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Abstract

Objective: To compare four haemoglobin measurement methods in whole blood donors.
Background: To safeguard donors, blood services measure haemoglobin concentra-
tion in advance of each donation. NHS Blood and Transplant's (NHSBT) customary
method have been capillary gravimetry (copper sulphate), followed by venous spec-
trophotometry (HemoCue) for donors failing gravimetry. However, NHSBT's custom-
ary method results in 10% of donors being inappropriately bled (ie, with haemoglobin
values below the regulatory threshold).

Methods: We compared the following four methods in 21 840 blood donors (aged
>18 years) recruited from 10 NHSBT centres in England, with the Sysmex XN-2000
haematology analyser, the reference standard: (1) NHSBT's customary method;
(2) “post donation” approach, that is, estimating current haemoglobin concentration
from that measured by a haematology analyser at a donor's most recent prior dona-
tion; (3) “portable haemoglobinometry” (using capillary HemoCue); (4) non-invasive

spectrometry (using MBR Haemospect or Orsense NMB200). We assessed

Steven Bell and Michael Sweeting are joint first authors.

David J. Roberts, John Danesh and Emanuele Di Angelantonio are joint last authors.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2020 The Authors. Transfusion Medicine published by John Wiley & Sons Ltd on behalf of British Blood Transfusion Society.

94 wileyonlinelibrary.com/journal/tme

Transfusion Medicine. 2021;31:94-103.


https://orcid.org/0000-0001-6774-3149
https://orcid.org/0000-0003-0980-8965
https://orcid.org/0000-0002-9958-3693
https://orcid.org/0000-0002-4359-9952
https://orcid.org/0000-0002-7937-304X
https://orcid.org/0000-0001-8691-9226
https://orcid.org/0000-0002-7744-1790
https://orcid.org/0000-0001-8776-6719
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/tme

"4 | TRANSFUSION 95
o HE - WILEY-L”
sensitivity; specificity; proportion who would have been inappropriately bled, or

Results: Compared with the reference standard, the methods ranged in test sensitivity
from 17.0% (MBR Haemospect) to 79.0% (portable haemoglobinometry) in men, and
from 19.0% (MBR Haemospect) to 82.8% (portable haemoglobinometry) in women. For
specificity, the methods ranged from 87.2% (MBR Haemospect) to 99.9% (NHSBT's
customary method) in men, and from 74.1% (Orsense NMB200) to 99.8% (NHSBT's
customary method) in women. The proportion of donors who would have been inap-
propriately bled ranged from 2.2% in men for portable haemoglobinometry to 18.9% in
women for MBR Haemospect. The proportion of donors who would have been
deferred incorrectly with haemoglobin concentration above the minimum threshold

ranged from 0.1% in men for NHSBT's customary method to 20.3% in women for

Conclusion: In the largest study reporting head-to-head comparisons of four

methods to measure haemoglobin prior to blood donation, our results support

replacement of NHSBT's customary method with portable haemoglobinometry.

gravimetry, haemoglobin screening, HemoCue, inappropriate bleeding, inappropriate deferral,
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rejected from donation (“deferred”) incorrectly; and test preference.
OrSense. Most donors preferred non-invasive spectrometry.
KEYWORDS
non-invasive haemoglobin measurement, whole blood donor

1 | INTRODUCTION

Blood services are mandated to measure haemoglobin concentra-
tions of potential whole blood donors in advance of each donation.
The rationale is to protect the health of donors (ie, to prevent collec-
tion from anaemic donors and mitigate the possibilities of rendering
the donor anaemic) as well as to ensure the quality of blood prod-
ucts.2? European legislation on selection criteria of blood donors
(EU directive 2004/33/EC Article 4) states that haemoglobin con-
centration should be 2125 g/L for women and 2 135 g/L for men
before allowing blood donation.® There is, however, substantial vari-
ation across national blood services in methods of haemoglobin
measurement.*> This has resulted in part because the timing of
blood sampling and sample material for assessing blood donors is
not defined by legislation, and partly because there is little evidence
about the comparative performance of different rapid measurement
methods.é12

The customary approach of National Health Service Blood and Trans-
plant (NHSBT, the national blood service of England) has been a gravimet-
ric method (copper sulphate test) carried out on finger-prick capillary
blood taken immediately before donation, followed by a spectrophoto-
metric test (HemoCue) with venous blood for those who fail the copper
sulphate test.*? Recent data, however, indicate that NHSBT's customary
method may allow about 10% of donors to give blood despite having
baseline haemoglobin concentrations below the minimum regulatory
threshold.*314 By contrast, blood services in some countries (eg, the Neth-
erlands and Finland) assess haemoglobin concentration before blood

donation using a spectrophotometric test on capillary blood obtained by a

ﬁnger-prick.4 Other services (eg, France and Denmark) use haemoglobin
values obtained from the most recent prior donation (“post donation”
approach), employing automated haematology analysers of venous
blood.*> Other services (eg, Bavaria, Ireland, Spain) have employed non-
invasive spectrometry that does not require obtaining a blood sample.*1¢
We conducted a within-person comparison of four haemoglobin
measurement methods using performance metrics relevant to the
blood donation context and comparing each method to the reference

standard of a haematology analyser.

2 | METHODS
21 | Study design

This study evaluated four haemoglobin measurement approaches
used by blood services in high-income countries (see “Diagnostic
tests” below) against a haematology analyser reference standard.
The study involved participant recruitment into two stages
(Figure 1). Stage 1 involved direct comparisons of invasive and
non-invasive methods in the same participants. Stage 2 involved
an indirect comparison of two non-invasive spectrometry devices
described below. Allocation of the non-invasive device between
teams was done by “cross-over” randomisation. Participants in
Stage 1 were not eligible to join Stage 2. The study protocol is
provided in the Annex. The study was registered with ISRCTN
(ISRCTN90871183), and approved by the National Research Ethics
Service (15/EE/0335).
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Stage 1
Direct comparison of
screening strategies

Donors invited (n=17,861)

Excluded* (n=3,135):
a) Did not return for second visit (n=1,540)
b) Second donation outside
eligibility window (n=1,595)

Y

Stage 2
Additional indirect comparison
of non-invasive devices

Eligible (n=14,726) |

Donors invited and eligible (n=11,168)

Excluded (n=2,412):
a) Missing visit 1 sample (n=491)
b) Sample not processed by laboratory (n=48)
c) Sample not received by laboratory (n=1,873) v

Enrolled (n=12,758):
a) NHSBT method (n=12,758)
b) Post-donation strategy (n=12,314)
c) HemoCue (n=11,003)
d) OrSense (n=5,704)
e) Haemospect (n=4,177)

Excluded (n=2,086):
a) Missing venous blood sample (n=162)
b) Not tested using a non-invasive device (n=1,924)

Y

Y

Enrolled (n=9,082):
a) NHSBT method (n=9,082)
b) OrSense (n=4,737)
c) Haemospect (n=4,345)

Combined sample (n=21,840):
a) NHSBT method (n=21,840)
b) Post-donation strategy (n=12,314)
c) HemoCue (n=11,003)
d) OrSense (n=10,441)
e) Haemospect (n=8,522)

FIGURE 1 CONSORT flowchart showing.

Note: 30% drop-out rate expected between Stage 1 visit 1 and visit two donors as per study design

2.2 | Diagnostic tests

We used haemoglobin concentration measured by a Sysmex XN-
2000 haematology analyser at a central laboratory (UK BioCentre,
Milton Keynes, UK) as the study's reference standard.!” We evaluated
four rapid diagnostic tests against that standard: (1) gravimetry/
venous HemoCue (“NHSBT's customary method” at the time of this
study), i.e., a copper sulphate gravimetric test carried out on finger-
prick capillary blood, followed by spectrophotometry (HemoCue AB,
Angelholm, Sweden) on venous blood for those failing gravimetry®?;
(2) “post donation” approach, that is, estimating current haemoglobin
concentration from that measured by a haematology analyser at a
donor's most recent prior donation (ie, about 12-16 weeks earlier);
(3) “portable haemoglobinometry”, using a Hemocue 301 device using
finger-prick capillary blood'®; and (4) one of two hand-held non-
invasive spectrometer devices - the MBR Haemospect (MBR Optical
Systems GmbH & Co. KG, Wuppertal, Germany)*’ or the Orsense
NMB200 (OrSense Ltd, Petah-Tikva, Israel).2°

2.3 | Study participants

Between February 2016 and March 2017, donors were eligible for
recruitment into COMPARE if they: were aged 18 years or older; ful-
filled routine criteria for donation (with the exception of pre-donation
haemoglobin concentration measured using the NHSBT testing
method); had an email address and access to the internet to respond
to web-based questionnaires; and were willing to undergo additional

haemoglobin concentration measurements at one of the 10 “mobile”

donor centres of NHSBT, the sole blood provider to the NHS in
England, UK. After reading study information leaflets and participating
in a discussion with donor carer staff, eligible donors were asked to
complete the study consent form and provide a blood sample. Soon
after enrolment, participants received online health and lifestyle ques-

tionnaires, including the Fitzpatrick Skin Score.?!

24 | Outcomes

The primary endpoint was the proportion of donors in the study who
would have been inappropriately bled by each method (ie, the propor-
tion of donors for whom a given method would not identify them as
having sub-threshold haemoglobin levels as measured by the refer-
ence standard). Secondary endpoints included sensitivity, specificity,
the proportion of donors who would have been excluded from blood
donation (“deferred”) incorrectly, variability of the performance of dif-
ferent methods by donors' personal characteristics (eg, repeat vs first-
time donor, and skin colour tone), and the acceptability of different

methods according to donors.

2.5 | Statistical analysis

The statistical analysis followed a prespecified plan. Briefly, Bland-
Altman?2 plots were used to assess systematic difference between
haemoglobin screening methods when compared against the refer-
ence standard, and supplemented by linear regression models to

examine proportional biases (ie, how much the difference between
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two methods is dependent on the magnitude of the measurement).
The percentage of donors who would have been bled below the
threshold (ie, <125 g/L for women and <135 g/L for men) was cal-
culated by taking the number of donors categorised as having ade-
quate haemoglobin levels by the screening method but should
have been deferred according to the reference standard, and divid-
ing by the total number of donors in the analysis population. The
proportion of donors incorrectly deferred above the threshold was
calculated similarly. Differences between each screening method
and the reference standard were assessed using a McNemar's test
for paired within-person comparisons. For direct comparisons
between strategies, donation outcomes were standardised by sex
and haemoglobin level to a reference population (ie, returning
Stage 1 donor population). Each observation was assigned a weight
based on the relative frequency of the sex-specific haemoglobin
level appearing in the reference population relative to the estima-
tion sample. The proportions for each of the four donation out-
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haemoglobin threshold, deferred below haemoglobin threshold,
deferred above haemoglobin threshold) were then weighted
accordingly. Sensitivity (the probability of correctly identifying
donors with a low haemoglobin level) and specificity (the probabil-
ity of correctly identifying donors with sufficient haemoglobin
levels) of each screening method were calculated and used to
define the area under a receiver operating characteristic curve
(AUC) to illustrate the diagnostic ability (ie, how well a test dis-
criminates between donors with low and sufficient haemoglobin
levels) of a screening method at different haemoglobin thresholds.
Sex-specific sample size was estimated to provide 80% power, at a
5% significance level, to detect a 10% relative difference in the
false pass rate (ie, percentage of donors who would have been
bled below the threshold) between the NHSBT customary method
and any of the other tests (Annex). Analyses were conducted sepa-
rately for men and women using Stata v14. The analysis adhered

to the Standards for Reporting Diagnostic Accuracy Studies

comes (bled below haemoglobin threshold, bled above (STARD).2®
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Mean venous haemoglobin (g/L)
Mean bias (95% LOA)
Men 3.6g/L (-10.4, 17.6) -3.1 g/L (-18.0, 11.8) -4.2 g/L (-27.3, 18.8) -6.3 g/L (-30.7, 18.0)
Women 4.0 g/L (-9.9, 18.0) -2.4 g/L (-16.9, 12.1) -2.2 g/L (-30.5, 26.2) -2.2 g/L (-25.1, 20.8)
Proportional bias (95% CI)
Men -0.07 g/L (-0.09, -0.05) 0.15 g/L (0.13, 0.17) 0.04 g/L (-0.00, 0.07) -0.69 g/L (-0.74, -0.64)
Women -0.14 g/L (-0.16, -0.12) 0.13 g/L (0.11, 0.14) 0.42 g/L (0.38, 0.46) -0.51 g/L (-0.56, -0.46)
FIGURE 2 Bland-Altman plot of each haemoglobin testing strategy by sex using venous haemoglobin values as the reference test.

Note: Dotted light grey lines represent zero bias. Solid red lines represent the mean bias of the testing strategy (middle) and accompanying 95%
limit of agreement (LOA; upper and lower) of the mean bias. Dashed blue lines depict proportional bias estimated using linear regression. Men—
Post-donation strategy: N = 5920, 4.3% outside the LOA. Capillary HemoCue: N = 5279, 5.1% outside the LOA. OrSense: N = 4861, 5.7% outside
the LOA. Haemospect: N = 4352, 5.5% outside the LOA. Women - Post-donation strategy: N = 6394, 5.2% outside the LOA. Capillary HemoCue:

N = 5724, 5.0% outside the LOA. OrSense: N = 5580, 5.2% outside the LOA. Haemospect: N = 4170, 5.5% outside the LOA [Color figure can be

viewed at wileyonlinelibrary.com]
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2.6 | Role of the funding source

The academic investigators and representatives of NHSBT, a funder
of the study, participated in the study design and oversight. The inves-
tigators at the study's academic coordinating centre had sole access
to the study database, and had final responsibility for data collection,
data integrity, data analysis, and data interpretation, as well as manu-
script drafting and the decision to submit the manuscript for publica-

tion. All authors gave approval to submit for publication.

3 | RESULTS
A total of 29 029 participants were consented to participate in the
COMPARE study (17 861 in Stage 1 and 11 168 in Stage 2), of whom
21 840 (75.2%) provided data for the current analysis (Figure 1). Table
S1 shows baseline characteristics of the participants. Compared with
NHSBT's general donor population, participants were, on average,
older, more likely to be male, less ethnically diverse, and had a longer
donation career (Tables S2 and S3). Baseline characteristics were simi-
lar between participants recruited in Stages 1 and 2, although
haemoglobin concentration was approximately 3-4 g/L lower in
returning donors.

Figure 2 and Figure S1 show the mean and proportional biases
between the haemoglobin readings of each test and the reference
standard. On average, the “post donation” approach over-estimated

Post-donation strategy

Capillary HemoCue

200 7

175

1504 1 e

125 1

100

75 1

haemoglobin values by 3.6 g/L (95% limit of agreement —10.4, 17.6;
SD 7.1) and 4.0 g/L (-9.9, 18.0; SD 7.1) for men and women, respec-
tively, while each of the other methods tended to under-estimate
haemoglobin values; —3.1 (—-18.0, 11.8; SD 7.6) and —2.4 (-16.9,
12.1; SD 7.4) g/L for portable haemoglobinometry, —4.2 (-27.3, 18.8;
SD 11.7) and —2.2 (-30.5, 26.2; SD 14.5) g/L for OrSense and —6.3
(-30.7, 18.0; SD 12.4) g/L for Haemospect. There was evidence of
proportional bias for each test, with the “post donation” approach
and Haemospect over-estimating, and portable haemoglobinometry
and OrSense underestimating haemoglobin levels at the lower end of
the distribution. Mean biases for non-invasive devices were larger in
donors recruited in Stage 2 (Figure S2). Figures 3 and S3 show sca-
tterplots of haemoglobin concentration measured by each testing
method against the reference standard.

Figure 4 shows the AUC for each test by sex. Portable
haemoglobinometry had the highest AUC, for both men and women,
across all haemoglobin thresholds examined, followed by the “post
donation” approach, the OrSense, and Haemospect. The sensitivities
of the different methods at minimum donation thresholds for men
and women were 26.0% and 34.7% for NHSBT's customary method,
27.9% and 35.5% for the “post donation” approach, 79.0% and 82.8%
for portable haemoglobinometry, 44.4% and 51.3% for OrSense, and
17.0% and 19.0% for Haemospect The specificity of each method at
the same haemoglobin thresholds for men and women were 99.9%
and 99.8%, respectively, for NHSBT's customary method, 98.8% and
96.6% for the “post donation” strategy, 87.6% and 82.1% for portable

OrSense Haemospect

Men

200

175

150 1 1 N
L]
[ ]
125 T - SE RS - - - - - - - - - - S B
[ ]

100

Testing device haemoglobin (g/L)

75

5 150 175 200 100 125 150 175 200

100 125 150 175 200 100 125 150 175 200

Venous haemoglobin (g/L)

Correctly bled @ [Inappropriately bled

Correctly deferred ®  Incorrectly deferred

FIGURE 3 Scatterplot comparing testing device haemoglobin values to those obtained from venous blood samples by sex [Color figure can

be viewed at wileyonlinelibrary.com]
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0.00 0.25 0.50 0.75 1.00

0.00 0.25

0.50 0.75 1.00

False positive rate (1-specificity)

— Post-donation strategy —— Capillary HemoCue

AUC (95% CI)

Men 90.2 (89.1, 91.4)
Women 86.7 (85.7, 87.6)

92.1(91.2, 93.0)
90.4 (89.5, 91.2)

Performance at current NHSBT haemoglobin threshold

Men

Sensitivity 27.9 (24.3, 31.6) 79.0 (75.4, 82.3)
Specificity 98.8 (98.5, 99.1) 87.6 (86.6, 88.6)
Women

Sensitivity 35.5(33.0, 38.1) 82.8 (80.7, 84.8)
Specificity 96.6 (96.0, 97.1) 82.1 (80.9, 83.2)

@ NHSBT method

~= = OrSense - Haemospect
74.1(71.5,76.7) 55.4 (52.3, 58.6) N/A
67.0 (65.2, 68.7) 56.2 (53.8, 58.5) N/A

44.4 (39.5, 49.4)
87.9 (86.9, 88.8)

17.0 (13.3, 21.3)
87.2 (86.1, 88.2)

26.0 (23.1, 29.0)
99.9 (99.9, 100.0)

51.4 (48.4, 54.4)
74.1 (72.8, 75.4)

19.0 (16.1, 22.2)
87.2 (86.0, 88.3)

34.7 (32.6, 36.7)
99.8 (99.7, 99.9)

FIGURE 4 Receiver operating characteristic curves for each haemoglobin testing strategy at different haemoglobin thresholds by sex.
Note: Threshold values are shown in g/L. Sensitivity and specificity of NHSBT method has been superimposed as it only provides a pass/fail result
rather than a quantitative readout [Color figure can be viewed at wileyonlinelibrary.com]

haemoglobinometry, 87.9% and 74.1% for OrSense, and 87.2% for
both sexes with Haemospect (Figure S4).

The prevalence of donors who would have been inappropriately bled
ranged from 2.2% in men for portable haemoglobinometry to 18.9% in
women for MBR Haemospect (Figure 5 and Table S4). Compared to
NHSBT's customary method, use of portable haemoglobinometry per-
formed best in reducing the prevalence of inappropriate bleeding (—5.6%,
-63, —-4.9 for men and -11.1%, -11.9, -10.2 for women,
P < 0.0001 for both: Figure 6). The proportion of donors who would
have been deferred with haemoglobin concentrations above the
threshold ranged from 0.1% in men for NHSBT's customary method
to 20.8% in women for OrSense (Figure 5 and Table S4). In a sensi-
tivity analysis, the proportion of donors who would have been bled
with haemoglobin concentrations below the minimum threshold
using the “post donation” approach decreased while the number of
donors inappropriately deferred somewhat increased with longer
time between donation (Figure S5). There were notable differences
in the accuracy of methods between white and non-white donors,
especially for the non-invasive devices (Figure S6). Stage 1 donors
lost to follow-up tended to be on average younger, earlier in their
donation career, and more likely to have had haemoglobin values
beneath the threshold at their first visit (Table S6).

Regarding test acceptability, 72% of donors preferred the non-
invasive devices, 20% preferred the finger-prick test, and 8% the
“post donation” approach. However, 77% of donors reported that test

accuracy was their most important consideration.

4 | DISCUSSION

In a study of over 21 000 whole blood donors in NHSBT, the national
blood service of England, we conducted head-to-head comparisons of
four rapid methods for the measurement of pre-donation
haemoglobin levels, comparing each against the reference standard of
a haematology analyser. Our key finding was that portable
haemoglobinometry (ie, using the capillary HemoCue) had the highest
accuracy across all haemoglobin thresholds examined for both men
and women, as well as the smallest biases in comparison with the ref-
erence standard. Furthermore, pre-specified subgroup analyses indi-
cated that portable haemoglobinometry performed similarly well
among donors of different ages, ethnicities, and levels of blood dona-
tion experience. When compared to NHSBT's customary method (ie,
gravimetry/venous HemoCue), use of portable haemoglobinometry

reduced the prevalence of inappropriately bled donors, but increased
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. Inappropriately bled Correctly bled Correctly deferred . Incorrectly deferred
j = 1in every 100 donations
FIGURE 5 Donation outcomes by testing strategy and sex, per 100 donations standardised to the returning donor population in the
COMPARE study.

Note: T1 in every 1000 donations for men, and 2 in every 1000 donations for women are incorrectly deferred using the customary NHSBT
method [Color figure can be viewed at wileyonlinelibrary.com]

Percentage of donors inappropriately bled

Percentage of donors incorrectly deferred

compared to NHSBT method compared to NHSBT method

Strategy ol:‘:i':;:::s [(’g;%/:egﬁe P-value [();f;g/:?:ll‘;e P

- -value
Men
Post-donation strategy 5,920 -0.1(-0.6, 0.4) 0.67 1.0(0.7,1.3) <0.0001
Capillary HemoCue 5,279 * -5.6(-6.3,-4.9)  <0.0001 - 11.0(10.1, 11.8) <0.0001
OrSense 4,861 - -1.5(-2.1,-1.0)  <0.0001 e 11.1(10.2,12.0) <0.0001
Haemosped 4,352 0.6 (0.1,1.2) 0.013 - 11.7 (10.7, 12.7) <0.0001
Women
Post-donation strategy 6,394 0.0(-0.7,0.7) 1.00 2.5(2.1,2.9) <0.0001
Capillary HemoCue 5,724 o= -11.1(-11.9, -10.2) <0.0001 13.5(12.5, 14.4) <0.0001
OrSense 5,580 - -3.8(-4.6,-3.0)  <0.0001 == 20.7(19.6,21.7) <0.0001
Haemosped 4,170 “+ 3.2(2.4,4.0) <0.0001 - 10.6 (9.6, 11.5) <0.0001

T T T T T T T
-15 <10 -5 0 5 0 S 10 15 20 25
% %
FIGURE 6 Percentage difference (95% confidence interval) in donors who would be bled below and deferred above the donation

haemoglobin threshold for each testing strategy compared with the standard NHSBT test by sex.

Note: P-values calculated using McNemar's test

the proportion of donors incorrectly deferred (deferrals are disadvan-
tageous because they demotivate donors and are costly for blood
services??).

Based on these results, we offered two policies to NHSBT to

improve its current haemoglobin screening practices. First, wholesale

NHSBT's

haemoglobinometry alone. We estimated that when projected across

replacement of customary method with portable
the approximately 1.4 million blood donations taking place annually in
England, this policy would prevent about 65 000 donors annually
from avoidable anaemia and potential iron deficiency and its potential
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consequences. A second approach would be to use portable
haemoglobinometry only in donors who failed a more methodologi-
cally rigorous use of the gravimetric test. NHSBT estimated that this
second approach would prevent about 30 000 donors annually from
experiencing anaemia and potential iron deficiency. The second
approach would avoid the higher rates of inappropriate deferrals of
donors associated with the first approach. In 2018, NHSBT adopted
the second approach as national policy, implementing it swiftly across
the whole of the blood service of England.2>2¢

We made several additional observations relevant to the poli-
cies and practices of blood services. We found that the “post dona-
tion” approach (ie, estimating current haemoglobin concentration
from that measured by a haematology analyser at a donor's most
recent prior donation) performed similarly to NHSBT's customary
method when the interval between donations was about
12-16 weeks. However, the performance of this approach improved
somewhat with longer intervals between donations, and when
higher haemoglobin concentration at the first study visit was used
to predict the donor's haemoglobin concentration at the next study
visit. Blood services in several countries (eg, France, Denmark and
Germany) have recently adopted the “post donation” approach due
to its practical advantages, that is, it replaces the need for rapid on-
site testing by using a haematology analyser at a central laboratory
to measure venous blood taken from the donor's sample
pouch.'>2728 Some blood services have started to supplement a
post-donation approach with monitoring of serum ferritin, a mea-
sure of the body's iron stores, in selected blood donors.??3! Future
work will seek to investigate the safety, cost-effectiveness, and
practicability of the “post donation” approach in large, high-
throughput blood services such as in England.

A further finding of our study was that non-invasive spectrometry
devices (ie, MBR Haemospect and Orsense NMB200) did not generally
perform well compared with the other methods, despite their obvious
advantage of avoiding the need to take a blood sample. For example,
these methods showed lower sensitivity for detection of haemoglobin
concentration below the threshold for donation than portable
haemoglobinometry, meaning higher numbers of donors would be inap-
propriately bled. Furthermore, non-invasive spectrometry devices,
which measure haemoglobin by shining light on the skin of donors, per-
formed inconsistently in people of different ethnicities and skin colour
types, limiting the test's potential applicability to blood services in coun-
tries with a large and ethnically diverse pool of donors such as in the
UK. Some blood services have suffered adverse consequences from
introducing non-invasive spectrometry without such robust assess-

ment.*®

Our study showed estimates of haemoglobin concentration by
non-invasive methods, which would result in higher levels of inappro-
priate bleeding and/or higher levels of inappropriate deferral in blood
donors when compared with portable haemoglobinometry. Neverthe-
less, further efforts are warranted to improve the performance of non-
invasive spectrometry devices, given their potential to enhance the
experience of blood donation by avoiding pain.

The current study had major strengths. It involved large numbers

of participants, providing excellent statistical power and detailed
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comparisons of important sub-populations (eg, sex-specific results).
The study design was a within-person comparison, enhancing validity
by providing head-to-head comparisons of different methods to mea-
sure haemoglobin concentrations. It involved evaluation of four
methods, making it wider in scope than previous efforts focusing on

fewer methods.”?3234

It used a state-of-the-art haematology ana-
lyser in an accredited central laboratory as the reference standard.
The study was embedded in NHSBT's routine blood service, enabling
rapid recruitment of blood donors and resulting in findings of direct
relevance to UK blood services.

Our study also had potential limitations. First, only about
three-quarters of participants initially consented into the study ret-
urned for the second visit to allow measurements of haemoglobin
concentration for the study purpose; however, a non-attendance
rate of 30% at the second visit was originally factored into power
calculations. Second, compared to the national donor population in
England, participants in the study were older, more likely to be
male, less ethnically diverse, and had a longer blood donation
career. Hence, some caution is needed in extrapolating the find-
ings to the general population of blood donors. Third, when
assessing the post-donation approach we invited participants for a
second visit about 12-16 weeks later, meaning our study had lim-
ited ability to assess this method for longer inter-donation inter-
vals. Fourth, the study recruited only a limited number of non-
white participants and relied on self-reported information for skin
colour tone, limiting ability to assess potential differences by eth-
nic background.

In summary, in the largest study reporting head-to-head compari-
sons of four methods to measure haemoglobin prior to blood dona-
tion, our results support replacement of NHSBT's customary method
with portable haemoglobinometry.

ACKNOWLEDGMENTS

Participants in the COMPARE study were recruited with the active
collaboration of NHS Blood and Transplant (NHSBT) England (www.
nhsbt.nhs.uk). Funding was provided by NHSBT and the NIHR Blood
and Transplant Research Unit (BTRU) in Donor Health and Genomics
(NIHR BTRU-2014-10024). DNA extraction and genotyping were co-
funded by the NIHR BTRU and the NIHR BioResource (http://
bioresource.nihr.ac.uk). The academic coordinating centre for COM-
PARE was supported by core funding from: NIHR BTRU, UK Medical
Research Council (MR/L003120/1), British Heart Foundation
(RG/13/13/30194; RG/18/13/33946) and the NIHR [Cambridge Bio-
medical Research Centre at the Cambridge University Hospitals NHS
Foundation Trust].! The academic coordinating centre would like to
thank blood donor centre staff and blood donors for participating in
the COMPARE study.

This work was supported by Health Data Research UK, which is
funded by the UK Medical Research Council, Engineering and Physical
Sciences Research Council, Economic and Social Research Council,
Department of Health and Social Care (England), Chief Scientist Office
of the Scottish Government Health and Social Care Directorates,

Health and Social Care Research and Development Division (Welsh


http://www.nhsbt.nhs.uk
http://www.nhsbt.nhs.uk
http://bioresource.nihr.ac.uk
http://bioresource.nihr.ac.uk

o Lwie ey

BELL ET AL.

Government), Public Health Agency (Northern Ireland), British Heart
Foundation and Wellcome.

CONFLICT OF INTEREST

John Danesh reports grants, personal fees and non-financial support
from Merck Sharp & Dohme (MSD), grants, personal fees and non-
financial support from Novartis, grants from Pfizer and grants from
AstraZeneca outside the submitted work.

John Danesh serves on the International Cardiovascular and Met-
abolic Advisory Board for Novartis (since 2010); the Steering Commit-
tee of UK Biobank (since 2011); the MRC International Advisory
Group (ING) member, London (since 2013); the MRC High Through-
put Science Omics Panel Member, London (since 2013); the Scientific
Advisory Committee for Sanofi (since 2013); the International Cardio-
vascular and Metabolism Research and Development Portfolio Com-
mittee for Novartis; and the AstraZeneca Genomics Advisory
Board (2018).

AUTHOR CONTRIBUTION
All authors contributed to data collection, study design, data analysis,
interpretation, and drafting of this paper.

David J Roberts, John Danesh, Emanuele Di Angelantonioon are
joint last authors.

Steven Bell and Michael Sweeting are joint first authors.

Writing Committee: Steven Bell, Michael Sweeting, Anna Ram-
ond, Ryan Chung, Stephen Kaptoge, Matthew Walker, Thomas Bol-
ton, Jennifer Sambrook, Carmel Moore, Amy McMahon, Sarah Fahle,
Donna Cullen, Susan Mehenny, Angela M Wood, Jane Armitage,
Willem H Ouwehand, Gail Miflin, David J Roberts, John Danesh,
Emanuele Di Angelantonio Study Steering Committee: Jane Armitage
FRCP (independent chair), University of Oxford; John Danesh
FMedSci, University of Cambridge; Emanuele Di Angelantonio FRCP,
University of Cambridge and NHSBT; Jenny Donovan FMedSci
(independent member), University of Bristol; lan Ford FRSE (inde-
pendent member), University of Glasgow; Rachel Henry, University
of Cambridge; Beverley J Hunt FRCPath (independent member),
King's College, London; Bridget le Huray (lay member); Susan
Mehenny, NHSBT; Gail Miflin FRCPath, NHSBT; Amy McMahon,
PhD, University of Cambridge; Carmel Moore PhD, University of
Cambridge; Willem H Ouwehand FMedSci, University of Cambridge
and NHSBT; Jane Green, NHSBT; David J Roberts FRCPath, Univer-
sity of Oxford and NHSBT; Mike Stredder, NHSBT; Simon G Thomp-
son FMedSci, University of Cambridge; Matthew Walker PhD,
University of Cambridge; Nicholas A Watkins PhD, NHSBT. Previous
members: Alan McDermott, NHSBT; Clive Ronaldson, NHSBT; Claire
Thomson MSc, University of Cambridge; Zoe Tolkien PhD, University
of Cambridge; Lorna Williamson FRCP, NHSBT; Simon G Thompson
FMedSci, University of Cambridge; Jane Green, NHSBT; Study Man-
agement Committee: Lindsay Bissell, NHSBT; Donna Cullen, NHSBT;
Gavin Cho MD, NHSBT; Emanuele Di Angelantonio FRCP, University
of Cambridge and NHSBT; Susan Mehenny, NHSBT; Amy McMahon,
PhD, University of Cambridge; Carmel Moore PhD, University of
Cambridge; Hannah Perry, MSc, NHSBT; Jennifer Sambrook PhD,

University of Cambridge; Michael Sweeting, PhD, University of Cam-
Matthew Walker PhD,
Haematology Review Group: David Allen DPhil, University of Oxford
and NHSBT; David Bruce FRCPath, Oxford University Hospitals
NHS Foundation Trust; Fizzah Choudry MRCP, University of Cam-
bridge; Emanuele Di Angelantonio FRCP, University of Cambridge
and NHSBT; Cedric Ghevaert FRCPath, University of Cambridge;
Kirstie Johnston, NHSBT; Anne Kelly PhD, University of Cambridge;
Andrew King FRCPath, Weatherall Institute of Molecular Medicine,
University of Oxford; Susan Mehenny, NHSBT; Gail Miflin FRCPath,
NHSBT; Alfred Mo MRCGP, NHSBT; Carmel Moore PhD, University
of Cambridge; Willem H Ouwehand (co-chair) FMedSci, University
of Cambridge and NHSBT; Lizanne Page LMSSA, NHSBT; Penny
Richardson, NHSBT; David J Roberts (co-chair) FRCPath, University
of Oxford and NHSBT; Jennifer Sambrook PhD, University of Cam-
bridge; Peter Senior, NHSBT; Yagnesh Umrania PhD, University of
Cambridge; Matthew Walker PhD, University of Cambridge; Henna
Wong FRCPath, Oxford University Hospitals NHS Foundation Trust.
NHSBT Mobile Donation Teams (managers): Coventry (Adele

bridge; University of Cambridge.

Lapworth); Herts (Emma Martin/Victoria Riggs); Lancaster (Carolyn
Lancaster/Nicola Holland); Leeds (Elizabeth Copp); Norwich (Jackie
Barber); Oxford (Charlotte Blake); Sheffield North (Alan Ball/Jennifer
Mullins); South Anglia (Jenny Jones); Sutton Coldfield (Jane
Whistance); Teesside (Clare McNally). NHSBT COMPARE Study
Administration Team: Joanne Addy, Patricia Barrass, Louise Stennett.
COMPARE Helpdesk: Susan Burton, Hannah Dingwall, Rachel Henry.
Data Management Team: Matthew Walker, Thomas Bolton, Michael
Daynes UK Biocentre: Samples were processed at the National Bio-
sample Centre (www.ukbiocentre.com). Mark Beggs, Bradley Dowle,
Phil Eeles, James Fenton, Suresh George, Chrysanthi Gilantzi, Zoe
Hewitson, lan Jarvis, Lisa Kirkwood, Lori Lewis, Katherine McBirney,
Andrew Nicholson, Kristian Spreckley. Study Statisticians: Stephen
Kaptoge PhD, University of Cambridge; Ryan Chung, University of
Cambridge; Michael Sweeting PhD, University of Cambridge.
Co-investigators: Michael Sweeting, Anna Ramond, Stephen
Kaptoge, Matthew Walker, Jennifer Sambrook, Carmel Moore, Amy
McMahon, Sarah Fahle, Donna Cullen, Susan Mehenny, Angela M
Wood, Willem H Ouwehand, Gail Miflin, David J Roberts. Chief Inves-

tigators: Emanuele Di Angelantonio; John Danesh.

ORCID
Steven Bell
Michael Sweeting

https://orcid.org/0000-0001-6774-3149
https://orcid.org/0000-0003-0980-8965

Anna Ramond = https://orcid.org/0000-0002-9958-3693

Sarah Fahle = https://orcid.org/0000-0002-4359-9952

Angela M. Wood " https://orcid.org/0000-0002-7937-304X

Jane Armitage "> https://orcid.org/0000-0001-8691-9226

Willem H. Ouwehand "2 https://orcid.org/0000-0002-7744-1790
Emanuele Di Angelantonio = https://orcid.org/0000-0001-8776-6719

ENDNOTE

1 The views expressed are those of the authors and not necessarily those
of the NHS, the NIHR or the Department of Health and Social Care.


https://orcid.org/0000-0001-6774-3149
https://orcid.org/0000-0001-6774-3149
https://orcid.org/0000-0003-0980-8965
https://orcid.org/0000-0003-0980-8965
https://orcid.org/0000-0002-9958-3693
https://orcid.org/0000-0002-9958-3693
https://orcid.org/0000-0002-4359-9952
https://orcid.org/0000-0002-4359-9952
https://orcid.org/0000-0002-7937-304X
https://orcid.org/0000-0002-7937-304X
https://orcid.org/0000-0001-8691-9226
https://orcid.org/0000-0001-8691-9226
https://orcid.org/0000-0002-7744-1790
https://orcid.org/0000-0002-7744-1790
https://orcid.org/0000-0001-8776-6719
https://orcid.org/0000-0001-8776-6719

BELL ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cable RG. Hemoglobin determination in blood donors. Transfus Med
Rev. 1995;9:131-144.

Mast AE. Low hemoglobin deferral in blood donors. Transfus Med Rev.
2014;28(1):18-22.

Commission  directive  2004/33/EC  implementing  directive
2002/98/EC of the European Parliament and of the council as
regards certain technical requirements for blood and blood compo-
nents. Official J Eur Union. 2004;256:32-40.

Vuk T, Magnussen K, De Kort W, et al. International forum: an investi-
gation of iron status in blood donors. Blood Transfus. 2017;15(1):
20-41.

Zalpuri S, Romeijn B, Allara E, et al. Variations in hemoglobin mea-
surement and eligibility criteria across blood donation services are
associated with differing low-hemoglobin deferral rates: a BEST col-
laborative study. Transfusion. 2020;60(3):544-552.

Chaudhary R, Dubey A, Sonker A. Techniques used for the screening
of hemoglobin levels in blood donors: current insights and future
directions. Journal of Blood Medicine. 2017;8:75-88.

Baart AM, de Kort WLAM, van den Hurk K, Pasker-de Jong PCM.
Hemoglobin assessment: precision and practicability evaluated in The
Netherlands—the HAPPEN study. Transfusion. 2016;56(8):1984-1993.
Backman S, Valkeajarvi A, Korkalainen P, Arvas M, Castren J. Venous
sample is superior to repeated skin-prick testing in blood donor
haemoglobin second-line screening. Vox Sang. 2020;115:617-623.
https://doi.org/10.1111/vox.12920.

De Clippel D, Van Heddegem L, Vandewalle G, Vandekerckhove P,
Compernolle V. Hemoglobin screening in blood donors: a prospective
study assessing the value of an invasive and a noninvasive point-of-
care device for donor safety. Transfusion. 2017;57(4):938-945.

Tong E, Murphy WG, Kinsella A, et al. Capillary and venous
haemoglobin levels in blood donors: a 42-month study of 36 258
paired samples. Vox Sang. 2010;98(4):547-553.

Kamel H, Vassallo RR. When visual inspection of the palpebral con-
junctivae falls short .... Transfusion. 2016;56(8):1932-1936.

James V, Jones KF, Turner EM, Sokol RJ. Statistical analysis of inap-
propriate results from current Hb screening methods for blood
donors. Transfusion. 2003;43(3):400-404.

Di Angelantonio E, Thompson SG, Kaptoge S, et al. Efficiency and
safety of varying the frequency of whole blood donation (INTERVAL):
a randomised trial of 45 000 donors. Lancet. 2017;390(10110):2360-
2371.

Kaptoge S, Di Angelantonio E, Moore C, et al. Longer-term efficiency
and safety of increasing the frequency of whole blood donation
(INTERVAL): extension study of a randomised trial of 20 757 blood
donors. Lancet Haematol. 2019;6(10):e510-e520.

Magnussen K, Ladelund S. Handling low hemoglobin and iron defi-
ciency in a blood donor population: 2 years' experience. Transfusion.
2015;55(10):2473-2478.
https://www.irishtimes.com/news/health/blood-service-not-told-about-
problems-with-testing-device-1.2433719. 2020. Accessed December
3, 2020.

Briggs C, Longair |, Kumar P, Singh D, Machin SJ. Performance evalua-
tion of the Sysmex haematology XN modular system. J Clin Pathol.
2012;65(11):1024-1030.

von Schenck H, Falkensson M, Lundberg B. Evaluation of "Hemo-
Cue," a new device for determining hemoglobin. Clin Chem. 1986;32
(3):526-529.

Crowley C, Montenegro-Bethancourt G, Solomons NW, Schiimann K.
Validity and correspondence of non-invasively determined hemoglo-
bin concentrations by two trans-cutaneous digital measuring devices.
Asia Pac J Clin Nutr. 2012;21(2):191-200.

Shvartsman LD, Fine I. Optical transmission of blood: effect of eryth-
rocyte aggregation. IEEE Trans Biomed Eng. 2003;50(8):1026-1033.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

e’
o) T W1 LE Y- =

Fitzpatrick TB. The validity and practicality of sun-reactive skin types
| through VI. Arch Dermatol. 1988;124(6):869-871.

Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet. 1986;327
(8476):307-310.

Bossuyt PM, Reitsma JB, Bruns DE, et al. STARD 2015: an updated
list of essential items for reporting diagnostic accuracy studies. BMJ.
2015;351:h5527.

Custer B, Chinn A, Hirschler NV, Busch MP, Murphy EL. The conse-
quences of temporary deferral on future whole blood donation.
Transfusion. 2007;47(8):1514-1523.

NHS Blood and Transplant. https://www.blood.co.uk/news-and-
campaigns/the-donor-autumn-2018/new-haemoglobin-test/. 2020.
Accessed December 3, 2020.

NHS Blood and Transplant. https://nhsbtdbe.blob.core.windows.
net/umbraco-assets-corp/7847/interval-and-compare-implications-
for-haemoglobin-screening-board-jan-18.pdf. = 2020.  Accessed
October 26, 2020.

Ziemann M, Steppat D, Brockmann C, Washington G, Kirchner H,
Schlenke P. Selection of whole-blood donors for hemoglobin testing
by use of historical hemoglobin values. Transfusion. 2006;46(12):
2176-2183.

Lotfi R, Wernet D, Starke U, Northoff H, Cassens U. A noninvasive
strategy for screening prospective blood donors for anemia. Transfu-
sion. 2005;45(10):1585-1592.

Rigas AS, Pedersen OB, Magnussen K, Erikstrup C, Ullum H. Iron defi-
ciency among blood donors: experience from the Danish Blood
Donor Study and from the Copenhagen ferritin monitoring scheme.
Transfusion Med. 2019;29(51):23-27.

Sweegers MG, Zalpuri S, Quee FA, et al. Ferritin measurement IN
donors—effectiveness of iron monitoring to diminish iron deficiency
and low haemoglobin in whole blood donors (FIND'EM): study pro-
tocol for a stepped wedge cluster randomised trial. Trials. 2020;21
(1):823.

Vinkenoog M, van den Hurk K, van Kraaij M, van Leeuwen M,
Janssen MP. First results of a ferritin-based blood donor
deferral policy in The Netherlands. Transfusion. 2020;60(8):
1785-1792.

Ardin S, Stérmer M, Radojska S, Oustianskaia L, Hahn M, Gathof BS.
Comparison of three noninvasive methods for hemoglobin screening
of blood donors. Transfusion. 2015;55(2):379-387.

Avcioglu G, Nural C, Yilmaz FM, Baran P, Erel O, Yilmaz G. Compari-
son of noninvasive and invasive point-of-care testing methods with
reference method for hemoglobin measurement. J Clin Lab Anal.
2018;32(3):€22309. https://doi.org/10.1002/jcla.22309.

Stmnig A, Hron G, Westphal A, et al. The impact of noninvasive, cap-
illary, and venous hemoglobin screening on donor deferrals and the
hemoglobin content of red blood cells concentrates: a prospective
study. Transfusion. 2015;55(12):2847-2854.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Bell S, Sweeting M, Ramond A, et al.
Comparison of four methods to measure haemoglobin
concentrations in whole blood donors (COMPARE): A
diagnostic accuracy study. Transfusion Medicine. 2021;31:
94-1083. https://doi.org/10.1111/tme.12750



https://doi.org/10.1111/vox.12920
https://www.irishtimes.com/news/health/blood-service-not-told-about-problems-with-testing-device-1.2433719
https://www.irishtimes.com/news/health/blood-service-not-told-about-problems-with-testing-device-1.2433719
https://www.blood.co.uk/news-and-campaigns/the-donor-autumn-2018/new-haemoglobin-test/
https://www.blood.co.uk/news-and-campaigns/the-donor-autumn-2018/new-haemoglobin-test/
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/7847/interval-and-compare-implications-for-haemoglobin-screening-board-jan-18.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/7847/interval-and-compare-implications-for-haemoglobin-screening-board-jan-18.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/7847/interval-and-compare-implications-for-haemoglobin-screening-board-jan-18.pdf
https://doi.org/10.1002/jcla.22309
https://doi.org/10.1111/tme.12750

	Comparison of four methods to measure haemoglobin concentrations in whole blood donors (COMPARE): A diagnostic accuracy study
	1  INTRODUCTION
	2  METHODS
	2.1  Study design
	2.2  Diagnostic tests
	2.3  Study participants
	2.4  Outcomes
	2.5  Statistical analysis
	2.6  Role of the funding source

	3  RESULTS
	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTION
	Endnote
	REFERENCES


