICHBFEBHEONEREREBEE. ZLEOBAND12. 5 g/dL ﬁ\ma 0
g/dL [T51E T HRE TG,

(# =
[ERKTRME. RnBEHK. FmREEII-DLT, Iﬁﬂ#;‘-i’éli ATk ¢ - {EIN
mEDif&EBHET—42H5, 400 mL fRMEE4EARLICHTTELoE44E
RIBIETURE/OhG IS,
rBitomeaEEREMBEIHOVTH., I EDRLHEEET L. ﬁ’ﬂtd)ﬂ?
MEFEMNS 0.5g/dL 51T LIFHEARLTHS (MRLEICOVNTERHRICSIE
LIF3),

5. L«ryﬁ:r-—AF-:ytyh FFr—o&Lx%EIZoLT |

(RASERH)
‘BATORMMICE T 51> T4 —LE -2 b OHYSIZDNT,
REEORRDDHEMEIZONT,

(& =)
D BTOBMIZHTZ1274—LE-astEorOHYFIZDNT ,
BRITOAXF+FHOTBEV . #iEO#RMEIZHS T3V RIRUEK
m%ﬂﬁm%ﬁiﬁﬂlfglzssTé%ﬁﬁb‘*+ﬁ’6&6w‘63’f¥7&§:&o
AT —LF- A bORERNGREFIOWNTIE., S8, 28 2E0E
PARELMEL DD, IBLUEI2&7%+%*ik;bt\’ct§..ﬁ'é‘_t&d’6
@ FREEOREOLEHIZONT
REFEFETHO>TH, —BMPIC BRESKTWIERTAOEE LAERKIC
DNTHHIZEBBRTI2HBIEBOHONIIBRICIE. TOTEEZHBIZY
Tl BHEBORBEDBEELGWNEEZIONS,
RMEERMPTETHY. H+EMICHOE2@BHTEHOBBREELT.
WEPBLEYRVREEAELL £, TOHK-BRIEOBRIZZFEF
RENEERINDEDTIELGL, LE=AH>T, EREEOBMICOLTE. §FI=
ARNOHIBEEICL>TRESIIDERTZ L LRO—BRIZES
FTE BT LLBHEBEDORBEDELLLNEER S,
f=f=L. #kifnid . BEMICEEANFASHEZL-0SGMTATHY . EE
[CRYEHONERZLDTHLIZ LI ESETHELRL, BICKRHBEDBS . KB
FO/BHAANCHLSNATWNVENILELHYBZO T, iilnF OMMEZH
TBYRIVFIZHRIBHRIREDAFHEISIEATHOATOSEIERDETHY. 1
LB OBEREEOHIEEICHENELTRESGNEER S,



RO EEICETAAERTE (EY) -EX AH2—2

F1EWGIRR&H; m)'cifr
i #E | sem . oBm T ®E
g s " 200mIBRILIZELNT16~ 24 ETOVVRIEER L2581 EITHBLT ‘
BAF+Fi 195FEEBmE+ VEEFF—HERFEXR HEAEL, BEELRBOEEIH5.
SMmEy— 18,7264 HEEEHLEED LB REBEOBREEL (BB, AERESRLY
: o Bit: 0036 AELAFF—OERA. jugy,  |[2OMROBIESS—T1GRL LB 1R 0BOVRESELE,
ARSI 16-20@ ¥ B £ Ak MK+ Bt 431942 Eﬁﬁml:WRiéiﬁﬁﬁémﬁ iggmtmmtﬂf—rliwﬁ 17 L H 8L 18- 20E®VVR%$$ML\
A 5= mlﬁﬁ]ﬂl‘(li%#r‘:{»l iﬁ”l’-ﬂili&b\ota
. . e #)E200mIfR fiL— 2 [ B 400mifk 1 13 £ E400m!— 2 B B 400miik fLk Y
18-20@ £ MmaRkm K +— iffii };;3;2 hE-2m Ed)ﬁﬁf#n%@%ﬂILWR%EE ggﬁ;ﬁ$b‘ﬁ<~ DE200m Bk [ = &> T2/E B 400mitk B DVVR
\ : 12, = L,
e 3532,404% 17400mIB A IZ kY £ MESHRIE B D0.73% M 5%, LIRE69RE L
' 18 EEMIMKF— AL, 25604045 I E KIS Rid s MBTARIZEIE LTS LTO. IWEMIZEE S, M/MRARIESIRAS »
AR 94 ) - 4980, SORMABIE LIFICLY45 5348 MARATN D,
2 MRk F— fgf‘;gg?g . REENOHVEERIZHSRAH ZETILMEDEF—D . BiEHL13.0g/d1&T B E1.04%D R+ — 7D
. (3 BA: 10768 BEERF—DVYVRELEYRY VVRELRITE A8.2% vs PTUARILBTHEAIZENTIZME,
Transfusion2002 | BEESMKF— (F9178) FIURR: 2268 (ATERI. 145, @8 hES) EGEE, ZIETEL,
Transfusion2006 | AHE&ES MKF— (FH178) BA: 7.274% E**@;{;’gg{fﬁi‘;‘;@"* PEDIREIERF—(TE T BVVRREENEETHD,
%JﬁFﬂ-—:e.om.m% el .
) o A RS ey S AL 3Te - WFROARITENTHEERET—TOVVREEREEL. g
Transfusion2008 | KF—nEEVTUR kT ot 200IFARCK T —NEEITIASUBMERRA | ah 3 B R 105 MR AT B, R DL ;
= : “hbnk L. 8 m IZET 2R RIT DL THE, ]
AABB2008 EEROEOCRFARURETLRMTIAR fSE'Jxb’éﬁfl\ld‘ér-w%@%mﬂ%iﬁfiﬂwﬂﬁtﬁa!_ ;
B3 2EUEAITDVTIRELTLVS,
! “ = _ SEMT164 (0.002%), £MBIERF—IZHLVERM,
MAEER2006 | WEBCISEHHHEMMES— Dle: 424498 BES—D55. WRISKBBBIEEILE: | omie oo rmB I Bir, ko B LI05 BRI £ Y10 AD
#it: 2803194 16E DR EEDHE BEEAEO T,
5 — oy - o fe g PEIRIE (60 LLE) DR S ERMTYVREL,
MBEEH2006 | HEBCISHTHEABME S MSKEF—: 766588 MHKRT RETOVWRREXDRERE | pmo w2 k- o =




FT & —— B w2
ém%g :20'02523 i (RIZASRELE  FRILARDHLN) DS E
. - o (&tf: 8164 - (Fic4sm Lt REmMAER LT OSBRI TVVR
@ Transfusion2008 EﬁBCLa‘;HéQ#MFT fﬁﬁ:‘(%i’i:14.523‘%) ﬁ?s ﬂmll~ mmEﬁ'~;6VVR%$$ﬁgm %$$EL\9 (*D@'ﬁ*’(*a)ﬁiﬂiéhfb\tb\o)
(&fE: 6.7228)
@® FDA fn/RESHRMITH T H1E6 Ehrr—E#E FBRfIOVNTOES
200mikF—:63% HEEREHbEOHE . 19 6 101 3 o
400mIE+— 625 ) H &% & DHb (400mi: 12.6-17.3g/dl. 200mi: 12.1-16.4g/dNEF M
™ mBEEE FBCITBI 22 MR+ — . .
HER (HE:23,985%) s TAOFEREIREAL, WRELEIHDEITBNTHRRT
o SR 2L TSR HLRELHDEO LR BEENRHL I DRI TRENTD L,
Hoiz (B1E:22.7498) (TREEE. VVRRER) CHOREE T B LIk TVWREER ML ST,
(%f:205044)
. ’ wkmK— (8% 78348) HEREHDEDHE BEXIIATBENT O GFIzLE),
@ | Transfusion2003 XENBS (%% :7308) (fRE3fE) Rz H A RELABE
8B mapmeEe 8 H T800mIHRM : 1864 FRAARESE R USH LLE D2 To00mIF I E{T o1& 25, 1BE D
® 2003 = DEDESEERmFF— 7 BRB400mIEM: 444| BRMFMOFAORREHLES, MFME  [HbiEIL13.0g/dRU13.5¢/dl. HTEMHbEIR1f=. 0g/dIR U 11.2g/dIE
98 LA E800mIEEM : 284 ERGL, BBMEIL81.7%RU92.9% Tt
@ | FELMOES BEMRF— 138, K14348] 40mIEL2EMEOHEEE~OHEET |ROAHHELEREESHEEEIHET 5.
® | Transfusionz00a | SVIFRFISBHIRMET—|  gianees wiosrs SRS & BRI EM fﬁggg@%@ggg’ﬁfﬂﬁﬁ%ﬁﬂ@‘*ﬁm@'\
3 str(— BRZOHEVAEABEDOHLETRIE12.8~13.2g/dl,
®| mEsz RMEROEEISONTORR LHEIF118~121g/dThY ., BREEERETLELH S,
(1) ARC 1SR TORERIHIIAEE
SHME D IRIEIER, 73%HVVRE TORMERATRIEITEE),
ZETILPCOPPP>400m! WB>, B TIZIE MBI & L4,
® | EMHEGSER) 2EBENBCIZL3HMmMEF— 46,000,000 BinEOBIERT 28 200mIR M CIEELLY,
ZECHOVVREAEDENS TR EITLY PRFATRETIE ?
—ERLARICHTIE0ROAEHFRELHS,
. £ (MEEER . Ko (ERPEEZE) T30 L EDOKE,
- ey KAERERLIEC S, BREDVWREBLELITE LI,
@ | m&EEF2006 HEBCIZBIFHBE+— 5 (B 100.4578) VWRESHEBR~DTHAELDHR EEFCIEBETCIHET LM,
(%ot . 168.295%) ZiETIEMITEI0MITHBICRERIETLL,
S EEBHOEEMNTIMDOFREEIILENDD,




A B #% . em 2 g2
£ '
Lol PSR LAY 400mI & MARILI<67%. FATRILIZO1%(=RF
@ | #HMOFEE2006 Fohr—tEE it wam;m % 16-178400mIER I~ DA AIRE iSRS  400mIS MARIMIZ77%. ALA BRILIZ74% B F,
284008 EERLICIGEN S HBRENBETHD,
F2RWGEMEERXE
ol wmm Cne L B #e
168 B 1£200mI: 16,2773 i - -
19 (16R AV 198%) 16R&E200m!: 17,7368  19EE (6RM D198 IMME S —IZH75 200"““@‘&“(16?”&? 200mIBMTOVYRELIIIISS
@* E*ﬁ"-**i #ﬁMFT— 17&%&200"\'23,376% 1%%]#@5“’?%%%(?&%&%%%%) :gz:f;ﬂt L%f&ﬁg‘c&?f_o iﬁ@l&%ﬁﬁ%b(liﬁ?ﬁb‘fbﬁlﬁ
178 % $4200mi: 24,2488 - -e
Y L . _ BB R 13- 19 B E 1 Baoomign | TEBIEISET S0 MRMITIE 1S RAGmISML IR
@« | ARV VRHE 17 BERF B 3228 R v N ggfﬁ%bolﬂﬁﬁl-ﬁsili&((t LA{ELMER) BREITHEITa RES
. ] BB ITAVVREEEZDFFENE/MREROMTEERHEOMER
@+ | BEHt+F 19EE2BMNEF— FE. 1. RDEEAELNEREEE  |IThaHS, TETIEAS B EI/MRIREIICELO TR RETREL , LR
#hL TS,
@+ | BAF+FEd 19 EEENER NN — BiENA £ M400mEERE £ MR MEDOHLHER AEBMEOHLEB TIH4EIE OEEIEEL HERICH D,
BERNAARTE . 2
BiE3074 * B TIZAERNIy BEO. ZHETIE6s A, 94 A & OHENHEHEE
©+| Bunex HHERLOR 2L P 37 AR MHOHLEERR HBUCHEIETLTLE,
- - ’ 2 CORNBR- B CHEFT — 3B EFF —ELBLTHBI-VVR
P SHMFF— R i £ sy |BEEAEC BB THETHE, RARMITELTEVVRELYS
(PR16%E10A ~F R 1749R) : g DEEOAHNREERLSE N, SMTENEELYEVVREETURIH
Eh ot
Requirements for the collection,
processing and Requirements for the collection, processing and BMRF—IZBEELISENDSRETHREZTTHAHI L, FH—FR
@+ WHO quality control of blood, blood quality control of blood, blood components and | ERER (T TLVRLY, F-ROAELFHNIETREIRECTIFTND
components and plasma derivatives(1994) BtH5.
plasma derivatives(1994)
<EmEH#>
R mRRRIE3r A EHITS
A EHUSKe L EHDHTE
-HbA$12.5¢/dILLETHBIE ()
< ﬁﬁl:pl.\'( >
®* WHO Standard operating procedure Standard operating procedure %g$g§g7 OBEE
-E§E S RIS ONT
‘BB EEELCEEOLEME
-REHBMIZONT
BRIAEOTREEHLhAIIONT
. BIz1T Iz T




EH2-30

RMEAE(CREHTH5ETERX

(1 EROEERBELORHIZFRET-F7 7 V-TRTES)




E# 5

- I&H X EHES
AOOmLIRM, B ERMD FREBDREL % % 3. @,
/MR R R IO L R E @.®. Q.
ENEEREOMALEX ANEREE OER 0. 0. ®
B Iz oning
ERMSENE. EnEMN, F0EE 0.6
EEONERERER ®

®.®.0.O®

A THA—LRaryt b RF—OREX EBEHE

01t (BIERAER)

860
©®
&6
29




194 FWER - 3B % BB MBI F 5 4 68 ‘ (SE1EHEMN- BB DER

BmEFHE - BLXS| VVR | VREH | RTHM | MEEEG | #Re | A8ES | sH8E | ot &t HRInE FEE . BRR D mimE %A
5 5 15 8 1 0 2 0 7 38 2 171,258

16~19%% x 14 14 8 1 0 4 2 4 47 16~198% = 147,601
Nt 19 29 16 2 0 6 2 11 85 Mmoo Et 318,859

B 10 20 12 12 2 9 3 24 92 L2 654,236

20~298 T 33 20 13 16 2 8 6 19 117 20~29%% z 476,505
INEF 43 40 25 28 4 17 9 43 209 mE 1,130,741

g 12 16 11 31 4 15 9 23 121 8 944,094

30~398% % 9 11 8 6 2 11 6 9 62 30~39#% Z 425,746
Mg 21 27 19 37 6 26 15 32 183 ’ MNoEt 1,369,840

B 4 10 9 13 0 7 5 27 75 ] 816,948

40~ 495% T 8 7 4 7 1 5 2 7 41 40~495% 7 290,626
Mgt 12 17 13 20 1 12 7 34 116 M Et 1,107,574

8 7 5 7 6 0 4 3 10 42 8 543,530

50~595% X 18 11 2 5 0 3 2 5 46 50~59% z 227,345
et 25 16 9 11 0 7 5 150 88 N 770,875

2 2 1 4 2 0 1 1 4 15 3 168,722

60~695% = 5 5 2 2 0 0 0 2 16 60~695% X 89,343
MEE 7 6 6 4 0 1 1 6 31 MmN E 258,065

8 40 67 51 65 6 38y 21 95 383 B 3,298,788

FRAEE z 87 68 37 37 5 31 18 46 329 |FEMRAEE xz 1,657,166
aEt 127 135 88 102 1 69 39 141 712 ast 4,955,954

O




ERIERIE MBI (CER 1945 )

AR fn/MREROEEN K(FHER)BEE

FmEE RS (BIER1-5
BMmIESE- %5 =] 16-19 | 2024 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 [ 50-54 | 55~59 | 60-64 | 65-69
B 745 223 155 94 68 46 23 17 8 4 2
200 E-S 1,535 953 567 357 221 121 81 65 51 26 11
_B#& | 2280 1,176 722 451 289 167 104 82 59 30 13
5 28211 4674 3246 2,717] 2015 1,120 693 427 289 100 33
400 S 1,514 ] 2206 | 1,183 | 1,005 719 468 353 312 382 190 52
B4 | 4335] 6,880 | 4429 ] 3722] 2734} 1,588 | 1,046 739 671 290 85
5 97 274 245 251 235 186 157 124 272 158 100
PPP ES 741 ] 1,919 1,093 904 644 389 326 268 370 228 102
_Bx 838 ] 2,193 ] 1,338 1,155 879 575 483 392 642 386 202
5 207 817 633 860 826 632 538 405 NN ,
PC | & 571 ] 1573 | 1,084 955 792 570 497 24| '
H&x 7781 2,390 1,717 1,815] 1,618 ] 1,202 1,035 829 0 0 0
3 52,359
VVRE#(EI{ER1-5)
BmiEH-45 0] 16-19 [ 20-24 | 25-29 | 30-34 [ 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69
58 688 213 148 87 59 43 17 11 2 0 0
200mL | % 1,294 821 485 285 165 80 50 32 19 9 1
BZ | 1,982 1,034 633 372 224 123 67 43 21 9 1
8 2,680 ] 4399 ] 3,008 24411 1,760 921 537 286 177 45 12
400mL | Z | 1,405] 2010 1,067 879 618 390 283 255 309 150 43
B | 4085| 6409 | 4075] 3,320 ] 23781 1,311 820 541 486 195| 55
5 | 62 155 131 132 113 89 65 51 112 58 34
PPP | % | 521] 1,280 759 571 394 238 222 186 271 155 79
Bk | 583 1,435 890 703 507 327 287 237 383 213 113
5 113 405 310 392 375 276 232 176 | i )
PC+PPP| % 400 ] 1,017 737 634 531 382 342 319 ]
kS 513 | 1.422| 1,047] 1,026 906 658 574 495 o0f 0 0
' 40,503
VVRER I B (BIE1-5)
BmiBS- %3 E#] 16-19 [ 2024 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69
5 10 1 1 2 0 0 0 0 0 0 0
200mL | & 20 9 4 0 1 1 0 1 0 0 0
B 30 10 5 -2 1 1 0 i 0 0 0
5 45 74 40 49 25 26 10 6 6 0 0
400mL | & 38 55 16 12 20 12 6 9 14 10 6
B 83 129 56 61 45 38 16 15 20 10 6
58 0 0 3 4 1 1 1 2 0 0 1
PPP | & 4 21 12 5 11 0 2 3 3 1 2
B 4 21 15 9 12 1 3 5 3 1 3
5 2 6 2 9 6 4 3 3 T
PC+PPP| * 5 22 17 11 7 7 6 3 e EoRIE
B#& 7 28 19 20 13 11 9 6l o] o0 0
719
BRI F
ROAEER-1EA 86 16-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69
=] 47,867 6,879 5,884 6,611 7,680 7,399 7,812 8,165 8,907 4,739 2,580
200mL i 77,296 | 61,090 | 50,306 | 52,509 | 48,690 | 35505 | 28,678 | 25,689 | 27,733 | 15,538 6,567
] % 1125,163 67,969 | 56,190 | 59,120 | 56,370 | 42,904 | 36,490 | 33,854 | 36,640 | 20,277 9,147
5 1107,177 }230,977 | 228,788 |307,542 [341,513 301,881 262,572 [213.351 |181,239 | 82,713 | 32,031
400mL | # | 43,836 | 89,385 | 71,250 | 81,221 | 86,687 | 71,062 | 61,444 | 59,681 | 62,845 | 34,442 | 12,037
%ﬁ 151,013 320,362 | 300,038 {388,763 |428,200 |372,943 |324,016 |273,032 [244,084 |117,155 | 44,968
] 5177 | 24,801 | 32,797 | 40,804 | 43,698 | 36,816 | 32,135 | 23,749 | 51,376 | 26,987 | 19,672
PPP | Z | 16,703 | 66,545 | 56,308 | 49,051 | 40,257 | 27,964 | 21,760 | 16,198 | 21,334 | 12513 | 7,346
Bz | 21,880 | 91,346 | 89,105 | 89,855 | 83,955 | 64,780 | 53,895 | 39,947 | 72,710 | 39,500 | 27,018
B 111,037 55822 | 68,288 | 93,108 [103,138 | 89,328 | 79,005 | 56,743
PC+PPP| % 9,766 | 44,475 | 37,146 | 35,268 | 32,063 | 24,410 | 19.803 | 13,865
%# 20,803 {100,297 | 105,434 [128,376 }135,201 |113,738 | 98.808 | 70,608 0 0 0

4,955.954



R0 Bl FR 58 4 2% (BU{E A1-5)

RMmiEE 58 F#] 16-19 | 20-24 [ 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69_
"B ] 156% | 3.24% | 2.63% | 1.42% | 0.89% | 0.62% | 0.29% | 0.21% | 0.09% | 0.08% [ 0.08%
200mL | Z | 1.99% | 1.56% | 1.13% | 0.68% | 0.45% | 0.34% | 0.28% | 0.25% | 0.18% | 0.17% | 0.17%
% | 1.82% | 1.73% | 1.28% | 0.76% | 0.51% | 0.39% | 0.29% | 0.24% | 0.16% | 0.15% | 0.14%
B 1263% | 202% | 1.42% | 0.88% | 0.59% | 0.37% | 0.26% | 0.20% | 0.16% | 0.12% | 0.10%
400mL | % | 3.45% | 2.47% | 1.66% | 1.24% | 0.83% | 0.66% | 0.57% | 0.52% | 0.61% | 0.55% | 0.40%
B | 2.87% | 2.15% | 1.48% | 0.96% | 0.64% | 0.43% | 0.32% | 0.27% 0.25% | 0.19%
B | 1.87% ] 1.10% | 0.75% | 0.62% | 0.54% | 0.51% | 0.49% | 0.52% 0.59% | 0.51%
PPP | % | 444% | 2.88% | 1.94% | 1.84% | 1.60% | 1.39% | 1.50% | 1.65% 1.82% | 1.39%
B4 | 3.83% | 2.40% | 150% | 1.29% | 1.05% | 0.89% | 0.90% | 0.98% ] 0.98% | 0.75%
B [ 1.88% | 1.46% | 0.93% | 0.92% | 0.80% | 0.71% | 0.68% | 0.71%
PC+PPP| Z | 5.85% | 3.54% | 2.92% | 2.71% | 2.47% | 2.34% | 2.51% | 3.06%
\ B4 | 3.74% | 2.38% | 1.63% | 1.41% | 1.20% | 1.06% [ 1.05% | 1.17%
VVRE 4 EFI{ER1-5) -
ROEE 158 Z8] 16-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69
B | 1.44% | 3.10% | 2.52% | 1.32% | 0.77% | 0.58% | 0.22% | 0.13% | 0.02% | 0.00% | 0.00%
200mL | Z | 1.67% | 1.34% | 0.96% | 0.54% | 0.34% | 0.23% | 0.17% | 0.12% | 0.07% | 0.06% | 0.02%
B4 | 158% | 1.52% | 1.13% | 0.63% | 0.40% | 0.29% | 0.18% | 0.13% | 0.06% | 0.04% | 0.01%
B | 250% | 1.90% | 1.31% | 0.79% | 0.52% | 0.31% | 0.20% | 0.13% | 0.10% | 0.05% | 0.04%
400mL | # | 321% | 2.25% | 1.50% | 1.08% | 0.71% | 0.55% | 0.46% | 0.43% 0.44% | 0.33%
B2 | 2.71% | 2.00% | 1.36% | 0.85% | 0.56% | 0.35% | 0.25% | 0.20% 0.17% | 0.12%
B | 1.20% | 0.62% | 0.40% | 0.32% | 0.26% | 0.24% | 0.20% | 0.21% | . 1021% | 0.17%
PPP Z | 3.12% | 1.92% | 1.35% | 1.16% | 0.98% | 0.85% | 1.02% | 1.15% | . $29% | 1.24% | 1.08%
B%& | 2.66% | 1.57% | 1.00% | 0.78% | 0.60% | 0.50% | 0.53% | 0.59% | G:68% | 0.54% | 0.42%
B | 1.02% | 0.73% | 0.45% | 0.42% | 0.36% | 0.31% | 0.29% | 0.31%
PC+PPP| % | 4.10% | 2.29% | 1.98% | 1.80% | 1.66% | 1.56% | 1.73% | 2.30%
B4 | 247% | 1.42% | 0.99% | 0.80% | 0.67% [ 0.58% [ 0.58% | 0.70%
VVRER{B| 8 4 5
BIEE 155 %8B] 16-19 | 20-24 | 2529 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69
B | 0.021% | 0.015% | 0.017% | 0.030% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000%
200mL | % |0.026% | 0.015% | 0.008% | 0.000% | 0.002% | 0.003% | 0.000% | 0.004% | 0.000% | 0.000% | 0.000%
B4 | 0.024% | 0.015% | 0.009% | 0.003% | 0.002% | 0.002% | 0.000% | 0.003% | 0.000% | 0.000% | 0.000%
B | 0.042% | 0.032% | 0.017% | 0.016% | 0.007% | 0.009% | 0.004% | 0.003% | 0.003% | 0.000% | 0.000%
400mL | % [ 0.087% ] 0.062% | 0.022% | 0.015% | 0.023% | 0.017% | 0.010% | 0.015% | 0.022% | 0.029% | 0.046%
Bz | 0.055% | 0.040% | 0.019% | 0.016% | 0.011% | 0.010% | 0.005% | 0.005% 0.009% | 0.013%
8 | 0.000% | 0.000% | 0.009% | 0.010% | 0.002% | 0.003% | 0.003% | 0.008% |. 1 0.000% | 0.005%
PPP | & |0.024%|0.032% | 0.021% | 0.010% | 0.027% | 0.000% | 0.009% | 0.019% 0.008% | 0.027%
B 7% | 0.018%] 0.023% | 0.017% | 0.010% | 0.014% | 0.002% | 0.006% | 0.013% | O 0.003% | 0.011%
B | 0.018% | 0.011% | 0.003% | 0.010% | 0.006% | 0.004% | 0.004% | 0.005% ‘
PC+PPP| # [0.051% | 0.049% | 0.046% | 0.031% | 0.022% | 0.029% | 0.030% | 0.022%
B4 | 0.034% | 0.028% | 0.018% | 0.016% | 0.010% [ 0.010% | 0.009% | 0.008%
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VVR ZHBICRIE LT LD Z Ei3ieh o728, VVR REFIT 1 BORMEDBRMIKEICNT 581G
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i, REICET ARELEITE 2 REISRE Shs,
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A. BEY :

R 0 OB T BB OERIC & 0 SHIGETL T 5, BEOLERAIEEIENE/IC LIS
ZERWHO (HFYUREHED %1 Lbb&*i“'é E7e38iThH D, L, bRETIRZ0 L 5 icEi A 0N
WO LTV RBRERREE 2 5 &, REEY RETZ LICk ) WERERTT 5 T e%mﬁ@%#ﬂ7/x%%
xé%@()\&o@%ﬁ&f%é
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T.3 5 LI RARERICAN A T R ME DRSS TR L MAIDSHEIA EC B L ThAS RfEfnid s,

:f[ﬂi ek L Y B b TV iR EIZ & Z)ﬁmd)flﬂjffkﬁfx'c«\%ﬁ o BB REEIC L 2 A MOHERE
~LEI B2 Ak L F—BE X TWB,
. zIT %%@mﬁmikxéwﬁﬁma«%ﬁut/%5MEEL;5wﬁﬁmém@¢5 Licky, @
YR B R L WM%®@$EA®%§&ﬁm%k«%7ut/%®§VM&ﬁﬁ%b§TL%oT
RIERRARILE TS = & SAERZED BV & 2 Th B,

KIT, SHE T 50 F BRIV 5 Bl A IR DR ERER A 5 = I IR B ORI HEE,
A 400m] MR OHEED T DIZ LB OBWERORAERR L HMRE L, 2O FHIEEEL
B 7= DR L 35 2 L BABFED S 5 D E2D BRI T 5, EBEOIRNE T — 2 25045 & L bic
ZORRMBENEDS, —FRHRIL ORI FEYE I 1 Rk CIZR VSO T A S B B iR S SR RS
EEPRETH I L0 LY, BATORIM ORI BB DL RI LT,

B. Hi&
—1. IEEEICE 5%@% HEE~NET T /%/Efﬁﬂ'i’ﬁ@b@’i
é@ﬁ:ﬂn@ﬁ% #Ui‘e’%:ﬁﬁ £ Y MELEIEIZ TIT 5 & FIRAT Ho (B B BIE 2 51 L, SRl B v 73‘&_0

WTOREIERE 35729 émm (200mL, 400ml) FHEFERBIZL T, HE, Fm. &M, L4

Mg v & — TR 19 ’ﬂsz A HA~3 ARE OHRCEE L, ‘ ‘
£ LT, [@00mL fkinEDF &A1 Ho 5771, [@HERIRICT 1052 BLE 1. 053 5:H L L C 400-200mL B

ICEER LIBRInE O Hb 5377, [(@200nl, BRILEFDF LR Hb 55fil, £ LT [@L1. 062 FH CREMOBED Hb
53R A OWTHHT LT, ’

B— 2. FFEEOLMERmMIZIIT 5 WR %@%Eﬁﬁ%otz VT

1) EEEOYIERRmRF VVR St &é@kﬂ@;ﬁﬁﬂi 2F 7k (GEE. THRIR, FERER, ﬁﬂﬁ jcB}iﬁff
RAILE, fERR) CER 174 1 A~12 BICHRmE L7 16 E~20 RROBRILE 2R U, #ERI, AERRAI R
ik (200ml, 400ml), EREEERIC VR OFARETE L=, 2) HIE 200nl BRILEAT72 D = & 0> VR BHGhE
EOWTHE, SRR AT 7 U 2 B B BRI 24772 o7z 18 5~20 AROBRILE 0D VR SRR 4 HIETHR
MEFOFFERN RN LTz, _

2) Wk 18 AR HEHRSIBARRE T B Tl 25 u‘ﬁ%‘ 215 FIZRRICL bR AR T 4 T LT, BE
HR. Flh MR E, —EROE, BRIOEESSEFEAL, i THE S ABHEOEE L T OER ecld
TREIT LTz, . :

- (HEEEA~OELE)

FIGEL. BAZREET D Z &2 ERMICEE S BWERBHRE O 5 & & bic, inE0-mERARIET 2

HLOTHY, BIREC OV TUIRLOBEDOEEEFE TH HIOME EORREIIAE U2V, . F—F DY



B NZONTEE f&’%‘ﬁ%b:@é@‘éfﬁ%(ﬁ%ﬂﬂ% . Eé%@féqiﬁﬁ 17466 H29 B )| ZESFLTW3,

C. f&R

18, 726 £ DB U CHIRHEIC & 2 EMEEHIE &~ 7 0 U BB RIEEDHEB 1 ToT, TDL

FL, 18,7054 (11,3874 (60.9%). Kbk 7,3184 (39.1%) IOWTHMEFT-T2,

FHE, F38. 45 (BEFD 165%. BERE R T, 2EOMBEMEIEIEN 1. 06272, ~ETnEy
DS 14.0 ThHo Tz,
- WET DRIV T, 200nL FfAS 3,107 45 (16, 6%) . 400mL £ifnd3 15,598 4 (83.4%) T, 400mL
Bl 2 FET HIRE RS DT, L L, EERORMMET, 200nl £ 2,769 4 (14. 8%) . 400 Fnd3
13,5624 (72.5%) . ¥l TER-72E232,3704 (12.7%) ThoT=, ‘

PEEBIEIZ T 1. 052 BAE 1. 053 KW & LT 400—200mL £RMICZEE L7-BkfnE o> Hb 554 CTH 545, ZOREBUC
BEUIZBRMEIT3984 Th o T, ED~NES 1 EABDIFEEHEIL, 12. 47g/d1 (BrIME10. 2¢/d1 FAfH18. Tg/d1)
ThoT, _ ‘ 1

MR EIEORE (R ERIEEORE, fSRE, MR, SRMER2Y) 20T 5729 200nL HRift
L 400nL BRMITANT, ATEIIELE 1. 052 ASIVRHLEIAC & SRMENETHD = LA, 1052 LIEL 1. 052 ki

5307z, ZLTC b 50L >OBRMERETH S Hb # 12g/dL LA EDBAEDRM ATRES ﬂiﬁﬁ"ﬁ%E@%ErﬁlK—I '

BEE L L=, [FHEIC 400mL £t aell VCH, IIKHCE 1. 053 & Hb fi 12. 5g/dL % EAEsEe fv Vi,
%LT;MB%RE@&? ZHEELT, '

200mL i
o ) Ho fi 12g/dL I F Hb {& 12¢/dL 5k &3t
MR 1. 052 BL k- BB TS (2) $EOLRM FTAEE (b) a+b
IR 1. 052 i BOROAARES () | EORMRARES () c+d
' aFt a+c b+d a+b+c+d
400nL $R1f. _
| Hb 1 12. 5g/dL BAE Hb 1E 12. 5g/dL i &%
LS 1. 053 LIt EORM TS (a) BRI FTEES (b) a+b
MiRHE 1. 053 K5 BB R AREE () HOBMAFRES () c+d
aF atc . b+d atb+c+d
TORER, LTFDL S ko1,
200mL EL1fi ,
Hb & 12g/dL LA L Hb & 12¢/dL K G
ke 1. 052 BLE 2, 595 137 2,732
MILE 1. 052 RiE5 37 0 37
Gy 2,632 137 2, 769




RREE=2, 595/2, 632=0. 986

REREE=0/137=0

FHAMER=37/2, 632=0. 014

EERRMEE=137/137=1

BB LB e SR s (140
~ =0.986/1=0.986 ,

Rt~ o /B Ra = (1) /4R REE

=0.014/0 ~ + - SHETEE

400mL £,

Hb fif 12. 5g/dL EA Hb f& 12. 5g/dL i &5t
MR 1. 053 Bk 13,126 | 370 13,49
M¥RELE 1. 053 i 1 . 65 66
Cril , 13,127 435 13, 562

FREE=13, 126/13, 127=0. 9999

REELFE=65/435-0. 149

HERaEER=1/13, 127=0. 00008

BB EER=370/435=0. 851

BB RE =B sR / B a1 RED)
 =0.9999/0. 851=L. 1750

R o~ ot/ BA - (1D /R

=0. 0001/0. 149=0. 0007

O BOEFERLE LT — 2 AVRT L Z AL EEEOMEHEMRERIE (WR) DORARIDZEDRBIEIC
DV VTHL, 1) BEE OFERRIMAF O VR SUGFEA SR ERAEF]+ BAEF) . BHE 200m] RIS CEH) 1. 86%.
400m1 BRILFF T 3. 75% Tlr-o 7z, FEMRITIL, 200ml (235173 18 5%, 19 5. 20 BEODRARMN (%22, 69%.
2.37%. 2.99%). 16 5%, 175 (1.45%. 1.62%) & &L TRV MERMFRD Hza3, 400ml 236V Ti
T ORASEGE Do T, 5 b, BAE VR ORI 200ml T 0. 07%, 400ml T 0. 17% Thro
7o CEBmENCEEZER L), POk VWR 341X 200ml TEHJ 2. 16%., 400ml T 4. 34% T, LEERI]
DRAAFEIT, 200m] TIEBHERRET 18 28, 19 8%, 20 BRORARM (%42, 23%. 2.42%. 2.76%). 16
B 175 (1.72%. 1.92%) & Mol Uy MERASED HiuzAs, 400ml CHHEREIOReRICEEZIIRD
ol Db, HAE WR OFAESRIL 200nl T 0. 13%, 400ml THE 0. 28%H Y . FHEIORARICEEE
I3FBDH TRV, 2) FIEIOBRMmFER] (200ml, 400ml BY) 2, 2 [EIE @ 400ml B> VR Fe4RS Bi- b =
A, FIEDS 200ml —C 2 BB IZ 400ml DOFA (FIE] 200m] FE) O VVR ORASEEIL. T 2.82% TH Y.,
FIEERILA> 5 400ml 24772V 2 BB © 400ml DA (F1E] 400ml B) D VR FetEsR L Hk LT 1. 2% L
BIZEVWER TH oz, HE VWR ORAZELYIE 200ml F250.23% L. FIE] 400ml BED 0. 07% & Hk L,
BEIZEoT, :



T I31T B VR SRR HIE] 200ml BEASTER) 2. 95% Tdb B Izt L, #IIEl 400ml BE T 2. 40% &
FIEIAS 400ml DFFi R0y MERIERD =28, MEHE BT /eh -7, BBAE VR OBEIEEIIIE 200ml B
(0.11%) . FE 400ml B (0.20%) THY . FEEIHEFAEERI L7

B ORI BT 27— 2 Th 528, AIRETEORRMERUT 404 B, FH 88 6, ZfE 126 PﬁJ T
¥1509 (19—87) 1. {KEIL 583 (37.0-97.0) kg Thorc, EMRRIIBINBHEBOFHHEIN 42.3%L b
2 EbEL RIBOMRIFRGI31.2% THY . F, EHETHORHRILES 11.6%% SH T, ,

SERRAARIR, TO—T9 BEA3 55 151 (25.6%) . 80 BRLA LA 124 (5.6%) T. ZibiF—ROBRMEIEDFERND -
FEET, BH6T B (31.2%) EH&EH TV, '

BERE O L BB oV Tk, Bkl M EEE T 200nL FR1 T, BT 45keg LA, Zcfthid 40keg ELE,
F7-, 400nl FlL TIEEH L E 50kg LLERRDHND, _nawgﬁ’é%ﬁtém%m BHET3H (1.4%).
ZHETEF] (2.8%). EETITION 4 2% FELE,

1 ElOHRn BT 400nL 23 b o & $5< 42, 3%% (58 FRMEHI I 1. 9 IEI (1w5 &) C KRTML B 33 579. 3ul

(200—1200nL) T, 1 ElORMEDBEMBRIFRIZST HEIETE, FH8. 2% B.7—9.4%) Th-ol,

FRTCOEFIO S b, FMEHCAEESAE O H Q) ThHY, AETT N THMEREENRE

(vasovagal reaction: VVR) Té 7=, VVR BAEEITT T [ ETH o7, 1 Hid3 2[E VVR 2 L TV, VVR
FAERIT, EABCCEME 2. 3%, k4. 8%, ESABTHM L 4%, &2 ThThoTe, W bR MER
RHoT-N, HEHFHIABEIIRRO 2T,

- VVR ZFAE U7 & FE U722\ FIOFHB R L L T2 & 25, ﬁkﬁﬁﬁ%‘f VVR BREFINBLEWN D Z &R
ot hE. 2E. BRMLEET VVR RIEfCIEES & BEMICH 7208, HEEIRD 2T, LiL,
BB MERI 3 2 M B OB VVR S CEBICE) - T,

D. #% \

MR & Hb FUREHES e L7 & = 5, 200nL 35 L TR 400nL 3R & b “MigHERE O RE BMES -7,

DY, B L R DHERITEN GO0, FHEML ROIHEIE CRETHDLELD.
BBMEREEEEAS 200 36 XU 400nL 1 & & 10 AT S4B TRV Z L 225, MIBHERER “RlA20EEZ R
- BERIED” HEE “ITIEBL TR, —F, BIELERICOWTE, 2000l (3FHEAEET 400mL 130.1 AT T
DT Lhb, 400n FACEI LT, IR EREIR “BTHD L EONIBNE O BN ITITEAT.
b3 EEXLND, 7B, 400ml BRILOBMEE R b s MK EEIC RS T, 2L LTRIUIRE
BEMER TS LELLNS, |

PRILE DRI D B EER TH D, WE&mﬁW&mikVWR@%ﬁ%hﬁbtﬁi%%é &ma
HESEORZZN R Z & E 2 B A FEE 200m] B % 2 [B]H SAFE 400ml BRILEZFTZ2 5 2 & T VVR OFRARSEE
BCExBLbELILND, LiL, SEOHA OREE T, BHECHAIE 200m fikiil, £0H%1< 400nl fRiL% %
W L7-8£D VVR @%&44:1 EDS 400ml B % L7-BED L W BEICE < . T TIHERICEZEN 2
27,

BHECIE 1 EIBIZ 200m] % L7l 43 2 [B1EC 400ml BRI AAT72 5 BRC 1 [BIA L 0 OB Z RS h 502
BIRE DB V= Z & b —DDBEERTH S 5, THUTH L, LM CIIHER, BHOEEN IR0 L bEX D
N3, LnL, ThbidEd LTERENLOBETHB 0, ANEEIC L5 UEIHEBOE IOV T HE R
HUTT LERDD, SOICZNLOBEREMZ, BFED VVR BERL TIPS 2LERH D EEX
%, |



B 2Rz ov \T&:t ﬁﬁ%ﬂ%ﬁ@%ﬁlﬂﬂf&mr% VVR DRAEFDREN LD Z J: Rt EWM>
oY o

¥, RESFRMEREOFFIMIBV T, VVR @%E@xm eund ZELERY B:nt,erhof' Yok il DN
BRI B R OB WR BRI CARICE =0T, SR EREOSE 2 BN ER iR
BT 2BRMBOEIE 2 ERT OIMENRHBIEAD,

ﬁ#m&ﬁuﬁﬁtﬁﬁkivﬁﬂfﬁéﬂ\ﬁﬁmﬁmgﬁuwiwawﬁﬁﬁbéo%ﬁ%ﬁﬁﬂﬁi&
BB 575, KB H>THEEME FATHRRIKES DR O T, FE ML C—ERLEERDS -
LREE LY, Tihbb, ERMKEEEETL, BYTORMEEC BT 258, AECET 3RErERT
X HEBEENHBTES 9,

—%. AﬁwﬁﬁF%mﬁﬁﬁmﬁﬁmVWi@%FwﬁﬁkﬁofwéT%ﬁ%rbt%wkmbné L.

12835 T, BRIKRITA S RMBORED EY SRAL. RIREOEI & TS \’Sfﬁ"ﬁ‘ 5z L OEED
i B 73> CHERR BINTZb DL EDID,

E. 1%
~EZBEY (Hb) MSREEEEACH, NS ORRE~OREL . Z0#iC Hb BOZ Mk E
| DETBAPD, NEEEORECRNI—IHOMIEY > ¥ —C TEB ST 2, Hb MSRESE~02EH
7210 BAITBE L, R BRI EYE 7 IR EREORE I OV Tt OB TENEE IR B Hb B2 Lk
U TN D EHEES | & BT ORIE, @©200mL HMmEHES 400mL & R—EHEF & Fif5 2 & o&FE. GHb
NEO_ERMEDRE EOIRERREEL 2o TV,

ZOEDBEROG AR EER LA, MR EE CIHCE BT 2L EECES LW T HERIC
Hb fE2ME < Hb > b T HuFERiin S 217 S0 VO OmRIE 2> 5 ERM LTV e 2 L BB B e 22otz,
WRILE RS E L 5 &, M ERICAZ T Hb BIEEL EAT 556805 5, T L TAEOHRRER
b ﬁﬁ@ﬁmﬁﬁﬁwﬁﬁb%ﬁm%kHb#%mﬂﬁ%ﬂ%&f#étbwﬁ%@&%ﬁ%brw<
VBN BB,
N *azmlﬂ?f@?ﬁﬁgwﬁ BN, EEHEHFIENRT 400m] BRiL%E L7250 VVR %@ﬁﬂiﬂh 3~4%TC
B, il RIS L BEIDh 0T, L, —BERIED VVR RERN I%RETHEZLEELD L,
A Y A2 DERIE &2 % TOMBAIRIRD VA 2 & SERER S, ‘
SEIOBIHRERIC LD . D72< & bEAFETHIERRILCIE 200m! MR &4TV >, 2 EIE LIS 400ml $if %47
729 2 &1, VVR OREROERBITITIZN B2V & ORERIHG DS, EEEORILAE, 12 400n] SiiiE
MOHEEETTe 9121k VVR ORASEEIT—BRILE OB TH D 2 L #EATAT AN, FOK2, i) b8
ICEBE THILOERETAD & LB, ' |

7o, BOMBRMRFOFEERIT, BITORMELEOFHFIND 70 BRLLEOFERIAS 31. 265 £ T2, BHZ
VVR ORBERNENEWD Z Lidhhole, £z, BATORMBEEDOEHFNDEEEEN 4 & TH TV,
EAHFEQFRREIZ TIL VVR ORAEFRDENZ Lidied>7end, VVR SR CIIERMR B33 5 5 BOF
APEEI BT,

SLEDZ ¥ XY, BilEOBEEA QOB L, HRniEs REDEE. BRIKRICHT 5RnEN:
LEREETIUL, FEE 10 BULETHLH, BRI CE S ERENNH B,



F.@%ﬁ@%ﬁ
LA

G. HFFERE
1. BRCER
FEDHY
2. BRFE
FEHD

H. SOBORIEEREDHIE - BRI
(FrEZED) '
1. BEYEUS
Bz L
2. ERERTE
3
3. Zih
Bz L



TR 1 O BRSNS
(B3R5 - ERSBSL X5 M) —5 1 = ARAHIRED
RIS

BRI DL LR R L S B ORI B S B B

L R WK GRORERHERATATE: BORFEDE 88

WREs.

ATRGETE RN R L DA, 1) 17 8~ 400m] SMEUMOEA, 2) Lo LR |
EREUTEIRDREL. 3) M/IMTRAMRILD_ERESEHT 54 8 O RE ORI OV CEABE (&
MEDRINE) L2282 EORMEL T 18 FEOLERMEDT —F DESERHM LI, M T MvNRoO Lk
BAESORE UICBT 57> — N % 50~54 B/ MRRE 215 - LCRILE, |

YRR 18 FFEICRRIL DAt 2 LT B 3,532,404 45, 2ot 2,560,404 4 DF 6,092,808 4 &5k LTHA |
FHFHOLERE 2 Ea—F VAT ACANESN TN ST —F 2Tt RIS, FEARERIC
PRIELK, BRILTEEER. BHERRERRAES L, TOBRLMTORRT—4 & U, fv/NGRLo +
BRETORIE LIZBET 57 7 — NI 2ED 7 Mwmﬁt/ﬁ—riﬁﬁb 1,1304 (B394, &
PES914) 2 BOEEME LI, | -

FOREE, 1) 17 BT 400m! LRI A AT S = & T, I 200m] FRIBE 46,684 455 (B 28,961
| % 2t 17,723 40) ICHES T BRI RGA E ., SHUITERR 18 SEEE DR MidikiinEEL (200m] #E) 0 0.73%
| (BtE045%. %otk 0.28%) W L, MRILFOBHERORAESIT 17 M B4 L b 18 - 19 5 Hik L
THRSUT Thok, 2) LMmERmO HFFSY 69 25 T4 BICIER LS8 IS LS FE
I 200ml BET 6,573 £ Th D . LMBIRILELD 0. 11%RREE DR me&m;u\_ E¥bhrol, B
TTRIMELIE TR bR 60 RIRILE DRWFRRAERS, R &l LS, S FORAR Th-
7o, LinL. Hb fESEEAEEREOT 0D (Hb RR) MR & 2257 S35 60 MO L gk |
LCEWZ Edvbhotz, 3) M/IMREABRILD_ FIRES ZBUTO 54 B0s5 59 BICIER LiSa1ci. 4R
45,534 £ ORRILE DR AT NI, 50 ROM/NIRIE DRIEFFRAERIMOENR & B L THRR |
IR T O T3> 7245 Hb FRIC & BIRITEHE BB T 50 {058 < 2 BB bk, Ml |
/NRBRIL D ERRES O RE UICEE 5 7 > r— b ORRETIR. 90%LA LOMRInEAS 54 LG btk L
CHNSIRILIC 577 L7V & B U /NSRRI EBREER DRI L 847725 2 & 1Ti 85% LR
BIEAE SN,

DX D IAREIED RE U CHEMZEEORMEREARAEN, 77— M cb RN EERES
NTOBIVMERARILD_ ERESORE L 2 E—BEDT —< & Lﬂa:ﬂ:@m«% LoERAELR
7—.

E7-, Hb EHEEE S| & LiTTHBA ORME R~ DREIZ OV \Tm&t@&:;éﬁ@lﬂﬁé& Hb 5 HERE.
b EITRET LT, _

~EZuty (Hb) MSHEEREAICH, MRIEORRE~OEE Y . Zm#FC Hb ROS\ Mk
ROITEEDD, NEEEORERED—BOmt L ¥ —Ic TEESh 5, Hb MSRIER~DL




728 ) BRI U, SRR e S P I PR DR — 1T DV T, T [BHTETEE RN AL Hb
fE L A U TR Ve EEES | & BT ORIELfE). 1200mL FnEAEZ 400mL & ﬁ—%ﬁkél%ﬂf 35T
LD, THb EBMEDRGE) SHRERREL 2> T\,

I R CEEE I 24T . R Hb SR DML C, S Hb 231 % L5
DR~ BL R 5, SO RnENEL LT, 8% (NESLE : Al L RhEELE 2 5~
WEHHRLE P b~, FHFLVRIT A 2007) b LI, 200 - 400mL A—EETHME Hb=130, kit
=12.5g/dL Z{GE LEH Lz,

TR 1945 2 A~3 A TH, ittt #— @7 ey, Ml7 ey, #E, B4 TLmiki (200
ml,400mL) FEEZASE L, MKHERC CROETEELT. AR Hb EMEREL~E%a—
Hb201 77 R & ZOFREM & AV CHIE Lis, AZERHIER. 5 11405 A %k 7,321 A, 3t 18,726
ANV 2T o7, 723 Hb MSREEIL. YR ORETBIBRIER L K& B2y, M2RLE
A LR OCR 25 L HIBH L7 DC. Z0AIC W TIEETIE U TR Lz, £7- - EBSEmNTY, Hb
SEHIEZ T CICHA L QO CHERIFFRIE 2 55 L IRl 7 v » 7 0)—&5@7—5’ (LB BC %)) %t
L. #5t 17,429 2T LT,
| FORR. WERAE 1.052 L L 1.053 ateﬁ%%:ﬂ, 400mL A>5 200mL {ZEE U kifnE Offi 5 Hb EHHE

LAY, B 12.6:0.8 g/dL. Zbt 12.4+0.6g/dL T, BT 200mL ERiENED Hb12 gidL LLE & 1%
EAET AR ThH -7, WSRE H bl L HRERRE Hb 5 THh 50, B C Tik. BREASR COMmIRE R
EiE XE2100 AL, 4ACHAFCERMBE (1) 24~32 BRHE) 1ICHIEL W5, HBRIERE L FRICRIE
LIz bDO TRV, REBAEEIEISET —FIcL PE30, F—REOMSHE Ho L RERES
Hb {EOFH), ARRMREEEE L, 5 Hb SR aiiigss L ik L <, YA THME 04, ik 0.3 g/l
FH BBV MEZ R UV, FEEHESIE. B 0923 & FEMIZIRVERE) 2R Licas, &METiE 0.877
& [RR0M ElE) DR TH ol BRAHAE OIS Hb [EOVE L EERAEIL, Bt 14.9+1.1gdL, &
1127411 gL Tho72, BHET 13.0 g/dL KL 36%. it T Hb12.5¢/dL ANk 37.9% Th o7z, MK
HEHEIZ L 5 BHERME DS Hb oL, Bk 200mL #kiiE%ix 582 A (5.3%) T. 10 kD&
BHENEN, 400mL BRiUHRMERZ L D, Bk d bICHEREE T 1.053 (Hb BIEET 12.5g/dL) 2L
EEEDLN TS, 400mL BiminE ¢, Hb S RIEMHE T 13.0g/ d L K% 241 A, S HLERERET
| 1.053 A & HIE L Hb13.0g/dL LA i3 139 AfAHEL 7z, Hb MSRAINCEI VR, HIERAEHEZ 13.0g/dL
PLECERIET B L | L04% DR 23 TRl S iz, it BT & S 2otk oo 5 Hb fE53AR, 2 200,
400mL #RinE 7> Hb fE575 & 4EBIERIL, 400mL &MHRiE G, WEREICT 1053 LLET, Hb fli5
BIEAE 125 gL A 102% (310 A) AN TV Ve, MICHERETIE 1053 55T, Hb12.5g/dL Lt
%77 LTz 400mL BRILAZE 1L 269 A Ch o7z, Hb BESRIEEICEI D B2, BEAEE (Hb12.5g/dL LAL)
BT LT23BA. 41 A (1.44%) OB HBTFRISNZ, BiE=13.0, ZfE=12.5¢dL FRERDOFEAIER
MAERIE, B 400mL BRMALE TIX Hb=13.0g/dL & LIEE, R L BITREENREA L, 50 1

6%). 6018 (112%) TEL ., 2 TIE35%IEE 7277, 200 - 400mL F—HEAELRET B &,
200mL 2B 6.7% DRl & 7257, K L. 200 - 400mL Fl—4IEiE (Hb212.5¢dL) #EE
THE. 10 ~40 ROTERNPE L . ek E LT 400mL #%%E T 35%, 200mL FHEE T 42.6%531
WL R0tz BRIHAEOMS Hb &S B 20.0 g/dL, #ctt 18.7 gL Th-7-, Hb LEMEDRE
OWT, BBRIOICREESVEL SN A%MEE2 5% L UTEE 19 gdL LLE, 4ot 17 gdL ULEAFRE LTEA,
TEEIIBI L HIZ0.08% Tholz, REARIZOWVTIL, AEORFRSE T MPEAESMKLEIC




L BEEHEI B LI L BX LN SFIIERDR D1,

BREERD M EREE L M5 Hb BRI Y bic, FHATE LT 2T S 5 o i
AR FEE B 25, HITHECEMS N5 Hb RIEHSSPIRSR ©. HArRa BisRe B oREE
L B U CESHEARRE - L SRR STV B, AEIDRENL, F—Hiks 24~32 Bgic R
~CHIE LTz Hb T 525, 5 Hb EEHSETHEIE 04, %t 0.3 AL Th TR MEERRL TV V-,
5 Hb BIEMEs0#ss 0.3 gdL & ShTHY, RmERER FE 5S> 5 ORI TE 5RETH
%, |

Hb B~ 0 B2, ﬁﬁ%@f@i@"‘%ﬁwmﬁﬁkﬂz&bfﬁw Linh, HUEEE 125 5
5 130 gL KO BT EBAOROLTRZ To b 25, HEREE 1053 SlEOUERIZ A 1.04% 08
DHBTFREI, LTI Hb 2 BYTHAEL R U 125 gdL LE0E L. BRI L 24 L e 5 & 1.44%
DRSH PRSI, EHETINTC, 5 Hb RIEHISEA TS TR 28 & LT, Bl
A3kD Hb % 0 DRIEDIZRTT 5 L ORESRTOB I L LB LTOB L Ebha,

200mL HFRi¥i WM (H18 4F : 200mL 26%. 400mL 74%) 255, ZMmHic L v tiEib iz
VNS A E L, 200mL BN ORI RICESE L CERILL TV B b5, 200mL ORMEAES
400mL, & F—HEZOE HITFRE, 200mL SIHEDE UK CHiZ e A YRER VL Bbh 3,
LA L, 400mL FERITER L TS HE Tl AF0OiRILER R RNFHEOEE S LE L 72 HFAlEE
#2395, Hb HEEDBIE LIFITOWTHE, 45 TH LAVBISEDORITO, SRR §i BRI
bOEIEFRAR Y OMGRERLER LT, BNENERXThHS I, _

MR BRI, BN E D ICRE LIsHIECh 5%, 5 Hb JEs T
AR LIAGECH L 4 DRI U7 RSl mTE L 725, Hb SN A3, ZORIRE
A LT RS RN D, |

7z, AR CHIRILIC B B EFEOSHRELIT ., EYEORLOBIR, IPROTH, #RiltfT8nm
HRFEHLMICL, BEECRNOT 0T~ 3 V21T 2 & SMRMERRE N E D% TR L=, 2008
£1A8EMD2A 1 Bz T, BRERERASHESMESAAE b atg L LTSRS 1TV, 2094

(RFED 5I%) MOEELEE, 1064 (35%) HPRILERETHY ., 454 (15%) K= 1 ERIcHm
Z LW, 4% 1 ELRNICKERT 5 LB L-DiX 31 4 (11%) Thol-, S%EIT 35k L ik
T AETRILEBR OB Lo TRRY | SBE CIIRILOREIE . S BRE IR R &
ASRRIES & BRET 2 L\ SR E Role, AFEFEORIBRERIHE . BLRIIE, =0
&iE, RS TORRM SR IC X > THIERRIE % 3R LTS 2 &, BRIEEBRE DRI 247 > C
VBT LT &0 THEF STV B LB X BB, IRILKEHERE ORI 513 TRA S TPB TR FRE Th 528,
AT R ZHEGEL TR Y . RTEIOBRILCEVEISRA 2 | FHCFEERMA RO & MRS SE
BRI L EZOND, EFEORMICEITITEBIIEL . 77— a VBRI HHch b, F0
BE. SRS il TRA R°TPB (T o 7 B%, SBE CrIERIOBRN TR A A —Ch -2 LICEE
RE BRI ANERD D, i, BRIL SR OYERRIERRICT DAL EBT R Th 5,

#£:  BC; Blood Center
C ; Center
TRA ; Theory of Reasoned.Action
TPB ; Theory of Planned Behavior



A. B&

DI A OB CHRILFTEE A 0 O & ERMUIC & 23RBSO L2 810 & Y MIREEROR
MASFREN BT, E BRI THROBTRIREE SN, TOMRO—DL L CiRFREE
DRELBEZBND,

q?¢ﬂ%ﬁ1mﬁm§ﬁﬁEL®Tﬁﬁmﬁ?a%xBnt3%1H7ﬁmwammémﬁmmﬁl
2) LMERILD HBUESEHT 69 BORE L., 3) M/MTRABRND_ EESEHT 54 ORELICOVT, ¥
AZHR (RRIE DRI &% FORBEOHES TR 18 HEEORERME D7 — & ORISR SEHE

LCHTe, SR THER 3) 1oV, BT AR Cl/ MR 24772 > TV 5 50~54 BRARIE 2%t
%L LT, [Nk D EBRES O RE LIZBE 57 v r— b;ﬁﬁj %:%MEL %@ﬁﬁb@tbo)m
BB a5 = L R 5 B TH B,

e, Hb%ﬁﬁ%ﬂ%Lﬁt%Aoﬁm%ﬁ~®%§%ﬂ6tbk MRHEI X 2 EHE L Hb 55
REEOHERETET . Hb WS BIEE~DSEMRE ) 352 18 Uil B S P DR — D7
DOT—5 L, [T B0 Hb L bk L CEL o b EXEES | & B ORIEL{E). [200m
L i 5% 400mL & F—HAECE % 52 &0%#1Wmhmﬁwﬁijtkwiéﬁ%ﬁﬁ?é L3
b H— DR ENTH D,

& ISR LTI 7 0 —y 3 L 375 T L CRILERIMC SRR 508 5 a5 5 2
LEBRE LTI REIE LT,

B. Fik

B—1. BRILEDFESEERE LICEET 2 ERka _

WER 18 4R (AR 184F 4 A~194E 3 A) (C2ERFiluit v 7 —iiDsft% L. BREEK—=
V¥ a—F —V AT AT AN S B 3,532,404 4. ik 2,560,404 £ DFE 6,092,808 £ B XRE LTHE
5l + BRILHEER - (ERREBRNCIRILE S (AL - HENASD . BRI E4, BIWERSAERIIZ VYT
£ L, UBORBITOEREER & Uiz, BT, B4 3,212,704 4. ik 1,777,305 4 DF 4,983,009
4) BT, £FE 7 HRome 2 — (s, EER. B, BeR, AR, RILR. BRI T 50
54 BRI IMEERAIRIE &5r4 & U i/ NSIRITLOD ERRAEAS 0D S UIC B 5 Tl & 52 U, HREEN S
£ aE% 200 B (B4 100 7, 4t 100 ) & BEEE L7z, |

B—2. mu’&tt@_ X HBLEEHIE & Hb S5 RIEME & DBRIZ VT

YRR 19 4 2 ARE~3 A T, ikt ¥— @ER7ays, ML ey, HE, B rgmm (200
mL,400mL) HEE FxHR & U, ik EEC CRIMETEEZ 1TV, RS Hb @ S3E 2 ~F % 2 —Hb201
TS5 A FOEREMERCTRE Ui, BARMER 3 B 11,405 A, 7,321 A, & 18,726 AiZDNT
BATEATo T, 7ok, FREOABE D 5 LUFTRAOREREBRIERE S K& <Ry, MZELBEL
To#ER OCR A2HER L B L7 b 02BN Ui 17,429 2 ffbd R E LT,

B—3. EFAOBRMLIZHT 5 EiHRE
FRERERRFEFRESR 1 ~ 6 AP, BERORERICREEA M T 5 5EICE Y. BE
AAETERE Y 1To7-, TEWRIL. ¥R 2041 A 8 B~2 A 1 B CHEZONAIL. 4. 45, FE W




miTE) RfERE, BREFT. B 14ERIORRMER R &), BRiulos- 3888 - « x—/t,c&* 29 HHTH B,

fi#HTIX SPSS 12.0J for Windows Z FiVNTITV Y, BEKHEL005 L L7,

(fEEim~0DELRE)

AIFeUL. BAERET D Z &R <BRIMIAE S BERBERE S5 & & bic, EORMEREAIET S
HOTHY, HIREI OV CIHRMOEORIETE TH A - HHE EORBEIIAE ULV, £, F—F DY
BNTOWTHE TR BT MBS COBRSEE - BAZBE R 1746 A 29 H )) 2EFL T3,

C. &R
C—1. RRILEDEAKIERE LIz 5 SRR

17 BE#RILE~D 400m] SMERMOBEA LizE DL mRIE DR IMFEKRE T, 17 BSOS 55K

34,816 447, BRIVTSEHERILS, 0504 (14.5%) THY. 17 MitEbRRIZHER 53, 188 4. BRILTREHE
1 20,7284 (39.0%) &AL HE L TEVMERSRO b, HAMICR TS, AR (bEdE
YEMERT) . fUE, ARK. MIR2ER 1 @RILDOAATEER IC%Y) ., BiREE 2 (A@@ﬁtmﬂﬁeiﬁlwféné
FBITELY) . BHRE, 20O TOEE CORERELEIMUOER L KB L TE T,
- 200m] £ffRiLE OAERRENBIERRAERI G, 17 BRBEMORWERRAERT 1 19%TH D . 18~29 D
2.39% & B L TIEVME T o7z, (18 19 IBHEORBWERRAERIL 1. 95%., 2.79%) 17 sicttOBRWERT AR
I 1.75%Th b, 18~29 ﬁd)l 1%L HIT B L&D -T2, 185, 19880 1. 75%, 1. 81%&0)1:@3‘2‘(01&&&'
FEDETH -7, ’

17 &4 400m 221fn kifn 2- A U 7458 Okt A3 (&) @iéﬂﬂ@ﬁi&'mws 23, YERK 18 4EFEIZ 200ml 2 fifik
MEFTi o7 17 BRIRIED 5 b, LORES 400ml 2MAMOERE (K&, Hb ) 30558
Tz 17 BBHETIZ 29,765 4. 400ml £MOBRMERE (& 50Kg L. Hb & 125 g/dl LLE) %W
TDIL28,961%4 (97.3%) THY. 17THRAMETIZ 32,460 4, 17,7234 (54:6%) HMEHE - Hb BOW
FOERER T L R SN, | "

_EEROBRILE DA T 400ml BRILZFT 7B, FEENC 200n] BRIMEC 45,684 44y (Bt 28,961
%. it 17,723 4) ORMBEOHEARAENDR, ZHILER 18 £FEEDAM (200m1) mﬁﬁmg
© 6,378,490 4D 0.73% (Bt 0.45%., it 0.28%) (A L7,

@ik EFMES D RE LIz oV TE2m ki Ol Rk % 725 & BT 5 Hb RROR
i1 50 5% 0.19%. 60~64 Fid 0.42%. 65~69 il 0.69% LESTHT L & b LRI BEARHY .
HHZ 68 1% - 69 D Hb REDHIT 0.93%. 1.25% & FEVMEEZR LTV 5, MOFEHRIEE O=iT 50 1L,
60 R CHRZE MBI Ao, E7, etk 50 £R. 60 FBRILE DRI B E S OE L it L
TRELI T Tz, 200ml BRIMBFOBHERFEARSL. KO 400ml BRIOFSOBMERRARRE RS L. B
PETIX 50 1R, 60 RBRILEDFARITMMOAE & il U TIER< . &t THEHEIC 50 1. 60 fAEkLE DOBIE
PRSI & B L TEL Do, |

2MOBRIMER, BRiEL b 60 mAOBAMERZRL TV, 22 CRIERE (BkEh LEMIZHOV
TOEYREREZRD - L ZA, 200ml BRI TIE, Y=-0.04X+2.93 (R*=0.96). 400ml #RL TiX.
Y=-0.15X+10.61 (R?=0.97) DA TR INDADHBEBURMFED bz, ZOENRERZ AT, £k
MOFEEHED HR% 74 %% T3 & EFBEORMBIZONTY I 2 L—ya V21T o7, 200ml R
CHE 70 BT 0. 13%DBRILERDS 73 BRE TIZ 0. 01%E Th> L. 400ml SRl G 70 281X 0. 10% T 243



TR TO0.01%E T 5 L FRlIS v,

BV NERRRAYRRILOD ERREES D RIE LIZOV T, FRABRIDZEAHFIZ T 2R AERERRE RS L. B
ik Hb RR DL, 50~54 5% T 0.84%. 54~59 5% T 1.12%. 60~64 5% T 1.59%. 64~69 % T 1.69%
AR IS T L RERR ORI AERNERD b, otk 50 R - 60 o> Hb Kﬂmﬁdﬁﬂo)
ERE WL TEL 13257,

/NSRS (PC) %4772 TV AERILEDBWERORARIT 50~54 ROBWERARARIIEZZL b
DR L B L CRISLLT Cholz, 7o, MR (PPP) %4772 TV SERIME ORWERFEA
FERTHHL L b 50~69 ROBWERARAERIMLOER L B L TRSUT ThoT

m/JMMo)J:BﬁﬁA%ﬁﬁ@ BARRD> B SIRCIER: LI A I RILE A3 & OREINT 5 PE 3
=2 b—a v U Tl SEERERERID M MR SR E S0 L B 4 & bR O L I EE 85
{ERIAED HILTWVD, 455555 54 ORI, M/ MBRIMER (BEHOIESAE) L EHBOBHRT OV
TRTH5 L, Y=-092. 69X+65090. 20 (R°=0.98) ri-RADIEBIEHEIEMD b,

= DEYRE FIV T M/ IMRRIL O _EFRAER R BT 54 B0h>5 59 B % CBI & T 7 RAZ BN Sk
FREHE L CTHD L RN 45, 534 4 OBRINE ORI RA T, T 18 £ E DR i/ MRE RIS
715, 148 D 5. 49%ITHY NE TH - T,

T, 2F 7 HIRomik ¥ —C, FEMIMRERBRILIZ /1% LTV 5 50 ~54. ﬁ@ﬁk{ﬁxﬁ%ﬁ%& L
Tl MR HRREERSD R LI B 5 7 2 & — N RAT R 0T, ﬁ@%umﬁﬁﬁ-&u;’a ArHEE 188 44,
BRI 734, HRCED 182 4. BB 123 4. ATRAF 219 4. MILIR 177 4. BRI 158 4 ThH Y. AFHE 1130
£ Tholz (BHET394, im‘i 391 4), 4FEESFIL 50 5% 260 44, 51 5% 197 %, 52852054, 53852314, 54
3% 237 4 Thol, '

¥ 54 AL THD OM/IMTIRILIZ VT, BHT6824 (92.3%). ZMET384 (91.6%) »ob45HD
BH LI DEE RS- T, Nkl O_FRMERNT 54 352 T3, BRIFIO_ERZ51& BiFIconWTid, B
PET 661 45 (80.4%). KHET 3374 (86.2%) M ORROBENBLNEMR, DrbRV L OEMEbBHET 68
% 0.2%), HET 4T & (12.0%) Botz, SHICEROBE, EE THEYS L EL BHCIVTIE, Bk
TV 65 i & DEFEDS 225 & (30.5%) HbZ<. IRV VT 60 Hokiids 2074 (28.0%) THY. ER2LD
BV 1134 (15.3%) dotz, HMETIE 60 Bkl e DEEH 1634 (392%) LBbE< . KV VT 65 Bkl
MT44 (189%). HRARL 414 (105%) OIETH-7=, BRILEHEDORE LI 2RRIL. BB
< BERRZ: HITHRIFTRE] . MELAEN S 2 O C—ROFMRIEEOREITH LV REDBERIE -, RIlEE
DREUICRAOBERIL, 3 hdHYy, 2 #Ti3 Gt f/MGRILE T2 o 7B T IEBL 2o 2 & 2 HH
E LTV, '

C—2. MmEHE X 3 EmEEHE L Hb SR & OBHRIOVT

HERIRE 1.052 LA L 1.053 K% R L., 400mL 2>5 200mL (2 & E U#kifiA OS5 Hb TEHHE & R
i3, Bk 126£0.8 g/dL, Zoit 12.440.6g/dL T, BHTO 200mL HMiEAED Hb12 gL B b & HEE B B
ThoT, | ,

fBSRIE H bl & BARRRIE Hb B & OBHRIZOWTIL, B C Tk, BEsR ComBetAREIX XE-2100
EHEAL. ACHREFTROBA (]9 24~32 B ITEL T35, BISRIEE L FRICEIE L= boTidde
VW, BRERRIEMIIBE T —Zic b YE5H, 5 Hb BRI i U<, EHETHEE 04, &
0.3 gldL TN ZHUBRY MEZ R LTV, FEBBEEGE. BM30.923 & BERICHL VEBE) 2R LR, kT




1L0.877 & TRo%03\ B DRERChoTz,
BRI HAE O S Hb S, L RE L. B 14.921.1gdL, &t 12.741.1 g/dL rzboto 3B
#ET 13.0 g/dL Kii% 3.6%. T Hb12.5g/dL kil 37.9% Ciho7-,
M EHIEI & 5 BMEEREE O S Hb B34 % Rib7-25, B0 200mL kB S 582 A (5.3%) T.
10 RDM58H B ELAEAEY Y, 400mL BRILIFHRIEAEC L 0| Bk b bic EREET 1053 (Hb BIRRMEC 12,5/
dL) BEEEDHRTVS,  400mL BHHikiE i3, Hb MSRIEMHT 130/ dL AL 241 A, icHeE
BURETE T 1.053 K & i L Hb13.0g/dL LA Eik 139 AfF(E LT-, Hb iSRRI 0 B2 HIEEHEE 13.0g/
dL ML HICBET D &\ LOU%DBOBPFRShIZ, —F. MRLERIEIC & 5 &t ifuE OS5 Hb #5546
HDH, 400mL ZHHIRME CiL, HEREIZT 1.053 LLET, Hb 5 RIEE 12.5 g/dL FEit 10.2% (310 A)
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BLOOD DONORS AND BLOOD COLLECTION

Vasovagal reactions in high school students: findings relative
to race, risk factor synergism, female sex, and
non-high school particpants

B.H. Newman

BACKGROUND: High school (HS) students have a
high incidence of vasovagal reactions and are a good
population for the study of vasovagal reactions:

STUDY DESIGN AND METHODS: Data from 1076
Caucasian students, 226 African-American students,
and 157 nonstudents from HS blood drives in 2001
were entered into a database. Race, high-risk-factor
synergism, the phenomenon of “survivorship,” and fe-
male sex were evaluated. In addition, non-HS student
participants were described.

RESULTS: Vasovagal reactions were 84 percent lower
in African-American HS students than in Caucasian HS
students (3 of 226 vs. 88 of 1076; 1.3 vs. 8.2 percent;
p = 0.0001; relative risk, 6.2). In Caucasian HS stu-
dents, first-time donor status increased the vasovagal
reaction rate to 9.4 percent (vs. 3.6% in repeat donors,
p < 0.004). Low weight (= 130 Ib) increased the reac-
tion rate to 13.6 percent (vs. 3.3% in weight > 81.2 kg,
p < 0.001). Together they increased the reaction rate to
16.0 percent (vs. 3.2%, p < 0.0001). Females had more
reactions than males (11.3 vs. 4.8%, p < 0.001), but the
reaction rates equalized when donors under 150 |b
were excluded (5.7 vs. 4.6%, p = 0.66).
CONCLUSION: African-American HS students had a
significantly lower vasovagal reaction rate than Cauca-
sian HS students. There was synergy among high-risk
factors in Caucasian HS students. Female and male
vasovagal reaction rates were similar when low-weight
donors were excluded.

igh school (HS) blood donors are young, fre-
quently donate for the first time, and have a
high incidence of vasovagal reactions. The
high vasovagal reaction rate, which ranges
from 8 percent to 11 percent,' makes them a unique
population in which to study vasovagal reactions.

The following issues or questions were addressed in
the present study. 1) Past studies have alluded to the
possibility that African-American blood donors have
fewer vasovagal reactions than Caucasians.?® This study
quantified the risk of a vasovagal reaction in Caucasian
and African-American HS students. 2) Several measur-
able risk factors such as youth, low weight, and first-time
donation status are associated with an increase in vaso-
vagal reactions.*?7 This study measured these risks and
evaluated the degree to which they are additive. 3) Two re-
cent studies reached different conclusions as to whether
female sex increased the vasovagal reaction rate. One
study found that confounding factors such as lower
weight explained the higher vasovagal reaction rate in
females,” while another study, although unpublished,

- found that female sex by itself was a risk factor (N.R.

Haley, written communication, September 2000). This
study addressed this question by evaluating female and
male vasovagal reactions in four weight groups, which in
a stepwise fashion eliminated lower weight donors. In
addition to addressing these issues or questions, the
study also evaluated non-HS participants to determine
the extent of their participation, their demographics, and
their vasovagal reaction rate.

ABBREVIATIONS: HS = high school; RR(s) = relative risk(s).

From the American Red Cross Blood Services, SE Michigan
Region, Detroit, Michigan.

* Address reprint requests to: Bruce H. Newman, MD, Medi-
cal Director, American Red Cross Blood Services, SE Michigan
Region, 100 Mack, Detroit, MI 48201; e-mail: newmanb@usa
.redcross.org.

Received for publication May 22, 2002; revision received
July 9, 2002, and accepted July 10, 2002.
TRANSFUSION 2002;42:1557-1560.
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MATERIALS AND METHODS

Phlebotomy

HS blood donations were collected on-site at Detroit
metropolitan high schools. The donors were screened us-
ing a 40-question questionnaire, a mini-physical exam
consisting mainly of vital signs, and a Hb-screening test.
Accepted blood donors were subjected to a whole blood
phlebotomy and collection of additional blood samples,
which together did not exceed 535 ml. Blood donors
rested on the donor bed after donation and were advised
to spend 10 minutes at the refreshment site. All vasovagal
reactions were recorded on the blood donor record, and
an additional report was submitted if syncope occurred.

Data collection

Data from 1076 Caucasian HS students, 226 African-
American HS students, and 157 nonstudent participants
taken from randomly chosen Caucasian and African-
American HS blood drives in 2001 were entered into a
database (Excel 1997; Microsoft Corporation, Seattle,
WA). The data entered consisted of the donor’s age, race,
sex, self-reported weight, blood donation status (first-
time or repeat donation), a unique unit whole blood
number, and the donor’s reaction status. In addition,
blood pressure results from 100 randomly selected Cau-
casian students were compared with 100 randomly se-
lected African-American students.

Statistical analysis

Two-by-two contingency tables and a two-tailed Fisher
Exact test were used to determine p values and relative
risks (RRs) with 95 percent Cls. p < 0.05 was considered to
be significant.

RESULTS

Demographics

Table 1 identifies the demographics of Caucasian and
African-American HS students and nonstudent partici-
pants. Caucasian and African-American HS students
were similar for mean donor age, percentage of females,
percentage of first-time donors, and percentage of do-
nors who weighed no more than 130 lb, but African-
American HS students weighed slightly more (166 vs. 157
Ib).

Nonstudent participants were 10.8 percent of the
total number of participants. In comparison to HS stu-
dents, they were significantly older (mean age, 44 vs. 17
years), had a lower first-time donor rate (9 vs. 79%-82%),
weighed significantly more (180 vs. 157-166 lb), and had
a lower percentage of donors under who weighed no
more than 130 Ib (10 vs. 22%-24%).

Comparison of vasovagal reaction rates

The vasovagal reaction rate was 8.2 percent (88 of 1076)
in Caucasian HS students versus 1.3 percent (3 of 226) in
African-American HS students (p = 0.0001; RR, 6.2;
95 percent CI, 2.0-19.3) versus 1.3 percent (2 of 157) in
nonstudent participants (p < 0.0004). Eight syncopal re-
actions occurred in the Caucasian HS students, and none
occurred in the other two groups (p = 0.34 with African-
American students). Blood pressure results in Caucasian
and African-American HS studénts were compared as a
potential cause for the vasovagal reaction rate difference
between the two groups. Table 2 shows a comparison of
blood pressures in 100 randomly selected Caucasian HS
students and 100 randomly selected African-American
HS students. The differences were not significant. -

Additive effects of high-risk factors in Caucasian
HS students

The additive effects of risk factors could only be evaluated
in the Caucasian HS students because the other
two groups had very few reactions. Table 3 shows the
effect of different risk factors. A first-time donor had a
vasovagal reaction rate of 9.4 versus 3.8 percent in a re-
peat donor (p < 0.002; RR, 2.6). A low-weight donor
(= 130 Ib) had a 13.6 percent vasovagal reaction rate ver-
sus 3.3 percent in a high-weight donor (= 180 Ib)
(p < 0.0001; RR, 4.0). Adding both risk factors together
increased the reaction rate to 16.0 versus 3.2 percent in
donors who lacked these factors (p < 0.004; RR, 5.0). Since
45 percent of the Caucasian females weighed no more
than 130 lb and only 5 percent of the males weighed no
more than 130 Ib, female sex was added last because
of the confounding factor of low weight. The four fac-
tors increased the reaction percentage to 16.4 versus
3.8 percent in those who lacked these factors (p < 0.01;
RR, 5.0). ‘

TABLE 1. Blood donor demographics in Caucasian,

African-American, and nonstudent participants

Mean-age Females “First-time Mean weight Percentage weighing no
Population Number (years) percentage donor pereentage (Ib)* more than 130 Ib
Caucasian HS students 1076 17 49 ~79 157 (150) 24
African-American HS students 226 =17 47 83 166 (160) 22
Nonstudent participants 157, A4 - 52 9 180 (180) 10

* Number in parentheses is median. ™
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Repeat Caucasian donations

(the “survival” phenomenon)

Repeat donors weighed more than fitst-time donors (163
vs. 155 Ib), but the percentage of males and the percent-
age of females weighing no more than 59.0 kg in the two
groups were statistically the same. Eighty-four percent of
the repeat donors donated their second lifetime unit and
16 percent donated their third lifetime unit, based on a
random sample of 50 HS blood donors. Repeat donors
had a 60 percent reduction (3.8 vs. 9.4%) in their vasova-
gal reaction rate, but there was no synergistic benefit
when additional factors such as “high weight” (weight =
81.7 kg) or “male sex” or “both” were added to repeat
donor status.

Vasovagal reactions in females

Table 4 shows the vasovagal reaction rate in Caucasian
girls and boys at four different weight scenarios. Vasova-
gal reactions were higher in fernales than males when all
donors were included (11.3 vs. 4.8%, p = 0.002) or when
donors under 130 lb were excluded (9.4 vs. 5.0%,
p =0.018). Vasovagal reactions in females and males were
similar when donors under 150 Ib were excluded (5.7 vs.
4.6%, p = 0.66).

Thus, Caucasian HS students represent an excellent
population in which to study vasovagal reactions.

Two studies provided some evidence that African-
Americans might have a lower predisposition for blood
donation-related vasovagal reactions than Caucasians.?3
The present study is the first to quantify and compare
the risk in two relatively equal groups of Caucasian and
African-American HS students. African-American HS
students have a vasovagal donor reaction that is 84 per-
cent lower than Caucasian HS students (1.3 vs. 8.2%,
p < 0.0001), and none of the eight syncopal vasovagal
reactions occurred in the African-American group (0 vs.
0.74%, p = 0.34), although the differences in syncope be-
tween the two groups did not reach significance. Several
studies have shown that elevated systolic blood pressure
is protective against vasovagal reactions.5-” This potential
explanation was studied but did not account for the dif-
ferences between African-American and Caucasian vaso-
vagal reaction rates (see Table 2). '

Several studies have also demonstrated synergy
among risk factors.2>7 Graham? studied 352 Caucasian
blood donors in 1957 (published 1961} in a hospital set-
ting. The risk of a vasovagal reaction in his setting was

DISCUSSION TABLE 2. Comparison of blood pressures in randomly selected
Caucasian HS stud hi Caucasian and African-American HS students
'aucas.la'n students have a high Pre- Caucasian African-American
disposition toward blood donation- students students i p value*
related vasovagal reactions because of Number 100 100 NA
their youth, high percentage of first- Male percentage 61 52 0.2538
time d i d 1 . 4-7 First-time percentage 73 85 0.0554
e donations, and lower weight. Mean BPY 115.6/71.3 117.4/71.6 0.36/0.84
Other studies have also shown that his- Median BP 114/70 117/70 " NA
tory of syncope and psychological fac- Systolic BP =100 (%) 16 5 1.000
¢ Y Ln P bsy g Systolic BP =140 (%) 7 13 0.2381
ors can also increase vasovagal synco- Diastolic BP <60 (%) 16 15 1.000
pal reaction rates.®. The percentage of Diastolic BP =80 (%) 24 28 0.6289
vasovagal reactions in first-time, mainly mean gﬁ (ferr:ales) n; .iﬁg.g 111 912;;; 2 g.ggjg.;l?
Caucasian HS donors has been re- ean - oén.\a ers) — — — —
. . * p<0. IS clinically significant.
ported. to be as }ngh as 8.7 times greater t BP = blood pressure.
than in experienced blood donors.’
TABLE 3. Additive effects of risk factors in Caucasian HS students
Vasovagal reaction RR
Risk factor(s) rate (%) p value” (95% Cl)
HS student 88/1076 (8.2)
HS student; FTt donor (A1) 80/853 (9.4) 0.002 2.6 (1.3-5.3)
HS student; weight <130 Ib (B1) 36/264 (13.6) <0.0001 4.1 (1.9-8.6)
HS student; FT donor; weight <130 Ib (C1) 35/219 (16.0) <0.004 5.0 (1.2-20.4)
HS student; FT donor; weight <130 ib; female (D1) 32/195 (16.4) <0.01 4.3 (1.1-17.6)
HS student; repeat donor (A2) 8/223 (3.6)
HS student, weight =180 Ib (B2) 8/239 (3.3)
HS student; repeat donor; weight =180 Ib (C2) 2/83 (3.2)
HS student; repeat donor; weight =180 Ib, male (D2) 2/53 (3.8)

* - Comparisons were made between A1 and A2, Bt and B2, efc.
1t FT = first-time.
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One limitatjon in this study was the
TABLE 4. Comparison of vasovagal reaction rates for females and males low number of repeat donors. This in-
for four different weight groups . . .
fluenced the RR ratios by increasing
Females* Males™* p valuet I : .

T variability and decreasing precision. A
Al 51/523 (11.3) 27/553 (4.8) 0.002 second limitation was the size of the Af-
First-time 55/422 (13.0) 25/433 (5.8) 0.0004 rican-American population studied. It
_ Popeat 4/101 (4.0) 2/120 (1.7) 1.000 was too small to evaluate the causes of

Al 32/341 (9.4) 27/537 (5.0) 0.018 vasovagal reactions in the population.
First-time 29/266 (10.9) 23/417 (5.5) 0.011 In summary, this study showed
>1R5%P;’93t /75 (4.0) 4/120 (3.3) 1.000 that African-American HS students
YR 8/141(5.7) 19/415 (4.6) 0.660 have a significantly lower vasovagal re-
First-time 7/109 (6.4) 16/323 (5.0) 0.633 action rate than Caucasian HS stu-
N %%p;at 1/32 (3.1) 3/92 (1.6) 1.000 dents. There is synergy among high-risk
Al 1/44 (2.3) 71191 (3.7) 1.0 factors and low weight is a more signifi-
First-time 1/34 (2.9) 5/138 (3.6) 1.0 cant risk factor than first-time donor
Repeat 0/10 (0) 2/53 (3.8) 1.000 status. Although females have more va-
jr Data(\) %??:rgi‘fefg;?\tn (%). sovagal reactions than males, this is

< U " . . :
P mainly due to lower weight, and the dif-

quite high (15%), and a combination of factors increased
the risk to 35 percent to 71 percent in some scenarios.
Tomasulo et al.® and Kasprisin et al.® in blood center
studies showed much lower risks. The risks in those two
studies did not exceed 6.4 percent, even when risks were
combined. The present study evaluated low-weight
(= 59.0 kg) and first-time donation status in Caucasian
HS students and found that low weight was a more sig-
nificant factor than first-time donation status based on
RRs (4.0 vs. 2.6) (see Table 3). Trouern-Trend et al.” found
the same pattern in a study of vasovagal syncopal reac-
tions. When low-weight and firsi-time donation status
were combined, the risk was even greater (RR, 5.0). How-
ever, female sex barely affected the risk, when it was
added as a fourth “risk” factor (RR, 4.3) because most of
the “low-weight” individuals (< 130 Ib) had already been
excluded. V

Reépeat blood donors had a 60 percent decrease in
vasovagal reactions (3.8 vs. 9.5%, p < 0.004) and adding
other positive factors such as “high weight,” “male,” or
“both” did not provide any additional benefit. Thus, re-
peat blood donation status alone is a good predictor for a
low vasovagal reaction rate in HS students.

Female sex as a risk factor was evaluated by observ-
ing the vasovagal reaction rate in a stepwise fashion as
lower weight donors were removed. The pattern clearly
showed that lower weight (< 130 Ib), which is much more
common in females than in males (45 vs. 5%), was a
major factor for increased vasovagal reactions in females.
However, when donors under 150 Ib were excluded, there
were no differences between female and male vasovagal
reaction rates. Thus, low weight is the main factor that
causes a high reaction rate in females.

1560 TRANSFUSION Volume 42, December 2002

ferences disappeared when donors un-
der 150 lb were excluded. Repeat HS
blood donors have 60 percent fewer vasovagal reactions,
and a successful first-time donation is a good predictor of
future success.
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Donor reactions in high-school donors: the effects of sex, weight,
and collection volume

B.H. Newman, S.L. Satz, N.M. Janowicz, and B.A. Siegfried

BACKGROUND: The high incidence of donor reactions
in first-time, 17-year-old Caucasian whole-blood donors
makes this group ideal for the study of donor reactions.
STUDY DESIGN AND METHODS: Donor reaction rates
were retrospectively evaluated in 7274 first-time, 17-year-
old Caucasian whole-blood donors based on observa-
tions recorded at the collection sites. The effect of sex and
weight on donor reactions was determined. In addition, a
model was developed to estimate how different blood
collection volumes would affect donor reaction rates.
RESULTS: The donor reaction rate was 12.0 percent
(870/7274). Female donors overall had a higher donor
reaction rate than male donors (16.7% vs. 7.3%) and also
had a higher donor reaction rate than male donors at each
20-Ib weight interval in the range from 110 to 189 1b. A
model suggested that a change in the blood-unit volume
from 450 to 500 mL would increase donor reaction rates
by 18 percent in either female or male donors, whereas
a reduction in the blood-unit volume from 500 to 400 mL
would decrease donor reaction rates by 29 and

27 percent in female and male donors, respectively.
CONCLUSION: First-time, 17-year-old Caucasian female
donors had a higher donor reaction rate than male donors
overall and at equivalent donor weights. In the range of
present US blood-unit volumes, a change in collection of
as little as 50 mL. could have a significant impact on blood
donor reaction rates in high-school students.
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linical studies have evaluated the incidence of

blood donor reactions' and have studied the

correlation of donor characteristics such as

weight,?® age,?* first-time or repeat donor sta-
tus,*® race,’® and sex™*® to donor reaction rates. This study
evaluated first-time, 17-year-old, Caucasian high-school
students because these donors have a very high donor
reaction rate of approximately 9 to 11 percent,® which is
seven to nine times higher than the donor reaction rate in
an experienced, general donor population.? We evaluated
two nonfixed variables (sex, weight), but three variables
{donor status, age, race) were fixed. We also developed a
model for donor reaction rates as a function of sex and the
ratio of whole-blood collection volume per donor weight,
which allowed us to estimate the effects of various whole-
blood collection volumes.

MATERIALS AND METHODS

Blood donor suitability and phlebotomy
High-school blood donors met acceptability criteria
before being subjected to phlebotomy. The donors then
lay in a supine position, and a 525-mL phlebotomy was
performed in the antecubital fossa of the arm with a 16-
gauge needle. The blood collection volume included
481 mL in a whole-blood unit, 33 mL in tubes for post-
donation tests, and 11 mL trapped in the plastic tubing.
Blood donor reactions observed at the collection site were
recorded. A “donor reaction” was defined as the presence
of any of the following symptoms or signs during or
shortly after whole-blood donation: dizziness, diaphoresis
(sweating), sudden weakness, hypotension, bradycardia,
and syncope (faint). Approximately 97 percent of the reac-
tions were nonsyncopal reactions.

Blood donor selection and data analysis

All high-school blood drive donor history records from 77
blood drives between October 1, 2003, and March 23,
2004, were reviewed. Donor selection was limited to 17-
year-old, first-time, Caucasian donors who successfully
donated a whole-blood unit. Studies have shown that Afri-
can-American donors have a considerably lower donor



rate than Caucasian donors, so African-American donors
were excluded from the study®’ The decision to use
successful donations and exclude unsuccessful donations
was an arbitrary one. A total of 7274 donor history records
were deemed suitable for evaluation.

Statistical analysis

Confidence intervals (Cls) for reaction rates were calcu-
lated as minimum-length intervals by integration of the
Bayesian posterior with diffuse priors'® with the assistance
of computer software (the Solver tool in Microsoft Excel
2002, Microsoft Corp., Redmond, WA). Logistic regression
was performed with Epi Info."' Proportion comparisons
were done with the Fisher Exact test.

RESULTS

Donor weight distribution

Figure 1 shows a bell-shaped curve for male donors, with
some skewing toward higher weights. In contrast, the
curve for female donors appears truncated, suggesting
that many Caucasian high-school female donors weighed
less than 110 Ib and could not donate blood.

Donor reaction rates in 17-year-old, first-time
Caucasian blood donors

Table 1 shows the donor reaction rate for the total popu-
lation and for each sex in 20-1b incremental weight groups.
The donor reaction rate for the total population was
12.0 percent. Female donors had a 2.3-fold higher donor
reaction rate than male donors, 16.7 percent versus

DONOR REACTIONS IN HIGH-SCHOOL STUDENTS

7.3 percent, and female donors had higher donor reaction
rates within equivalent weight groups. Female donor reac-
tion rates were 61 to 149 percent greater than male donor
reaction rates, depending on the weight group. Figure 2
shows the donor reaction rates versus weight for female
and male donors. Donor reaction rates appeared to
decrease asymptotically as donor weights increased. Thus,
logistic regression of reaction rate against a linear function
of coded sex, reciprocal weight, and the product of coded
sex and reciprocal weight—representing an interaction
between sex and weight—was performed. The model was

r c ds
ln(—l—_—r)—a+bs+;v-+-‘7v-, (1

where 1 is proportion of donors of coded sex s and weight
w having a reaction; s =0 if donor is male or 1 if donor is
female; w is donor weight (Ib); and a, b, ¢, and d are
constants. )

The coefficient d of the term representing sex-weight
interaction was not significantly different from zero
(p=0.09 by a two-tailed test), so this term was omitted
from the model. The remaining constants were found to
have the following values: a=-4.2941, b=0.6120, and
¢=284.1776. All were significantly different from zero
(p <0.0001 by a two-tailed test). These constants yield the
following formulas, which are plotted in Fig. 2.

284.1776

M(Ti—r) =-4.2941+ formaledonors (2)

ln(—r—) =-3.6821+ for femaledonors. (3)

284.1776
1-r w

These formulas were used to give estimates of donor reac-
tion rates at infinite weight, which were 2.5 percent for
fernale donors and 1.3 percent for male
donors. In a more practical context, the

00 estimated donor reaction rates at 300 Ib
0 - were 6.1 percent for female donors and
3.4 percent for male donors.
600
§ .
g " Model for the effect of different
S wo B blood-unit volumes on blood donor
§ reaction rates
5 S0 There is evidence that lower blood col-
200 |1 lection volumes are associated with
lower reaction rates (see Discussion).
100 We propose a unifying hypothesis that,
. | LJ . for 17-year-old, first-time Caucasian
:&S%‘SS‘:‘SS§§§§§§§§§ §§§5§ donors, the donor reaction rate is a
T T ERTgTReTTw ; io of whole-
§§§§§§g§§«§§§§§§§~ £8888 function of sex and the ratio of whole

Fig, 1. Weights of first- time Caucasian high-school donors. ((J) Female donors; ()

male donors.

blood collection volume to donor
weight. Using the fact that Equations
2 and 3 were based on data obtained
using a collection volume of 525 mlL, .
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TABLE 1. Donor reaction rates in first-time, Caucasian high-school students
Weight (Ib)

Donor sex 110-129 130-149 150-169 170-189 190-209 210+ Total
Female

Number of reactions/number of donations 248/1187 206/1278 90/602 36/298 12/124 10/116 602/3605

Percent reactions 20.9 16.1 15.0 124 9.7 8.6 16.7
Male

Number of reactions/number of donations 19/164 73/754 103/1108 39/768 15/386 19/489 268/3669

Percent reactions 11.6 9.7 9.3 5.1 3.9 3.9 7.3
Total

Number of reactions/number of donations 267/1351 279/2032 193/1710 75/1066 27/510 29/605 870/7274

Percent reactions 19.8 13.7 11.3 7.0 53 4.8 12.0
B e e e A et s e e

TABLE 2. Expected donor reaction rates at other

25 collection volumes (reactions per 100 collections)

Reaction rate (%) .
]

3
#

5%

0%

110 130 150 170 190 210 230 250 270
Waeight {Ib}

Fig. 2. Donor reaction rates in first-time Caucasian high-school
students. Collections for each sex were grouped into 20-Ib
weight intervals for donor weights from 110 through 229 Ib and
a single interval for weights of 230 b or more. The x coordinate
of each group is the median weight, and the y coordinate is the
reaction rate and its 95 percent CI. Curves were derived by
logistic regression, as described under Materials and Methods.
(#) 95 percent ClI, female donors; (B) 95 percent, male donors;
(—-) model, female donors; (—) model, male donors,

these equations were generalized to be consistent with the
hypothesis

ln(-l—f—r) =-4.2941+0.541 2907% formaledonors (4)

]n(lL) =-3.6821+0.5412907 % for female donors, (5}

where v is the blood collection volurne in mL. When
v=525, Equations 4 and 5 are simplified to Equations 2
and 3, respectively.

The collection volume is the blood-unit volume plus
the volume of blood in collection-set tubing and samples
for testing. As previously stated, the latter is estimated to
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Blood-unit volume (mL)

Sex 500 481 450 400 350 300 250
Female 178 167 1541 127 107 89 74
Male 78 7.3 6.6 57 48 4.1 3.5

TABLE 3. Expected effects of blood-unit volume
changes on donor reaction rates*

. Blood-unit volume change (mL)"
Sex 450 to 500

500 to 400 500 to 250
Female  +2.7 (+17.9%) -5.1(-28.7%) -10.4 (-58.4%)
Male +1.2 (+18.2%) . -2.1 (-26.9%) -4.3 (-55.1%)
* Absolute change in reactions per 100 collections (relative
change).

be 44 ml. Table 2 uses this estimate, the above model, and
this study’s donor weight distribution to give expected
donor reaction rates at various blood-unit volumes.
Table 3 compares the expected rates at different blood-
unit volumes. The model suggests that an increase in the
whole-blood unit volume from 450 to 500 mL would cause
a 1.2-2.7 percent absolute increase in the donor reaction
rate and a 17.9 to 18.2 percent relative increase in the
donor reaction rate in first-time, Caucasian, high-school
donors. Female donors had a greater absolute increase in
the donor reaction rate (2.7 reactions per 100 collections
vs. 1.2), but both sexes had similar relative increases of
approximately 18 percent. A decrease in the whole-blood
collection volume from 500 to 400 mL would decrease the
donor reaction rate by 27 to 29 percent. Female donors
would have a greater absolute decrease in the donor reac-
tion rate (5.1% vs. 2.1%), but female and male donors
would have a similar relative decrease (29% vs. 27%).

DISCUSSION

Donor reactions are common. In a recent study,
7.0 percent of 1000 randomly selected interviewed whole-



blood donors had a donor reaction? The rate was
2.5 percent based on observation at the collection site, but
an additional 4.5 percent were found after a donor inter-
view 3 weeks later. Approximately 97 percent of the
donors had mild reactions, meaning that the donors had
symptoms and signs such as dizziness, diaphoresis, pallor,
and sudden weakness but did not faint. A 1-year follow-
up showed that donors who had a reaction were
34 percent less likely than asymptomatic donors to return
and donate again within a 1-year period."” Studies show
that the blood donation return rates are even lower when
donors had syncope.'*" Therefore, it is clear that a non-
syncopal donor reaction decreases a donor’s return rate,
and syncope further decreases the return rate. Donor
reactions are also a donor safety issue. One study showed
a 14 percent injury rate in donors who progressed to syn-
cope.'® These injuries were often to the head and were
generally minor, but lacerations and fractures occasion-
ally occur. Serious injuries such as a closed-head injury
are very rare but possible. :

Three key factors associated with the probability of a
donor reaction are weight,*® age,*© and first-time or repeat
donor status.®® Weight and age are the most important
factors, and first-time or repeat donor status has marginal
importance.”” High weight, high age, and repeat status all
protect donors against donor reactions. Caucasian donors
have more risk for a donor reaction than African-Ameri-
can donors have.®® Several studies have shown that female
donors have more donor reactions than male donors,**¢
but this was thought to be due to the female donor’s
smaller size because when female and male high-school
donors over 1491b were compared, the donor reaction
rates were the same.® In addition, in 850 first-time, Cauca-
sian donors from the same study, there were no differ-
ences in donor reaction rates when female and male
donors in equivalent 20-lb weight groups were compared.®
This study evaluated 8.6-fold more donors (7274 vs. 850)
and detected large differences between reaction rates of
female and male first-time Caucasian donors of similar
weight.

Based on safety data for a 500 mL collection volume
from a large blood center’® and from the American Red
Cross, most blood centers increased their whole-blood
unit volume from 450 mL to a higher value. The American
Red Cross collects 481 mL in each unit but 525 mL in total
volume. This volume can be collected in any donor—even
a donor with the lowest allowable weight, 110 Ib (50 kg)—
because it meets the AABB standard for a maximum
whole-blood collection volume of 10.5 mL per kg of body
weight."” Other blood centers collect two different whole-
blood units—a 450-mL unit for low-weight donors and a
500-mL unit for donors weighing over approximately
120 1b.

A large blood center compared donor reaction rates
in 282,000 donors who donated 450-mL whole-blood
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units and 547,000 donors who donated 500-mL whole-
blood units.”® The center did not detect a difference in
donor reaction rates, which were 1.36 and 1.28 percent,
respectively. But the subjects were from the general donor
population, approximately 80 percent of whom were
repeat donors and were much older and heavier than
high-school students. A more sensitive study would have
compared equivalent groups of very-high-risk donors
such as the lower-weight female donors in this study, but
this would have required entry of donor weight into the
blood center’s database, which is often not done.

In the donors studied here, the effect of two variables,
sex and weight, on the reaction risk were determined.
Three other variables, age, race, and first-time donor sta-
tus, were fixed. It is probable but unproven that the bulk
of the reactions in this group were caused by these five risk
factors. Future studies could measure other factors that
are thought to be associated with reactions such as a his-
tory of a donor reaction or being in the environment of a
“group reaction.” One could determine if there was an
independent contribution from each variable by use of a
logistics regression analysis, and such analysis could also
quantify the contribution.

The model in this study, which relates the donor reac-
tion rate in first-time, Caucasian high-school students to
sex and the ratio of blood collection volume to donor
weight, suggests that a 50-mL increase in whole-blood
collection volume increased donor reaction rates by
18 percent. The model also suggests that a decrease in the
blood-unit volume from 500 to 400 mL would decrease
donor reaction rates by 29 percent in female donors and
27 percent in male donors, which is a very significant
improvement. These lower rates are supported by Japa-
nese data. The Japanese collect 400-mL (70% of collec-
tions) and 200-mL (30% of collections) units. They report
a donor reaction rate of 0.6 to 0.7 percent based on
3.3 million whole-blood donations (H. Ikeda, Japanese
Red Cross Society Central Blood Center, Japan; and
M. Satake, Tokyo Red Cross Blood Center, Japan; written
communications, 2003). Our data and model indicate that
collecting 400-mL whole-blood units might be particu-
larly effective in reducing donor reaction rates in young,
low-weight, and first-time donors.

One limitation in this study was the lack of high-
weight female donors. This made it difficult to show sex-
related differences at high weights. A second limitation
was that the data were based solely on observation of
donors. In another study, a postdonation interview
increased the number of reactions detected in a general
donor population 2.3-fold, from 2.5 to 7.0 percent.>We do
not believe that limiting the study to successful donations
had an effect. The rate of unsuccessful donations in 4340
high-school students in the fall and winter of 2004 in our
center was 5.0 percent (219/4340). It was 4.0 percent (21/
525) in donors with a reaction and 5.2 percent (198/3815)
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in donors with no reaction (p =0.21). These data also chal-
lenge the perception that donor reactions are associated
with more unsuccessful donations.

In conclusion, first-time, female Caucasian high-
school students have a much higher donor reaction rate
than male donors of equivalent weight. A model suggested
that a change in the blood-unit volume from 450 to
500 mL would increase the donor reaction rate in this
group by approximately 18 percent, and a decrease in the
blood-unit volume from 500 to 400 mL would decrease
'the donor reaction rate by 27 to 29 percent. This kind of
decrease in donor reaction rates would have a significant
positive impact on safety and blood donor retention
rates—particularly in first-time, lower-weight, high-
school donors and other donors at high risk.
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The American Red Cross donor hemovigilance program:
complications of blood donation reported in 2006

Anne E Eder, Beth A. Dy, Jean M. Kennedy, Edward P. Notari IV, Annie Strupp, Mary Ellen Wissel,
Ramakrishna Reddy, Joan Gibble, Marcia D. Haimowitz, Bruce H. Newman, Linda A. Chambers,
Christopher D. Hillyer, and Richard ]. Benjamin

BACKGROUND: The American Red Cross (ARC) initi-
ated a comprehensive donor hemovigilance program in
2003. We provide an overview of reported complica-
tions after whole blood (WB), apheresis platelet (PLT),
or automated red cell (R2) donation and analyze factors
contributing to the variability in reported complication
rates in our national program.

STUDY DESIGN AND METHODS: Complications
recorded at the collection site or reported after alloge-
neic WB, apheresis PLT, and R2 donation procedures
in 36 regional blood centers in 2006 were analyzed by
univariate and multivariate logistic regression.
RESULTS: Complications after 6,014,472 WB, 449,594
PLT, and 228,183 R2 procedures totaled 209,815,
25,966, and 12,282 (348.9, 577.5, and 538.3 per
10,000 donations), respectively, the vast majority of
which were minor presyncopal reactions and small
hematomas. Regional center, donor age, sex, and
donation status were independently associated with
complication rates after WB, PLT, and R2 donation.
Seasonal variability in complications rates after WB and
R2 donation correlated with the proportion of donors
under 20 years old. Excluding large hematomas, the
overall rate of major complications was 7.4, 5.2, and
3.3 per 10,000 collections for WB, PLT, and R2 proce-
dures, respectively. Outside medical care was recorded
at similar rates for both WB and automated collections
(3.2 vs. 2.9 per 10,000 donations, respectively).
CONCLUSION: The ARC data describe the current
risks of blood donation in a model multicenter hemovigi-
lance system using standardized definitions and report-
ing protocols. Reported reaction rates varied by
regional center independently of donor demographics,
limiting direct comparison of different regional blood
centers.

lood donation by healthy volunteers assures the

availability of blood components for transfu-

sion, which is a central tenet of modern health

care. Accrediting and regulatory agencies (e.g.,
Joint Commission on Accreditation of Healthcare Organi-
zations, Food and Drug Administration {FDA]) identify
blood transfusion as a core function essential to quality
medical care and promulgate specific requirements for
appropriate use of blood components. Scientific efforts to
improve blood safety have duly focused on the patient-
recipient of blood transfusion and have substantially
reduced the risk of infectious disease transmission.
Similar scrutiny has not been applied to reducing the risk
ofblood donation, even though the infrequent occurrence
of serious injury after blood donation may arguably now
rival the residual risk of transfusion-transmitted infection.

ABBREVIATIONS: ARC = American Red Cross; LOC = loss of
consciousness; R2 = automated red cell (donation).
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The blood supply depends entirely on the daily com-
mitment of altruistic volunteers, who ostensibly gain little
personal benefit from blood donation but are exposed to
potential risk of discomfort, complications, and in rare
cases, injury resulting from the collection procedure.
Approximately 2 to 6 percent of all presenting donors
experience a complication, most of which previously have
been classified as light, mild, or minor reactions that
resolve promptly but are still unpleasant for the donor.!®
Serious injury occurs infrequently, but typically results
from a loss of consciousness (LOC), either at the donation
site or after leaving the premises. Donor characteristics
that correlate with higher syncopal complication rates
after whole blood (WB) donation include young age, first-
time donation status, low weight or total blood volume,
female sex, and Caucasian race, although these may not
all be independent predictors of reactions.®'® Changing
population and donor demographics during the period
1996 through 2005 revealed that blood collection from
young donors, aged 16 to 19 years, was increasing whereas
blood donation rates by older individuals was declining.!!

In light of these demographic trends, blood centers
should continuously strive to improve the donation expe-
rience for all donors and should have an effective and
comprehensive program to monitor donor complications
as the keystone of a donor safety program. The impor-
tance of donor adverse reactions has been highlighted in
the recent efforts by the AABB to initiate a US biovigilance
program.’? Our experience now provides a model system
to assess the advantages and limitations of a national
donor hemovigilance program.

Each year, the American Red Cross (ARC) has nearly
7 million encounters with individuals who present to
donate WB or apheresis components to provide more than
40 percent of the US blood supply. The ARC established a
national hemovigilance program to systematically analyze
donor complications at its 36 blood regions. We describe
annual hemovigilance data from 2006 and analyze factors
contributing to variability in reported overall reaction
rates in our system, which may serve as a basis for further
improvements in hemovigilance efforts to protect healthy,
volunteer blood donors.

MATERIALS AND METHODS

In 2003, ARC initiated a comprehensive hemovigilance
program that prospectively collects data on events that
occur at the time of donation, or that are reported later,
including reports of donors receiving outside medical
care. In mid-2005, the event definitions (Table 1) were
modified to include citrate reactions for autornated col-
lections and the national reporting system was updated
and fully implemented. This report describes data gath-
ered in the first full calendar year of the modified
program.
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Collection site procedures

The 36 regional blood regions follow standard procedures
for WB and automated collections from volunteer, alloge-
neic donors. WB is collected into 500-mL collection sets
(Fenwal, Inc., Round Lake, IL; Pall Medical, Inc., East Hills,
NY). The mean volume of collection is 517 = 10 mL with
trip scales and 524 * 10 mL with electronic scales. Apher-
esis platelets (PLTs) are collected with one of three apher-
esis devices: Amicus (Baxter Healthcare, Round Lake, IL),
Spectra (Gambro BCT, Lakewood, CO), or Trima (Gambro
BCT). Automated red cell (R2) procedures for 2-unit red
cell (RBC) collections are performed with Alyx (Fenwal,
Inc), Trima (Gambro BCT), or Haemonetics MCS+ 8150
(Haemonetics, Braintree, MA) systems. PLT procedures
included plateletpheresis and plateletpheresis with
infrequent plasma collection. PLT/plasma/RBC collec-
tions, plasma/RBC collections, and automated plasma
and plasma/RBC collections were excluded from the
analysis.

All adverse reactions occurring at the collection site
are managed by collection staff, documented on the blood
donation record according to the classification scheme
(Table 1), and captured in a central electronic database,
All donors are also instructed to contact the regional blood
center if they experience problems or have concerns
about their health after donation. Donor reactions or inju-
ries reported by the donor or third parties after the dona-
tion event are managed by standard procedures, reviewed
by a facility physician, and reported to the national
hemovigilance program.

Classification scheme for donor complications

The standardized classification system for donor com-
plications defines 15 reaction categories (Table 1). The
scheme incorporates a severity rating (minor, major) for
reaction types in most categories, and every category is
further divided into whether or not the donor received
outside medical care. Minor complications -typically
resolve within a short period of time (e.g., 30 min), and the
donor recovers completely at the donation site and/or is
managed solely by giving the donor instructions for care
after an injury (e.g., hematoma) occurs. Major reactions
typically require follow-up with the donor and review by
ARC staff, either because they may be medically more
serious or they may be more of a concern to donaors (e.g.,
loss of bowel or bladder control during a short LOC), even
if the reaction is not more medically significant than a
minor complication. Presyncope defines a variety of
symptoms (e.g., pallor, lightheadedness, dizziness,
nausea) that may be related to vasovagal reactions, hypo-
volemia, or anxiety but do not progress to LOC. The small
and large hematomas include true hematomas (e.g., a pal-
pable mass), bruises, and infiltration at the venipuncture
site. Reactions classified as “other” comprise a variety of
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TABLE 1. Definitions of donor complications*

Brief description

Complication

Minor category

Major category

Systemic (syncopal-type):
Symptomatic (presyncopal, prefaint)

LOoC

Presyncopal or LOC with injury

Prolonged recovery
Phlebotomy-related

Hematoma

Nerve irritation

Suspected arterial puncture

Systemic (other)
Citrate (automated procedures only)

Allergic

Other reaction

Pallor, weakness, light-headedness,
dizziness, diaphoresis, nausea/vomiting,
no LOC.

Short LOC: lasting less than 1 min.

Small: involved area measures 2 x 2 in. or
less.

Citrate reactions that persist despite
intervention or are accompanied by
additional symptoms such as nausea,
muscle tightness, or cramping. Citrate
reactions that involve perioral or
peripheral tingling or numbness that
rasolves with reduced flow rate or
calcium are not captured.

Hives, itching, rash, or redness of skin.

Symptom profile different from established
categories (e.g., anxiousness,
hyperventilation, headache).

Long LOC: lasting 1 min or more or
complicated by seizures or convulsions
or loss of bladder or bowel control.

Injury (e.g., head injury, fractures,
abrasions, lacerations) associated with
symptoms of prefaint or LOC.

Symptoms of prefaint or LOC or other
reaction that do not resolve within
approx. 30 min.

Large: involved area measures more than
2x2in.

Suggested by pain, tingling, numbness, or
sharp shooting pains after phlebotomy.

Suggested by rapid (<3 min) bleed time,
pulsatile flow, and/or bright red blood.

Symptoms of minor citrate plus prolonged
or exaggerated muscle spasm (tetany),
vomiting, chest tightness.

Symptoms of minor allergic reactions, plus
swelling of the face, neck, or throat;
wheezing; or respiratory difficulty.

Symptom profile different from established
categories (e.g., chest pain,
thrombophlebitis).

further subclassified with respect to the need for outside medical care.

* Donor complications are classified according to type and severity (minor, major); cases in each minor and major complication category are

reactions or symptoms that do not otherwise fit into the
established categories, including suspected thrombophle-
bitis and chest pain as major, other reactions. For every
complication category, outside medical care is defined as
medical advice or treatment provided by someone other
than ARC staff (e.g., emergency medical services, a
primary health care physician or specialist, or any health
care professional), whether sought independently by the
donor or at the advice of ARC staff. Donors may seek
outside medical care for reactions that are common and
self-limiting (e.g., large hematomas), as well as those that
are medically more relevant to their well-being (e.g.,
syncope-related injuries).

National hemovigilance program

Every month, the hemovigilance program at the ARC
National Headquarters Medical Office compiles and ana-
lyzes data on donor complications following WB and
automated procedures that are either documented by
collections staff at the time of donation or reported by

the donor or a third party after the donation event,
including cases that receive outside medical care. All
major reactions (Table 1) that occur at the donation site
and all reactions that are reported to the blood center
after the donor leaves the site are captured on a standard
case report form, investigated, and reviewed by the blood
center physician and reported in a tally on a monthly
basis to the National Medical Office. If a donor is referred
for outside medical care by staff or later reports that he
or she sought or received care from any outside health
care provider, the complete blood donation record is
reviewed by the National Medical Office and is main-
tained in a separate database. In this report, the actual
medical care provided is not further differentiated and
varies considerably from simple reassurance or advice to
apply warm packs for the resolution of hematoma to
administration of intravenous fluids and hospitalization.

Complications associated with allogeneic WB, apher-
esis PLT, and R2 procedures in 36 regions from January 1,
2006, to December 31, 2006, were analyzed; autologous
and therapeutic collections were excluded. The analysis
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also excluded 49 WB collection events in which a citrate
reaction was recorded because these records most likely
represent miscoding or misclassification of complications
after WB donation, as well as 43 PLT donations and 45 R2
donations recorded for 16-year-old donors. Donor age
was not recorded for 94 WB and 2 PLT donations.
Complications experienced by donors before the
donation process or unrelated to phlebotomy (e.g., inju-

ries caused by other accidents at the site) or experienced

by individuals who did not donate blood (e.g., canteen
volunteers) were excluded from the analysis. The denomi-
nator for the number of donations of each procedure type
was the number of satisfactory collections plus the
number of incomplete (“quantity not sufficient”) collec-
tions. Donor complication rates were calculated per
10,000 collections for minor and major complications and
for cases receiving outside medical care for different
donor age groups.

Statistical analysis

Complication rates for different procedure types and
among different age groups were compared by calculating
odds ratios (ORs) and 95 percent confidence intervals
(CIs; Instat, GraphPad, Inc., San Diego, CA). Linear regres-
sion and analysis of variance for the correlation between
the proportion of young donors and monthly complica-
tions rates was performed with computer software (SAS
Version 9.1.3, SAS Institute, Inc., Cary, NC).

A multivariate logistic regression analysis was per-
formed to identify demographic variables that were inde-
pendently associated with complications after WB, R2, or
PLT donations using software (SAS STAT, SAS Institute,
Inc.). There was an inverse and nonlinear relationship
between donor age and the rate of complications, and
complications ‘were disproportionately represented in
‘donors under age 20 and fairly constant above age 20.
Consequently, the multivariate analysis considered the
donors in the age groups as 16-year-olds, 17-year-olds,
young adults (18- and 19-year-olds), and adults in each
subsequent decade (e.g., 20-29, 30-39, up to 80+). A “STEP-
WISE” selection method was used to determine which
effects entered the logistic regression model and also
which effects remained in the model. A significance level
of not greater than 0.05 was necessary for an effect to enter
into the model and a significance level of not greater than
0.05 was necessary for an effect to remain in the model at
any iteration step. The regression analyses for WB, PLT,
and R2 procedures evaluated the independent variables
(regional blood center, donor age, sex, donation status)
and the dependent outcome (any complication). Outlier
regions that performed fewer than 150 procedures in 2006
were not reported (three regions) in the R2 model. The
ARC Institutional Review Board determined that the
research was exempt under 45CFR46, 21CFR50.
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RESULTS

Donations and donor complications at regional
blood centers

In 2006, the donor hemovigilance program analyzed a
total of 6,014,472 WB, 449,594 PIT, and 228,183 R2 collec-
tions, which were associated with 209,815, 25,966, and
12,282 adverse reactions (348.9, 577.5, and 538.3 per
10,000 donation), respectively. Minor symptomatic
(presyncopal) reactions accounted for the majority of
complications (258.3 per 10,000 collections) for WRB, and
small hematomas, for PLT and R2 donations (377.0 and
217.9 per 10,000 collections, respectively; Table 2). Exclud-
ing large hematomas, the overall rates of major complica-
tions were 7.4, 5.2, and 3.3 per 10,000 collections for WB,
PLT, and R2 procedures, respectively (Table 2).

Regional and monthly variability in complications
after WB donation

The complication rates observed for WB donation in
the 36 regions demonstrated considerable regional
and monthly variability; the systemwide mean was
348.9 = 140.7 (range, 145.9-679.5) complications per
10,000 donations (Fig. 1). The overall WB complication
rates in the 36 regions were normally distributed and 24
regions were within 1 standard deviation (SD) of the
mean, and 34 regions were within 2 SDs of the mean (data
not shown). For adverse reactions recorded by collection
staff, mean monthly rates of reactions at the donation site
varied over a wider range for the small- and medium-sized
regions (approx. 57,000-207,000 WB collections per year)
compared to the largest regions (with >208,000 WB collec-
tions per year).

Complication rates across the system demonstrated
seasonal variation that was most pronounced for WB
donation and strongly correlated with donor age. Specifi-
cally the rates of systemic (syncopal-type) complications
(i.e., presyncope, LOC, injury, prolonged recovery) and the
proportion of young donors (16-19 years old) for WB and
R2 donations were higher in the spring and autumn com-
pared to the winter and summer, whereas the rates of
phlebotomy-related complications remained constant
throughout the year (Fig. 2A). Systemic (syncopal-type)
complications after WB donation correlated strongly with
the proportion of donors less than 20 years old (R? = 0.96)
and logistic regression demonstirated that the model
explains a significant portion of the variation in the data
(F = 248.00; p <0.0001). Monthly variation was substan-
tially less pronounced for systemic (syncopal-type) com-
plications after automated collections (Fig. 2B) and did
not correlate as strongly with the proportion of donors less
than 20 years old as observed for WB (R = 0.58; p = 0.004);
no correlation was observed for PLT donations (R? = 0.03;
p =0.58).
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TABLE 2. Rates of complications after WB and automated collections per 10,000 donations
Complications WB (6,014,472) Apheresis PLTs (449,594) R2 (228,183)
Systemic (syncopal-type) complications
Presyncopal (symptomatic, prefaint) 258.3 61.3 195.2
Short LOC 7.9 2.1 65
Major
Long LOC 18 05 0.9
Prolonged recovery 24 0.8 1.0
Injury 1.1 0.3 0.1
Systemic (other) complications
Citrate
Minor 121.4 112.8
Major 2.2 0.4
Allergic (minor, major) 0.1 0.4 0.2
Other (minor, major) 0.6 1.0 1.0
All systemic
Rate 2724 190.1 317.9
Number of events 163,663 8,546 ) 7,255
OR* (95% Cl) : 1.00 0.69 (0.68-0.71) 1.17 (1.15-1.20)
Phlebotomy-related complications :
Small hematoma 74.5 377.0 217.9
Major
Large hematoma 0.4 9.4 19
Suspected nerve irritation 0.7 0.8 0.1
Suspected arterial puncture 1.1 0.2 0.4
Phlebotomy-related
Rate 76.7 387.5 220.3
Number of events 46,152 17,420 5,027
OR (95% Cl) 1.00 5.21 (5.12-5.31) 2.91 (2.83-3.00)
All reactions
Rate 348.9 577.5 538.3
Number of events 209,815 25,966 12,282
OR (95% C) 1.00 1.70 (1.67-1.72) 1.57 (1.54-1.60)
Major reactions
Ratet 7.4 5.2 33
Number of events 4,443 232 76
OR (95% Cl) 1.00 0.70 (0.61-0.80) 0.45 (0.36-0.57)
Outside medical care
Rate 3.2 2.9 29
Number of events 1,903 132 66
OR (95% ClI) 1.00 0.93 (0.78-1.11) 0.91 (0.72-1.17)
* ORs shown for univariate analyses compared to the rate for WB collections.
1 Excluding large hematoma; univariate comparison of donation types.

Allogeneic WB donation and complications

The most common complications associated with alloge-
neic WB collections were systemic (syncopal-type) reac-
tions (272.1 per 10,000 donations), most of which were
mild symptomatic (presyncopal, prefaint) reactions that
occurred at an overall rate of 258.3 per 10,000 donations
(2.5%; Table 2). Of the major reaction categories, the most
frequently reported was prolonged recovery (2.4 per
10,000 donations) or LOC for more than 1 minute (1.8 per
10,000 donations). The overall complication rate
decreased with increasing donor age (Fig. 3) for both first-
time and repeat donors (data not shown).

Young donors (<20 years old) accounted for 874,922
(14.5%) WB donations in 2006 and had a significantly
higher reaction rate than older donors (Fig. 3). An analy-
sis of complications in these young donors is presented
elsewhere.!® Multivariate analysis confirmed that
regional blood center, age, sex, and first-time donation

status are independent correlates for adverse events
(Table 3). Donor age was the strongest independent
predictor of complications; the effect of age effectively
leveled off above age 40, although the differences
between age groups was still significant. Other variables,
including donor race, height, and weight, were not
available on all donations for inclusion in this analysis.
The overall complication rate was lower but the propor-
tion of small hematomas was higher in the older age
group (>60 years) compared to younger age groups
(Fig. 3).

Overall, 1,903 WB donors had outside medical care
documented after a complication, for a rate of 3.2 per
10,000 collections. Forty-six of these donors reported hos-
pitalization after donation. The observed rate of reported
outside medical care after WB donation was higher after
first-time (5.7 per 10,000) compared to repeat (2.6 per
10,000) donations (OR, 2.2; 95% CI, 2.0-2.4). Major
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Complication rate per 10,000

Fig. 1. Variability in rate of complications among ARC blood.
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syncopal-type reactions (long LOC, LOC or presyncope
with injury, prolonged recovery} accounted for approxi-
mately half (46%) of all reactions associated with outside
medical care (Fig. 6A).

Automated collection procedures and
donor complications

The most common complications associated with PLT
and R2 donations were hematomas, followed by systemic
citrate and syncopal-type reactions (Table 2). The rate of
systemic reactions was lower for PLT donations (OR, 0.69;
95% CI, 0.68-0.71) and slightly but significantly higher for
R2 donations (OR, 1.17; 95% CI, 1.15-1.20) compared to
WB collections in a pairwise, univariate analysis (Table 2).
The rate of major reactions, however, was significantly
lower for both PIT (OR, 0.70; 95% CI, 0.61-0.80) and R2
(OR, 0.45; 95% CI, 0.36-0.57) collections. The rate of
outside medical care was not significantly different for PLT
and R2 (2.9 per 10,000) collections compared to WB (3.2
per 10,000) collections (Table 2).

As with WB donation, younger donors were more
likely to experience complications after PLT (Fig. 4) and R2
(Fig. 5) collection, but the influence of age on the rate of
donor complications was considerably less pronounced.
Multivariate analysis confirmed that regional blood
center, age, sex, and first-time donation status are inde-
pendent correlates for adverse events (Table 3). Age was a
strong independent predictor of complications, but there
were no differences in complication rates in age groups
above age 50 for R2 and above age 30 for PLT donation.
Significant differences were observed among regional
blood centers.

The observed rate of reported outside medical care
was not different for WB (3.2 per 10,000) compared to
automated procedures (2.9 per 10,000), but the composi-
tion of reaction types differed. Phlebotomy-related com-
plications (large hematoma, possible nerve irritation)
accounted for 39 percent of outside medical care reported
after automated collections (Fig. 6B). Eight of these 198
donors reported hospitalization after donation.

DISCUSSION

A safe and adequate blood supply encampasses efforts to
minimize the risk to the blood donor as well as the trans-
fusion recipient. The present analysis represents the first
report of the comprehensive ARC donor hemovigilance
program. The data confirm the overall safety of blood
donation and provide an estimate of risk currently associ-
ated with allogeneic WB and automated collection proce-
dures. We have used the data internally for program and
procedure development and have shared the data exter-
nally with various organizations to evaluate the impact
of regulatory guidance and inform public policy. For
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example, the lower rates of serious reactions with auto-
mated PLT collections compared to WB collections served
as the basis for a response to the FDA draft guidance on
collection of PLTs by automated methods®® to demon-
strate that additional requirements for medical supervi-
sion at the collection site were unwarranted and would
unnecessarily restrict PLT collection and availability.
These data support the conclusions reached by others
that plateletpheresis is associated with the lowest rate
of systemic reactions compared to other collection
procedures.*

The AABB has proposed the establishment of a
national biovigilance program that would include a donor
adverse reaction component.’? The national collection of
donor complication data is currently constrained by the
different definitions of reactions and data collection pro-
cedures in use by blood centers in the United States,
which prevents direct comparisons between the compli-
cation rates reported by various blood collection agen-
cies. We now demonstrate that even in a large multicenter
system utilizing standardized protocols, considerable
variability is apparent in reported reaction rates among
different regional blood centers. Reaction rates are known
to vary with donor age, gender, race, weight, and first-

time donation status.®'° A major source of the variability
we observed between regions relates to donor demo-
graphics, as evident by the strong correlation of higher
reaction rates with the higher proportion of young donors
in spring and fall compared to summer and winter. Nev-
ertheless, we show that the blood region was also inde-
pendently associated with complications separate from
donor characteristics (age, donation status, and sex), sug-
gesting that regional practices may affect the likelihood of
reactions or the recognition and reporting of those reac-
tions. Regional variability likely cannot be eliminated
because of the inherent subjectivity in evaluating and
recording donor complications. Any comparison of com-
plication rates between different regional centers, for
example, to evaluate staff performance or compare col-
lection equipment, could be misleading. Despite the vari-
ability among regions, data from an individual region or a
small subset of regions in a more controlled operational
trial have proven useful to evaluate donor complications
associated with implementation of new collection proce-
dures or new equipment (data not shown). Further analy-
sis of the regional variability may provide insight into
practices consistently associated with lower complication
rates.
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TABLE 3. Multivariate logistic regression analysis of donor complications
wWB R2 _ Apheresis PLTs

Effect Point estimate 95% Wald Ci Point estimate 95% Wald Cl Point estimate 95% Wald Cl

Age (years) ‘
16 342 3.14-3.73 : NA © NA NA NA
17 3.33 3.07-3.62 2.94 1.56-5.55 . 1.77 1.37-2.28
18-19 3.1 2.87-337 3.02 11.60-5.70 1.69 1.37-2.08
20-29 2.25 2.07-2.44 2.83 1.50-5.33 1.30 1.08-1.56
30-39 1.33 1.22-1.44 2.30 1.22-4.33 1.06 0.88-1.28*
40-49 0.95 0.88-1.03" 1.95 1.04-3.67 0.90 0.75-1.08*
50-59 0.84 0.78-0.92 1.84 0.98-3.46* 0.92 0.77-1.11*
60-69 0.80 0.73-0.87 1.81 0.96-3.41* 0.95 0.79-1.14*
70-79 0.80 0.73-0.87 1.69 0.89-3.23* 0.84 0.70-1.02"
80+ 1.00 (referent) 1.00 (referent) 1.00 (referent)

. Sex C

Male 0.56 0.55-0.56 0.64 0.60-0.68 0.53 0.52-0.55
Female 1.00 (referent) 1.00 (referent) 1.00 (referent)

Donation status
First 2.00 1.98-2.02 1.33 1.25-1.40 ‘ 2.04 1.83-2.28
Repeat 1.00 (referent) 1.00 (referent) 1.00 (referent)

Region
A 0.90 0.86-0.94 3.6t 2.72-4.80 1.99 1.75-2.26
B 2.00 1.90-2.10 1.18 0.16-8.83* 2.25 1.94-2.62
C 0.90 0.86-0.95 0.88 0.65-1.19* 0.98 0.85-1.13*
D 1.1 1.06-1.16 1.90 1.42-2.55 1.52 1.34-1.72
E 0.82 0.78-0.86 1.15 0.86-1.54* 1.83 1.61-2.08
F 2.12 2.01-2.24 5.34 3.72-7.68 1.58 1.34-1.85
G 2.46 2.35-2.58 3.52 2.60-4.77 2.48 2.18-2.83
H 0.84 0.80-0.88 1.00 0.72-1.38* 1.54 1.35-1.76
t 0.54 0.51-0.57 0.89 0.66-1.19* 2.12 1.87-2.40
J 0.85 0.81-0.90 1.18 0.87-1.60" 2.72 2.34-3.15
K 1.96 1.87-2.06 1.56 1.16-2.09 2.54 2.20-2.92
L 1.25 1.19-1.31 1.68 1.25-2.26 : 3.15 2.77-3.58
M 1.10 1.05-1.16 1.15 0.82-1.63* 1.68 1.45-1.96
N 0.44 0.42-0.47 0.26 0.18-0.36 2.13 1.82-2.48
(o] 0.82 0.78-0.86 NA NA 0.75 : 0.64-0.88
P 1.40 1.33-1.46 NA NA 1.37 1.20-1.57
Q 0.59 0.56-0.62 0.44 0.32-0.60 1.35 1.17-1.55
R 1.20 1.14-1.26 2.80 2.04-3.83 247 2.14-2.84
S 0.79 0.74-0.84 0.46 . 0.29-0.72 0.09 0.04-0.20
T 0.93 0.89-0.98 2.76 2.07-3.69 0.64 0.54-0.77
U 1.39 1.32-1.46 1.70 1.25-2.32 0.13 0.10-0.19
\Y 0.94 0.89-1.00 0.74 0.52-1.04* 2.98 2.565-3.48
w 1.98 1.89-2.07 2.00 1.49-2.67 1.84 1.61-2.10
X 0.62 0.59-0.66 0.24 0.16-0.37 2.29 1.95-2.68
Y 2.39 2.27-2.52 4.13 3.07-5.54 2.22 1.91-2.56
4 124 ' 1.17-1.30 1.91 1.39-2.63 0.81 - 0.70-0.94
AA 1.36 1.29-1.43 1.39 1.03-1.87 2.22 1.93-2.55
BB 1.33 1.27-1.40 4.53 3.37-6.08 2.69 2.35-3.09
cC 1.10 1.04-1.17 0.83 0.57-1.19* 0.44 0.34-0.56
DD 1.64 1.66-1.71 1.77 1.32-2.39 2.06 1.79-2.38
EE 1.30 1.24-1.37 1.01 0.70-1.45* 1.01 0.86-1.19*
FF 1.05 0.99-1.12* 1.24 0.91-1.70* 0.03 0.01-0.07
GG 1.10 1.05-1.15 1.81 1.35-2.43 1.44 1.26-1.63
HH 215 2.04-2.26 NA NA 1.07 0.86-1.35
1] 0.69 0.65-0.73 0.42 0.28-0.65 0.55 0.46-0.65
JJ 1.00 (referent) 1.00 (referent) 1.00 (referent)

* Not significant.

Our experience also delineates the limitations of a
national hemovigilance program and identifies opportu-
nities for future improvement that may be tracked by the
program. The approach to classify the type of complica-
tion rather than to capture specific signs or symptoms
simplifies data collection, but we recognize that our defi-
nitions of donor complications are not mutually exclusive;
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for example, donors in the prolonged recovery category
may also have had LOC as a feature of their reaction. This
redundancy leads to having more than one code that can
be used to describe a reaction; in addition, more than one
type of reaction is possible. In both circumstances, staff
is instructed to record the reaction based on the most
severe symptoms. This subjectivity in evaluation and
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Fig. 6. Outside medical care reported after WB (A) and automated PLT and R2 collec-
tions (B). (A) WB (1,903 cases of outside medical care in 6,014,472 total WB
collections; 3.2 per 10,000). (B) Automated (PLT, R2; 198 cases of outside medical

care in 677,777 total automated collections; 2.9 per 10,000).

imprecision in coding undoubtedly contributes to
regional reporting variability.

The utility of collecting systemwide data on hemato-
mas and minor presyncopal reactions and the relevance of
a distinction between short LOC and long LOC have been
questioned. Hemovigilance efforts of a national system
should be focused on moderate and severe reactions,
which are more medically relevant than minor complica-
tions and require aggregation of data to evaluate trends
and the effect of interventions on rare events. However,
the common, minor reactions may provide important
information if their rate serves as an indirect measure of
the risk of more serious complications in individual blood
centers. For example, an intervention that achieves even a
small reduction in symptomatic (syncopal-type) reactions
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LOC or prefaint with injury

Prolonged recovery time

LOC or prefaint with injury

= 3
A 2:;‘
~ Large hematoma
D g 28% mates of the current risks associated

may predict a comparable reduction in

the infrequent, but more serious

syncopal-type complications including

LOC with injury. This assumption, while

logical, has not yet been proven because

16% alarge data set is needed to evaluate the

effect of any preventive measure on

infrequent but medically more serious
complications. Regardless, even the
common, mild complications are
unpleasant for the donor and reduce the
likelihood of return donation thereby

23% serving as a surrogate measure of the
donation experience.’>” Finally, we
noted lower complication rates in young
donors (<20 years) donating RBCs by
apheresis compared to WB donations,
providing a rationale for further study
and for possibly expanding apheresis
RBC donation programs in colleges and
high schools. . '

‘ Although blood collection estab-
lishments will likely not be able to elimi-
nate all risk to healthy volunteer donors,
they should continually foster a culture
of safety and make a concerted effort to
reduce the rate of donor complications,
not only for the donors’ health and well-
being but also to enhance the likelihood
of their future donation.” The ARC
hemovigilance program provides esti-

14%

with WB and automated collection pro-
cedures and lays the foundation of our
efforts to improve the donation experi-
ence. Establishment of a national donor
hemovigilance system may afford an
opportunity for systematic improve-
ment in donor safety in every collection
center. Our experience, however, cau-
tions against direct comparison of different blood centers
in the absence of risk adjustment for donor demographics
and consideration of differences in the identification, clas-
sification, and reporting of injuries.
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'ASSOCIATION BULLETIN #08-04

Date: August 28, 2008
To: AABB Members
From: J. Daniel Connor, MM, President .
Karen Shoos Lipton, JD, Chief Executive Officer
Re: Strategies to Reduce Adverse Reactions and Injuries in Younger Donors

This Association Bulletin contains information for the membership on strategies that may
mitigate the risk of injuries and adverse reactions in donors under 20 years of age. AABB
is issuing this bulletin in anticipation of the renewal of high school and college blood
drives. Blood collecting facilities may want to consider implementing some of these
strategies in an effort to reduce the incidence of injuries and adverse reactions in thlS
population of donors.

Association Bulletins, which are approved for distribution by the AABB Board of
Directors, can include announcements of standards or requirements for accreditation,
recommendations on emerging trends or best practices, and/or pertinent information. This
‘bulletin does not contain specific recommendations, nor does it create a standard or
accreditation requirement. It is based on reports from the AABB Younger Donors
Adverse Reaction Working Group, which includes physicians, nurses, administrators,
"communicafions and legal experts, and representatives from AABB, America’s Blood
Centers, the American Red Cross, annd Blood Centers of America. The working group
reviewed and discussed available information and, on the basis of current practices,
addressed three objectives: 1) reduce adverse reactions in young blood donors; 2)
eliminate donor injuries related to adverse reactions; and 3) address donor education and
consent issues related to young blood donors. The full texts of these reports, which are
included as appendix 1 and appendix 2 to this bulletin, contain a number of strategies that
may accomplish these objectives. Some of the suggested interventions are supported by
studies and data, while others represent a common practice or, a practice that is expected,
but not proven, to accomplish the stated obj e’ctiv'es.

Background

Volunteer blood donations are the basis of the nation’s blood supply. Donations are
recruited from a healthy population that ranges in age from 16 (state law permitting) to
75,years or older. During the past several years, blood collection facilities have placed
greater emphasis on donations from younger donors as donations from older donors are
declining due to individual health issues and other eligibility barriers. Reports from blood
collection facilities indicate thaf 10 to 20 percent ¢ of all whole blood collections in the



whe ear-olds are permitted to donate, the percentage of donations from this age
group 1§ even higher. The growth of this donation segment is related to the increase in
blood drives at high schools. Blood donors of high school age generally embrace the
opportunity to donate blood for a number of reasons; including their perception that
donating is a “rite of passage,” their attraction to the medical/technological aspects of
blood donation, and the fact that they can often be excused from class. They are also ideal
donors because they have lower deferral rates and, by experiencing donation early in hfe
they are more likely to continue donating in the future.

Unites now come from blood donors who are less than 20 years old-In states

As data from young donors and high school drives accumulate,it_has_hes&m,idia_rihgt__

the rate of adverse reactions is more frequent in this group of donors — as much as five

W Although serious syncopal reactions that can lead to
onor 1njury are rare, they are proportionately elevated in this group. Moreover, age

~ appears to be inversely related to the risk of suffering an adverse reaction. Several recent
studies document this phenomenon as well as various strategies to reduce adverse

.reactions. These published results have drawn greater attention to this issue among blood
collection facilities. Recognizing this new information and understanding the importance

of assuring donors a safe and satisfying donation experience, blood collection facilities
have joined forces to address safety for young blood donors.

Donor Adverse Reactions
The vast majority of blood donations are uncomplicated, with no side effects or
discomfort. However, a small number of donors experience bruising and/or bleeding at
the venipuncture site, mild nausea, or changes in consciousness, including dizziness,
prefainting, fainting or syncope leading to collapse or convulsions. The working group
focused specifically on change of consciousness reactions, such as syncope, that can lead
~ to donor injury if the donor falls. Several factors influence the risk of complications after
blood donation: inherent donor characteristics and predisposition toward reactions, blood
collection staff skill and experience, blood drive set-up and environmental site features,
and donor education before and after donation,

The literature, published studies and blood collection facility experience document donor
characteristics that correlate with higher syncopal complication rates-after whole blood
donation. These include Younglage, first-tisfie do;;a’tlon status, IO\Ei\ej;@ht low'bloot
volume, fen{@e der, andCaucasian ethnicify. Young age, total blood volume, and
first-time donafion status are known to be independent risk factors-and leading

_d Eietermmants of syncopal-reaetions.

Dbttt ottt i

Given these predisposing factors, the working group reviewed many field practices and
literature reports on measures to reduce reactions, including the following.
¢ Predonation education. Measures in this area greatly affect donor
understanding of what to anticipate and how to deal with discomforts that might
arise from donation. This area is addressed more specifically below under Donor
Educatlon



Blood drive environment and set-up. Although few published data or
information are available on best practices for drive set-up, the working group
recognized the importance of adequate ventilation, electrical outlets, and physical

“space for managing adverse reactions. Specific actions discussed include:

1. Procedures for site selection to ensure acceptable conditions that support
operation and guidance on discontinuing operations if the conditions become
unsuitable.

2. Controlled donor flow and adequate staff or volunteer availability.

Existence of a donation environment that can accommodate progressive

recovery strategles

4. Donor escorts, especrally from the chalr/bed to the postdonatlon area

(canteen).

5. Predonation area for hydration and nutrition.

6. Postdonation canteen/refreshment area. _

7. - At the canteen site, adequate staff or volunteers who are trained in

recognizing donation reactions.

8. Separate areas for recovering donors who may feel anxious or sick.

Additional practices and information relating to the listed strategies are contained

in the appended reports.

Staff supervision and nhlebotomist skills. Training and supervision of

el

_ collection staff are critical to the success of all blood drives and the safety of the

donor. For high school drives, in particular, providing extra or experienced staff
may mitigate the rate and impact of donor reactions. Blood collection facilities
should regularly review collections staffing, training,-and performance regarding

* managing reactions.

Interventions. Various field practices are currently in place to prevent donor
reactions, specifically in young donors. Although they are evolving practices, the
following practices should-be considered and evaluated by blood collection
facilities.

1. Donor Size/Age Criteria. The current eligibility requirement of a
minimum weight of 110 1b and a whole blood collection limit of 10.5
mL/kg are sufficient to protect most donors. These criteria are based on
the assumption that they would prevent drawing more than 15 percent of a
donor’s blood volume. Some blood collection facilities are considering

- changing those criteria to require that eligible donors have an estimated
blood volume greater than 3500 mL. Other practices include raising the
minimum weight to 120 Ib for young donors or collecting a smaller
volume of blood from young donors.

2. Distraction Strategies. Distraction techniques such as audiovisual
entertainment have been reported to be effective at putting donors at ease
during collection, based on reductions in self-reporting of reactions.

3. Hydration. In a few studies, donors who received water (500 mL, 30
minutes before donation) reported significantly fewer reactions. Blood
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collection facilities may want to provide donors less than 20 years of age
with beverages and encourage them to consume 500 mL of fluid within 30 -
minutes before phlebotomy.

4. Applied Muscle Tension (AMT). AMT is the repeated, rhythmic
contraction of the large muscles of the arms and legs and has been shown
to reduce presyncopal reactions in young donors. This techmque is also
easy to learn and safe to use.

5. Automated Collection Procedures. Automated two-unit red cell collections
have a favorable safety profile compared to whole blood collections in
young and first-time donors. The lower risk of reactions may be attributed
in part to the saline (volume) replacement. Expansion and further study of
apheresis red cell donation programs in high schools and colleges is
recommended.

6.  Postreaction Instructions. Under current standards, blood collection
facilities must have a process for treating donor adverse events and :
providing for emergency care as necessary (BB/TS Standard 5.3.2.1). Itis

~ advisable to include information for both donors and families. This issue is
addressed in more detail below under Donor Education.

" Donor Injuries Resulting from Reactions

As it is a rare occurrence, there is no published information on injuries resulting from
blood donor reactions. Available data come from injury claims at large collection
programs. Current estimates predict approximately one serious injury per 200,000
donations. Injuries can occur when a donor has a syncopal reaction and collapses to the
floor, causing facial or other fractures and lacerations. Reducing these syncopal reactions
should, in turn, reduce these types of i injuries. Other environmental and operational
practices, including the use of additional staff and training in the management of
reactions in the recovery area, are evolving. Reinforcement of canteen observation and
escort policies and donor education about reaction recognition are also recommended.
Placing recovering high school donors on floor mats to prevent falls and injury is another

practice being evaluated. An accurate assessment of the impact of these measures awaits’ -

further collection of information on injury rates.

Donor Education

Predonation information, consent for donatlon and understanding how to manage
postdonation issues are critical to providing a satisfying donation experience and
ensuring that the donor returns for future donation. Because younger donors have
different backgrounds, expectations, and legal issues relating to their donation, donor
education and consent have special significance. Blood drives at high schools involve
additional considerations for education, legal responsibility, and parent/guardian
involvement. :

Predonation anxiety is associated with increased rates of reactions. Addressing common

. donor fears and suggesting useful coping techniques allays donor anxiety and improves



attitudes toward self-efficacy (the belief that one has the capability to manage a situation)
and future intention for blood donation. Predonation educational materials shouldbe
considered part of the consent process, in that information pertinent to the donation
process, possible reactions, and interventions is imparted before the decision to donate.
These materials will have greater impact if they are designed for the high school -
population, using age-appropriate language and graphics. They also may be presented in

- other adolescent-friendly formats, such as videos. Elements to be considered for inclusion
in such materials include:

e A general statement that most donors have uneventful donatlons and most
, reactions, when they occur, are minor. »
e A statement identifying which donors may be at increased risk for a reaction and
why (for example, young, first-time, female, or low-weight donors may be
especially at risk). '
o A brief description of the donation process to inform first-time donors about the
process and to alleviate anxiety about the unknown.

& Descriptions of possible techniques to prevent reactions and enhance coping
skills, and a brief explanation of the possible benefits of adhering to these
techniques.

e Statements describing blood collection facility pohc1es on parent/guardian
consent and confidentiality regarding test results, if applicable.

Blood collection facilities may want to consider targeting educational initiatives
on adverse reaction prevention strategies, coping strategies to reduce reactions,
responses to the management of delayed or prolonged donor reactions, and
continuity of care after release from the donation site to the following groups:

Chatrpersons, drive sponsors, and high school officials.
Training, recruitment and collection staff.
High school students and their parents.
¢ School nurses.
Ideally, this information should be delivered close to the day of donation.

Postreaction Education and Care. Collection facilities must have a process for treating
donor adverse events and providing for emergency care as necessary (BB/TS Standard
5.3.2.1). Measures to improve communication with parents/guardians or school nurses
should improve the management of delayed reactions after leaving the site, and collection
facilities may want to consider the following measures:

¢ Communication with parents/guardians if a donor experiences loss of
consciousness or other reaction or injury, in accordance with state laws

¢ Continuation of care for young donors who have had a reaction at the sne or at
home

Consent and Confidentiality for Young Blood Donors



Informed consent practices for blood donation that successfully incorporate the principles
of autonomy, veracity, beneficence, and non-maleficence have not been uniformly
adopted. Consent to donate is not a simple signature on a form, but a broader process that
involves education of the donor and, in some cases, the donor’s parents/guardians.
Moreover, consent. for the collection of blood from 16- and 17-year-old minors, presents
certain dilemmas and challenges. For example, state laws that allow 17-year-olds to
consent to donate bloodare generally silent on the minor’s right to consent to subsequent
medical treatment for an adverse reaction. States that allow 16-year-olds to donate often
require parent/guardian permission/consent and, therefore, do not imply any emancipated
status. Even though these states may recognize that minors have the decisional skills
necessary to make informed health-care decisions, parents/guardians still have legal
responsibility for their minor children. :

Policies on notification of blood donors of test results must be carefully reviewed against
state statutes relating to minors. In addition, minors are generally prohibited from
participating in research without parent/guardian permission, although blood collection
facilities may perform certain reqmred or elective tests under research protocols that have
been approved by an institutional review board.

Again, in providing adolescent donors (and pafents/guardians)-wi& information ’
regarding the donation process and possible consequences (reactions), collection facilities
are meeting an essential requirement of consent. Blood collection facilities may want to:

Consult state statutes regarding age and consent requirements.
Become familiar with the literature specxﬁc to adolescent/minor informed consent
and assent. '

¢ Provide information to both donors and parents/guardxans as part of the consent
process. Some facilities provide a parent/guardian consent form that functions as
both informational brochure and consent documentation.

e Incorporate information specific to increased rates of reactions among certain
groups such as young and/or first-time donors into the consent process.

» Incorporate statements regarding release of information to parents regarding

" medical care for reaction and/or positive test results, as applicable.

Summary and Conclusnons

While most donations are uneventful, even a minor compllcatlon reduces the likelihood
of areturn donation. Serious injury following blood donation occurs infrequently among
all donor age groups, but adolescent donors are disproportionately affected compared to
older adults. Virtually all dimensions of the blood donation experience have some impact
on the risk of complications. The working group has performed a comprehensive review
of current views and practices involving adverse donation reactions in young donors.
AABB believes that blood collection facilities may find this information useful in
addressing the unique challenges presented by young donors and high school blood
drives. Although zero risk may not be attainable even in adults, the rate of complications
in minors calls for ongoing attention to a sustained operational effort that is continually
focused on donation safety. AABB encourages blood collection facilities to continue to



monitor and report the effectiveness of interventions on blood donor reaction rates and
injuries resulting from reactions. AABB’s effort to establish a national hemovigilance

. program in the United States could provide not only a uniform reporting structure for
adverse events after blood donation, but also the mechanism to monitor the effectiveness
of efforts to prevent the rare but more medically serious donation-related complications.



Appendix 1.
Recommendations to Minimize the Risk of Reactions and Injuries
- among Adolescent Blood Donors

Contributing authors: Anne Eder, Hany Kamel, Chn’Stopher France, Diane Killion, Patsy

Shlpley, Pat Demaris, Nina Salamon, and Dan Waxman for the AABB Younger Donors Adverse

Reaction Working Group, Robert Jones, MD, Chair

Objectives

1.

2.

To review published data and reported efficacy of methods to enhance the donor experience and/or
reduce donor complications.

To identify the different approaches.that could be employed at blood centers to reduce donor
complications at high school drives.:

Executive Summary

Young (16- and 17-year-old) donors now represent a significant and increasing proportion of the
whole blood donations to blood centers in the United States, accounting for about 8% of the
whole blood donations or 450,000 whole blood collections to the American Red Cross (ARC) in
2006. However, young age, total blood volume, and first-time donation status are known to be
independent risk factors and leading determinants of donation-related complications.'® Even
minor reactions or temporary deferrals decrease the probability of return donation,*® and efforts
to improve the donation experience are crucial to sustain the blood supply. The increasing
dependence on recruiting and retaining young blood donors requires a committed approach to
donor safety, especially on high school blood drives.

A multldxmensmnal view of the donatxon experience recognizes several aspects that influence the
risk of complications after blood donation: inherent donor characteristics and predisposition
toward reactions, blood center staff éxperience and skill, blood drive set-up and environmental
features, and donor education before and after donation. Donor characteristics that correlate with
higher syncopal complication rates after whole blood donation include young age, first-time
donation status, low weight, low blood volume, female gender, and Caucasian race. While these
may not all be independent predictors of reactions, an additive effect of risk factors has been
observed in Caucasian high school students.’ Several interventions (eg, asking the donor to drink
16 oz of water shortly before donation, or using applied muscle tension or distraction techniques)
have been used to improve the donation experience and/or reduce donor complication rates.
However, no single measure has been shown to prevent a majority of systemic reactions or to
prevent the rare but more serious complications, such as syncope-related injury after whole blood
donation. »

Consequently, blood centers should consider all factors that affect a donor’s experience and
influence the risk of complications before deciding which safety measures should be enhanced or
mtroduced at the blood center. The effectiveness of safety initiatives should be monitored
continuously, the resultant data should be peer reviewed, and the conclusions should be
published to further our understanding of the efforts to improve the donation experience.



The working group recommends that blood centers consider one or more of the measures in the
following areas and develop monitoring programs to continually assess safety:
Predonation education
Drive set-up and environment
Staff supervision and phlebotomist skills
Interventions
A. Donor eligibility criteria
1. Deferring young donors with blood volumes below 3500 mL
2. Raising the minimum acceptable donor weight
3. Collecting a smaller volume of blood from young donors
B. Distraction strategies
. C. Water ingestion
D. Muscle tension ,
E. Automated red cell collection procedures with volume replacement
V. Postreaction instructions to donor and parents

25!-:'!—'

This report summarizes the available evidence on these different approaches to improve the
donation experience, identifying expected benefits and limitations, providing directions for
additional development and study, and estimating the impact on the donor base, to offer
consensus-derived recommendations in each area.

L..Predonation Education

Efforts to address common donor concems and provide useful coping suggestions were
associated with improved scores on questionnaires that assessed donor attitude, anxiety, self-
efficacy (the belief that one has the capability to manage a situation), and intention toward blood

 donation.'® There are no published studies that evaluate the effect of blood donation recruitment

materials on complication or return donation rates.

Some unpublished data and anecdotal expenence suggest that educational initiatives may be
effective at reducing donor reactions and equipping the donor and staff to better handle reactions
to reduce their severity. P

Recommendations

Educational efforts may be reasonably expected to improve the donation experience and could
result in greater participation and more effective preparation. Such efforts would not be expected
to have an adverse impact on the donor base.

Educational initiatives should target the following groups:
¢ Chairpersons and sponsors of drives.
¢ High school students and their parents.
- o Educational material directed at donors should contain prevention strategies or
anticipatory guidance and content that address coping strategies to reduce reactions.
o Educational material should be delivered close to the day of donation.
- School nurses.



.

o School nurses should be informed of the pathophysiology of donation-related adverse
, reactions and the care of donors who experience complications.

o In advance of the drive, donor centers should discuss with school nurses or administrators
how to handle delayed or prolonged donor reactions and ensure continuity of care after
release from the donation site.

¢ Training recruitment and collection staff.

The optimal delivery method for student education is unknown but may include the following

formats:

-~ o An educational DVD. A video format <10-minutes meets the students in their world and offers
. school administrators the ability to provide the education at thelr convenience.

¢ Podcast, downloadable eBook, or similar application.

* Blood center Web site.

II. Drive Set-Up and Environment '

Blood centers should have systems in place to process donors efficiently and to provide good
donor care regardless of age. Scant data exist on best practices for drive set-up, and sponsor
groups are often challenged to find enough space to accommodate a blood drive. Most blood
centers require site clearance before a blood drive. It is important to tour the location where the
drive is held to ensure adequate ventilation, electrical outlets, and space for handling adverse
reactions. In a recent Blood Centers of America (BCA) survey of 26 blood centers, nine centers
responded that the drive set-up for high school drives differs from the set-up for regular drives
(Nina Salamon, personal communication).

Recommendations ,

Supportive evidence does not exist to recommend more controlled or restrictive requirements for
drive site set-up. However, blood centers are encouraged to share their experiences to identify
‘and implement processes that may lessen the likelihood of adverse reactions:.

A predonation hydration station or other mechanism to provide fluids to donors before donation
should be part of the drive planning or set-up. Donors should be allowed to leave the area with
bottles of water, which may require obtaining permission from the school administrators before
the drive. .

Blood centers should consider the following aspects of drive set-up that may mitigate adverse

reactions at high school blood drives:

‘e Procedures for site selection to ensure acceptable conditions to support operations and guidance on

' discontinuing operations if the conditions become unsuitable. .

e Controlled donor flow and adequate staff or volunteer availability. Arrival and departure patterns of
students should be evenly spaced to minimize commotion. Access to the donation area should be

~ limited to student donors, designated volunteers, and staff. :

» Progressive recovery strategies (eg, dangling legs over the side of the bed with appropriate attention)
before having the donor stand up after donation.

e Escorting donors through the process—in particular, from the chair/bed to the canteen. Consider
asking the volunteers to escort the donors back to class.
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Predonation canteen table for fluid and food (see Water Ingest:on below).

Postdonation canteen/refreshment area:

Designated area and donor flow should allow for adequate time in the canteen after donation.

Have donors lie on gym mats on the floor during the recovery and refreshment period after donation.

Inform donors of the importance of staying in the canteen for an allotted time (eg, about 15 minutes)

or until they feel well. Emphasize to staff the importance of instructing donors to stay in the recovery

area for sufficient recovery time.

e Additional staff or volunteers who are trained in recognizing prereaction signs and symptoms can be
" assigned to the refreshment area.

e Area for recovery. Wheel chairs should be available. Mobile screens can be used to separate or

partition areas for students who may feel anxious or sick.

II1. Staff Supervnsnon and Phlebotomist Skills

Employees in the collections department are crucial to the mission and success of the blood
center and the safety of the blood donor, regardless of donor age. In one study, phlebotomists
exhibiting high scores on a standardized social skills test were associated with reduced donor
reaction rates.'! Phlebotomy training was somewhat significant in this study.

Some donor centers try to mitigate adverse reactions at high school blood drives by including
staff who are well trained to recognize signs of reactions and to take steps to prevent them, and
by increasing the number of staff or other supervisory personnel at high school drives.

- Recommendations ,
Although donor centers often report having “extra” or “more expenienced” staff on high school
blood drives, there is no industry benchmark for a staffing model or skill-set requirements. The
importance of hiring practices and staff training in interpersonal skills as well as technical skills
.18 recognized. Blood centers are encouraged to continually evaluate their training programs and
staff performance.

IV. Interventions
_ A. Donor Eligibility Criteria
1. Deferring young donors with blood volumes below 3500 mL.
- o Postdonation syncope may be a manlfestatlon of the typical “vasovagal” attack, but can be a
manifestation of hypovolemia.
¢ One study of whole blood donations showed that a donor blood volume below 4775 mL is an
independent risk factor for faint and prefaint reactions.2
¢ The risk of reaction decreases substantially with increasing blood volume in the ranges
assessed.2 Five percent of donors in this study had blood volumes of less than 3500 mL,
which guarantees that their 525-mL donatlons would be more than 15% of their blood
volumes,
e Implementing an additional requirement for minimum total blood volume (>3500 mL) may
reduce the nisk of faint and prefaint reactions. A bivariate analysis indicates that the
difference in reaction rates based on donor blood volume is larger at a younger age than the
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difference for donors older than 30 years of age. An intervention applied to young donors
(<23 years of age) with low blood volumes (<3500 mL) might reduce reactions.

Preliminary unpublished data (Hany Kamel, personal communication) have indicated that ,
donors younger than 23 years of age whose blood volume is <3500 mL represent 9% of
donors younger than 23 and 1.6% of all donors. The rate of moderate and severe reactions in
this group is 1.7% (compared to a 0.33% overall rate of moderate and severe reactions). A
policy of excluding donors <23 years of age with blood volumes <3500 mL is estimated to
eliminate 20% of moderate and severe reactions in this age group (9% of all reactions). i

2. Raising the minimum acceptable donor weight.

[ 2

Trouern-Trend et al1 reported a reaction rate of 0.46% in donors weighing <120 Ib compared
to a rate of 0.14% in the reference group of donors weighing 150to0 179 1b.

In high school students, Newman et al12 reported a reaction rate of 16.9% in donors
weighing <130 1b compared to a rate of 8.2% in donors weighing 130 1b or more. Donors
weighing <130 Ib, represented 4.1% of all donors (118/2894).

- In one study,6 22 of 32 (69%) injured 16- and 17-year-old donors who received outside

medical care for donation-related injuries weighed >130 Ib; only 4 of 32 (12.5%) weighed
less than 120 Ib. Selection criteria based on donor-reported weight, therefore, would be
expected to prevent only a small fraction of the injuries sustained by adolescent donors.

3. Collection of smaller volume of blood from young donors.

Two abstracts13,14 demonstrated equivalent overall safety profiles for 450-mL and 500-mL

- whole blood collections. In these studies, donors were not stratified by factors known to

predispose to systemic reactions (eg, age, weight, experience, etc). It is possible that any
beneficial effect of collecting smaller volumes from young and/or low-weight donors may
have been masked.

Tomasulo et al15 measured the weight of whole blood units collected in a 450-mL bag,
calculated the percentage of blood volume removed, and reported donor reaction rates in :
different donor groups. Female donors who had 14% to 16% of their blood volume removed
were more likely to experience a reaction than those who had only 10% removed. The
authors concluded that donors weighing 110 to 119 1b had an increased reaction rate, which
was attributed to collection volume

Recommendations (Donor Eligibility Criteria) -

Studies have identified subgroups at higher risk that may benefit from havmg different selection

criteria. The current eligibility requirement for minimum weight of 110 Ib and to limit collection
to 10.5 mL/kg is sufficient to protect most, but not all, donors. This requirement was based on
the assumption that it would prohibit drawing more than 15% of a donor’s blood volume. Recent
data suggest that this assumption is not accurate” and a new standard approach may be needed to
limit whole blood collection to no more than 15% of the total blood volume for adolescent
donors. Although the reduction in reaction rates for a given change in selection criteria can be -
estimated by multivariate analysis, it is not known if implementation of a given policy will
achieve the predicted results. Blood centers are encouraged to evaluate the potential

effectiveness of different donor selection criteria in preventing reactions and injury.
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B. Distraction of the Donor During Collection

It is widely recognized that distraction techniques are effective at putting donors at ease during
collection. In a small study the use of andiovisual distractions reduced the self-reporting of
vasovagal reactions.'® Some examples of easy-to-implement audiovisual distractions for donor
drives include allowing the use of MP3 players or providing headsets with music, encouraging
applied muscle tension activities, and placing donor chairs back to back. '
Recommendations _ ~

Blood centers should provide education to donors on permissible activities for distraction that
may increase their sense of control during the donation. Blood centers should instruct staff on the,
importance of distraction as a possible way to reduce reactions.

* C. Water Ingestion

“To date, two studies have been published on the effects of predonation hydration on blood donor
reactions. In a randomized controlled trial, 83 male and female first-time donors (median age =
19) consumed 500 mL of water 30 minutes before allogeneic whole blood donation.'” Results
indicated that the donors who received water reported significantly fewer presyncopal reactions
(eg, faintness, dizziness, weakness) as compared to those who did not hydrate. This finding was
later confirmed in a study of nearly 9000 high school donors (17-19 years of age) who consumed
473 mL of water 0 to 30+ minutes before phlebotomy.'> Based on donor reactions recorded on
the health history form, reaction rates were reduced 21% by predonation hydration (water = 9.9%
reaction rate; no water = 12.5% reaction rate). Additional analyses indicated that reaction rates
were lowest for those who consumed water within 10 minutes of the phlebotomy, with reaction
rates increasing with longer lag times.

Although there are only two published studies on the effects of predonation hydration on donor
reactions, additional laboratory research has demonstrated that acute water loading increases
‘blood pressure, peripheral vascular resistance, and cerebral blood flow, and can serve as an

effective prophylams against vasovagal reactions in healthy individuals undergoing orthostatlc
challenge.'®

Table 1. Summary of Reductions in Donor Reactions Observed as a Function of Predonation
Water Loading vs Standard Donation Control

Hanson and France'’ 0.48 091 1479
(2004) (BDRL, log units) | (BDRY, log units) ¢
Newman et al'? 0 %

99 A)_ 12,5/0. 121%
(2007) (donor reactions) (donor reactions)

Note: The BDRI, or Blood Donation Reactions Inventory, is a self-report measure of donor
reactions such as faintness, dizziness, weakness, etc. Elevations on this scale predict donor
non-return over and above the effect associated with reactions recorded on the donor record.
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Recommendations -

Based on existing evidence that predonation hydration can help prevent presyncopal reactions in
both male and female donors, does not interfere with the donation process, and is perceived by
collection staff as easy to implement, donors should be provided with 500 mL of water or fluid
and encouraged to consume the water approximately 10 miinutes before phlebotomy.

D. Muscle Tension

To date, four studies have been published on the effects of apphed muscle tensron (AMT) on
blood donor reactions. Although AMT exists in many forms, it typically involves repeated,
thythmic contraction of the large muscles of the arms and legs. In the first study to apply this
technique in the context of blood donation, a brief video was used to teach AMT to a small group
(n=37) of relatlvely mexperienced donors (ie, O to 2 prior donatrons) Compared to controls
who did not view the video, donors who learned AMT reported significantly fewer presyncopal
reactions (eg, faintness, dizziness, weakness) following donation. Furthermore those who said
they used AMT throughout the donation had the fewest reactions.

The beneficial effects of AMT were confirmed and extended in a larger study of 605 young
* donors (mean age = 22; mean prior donations = 3.5).%? In this study donors were randomly
assigned to 1) standard donation, 2) AMT predonation (placebo control), or 3) AMT during
donation (intervention). In both AMT conditions the donors learned the muscle tensing technique
from a brief video presentation. To control for positive expectancy effects, participants in the
AMT predonation (placebo control) condition were instructed to practice AMT from the time
. they sat down in the donation chair until just before needle insertion. Overall, the results
indicated that AMT had a beneficial effect for female, but not male, donors. Specifically, female
donors assigned to the intervention condition reported significantly fewer presyncopal reactions,
- required fewer donation chair reclines, and were more likely to produce a full unit of blood than
females in the placebo or standard donation condltrons (the placebo and standard donatron _
conditions did not differ).

In a separate sample of donors (n = 467), presyncopal reactions were attenuated for both male
and female donors assigned to the AMT intervention instead of either placebo control or standard
donation (which did not differ).Z Most recently, 1209 donors (50% female, mean age =22, mean
_ prior donations = 2.2) were randomly assigned to either standard donation or one of five forms of -
muscle tensing.2* Donors assigned to AMT viewed a brief video depicting repeated muscle
tensing of the 1) full body (arms, legs, and abdomen), 2) lower body only (legs and abdomen), 3)
upper body only (both arms), 4) upper body only with distraction (both arms, but instructed to
attend to nondonation arm) or 5) donation arm only. When compared to standard donation, full
body AMT replicated prior effects of significantly lower reports of presyncopal reactions and
fewer donor chair reclines. Similar benefits were observed for lower body AMT, but not upper
body AMT, suggesting that tension in the legs and lower abdomen are important components of

- the beneficial effects of AMT. Upper body AMT with distraction was also associated with a '
significant reduction in presyncopal reactions, suggesting that AMT benefits may also derive, at
least in part, from distraction.

In addition to research in the blood donation context, AMT has been used for decades to
successfully treat patients with syncope related to blood and injury phobia®?’ as well as other
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causes of vasovagal syncope.**** Laboratory studies suggest that AMT may help prevent
syncopal and ?resynoopal reactions by increasing blood pressure and cerebral blood flow and
oxygenatlon 3539

Table 2. Summary of Reductions in Donor Reactions Observed as a Function of Apphed
Muscle Tension vs Standard Donation Control

Ditt t al2 2003) | -
itto e ( ) 4.9 | 6.3 . 122%
(BDRI units) (BDRI untts) -
All donors = 0.43 0.47 18%
BDRI) log BDRI '
Ditto et al®® (2003) (log BDRD (log BDRD
Female donors = 0.55 o
0.44 (log BDRI) " (log BDRI) v20%
Ditto and France® h
(2006) 0.35 0.45 V22%
(log BDRI) (log BDRI)
Ditto et al** (2007) 0.42 ' 0.52 119%
, (log BDRI) (log BDRI)

Note: The BDRI, or Blood Donation Reactions Inventory, is a self-report measure of donor
reactions such as faintness, dizziness, weakness, etc. Elevations on this scale predict donor
non-return over and above the effect associated with reactions recorded on the donor record.

Recommendations _ ,

Based on existing evidence that AMT is easy to learn, safe to use, and effective at reducing or
averting presyncopal reactions in young donors, donor and staff instruction in this technique is
recommended. Different approaches are possible but should be focused on tensing the large
muscles of the legs and abdomen during donation. Further study is encouraged to evaluate the '
effectiveness of the intervention in reducing reactions and injuries after donation.

V. Automated Red Cell Collectlon

The safety of automated.collection of Red Blood Cells (RBCs) has been compared to whole
blood donation.*** In the American Red Cross experience, the vast majority of adverse reactions
to Whole Blood (WB) and 2-unit RBC donation were minor, systemic complications (eg,
prefaint, citrate reactions).*’ The overall rate of complications was marginally greater for 2-unit
RBC:s than for WB collections (320.3 vs 274.5 per 10,000 collections; odds ratio, 1.17 (95% CI,
1.15 to 1.20).
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Table 3. Risk Factors for Donation-Related Complications*

Blood volume < 3500 mL 349 .88 (2.57-3. :

Age = 17-18 years* 396 , 4.19 (3.94-4.45) 2.78 (2.59-2.98)
Age=19-24years =~ = | 274 2.87 (2.68-3.06) 2.39 (2.23-2.56)
First-time donor* 275 2.80(2.66-2.94) 2.20 (2.07-2.33) .
Race = Caucasian ethnicity’ | 14.3 3.42 (2.63-4.46) 215(1.64-282) . =

Blood volume = 23.5 2.97(2.77-3.17) 2.09 (1.90-2.31)
3500-4000 mL} ~

*Donor reaction rates and odds ratios of combined mild, moderate and severe reactions by
donor characteristics compared to donors without reactions.”

« TIncludes age group, gender, donation history, race/ethnicity, estimated blood volume, pulse,
systolic blood pressure, and blood center as covariates.

: ICompared to the reference group: blood volume >4775 mL; age 25-65; repeat donor, and
Black, non-Hispanic ethnicity.

However, the rate of major systemic complications (loss of consciousness, loss of consciousness
with injury prolonged recovery, major citrate) in 2-unit RBC donations was lower compared to
the rate in WB donations; in particular, for donors <20 years [odds ratio, 0.41 (95% CI, 0.32.to -
0.53)).* Blood Systems demonstrated that manual WB collections have a low incidence of
moderate and severe reactions (47.1 per 10,000 collections, 0. 47%).* Single-unit RBCs
collected by apheresis have the same safety profile (37.44 per 10,000 collections, p > 0.20).

- Two-unit RBC collections by apheresis and plateletpheresis collections have a significantly
lower reaction rate (15.65 per 10,000 collections, p < 0.00005; and 14.84 per 10,000 collections,
p <0.00005, respectlvely)

'Automated 2-unit RBC collections have a favorable safety profile compared to whole blood

~ collections, with a lower risk of major systemic complications compared to whole blood
donation. This benefit is most pronounced among young and first-time donors, providing a

~ rationale for further study and for possibly expanding apheresis red cell donation programs in
colleges and high schools. :

- The apparent safety advantage of 2-unit RBC collections may be attributed to the saline
replacement during such procedures or to the more stringent criteria for such donations (the -
hematocrit, height, and weight criteria used to select donors for 2-unit RBC donations are
designed to select donors with larger red cell or total volumes than whole blood donors of
smaller stature). Further analysis is needed to tease out the true impact of volume replacement.
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Recommendations
The available evidence supports fm’cher study of expanding apheresis red cell donanon programs
in high schools and colleges. ,

VL. Postreaction Instructions to Donors and Parents -

Donor centers must have procedures for postreaction care of donors (Standard 5.3.2.1).*?

Measures to improve communication with parents/guardians or school nurses may decrease the

likelihood of delayed reactions after leaving the site, and donor centers should consider the

following aspects: . ‘

¢ Communication with parents/guardians that the donor experienced a loss of consciousness or other
reaction or injury, in accordance with state laws.

o Blood centers should ensure that donors who have had a reaction receive continued care while they
are still at the collection site and after they reach home.

Conclusions and Future Directions ,

Blood centers should recognize all the dimensions of the donation experience that affect the risk
of complications and consider one or more of the measures discussed in this report to enhance
~ safety on high school drives. Blood centers should also monitor the effectiveness of their efforts
to gauge progress and further refine their policies and procedures to protect donors and ensure a
good donation experience. Although most donations are uneventful, even a minor complication
reduces the likelihood of return donation. Serious injury following blood donation occurs
infrequently among all donor age groups, but adolescent donors are disproportionately affected
compared to older adults. In one study, the risk of syncope-related injury among 16- and 17-
year-donors was 5.9 per 10,000 donations compared to 0.4 per 10,000 donations by individuals
20 years or older (odds ratio, 14.46; 95% CI, 10.43-20.04).° Although the initiatives that have
been defined in this report to reduce donor reactions are predicted to also prevent some injuries,
the actual benefit of any specific action may be difficult to measure given the rarity of the
occurrence of donor injuries. Currently, it is also impossible to compare reaction rates across
- donor centers because of inconsistent definitions of what constitutes a reaction, different
reporting criteria, and variability in how individual phlebotomists recognize and report adverse
reactions. AABB’s effort to establish a national hemovigilance program in the United States will
provide not only a uniform reporting structure for adverse events after blood donation but also
* the mechanism to monitor the effectiveness of efforts to prevent the rare, but more medically
serious, donation-related complications. Although zero risk may not be attainable even in adults, -
the rate of complications in minors calls for ongoing attention to a sustained operational effort
that is continually focused on donation safety. :
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Appendlx 2.
Recommended Initiatives Concerning Education and Consent for
Adolescent Blood Donors

Contributing Authors: Mary Townsend, Terry Perlin, and Jed Gorlin for the AABB
Younger Donors Adverse Reaction Working Group, Robert Jones, MD, Chair

L Initiatives to Improve Education of Adolescent Donors, School Personnel,
and Parents

A. Adolescent Donors

Objectives ' »

1. To reduce reactions and injuries of high school donors by educating them about
maneuvers to prevent common reactions and injuries resulting from such reactions.

2. To identify elements for inclusion in predonation materials designed to reduce
anxiety and provide coping techniques, thereby reducing reactions and injuries.

Background

Although many aspects of blood collection (such as screening, labeling, and testing) are
highly regulated and standardized across collection facilities, many other facets of the
collection process are unregulated and vary widely, such as the multitude of materials
supplied to donors for recruitment and educational purposes. Specific challenges arising
from the collection of blood from an adolescent population, including the high rate of
reactions, may be addressed by improvements in predonation education of the adolescent
donor to allay anxiety associated with the blood donation process and to promote copmg
skills.

The assomatlon of predonatlon anxiety with increased rates of vasovagal reactions is well
documented.'* Labus et al® used the Medical Fears Survey to assess the association of
anxiety with the likelihood of fainting in a group of 364 volunteer blood donors and
found that high scores best predicted fainting in first-time and experienced female
donors. Efforts to address common donor fears and provide useful coping suggestions
through predonation education were associated with improved scores on questionnaires
that assessed donor attitudes, anxiety, self-efficacy (the behef that one has the capability
to manage a situation), and intentions toward blood donation.’ Studies to evaluate the
effect of educational materials on the frequency of reactions are under way.

Recommendations

Although no published studies evaluate the effectiveness of donor educational material in
reducing reactions, studies associating anxiety and fear with an increased rate of reactions
suggest that interventions, including education, to reduce anxiety should have a positive
effect. Therefore, predonation educational materials can be considered part of the consent
process, so that information pertinent to the donation process, possible reactions, and
interventions is imparted before the adolescent makes the decision to donate.
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Educational materials for high school donors will likely have a greater effect if they are
designed with age-appropriate language and graphics. In addition, educational materials
may be presented in adolescent-friendly formats such as videos. Regardless of the format,
elements to be considered for inclusion in predonation materials for students include the
following: . |
e A general statement to the effect that most donors have uneventful donations and that
most reactions, when they occur, are minor. _
» A statement identifying which donors may be at increased risk for a reaction (eg,
. young, first-time, female, or low-weight donors) and why. :
¢ A brief description of the donation process to alleviate anxiety about the unknown for
first-time donors. '
¢ Descriptions of possible techniques to prevent reactions and enhance coping skills.
Also, a brief explanation of the possible benefit of each technique may boost
compliance. Common techniques that have been used include the following:
Predonation hydration.
Receiving adequate sleep.
Receiving adequate nutrition.
Avoiding alcohol before and after donation.
Using applied muscle tension.
Using distraction techniques. '
Using progressive recovery techniques (eg, dangling legs).
Complying with postdonation instructions and spending adequate time in the
canteen.
o Avoiding strenuous physical activity after donation.
o Acknowledging anxiety and alerting blood collection staff of anxious feelings.
o Becoming informed and asking questions.
¢ Statements describing blood collection facility policies on parental consent and
confidentiality regarding test results, if applicable.

O 00000 O0O0

B. Parents of Adolescent Dono_rs

Objectives

1. To involve parents by educatmg them about ways to reduce donation risk for their
adolescent children. '

2. Toinvolve parents by educating them about the handlmg and treatment of reactlons
and involving them in decision-making when reactions occur.

Background v v
Parents of adolescent blood donors are in a unique position both to participate with their

children in the decision to donate blood and, if reactions occur, to provide any needed
care after their children return home.

Recommendations
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It may be helpful to provide parents with information about blood donation, possible

adverse reactions, and parental involvement in the event of an adverse reaction, even if

parental consent for the donation is not required. The following should be considered for

parental educational materials:

e Matenals should include the same mformatlonal elements as student educational
materials.

e Materials may include specific statements regardmg the conﬁdentlahty of donor
information, as applicable. :

- e Materials may include general instructions for suppomng donors after common -
reactions such as hematomas or vasovagal episodes.

¢ Materials may be provided to the parent with consent documents when such
documents are required. :

C. School Personnel

Objectives

1. To involve school personnel by educating them about way’s to reduce donation risk
for their adolescent students.

. 2. To involve school personnel by educating them about the handling and treatment of

reactions and involving them in decision-making when reactions occur.

Background

As employees of the school district, school health personnel have responsnbxhty for the
health of students on campus and, therefore, may serve as integral partners with the blood -
collection facility in the care of student donors. These health personnel may be involved
in donor reactions either during the blood drive or after the collections staff have left the
collection site. In either case, school personnel may have specific responsibilities to the
student and parent in cases of student injury. Education of school personnel about the
general process of blood donation, the possible reactions, and appropriate interventions
and treatment is likely to be well received. Articles specific to blood donation and -
reactions are needed in the school health literature.

Recommendations
Blood:collection facilities are encouraged to communicate with school officials before
high school blood drives to establish policies and delineate responsibilities for student
care during and after the blood drive. It may be useful for blood collection facilities to
develop educational materials that target school health personnel; elements for
consideration include the following:
o A general statement to the effect that most donors have uneventful donations and that
most reactions, when they occur, are minor.
e A statement about which donors may be at increased risk for a reactlon (eg, young,
first-time, female, or low-weight donors) and why.
o A brnief description of the donation process.
¢ A description of signs and symptoms of common donor reactions.
A bnef description of the appropriate handling of common donor reactions.
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A statement delineating the responsibilities of blood center personnel and school
health personnel.

o A statement regardmg confidentiality and release of information to parents, if
applicable.

I1. Initiatives to Address Consent Issues Specific to Adolescent Donors

Objectives ‘ 7

1. To provide blood collection facilities with information specific to informed consent
of minor/adolescent donors..

2. To consider addressing mcreased rates of reactions in this age group in the informed
consent process.

Background : ,

The ethical substance of informed consent incorporates the fundamental principles of
autonomy, veracity, beneficence, and nonmaleficence. The application of informed
consent principles for both blood donors and blood recipients has been thoroughly
addressed through peer-reviewed journal articles®® and AABB publications.>*® However,
the collection of blood from 16- and 17-year-old minors presents particular dilemmas and
challenges with regard to traditional notions of informed consent.

Many states have long allowed 17-year-olds to consent to donate by specific state statute,
but these statutes are silent on the issue of the minor’s right to consent to subsequent
medical treatment for an adverse reaction. Therefore, the consent process should take into
account applicable state law provisions.

States that allow 16—year-olds to donate often require parental permission/consent. This
situation allows the process of donation but does not imply any emancipated status
because of the requirement for parental permission. Although 16- and 17-year-olds are
sometimes recognized by state law as having the decisional skills necessary for making
informed health-care decisions, parents and guardians still have legal responsibility,
absent state law provisions to the contrary. This ambngulty 1s often handled by including
the additional concept of assent, the notion that minors should be 1nvolved in health-care
decisions in age-appropnate and developmentally appropriate ways.®

Speclﬁc i1ssues arise when applying this distinction to blood donation. Blood collection
facilities have traditionally adhered strictly to practices of confidentiality in notification
~of blood donors, including minors, of positive test results. Such policies need to be
reviewed by blood collectors with specific attention to state statutes. The research setting
presents similar issues. Minors are generally prohibited from participating in research
without parental permission; however, blood collection facilities may perform certain |
required or elective tests under research protocols that have been approved by an
institutional review board, and such protocols address the requirements for consent
applicable to minors. Because statutes governing informed consent are state specific,
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blood collection facilities are urged to consult legal counsel when addressing consent
1ssues regarding minors.

In summary, it is vital to remember that consent is not a simple signature on a form, but a
broader process that involves education of the donor and, in some cases, the parent.
Providing adolescent donors (and parents) with information regarding the donation
process and possible consequences meets an essential requirement of informed consent.

Recommendations

Blood collection facilities should consider the following:

* Consulting state statutes regarding age and consent requirements.

o Becommg familiar with the literature specific to adolescent/minor consent and

-~ assent.”

¢ Providing information to both donors and parents as part of the consent process.
(Some facilities provide a parental consent form that functions as both informational
brochure and consent documentation, when applicable.) :

¢ Incorporating information specific to increased rates of reactions among groups such
as young and first-time donors into the informed consent process.

¢ Incorporating statements concerning the release of information to parents about
medical care for reactions and positive test results, as applicable.
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Wh, UL, EOFEERSTH, R¥OEHFURISO TP, £mmiORMIC L 24EE
RE, BT IBILENICEERAIHED FHIZIXE > T,

IO, MK i, BRiLEOBRRPLAEY X7 ICHEBERISTH LY IERICHONT
B L%, Mt 7 — I CORSMBRBILE L IIEAT B0 R RETRETh D, E7.
BAMBEODRELMFROCER L, BEF—F 2L EBRT <& Thb, € LTRLERD
WE~ORY AT DRA OERBEEET 5 - DAL AR TRETh S,
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MY & — 3 FORBIC BN T—o % I EROME L RE L. B ORI Y B &
ELIERT v FLRRETHLD, V-V 7 /A —TBEL T2,

I BRI RTEE

I BEERMOLOBRE L RE

I BEOEHELEOEN
‘v RtA :

A BRI OB EUE

1 MR EA 3500 mL A 00 # 4 Bk o O iR 1 SE 4
2 BOFORIEHFEFHEDS & BT
3 EERMLE DS OMKRIREDS X T
KRB OFE

K53 HEER

rAGE S _
BREBEHREH S BERMRERTIE
V  RRE Bk B BIER% 0T

Mmoo aow

ABEER, ROUBROKEOR DI SN EHE L RFE RO L, T 5 M LHED
HEMERGE L, ROEER~OBBEHEE L, BLUOENFIBN TV RCESH
BT DI ZNDORRDT 7 o —FITHT 5 AT THARIEHLE B L bOTh 5,

I RS

BRILE I 3EE T SRR Y M, ARATRRE 52 80, MILEDCERE, RZ, BEHH
B (h2RUEEAVERTENBDH S LV HER) . RURIICHIT 2EREFHELLT > 7
—F DRI T O EICEE LTV, BOEETES A PHE RO ERERIC RIET B
TEHE B A% S hFILe ., |

WL ODDORERT — F RS ZRBRIT, BEWRR VML ARLE OB PR S &, W
M L BEICEWER~D L Y BVRHLE B0 S B2 LR, BWEROBEREE ¥ BT 570
ICEHRE DS LR LRI LTV 3, |

BE ,
HEORBE. RILEROYES AL ICHHTE, ROLBSME QMNP L Y 2R ERE b
EbTIE55, £20X5 BT, ROLEERCEELEELRIETLIIEL bR,

BEWARRY MY, UTFOEREZHRETXTHS,

® BEMLOTLERFA K H—
® HELL EOFH
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O FRILFMITOBMITIL, FHHMEEE 72 IXBIVER RIS 5 D ITRHL LTV B BB I B
TOHEMYA T ARVAFTERD AL L,

O HEWHHI. Ml NI Bof DEAT B L,

@ EREHHT | ‘ »

O FRBEEHIL. MOEEOBERORBAESES, AUHELBRT SMOEOESICH
THHEBmRHHZ L, .

O BEBMRMATIC, MRl > & — BN ¥ 7o 13RI/ MR L E BRI ORHL T BT DU T
FREHEME L ITEEE LFE LAV, BRILE SIS & BN 7212 b B B ORkS % g
¥5, |

@ HFE R UE Mk E o Ik

FECEET HHAOREREERIIRHTH LM, KOBABEENDZEEZOLND,

@ HEEADVD, TRENOZAEDRIIZE Y 10 RO EF AR T, EREEBEN TR EH
OBAIEDETHELTO ZLRTESHO, ,

@ Ky ¥y Rb FUru—KFKu#REFT v/, $REBRAEOT Y r—a L,

® Mkt #—DY=7¥AF '

U RNk ORE LB |

WA 5 —iE, BRAOIRIE FIER CERE D TRLE ~DO+H 2 HE LRI 5 27
DEDA SR RTIERE B2V, BRIROLOREORLROEEICOVTIL, F—FRREL
THY ., AFY—EREBBIRLET S O+ RRTORRICES T 5HEHE, Mike
v ¥ —0F L BERLE ET 5 HICRSERRSLETH S, BB, BRI L,
AERE BT 5 DOBFTERET 5720, BHROLETT 5 BFLRKELTHS T LREET
H5B, Bilt, 7AY MKt ¥ — 7 /V—7 Blood Centers of America(BCA) 26 D ikt ¥ —
W LCE LB LB &, BROBEIROOBE LEROBBRLORE L BES, LH
CELIEEYF—i3 9t F—IZR AT (NinaSalamon, /*—YF NI Ia=b—a ),

s v : ‘

BB DR EIZ, & U HIR SN D RENEMSOHE % BT 2TV, UL, mikk
& -z, BWEROMREMERERT 5200 L2 7 o R BB LETT 502, oo
BEBRAPIEET S L 2RET S,

BRI D ATIC IR LA 1K 5 % 5 2 5 72 @ DRRMLAT ORI MHRHETR L OO A 2 E 23, BB
M OFHEE I SREO—HERDETH B, MIES, KOR M Eo TRILBFTZMEND
2L ERD, TOBCHBBRLOMICHREREN LI TEB5 2 LARELRIBANRD S,
Mt 5 —ik, BETOBBMRMICEY 5BEMALERT 5 & 5. BBRMLORE I T
TONEEEES 5, |
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.'W%kﬁ9#a%#&%%#é%ﬁ@ﬁ%@&@%nBmﬁﬁﬁﬁé&<&ot%Awﬁﬁ'

 OFBHCET 3 F5E

.»ﬁ@éntﬁmﬁwfn &U+ﬁ&ﬁ§itmf7/r47®ﬁ%ﬁ B B/ MRICT
B, FEDOHAY SRY - R WELRERBICT S, ROTY 7IZAND O, FAOHKMD
., BESNERF VT 47, RUOBEICRET 5,

@ MRMFZERME, STH A S AMOBKNRERFE B EOREEE LoD, Ry F

 OREISFREELSSTS),

BRIZ, A Ry Kb REE TOR, ﬁm%;ﬁ%%3°$7/747kﬂ§ifﬁmﬁk

HEESBICHED D L e EZRT S,

KB L OCEBBERO= DO, ﬁﬁm@ﬁET—fwuwFfm%ﬁﬂj%iﬁh

BR 1L % O>-f 2 R AT |

REDHHT L RILE ORIIL, BRM%IC &% THORIMREN S X 5 E&T 5,

WRILE %, BRI OER & AR O™, KoKBA~y MNTELR S,

FILEEE (B 4015 £F) OMEAIMOABEORSPEL 25 TREICVIEERZIRML

FIEZD, HonBlEREoR, BEEEFTICE PE3 L 5RnFICIREST S LoEEK

EBBICIHTET 5,

.»@Wm@%@¢f%%*%f%ﬂﬁ%%ﬁtﬁéikmﬁiV?47%EMLT@@%%A
BET5 - LRTARTHE L, |

® EEDDDEFFH, ERFOERANRTETHDIZ &, REEIIEHDEL RDTEERD 5
BAEDEDIC, DEEITET & R 5 72 D OSBRI 0 OEARTETH S,

I BB OB X ORLE OB ,

C ROEMPAOREEERIT. ROLEOERLDT, Mkt ¥ —0ffh L RIRGRLE DRI L
S>TEEThHD, HOIWET, WELHAENT 2 F CHBAER LLRLE T, RLEOBIHE
DB & BN B 72, ROIEIL OFRICBOTELEERN b7, :

—EOMME > X — ik, BHEROKEERE L 20T EBERRNS & 5 c+o ks S
FIMAEBMERS = L0, BROBHROOMEST OMOBEMEEHETHZ LICLY,
BT OBBIRMOBIEROBBRICED TV 5,

BE

it & —Tik, B TOBHBRMICEAL T, EMo) 2k TTVRREEL) BEEZHIX
TS EHET BFABEVD, FAL 25 ABEREITREOHMEMOT D DR RERE
20, HEER L HAARARERE L UBRBEIROBEEESRREIN TV S, RiKEL ¥ —IT
BEIE 07 T ARBBOHELR ) 2 REHICTHET 5 2 L 2810 5,

IV A
A BRILE DR
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1

MRS 3500 mL 37 O E4ERR MLE O MM T

ﬁm&w%@mﬂ@marmM¢iwﬁﬁJ%¢@%ﬁraa%Ama5m o
HOKBETHBEE S D B, | |
BRI O MK EAS 4,775 mL RIS Tdh BI04 . MRS R MRS O fERE T T

B LAmEBRIIZET 5 SRR L,

MEREE & EiF3 2 LICk VEIWER Y 2 7 I3EHEGE THR VIETF T+ 5, ZOFRD
WRILE O 5%l MBS 3500 mL K TH D, 20 & 5 RERIMESR 525 mL ZMmT 5 & |
ZORMED MERD 15%% B 5 L BHETHS, |

BIER MR (>3500mL) OdOBMERLERTS 2 LIck V), RMRUEMITR
DY Ay #BBT A LN TE D, ZEEMITE. ROLEODKRICES BHERSR
DZE., 30 B LOBRME DEZ AT, BEEFOFR LY RKEWVWT L 27T, Kk
£ (3500 mL Ki) OEFMME (23 MAM) KAALEHTHZLICLY, %Wﬁm

BB INDAREERH D,

FHEIR kR T —F (Hany Kamel, /S—YF A aIambr—a) i %&‘Iﬂl?&%iﬁ
3500 mL KFD 23 RATMOBRME 1L, 23 BMARHEOMME D 9%, SERMED 1.6%% R
LT3, Z0EAICEIT 5 EEIMERARCEERER ORI 1.7% (PSR EE
DEFEDHE 033%E LKL T) THDH, MEKES 3500 mL Rih, 23 BABOMMLE LR
< ji%mi ZOEBER (RKIED 9%) THEERCEESWEAD 20% RHERTE
bLEEEIND,

BRI O RARFFREEDO 5] & EiF

Trouern-Trend %1%, HEAI 68 kg (150 F> F) ~#81kg (179 R F) DfkinE D xR
BEOBIERSE 0.14%IC B L T, BFEM 54 kg (120 > F) RBOBRMLE OBIEREIL
046% ThoT- L #E LT,

Newman %3, ERAE T, KEK 59kg (130 Ky l~) LA E DBk E O BITEA R 8.2%IC
LB LT, ER S kg (130 K2 F) REOBRIME TIX 16.9% Th o= L #ELE, Bk
M DOEKEAK 59kg (130 H ) skiid, R2MMED 41%ThH -7 (118/2894),

H HHETIL, MMBLEDEEIC L > THHBTHIRE R 7 16 BB L U 17 ROMME
RNLAT 0L (69%) 5. HKER S kg (130 K> F) 2BX T\, 324%. bTFhd
% (12.5%) 2359 54 kg (120 B> F) RMTHo7, BRMEDBE LFBEICE IR
REHETH, FEMROLEOBED > bO I —HEFHT BT IRV L EX LIS,

HEERRILE D> D O MRERERE O R

ZOOEKNT, 450 mL R TP 500 mL O2MBEBRIZBWTRISD&ENREEL v 7 £ —
AMER LT, ShEORRTIE, 2EMOBERNED ) HVER GIFH, KE, &
B2 L) KX VROEEZHEL TR, BERVEMEREORLE R LEY X
DR THEITHT AV BERLPR LB S TEERD VB2,

Tomasulo 2, 450 mL /Ny 7 TR L= 2M B OEEEZRFE L, BROEEH BN
FMKEOEEFEE L, BRAMMLEERICK T IMOEOBIERELME L, B
IR MBS 14%D2 5 16% Th o L ERIMF L, 10%DBBINI-HITHT, B
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R %R 2 TR A o e, IREA S0kg (110 Y K) ~H154kg (119 #> F)
ORIME IZRIEAERE 29 TIIRMBICERT 5 L SEE SR T 7,

B (BRI ) | |

BRIz, BRoBREERHOC L CRERET 506 LAVRWE Y X7 0% T I —T 2R
Lto%ﬁ%i%mﬂmgamﬂhdﬂ\ﬁmﬁﬁéuummgmbrwéﬁﬁwﬁ%ﬁgﬁu\

1EL AL DORNE L RET DD THER, TRCORMME TRV, & DEHSIROLE
DMBERED 15%% B2 DHRMEPIES D Li2kkd VI HEICZ OBFIZEINTW L, Kl
DT —FiZ, ZTOWEPERTITRNT L E2RR L, B LWVEENRT e —F Tk, FEHR
MEDRMITM 2 RMERED 15%LFICHIRT 22 EBBRBELRS S, BIERECIT HFED
EECORNWEREORNAIE, SERMTIC L > THETEX 3, FIEDOFHOEREN TGRS
ERT 50 DA S AR, k¥ —iz, BHER L BEOTHIcBW T, B4 380
EHRNE OB LM 5 = & 28D B, | “

B RoFomhEORyEH ;

SHEROFHEIT, BOP, ROBEORNERICTIPEND S Z ENELRBBESA TS, I
SURRTIZRIC X 5 & RN S ERE AV 5 L M REMERISD B THREFBD L1,
BRI TR LT VR AR S ERICIT, MP3 7 LA Y —OEROH A £~y k7
# U TOERRY, ROEOHIEES2ERHT 52 & R OCCROLEARFEEHADEIC
B ERER DB,

BE : 4
M & —13, BROLFPICEROEDOEZROHHELZBD 210 L2 WRSEROT-DIZFFENS
TENCE LT, OB CHB L2 BT R&ETh 3, Mkt Z—it, BIERZEETEXE K
EE LT, SROGROBEMLBEICIE T ARETH S,

C  AHEER , ‘

FAEE T, BRILE OBIWERIC X 2 RILATO AL B ORI LT 2> OB EARR S AT
B EEALLBRET, VEMLE HL 834 GETRIE=19 ) (RS MERED 30 5]
(7K 500 mL Z#EH S i, KEFER L CBRME X, KEBBR L2 TR B LT, K
MRS (B KEENEIRBLE, TV, BAR) BEBCEVEERLOSNE, ZOFR
ix. ﬁmwo%~wﬁutmkm¢nmL%ﬁmLt%&Eﬁm%(nﬁ~wﬁ)%%mz%
HBIC LI CRICHBS e, BERREA IR S L RS BIEMICE-S < BIfEA®
i, BRILATOA SRR E o T 21%Bd L (k=BIFERR 9.9% ; A% L=BIWERE 12.5%),
& BRDAHTTIE, RO 10 HLUNICAEBR LI NEOBERERELIE S, BESELDIC
ONBHWERENEL D L&ERLT,

BRI BT AR ISR IS DS IT RIETEIERIC ST, F 72 = DB DRE Th B8,
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H2 5 EBHFA T, BBRYOKARIIME, RULEER, ROBMLELRNSE, ©IiEo
RIRES > BEEH ATV TREERRRIS O PHIRLOZ 245, Ei&hk,

#*1 ;
- BRILATOYOK AR OBEE & FHERMLEFRICRD bh ML EBWEAOBBICET 5 E LY

Hanson % U* France 0.48 0.91 > 147%
004) (BDRI, 11 7/ Bifir) (BDRI, & 7 Bifir)

Newman % 9.9% 125% S 121%
(2007) ~ (BB EWER) (BRILE BIFERD)

# : #RiiC X 28I/EMA#EEE (Blood Donation Reactions Inventbry; BDRIF) i, KRERNEIRREL.,
HEV, AR E, ROLEOCBWERICET S AEREDORETH S, ZORED LRIT, Wi
FERICTEE S N-BWERICBIET AR BICNZ T, RILE OGRSV L& FH8T 5,

& ) ,

BR AT O KR ARG B W5 DRRILE O RMRIRIE DO FEHCRIL DL, BRLOBR L5579, #il
BBIZEE LT J:y%%%é’ﬁé hTw3 ;E W 9 BEF OFERMC B3 & BRILAE 12 500 mL DK £ 7213k
SEEZ. IO 10 SENCAEZERT 3 X HBEBHTIRETH D,

D HEORE

BEE T, BRMEF OIS RIETHHE (Applied muscle tension; AMT) ZhEICEEL T, WMo DHF
RRBRINTVD, AMT ICIEEL OB H 523, BRECTMOKE ORE T 5RBIHE 2 &5
—RITH B, BRILICBNTZOFELEA LEENOMET, HRWERODRVRLE (+
e, WEORM 0~2 B) O/PMABDINV—F (0=37) IZH L, AMT Z#HE§ 5 dicEn
EFABERSNE, TOET AR o o BEE L B LT, AMT 2848 L-RmEE.
MEHOEBERIE B : KEROEIRBL, HEV, BHR) SERBCBD LD Lt
Lz, &b, MMORBH AMT 217o 21, RIS bR -T2, ‘

AMT OFERHRIIEB SN, & OICKBEAR, BFERLE FiPRIE=2 K. BEORL
EH)=35[E]) 605 ZEXHRE LIABIZEN o1z, RFET, BRILE ZEESIC, DEEARER
i, 2)ERMIAETNC AMT 2% (77 B AMR) . £ 3)BMmPic AMT (St AN), OFHZEY ¥ T
ST, WHO AMT 1, BREESEVETEE R THPREL 2SS EBAREMT O, BEH
R TFRBHRE 2 b u— 5700, BROANC AMT 2 £ (77 E RHR) BEEOSME I,
B $HASH S HEATE T, RifiA ACES T EEND AMT 2179 K 58 L7z, kL LT,
AMT HAMRILE RN D ), BHBROE IR0 LW RBRITRS iz, 8IS, SABR
SMAICEID HTORRMRILE L, RARRISSFRIEL FRifnA 20—+ 28T LEHE

7
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B, it\77ﬁf%ﬁﬁm&ﬁmm%ﬁwﬁﬁhwmféiiTm&ﬁ%BnéT 2
BEhote (75 2REM LB R DA TIER R o),

BRILE (n=467) DTH > 7N TiE, 7T € RABE I IR R (75 & R 5 & B
RIRILSAETIER RN T) DB L THRL, AMT AAICEY 5T bh i B R HORMLE
&b, KRS ATE 27, BTl > T, BRILE 1209 £ (&t 50%. FEEFRME=22 5%,
BWEDERMEE =22 E]) %ML, EENRRDEIIFHES F—2D5H0D 1 D28
W, AMT IZEIY M ThHhzRiEiE, DAY (@b, ml. BXOER . ) FEH0H (H
W), ) LEHOH (M), HRVEHRE LR 5 EEFOH (R, 72 LIRIICEDR
VBT S & 5 RN . E 1 SRR T BB, DRET BEMIE AR - U A 2
L7z, &8 AMT 1. MEXERRIL & Lol LT, SIS OMs 2 ARICHRY S8, FlA A0
— hEREF I LSRR, ROBRBFRINE, TEE AMT TREGOBERRD bh
TS, Bgy AMT TIRED BhT, Bl L FERORE AMT A RS ROBERERTHS
CERTRENE, EHERY LB S0 XY AMT b, SHRIRIS OB B 2B RS Y |

AMT DZFIT, D72 < &b T D—MBRAERD D LB SN TOB TR H S Z & ERL T
2o

BRILZHR & U72BFRIC 2 T, M REMRAE LMD Z OMOEE & i, MRPEERWEIC
BT 5 ks i B BE DR OERIC, fIHEIZb b > T AMT BERSN TN D, ZBIF
ZTHL, AMT BMIE 2 SN2 LR S, @%&%&fa BIZE D, KRR
ETHTHT LRDTLHFRENTND

2
BRI b RIS RS OERAHE SRS BIC T 5 2 &
Cibi | BRE , % Bk
Ditto KUZ D 2003) 49 63 L 22%
(BDRI Eifir) (BDRI Eifir)
2RME =043 0.47 8%
Ditto RUFZ Dt (2003) (27 BDRD {7 7 BDRI)
| Stk L% = 0ss L 20%
, 044 (12 BDRI) (2 7 BDRI) '
Ditto % UX France 0.35 0.45 1 22%
(2006) (2 7 BDRI) (2 7 BDRI)
Ditto & (82 D4t (2007) 042 0.52 L 19%
(2 7 BDRI) (2 % BDRI)

: ﬁ[ﬁlﬁ' |{EFI#84R (Blood Donation Reactions Inventory; BDRI) 1., [ERNE S 5. Bbib »
BiA2 Y, MOLEORWEREZBEERHETEHLOTH S, ZOBED LRIT, RlZ DRI
SN-BERICBET 2B BIIMZ T, MOLEOBRLERBS 2V &2 THRT 5,
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B | | | ,
AMT IFEB LT FIFNES T, BERDE O RIS OER S 1 X ERHI AL TH 5 &
WO BT ESE | ZOREORLERCBRE~DENEEID 5, BREBFEERE L
IR TH B, L. FHROEBOKG 2 BHET2Z L2 BRI & THD, ROLBOR
YRR MEEOEBICET AAADRELTMT 20, S L2IHEEHD S,

vV BERIEREREX

FRfBR (RBC) BBRBOLZAMT, ShMm L HBESNTE, KERHFHOBRTIL, £
il (WB) 0% 2 B4 RBC MRILICA 5 HERIEORLSBET, LEMEDAGHETH -7 B
KRR, 7 = VEBRRUS) . APHEOSMIERIT, WB BRI Y b 2 BAL RBC £B0DIE H 2
D HACHED - 72 (10,000 EHRIR T 3203 5 274.5; 4 » Kbk, 1.17 95%AEFEK. 1.15 55 1.20),

£ 3 ROBEEOSPHEIXIT IV X7 HT*

ADBEHERAE | BEAR AR KA KL PEF A+ K+
ae (#Rifn 1,000 45) (O5%{E X /) (95% (=BT
MK E 3500 mL K | 34.9 , | 4.47(4.10-4.88) 2.88(2.57—3.23)
3% k% '

| =17 B~18 &% 1396 ‘ | 4.19(3.94-4.45) | 2.78(2.59-2.98)
* 4k . :
EH=19 B~24 & 27.4 ' 2.87(2.68-3.06) -2.39(2.23-2.56)
%kok )
PIEER ML *** 27.5 2.80(2.66-2.94) 2.20(2.07-2.33)
AE=o—n Y ZAAFE | 143 - , 3.42(2.63-4.46) 2.15(1.64-2.82)

1 okokk i ' ’
mkE= 23.5 2.97(2.77-3.17) "1 2.09(1.90-2.31)
3500~4000 mL ***

BUEAORVIRILE & AT, RIE OREHIORMMLEIERE L | B, hEE, BEGEE
b= ODEy Kbt |

PSR L LTO, R, ML RIUERE. AB/EE. Henikk. V. DEN0E. RO
Mk 22—y ‘

e REE L LR LT £ 4775 mL BOMKE ; Fli25~65 5% ; B Y v*'— ¥ —, RUEA,
ARz y 7 FDBRERNE,
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L2>L, 2 B RBC RiLICI1F 2 BERSHMHEABHE (BMNK, SELES SMmMEL. BEE
E, B\ UBTE) RBIX BRI, 20 BARHOBRME[A v X, 041 O5%EHEXM, 0325
b 0.53) 1T, WB BRILOBHERARIZ R TIEL %2 577, Blood Systems i&, EFIEIZ L 5 WB 1
HHPEERCEEORIERORBAEMEN T LEEFELL (10,000 HEEUZOE 47.1, 047%), M
WA TBERBIZ X VR L7z | BALRMIROZ LT 17 4 —ViZF—THh 5 (10,000 FREUZ D
& 3744, p>020), MRS HBEREICL 5 2 BARMEBREIRE f/MRT = L—Y R X D8RI
DEWFRRIIARITET L (Bheh, 10,000 FEIZ-OE 1565, p<0.00005 ; & T* 10,000 £
IZD & 14.84, p<0.00005), |

B8h 2 BAAT RBC L. 2MIREUC B L TR T 0 7 ¢~ /VZEFTHY | Lok & s L
TERBLHMAIEDY 22 BE 25, ZORIML, FERDLE R CHERLE TR bEE
THY, RECHERICBOTAROE bRBHIT, MR SHEEI L 5 RIRRLT 7S
FLEDIEFDT=D DRI E 25T 5,

2 BAT RBC SRIOW R EZSMDMRAMT, 20O L 5 RFIETOREADBEEX B EIFETOL
5 BRI O DO LY B LVERE (2 BT RBC MILOMMEBRICAVSRE~T ~ 2 U v K,
HE. GEOEEI, FEALVECSOMROLE LY b, FOREEZITROEERSVIR0E
EBETOIOHMELNTVD) KEBRLTWATEERH S, %@%%@zoxéoﬁﬁéﬁ
DETED, SLRBAMBBETHS,

B L |
FUMFTRE RS, B EICH 1T B MRS MBI X DR MR T 0 7 5 A iikd
BER BHHREXHT 5.

VI kil & ORI x5 BWER % OiRE

ﬁM%ty5—ﬁ\Wm%®ﬁwmﬁ®%%®tb®$@ﬁﬁﬁhﬁ&B&D(N%B%ﬁ%
53.2.1), MBU/REE £ EHEN L OB BBIEE T RIS LY | IS 2 B 25,
@ﬂf%hé&ﬂfﬁﬁ%@—lﬁbﬁmﬂfiﬁéi’béﬁﬂbLibttb\ BRILE > ¥ —i, LTFO®EIZONT
ERTRETH D,

® JHEICAE, WRIE S BN E 1 I DROBIER 5 5V ILEE R S LB E OmEIR
W L O, |

O ¥t s —iE, WRILEAE ERRIEINC 2 M % 7o R B (B 24 U1 B A, ke
LTEBRZT LA EERECT <% Th D, |

Aaam & SHROFE

10
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M5 —ik, ARHEY X7 ICHBE RIETRILBBROD 510 5EICOVCHERL. BRIcH
TABBROOBRSMEZED DD, FREETHUL—DERITh EORMEIC OV TR
FRETHD, ML 7, EEERY . ZORYMAOEPHOER D L, MLESRE
THLHROCFREHA L, W TE ZMLBRERRT S THD, RLOFL A LITER
RTT25, BEOAIHETLERROLOTEMEEZED S5, RLEZOEECHEER. b5
WHRMEERBOTTHLRITET 525, FEMRODZIZZN LV b LOERBORME &
TBECHEL 25, HOWET, KMCEELLEEY X713, 20 B _EOEAL 10,000
BRILIZOX 04 THBOIK L. 16 AT 17 BOMME THF 10,000 ERMIZX 59 & i2of,
(Fy X, 14.46 ; 95%IEHEXM. 1043—20.04), BRILE OBIVER £ BB T 5120 ICHBFRETH
FBEICENTVARAIL, WL ODDEEOFH LIS TE 32, MMLEDEEDRERTEA - &
CEEIDL, WhRABEOTADERORALES 2 LB LUV AL LARY, RKE0EEN
—ELTWRWI LORERENRRRDZ L A4 ORMEMZSEHERLZ PO X 5 IcRE L.,
BETEP—ELRVIERD, ADLTS, MILEEY ¥ —MOBHEREOUBETT > Z & b
RAETHSD, KECLE~TEVT VR - FuyS e BEd 57250 AABB OR&IL. i
B ORERICH S BRE— LT 8 ORAES 22 BIECR < . BClib B L 1 ELMIC B,
RLBGED B BHE L T 2RO MBOEDEEERT BDOA D= XA L bR D, TrY R
ZHEBACBWTEZBZELREV LD THEMN, KEEDOABHERIZOWCH., Bz Stkic
ML CERRUTARRELERVELORBEICH LT R L CEEBLMITAZ L2 ERT S,
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AHRSGE 2 N |
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| ~ Analysis of factors which cause donors
to collapse due to vasovagal reaction and prevention measures

Saitama Red Cross Blood Center
Taeko Nukita, Yukiko Kaga, Machiko Arakawa,
Toshiaki Shibasaki, Kenichi Yamazaki and :Hide'aki Mizoguchi
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) Abstract '

Among adverse events related to blood donation, vasovég’al reaction VVR)
occurs most frequently and its incidence is around 1% of donors. Collapse related
to VVR sometimes causes trauma to donors. It is important to prevent falls
related to VVR for donor safety. :

In order to decrease the incidence of falls linked to VVR, we analyzed the
related factors in 16 donors who donated blood at Saxtama Red Cross Blood
Center between April 2003 and March 2006.

As aresult, the risk factors of collapse are between 16 and 19 years of ageand
between 60 and 69 years of age, undergoing whole blood donation and plasma- A
pheresns The sumlar tendency was .observed by the analy51s of the nation w1de
study. We should therefore, pay particular attention to these donors. -
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In order to prevent male high school students from collapsing; we prepared a
refreshment table next to the donation area and let them sit for at least 30 minutes.

These procedures resulted in the dgcreaSe in the.number of collapsing donors. -

Key words: collapse of blood donors, vasovagal reaction, blood donatijon
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Vasovagal reactions in apheresis donors: the effects of sex, age,
body weight and donation status

Saitama Red Cross Blood Center
Kenichi Yamazaki, Yukiko Kaga, Taeko Nukita,
Machiko Arakawa, Toshiaki Shibasaki and Hideaki Mizoguchi
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Abstract

Among adverse events related to blood donation, the incidence of vasovagal
reaction (VVR) occurs most frequently, involving around 0.76% of donors.

In order to clarify the risk factors of VVR in apheresis donors, we studied the
incidence of VVR in 76,658 apheresis donors who visited Saitama Red Cross
Blood Center for 11 months from June 2004 to April 2005 in relation to sex,
age, body weight and donation status comparing with that of whole blood
donors who visited our center during the same period.

As a result, the incidence of VVR in female apheresis donors was higher than
that of female whole blood donors and that of maie whole blood donors and
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apheresis donors. The incidence of VVR in male and female first-time apheresis

donors is 4.7% and 7.4%, respectively. This incidence was significantly higher than

that of male and female repeat apheresis donors, which is 0.4% and 2.0%,

respectively, and was also significantly higher than that of male and female
first-time 400mL whole blood donors, which is 2.2% and 2.6%, respectively. It is nec-
essary to reconsider the enrollment of first-time donors for apheresis.

Key words: risk factors of vasovagal reactions, apheresis
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BLOOD DONORS AND BLOOD COLLECTION

Vasovagal reactions in apheresis donors

Tadao Tomita, Miyuki Takayanagi, Kimie Kiwada, Akemi Mieda, Chiyoko Takahashi, and
Tadayoshi Hata

BACKGROUND: The incidence rate of vasovagal reac-
tions (VVRs) in apheresis is known to be higher in
women than in men donors. VVRs in women apheresis
donors were therefore analyzed to find out possible fac-
tors for their high incidence.

STUDY DESIGN AND METHODS: VVR incidence was
compared between whole blood (WB) and apheresis
donation in relation mainly to age and circutatory blood
volume (CBV). In addition, blood pressure and pulse
rate were measured during apheresis.

RESULTS: In WB donors, the VVR incidence was 0.83
and 1.25 percent, while in apheresis donors it was 0.99
and 4.17 percent in men and women, respectively. The
VVR incidence decreased with age in WB donors, but
age dependence was very weak in apheresis donors. In
elderly women, the incidence increased with repeating
cycle of apheresis. There were three different pattems
of pulse fluctuation during apheresis, that is, stable
(type A), increased rate during blood withdrawal (type
B), and irregular pattern (type C). Elderly women donors
and donors who suffered from VVRs mostly showed
type B fluctuation. There was no particular fluctuation in
blood pressure in relation to apheresis cycles.
CONCLUSION: The VVR incidence rate was particu-
larly high in women apheresis donors over 45 years old
and increased with repeating cycles of apheresis.
Smaller CBV, high sensitivity of low-pressure barorecep-
tors, and citrate effects on cardiovascular reflex might be
major factors involved in the high incidence of VVRs.

ABBREVIATIONS: CBV = circulatory blood volume; VVR(s) =
vasovagal reaction(s); WB = whole blood.
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lood donors occasionally have adverse reac-

tions such as weakness, pallor, nausea, sweat-

ing, and fainting during or after blood with-

drawal.!? These symptoms are generally called
vasovagal reactions (VVRs). The rate of incidence of VVRs
has been analyzed mainly on the whole blood (WB) do-
nors and reported to be higher in younger donors and at
the first time of donation.># The contribution of other
factors such as body weight and blood pressure is less
clear. It has been reported for Japanese donors that there
is no clear sex difference of VVR incidence in WB donors
(1.70% in men, 1.85% in women), but that the rate of
VVRs in apheresis is significantly higher in women
(4.04%) than men donors (1.24%).* Failure of proper cir-
culatory compensation by the autonomic nervous system
may be an important factor responsible for the VVRs, but
the mechanisms underlying these reactions are still
mostly unclear. In the present study, therefore, the VVR
incidence was demographically analyzed mainly: on the
apheresis donors in our blood center. In addition to this,
blood pressure and pulse rate were measured to deter-
mine if characteristic alterations occurred during apher-
esis.

MATERIALS AND METHODS

The data accumulated from the voluntary blood donors
were analyzed for the incidence of VVRs in the popula-
tion of WB donors (a total of 20,025 men and 8,164
women during a 1-year period in 2000; including 200 and
400 mL phlebotomy) and in apheresis donors (14,523
men and 6,722 women; combined plasma [68.1%] and
platelet collection [21.9%]), during the 3-year period 1999
to 2001. The equipment used for apheresis was either a
multicomponent system (MCS 3P) or a component col-
lécting system (Haemonetics, Tokyo, Japan). There was
little functional difference between these machines. VVRs
were judged from donor’s symptoms described in the
introduction by experienced nurses. VVRs were mostly
relatively minor and syncopal episodes only occurred in a
few percent of VVR donors. The VVR incidence rate was
calculated for each age or for the circulatory blood vol-
ume (CBV) at a 100-mL step and averaged at each range
indicated in the figures. Numerical values are expressed
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as means = SD. The data approximated most closely to
normal distributions when examined with the Kol-
mogorov-Simirmov test. Significance of the difference was
tested by with two-tailed, unpaired t-tests and the level of
significance was set at p < 0.05.

The CBV (in mL) was estimated by following equa-

tions proposed by Ogawa et al.5 for Japanese people:
CBV = 168H3 + 50W + 444 for men
CBV = 250H% + 63W - 662 for women
where H is height (m) and W is weight (kg).

Blood pressure and pulse rate were measured auto-
matically every 1 minute during apheresis in 42 men (19-
67 years old) and 72 women (18-69 years old) with a au-
tomatic blood pressure monitor (Paramatec, PS-230). The
reliability of the pulse rate measurement was confirmed
by the simultaneous electrocardiograph measurements
in three donors. All procedures were fully explained be-
forehand and carried out on donors who agreed to par-
ticipate in the study.

RESULTS

In Fig. 1, the incidence of VVRs that occurred in WB and
apheresis donation was compared between men and
women donors of different ages. The incidence rate of
VVRs associated with WB donation decreased with ad-
vancing age both in men and in women. In contrast,
there was no such a clear tendency in VVRs in apheresis
and the VVR incidence rate in apheresis was much higher
in women than men, particularly in elderly donors. The

]
5 B Men Aphgresis p<0.06
BWomen |

4
£ Whole blood
@3
; pL0.05

2

p<0.05
1
0 'ﬂ -ﬂ -A

18- 25- 35- 45- 55- 18- 25— 35— 45- §5-
24 34 44 54 69 24 34 44 54 69

Age (years)

Fig. 1. VVR incidence rate in relation to age in WB and
apheresis donors. Note that in men donors the incidence
decreased with advancing ages both in WB and in apheresis
donation, but that in women donors there was a large differ-
ence between WB and apheresis donation. The difference
was significant (p < 0.05) between the younger three ranges
of WB donors and men apheresis donors and also between
35- and 44- and 55- to 69-year-old women apheresis donors.
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mean incidence of VVRs of WB donors was 0.83 percent
in men and 1.25 percent in women, while that of apher-
esis donors was 0.99 percent in men and 4.17 percent in
women. These incidence rates were similar to those pre-
viously reported.t 4

The relationship between the VVR incidence and age
in apheresis donors differed depending on the apheresis
cycle (Fig. 2). In men donors, the incidence of VVRs that
occurred during the first and second cycles decreased
with age and was similar to the WB donation shown in
Fig. 1, but it was independent of age at the third-fourth
cycles. In women donors, the incidence also decreased
with age at the first cycle, but it was independent of age
at the second cycle and increased slightly with advancing
age at the third to fourth cycles. There was a clear ten-
dency for VVRs to occur at a later stage of apheresis with
advancing age.

VVRs are known to occur more frequently in first-
time donors than in repeated donors.2-4¢ However, in
women apheresis donors, there was no significant differ-
ence in the number of previous donations between
healthy and VVR donors. Nearly all of the women apher-
esis donors over 45 years old who suffered from VVRs
donated repeatedly (mean, 24.8 times) and VVRs were
detected in only one first-time donor (1 of 45).

The high rate of VVRs in women donors in apheresis
could partly be related to the fact that the CBV is signifi-
cantly less (approx., 20%) in women than in men donors
(Table 1). The mean CBV of the donors who suffered from
VVRs was also slightly less (approx., 4%) than that of the
control donors and the differences were significant (p <
0.01) both for men and for women donots..

EMen Third to fourth cycles
28 |{EWomen p<0.05 ,

Second cycle

RTIRRNRNY

S

|
’lest cycle
i

NN O
OO ONRRANAN

0.5
0 P A A E /K
18— 25- 35- 45- 18- 25~ 35— 45- 18- 25~ 35— 45-
24 34 44 24 32 44 24 34 44
Age {years}

Fig. 2. The relationship between VVR incidence and age at
different stages of apheresis. In younger donors, VVRs inci-
dence did not differ much at different cycles of apheresis. In
contrast, older donors tended to experience VVRs at a later
stage'of apheresis. A significant difference was indicated by
the p value of less than 0.05. The difference between 18- and
24- and 25- to 34-year-old men donors at the second cycle
was also significant (p < 0.05).



VASOVAGAL REACTIONS IN APHERESIS

TABLE 1. CBV (mL) in WB and apheresis donors*

The relationship between the CBV
and VVR incidence was compared in

WB and apherésis donation (Fig. 3). In

Control VVR donors
wB
Men 4617.5 +536.4 (n = 1582) 4417.7 +496.8 (n = 168)
Women 3681.3 +£520.2 (n = 668) 3475.5+447.6 (n = 102)
Apheresis
Men 4587.8 + 505.0 (n = 1592) 4431.9+431.5 (n = 144)
Women 3719.1 £546.7 (n = 734) 3584.7 +425.7 (n = 280)

men, there was a tendency for the inci-
dence of VVRs to decrease with larger
CBV both in WB and in apheresis do-
nors. In women apheresis donors, the
CBV dependency was weaker in apher-

* The values of control WB and apheresis donors were based on the data for 1- and
4-month periods, respectively. The differences of blood volume between control and
VVR donors were statistically significant (p < 0.01) for WB and apheresis donors of

esis compared with WB donors.
CBV dependency of the VVR inci-
dence was greater in older than young

women donors. The incidence rate of
women donors over 45 years old was
4.8, 2.8, and 0 percent with CBV of 2600 to 3700, 3800 to
4300, and greater than 4400 mL, respectively. In contrast,
in the donors below 45 years old, it was 5.1, 3.6, and 1.9
percent, respectively. In men donors, such a clear differ-

The relationship between CBV and VVR incidence
during the first and the second to fourth cycles of apher-
esis differed between women donors younger and older
than 45 years old, as shown in Fig. 4. Below 45 years of
age, approximately 25 percent of VVRs occurred at the

both sexes.

T

6 " mWhole blood Sanmen T
5 — BApheresis | Z ——
s s g Z ] ence was not detected.
o 7 l '
23 Men — é é P
> o .

9 p<005 ] ? Z

- 7
L. 11
WY wm R 7

2600 3200 3800 4400
CBV (mL)

3400 4000 4600 5200

Fig. 3. VVR incidence in relation to CBV in WB and apheresis
donation. The CBV was calculated by the equations de-
scribed in the method. The significance. of the difference is
indicated by p < 0.05.

B First cycle Over 45 years old

ZASecond cyclea _ p<0.05

2600 3200 3800 4400
CBV (mL)

Fig. 4. VVR incidence in relation to CBV before (first cycle)
and after the end of first cycle of apheresis (second cycle) in
women donors below and over 45 years old. Note the higher
incidence with smaller CBV and also after the first cycle of
apheresis.

first cycle relatively independent of the CBV, whereas
over 45 years of age, only 10 percent of VVRs were ob-
served at the first cycle. In women over 45 years old, the
VVR incidence was much less in the donors having CBVs
greater than 3800 mL.

VVR incidence during apheresis in women donors
over 45 years old was relatively high (see Fig. 1), particu-
larly at the later stage of apheresis (see Figs. 2 and 4). To
investigate the possible mechanisms underlying these
factors, blood pressure and pulse rate were measured
during apheresis in 72 women (19-36 yeats old, n = 53;
40-69 years old, n = 19) and 42 men donors (19-27 years
old, n = 27; 44-67 years old, n = 15).

Typical examples of blood pressure and pulse rate
recorded during apheresis are shown in Figs. 5A and 5B,
by averaging values obtained from five donors. Systolic
blood pressure gradually decreased by about 15 mmHg in
10 to 15 minutes after starting apheresis and then be-,
came more or less steady. Diastolic pressure also de-
creased with time at the beginning but its degree was less
than systolic pressure. Irregular fluctuations were often
observed in diastolic pressure. No clear change was ob-
served in relation to blood withdrawal and return both in
systolic and in diastolic pressure. A particular pattern of
blood pressure could not be used for prediction of VVR
occurrence.

In contrast to blood pressure, blood withdrawal af-
fected the pulse rate. Three different patterns of changed
pulse rate were found during apheresis. One pattern was
a reasonably stable rate throughout apheresis (type A), as
shown in Fig. 5A. The second showed an increase in pulse
rate during withdrawal and its recovery during return of
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Fig. 5. Blood pressure and pulse rate measured every 1
minute during apheresis, averaging from five women donors
whose pulse rate was stable (A) and increased (B) during
blood withdrawal. (#) Systolic and (A) diastolic blood pres-
sure; (M) pulse rate.

TABLE 2. CBV (mL) in donors showing stable pulse
(type A) and fluctuating pulse rate (type B) during
apheresis and in VVR donors*

Men
Type A 4657.3 + 284.3 (n = 20)
Type B 4347.1 +391.7 (n = 19)
VVR 4160.8 + 458.6 (n = 2)
Women
Type A 3819.1+387.0 (n = 21)
Type B 3550.9 + 341.1 (n = 41)
VVR 3535.6 +248.6 (n = 6)

* The differences of blood volume between type A and type B
donors were statistically significant (p < 0.05) for both men
and women donors. There was no difference in blood volume
between VVR donors and type B donors.

Blood pressure {mmHg),

blood (type B), as shown in Fig. 5B. The third was an
irregular fluctuation without any clear relationship to
blood withdrawal (type C, not shown). Types A, B, and C
were shown in 31, 60, and 9 percent of women donors
and 49, 46, and 5 percent of men donors, respectively.
Women donors over 40 years old mostly (15 of 19)
showed the type B fluctuating pattern, and there were
only two each of donors showing types A and C, respec-
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Fig. 6. (A) Blood pressure and pulse rate in a women donor
(43 years old) who suffered from VVRs during the third cycle
of blood withdrawal. VVRs were accompanied by tachycardia
and lowered blood pressure, and then tachycardia was fol-
lowed by prolonged bradycardia. The donor was laid down
flat until recovery. (B) Another example of VVRs (a 20-year-
old woman donor). VVRs occurred when she started to leave
the bed and were accompanied by bradycardia and hypoten-
sion following transient tachycardia. Both donors showed an
increase in pulse rate during blood withdrawal (indicated by
horizontal bars). () Systolic and (A) diastolic blood pres-
sure; (W) pulse rate,

tively. In contrast, in men donors over 40 years old, 40
percent were type B (6 of 15) and 60 percent were type A.

The mean CBV of the donors showing pulse rate fluc-
tuations (type B) was less (about 7%) than those showing
stable pulse rate (type A) both for men and for women
donors (Table 2), and their differences were significant
(p < 0.05).

The pulse rate data on VVRs were obtained from six
women (20-43 years old) and two men donors (23 and 44
years old). They all showed the pulse rate fluctuations of
the type B before the appearance of VVRs, as shown in
two examples illustrated in Figs. 6A and 6B. The donors
shown in Fig. 6 were kept in bed horizontally until they
recovered, without medication. Typical VVRs were ac-
companied by marked bradycardia and periods of hypo-
tension of various durations. The mean CBV of donors



who suffered from VVRs was similar to that of donors
showing pulse fluctuations of type B both for men and for
women (see Table 2).

'DISCUSSION

The incidence of VVRs decreased with advancing age in
the population of WB donors, both men and women do-
nors, as previously reported.>4® A similar relationship
was observed in men apheresis donors. However, no
such a tendency was found in women apheresis donors.
The VVR incidence of women apheresis donors was
rather independent of age or even higher over 45 years
old (see Fig. 1). This was not due to a high proportion of
first-time donors in older women, because most donors
over 45 years old were repeated donors.

The CBV was significantly (approx., 20%) less in
women and it was also about 4 percent less (p < 0.05) in
VVR donors than in healthy control donors. The VVR in-
cidence tended to be higher with smaller CBV (see Figs. 3
and 4). It is possible in old donors that the actual CBV is
less than that estimated solely from the height and weight
determinations’ and that the peripheral blood pool is
small.? This may explain the larger effects of blood with-
drawal in older donors. If stronger hypovolemia was a
major factor in VVR incidence, it seems difficult to ex-
plain the difference in VVR incidence between WB and
apheresis donors (see Figs. 1 and 3). Some other factors
such as autonomic malfunction and hypocalcemia are
more likely to be involved in higher VVR incidence in
women, particularly older, apheresis donors.

A tachycardia was often observed during blood with-
drawal without an associated change in arterial pressure.
The ratio of the donors who showed such pulse rate fluc-
tuations (type B) was higher'in women than men and this
difference was larger over 40 years of age. Furthermore,
the VVR donors all showed type B fluctuations. Donors
having smaller CBV have a tendency to produce tachy-
cardia during apheresis (see Table 2). The increase in
pulse rate usually became more marked with increasing
cycles of blood withdrawal. This may have been due to an
increased hypovolemia, because the extracorporeal
blood volume increases with number of apheresis cycles.
Tachycardia, without any significant changes in arterial
blood pressure, has also been reported in response to a
decreased venous return caused by lower-body negative
pressure in humans®!° or by hemorrhage of up to 10 mL
per kg blood in conscious dogs.!* These responses are
likely to be mediated by cardiopulmonary (low-pressure)
baroreceptors, the sensitivity of which to hemorrhage is
shown to be higher than those of carotid sinus (high-
pressure) baroreceptors in dogs.'2 The mechanism caus-
ing the tachycardia during blood withdrawal is likely to
be involved in triggering the patterns of VVRs by the cir-
culatory control center.

VASOVAGAL REACTIONS IN APHERESIS

In the apheresis, it is possible that the sensitivity of
baroreceptor-mediated reflex is increased by a decrease
in plasma Ca?* concentration that is known to be caused
by the supply of citrate during blood return.'2!3 This is
probably one of the factors involved in the high VVR in-
cidence in older women apheresis donors, whose VVR
incidence is increased by repeating blood withdrawal and
return. Not only the effects of blood withdrawal, but also
the effects of citrate on the reflex mediated by cardiopul-
monary baroreceptors would be stronger in the smaller
CBV of old women donors. These factors may explain a
high VVR incidence of elderly women donors and at later
stage of apheresis.
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‘Guidance for Industry and FDA Review Staff

Collection of Platelets by Automated Methods

This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this
topic. Itdoes not create or confer any rights for or on any person and does not operate to bind
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. If you want to discuss an alternative
approach, contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff,
call the appropriate number listed on the title page of this guidance.

L  INTRODUCTION

This guidance provides you, blood establishments, and FDA staff with revised recommendations
for the collection of Platelets by automated methods (plateletpheresis). This guidance is intended
to help you ensure donor safety and the safety, purity, and potency of Platelets collected by an
automated blood cell separator device. For the purpose of this document, Platelets collected by
automated methods and resuspended in plasma will be referred to by the product name

“Platelets, Pheresis.” We consider the recommendations in this guidance document to provide
appropriate criteria for a biologics license application or supplement for manufacturing Platelets,
Pheresis, and provide guidance on preparing a manufacturing supplement for Platelets, Pheresis
under Title 21 Code of Federal Regulations 601.12

(21 CFR 601.12).

This guidance applies only to the following Platelets, Pheresis components:

Platelets Pheresis (single, double, and triple collections);
Platelets, Pheresis Leukocytes Reduced (single, double, and triple collectlons) and

o Platelets, Pheresis or Platelets, Pheresis Leukocytes Reduced collected concurrently wnth
Plasma, Red Blood Cells (RBCs), and/or Source Plasma.’

This guidance replaces FDA’s “Revised Guideline for the Collection of Platelets, Pheresis” dated
October 1988. Also, this guidance finalizes the draft guidance, “Guidance for Industry and FDA
Review Staff: Collection of Platelets by Automated Methods” dated September 2005.

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.

! This guidance does not apply to plateletpheresis components collected concurrently during apheresis granulocyte
collection procedures or plasma reduced apheresis platelets, which are not currently licensed products, or to platelets
prepared from plasmapheresis as described in 21 CFR 640.22(b). :
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The use of the word should in FDA’s guidances means that something is suggested or |
recommended, but not required. .

If you have any questions about the effect of any portion of this guidance on a regulatory
requirement, contact the Center for Biologics Evaluation and Research (CBER), Office of Blood
Research and Review, Division of Blood Applications, at 301-827-3524.

IL DISCUSSION

A.

Background

Plateletpheresis is the routine collection of platelets using an automated blood cell
separator device, which results in the product Platelets, Pheresis manufactured from a
high yield of platelets from a single donor. Transfusion of Platelets, Pheresis is effective
for treating patients with platelet related insufficiencies, while limiting the recipient’s
exposure to platelets from multiple donors. In recent years, many improvements have
been made in automated blood cell separator device technology, platelet storage stability,
and blood cell counting methods, including:

collection process efficiency;
storage container characteristics; and

accuracy of methods for determining a donor’s pre-donation platelet count and
component yields.

Automated blood cell separator devices are now capable of various plateletpheresis
collection procedures including but not limited to the following:

L

collection of double and triple platelet components obtained during a single
procedure;

use of in-process leukocyte reduction (Ref. 1);
collection of concurrent plasma components (Ref. 2); and
collection of concurrent RBC components (Ref. 3).

This document includes the following recommendations:

Published research indicates that there is poor recovery of viable platelets stored at a
pH of less than 6.2 (Refs. 4 and 5). Therefore, your process validation and quality
control (QC) testing for Platelets, Pheresis should assure a pH at or above 6.2, to rule
out a pH less than 6.2 on the date the product is issued or on the date the product
expires (outdates). Note that we recommend that you adopt a stricter pH standard than
that currently specified in 21 CFR 640.25(b)(2).

You should include additional deferral criteria for donors of Platelets Pheresis who
have taken certain medications (see section III.A.) (Refs. 6, 7, and 8).



Contains Nonbindingv Recommendations

o To protect the safety of the donor, seven days should elapse after collection of a .
double or tn'ple Platelets, Pheresis before the donor is eligible to donate Platelets,
Pheresis again. In addition, first-time donors without a pre-donation platel et count
should not undergo collection of a triple Platelets, Pheresis.

¢ Because of similarities between plateletphere51s and Source Plasma donation, you
should follow the donor weight provisions for Source Plasma donors under '
21 CFR 640.63(c)(6) (see Section IIT.A.).

e QC testing, as prescribed in 21 CFR 640.25(b)(1) through (3) requires that, each
month, four units prepared from different donors be tested at the end of the storage
period for platelet count, pH of not less than 6.0 when measured at the storage
temperature of the unit, and volume. In addition, 21 CFR 211.160(b) requires that
laboratory controls include the establishment of scientifically sound and appropriate
specifications, standards, sampling plans, and test procedures designed to assure that
components, drug product containers, closures, in-process materials, labeling, and

* drug products conform to appropnate standards of 1dent1ty, strength, quahty, and °
purity.

We also note that bacterial contamination of blood components and associated
transfusion risks is a continuing problem (Refs. 9 and 10). Bacterial contamination .
testing is a necessary part of process validation and quality assurance monitoring for
Platelets, Pheresis. :

B. Deﬁniﬁons
For purposes of the terms used in this guidance, the following definitions apply:

Actual platelet yield — The total platelet yield in the component, calculated by
multiplying the platelet count of the sample times the volume of the component (platelet
count x component volume = actual platelet yield).

Apheresis — Automated blood collection in which a device continuously or intermittently
removes a small volume of whole blood, separates the components, collects certain
components, and returns to the donor the uncollected remainder.

Automated blood cell separator — A device that uses a centrifugal or filtration
separation principle to automatically withdraw whole blood from a donor, separate the
whole blood into blood components, and return to the donor the remainder of the whole
blood and blood components. The automated blood cell separator device is intended for
routine collection of blood and blood components for transfusion or further
manufacturing use. :

Bacterial contamination testing — Testing conducted to determine whether a product
contains viable contaminating bacteria.

Component — A part ofa single donor’s blood, such as platelets, separated from whole
blood by physical or mechanical means. For Platelets, Pheresis, a component is a
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transfusable product that may result from a single collection (resulting in one
component), a double collection (resulting in two Platelets, Pheresis components), or a
triple collection (resulting in three Platelets, Pheresis components).

" Concurrent component — When a blood component, such as Platelets, is being collected
during an apheresis procedure, a concurrent component is a different blood component
(i.e., Plasma, RBCs) collected at the same time.

Dedicated donation — Platelets, Pheresis donated for a specific recipient.

Devices cléared or approved — Describes a device that has been cleared or approved by
FDA pursuant to a 510(k) Premarket Notification (cleared device) or Premarket Approval
Application (approved device). (See Title 21, United States Code, section 360c; Federal
Food, Drug, and Cosmetic Act (FDCA), section 515 — Premarket Approval; and, FDCA,
section 5 10(k))

Donation frequency — Interval between a donor’s collection procedures.

Process validation — Establishing documented evidence which provides a high degree of
assurance that a specific process will consistently produce a product meeting its pre-
determined specifications and quality characteristics.

Qualification — A part of process validation that establishes confidence that a

manufacturing device is capable of operating consistently (equipment installation

" qualification) and can be performed effectively and reproducibly (process performance

qualification), and that the finished product meets all of the release requirements for
functionality and safety (product performance quahﬁcatlon)

Residual Whlte Blood Cell (WBC) count — The number of WBCs remaining in a
Leukocytes Reduced component, calculated by multiplying the WBC count from a
sample of the component times the volume of the component. In this document:

o references to residual WBC count testing apply when the Platelets, Pheresis will be
labeled as Leukocytes Reduced.

o references to percent platelet retention apply to leukocyte reduction by filtration, -
provided there is access to a pre-filtration sample.

Rolling 12-month period — Continual assessment of a donor over a 12-month period.
This is not a set 12-month period (i.e., calendar year).

Target platelet yield — The intended platelet yield programmed into an automated blood
cell separator device, which may be based on the donor’s platelet count and other factors.

Tolerance values — Minimum and maximum values (i.e., container volume; platelet
concentration) described by the manufacturer as being acceptable. These values may also
be described as specifications.
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Weight/volume conversion — The total weight of the component minus the tare weight -
of the empty container divided by the specific gravity of the component equals volume of
the component.

DONOR SELECTION AND MANAGEMENT

A. Donor Selection

Under 21 CFR 640.21(c), plateletpheresis donors must meet donor suitability criteria
described in the biologics license application or supplement. These typically conform to
donor suitability requirements (21 CFR 640.3) and recommendations applicable to
donors of Whole Blood. In addition, we recommend:

¢ donorweight of at least 110 pounds (currently required for Source Plasma donors
under 21 CFR 640. 63(c)(6))
Prior to the first donation, collect a sample for a platelet count.
If you cannot test a sample for a platelet count prior to the first donation (for example
because the donor presents at a mobile collection site), you should collect a pre-
- donation sample and evaluate the donor’s platelet count after the first collection.

You should not collect Platelets, Pheresis from donors who have ingested platelet‘
inhibitory drugs recently enough to adversely affect platelet function in the product, or
the safety of the donor. These recommendations include, but may not be limited to:

+_ Aspirin (ASA)/ASA-containing drugs/F eldene two full medication free days prior
to donation (Refs. 6 and 7)

o Plavix (Clopidogrel) and Ticlid (Tlclopldme) - 14 full medlcatlon free days pnor to
donation (Ref. 8).

When the drugs listed in this section are taken for a specific medical condition, donors
should not discontinue taking drugs prescribed or recommended by their physicians in
order to be eligible® to donate Platelets, Pheresis. However, we do not necessanly
recommend deferral of such donors for all blood products, if the donors are in-good
health, and establishments may make eligibility determinations for donations of other
products.

? We are using the terms “eligible” and “eligibility” in this guidance to refer to the donor suitability requirements
described in 21 CFR 640.3 and 640.21(c).
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Donor Management

‘1. Platelet Count

¢ You should collect a pre-donation sample from the donor for a platelet count. -
The device operator should enter that platelet count, or the one obtained
immediately following initiation of the collection procedure, to more
accurately set the target platelet yield parameters for each collection of -
Platelets, Pheresis. These steps should be consistent with the automated
~ blood cell separator device manufacturer’s directions for use.

¢ For any collection facility that cannot test a pre-donation sample for a platelet
- count (for example, a mobile collection site), you may use an average of

previous historic platelet counts (as specified by the device manufacturer), or
a default platelet count (either as recommended by the automated blood cell
separator device manufacturer, or determined by using blood center specific
values), to set the target platelet yield. 'You should not collect a triple
‘Platelets, Pheresis from first-time donors who do not have a pre-donation
platelet count available either prior to or immediately following initiation of
the collection procedure. Concurrent components may be drawn if the donor
meets eligibility requirements for those components.

¢ You should defer from donation donors whose platelet counts are less than
150,000 platelets/uL until a subsequent pre-donation platelet count indicates
" that the donor’s platelet count is at least 150,000 platelets/uL.

2. Donation Frequency
To protect the safety of the donor:

¢ adonor should undergo no more than 24 Platelet, Pheresis collections in a
rolling 12-month period.

the interval between each collection of Platelets, Pheresis should be at least
two days with no more than two procedures in a seven-day period.

the interval between collection of a double or triple Platelets, Pheresis and any
subsequent collection of Platelets, Pheresis should be at least seven days.

the automated blood cell separator device should be set with a post-donation
platelet count target of no less than 100,000 platelets/uL.

‘ 3. RBC Loss Prior to a Collection of Platelets, Pheresis

To protect the donor from significant RBC loss, we recommend that:

. you not allow a donor who has donated a unit of Whole Blood, a single unit -
of Red Blood Cells by apheresis, or a single unit of Red Blood Cells by
apheresis concurrent with Platelets, Pheresis or Plasma in the previous 8



Contains Nonbinding Recommendations

weeks to donate Platelets, Pheresis, unless the extracorporeal red blood cell

volume during the Platelets, Pheresis collection is expected to be less than
100 mL (Ref 3). '

¢ you not perform any collection procedure on a donor who has donated two
units of Red Blood Cells by apheresis within the previous 16 weeks (Ref. 3).

4, Total Plasma Volume Loss Per Collection Procedure

The total plasma volume (excluding anticoagulant) of all blood components
retained per collection of Platelets, Pheresis should not exceed:

500 mL (600 mL for donors weighing 175 Ibs or greater), or
the volume described in the labeling for the automated blood cell separator

device (this volume may be more or less than the 500 mL or 600 mL volume
stated in the above bullet).

IV. INFORMATION PROVIDED TO THE DONOR

- Under 21 CFR 640.22(c), the collection procedure must be as described in the biologics license
application or supplement. As part of the collection procedure, Platelets, Pheresis donors should
receive information about the collection procedure and its associated risks. You should provide
Platelets, Pheresis donors with the same information that is provided to a Whole Blood donor®,
plus the following information specific to the platelet collection:

a description of the procedure for collection of Platelets, Pheresis and its associated risks.
information about potential side effects of the procedure including possible effects as a
result of solutions and/or treatment to reduce side effects such as treatment with a calcium
replacement. Examples of side effects include anticoagulant effects (tingling and/or
nausea), hypovolemia (decreased blood volume), fainting, and any other side effect as
described by the automated blood cell separator device manufacturer.

o information indicating that there are limitations to the number and types of components that

- can be donated per year. '

V. COMPONENT COLLECTION

Improvements in collection of Platelets, Pheresis have enabled blood establishments to obtain
- from a single collection procedure one, two, or three Platelets, Pheresis component(s) (and
concurrent collection of Plasma, Source Plasma and/or RBC components).

? Refer to FDA regulations and guidance developed by FDA on this topic and available on the FDA website.
http://www .fda. gov/cber/blood/bldpubs.htm ,
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Under 21 CFR 640.22(c), the collection procedure must be as described in the biologics license
application or supplement. In addition, the phlebotomy must be performed by a single
uninterrupted venipuncture with minimal damage to, and minimal manipulation of, the donor's
tissue (21 CFR 640.22(d)). A sterile connecting device may be used as described in the
manufacturer’s directions for the apheresis collection set. The automated blood cell separator
device must perform in the manner for which it was designed (21 CFR 606.60(a)). Accordingly,
'your collection procedures should be consistent with the Operator’s Manual, directions for use,
and/or manufacturer’s specifications. -Specifications identified by the manufacturer may include,
but not be limited to, the donor’s platelet count, weight, height or hematocrit; the -
minimum/maximum volume of the storage container; platelet concentration per uL in the storage -
container, or actual platelet yield. In addition, supplies and reagents must be used in a manner
consistent with instructions provided by the manufacturer (21 CFR 606.65(e)).

VL. VALIDATION OF THE COLLECTION PROCESS

The Current Good Manufacturing Practice (CGMP) regulations described in 21 CFR Parts 210
and 211 contain the mimimum requirements for methods to be used in, and the facilities or
controls to be used for, the manufacture, processing, packing or holding of a drug to assure that
the drug meets the requirements of the FDCA as to safety, and has the identity and strength and
meets the quality and purity characteristics that it purports or is represented to possess

(21 CFR 210.1(a)). These CGMP regulations also apply to Whole Blood and blood components
(21 CFR 210.2(a), 211.1(b)) and supplement the CGMP regulations for blood and blood
components contained in 21 CFR Part 606. As an element of CGMP, process validation
“establishes documented evidence which provides a high degree of assurance that a specific
process will consistently produce a product meeting its pre-determined specifications and
quality characteristics” (Ref. 11).4 We recommend that establishing documentation of process.
validation include, but not be limited to, validation protocol development, installation
qualification, process operator performance qualification, and product performance component
qualification (Ref. 11). :

Each device intended for the routine collection of Platelets, Pheresis must be cleared or
approved by FDA for this purpose (see 21 CFR 864.9245). You should conduct validation of
the collection process using each type of device used i in your establishment prior to
implementing routine collections.

In addition, your validation efforts should include the following manufacturing steps:

cell counting .

* pH measurement: we recommend that a pH meter or gas analyzer be routinely used rather
than pH (nitrazine) paper.

e component weighing

* The requirement for process control is set forth in‘general terms in 21 CFR 211.100.
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o sterile connecting method (Ref. 12)
e storage
e shipping

A Equipment Installation Qualification

21 CFR 606.60(a) requires that equipment be observed, standardized and calibrated on a
regularly scheduled basis as prescribed in the Standard Operating Procedures Manual
and must perform in the manner for which it was designed. Upon initial installation, the
‘automated blood cell separator device should be qualified as described in the Operator s
Manual or manufacturer’s directions for use.

B. Validation Protocol

An integral element of the performance and documentation of process validation is the
development of a validation protocol. You should refer to FDA’s “Guideline on General
Principles of Process Validation” (Ref. 11) as an outline for developing your validation
protocol. The validation protocol should include at least the following;

a description of the equipment to be used
minimum/maximum acceptable values for the Platelets, Pheresis collection and/or
component as specified by the automated blood cell separator device manufacturer
- total volume (after removal of samples for hematological testing and bacterial
contamination testing), including per component (container) from double and
triple collections
- actual platelet yield
- residual WBC count (if Leukocytes Reduced) for the collection and components
(if multiple components are collected), and percent platelet retention when
applicable :
- concurrent component volume (Plasma or RBC), if appllcable
- - pH measurement
e manufacturer’s specifications or recommendations for processing parameters (i.e.,
actual platelet yield and concentration, weight or volume collected)
e description of supplies used in the collection (e.g., collectlon/storage containers,
~ anticoagulants, etc.)
failure investigation criteria
personnel training criteria
standard operating procedures for performing each element of the collection process
documentation of the validation protocol criteria (all of the above)

C. Process Performance Qualification (Operator)

Each person engaged in the collection of Platelets, Pheresis must have adequate
education, training, or experience to assure competent use of the automated blood cell
separator devices involved (21 CFR 211.25(a)). Establishments must maintain
applicable proficiency test results (21 CFR 606.160(b)(5)(v)).
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We recommend that personnel training include the successful, consecutive, performance
under supervision of an appropriate number of procedures, as defined by your facility.
These procedures should result.in the collection of Platelets, Pheresis meeting relevant
component specifications.

D. Product Performance Quahﬁcatlon for Component Collection Process

Various mechanical and biological factors may influence the plateletpheresis collectlon
process (i.e., the optical qualities of a donor’s plasma, the donor’s platelet count and
platelet size, vascular access, and procedure duration) (Ref. 14). The objective of
collection performance qualification is to verify that the automated blood cell separator
device performs according to the manufacturer’s claims when used, and through '
appropriate testing establishes confidence that the finished product produced by the
specified process meets all release requirements for functionality and safety (Ref. 11);
All components collected during the validation process can be released for transfusion
provided that they meet minimum specifications as defined by the manufacturer, are
labeled appropriately, and are otherwise suitable.

Process performance qualification should include testing for the actual platelet yield, pH,
and volume; residual WBC count and percent platelet retention (for Leukocytes Reduced
components) (See Table 1). We recommend that you assess the following at each .
collec’aon site:

o actual platelet yield (platelet count multiplied by the volume):

o determine actual platelet yield at collection. '

o ' follow the platelet pre-donation count recommendations in section III.B.1., and .
set an appropriate target platelet yield as recommended by the automated blood
cell separator device manufacturer to maximize the likelihood that each
transfusable component contains > 3.0 x 10'! platelets and the target collection
type (single, double, triple) is achieved.

e pH as a measurement of quality after storage:

o determine pH on the date the product is issued or on the date the product expires
(outdates).

o each transfusable component should have a pH > 6.2

e percent platelet retention

o perform when the automated blood cell separator device or filtration method is
first put into use at an establishment and/or as recommended by the automated
blood cell separator device manufacturer.

o if leukocytes are reduced by filtration and there is access to both a pre-filtration.
and post-filtration sample, calculate percent platelet retention using pre- and
post-filtration volume and cell content.

¢ residual WBC count:

o perform when the automated blood cell separator device or filtration method is
first put into use at an establishment and/or as recommended by the automated
blood cell separator device manufacturer.

10
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perform within 48 hours of collection or per the manufacturer’s directions for the
cell counting methodology used (Ref. 15). .
conduct testing on the collection (parent container) and on the individual
components from double and triple collections

volume:

o]

e}

o]

_ determine the volume after removal of samples for testing (i.e., cell count,

bacterial contamination testing).

fill each storage container consistent with the manufacturer’s
minimum/maximum specifications.

equilibrate storage containers for double or triple collections + 10 mL, or per the

~ manufacturer’s directions if different.

You also should qualify devices and perform failure investigations as follows:

Devices:

(o]

O

complete product performance quahﬁcatlon for apheresis devices from dxfferent

-manufacturers, and for each model.

obtain data from all automated blood cell separator devices at each site for initial
product performance qualification. If additional devices of the same model are
added at the facility after qualification, include qualification data in monthly QC
only.

Failure investigation: Conduct an investigation for all component qualification
failures, and when appropriate, initiate corrective action and follow-up measures (see
21 CFR 211.192; 606.100(c)). We understand that some failures may occur due to
conditions net resulting from a failure of the process (e.g., automated blood cell
separator device failures, donor reactions). In addition, you should:

O

(o]

investigate as qualification failures residual WBC counts that exceed the
following:
e single collection: > 5.0 x 10° (collection) _
e double collection: > 8.0 x 10° (collection), and > 5.0 x 10° (either or both
components)
s triple collection: >1.2x 107 (collection), and > 5.0 x 10° (one two or all
three components)

However, each transfusable component from a double or triple collection of
Platelets, Pheresis may be labeled as Leukocytes Reduced provided the residual
WBC count on the component is found to be < 5.0 x 10°. investigate collections
that fail to meet the percent platelet retention, if performed. However, the
component may be transfused if the actual platelet yield is determined subsequent
to filtration, and the component is labeled appropriately.

Variation in the actual platelet count might be due to the platelet counter used and the
type of platelet count used at the time of collection (pre-donation or historic average).
However, you should select a statistically sound sample size, based on 95% confidence
that 75% of components (platelet yield) will meet the recommended results (see Table
1). For pH and recommended residual WBC count, you should select a statistically
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. sound sample size, based on 95% confidence that 95% of components (pH) or
collections (residual WBC count) will meet the recommended results. Using the
binomial statistic for.example, a minimum of 60 components/collections should be
tested, with zero process failures (93 tested with one process failure, 124 tested with two
process failures, etc.) to qualify the process. Determine the sample size selection before
starting the qualification process. For example, if you test 60 samples and encountera .
failure, you should not continue with the testing of an additional 33 components. If you
select a sample size of 93 and encounter a failure during testing, you may continue to .
test but there should be no additional failures. Similarly, if you select a sample size of
124 and encounter two failures, you may continue to test, but there should be no
additional failures.

12
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N

Table 1. Product Performance Qualification Criteria for the Platelet Component
' Collection Process :
Test Recommended Results Target' Allowable Process Failures®to achieve
recommended results for a set of N tests’
Actual platelet | >3.0x 10" 95%/75% * N=11" " N=18 N=23"
yield of ‘ i i
transfusable 0 1 2
component : .
pH >6.2 95% / 95%, N=60 N=93 N=124
0 1 2
Percent > 85% component 95%/95% N=60 N=93 N=124
component retention if performed .
retention e 0 1 2
Residual WBC Single collection: 95% !/ 95% N= 60 N=93 N=124
count” ™" <5.0x 10° : collections | collections | collections
0 1 2
Double collection: 95%/95% N=60 N=93 =124
Collection: <8.0 x 10° collections collections collections
or Components <50x 0 1 2
10° .
Triple collection: 95%/95% N=60 N=93 - N=124
Collection: <1.2 x 107 ~ collections | collections | collections
or Components: <5.0 x 0 1 2
10° : ‘

2" Process failures only; non-process failures should be excluded.

Corrective actions for exceeding allowable process failures

* if you select a sample size of 11 and find one failure, 17 addltlonal samples would need to be
tested with no additional failures.

e if you select a sample size of 60 and find one failure, 91 addltlonal samples would need to be
tested with no additional failures. If you select a sample size of 93 and find two failures, 157
additional samples should be tested with no failures. If you select a sample size of 124 and find

" three failures, 127 additional samples should be tested with ne failures.

95% confidence that greater than 75% of the components meet the standard. »
** The sample size numbers can be used in a sampling plan that should be representative of products

collected on each machine type in each facility.
™" 95% confidence that greater than 95% of the components meet the standard.
Or per the container/automated blood cell separator device manufacturer’s specifications
The stratified recommended results should ensure that the individual transfusable units will be <5.0 x
10¢ even with a 25% error in equilibration of the volume for double and triple collections.

[TYLy

LYY
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E.  Re-Qualification/Re-Validation

. Exceeding the allowable process failures of the collection process qualification may -
~indicate that the process is not in control. You must investigate and correct the
source of this failure (see 21 CFR 211.192, 606.100(c)) and should repeat validation.

¢ The manufacturer may provide re-qualification requirements for the automated blood
cell separator device to be followed. :

VII. QUALITY ASSURANCE AND MONITORING

Quality assurance (QA) is the sum of activities planned and performed to provide confidence
that all systems and system elements that influence the quality of the component are functioning
as expected (Ref. 13). When this is demonstrated, the process is considered to be in a state of
control. Whether a process is operating in a state of control is determined by analyzing the day-
to-day process and the data for conformance with the manufacturer s specifications and for -
variability.

You must have a quality control (QC) unit that has the responsibility and authority to approve or
reject all components, containers, closures, in-process materials, packaging material, labeling
and drug products and the authority to review production records to assure that no errors have
occurred or, if errors have occurred, that they have been fully investigated (21 CFR 211.22(a)).
Thus, the QC unit’s responsibilities include the review of production records, and the review of
complaints involving the possible failure of a product to meet its specifications. (See, for
example, 21 CFR 211.22, 211.192, 211.198, 606.100(c)). Please refer to FDA’s “Guideline for
Quality Assurance in Blood Establishments” (Ref. 13) for developmg a QA and Monitoring
program.

A. Standard Operating Procedures '(SOPs) and Recordkeeping
1. Requirements for SOPs

* An automated blood cell separator device must “perform in the manner for
which it was designed” (21 CFR 606.60(a)) during the collection or
processing of apheresis components. Written SOPs must be maintained and
must include all steps to be followed in the collection, processing,
compatibility testing, storage, and distribution of blood and blood
components (21 CFR 606.100(b)). Therefore, you must have written SOPs
for each step in the collection of Platelets, Pheresis.

2. Additional Provisions Applicable to SOPs -
* Adverse reactions: You must have a written SOP for investigating adverse

donor and recipient reactions (21 CFR 606.100(b)(9)). In addition, you
should have a written SOP for managing a cardiopulmonary emergency or -
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any other adverse reactions associated with donation, containing steps for -
contacting physicians, obtaining an emergency rescue squad response, and
transpomng the donor to the hospital.

Hematocrit: If the final platelet collection contains more than 2 mL of
packed RBCs, you should attach a sample of donor blood to the platelet
storage container for compatibility testing to prevent the possibility of an
adverse reaction during transfusion. In addition, you should hold the
Platelets, Pheresis collection prior to distributing as Leukocytes Reduced
until a residual WBC count of the transfusable component can be determined
and found to be < 5.0 x 10°.

Component volume: You should describe how to process components in the
event the volume exceeds the automated blood cell separator device
manufacturer’s specifications. In addition, the volume in the storage )
containers from double or triple collections should be within +10 mL of each
other or per the manufacturer’s directions if different.

Sampl'és for QC: Containers for QC samples should be attached to the
component/collection set using a sterile connecting device, to ensure the
maintenance of the closed system.

Actual platelet yield: The platelet yield from each collection of Platelets,
Pheresis should be available to provide to the transfusion facility.

pH measurement: Accurate pH measurement is time dependent, and
samples should be tested within 1 hour of sampling, or as suggested by the
manufacturer of the pH measurement system. We recommend that apH
meter or gas analyzer be routinely used rather than pH (nitrazine) paper.
However, if you choose to determine pH measurements with nitrazine paper,
- the selected paper should read in increments of one-tenth units, or it may
provide inaccurate measurements.

RBC loss: You must have a written SOP for your collection procedure, -
including in-process precautions to measure accurately the quantity of blood
removed from the donor (21 CFR 606.100(b)(5)). You should calculate the
donor’s RBC loss, which may incltde the residual RBCs remaining in the
apheresis collection set after a collection of or discontinued collection of

- Platelets, Pheresis; the extracorporeal RBCs remaining in event of no RBC
rinseback; the RBC loss from collection of tubes for testing; and/or collection
of a concurrent RBC. You should record such RBC loss in the donor’s
record; in a manner that allows tracking of cumulative RBC loss over time.
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- Bacterial contamination testing: You must maintain written SOPs and
include all steps to be followed in the testing of blood and blood components
(21 CFR 606.100(b)). Bacterial contamination testing should be performed
using a culture based methodology, and using your established procedures.

QC failures: You must thoroughly investigate any unexplained discrepancy

or the failure of a batch to meet any of its specifications (21 CFR 211.192).

You should define appropriate criteria for retesting of components, testing of

additional components, final labelmg, and disposition of components that fail
- to meet specifications.

Failure investigations: (see 21 CFR 211.192; 606.100(c)) The criteria to
assess in the performance of a thorough failure investigation (including the
conclusions and followup) should include, but not be limited to: donor
characteristics or specifications; operation and or performance of the
collection device; adherence to SOPs; lot numbers of reagents or supplies;
sample collection, handling, storage or shipping; operator performance,
training or competency; and cell counting instrument performance including
shifts or trends in controls.

Manufacturer’s performance specifications: You should state the
acceptable tolerance specifications for the volumes, platelet concentration,
and/or actual platelet yield for each storage container as described by the
manufacturer. You should have a procedure addressing the handling of
components that do not meet the manufacturer’s performance specnﬁcatxons
(e.g., use in research or further manufacture)

Labeling:

o The final component volume stated on the label should be determined

- after removal of samples for platelet count determination, QC, and/or
bacterial contamination testing.

o Platelets, Pheresis for transfusion should routinely contain > 3.0 x 10"
platelets. When special circumstances warrant their use, Platelets
Pheresis components containing less than 3.0 x 10! platelets should be
labeled with the actual platelet content. :

Component Storage:
o IfPlatelets, Pheresis are stored at 20 to 24 °C, you must maintain a
- continuous gentle agitation throughout the storage period (21 CFR

640.25(a)). You should describe how temperature and agitation will be
monitored, and the disposition of platelet components that are not stored
properly.

o You must follow the automated blood cell separator device
manufacturer’s directions for use (21 CFR 606.60(a)). If sterile
connecting an additional container(s) is necessary, use a container(s)
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designed to achieve and protect a sterile conduit. Because of differences
in container specifications, you should use containers from the same
manufacturer

3. ' Recordkeeping

All recordkeeping requirements of 21 CFR Part 606, Current Good
Manufacturing Practice for Blood and Blood Components, Subpart I (Records and
Reports); Part 211, Current Good Manufacturing Practice for Finished ‘
Pharmaceuticals, Subpart J (Records and Reports); and applicable provisions of
21 CFR 640.20 through 640.27, must be met.

Donor Monitoring
1. Platelet Counts

If the platelet count is known, you should notify your Medical Director when a
donor has a post collection platelet count less than 100,000/uL., and you should
defer the donor until his/her platelet count has returned to at least 150,000/uL.

Transient decreases in platelet counts have been reported in donors undergoing
multiple collections of Platelets, Pheresis (Ref. 16). You should periodically
review a donor’s records to monitor platelet counts.

2. Adverse Reactions in Donors

Records must be maintained of any reports of complaints of adverse reactions
regarding each unit of blood or blood product arising as a result of blood
collection or transfusion and a thorough investigation of each reported adverse
reaction must be made (21 CFR 606.170(a)).

3. Red Blood Cell Loss

. Per collection:

o Ifthe collection procedure needs to be discontinued for any reason before
completion, and if the Operator’s Manual allows, you should attempt to
return RBCs to the donor.

o - Donor eligibility based on RBC loss (with or without RBC rinseback, and
including all other types of donation) is described in Table 2.
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Table 2: Recommendations for donor eligibility based on RBC loss per collection

Donor’s Initial Donor’s Second Eligibility
packed RBC loss packed RBC loss
‘ - within 8 weeks .
Less than 200 mL No donation or No deferral of donor for packed RBC loss;
total from initial frequency of donation of Platelets, Pheresis
and second loss as discussed in section II1.B.2 '
less than 200 mL
Less than 200 mL More than 200 mL | Donor is not eligible to donate for 8 weeks
: but less than 300 | from 2™ loss
mL total .
Morethan 200mL | NA Donor is not eligible to donate for 8 weeks
but less than 300 mL from initial loss
Less than 200 mL Total loss from | Donor is not eligible to donate for 16 weeks
initial and second | from the 2™ loss
loss of more than
' 300 mL
300 mL or more NA Donor is not ellglble to donate for 16 weeks
“from initial loss. :
o Per 12 months:

C.
1.
®

Under 21 CFR 640.3(b), a person may not serve as a source of Whole Blood
more than once in 8 weeks. In any such assessment, and in assessing a
donor’s RBC loss during the past rolling 12-month period, the RBC loss
associated with the collection of Platelets, Pheresis, and including any other
donation type (i.e., Whole Blood, RBC by apheresis), should also be
considered.

Total plasma volume loss per 12 months:

The maximum volume (excluding anticoagulant) collected from a donor
during a rolling 12-month period, and including any other donation type (i.e.
Whole Blood, plasmapheresis) should not exceed:

o 12 liters (12,000 mL) for donors weighing 110 — 175 lbs

o 14.4liters (14,400 mL) for donors weighing more than 175 lbs

(Ref. 2).

Component Testing

Component Specification Check

Actual platelet yield (volume x platelet count) must be determined after each
collection (21 CFR 211.103).

Weight/volume conversion is necessary to determine the volume of each
collection. To convert weight to volume, divide the weight of the collection
(the total weight minus the weight of the bag) by the specific gravity (1.03).
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e Bacterial contamination testing: You should perform bacterial testing as |
specified by the storage container manufacturer (i.e., 7-day storage of =
Platelets, Pheresis, Leukocytes Reduced).

2. QC Monitoring

Under 21 CFR 211.160(b), laboratory controls must include the establishment of
scientifically sound and appropriate specifications, standards, sampling plans and
test procedures to assure that components and products conform to appropriate
standards. One example of a scientifically sound statistical sampling and
analytic plan is based on a binomial approach (see Table 1: Product Performance
Qualification Criteria for the Platelet Component Collection Process). The
sampling sizes described in Table 1 will confirm with 95% confidence a < 5%
non-conformance rate for pH and residual WBC count, and < 25% non-
conformance rate for actual plateléet yield. :

However, other statistical plans may also be appropnate such as the use of scan
statistics. ,

As part of your QC protocol you should:

¢ define a plan for non-selectively identifying collections to be tested. This
should ensure testing of components collected on each individual automated
blood cell separator device, each collection type, and each location.

¢ define sampling schemes for actual platelet yield (including volume
determination) and pH, and residual WBC. We recognize that these sampling
schemes may be mutually exclusive. However, the platelet yield of the

collection (and designation of single, double or triple) should be made pnor

o performing the residual WBC count QC.

* test actual platelet yield (platelet count times the volume) and pH at the
maximum allowable storage time for the container system used (or
representing the dating period). Title 21 CFR 640.25(b) specifies that QC
testing, including platelet count and measurement of actual plasma volume,
be performed at the end of the storage period. We believe that such testing
may be conducted “at issue” or within 12 hours after expiration. In addition,
actual platelet yield and pH testing may be conducted on one storage
container of a double or triple collection,

¢ include the residual WBC count (Ref. 1) for Leukocytes Reduced collections,
if manufacturing leukocytes reduced products.

o Perform the residual WBC count on the collection. For the purpose of
labeling as Leukocytes Reduced (see 21 CFR 606.121(c)(1)), you may
also perform a residual WBC count on the transfusable units for double
and triple collections that fail the collection acceptance criteria listed (see
below in this section).

19



Contains Nonbinding Recommendations

o Test for the residual WBC count within 48 hours after collection (Ref.
15), or per the manufacturer’s directions for the cell counting -
methodology, to reduce aberrant results due to cellular deterioration and
clumping. _

o Test for percent platelet retention, if leukocytes reduced by filtration.

e describe the criteria for investigation of failures during QC, including the
factors to consider in categorizing a failure as process or non-process.
e have a method to document all calculations and test results.

We recommend that you conéider the following QC results to be acceptable:

e pH>6.2. If one component from a double or triple collection is found to
have a pH < 6.2, the corresponding component(s) from the collection should
be retrieved and/or quarantined until they are tested and found to be
acceptable.

o transfusable Platelets, Pheresis components >3.0x 10" platelets

e residual WBC count:

o Single collection: <5.0x 10°WBC

o Double collection: <8.0x 10°WBC
Note: If > 8.0 x 10°, but each transfusable component is < 5.0 x10°, thls
is not considered a collectlon failure.

o Triple collection: <1.2x 10’
Note: If> 1.2 x 10, but each transfusable component is < 5. 0 xlO6 this
is not considered a collection failure.

e percent platelet retention should be > 85% or per the manufacturer’s

specifications. Components with < 85% platelet retention may be distributed,

but a failure investigation should be performed.
¢ negative for bacterial contamination testing, when performed.

D.  Equipment/Supplies

Equipment must be observed, standardized, and calibrated on a regularly scheduled basis
as prescribed in the Standard Operating Procedures Manual (21 CFR 606.60(a)). Such
equipment includes, but may not be limited to, the automated blood cell separator

device, cell counting instrument(s), pH meter, scales and sterile connector.

All supplies (including containers) and reagents must meet all of the recjuirements
described in 21 CFR 606.65.

E. Operator Training
Operators must have adequate training, education and experience, or combination

thereof, to assure competent performance of their assigned functions
(21 CFR 606.20(b)). We recommend that assessment of operators include scheduled
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competency assessment and proficiency testing. In additioh, we recommend that you
develop and document appropriate training on component preparation and/or machine
maintenance as updated information becomes available (Ref. 12).

F. Quality Monitoring
You should assess the following:

¢ total component volume and equal distribution.of volume in double and triple
component collection containers. This assessment should include checking the
performance of the scale; the use of the tare weight of the empty containers/tubing;
and the weight/volume conversion.

¢ component bacterial contamination testing: Rates of bacterial contammatlon of

plateletpheresis should be monitored, and bacterial contamination rates that exceed
1:3000 (Refs. 10 and.12) should be investigated.

PROCESSING AND TESTING
A. Processing

Platelets, Pheresis must be processed as described in 21 CFR 640, Subpart C — Platelets
(21 CFR 640.20-640.27).

B. Communicable Disease Testing

Donations of Platelets, Pheresis must be tested for communicable diseases (21 CFR
610.40, 640.5(a) through (c), 640.23). Platelets, Pheresis may be released or shipped
prior to completion of communicable disease testing in accordance with .

21 CFR 610.40(g).

You must test donations of human blood and blood components from a donor whose
donations are dedicated to and used solely by a single identified recipient except that, if
the'donor makes multiple donations for a single identified recipient, you may perform
such testing only on the first donation in each 30-day period (21 CFR 610.40(c)(1)(i)).

C. Expiration Date

The dating period for Platelets, Pheresis collected using an FDA cleared or approved
collection container under a closed or functionally closed system will be specified by. the
collection container manufacturer.

In accordance with such instructions and our recommendation, Platelets, Pheresis

collected in an open system expire 24 hours from the termination of the procedure if the
integrity of the hermetic seal 1s broken during processing. -

21



Contains Nonbinding Recommendations

If the integrity of the hermetic seal is broken after collection, the Platelets, Pheresis
expire 4 hours from the time of the integrity violation, or at the original explratlon date,
whichever is earlier (21 CFR 606.122(1)(2)).

IX. LABELING

An instruction circular must be available for distribution if the product is intended for
transfusion (21 CFR 606.122).

Your container labels must comply with 21 CFR 606.121 and 610.60.
In addition:

The label should include the estimated amount of anticoagulant in the component container.
Platelets, Pheresis components for transfusion, containing less than 3.0 x 10" platelets per
storage container, should be labeled with the actual platelet content.

e A component from a double or triple Platelets, Pheresis may accurately be labeled as
Leukocytes Reduced when the residual WBC count of the collection is > 8.0 x 10° (double)
or > 1.2 x 10 (triple) IF the transfusable component is tested and found t to have a residual
WBC count < 5.0 x 10°.

o Platelets, Pheresis may be labeled (i.e., tie-tag) with the residual WBC count if counted and
found to contain < 1.0 x 105, .

X.  REPORTING CHANGES TO AN APPROVED BIOLOGICS LICENSE
APPLICATION (BLA)

Licensed establishments must report changes to their approved application(s) in accordance with
21 CFR 601.12. For assistance in reporting your changes see FDA’s “Guidance for Industry:
Changes to an Approved Application: Biological Products: Human Blood and Blood
Components Intended for Transfusion or for Further Manufacture.” The information below is
intended to assist you in determining which reporting mechanism is appropriate for a change to
your approved BLA, as it applies to the manufacture of Platelets, Pheresis. You should
prominently label each submission with the reporting category under which you are reporting
your change, e.g., “Prior Approval Supplement;” “Supplement - Changes Being Effected in 30
Days;” “Supplement - Changes Being Effected;” or “Annual Report.”

A. Prior Approval Supplement (PAS): Changes Requiring Supplement
Submission and Approval Prior to Distribution of the Product Made Using
the Change (Major Changes) (21 CFR 601.12(b))

Under 21 CFR 601.12(b), changes that have a substantial potential to have an adverse
effect on the identity, strength, quality, purity, or potency of the product as they may
relate to the safety or effectiveness of the product must be reported to FDA in a Prior
Approval Supplement (PAS).
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Under this standard, the following kinds of manufacturing changes would fall within this |
category, warranting subrhission of your request to implement the following changes to
your approved BLA as a PAS:

if you currently hold an unsuspended, unrevoked BLA to manufacture blood
components other than Platelets, Pheresis, and you intend to manufacture and
distribute Platelets, Pheresis under that license.

~ if you are currently approved to manufacture Platelets, Pheresis at a specific facility,

and you intend to manufacture Platelets, Pheresis at a different facility, not under an
approved Comparability Protocol. To submit a request for a Comparability Protocol
see below. '

if you are approved to manufacture Platelets, Pheresis, but intend to change your
manufacturing process in a manner that presents a substantial potential for an
adverse effect on the product. FDA believes that such manufacturing changes
include: change in storage conditions; change in anticoagulant, leukocyte reduction;
and collection of an additional or different product.

if you intend to collect Platelets, Pheresis using an automated blood cell separator
device new to the market or new to your establishment.

if you are requesting approval for a Comparability Protocol. The Comparablhty

Protocol described in 21 CFR 601.12(e) is a supplement that describes the specific

tests and validation studies and acceptable limits to be achieved to demonstrate the
lack of adverse effect for specified types of manufacturmg changes on the identity,
strength, quality, purity, or potency of the product as they may relate to the safety or
effectiveness of the product. A new Comparability Protocol, or a change to an
existing one, requires approval from FDA prior to distribution of the product which,
if approved, may justify a reduced reporting category for the particular change
because the use of the protocol for that type of change reduces the potential risk of
an adverse effect (21 CFR 601.12(¢)).

A Comparability Protocol is appropriate, but not required, if you wish to add
multiple collection facilities under your direction and control, using the same process
to manufacture Platelets, Pherests. If you request approval for a Comparability
Protocol, you should describe the procedures and processes that each new collection
facility will implement to ensure conformance with the Comparability Protocol. You
may identify one or more collection facilities for the purpose of validation and
submission of the Comparability Protocol and supporting data to CBER for review.

‘Approval of such a Comparability Protocol for future collection facilities justifies a

reduced reporting category for the particular change because the use of the protocol
for that type of change reduces the potential risk of an adverse effect.

If you are using an approved Comparability Protocol, you should routinely review
the procedures and specifications in the Comparability Protocol to assure that they
remain current and consistent with the applicable application and current guidance.
If modifications are required, you should contact FDA to discuss the change and to
determine the appropriate reporting category.

23



Contains Nonbinding Recommendations

¢ We consider the recommendations in this guidance document to provide appropriate
criteria for a biologics license application or supplement for Platelets, Pheresis. You
may use an alternative approach if such approach satisfies the requirements of the
applicable statutes and regulations. Your alternative procedure(s) may be acceptable
if you demonstrate that the resulting Platelets, Pheresis components meet applicable
standards. We have determined that it may be adequate to determine the actual
platelet yield at collection, and that re-determination of the actual platelet yield at
issue or outdate is unlikely to provide additional relevant information. If you choose
to discontinue determining the platelet count for QC testing as described under
21 CFR 640.25(b)(1), you must submit a request for an alternative procedure under
21 CFR 640.120.

You must not distribute in interstate commerce blood components made using a changed

manufacturing process requiring a PAS until you have recelved our approval of your
PAS (21 CFR 601.12(b)(3)). .

B. Changes Being Effected in 30 Daysv (CBE-30) Supplement: Changes
Requiring Supplement Submission at Least 30 Days Prior to Distribution of
the Product Made Using the Change (21 CFR 601.12(c))

Under 21 CFR 601.12(c), changes that have a moderate potential to have an adverse
effect on the identity, strength, quality, purity, or potency of the product as they may
relate to the safety or effectiveness of the product must be reported to FDA in a Changes
Being Effected in 30 days (CBE-30) supplement.

You must submit your request to implement manufacturing changes with a moderate
potential for an adverse effect to your approved BLA as a CBE-30 supplement under 21
CFR 601.12(c). The manufacturing changes described below are examples of changes

: that we believe fall within this category:

o certain software.and hardware upgrades provided by the manufacturer to your
cleared or approved automated blood cell separator device
addition of concurrent plasma collection
e implementation of a new collection facility under an approved Comparablhty
Protocol

You may distribute your blood components made using the change requested in your
CBE-30 supplement in interstate commerce 30 days after we receive your supplement,
unless we notify you otherwise (21 CFR 601.12(c)(4)).

C. Submission Inclusion Deocuments

1. PAS: To comply with the requirements in 21 CFR 601.12(b)(3), the folloWing must
be included in the supplement:
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e identification of the components involved (e.g., single plateletpheresis component,
double plateletpheresis components, and/or triple plateletpheresis components) and
manufacturing site(s) or area(s) affected, and a detailed description of the
manufacturing change (including device collection technology and the collection
protocol(s)) (21 CFR 601.12(b)(3)(1) through (iii)). We recommend that this
information be documented in a cover letter and FDA Form 356h. To permit
assessment of the manufacturing change we recommend mcludlng copies of the
following SOPs:

collection

informed consent

labeling including labels

donor qualification, deferral and adverse event follow-up

a description of traming (or an example of training documents)

component manufacturing

monitoring donor RBC and plasma loss

failure investigation

quality control including sampling scheme sample handlmg, tracking and

trending

equipment standardization/calibration

quarantine and dlsposmon of unsuitable products

0000000 O0O0

o O

Additionally, we recommend that the following SOPs, if already approved for other
blood collection activities and unrevised, would not need to be submltted

o sample preparation

o component storage and shipping

o donor arm preparation

e product labeling for each component, if changed (21 CFR 601.12(f)). We
~ recommend submitting a Form FDA 2567, 1ncludmg Circular (unless already on file
at FDA)
o areference list of relevant SOPs (21 CFR 601.12(b)(3)(vii))
o relevant validation protocols and data (21 CFR 601.12(b)(3)(vi)). We recommend a
summary of the validation protocol, including failure investigations.
e adescription of the methods used and studies performed to evaluate the effect of the
change and the data derived from such studies (21 CFR 601.12(b)(3)(iv) through
(v)). We recommend submitting the following information and data:
o the device manufacturer '
the device type
blood unit number
component description (i.e., leukocytes reduced)
date of collection
date of testing
result interpretation(s)
the identity of the person performing the testing

O 0O 00 0 O0O0
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o the identity of the collection facility
" o. evidence of QA oversight, and
o expected component specifications.

e Additionally, we recommend two months of QC data for actual platelet yield and
volume, pH, and residual WBC count (if requestmg approval for Leukocytes
Reduced platelets).

We further recommend that you provide an agreement to summarize bacterial
contamination testing results for the first two hundred and fifty (250) Platelets, Pheresis
collections in your Annual Report.

2. Comparability Protocol: If you are an establishment with multiple manufacturing
sites and wish to submit a comparability protocol to justify a reduced reporting
category for a manufacturing change at multiple sites (see Section X.C.4 below), you
must submit that protocol as a PAS (21 CFR 601:12(¢e)). In addition to the
information listed in Section X.C.1 above , we recommend that you include the
following:

e implementation plan
proposed reporting category for chang% made under proposed Comparablhty
- Protocol

3. CBE-30 submissions (excluding new facilities under an approved Comparability
Protocol): Under 21 CFR 601.12(c)(3) and 601.12(b)(3)(i) through (vii), the
following information must be included in your CBE-30 submission: -

¢ identification of the Platelets, Pheresis components involved (e.g., single
plateletpheresis component, double plateletpheresis components, and/or triple
plateletpheresis components) and manufacturing site(s) or area(s) affected, and a
detailed description of the proposed manufacturing change (including device
collection technology and the collection protocol(s)). We recommend that you
document this information in a cover letter and FDA Form 356h. To permit
assessment of the documented manufacturing change, we recommend that you
include copies of any new or revised SOPs.

¢ relevant validation protocols and data. We recommend that you submit a summary
of the validation protocol, including failure investigation.

e the data derived from such studies. We recommend two months of QC data for
actual platelet yield and volume, pH, and residual WBC count (if requesting
approval for Leukocytes Reduced platelets).

4. CBE-30 submissions for new facilities under an approved Comparability Protocol:

'To comply with 21 CFR 601.12(c)(3) and 601.12(b)(3)(i) through (vii), the
following information must be included:
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* identification of the components involved (e.g., single plateletpheresis component,
double plateletpheresis components, and/or triple plateletpheresis components) and
new manufacturing site(s) or areas(s) affected, and a detailed description of the
proposed implementation plan (manufacturing change including device collection
technology and the collection protocol(s)). Additionally, we recommend that this
information be documented in a cover letter and FDA Form 356h.

¢ relevant validation protocols and data. We recommend a summary of the validation
. protocol, including failure investigations to meet the requirement.

e the data derived from studies. We recommend two months of QC data for actual
platelet yield and volume, pH, and residual WBC count (if requesting approva] for
Leukocytes Reduced platelets).

In addition, you should include the submission trackmg number (STN) of the approved
Comparability Protocol, or the STN(s) of changes to the SOPs associated with an '
approved Comparability Protocol.

D. Submission of Platelets, Pheresis Sample(s) to CBER

To obtain a biologics license under Section 351 of the Public Health Service Act for any
biological product, the manufacturer must submit an application to CBER, and sample(s)
representative of the product must be listed in the apphcanon (21 CFR 601.2(a)).

We recommend that:

e applicants with no prior experience in the collection of Platelets, Pheresis schedule
submission of Platelets, Pheresis products to CBER.

o applicants who submit a CBE-30 for an additional facility under an approved
Comparability Protocol generally would not need to submit Platelets, Pheresis
products to CBER. -

CBER may request the submission of product samples by other applicants, as necessary,
during the review process or at any other time (21 CFR 610.2(a)).

E. Shipping Platelets, Pheresis Sample(s) to CBER

If CBER has requested you to submit a Platelets, Pheresis sample(s) to CBER, you
- should contact CBER Division of Hematology, Laboratory of Cellular Hematology at
(301) 496-2577 to schedule delivery of the products to arrive prepaid. Platelets, Pheresis
- sample(s) should be shipped to the following address between 8:30 am. and 4: 00 pm.
Monday through Friday, excluding Federal holidays: 1
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Center for Biologics Evaluation and Research (CBER)
Food and Drug Administration
8800 Rockville Pike
Building 29, Room 323
" Bethesda, Maryland 20892

We recommend that you enclose a pre-paid, self-addressed Shlppmg label to allow return
of shipping boxes and coolants if desired.

We recommend that you ensure that the Platelets, Pheresis sample(s) arrives at CBER
prior to the expiration time. The Platelets, Pheresis sample(s) should not expire on
Friday or Saturday at midnight, or at midnight on the day before a Federal holiday.

Labeling and processing, including required testing for evidence of infection due to
communicable disease agents (21 CFR 610.40), should be complete prior-to shipment.

When shlppmg to us, you should follow your SOPs for collection, processing, storage
and distribution of blood components intended for transfusion.

XI. CONTACT INFORMATION

You may direct questions specific to Platelets, Pheresis application submissions to the Division
of Blood Applications. You may also direct questions to the Office of Communications,
Training, and Manufacturers Assistance (OCTMA) as an initial general point of contact.
Submit all registration forms (Form FDA 2830) and licensure applications/supplements to the
Director, CBER.
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Table 3: FDA Contact Information

Submissions:
Registrations
License Applications

| Director, Division of Blood Applications :
:{ Center for Biologics Evaluation and Research HFM-370,
{| Food and Drug Administration, .

:| ¢/o Document Control Center, HFM-99, i
111401 Rockville Pike, Suite 200N, !
Rockville, MD 20852-1448. ’ 1€

General Questions

Director, OCTMA, HFM-40,

'Food and Drug Administration, :
;| ¢/o Document Control Center, HFM-99, ‘ 2
111401 Rockville Pike, Suite 200N, . .

| Voice (301) 827-2000; Fax (301) 827-3843.

Rockville, MD 20852-1448,

Application Submission

;| /o Document Control Center, HFM—99,
1| 1401 Rockville Pike, Suite 200N,
‘| Rockville, MD 20852-1448,

Director, Division of Blood Applications
Center for Biologics Evaluation and Research, HFM-370,
Food and Drug Administration,

Platelets, Pheresis Sarﬁples to
.| CBER

" | Voice (301) 827-3543; Fax (301) 827-3534.
| Center for Biologics Evaluation and Research (CBER)
/| Food and Drug Administration
|| 8800 Rockville Pike i
‘| Building 29, Room 323 o
‘| Bethesda, Maryland 20892 5
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