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Abstract

A point-of-care (POC) hemoglobinometer has been widely used in blood donor selection
because of its convenience, quantitative measurement of hemoglobin, and availability of quality
control. HemoCue, with its own quality control materials provided, was one of the most common
devices used worldwide. However, commercial control materials were expensive and required
overseas purchase and distribution. The aim of this study was to produce internal quality control
materials from expired donated blood samples and further evaluation by using a POC
hemoglobinometer, HemoCue Hb 301. Expired donated blood samples were mixed with
preservative materials, aliquoted and adjusted the hemoglobin concentrations to 3 levels
(low, medium and high). The two productions of control materials were prepared with different
hemoglobin concentrations. Subsequently, all control materials were assessed for homogeneity
in accordance with ISO Guide 80:2014, prior to packaging and distributed to 4 certified blood
banks complied with the Laboratory Accreditation of the Medical Technology Council. Stability
and Levey-Jennings chart (L-J Chart) of internal quality control were examined in 4 certified
blood banks for 30 days. The results showed that the homogeneity of all control materials was
acceptable, as evidenced by one-way ANOVA with a 95% confident level. In addition, degree
of stability determined for a period of at least 1 month at 4°C were acceptable, with the linear
regression slope of stability. We observed the L-J Chart out of control 13s at two sites and out
of control 1Zg for all four sites. Trends were detected at Site B (Lot. 1) and Site C (Lot. 2) on

the 12" to 30" consecutive days, demonstrating interference of the analysis. These results might
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be caused by random errors. In conclusion, the produced control materials were valid for the
internal quality control of a point-of-care hemoglobinometer for a month. However, further
study on the stability and performance assessment of various commercial point-of-care hemo-

globinometers is needed.
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Steps for preparation of hemolysate solution

1. Prepare expired donated blood at room temperature

2. Cut blood bag line and pour into a container

3. Wash red cells with 0.15 M phosphate buffer saline (PBS) at
pH 7.4 until supernatant is clear

4. Freeze washed red cells at -20 degrees celsius overnight, and

then filter with sterile gauze

Store at 4 degrees celsius for testing of properties and then
send to 4 blood bank site Lot 1 (3 levels, 15 ml: Low =5 ml
Medium = 5 ml, High = 5 ml) sent to sites A and B, while Lot
2 (3 levels, 15 ml: Low = 5 ml, Medium = 5 ml, High = 5 ml)
sent to sites C and D.

guam Tnagssn waz Unlund Aindsing

Steps for adjustment of hemoglobin concentration
Mix filtered hemolysate with D-glucose in 0.85% normal
saline and 0.1% Sodium azide, dividing into 3 levels of Hb
concentrations by using Hb HemoCue 301:
Low (concentration level 6.2-7.8 g/dL)
Normal (concentration level 11.8-14.2 g/dL)
High (concentration level 15.5-18.5 g/dL)

}

Package hemoglobin control materials into containers in 3 levels.
Each level is divided into 10 bottles, 5 ml each. The production cycle
is divided into two lots.

Fig. 1 Preparation steps of hemoglobin control materials.
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Table 1 Homogeneity study of 10 bottles of control materials (low, medium, high) in duplicate. The

data show hemoglobin levels, mean, standard deviation, coefficient of variation and variance.

Low (g/dL) Medium (g/dL) High (g/dL)
Bottle
Number Result - Result Mean Variance AERIT R Mean Variance FEENE G Mean Variance
1 2 1 2 1 2
Lot.1
1 6.1 6.2 6.15 0.005 124 123 1235  0.005 15.2 1564 153 0.02
2 6.1 6.2 6.15 0.005 121 12.2 12.15 0.005 15.2 15.5 15.35 0.045
3 6 6.2 6.1 0.02 12.2 123 1225  0.005 153 154 15635 0.005
4 6 6.2 6.1 0.02 12.2 123 1225  0.005 154 1562 153 0.02
5 6.1 6.2 6.15 0.005 123 123 12.3 0 162 15683 1625 0.005
6 6.1 6.1 6.1 0 123 122 1225  0.005 153 1563 153 0
7 6.2 6.1 6.15 0.005 12.2 12.2 12.2 0 153 1562 1525 0.005
8 6.2 6.1 6.15 0.005 12.2 123 1225  0.005 154 1683 1535 0.005
9 6.2 6.2 6.2 0 12.2 12.2 12.2 0 154 163 1535 0.005
10 6.1 6.1 6.1 0 12.2 12.2 12.2 0 15.2 15.2 156.2 0
Mean 6.1 12.2 16.3
SD 0.1 0.1 0.1
%CV 1.1 0.6 0.6
Lot.2
1 7.4 7.3 7.35 0.005 14.7 14.6 14.65 0.005 18.3 18.3 18.3 0
2 7.3 7.3 7.3 0 146 147 1465  0.005 184 185 18.45 0.005
3 7.4 7.3 7.35 0.005 147 147 14.7 0 186 185  18.55 0.005
4 7.6 7.3 7.45 0.045 14.6 14.6 14.6 0 18.6 18.6 18.6 0
5 7.4 7.5 7.45 0.005 148 146 14.7 0.02 186 185  18.55 0.005
6 7.5 7.2 7.35 0.045 15 14.7 14.85 0.045 18.6 18.7 18.65 0.005
7 7.7 7.3 7.5 0.08 147 146 1465  0.005 185 185 185 0
8 7.3 7.4 7.35 0.005 146 148 14.7 0.02 186 185 18.55 0.005
9 7.4 7.4 7.4 0 14.8 14.8 14.8 0 18.6 18.6 18.6 0
10 7.4 7.3 7.35 0.005 149 147 14.8 0.02 18.7 18.6  18.65 0.005
Mean 7.4 14.7 18.5
SD 0.1 0.1 0.1
%CV 1.6 0.8 0.6
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Table 2 Hemoglobin control materials 2 Lots (low, medium and high) determined by a POC

hemoglobinometer.

Lot.1
F Sig. F crit F < F crit Homogeneity
Low 0.350 0.935 3.02 Accept Pass
Normal 2.148 0.125 3.02 Accept Pass
High 0.505 0.841 3.02 Accept Pass
Lot.2
F Sig. F crit F < F crit Homogeneity
Low 0.402 0.907 3.02 Accept Pass
Normal 1.093 0.443 3.02 Accept Pass
High 1.926 0.161 3.02 Accept Pass

3. HAMSANAMANTAVDINIAIVANAUMW

3.1 MInadauaNuAIAl (long-term
stability)
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Table 3 Stability of hemoglobin control materials (low, medium and high) determined by a POC

hemoglobinometer at 0, 7, 14, 21 and 28 Days (storage at 4°C).

Lot.1
Hemoglobin concentration (g/dL)
Low Medium High

Days 0 7 14 21 28 0 7 14 21 28 0 7 14 21 28

Mean 6.060 6.150 5.950 6.000 5.900 12.075 12.150 12.250 12.150 12.200 15.282 15.250 15.200 15.300 15.500
Slope -0.007 0.004 0.007
SE slope 0.003 0.003 0.004
Intercept 6.108 12.115 16.210
SE Intercept 0.056 0.046 0.076
Correlation coefficient 0.5692 0.368 0.447
Slope of the linear
regression significantly No No No
P < 0.05 (95%)
Slope of the linear
regression significantly No No No
P < 0.01 (99%)
Test result Stable Stable Stable
Lot.2

Hemoglobin concentration (g/dL)
Low Medium High

Days 0 7 14 21 28 0 7 14 21 28 0 7 14 21 28

Mean 7.353 7.500 7.400 7.200 7.350 14.745 14.850 14.550 14.600 14.600 18.485 18.600 18.450 18.400 18.450
Slope -0.004 -0.008 -0.004
SE slope 0.005 0.005 0.003
Intercept 7.422 14.777 18.531
SE Intercept 0.087 0.081 0.055
Correlation coefficient 0.198 0.469 0.323
Slope of the linear
regression significantly No No No
P < 0.05 (95%)
Slope of the linear
regression significantly No No No
P < 0.01 (99%)
Test result Stable Stable Stable
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3.2 MIMAMrUA (characterization)
HamsanansmIvANAMnWIagls L-J
Chart Tagihdeyanlinmelady diundoawu
wnaspu wazhinaianniavanaumnlag
. o 4
Mvua Auaay 2 HHdsunuuaIzIu (mean
+2SD) uwar 3 dHubeduuaasgiu (mean
+3SD) 'lawauanaslu Fig. 2-3 wuhelums
d' . ISP a (4; a ¥
nagauN Site A AAnAUNNAMNaNTUlA
(reject) 1 lufuit 27 (low) 28 (high) uaz 1_
H o8 H S
1u3uN 29 (medium) 71 Site B WWina L Tudu
H H S H
71 1 (medium) was 2, 1u3udn 29-30 (high) 7
H S H
Site C Wina 1 Juf 5 (low) wazh Site D
1 S 1
Wa l Tuiuf 1,17 (high) waziun 7 (low) uaz
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1 [
=

wulu Lot. 11 Site B Wy trend Nisnnd 1SD
Uszanadud 12 wasiiwunTisasausaiud 31
@y Lot. 7 2 Site C Wy trend #ighnd1 1SD
Tugreiudt 12 wwderfu

3.3 MIMUAdUANNUNUL (precision)

AMUIUWIAIANNUNUGT within-run
precision mﬂwamimaaummL‘TJuLﬁaLamﬁ’u
Taofiasandduds=aniveamsulsisiu ves
aﬁmmuﬁa 3 526U HA CV<TE voedulnaliu
7% 0 1.75% faudadlu Table 1 wazmanuueive
(between-run) 9113u 31 1 lda1 %CV < TE
voaglulnatu 7% fe 2.31% nasmmsnadeu
faudaaly Table 4

Table 4 Long-term imprecision between run of hemoglobin control materials for 3 levels at 4 sites from

day 1 to day 31.

A B
Lot.1
Low Normal High Low Normal High
Mean 7.2 14.5 18.3 24.3 29.9 35.4
SD 0.1 0.2 0.2 0.3 0.4 0.4
%CV 1.9 1.6 1.3 1.0 0.7 0.4
0.33 TEa 2.31 2.31 2.31 2.31 2.31 2.31
%CV<0.33 TEa Accept Accept Accept Accept Accept Accept
C D
Lot.2
Low Normal High Low Normal High
Mean 7.2 14.5 18.3 7.2 14.5 18.3
SD 0.1 0.2 0.2 0.1 0.2 0.2
%CV 1.9 1.6 1.3 1.9 1.6 1.3
0.33 TEa 2.31 2.31 2.31 2.31 2.31 2.31
%CV<0.33 TEa Accept Accept Accept Accept Accept Accept
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