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BLOOD DONORS AND BLOOD COLLECTION

Statistical analysis of inappropriate results from
current Hb screening methods for blood donors

Virge James, Keith F. Jones, Elizabeth M. Turner, and Robert J. Sokol

BACKGROUND: The objective was to apply statistical
analysis to the false passes and fails that-occur with the
primary and secondary Hb-screening methods used at
blood-donor sessions.

STUDY DESIGN AND METHODS: Venous samples
from 1513 potential donors who had undergone primary
CuS0, screening using capillary blood (Hb cut-ofls:
women, 125 g/t; men, 135 g/L) were tested at the ses-
sion by a secondary method (HemoCue; cut-oifs:
women, 120 g/L; men, 130 g/L} and agaim at the base
laboratory using another system (Beckman Coulter
General S system), which generated the “true” Hb
value.

RESULTS: False-pass and -fall rates for women and
men, respectively, were 11.2 and 6.3 percent (womeny)
and 5.2 and 1.8 percent (men) for CuSQOy; 1.9 and 3.7
percent (women) and 1.5 and 0.4 percent {men) for He-
moCue; and 2.7 and 2.4 percent (women) and 1.8 and
0.2 percen {men) for a combined procedure that mim-
icked current practice of only testing CuSQ, fails by
HemoCue.

CONCLUSION: CuSQ, Hb screening gives large num-
bers of false passes, particularly in women. Using ve-
nous samples, the majority correctly pass at the lower
HemoCue cut-offs. The current dual-testing policy ap-
pears convenient for doror sessions, but because small
percentages of false passes and fails represent large
numbers of donars, every effort should be made fo im-
prove the accuracy of Hb screening.

400 TRANSFUSION Volume 43, March 2003

otential blood donors who attend donor ses-
sions in the Trent Region (situated in the Fast
Midlands, UK) initially undergo a health-
screening survey. After passed this survey, they
are subjected to primary Hb screening by the CuSO,
gravimetric method carried out on finger-prick capillary
blood,- the cut-off levels for donation being set to corre-
spond to Hb values of 125 g per L for women and 135 g
per L for men.!3 To optimize blood-collection rates, UK
regulations allow individuals who fail the primary CuSO,
test to continue with the donation process if they pass the
secondary Hb screening performed on a predonation ve-
nous sample using the HemoCue system.245 With this
method, donor acceptance or rejection is set at lower Hb
levels: 120 g per L for women and 130 g pex L for men.
We have recently become concerned that some do-
nors are being bled inappropriately with these screening
methods, whilst others with an acceptable Hb level are
failing the tests. The purpose of this study is to determine
whether this is the case and how to quantitate the prob-
lem by applying statistical analysis to the primary and
secandary Hb-screening procedures used at our donor
sessions, comparing thern with a standard Hb measure-
ment.

MATERIALS AND METHODS

Studies were carried out on potential volunteer blood do-
nors attending routine donor sessions held throughout
the Trent Region. Al participants were fully informed of
the purpose of the project and gave signed consent. The
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study had been formally approved by the Trent Multicen-
tre Research Ethics Committee,

To avoid bias when selecting individual subjects for
the study, a simple systematic sampling scheme was used
at each donor session. Before screening, every n'® poten-
tial donor was approached for consent to enrcil in the
trial. If an individual declined, each subsequent person
was approached until one consented. Subsequenily, the
next n'™ individual was approached and so on. The value
of n was controlled by the transfusion service staff at the
screening station.

During quiet periods, n could be set at 1 so that every
potential donor could be approached. During busier pe-
riods a larger value of i1 could be set, and at exceptionally
busy times, sampling could be discontinued completely
to avoid delaying the session.

Venous blood samples were collecied from 730
women and 783 men who were potential donors who had
undergone the primary CuS0, gravimetric Hb-screening
test. All the venous samples, which included those from
individuals who passed and failed CuS0O, screening, were
taken before any blood dunation and tested at the donor
session by the HemoCue method. These machines ave
calibrated to the International Council for Standardiza-
tion in Haematology standard. The HemoCue results
were used to construct a hypothetical screening test and
were expressed as either a pass or fail in respect to cut-off
Hb values of 120 g per L for women and 130 g per L [or
men.

A combined procedure that followed current practice
was also applied. Thus, respondents were initially
screened on the standard CuSO, test; those who passed
were deemed to have passed the combined procedure.
Those who failed the CuS0, test were considered to have
passed the combined procedure if a subsequent He-
moCue result was at least 120 g per L for women and 130
g per L for men.

The venous samples were tested again at the base
laboratory, with the Beckman Coulter General-S system
(Beckman Coulter, High Wycombe, UK}). These results
were deemed to be the "true” Hb values against which
the resulis of the CuS0Q,, HemoCue and combined pro-
cedures could be compared.

ANALYSIS OF BLOOD DONOR Hb SCREENING

nial age bands and then testing to determine whether
reweighting of the age-stratified data was necessary. This
was achieved by chi-squared tests, comparing test and
whole donor population data, and by a one-way ANOVA
conducted for each of the women and men data sets with
various Hb counts as the dependent variable and age
category as the factor of interest.

The need to reweight was confirmed by both tests. A
chi-squared value of 54.88 (p < 0.0001, df = 10) in respect
to age distribution for women indicated that the test
sample was severely under-represented in the 17 to 30
years age range, whereas for the age distribution for
men, a chi-squared value of 18.60 (p < 0.046, df = 10)
showed the test sample was under-represented in the
20-and-under ages. For the ANOVA, I values of 3.00 (df =
10,724, p = 0.001) for women and 2.23 (df = 10,782, p =
0.015) for men conlfirmed that in each case, Hb varied
with age.

Reweighting te give reasonable donor population es-
timates was therefore carried out by calculating the
stratified sample proportion of individuals possessing the
appropriate attribute, together with its SE. This propor-
tion is an unbiased estimator of the true populution pro-
portion possessing the desired attribute.®? All values and
standard errors were obtained using a statistical software
package (SAS, SAS Institute, Cary, NC), and all propor-
tipns and standard errors were converted to percentages
by multiplying them by 100.

The results of each screening test were compared to
baseline Beckmun Coulter Hb vahies of 125 g per L -
{(women) and 135 g per L (men} for the CuS0, test
and 120 g per L {women) and 130 g per L (men) for the
HemoCue and combined procedures. The “false-pass”
rates (i.e., the percentages of potential donors who would
pass the relevant screening test but would fail the base-
line Beckrman Coulter test) were of particular interest,

RESULTS

Table 1 shows the results of the CuSO, Hb screening comn-
pared with the baseline Beckman Coulter values of 125 g
per L (womeén) and 135 g per L (men). Table 2 (women)

Siatistical methodology
In view of the known differences in Hb

TABLE 1, Resulls of CuSO, screening test compared with Beckman
Coulter baseline at Hb leveis of 125 and 135 g per L for women and
men, respectively: population percentage estimates, stratum weighted

levels between men and women, data
for the different sexes were analyzed CusS0
separately. Because donor characteris- | resyit

by age
Women Men |
Beckman Estimalted Estimalted
Coulter result  perceniage SE percenfage  SE

tics would be likely to vary considerably Fail Fail 12.4 13 ag 0.7
between individual donor sessions, any Fail Pa;s 6.3 0.9 1.8 0.5

. . : : Pass Fail 1.2 1.3 5.2 0.8
sampling blases with respect te doner | o .o Pass 704 18 550 i1
age were adjusted by stratifying data for

Correct classification (%) 825 g3.0

both men and women into quinguen-
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TABLE 2. Results of screening tests for women compared with Beckman
Coulter baseline Hb level of 120 g per L: population percentage
estimates, stratum weighted by age )

Beckman CuS0, HemoCue Combined

Screening test Coulter  Estimated Estimated Estimated
result testresult percentage SE percentage SE percentage SE
Fail Fail 6.0 1.0 6.0 0.9 53 0.9
Fail Pass 12.7 1.3 3.7 0.7 2.4 06
Pass Fail 1.9 0.6 1.9 06 = 27 07
Pass Pass 79.4 1.6 ag.4 1.3 89.6 1.2
Correct .

classification (%) . 85.4 94.4 . 849

TABLE 3. Results of screening tests for men compared with Beckman
Coulter baseline Hb level of 130 g per L: popuiation percentage
estimates, stratum weighted by age

The primary purpose of Hb screen-
ing is donor protection, preventing an
anemic individual from exacerbating
their condition with potential ill effects.
The secondary purpose is to ensure the
patient receives a minimum infused Hb
dose per RBC transfusion. Screening
also acts as a nonspecific measure of
the general health of the donor and
may identify some conditions which
could potentially be harmful to the re-
cipient.2

Protocols with set cut-offs are not
without problems: they cause adminis-
tration and guality control costs, denor
inconvenience, expense and anxiety as
a result of medical follow-up of defer-

Beckman Gus0, HemaCue Combined
Screening lest Coulter  Eslimated Estimated Estimated rals, as well as permanent loss of do-
result lest result  percentage SE  percentage SE  percentage SE nors. Additionally, cut-offs need to be
Fail Fail 22 05 2.0 0.5 17 0.5 set to maximize donor safety but be
Fail Pass 3.6 0.6 0.4 D2 0.2 02 B , s
Pass Fail g 0.4 15 04 18 05 balanced against the system’s ability to
Pass Pass 930 09 %2 07 963 o7 | collect an adequate blood supply, a
Correct particular concern when trying to ex-
Hi H oy - 3 .
classification (%) 5.3 9.2 9.0 clude women with iron deficiency. Hb

and Table 3 {men) give the results of the individual
CuS0, and HemoCue screening tests and of the com-
bined procedures, comparing them with Beckman
Coulter baseline vatues of 120 g per L for women and 130
g per L for men.

DISCUSSION

The UK requires a predonation Hb screening to be car-

ried out on all potential donors, and only individuals with

an Hb level at or greater than 120 g per L for women or
130 g per L for men proceed to donate.®® However, ac-
curacy of Hb-screening procedures at blood-donor ses-
sions may be a problem, and our study, by quantitating
this, provides data for informed debate (Tables 1-3). It
also shows how such studies may be approached in the
future. In the present case, statistical apalysis without the
need to reweight would have required an even larger
sample size. This would have been impractical because
the length of time it took (o obtain the informed consent
required by the Ethics Committee had a deleterious effect
on the efficient running of many donor sessions, particu-
larly busy ones. As a result, the test sample was not rep-
resentative of the donor population as a whole. This, and
because of clustering of sessions, made it important to
reweight the data so that the test population truly re-
flected the whole donor population with regard to factors
that affect screening outcomes, such as age and sex. Re-
weighting necessitated expressing the results in propor-
tions (percentages) rather than as raw figures.

402 TRANSFUSION Volume 43, March 2003

reference ranges vary with age, race,
and sex, and are affected by altitude,
smoking, and the site from which the sample is taken.?1¢
It has been suggested that, rather than having set cut-off
values, a standard should be established whereby blood
donations contain a “minimum Hb dose” of 50 g; this
would allow individual blood centers to evaluate the ap-
propriate safe Hb cut-off for their donors.?

The CuS0, gravimetric test has been the method of
choice in the UK for primary Hb screening of potential
blood donors for many years. It is fast, inexpensive, does
not require a venous sample, and, although rigorous
training and constant monitoring of session staff is nec-
essary, does not need trained laboratory personnel. It
does not, however, give a quantitative result, has a sub-
jective endpoint, is difficult to quality control, and
presents problems with the disposal of biohazardous ma-
terial.? Although very anemic donors can, o occasion,
pass the CuS0, test,!! early reports suggested that the
CuS0, method tended to give inappropriate failures, and
thus significant numbers of such failed donors could be.
recovered with a revised Hb range or if an alternative
screening method was applied.2

This is the rationale for the primary and secondary
Hb-screening tests used in the UK. 1t is supported by
several studies that show that many units of blood can be
collected that would otherwise be lost. Figures of be-
tween 11 and approximately 50 percent recovery of do-
nations with secondary screening are guoted.2'%4 The
lowering of the cut-off Hb values for the secondary
screening also helps. In one study, 29 percent of failed
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donors passed the secondary test {HemoCue) at Hb cut-
offs of 125 and 135 g per L (women and men, respec-
tively); but with the cut-offs reduced to 120 and 130 g per
L, this figure increased to over 44 percent.'

Initially there was concern that such a high propor-
tion of denors, 11.2 percent of women and 5.2 percent of
men in the present study, inappropriately pass the CuS0O,
screening test {Table 1); and, it should be noted that at

these higher baselines, a HemoCue screening test would,

have considerably reduced the false-pass rates. Thus, the
high false-pass rates in Table 1 do not mean that there is
a similar proportion of donors being bled inappropri-
ately. Examination of Tables 2 and 3 show that at base-
lines of 120 and 130 g per L., the CuS0, screening tests
exhibit conservative false-pass rates similar in magnitude
to the HemoCue procedure; only 1.9 percent of women
and 1.3 percent of men who pass the CuSQ, test have Hb
levels less than 120 and 130 g per L, respectively, and
should have been rejected as donors, indicating that, in
prictice, the current CuS0, cut-off levels can be toler-
ated. (The higher false-fail rates with the Cus0, test in
Tables 2 and 3 are due to the higher cut-off setlings.)
Tables 2 and 3 show that, had it been used in isola-
tion, the HemoCue procedure would have classified 944
percent of women and 88.2 percent of men correctly at
Hb levels of 120 and 130 g per L, respectively. Although
this would appear to offer an improvement on the CuSQ,
test (set at 125 and 135 g/L. for women and men, respec-
tively), at present, the HemoCue procedure would be dif-
ficult 1o apply as a primary screening test on every po-
tential donor because venous samples are preferred at
our sessions. {HemoCue can be used on finger-prick
bload, but capillary samples are known to give unrchiable
results'®15 with all technologies and-are thus unsuitable
for secondary screening of blood donors.} Taking a ve-

~ nous sample from each person before donation could

prove unacceptable to donors, slow down the donation
process, as well as increase costs. Many studies have

shown the excellent correlation between HemoCue and

standard photometric methods in the laboratory,»*"*® and
indeed we found the same in a prestudy evaluation of the
analyzers used in this project. (In addition, HemoCue has
a theoretic advantage over other photometric methods in
that it incorporates a turbidity control, allowing more ac-
curate results on lipemic samples.?) However, previous
work has shown that accurate measurement of Hb level
using the HemoCue system is difficult to achieve in the
field.’92% There are several possible reasons for this; they
include inadequate mixing of specimens,!® sampling
techniques, and operator performance,?® rather than
problems inherent to the methodology, and studies have
shown that meticulous attention to sample mixing, mode
of filling the cuvette, and continuous monitoring and
training of staff can help to improve performance.®
Tables 1 through 3 show that the CuS0, and Hemo-

ANALYSIS OF BLOOD DONOR Hb SCREENING

Cue screening tests are less accurate, compa:eél with
Beckman Coulter values, for women than men, with
false-pass and -fail rates being higher for women than
males. This has been recognized previously, and it was
suggested that such differences in screening-test perfor-
mance can be explained by the distribution of women
and men donor Hb levels relative to the cut-olf values for
acceptance.?! A comforting factor in our study, in spite of
its relatively small sample size, is that the Jowest false-
pass levels were 109 g per L for women and 123 g per Lfor
men. Although it was inappropriate to collect blood from
such individuals by our current guidelines, these figures
are not alarming; there were no clinical sequelae, as far as
we are aware, in the donors, and the recipients would
have obtained an adequate amount of Hb. The donors
who had been inappropriately bled were contacted and
informed.

The results of the “combined” screening procedures
{Tables 2 and 3), which mimic current practice at donor
sessions, respectively, show false-pass and false-fail rates
of 2.7 and 2.4 percent, respectively, for women and 1.8
and 0.2 percent, respectively, for men. The false-pass
rates for the combined procedure slightly exceed those
for the HemoCue alone: 95-percent Cls for these differ-
ences in rate are approximately 1.6 and 0.8 percent for
women and men, respectively, On the other hand, the
false-fail rates on the combined procedures are slightly
smaller than for HemoCue alone, with 95-percent Cls for
these differences in rate of approximately 2.3 and 0.6 per-
cent for women and men, respectively. It should be noted
here that any false pass on HemoCue alone would also
pass the combined procedure, regardless of the CuSO,
test result. Consequently, the false-pass rate for the com-
bined procedure must be at least as great as that for He-
moCue alone. .

In summary, compared with HemoGue alone, cur-
rent practice trades off a slightly higher false-pass rate
against a slightly lower false-fail rate, and so is still rea-
sonable in spite of the error rates in the initfal Cu$0,
screen, and they need not be changed until the problems
of accuraiely measuring Hb in the field can be reduced or
eliminated. Because approximately 2 million donations
are collected annually in the UK, even small percentages
of false passes and false fails at the Hb-screening stage
represent a large number of individuals, and, conse-
quently, any improvement in accuracy of Hb screening
will be welcome.
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LTI, MRET—ELTWEWONERTH S, MRETENRSE R, BEROAS,
AR TOMMISNY 2 DL, <2U—%, HoDIHTRLZOT, ARl TSA
LB TFESRONTYURTH S, BEHIORMBEER, SROMMmiiAETENE, BN
MEEMTREAUCE LT DR EUROCTETH B, L LOKAEFWICHON TR, £ VERD
EWIRERR TFH & B BREFIZ DV, E b OBIMEZ £ Uz ie, #inio ARz
WERTZOAKTS S A TO MM TS 24, Mok S Sy FA%ar
LTV BRI MRUA T, <237 —0fIlRAH o720, IMERIEY TOMAERMIEFED
%<, BEOMHOHEMIEAELAE V. Litdio T, YHERL TS5 TH5H, Aoy
MR 2%, BTIMRIC BPOBENIRNTHE T LREHEENS, BLAZOER
THEATN TV, FEEEETHDITA 800 mi BT 1ML EOR MBS L FsH 5hT
V"B, TONHEMNIEL, SOLE O MININERG B0k, URTEEN 8 B S OABB XU
W MBAGERHATL T E e, MK BLI%E HABEFEINIRUITRE B, Did kil
RIDRVER L LT 5 &, BREHEVEOOENMAMICSH 5 . UL UKINIERIHY 1 R0
T, 400ml LAMFMTE Ao FeiE ] (S 7)) &b @1 REFGBRTH o 7o, MDD
£ TR E IiRIES T, BUFLHERETRLERSELH3 2. LH LA ozt
100 %06 E N TCWEWEE, £ B0MFN» EPORSOBRENS D, KM oORIHEDS 1%
TEMA A, FORRKRBUINIZIXETHA S, O MEETHITNRLEZE - 750
i, Sl X, IR TR, W0 Hb fMEN 8 SERIESRE X bh, ATDMK
Bl & CRHIR MO BUHIE ERMSHS N E DS HR O IOHRE L A Th -7 0 ¢ OEIIN
T 800 ml DFIMIETHALATO Hb [MIHMIOE HIC AL &L, FEF 110 L 1dg/dl Ch oz,
D% D EPO 5T, THBIFIRARMNE WS I ITHMES €20 E Lhk, Y Rotx
F i & B TSR Y I B RHE 3BT VS MELRAENS % LL, biubiudbipi
ST R SR T e A o TV BRI ARG L TY 3 2, WROBMOLHTIE BT 3155
BOOmI AAEMTH B &> WMELRENS P A5, £D 800 ml 2RI L 7D FHANGT Hb it Eh
ERENTW S ENMEENAL BbN 5. SAFIEN &SI (FE L, Z O Hb i
DEXFCOFAEDBRTHASS LEZ 5, L LTHOBREOSINRECEMRNTWED, F
HINTE T H 400 mI OIF LI HERMFFI TR L4 X B HUMBRR-SIOEFER 2 W L s flomm
fifidfsld s U Ko fedd, o ofEfilidirmbin, Htic BB e < Miimmn ezl Lz B2 5
NBOT, WMEFEMCENEIWSEE > 2 UREE Nbni, B, Wk, S 7S Hi M
IS FRIEFHTIC LTS B TH o oD, WM DHFHRSA R G5 7 METUR ¥ TH M-
FHIHEAENT &, FCABERAREINTVAHES L, HIWASWiEH £ bhik.
C OIFMiEOF M HE R LS, HlAEEEW, OERBRIEMMN T E, Biss AT O
EHRPFHSMOEWENTHNE, BEMRIREBANMEBNZFEL BN, SiiOkMm
WTTR PRI TLPAMNCEY, HANEH2C i), BHOFENET—RWICEX
uE TKRIBORMIAR2ER, T3 3MHLNOFOETS | LI T LERE3 LEbh3,
LaL, RHEMGIE BT HE D, LACHNOBEEERCM R EVLLS FRHT, 4
BTRCOLd>BFnEREAL Uik, TNTOMMICENLRVARVETS, B0y
RAASER S RRWERIc L, ERighyEIRI e At X URrin B T3 T B4 JIeh ms
HTEB-FHRLLT, SELBEALEVWEERS,
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L
m
ALDHZ AV 3 0AMESRRCBLT, Bk 8 B T 800 ml ZErrd 5 B Cmirdiits 186
FlicigfT L, MEGMER 817 % BN BEF RSB LN,

SCHR .
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Bkl H17EE2E 004E128

RmR &

B I 400 ml Fi% 2 WRONE T O B fEDOEEEIC
5.2 B8N TF DO

B B=-#F XH-BEk BZ-80 &5

& Coic -

- BAGBEMEFHO-OTH S L THRABBIMHCH LT, 400 mBFMOfF I 8 DR & %
R G TR 06 L, FAMIRNE 100 %EHE LT3, SFHROMR L5 B8 s CTHE
TH BN, BHNOTEFBZN L 3FUNS S, LT, BCOENCL >TETTEZNES
DY AE (HofE) 2 LHET iz DEFORMEENRL, FEFHEO 3 BUMICIRMT 3T
PEBRANCLTWVS D, UL, BEOHEE LR LD H 2 M OROE 2L EnaERL B
Bo B, FH 2MEAMNCRMET > ZBEONEY 0 VOBHEIC BHES X ZRFIZON
THE Uiz,

g - ik : \

FRMNAFEMIBHRRCBENT, OB Ca2MiRmOEREZTWRENMEGH, FHo
#1 2 MIRGIC 400 ml DB S MRMZHET L2 BE 4T B (B 1346, XE3ME) BEQRELE. B
RIS B OFMAT M e R L, Hbfd, MiEE, 7= V340, RBksaE (TIBO),
REFSESSHE (UIBC), MiiEELtl (TP), mAMRE (Pl, BMERE (WBC) ZHWELE,
400 ml D IR MEST > e, 723> ® 80 mg ZINA T2 1000 ml O\ FHE IR 72 i 300 ml D
BRI ETY, EHEOFEN S 2380, 200 mg/day DFIEZORE LY, AkKE, F
WHIE I RTE2IT, T OO Hb 2 MEH Hb il Uk, Wilimiliild, HiSHcX>T
AREREBZ DN, UEREIE, —E400 ml OFAEITo T3k, FiMi%oO Hb {itiHE FOBES
BB rEADNS, LT, 400 ml DB MRS, 1000 ml DTN E 72iX 300 ml DRE
R T - 7 B0 Hb iR FIITE 5, YRTHOTVBHIAED BH N THRIEFI Hb 5%
WH Uz, BB (CBV) % Ogawa i ¥ iICTRY, BRI TRAOEFRI b ERLT
Tl Hb fEOBRIET Hb ific A9 5816 (o) Z2HH U, Eiz, FEllL7CHNERT Hb [l E Hb
ey d 541E& (B) 2RI, ol N0 T—Z & § L OMOEBBHROEEZRE
Lo SEHMBICEDINOH (SEEMEE @ Scheffe i), yHIEBITET VY OBBEBMOH
EER, ER#E1RrENEE LU

R .
HRBEAOTAINL EEINHE L EC 3, ZOFIGME 124 g/dl ThoTe. EMmgioFE Hb

BREEAEB - a0
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» BROBER(CBY) ©

o 350 7 T IHL T (et

B - 0.168 X (B Fm))3+0.05 X {F (kg +0.444
2ob 2 025X {(F Bom)) 14+0.063 X iR gy ~0.662

i 3% T B HBHE (eran

1R BHLE (gran X

cBy

{CBV—0a4)

2 I AiTHbAE
_ HTETHOGT way
‘B $2 1L T grny
Bl cBXURONHEE
a © ST Hb ORI HL fic i 30 e
B : TRML TR Hb §fORm S Hb #icwd 24
#E1 ANSEUBROBHIN L SR I

AR B

(n=22) (=25)
WAk (B :20) 5 ;17 8 : 17
&4k ) 23169 242%39
I {cm) 162.1+7.9 163.8%£11.1
il (kg) 53973 57.7£133
BT (s dl) 88.1+31.1 84.8+27.3
7l {re. /) 51.6%375 499576
KegkFE BB (TIBC) (vesdd 2815388  288.4%31.1
AMINEEAMRUIBC) (we/a 19343539 205.0%40.7
it JEFE R 1AL (TP) (1,0} 71104 7.1+04
R B (X104 D) 21.4%56 23.4%53
Bt Bk %% (x102/u)  544£112 622142
PR B HbiE {g/dl) 13312 %k 143+13

‘ ) *}p<0.01 (Mean=SD)

ARE ahh0.035 DLERBIL 7ol
BIE - o ORNAT 0.035 K TH - fis

fEIX 138 g/AA TH- DT, o DFHL0.894 Lixs, K, RIMOHWLH Hb fHId 128 g/dI T
HotOTROFEGZ0.929 L h, MNRLED (B—a) ¥, BmE 2EETEE0035 LRLT
WhT kiciEd, TOT DL o003 EEMUEBEEZ AR L L, D035 RETH o ES
B L UTHERE Lz, ATHZ 224, BEER2SATHY, HMOBK, Fif H& Al
HEEEEb N> k. WENOMERE 75, TIBC, UIBC, TP, Pit, WBCIZ
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%2 CEBLUDHEOESER L RNNAEMR

CHt D

(n=5) (n=42)
Bl (B:%&) 2:3 11 : 31
it =) 242+11.4 23.64.6
'R em)  164.6%80  162.8%9.9
B '  kg) 56.64.4 558%+11.5
Mk (eesa)  106.0F462 % 84.0%26.0
Tl (ng/ ml) 6521414 483014090
MEE-& 8 (TIBC) (wgrd)  278.8%£456  2859+33.8
REITNERAE S BE (UIBC) (nersad  172.8%+86.3 3% 202.7%41.0
I S8 E R it (TP) g/ ) 7.0+04 7.1+0.4
/SR (X104 1) 20.2+8.1 22.8£5.1
A M Bk (1007 11) 498+110 59.5:-13.4

LM BHH b (g/di) 13.2=*1.8 13913
: ¥ p<0.05 (MeantSD)

CE: BAILLETHoIBH
DE . B IKETHoHBE

AEERBGENEh ok, Bl Hb (Ei F3 HEBIURIDETETIE 8 & OIHERER
ARTHICEWMEZTRLE KD, LAL, 'ﬁww -

SR Hb (f 2 8 DHBBHRC DT, T = T Rm—
R (0.069), FHPEHAE (—0.093) LHITE Lrié 0.235 0,150
. 1k . & 0.135 0.414
<, HBIRRRIILD SN e M g% 0.356 0.026
Kic, Fumig 2 MR OHTE YT Hb b Hngi TYF 0.227 0.166
s — tidr - ~ N BEEEIRITIBCG -0.207 0,208
Hb fREL iz inL 7z C i p2 1) TNl Afufnfkas 4k (UIBC) - 0.339 0,024
TicLAE#EHLED->7ZDE (3<1) kKol IMBEEE Y (3 1t (TP -0.047 0.780
s Sy - C IV 53 78 . -0.096 0. 564
L, Hilggstliz, CHZ 5%, Dlii’ﬁ i 4_2 # ey s o o2
THhofo, MHEMOBRBERICHEEZEEYD Hd WiHb It -0.093 0.574

bidzirofoh, Mmissks & U UIBCICEREE
RO (FE2. LAHL, HiHb iiZ2Et
ZOMOFMFREMICEERBY bhich o fe, MHSBLTUIBC & g L DWEZRS L, EE
FEIENEN 0356, —0.359 2K, WMHEOMICIE, BOHEBBEELAESbNEd ol (#3),

TR R RSN E L BB & Sk HmMAET BI5EHH Y, BEDQOL FEMT
B ErEMPORLTHDOMONEENS, BB ZERMAOMEMmMIE, KERO®EHIT 600
~800 ml TH2A, 1,000 ml P EHMT 2ENEH 3780, HEECEBmihizEmiEd 3z
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BETARFMEAETS S, Balk, RECHLT 00 ml OHSMifFiET > TR, Mifisic
BT & AT ORI 400 mI B L - T3 P, 800 mlLL EDMETFhi LY AaE
IFVAMEHHEROTERS L B MR TEY, Bl k3 EmE T8 sibicd, +o%
% & B RENRD 5, BEEANEHISBENTHD, KE2ORBREL, REREZR
HFTH 5 ONRFRMATET, Wi HERNE CHiEmiNE £ 3 2 EBRTEEH, REOnf
M EPENBORESREYS 5 C LS L MNEEHRR T3 2 HVESLH S, fF
BOFHHC B TR A 800 ml BLEAB &5 X Sty AaRF 2R L
TFH 1N E THRINZITY, HhEDETRIFLAZBD N R Tt b WS BERHE D, —
AT, BLORMM S > TEHHETH 400 ml iz U 7= B 2IHTIC B80T 100 %R O RIEEMm 610 H =
WTERLNWIREY 5D, ETHRIEBINET 2 BHE T 400 mi O &5 e
+43 & B T 2 THIFUMIERES 100 %% & D HICHHGTE B L 22 BN 5, '

PRI SMEAEE © THRAMACHBRER Y UTHITT 2 DIl 000, 8B THY®, i
HERADERIGFRINERE R UL, SmEUcBTaL 1B30~40 ml ThH3 W, X bic, HikE
AN % & A IMEREEAEFHEIEA 5 ~ 6 5 TS B W, ThbDT kb, 20
5 AR LU BB 3 TR TS B L S KB L 6NB, LvL, SEWE L7z 47§ 400 ml
BRifni% 2 WM TRESICTTO Hu IR B L7 2 D& s FIOH THofe T LA 5, [GERMICIE, Fimd
BENETOHIMD 2 WM EH BT EDRELNEHZ LN, AP ofcc bbb,
FRET RSG5 2 LT, o700, BRI Hb HOEVIERIOT B g o fe s iy
B, R Hb MRS ERMEREMEED TUES STEEA RS E N, Thid, BRZEImE
FHik, FFMALE 1~ 2 WO BRSO TERR NS LS PRI L OHE P & —#
5, COfE LTHMBE TR, HoknEH e i L CEnZoRRETY AoRLFr
MENERHS Y Z 2R BNS, UL, B, ) Xalxzsv b S ek 38008
WCHB, CHEDSIBNE, DHED 423 FIL Mg LT, S Hb fificidehvie <, mpfgkds LU
UIBCIC A A% B, 72V F /M3 EHEIRD NI o s, FOREMIE DI
489 ng/ml TH o DKL CETIX 65.2 ng/ml LEWVHUINIC S o7z, ThHik, TUABEDAPR
WD Hb D EIRITHE VA, FZRc BT B Fe o iEEs IR T 2 TTHEMA B 5, RN E
P M i3 Bk RS L Tw 30T, RS IET 5THEER SRV LS
B dH, POREITIEEAZESS D, ROWGICFREEOD W BE Q78O EEL I r - fz
CEPERO—DL LTHXbN%, T, CROFIMIGHb {id D HOFR L4 ML, I
HERNEE A - Fe T B SH L THENC Hb ERICFIHTE TV AHFEER L 65, UL,
S ENEPEHME 5% OISR EIE L T AL DI T E b o b, E bt zlknh 2
T LT, WHENEARFMICHT 5 & D AR METS C L PNMEL BB EDLEZ S,

Fina

i 2 AR 400 ml DIFIPAT » FIEHIIC BV T Hb EEMICEHE2 B IIETHETFII OV THRRER
L7z, #7080 Hb i & RriEx AN Hb (fEIURECHEZ EX TV S AR RSB E hie,
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EIBNI=, HEELC, TRt i FTEREFBSFcNY kNS - FRA B Chmb g
FIRF O B CRBEORS. S 27:31:38, 1909, ,

BEAREC  BEMRMFFOHRRSICWT 2 220K, BCmSm 14 199205, 2001.
Gregersen, M. L, Rawson, R. A. : Blood volume. Physiol Rev 39 : 307-342, 1959.

FFXE, BEAE=, BXED, i BROROBREOERMEIEEMRIOVT-RE
R BEEONS— ACmEnm 14:106-110, 2001

M BE, EEEL, RS AAAOBRRMEREZEORE. MRS 18: 333838,
1970. '

WMEEL, BMM=, 8XE f BRAE B X UCAZEZRT RO OEANERc S

3B mAE TR B2, BCmipm #HikEsS S32, 2004.

FRIRGRRE, SEMETT, TPEESER, it fRGAINISIARETH ATC B 3 E% 8 Cinfr i — 800 mi,
1200 ml & ALk MO ERE — BChiim  15: 148156, 2002.

Bz ¥, MEnt, BHFN, i BRAGEMICET B4R RIER D & A E T o
IR, BoMfm 16131135, 2003
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BLOOD DONORS AND BLOOD COLLECTION

Daily doses of 20 mg of elemental iron compeﬁsate for iron
loss in regular blood donors: a randomized, double-blind,
placebo-controlled study

Hartmut Radtke, Joanna Tegtmeier, Lothar Rocker, Abdulgabar Salama, and Holger Kiesewetter

BACKGROUND: A considerable nurnber of regular blood
donors develops an iron deficiency, and the exact amount
of iron required to compensate for the iron loss from
whole-blood donation in maies and females is st
unknown.

STUDY DESIGN AND METHODS: Atotal 0i 526 regular
blood denors {289 maie and 237 female) were randomly
assigned to treatment with either 40 mg, 20 mg, or 0 mg
per day of elemental iron as ferrous'gluconate for a period
of 6 months, during which one unit of whole blood was
collected on four occasions (males) or three occasions
ttemales). Hemoglobin level, serum ferritin, and soluble
~ transferrin receptor levels were measured before each
donation.

RESULTS: Daily doses of either 40 mg or 20 mg of
elemental iron adequately compensated for iron loss in
males, who gave blood at 2-month intervals, but did not
resull in & positive iron balance or an increase in storage
iron as reflected by the logarithm of the ratio of transferrin
receptor to ferritin concentration. in females, who donated
at 3-month intervals, the same daily doses not only
restored the iron balance but also led to an increase in
storage iron. The number of gastrointestinal side efiects
due to iron supplemeniation (12%) was only shghily
higher in both iron groups than in the placebo group.
CONCLUSION: The results of this study indicate that 20
mg of elemental iron per day can adequately compensate
for iron loss in males and females who donate whole
blood up to four (females} or six times per year (males).

4 he major side effect of whole-blood donation is
iron depletion. In Germany, men are generally
allowed to donate whole blood every 8 weeks
and women every 12 weeks. However, the nor-

mal diet is usually unable to compensate for the resulting
iron loss.? Consequently, a considerable number of regu-
lar blood donors develops a negative iron balance that
may eventually progress to iron deficiency anemia’”’
Menstruating female donors are at a particularly high risk
for chronic iron deficiency. Although this is well-known,
only a few controlled, double-blind studies have dealt
with the question of whether iron supplementation can
prevent iron depletion in menstruating fernale blood
donors.** There is evidence suggesting that daily doses of
40 mg of elemental iron as ferrous sulfate can sufficienty
compensate for Iron loss resulting from whole-blood
donation and can improve iron status.!®! However, the
question of whether a lower dose of iron is sufficient to
compensate for iron loss in female donors is still open. In
addition, controlled studies on iron supplementation in

male donors are lacking, Most importantly, no valid mea-

sure of iron storage was used in early studies.”" Today,
serum ferritin and soluble transferrin receptor levels can
be routinely measured and iron status can be much better
assessed than previously.*" The logarithm of the ratio of

ABBREVIATIONS: Fe™* = elemental iron as ferrous gluconate;
log(TfR/F} = logarithm of ratio of the soluble transferrin receptor
to ferritin concentration.
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