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Abstract:

Objectives: This study aims to evaluate the current hemoglobin screening methods for prospective blood
donors in Thailand. Materials and Methods: Fingerstick capillary blood samples and venous blood samples
were obtained from blood donors and measured hemoglobin concentration by two hemoglobin photometers
(Hemocue 301 and DiaSpectT System) and Sysmex XS800i. Results: The comparison analysis showed a good
correlation between both hemoglobin screening methods and the venous-Sysmex method (the gold standard), for
fingerstick-Hemocue 301 r = 0.87 and I’ = 0.75 and for fingerstick-DiaSpectT r = 0.84 and I’ = 0.70. The mean
hemoglobin concentration of the venous-Sysmex method was 14.24 * 1.21 g/dL (11.5-17.7 g/dL). The mean
hemoglobin concentration of fingerstick-Hemocue 301 method was 14.75 * 1.28 g/dL (difference 0.51 * 0.65 g/di,
p < 0.01). The mean hemoglobin concentration of fingerstick-DiaSpectT method was 14.27 * 1.35 g/dI (difference
0.03+ 0.74 g/dL, p = 0.52). Conclusion: Hemoglobin concentration from the hemoglobin screening methods by
hemoglobin photometers had a good correlation with the result from the gold standard method, but there was
variation of accuracy according to the types of hemoglobin photometers.
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Introduction
To prevent the donation from pre-existing anemic
donors and unacceptable anemia in blood donors after
donation, hemoglobin concentration screening before
blood donation is an important step in the donation
process. Appropriate method and cut off value of
hemoglobin are crucial points to be considered. This

step of blood donation affects both the quality of blood

components and blood donors’ health. Undetectable
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inappropriate hemoglobin screening methods can cause
anemia in blood donors, decrease the donor return rate
and loss of blood donors from the donor pools’. On the
other hand, false low hemoglobin screening methods
cause loss of appropriate donors. Accuracy of the
hemoglobin screening methods should be evaluated.
In Thailand, the fingerstick capillary blood are used
for hemoglobin concentration measurement before
donation as a screening method®. In the past, the
CuS04 specific gravity method was commonly applied
to measure hemoglobin concentration for screening
blood donors. Hemoglobin photometers were introduced

to blood collection work and widely used in the blood

centers around the world because of its portability,
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convenience and power to discriminate unacceptable
blood donors”. There were a number of studies about
accuracy of hemoglobin photometers, mostly reported a
good correlation with the gold standard, venous hemo-
globin measured by automated hemoglobin analyzers®”.
However, there was varied accuracy of hemoglobin
concentration results’”. In Thailand, Hemocue was the
first hemoglobin photometer introduced to the blood
centers since 2007. However, there were several studies
reported significant high hemoglobin concentration results
measure by Hemocue, varied from 0.24 to 0.78 g/dL
higher than the gold standard, which caused a significant
percentage of blood donations from unacceptable donors™’.

In this study, we were interested in the accuracy
of two types of hemoglobin photometers, Hemocue
301 hemoglobin photometer (HemoCue, Angelholm,
Sweden) and DiaSpectT System hemoglobin photo-
meter (DiaSpectT System, Medical GmbH, Germany),
which were currently used in Thailand and the
correlation between these screening methods and the

gold standard method.

Materials and Methods

Prospective blood donors who attended the
blood donation center at Department of Transfusion
Medicine, Faculty of Medicine Siriraj Hospital, Mahidol
University (Bangkok, Thailand) were enrolled to the
study during December 2011 to February 2012. Donors
who did not meet the institute’s standard criteria for
blood donation were excluded. Autologous blood
donors were also excluded from the study. Informed
consents were attained from participated blood donors.

The participated blood donors were allocated
into two groups to minimize effect of difference
between second and third drops of fingerstick blood
samples. Capillary blood samples were obtained by
the fingerstick method from donors when they were in
sitting position. Fingerstick was done at any lateral

site of the tip of index or middle finger by a disposable

lancet. The first drop of blood was discarded. From

125 donors, the second drops of capillary blood were
collected and tested by Hemocue 301 and the third
drops were tested by DiaSpectT. From 127 donors,
the second drops were tested by DiaSpectT and the
third drops were tested by Hemocue301. Only the
donors whose hemoglobin more than 12.5 g/dL by
Hemocue301 tests went on blood collection process.
The blood collection was done by standard technique
while the donor was in semi-Fowler's position on a
blood donation chair. Two milliliter of EDTA blood
was obtained from a diversion pouch bag and used
as venous blood sample. The venous blood samples
were tested by Hemocue 301 hemoglobin photometer,
DiaSpectT system hemoglobin photometer and auto-
mated hemoglobin analyzer, Sysmex XS800i.
Statistical analysis was performed using SPSS
(version 17.0, Chicago, Ill., USA) under MUIT network.
Characteristics of the donors were shown as percentage
and mean * SD. Unpaired sample t-tests was used
to determine significance of difference between the
second drops and the third drops. The hemoglobin
concentration of venous blood sample measured by
SysmexXS800i was considered as the gold standard.
Paired sample t-tests were used to determine signi-
ficance of difference between the hemoglobin photo-
meter methods and the gold standard method. Linear
regression analysis was performed to determine the
strength of the relationship between the screening
methods (fingerstick-Hemocue 301 and fingerstick-
DiaspectT) and the gold standard method. A p-value
of < 0.05 was considered significant. All procedures

were approved by the Siriraj Institutional Review

Board.

Results
Two hundred fifty three blood donors were enrolled
to this study. One blood donor whose capillary hemo-
globin measured by Hemocue 301 less than 12.5 g/dL
was deferred and excluded from statistical analysis.

All were healthy donors who met Siriraj Blood
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Donation Center’s standard criteria for blood donation.
No immediate complication was seen during the
fingerstick sampling and the collection process.
Characteristics of the donors are shown in Table 1.
There was no significant difference between the mean
of hemoglobin of the second and the third drops of
fingerstick capillary blood samples, as shown in Table
2. The comparison analysis showed a good correlation
between both hemoglobin screening methods and the
venous-Sysmex method (fingerstick-Hemocue 301
r = 0.87 and 1’ = 0.75 and fingerstick-DiaSpectT r =
0.84 and 1* = 0.70). The linear regression equations
for fingerstick-Hemocue 301 (Y = 2.103 + 0.823X)
and fingerstick-DiaspectT (Y = 3.47 + 0.7556X) were
calculated as shown in Figure 1. The mean of

hemoglobin concentration of fingerstick and venous
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Table 1 Characteristics of the blood donors, n = 252

Male donors 159 (63.09%)

First time donors 73 (28.97%)

Age, mean(year) 39.87 (18-60)
Weight, mean(kilogram) 68.47 (50-120)
Number of donations, mean 10.58 (1-119)

blood samples measured by the two hemoglobin
photometers (HemoCue 301 and DiaSpectT) and by
the automate hemoglobin analyzer (Sysmex XS800i)
are demonstrated in Table 3. The mean hemoglobin
concentration from fingerstick-Hemocue 301 method
was 14.75 £ 1.28 g/dL significantly higher than the
venous-Sysmex method with the mean difference of
0.561 £ 0.65 g/dL (p < 0.01). The mean of hemoglobin
concentration from fingerstick-DiaSpectT method was

14.27 + 1.35 g/dL, not significantly different from the

Table 2 Comparison of hemoglobin concentration in the second drops and the third drops of fingerstick capillary

blood samples

Methods Hemoglobin concentration mean * SD (g/dL) p
2™ drop 3“ drop
HemoCue301 1477 £ 1.28 1473 £ 1.29 0.89
DiaSpectT 1420 + 1.32 14.35 £ 1.37 0.37

2™ drop = Hemocue301 and 3" drop = DiaSpectT, n = 125
2" drop = DiaSpectT and 3“ drop

= Hemocue301, n = 127
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Figure 1 Linear regression analysis of fingerstick hemoglobin versus venous hemoglobin
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Table 3 Hemoglobin concentration of fingerstick and venous samples measured by 3 different methods, n = 252

Hemoglobin

Min-Max Mean difference from

Sample Method p-value
Mean + SD (g/dL) (g/dL) Sysmex XS800i (g/dL)
Fingerstick ~HemoCue301 1475+ 1.28 12.5-18.0 0.51 £ 065 <001
DiaSpectT 14.27 +1.35 11.6-17.9 0.03 £ 0.74 0.52
Venous HemoCue301 14.98 +1.23 12.4-18.6 0.74 £ 0.24 <001
DiaSpectT 14.37 +1.23 11.6-17.6 012+ 025 <001
SysmexXS800i 14.24 121 11.5-17.7 N/A N/A

N/A = not applicable

venous-Sysmex method with the mean difference of
0.03 £ 0.74 g/dL (p = 052). The mean hemoglobin
concentration of venous-Hemocue 301 method was
14.98 £ 1.23 g/dL, significantly higher than the venous-
Sysmex method with the mean difference of 0.74 *+
0.24 g/dL (p < 0.01). Likewise, the mean hemoglobin
concentration of venous-DiaSpectT method was 14.37
+ 1.23g/dL, also significantly higher than the venous-
Sysmex method with the mean difference of 0.12 *+
0.25 g/dL (p < 0.01).

In this study, which the fingerstick-Hemocue301
method was used as a screening method, 14 donors

(5.5%) had venous hemoglobin < 12.5 g/dL (mean 12.08
g/dL, range 11.5-12.40 g/dL).

Discussion

Both hemoglobin photometers were evaluated
by using the blood samples from the same donors.
Therefore, blood donors were allocated into two groups
to minimize effect of difference between second
and third drops of fingerstick blood samples. In the
first group of donors, the second drop was tested
by Hemocue 301 and the third drop was tested by
DiaspectT. In the second group, the second drop was
tested by DiaspectT and the third drop was tested
by Hemocue 301. No significant difference between
the mean of hemoglobin of the second and the third
drops was demonstrated, and then the results from
both second and third drops can be used for analysis.

The hemoglobin concentration of the screening

methods, both fingerstick-Hemocue 301 and fingerstick-

DiaspectT, had a good correlation with the gold standard
(the venous-Sysmex), 1 = 0.87 and 1 = 0.84 respectively.

. 34,6
However, as found in several reports

, the capillary
hemoglobin concentration measured by Hemocue 301
was significantly higher than the gold standard with
the mean difference of 0.51 £ 0.66 g/dL. Therefore,
we found a considerably number of blood donors (5.5%)
who had venous blood hemoglobin less than 12.5
g/dL. A good accuracy was demonstrated in the
results from DiaSpectT. The mean hemoglobin
concentration of fingerstick-DiaspectT method was
not significantly different from the mean of the gold
standard method. However, when hemoglobin concen-
tration from fingerstick-DiaSpectT at 12.5 g/dL was
used as a cut off value, 8 (3.17%) donors whose venous-
Sysmex hemoglobin < 12.5 g/dL were eligible to donate
and 7 (2.78%) donors whose venous-Sysmex hemoglobin
2> 12.5 g/dL were not eligible. Both hemoglobin photo-
meters provided the results with good relation to the
venous blood hemoglobin that can facilitate prospective
donor screening, however, there was variation in term
of accuracy, not only accept donors with hemoglobin
< 12.5 g/dL , but also exclude donors with hemoglobin >
12.5 g/dL. Validation and quality control of hemoglobin
photometers should be implemented when a hemoglobin
screening method by using hemoglobin photometer
was employed.

The different types of blood samples (capillary
VS venous) and the different donor positions (sitting
VS semi-Fowler's position) had an effect on fluid

component of the blood samples. These two factors
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might be an explanation for the deviation of results. In
comparison, the means of hemoglobin concentration of
venous blood were higher than the means hemoglobin
concentration of fingerstick capillary blood samples
measured by corresponding hemoglobin photometers
(venous VS fingerstick; Hemocue 301 14.98 + 1.23 g/
dL VS 14.75 + 1.28 g/dL, DiaspectT 14.37 + 1.23 g/dL
VS 14.27 + 1.35 g/dL). From this observation, capillary
blood samples taken when donors were in sitting
position might have higher hemoglobin concentration
than venous blood samples taken when donors were
in semi-Fowler's position. This assumption was not
complied with previous reports which capillary
blood sample had higher hemoglobin concentration
than venous blood™"""".

In conclusion, hemoglobin concentration from
the hemoglobin screening methods using fingerstick
capillary blood samples measured by hemoglobin
photometers had a good correlation with hemoglobin
concentration from the gold standard method, venous
blood sample measured by automated hemoglobin
analyzers. However, there was variation of accuracy
according to the type of hemoglobin photometers. To
prevent the donation from pre-existing anemic donors
and unacceptable anemia after blood donation, blood
centers have to consider implementation of the proper

hemoglobin screening methods.
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