:iﬁﬁﬁuﬁﬂéﬂ{ﬁﬂeym30$A

28 . 397

£3  HblFMERIEMOBIE

B #% T #%

Hb(g/dL)

MCV (f)) MCH (pg) MCHC (g/dL) MCV (1) MCH (pg) MCHC (g/dL)
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14.0>Hb=135 92+4 32+2 35%1 91£1 32+1 3510
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11.0>Hb=10.5 83+6 2742 34+1
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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-offs:
women, 125 g/L; men, 135 g/L) were tested at the ses-
sion by a secondary method (HemoCue; cut-offs:
women, 120 g/L; men, 130 g/L) and again at the base
laboratory using another system (Beckman Coulter
General S system), which generated the “true” Hb
value.

RESULTS: False-pass and -fail rates for women and
men, respectively, were 11.2 and 6.3 percent (women)
and 5.2 and 1.8 percent (men) for CuSO,; 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 percent (men) for a combined procedure that mim-
icked current practice of only testing CuSO, fails by
HemoCue.

CONCLUSION: CuSO, 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 donor sessions, but because small
percentages of false passes and fails represent large
numbers of donors, every effort should be made to 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 East
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.>+5 With this
method, donor acceptance or rejection is set at lower Hb
levels: 120 g per L for women and 130 g per 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
secondary Hb-screening procedures used at our donor
sessions, comparing them 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. All 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 enroll in the
trial. If an individual declined, each subsequent person
was approached until one consented. Subsequently, 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 n could be set, and at exceptionally
busy times, sampling could be discontinued completely
to avoid delaying the session.

Venous blood samples were collected from 730
women and 783 men who were potential donors who had
undergone the primary CuSO, gravimetric Hb-screening
test. All the venous samples, which included those from
individuals who passed and failed CuSO, screening, were
taken before any blood donation and tested at the donor
session by the HemoCue method. These machines are
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 for
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 CuSO, 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 results of the CuSO,, 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, F values of 3.00 (df =
10,724, p = 0.001) for women and 2.23 (df = 10,782, p =
0.015) for men confirmed that in each case, Hb varied
with age.

Reweighting to 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 population pro-
portion possessing the desired attribute.®7 All values and
standard errors were obtained using a statistical software
package (SAS, SAS Institute, Cary, NC), and all propor-
tions and standard errors were converted to percentages
by multiplying them by 100.

The results of each screening test were compared to
baseline Beckman Coulter Hb values of 125 g per L
(women) and 135 g per L (men) for the CuSO, 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 Beckman Coulter test) were of particular interest.

RESULTS

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

. TABLE 1. Results of CuSO, screening test compared with Beckman
Statistical methodology Couiter baseline at Hb levels of 125 and 135 g per L for women and
In view of the known differences in Hb men, respectively: population percentage estimates, stratum weighted

by age
levels between men and women, data yog
for the diff t alvzed Women Men
or the dillerent sexes were an YZ? CuSO, Beckman Estimated Estimated
separately. Because donor characteris- result Coulter result  percentage =~ SE  percentage  SE
tics would be likely to vary considerably Fail Fail 12.4 13 39 0.7
between individual donor sessions, any Fail Pass 6.3 0.9 1.8 0.5
; . . Pass Fail 11.2 1.3 52 0.8

sampling biases with respect to donor Pass Pass 70.1 18 89.0 11
age were adjusted by stratifying data for Correct classification (%) 82.5 93.0
both men and women into quinquen-
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estimates, stratum weighted by age

TABLE 2. Results of screening tests for women compared with Beckman
Coulter baseline Hb level of 120 g per L: population percentage

The primary purpose of Hb screen-
ing is donor protection, preventing an
anemic individual from exacerbating

their condition with potential ill effects.

Beckman CusSO, HemoCue Combined -
Screening test Coulter  Estimated Estimated Estimated The secondary purpose is to ensure the
result test result percentage SE percentage SE percentage SE patient receives a minimum infused Hb
Fait Fail 6.0 1.0 6.0 0.9 5.3 0.9 dose per RBC transfusion. Screening
Fail Pass 12.7 13 3.7 0.7 24 0.6 also acts nonspecific ' £
Pass Fail 19 06 19 06 27 07 as a p measure o
Pass Pass 79.4 18 88.4 13 89.6 12 the general health of the donor and
Correct may identify some conditions which
classification (%) 85.4 94.4 94.9

could potentially be harmful to the re-

cipient.?
Protocols with set cut-offs are not

estimates, stratum weighted by age

TABLE 3. Results of screening tests for men compared with Beckman
Coulter baseline Hb level of 130 g per L: population percentage

without problems: they cause adminis-
tration and quality control costs, donor
inconvenience, expense and anxiety as

a result of medical follow-up of defer-

Beckman CuSO, HemoCue Combined
Screening test Coulter  Estimated Estimated Estimated rals, as well as permanent loss of do-
result test result percentage SE percentage SE percentage SE nors. Additionally, cut-offs need to be
Eai{ Fail 22 0.5 2.0 0.5 1.7 0.5 set to maximize donor safety but be
ai Pass 3.6 0.6 04 0.2 0.2 0.2 . ' s
Pass Eail 13 04 15 04 18 05 balanced against the system'’s ability to
Pass Pass 930 09 96.2 07 963 07 collect an adequate blood supply, a
Correct particular concern when trying to ex-
classification (%) 95.3 98.2 98.0

clude women with iron deficiency. Hb

and Table 3 (men) give the results of the individual
CuSO, and HemoCue screening tests and of the com-
bined procedures, comparing them with Beckman
Coulter baseline values 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 analysis 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 to 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.
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reference ranges vary with age, race,
and sex, and are affected by altitude,
smoking, and the site from which the sample is taken.2'®
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 CuSO, 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.2 Although very anemic donors can, on occasion,
pass the CuSO, test,'! early reports suggested that the
CuSO, 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.?

This is the rationale for the primary and secondary
Hb-screening tests used in the UK. It 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 quoted.>!2-1* The
lowering of the cut-off Hb values for the secondary
screening also helps. In one study, 29 percent of failed



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 donors, 11.2 percent of women and 5.2 percent of
men in the present study, inappropriately pass the CuSO,
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 CuSO, 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 CuSO, test have Hb
levels less than 120 and 130 g per L, respectively, and
should have been rejected as donors, indicating that, in
practice, the current CuSO, cut-off levels can be toler-
ated. (The higher false-fail rates with the CuSQ, test in
Tables 2 and 3 are due to the higher cut-off settings.)

Tables 2 and 3 show that, had it been used in isola-
tion, the HemoCue procedure would have classified 94.4
percent of women and 98.2 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 CuSO,
test (set at 125 and 135 g/L for women and men, respec-
tively), at present, the HemoCue procedure would be dif-
ficult to 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
blood, but capillary samples are known to give unreliable
results’?1® 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,4-18 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.'*-2° 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 CuSO, and Hemo-
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Cue screening tests are less accurate, compared 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-off values for
acceptance.?! A comforting factor in our study, in spite of
its relatively small sample size, is that the lowest false-
pass levels were 109 g per L for women and 123 g per L for
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 HemoCue 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 initial CuSO,
screen, and they need not be changed until the problems
of accurately 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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Witk BB & C AR MR 2 T LUk o fe b DR EIRMA & Uz, PR 26mNGEE
CUmERiEEZ AV, HiEs 12 R FL— 28kt B L 72, A DD Sm A ER T Fifik
TEEEIRSAIME A KM Uz, SEEOBAE FEEHRRERETEL, HEHENRER studentt, y?
SESH AR, pE<00EEEEHD LUK,
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1.6 HT, LENI~28H, FH158+56 HTH o7, BEFMBE MEBLT 400 ~ 800 ml, Fij
770 + 103 ml, SEEHVERT 400 ml, L EEHS 800 ~ 1,600 ml, FHI 1,029+ 249 ml TH oz, HE,
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FEAE  0.168 X (B m))3+0.05 X K H (kg) +0.444
- BRLKE(CBV) @ =
T 0.25 X (B () +0.063 X K (kg) —0.662

© ROE P @) = RAMHOE @a x —BY-_08
c o - I T HbE (g/a)
M RTHbIE (g/dny
B T ERTHOE (grd)
"B M FTHLE (z/d))
K1 aBXOBOEHFE
a © HRIfE TR Hb B0 BRIAT Hb &l it 2814
B FHP U HiE R Hb A O$RMLET Hb EiC 33 285
#£1 ABBXUBEOBEEYE L RMARERE
ARE BAE
(n=22) (n=25)

Btk (B:%&) 5 : 17 8 : 17
A () 23.1+6.9 242+3.9
B (em) 162.1+7.9 163.8+11.1
(EN::N (kg) 53.9+73 57.7+13.3
REE5S (g d) 88.1+31.1 84.8+27.3
TxF (ng,/ml) 51.6+375 49.9+57.6
WRekAS 688 (TIBC) (wg/dD) 281.5+38.8  288.4=+31.1
NEAFEEHRE A8 (UIBC) (ue a) 193.4+539  205.0%=40.7
1 #E ka2 1 2 (TP) (g/d) 7.1+0.4 7.1+04
1R E (<104 1) 214+56 234+53
B i B (10 544112 622+14.2
B M RTHHE (g/dl) 133+12 % 143+1.3

* p<0.01 (Mean+SD)
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BoFDTRDTPEL 0920 272D, NELED (f—a) 1, Rk 2B TEE0.035 FELT
Wl Liciah. DT LMD abb 0035 ERINUZEEA AL L, 0035 RETH-HER
BEFE UTHEBMET Lz, ABHZ 2248, BREZ 252 ThHD, BEOBKME, F8 SE, KREICE
HEEWRS LN o e, ABOMmMEEE, 7« UF /M6 TIBC, UIBC, TP, Plt, WBCIC
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