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ABSTRACT
Background: Despite the wide range of methods available for measurement of haemoglobin (Hb), no
single technigque has emerged as the most appropriate and ideal for a blood donation setup. To cater to
this need both invasive and non-invasive techniques of haemoglobin estimation were analysed.
Aims and Obijectives: To compare invasive and non-invasive methods of haemoglobin estimation in
terms of accuracy, sensitivity and donor satisfaction.
Materials and Methods: A prospective study utilizing 200 blood samples was carried out in a blood
donation setting for quality evaluation of five methods of haemoglobin estimation: Haematology cell
analyser (reference), DiaSpect, CuSO4, HemoCue and NBM-200.
Results: Mean value of HemoCue (mean + SD = 13.8 + 1.7 g/dl) was higher by 0.26 compared to
reference (mean = SD = 13.54 + 1.52 g/dl). DiaSpect proved to be the best technique (sensitivity
99.4%, specificity 94.4% and likelihood ratio 17.75). CuSO, proved to be good with Negative
Predictive Value close to 91.4%. NBM-200 shows wide variation but the mean of the difference being
statistically not significant.
Conclusion: CuSO, method gives accurate results, if strict quality control is applied. HemoCue and
DiaSpect are too expensive to be used as a primary screening method in an economically restricted
country like India, but are accurate. NBM-200 is a non-invasive method and gives good result with
better compliance and donor satisfaction.
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INTRODUCTION

Pre-donation haemoglobin (Hb) screening is vital
for blood donor selection with the main intention
of preventing blood collection from an anaemic
donor and for protecting the health of potential
blood donors. It is therefore essential, that there
should be an accurate and reliable method for
haemoglobin determination. According to the
Indian Drugs and Cosmetics Act, 1940 for blood
donation, the minimum acceptable haemoglobin

(Hb) is 12.5 g/dl or haematocrit (Hct) of 38% for
both males and females.™

There are various methods of haemoglobin
estimation which vary from simple CuSO, method
to measurement by photometer, each with its own
advantages and limitations. The copper sulphate
(CuSO,) specific gravity method® is the
traditional method being used for donor screening
at many blood centres. Though a cheap and easy
method, it does not provide an acceptable degree
of accuracy®"™. In recent years, portable, point-
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of-care (POC) devices have become the standard
to measuring Hb levels. This form of
measurement is applied in settings such as blood
banks due to quicker test results with smaller
blood samples, typically from a capillary source at
the fingertip.

The HemoCue and DiaSpect test systems are
portable, battery-operated photometric device for
rapid determination of haemoglobin®®. Both tests
involve digital needle puncture to obtain samples,
leading to blood donor discomfort and complaints.
Recently, a new method to determine Hb levels
has been developed, using the principle of
occlusion spectroscopy™ which exempts the donor
from finger prick and makes the procedure more
comfortable. This could therefore contribute to
greater donor retention.

The aim of this study was to analyse the feasibility
of the use of this new non-invasive method. We
also compared results of routinely used invasive
haemoglobinometer with that of automated blood
analyser (reference).

MATERIAL AND METHODS

This prospective study was conducted on 200
consecutive blood donors attending routine donor
sessions at a tertiary care hospital based blood
centre in Ahmedabad, Gujarat. Informed consent
was obtained explaining the need of a venous
blood sample and also the application of the
device on their finger to perform the Hb
measurements using the new method.

The non-invasive Hb  determination  was
performed using a NBM-200 (Orsense Ltd., Nez
Ziona, lIsrael), based on occlusion spectroscopy.
Briefly, a pressure is applied by a ring-shaped
multi wavelength sensor probe containing a
pneumatic cuff that temporarily occludes the blood
flow in the base of the finger and generates a
strong optical signal, yielding a high signal-to-
noise ratio that is wholly blood specific. Analysis
of the signal in the wavelength range of 600 to
1500 nm provides the necessary sensitivity for
measuring Hb concentration and pulse rate. The
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test is performed in 90 seconds, according to
manufacturer’s instructions.

Two ml of venous blood sample in dipotassium
EDTA under identical conditions were drawn from
apparently healthy donors. Samples were analyzed
using four different methods of Hb estimation:
Automated haematology cell analyzer (Sysmex
KX 21, Sysmex America, Inc. Lincolnshire),

CuSO, specific gravity method, Hemocue
(Hemocue B - haemoglobin  photometer;
Angelholm, Sweden), DiaSpect T system

(DiaSpect Medical AB Uppsala, Sweden). Testing
on CuSQ,, Diaspect and HemoCue was done
without delay while samples were run on the
automated cell analyser (reference haemoglobin
value) immediately or within 30-60 minutes of
collection. To avoid inter-observer variability,
blood sampling and analysis of Hb was performed
by a single trained operator.

The working CuSO, solution was prepared
(specific gravity 1.053) and standardized every
day using standard operating procedure (SOP).
Quality control and calibration of automated
haematology analyser was done as per SOP using
manufacturer provided stabilized control reagents.
Results of CuSO, were interpreted as “pass” or
“fail” at Hb cut-off of > 12.5 g/dl.

Statistical Analysis

Statistical analysis was performed using SPSS
12.0 for Windows (Microsoft, Seattle, WA, USA).
Sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) of
each method was calculated and results were
compared with automated cell analyser (gold
standard).

RESULTS

The gender distribution of 200 donor population
predominantly consisted of males with only 4%
female representation [Table 1]. A total of 35
(17.5%) donors were deferred due to low Hb. A
comparison of different methods used in the
present study against the reference haematology
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analyzer is summarized in [Table 2]. We assessed
the Hb values (mean * standard deviation) for 200
venous samples tested with each method. Hb
values by HemoCue and Diaspect showed quite
similar results against the reference. However,
mean Hb value of HemoCue (13.8 £ 1.7 g/dl) was
higher by 0.26 when compared with reference
(13.54 + 1.53 g/dl). The mean Hb values for NBM
were 13.5 + 1.4 g/dl. DiaSpect was found to be
most accurate technique (sensitivity 98.8%;
specificity 97.14%). CuSQ, also gave good results
with overall 8% (16/200) false results, sensitivity
of 96.36%, but specificity of 71.43%, PPV of
94.08% and NPV of 80.65% [Table 3]. The CuSO,
screening test inappropriately passed 5% (10/200)
donors. Out of these, 6 donors had Hb values
between 12.4-12.0 g/dl when tested by reference
method [Table 4]. The results by NBM shows
wide variation when compared to reference but the
mean of the difference is not significant (P >
0.05). NBM (non-invasive) also gave good results
with overall 4.5% (9/200) false results with
sensitivity of 97.6%, specificity of 88.2%.

DISCUSSION

For blood collection an appropriate Hb screening
method should be available so as to accept as
many suitable donors as possible and to prevent
any inappropriate deferrals. Any new method to be
introduced for Hb screening should save time and
expenditure and should be validated against ICSH
standards.®" It is true the capillary method,
unlike venous sampling method of Hb estimation
in field conditions for DiaSpect/CuSO4/HemoCue
is more practical. But, as our reference method
was based on venous samples, to maintain
homogeneity and to have near true values only
venous samples were used in this study.
Additionally, donor acceptance policies are based
on venous Hb standards and not on capillary Hb
values. To avoid multiple sampling we used only
single venous sampling in our study.

In our study CuSO,4 method inappropriately passed
5% of prospective donors, of which a majority
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(70%) were within 1.0 g/dl of threshold against the
reference values. This finding was quite similar to
the observations made by James et al.”®! Similarly
Boulton et al. observed more inappropriate passes
by CuSO, method with inappropriate passes being
within 1.0 g/dl of the threshold for their gender.!""
CuSO, has been a traditional way of donor Hb
screening despite its limitations. To ensure correct
results, CuSQO, solution of accurate specific gravity
should be used besides taking other technical
precautions. Each drop of blood added to the
solution affects the specific gravity, therefore
changing the solution daily or at least after 25 tests
has been recommended.™?

The CuSO, method has also been found to give
inappropriate deferral and significant number of
such deferred donors could be recovered by using
an alternative screening method. ¥ Using a
secondary method of screening, many donors
could be retained that would otherwise be
inappropriately  deferred. We found CuSO,
inappropriately deferred 3% (06/200) of the
prospective donors in comparison to 1% (02/200)
of inappropriate deferral by using HemoCue.
HemoCue is an easy, rapid and reliable method of
donor screening.™ However its use adds extra
expense in a donor screening program if
implemented as a primary Hb screening method.!”?
The DiaSpect system compared well with
established methods of blood donor screening,
producing similar readings as the reference
analyser, with highest sensitivity, specificity and
likelihood ratio.

NBM is precise than the routine accepted CuSQO,
in use, preventing donation by anaemic donor
(1.5% inappropriately passed). On the other hand,
this could lead to unnecessary donor deferral (3%
false deferral). Being non-invasive it exempts
donor from finger prick and does not involve
biohazard material handling.

CONCLUSION
DiaSpect is the best method for donor screening.
HemoCue is a good method with high accuracy.
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NBM-200 seems to be a good method in terms of
precision and feasibility for anaemia screening of
blood donors as well as being much more
comfortable for donors. CuSO, method is cheap
and gives accurate results, if strict quality control
is applied. This method can be retained as the
primary screening method; however, to save
inappropriate deferrals, subsequent testing can be
done with more precise method (i.e, HemoCue /
DiaSpect / NBM).
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Table 1: Results of Hb measurement by automated haematology analyser (Sysmex KX 21)
reference method (n = 200)

Gender Pass Fail Total number (%)
Male 162 30 192 (96)
Female 3 5 8 (4)

Total 165 35 200
Percentage 82.5% 17.5% 100.0%

Table 2: Comparison of the results obtained by different methods of Hb estimation against the
reference (Cell Counter) (n = 200)

Test Results Invasive Non-Invasive
Cell Counter DiaSpect HemoCue CuSO, NBM
Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail
True
(Hb>12.5) 165 35 163 34 163 33 159 25 159 32
False
(Hb < 12.5) 0 0 1 2 2 2 10 6 3 6
Total 165 35 164 36 165 35 169 31 162 38

Table 3: Comparison of the Sensitivity, PPV (Power of the test), and Likelihood ratio obtained by
different methods of Hb estimation against the reference (Cell Counter) (n = 200)

Test Results Invasive Methods Non Invasive
DIASPECT HEMOCUE CuSO4 MBM
Mean + SD 134+15 13.8+1.7 - 135+14
Sensitivity (%) 98.8% 98.8% 96.36% 96.36%
Specificity (%) 97.14% 94.3% 71.43% 91.43%
Likelihood ratio 17.75 17.33 2.94 8.22
Positive predictive value 99.39% 98.8% 94.08% 98.15%
Negative predictive value 94.44% 94.3% 80.65% 84.21%

Table 4: True deferral data (n = 35) compared with the reference (Cell Counter)
True CuSO, HemoCue DiaSpect NBM-200
Hb values | deferral ; ] i ]
(Reference) | Pass Fail Pass Fail Pass Fail Pass Fail
8.6-10.9 17 0 17 0 17 0 17 0 17
11-11.5 7 3 4 0 7 0 7 0 7
11.6-11.9 3 1 2 0 3 0 3 0 3
12 1 0 1 0 1 0 1 0 1
12.1 0 0 0 0 0 0 0 0 0
12.2 5 4 1 2 3 0 5 2 3
12.3 1 1 0 0 1 1 0 1 0
124 1 1 0 0 1 0 1 0 1
Total 35 3 32 2 33 1 34 3 32

Int ] Cur Res Rev, Feb 2014/ Vol 06 (04)

Page 30




