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Introduction 

Haemoglobin levels guide many clinical diagnoses and ther-
apeutic interventions including detection and diagnosis of 
anaemia, efficacy of therapies, serial assessments to track disease 
progression and blood loss.1 Point-of-care (POC) testing offers 
rapid diagnosis at the patient bedside.2 Devices need to be 
sufficiently reliable and accurate for clinical purposes.3 The ideal 
Hb screening method for blood collection centres should have 
high specificity and sensitivity, with low false failure (deferral) 
rates and low false pass rates, and lie within 0.5 g/dl of the gold 
standard.4 There are several invasive POC devices available for 
haemoglobin estimation which use absorption photometry. 
These include reagent (HemoCue), non-reagent (DiaSpect), and 
conductivity-based (i-Stat) analysis methods.5 

The current gold standard for POC technology for 
haemoglobinometry is the HemoCue, and has been validated 
in multiple studies.2,3,6 The HemoCue B-Hemoglobin system 
(HemoCue AB, Ängelholm Sweden) analyses haemolysed 

blood using spectrophotometric detection and makes use of a 

disposable microcuvette containing nitrite azide reagent.3 The 

reaction is a modified azide-methaemoglobin reaction, and 

its absorbance is measured at two wavelengths (570 nm and  

880 nm) to compensate for turbidity.3

Recently introduced to the KwaZulu-Natal Public Health Sector 

is the DiaSpect Hemoglobin T (DiaSpect. Medical GmbH, Sailauf, 

Germany). It measures total Hb in unaltered whole blood with a 

special cuvette that also serves as the sampling device.3 A broad-

spectrum, multichromatic sensor measures the absorbance 

of unaltered whole blood in reagent-free cuvettes over a wide 

spectral range (wavelengths between 400 and 800 nm).3,4 The 

reagent-free polystyrene cuvettes are not affected by the wide 

range of temperatures (10–40 °C) and humidity and they do not 

require special storage conditions.7 There is limited literature on 

the accuracy and reliability of the DiaSpect. This study aimed to 

compare it to the HemoCue using laboratory-obtained values as 

a reference.

Background: Haemoglobin levels guide many diagnostic and therapeutic interventions. They form part of the basic daily 
management of ICU patients. Laboratory results are frequently delayed. This can have important clinical consequences, including 
withholding potentially life-saving interventions. Point-of-care devices, if accurate, provide a solution to this problem. Inaccurate 
devices may provide misleading results leading to unnecessary and hazardous blood transfusions or under-estimation of disease 
severity. The aim was to compare the accuracy and reliability of the DiaSpect Hemoglobin T (DiaSpect. Medical GmbH, Sailauf, 
Germany) haemoglobinometer with the HemoCue (HemoCue AB, Ängelholm Sweden) haemoglobinometer and the gold standard 
laboratory analyser for this trial (XT-200i Sysmex/Coulter LH750). 

Methods: Venous blood samples were collected via a central venous line from Intensive Care Unit (ICU) patients (n = 265) for 
determination of haemoglobin (Hb) concentration by DiaSpect as well as the HemoCue, and the automated haemoglobin 
analysers: XT-200i Sysmex or the Coulter LH750. Agreement between the methods was tested using Bland–Altman plots. A Hb 
variation of 0.5 g/dl was considered clinically significant. There were a significant number of wasted samples with the DiaSpect, 
as a total of 350 cuvettes were used but only 214 complete samples obtained. This wastage was attributed to errors in sampling, 
cuvette shortage, lack of experience with the device and lack of ‘user-friendliness’.

Results: A total of 265 samples were obtained, of which 207 had complete data sets and were analysed further in the study. There 
were 58 incomplete samples, of which 51 were DiaSpect samples. Mean haemoglobin was 9.11 (standard deviation ± 1.74), 9.07 
(standard deviation ± 1.96) and 9.02 (standard deviation ± 2.06) using the laboratory analyser, HemoCue and DiaSpect respectively. 
Laboratory and HemoCue: the mean difference between the two readings was -0.04 (95% limits of agreement -2.15 to 2.07 g/dl) 
with an average between 5.00 g/dl and 15.10 g/dl. Laboratory and DiaSpect: the mean difference between the readings was -0.09 
(95% limits of agreement -2.64 to 2.46 g/dl) with an average between 5.10 g/dl and 14.9 g/dl. HemoCue and DiaSpect: the mean 
difference between the two haemoglobin levels was 0.04 (95% limits of agreement 2.73 to -2.64 g/dl). Both methods returned 
measurements within the pre-defined clinical acceptable limits of ± 0.5 g/dl. 

Conclusion: The haemoglobin concentration assessment by the HemoCue and DiaSpect showed an acceptable limit of agreement 
when compared against the laboratory analyser. There were a significant number of wasted samples when using the DiaSpect. 
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Methodology

We undertook a quantitative analysis to determine the agreement 

between the DiaSpect, the HemoCue (currently being used in 

Grey’s Hospital Intensive Care Unit) and the laboratory analyser 

(gold-standard). The study was conducted amongst patients 

admitted to Greys’ ICU, Pietermaritzburg, KwaZulu-Natal, South 

Africa from 1 October to 31 December 2018. Convenience 

sampling was used, in which all patients over the age of 18 years 

admitted to Grey’s hospital ICU for the duration of the study 

were sampled until the sample size was achieved. Patients were 
excluded if: 

• they did not require central venous catheters,

• they did not require routine blood tests,

• blood samples were not taken from a central venous line, or

• insufficient blood volume was available to conduct analysis on 
all three machines. 

As all samples were collected as part of routine clinical care, a 
waiver of consent was requested from the Biomedical Research 
Ethics Committee (BREC) of the University of KwaZulu-Natal. 
This, together with full ethical approval, was granted on 11 July 
2018 (BE037/18).

All blood samples were collected at midnight from a central 
venous line using an aseptic technique. The first sample was 
collected in a blood specimen tube and sent for laboratory 
analysis. The automated haemoglobin analysers used by the 
laboratory were the XT-2000i Sysmex and Coulter LH 750. The 
second and third samples were immediately evaluated using 
the HemoCue and DiaSpect. The values measured by all three 
devices were captured on a data sheet and then entered onto 
an Excel spreadsheet. Each of the readings from the HemoCue 
and DiaSpect were compared to the gold standard (laboratory 
analyser), and then the HemoCue and DiaSpect readings were 
compared to each other. 

A sample size of 150–200 patients was calculated to measure 
clinical agreement with a confidence interval of 95%, with a 
Hb variation of 0.5 g/d being defined as significant. Pairs of 
haemoglobin samples were compared as follows: HemoCue 
and laboratory analyser, DiaSpect and laboratory analyser, and 
HemoCue and DiaSpect. The mean of differences (bias), standard 
deviation of differences (SD) and limits of agreement (average 
difference ± 1.96 standard deviation of the difference) were 
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Figure 1: Comparison of HemoCue and laboratory 

Table I: Lost sample data sets

Incomplete samples 58

Total Unknown No cuvette Clotted Other

Diaspect 51 33 18

Haemocue 10 10

Laboratory 3 2 1

Complete samples 207

Total number 265

Table II: Mean haemoglobin levels

Method of measurement Mean ± SD Median (min; max)

Laboratory 9.11 ± 1.74 9.1 (5.2; 15.2)

HemoCue 9.07 ± 1.96 8.9 (3.4; 15.9)

DiaSpect 9.02 ± 2.06 9 (3; 14.6)

Table III: Mean haemoglobin difference between devices 

Comparison methods Bias ± SD Limits of agreement

Laboratory vs HemoCue -0.04 ± 1.08 -2.15–2.07

Laboratory vs DiaSpect -0.09 ± 1.30 -2.64–2.46

HemoCue vs DiaSpect 0.04 ± 1.37 -2.64–2.73
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calculated according to the Bland–Altman method. A difference 
of ± 0.5 g/dl was considered to be clinically significant and was 
used as the limits of agreement. All analyses were performed 
using STATA (StataCorp. 2017. Stata Statistical Software: Release 
15. College Station, TX: StataCorp LLC).

Results

A total number of 265 samples were obtained, of which 207 had 
complete data sets. The 58 incomplete data sets were comprised 
of 51 from the DiaSpect, 10 from the HemoCue, and three from 
the laboratory (Table I). Mean haemoglobin level was 9.11 (SD  
± 1.74), 9.07 (SD ± 1.96) and 9.02 (SD ± 2.06) using the laboratory 
analyser, HemoCue and DiaSpect respectively (Table II).

When comparing the laboratory and HemoCue measurements, 
the difference between the two readings was -0.04 (limits of 
agreement -2.15; 2.07 g/dl). The average recorded haemoglobin 

was between 5.00 g/dl and 15.10 g/dl (Figure 1; Table III). When 

comparing the laboratory and the DiaSpect measurements, the 

mean difference between the haemoglobin levels was -0.09 (limits 

of agreement -2.64 to 2.46 g/dl) and the average lay between 

5.10 g/dl and 14.9 g/dl (Figure 2; Table III). When comparing the 

HemoCue and the DiaSpect, the mean difference between the 

two haemoglobin levels was 0.04 (limits of agreement -2.64 to 

2.73 g/dl) (Figure 3; Table III). All three methods fell within the 

pre-defined clinical acceptable limits of ± 0.5 g/dl.

Discussion

Numerous comparison studies have been conducted to assess 

the accuracy of POC technologies compared to laboratory-

based methods.5 A summary of published studies revealed a 

significantly larger difference in Hb measurement between POC 

and laboratory devices, and that Hb POC devices offered reduced 
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Figure 2: Comparison of DiaSpect and laboratory
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accuracy compared to laboratory analysers.8 Hb measurement 
from capillary blood in POC devices varies 0.5–2.3 g/dL from 
reference standards,2,9-12 and some POC devices have shown up 
to 10 times the variability in Hb measurement compared to a 
laboratory CO-Oximeter device.13 

A meta-analysis by Hiscock et al. concluded that HemoCue 201+ 
provides unbiased estimates of laboratory haemoglobin, and 
that the HemoCue had a higher precision vs an alternate POC 
(Masimo).5 This greater accuracy came at a greater, recurrent cost 
for the disposable microcuvettes containing nitrite azide (ZAR:US 
R12.5:$0.75/test), and their deterioration in adverse climates.3,14 
Readings must also be taken within 10 minutes of filling the 
cuvettes to prevent inaccurate readings.7 High humidity has 
been shown to bias the function and Hb measurements by 
nitrite – azide systems, where an Australian study has reported 
that cuvettes exposed to a high humidity for ≥ 4 days may 
underestimate Hb by as much as 2 g/dL.7 

One of the potential advantages of DiaSpect over the HemoCue 
is that its plastic cuvettes do not contain any reagents and are 
therefore not affected by temperature or humidity and require 
no special storage conditions. In addition, the length of time to 
results with the HemoCue is approximately 5 minutes in contrast 
to the DiaSpect which displays results within 2–5 seconds.3,4,7,13 

In this study the HemoCue graph showed narrower limits of 
agreement than that of the DiaSpect and greater agreement 
with laboratory values. However, it did contain more outliers 
and the graph showed greater dispersal at Hbs > 10 g/dl and  
< 7 g/dl. By contrast the DiaSpect had wider limits of agreement 
and only started demonstrating dispersal at readings > 11g/dl. 
Both machines showed greater scatter with higher Hb averages 
possibly indicating limited accuracy at these levels. 

This study has shown that three methods (HemoCue, DiaSpect 
and the laboratory analyser) can be used interchangeably, as the 
limits of agreement fell within the clinically accepted predefined 
limits of ± 0.5 g/dl. This concurs with a study conducted by 
Singh et al. where the DiaSpect was found to be the most 
sensitive method of POC testing for Hb (sensitivity 98.1%), was 
significantly quicker (1.9 seconds) and had a bias of -0.18 g/dL.4 

This assertion/finding is also supported by a study conducted 
by Malukani et al. where they found that haemoglobin values 
by HemoCue and DiaSpect showed quite similar results against 
the reference. The mean Hb value of HemoCue (13.8 ± 1.7 g/dl) 
was higher by 0.26 when compared to their reference (13.54 ± 
1.53 g/dl) and the DiaSpect was found to be the most accurate 
technique (sensitivity 98.8%; specificity 97.14%). They concluded 
that the DiaSpect system compared well with established 
methods of blood donor screening and had the highest sensi-
tivity, specificity and likelihood ratio, and as such was the best 
method for donor screening out of the various methods tests.15 
Lastly, these findings also concur with a study conducted by 
Canadian blood services evaluating the DiaSpect, where they 
found its precision to be excellent, and that it was faster and 
easier to use than alternative POC devices available to them.13

A large proportion of rural hospitals in KwaZulu-Natal have 
prolonged turn-around laboratory times, and many do not have 
after-hours facilities. A reliable and accurate POC device can aid 
in rapid assessment and monitoring of haemoglobin, and lead 
to accelerated decision-making regarding blood transfusions 
and the ordering of blood. Additional value of the POC device is 
found in patients with active haemorrhage or bleeding diathesis 
where immediate quantification of the patient’s haemoglobin is 
of decision-making value. An accurate POC testing Hb is a useful 
addition to laboratory testing in the bleeding patient where 
haemoglobin trends can be rapidly and economically followed 
at the bedside. Having a POC device that is reliable allows for 
swift response to dynamic clinical situations.

Regarding the incomplete data sets due to the missing samples: 
three laboratory samples were not recorded, and this was due to 
two blood samples clotting and not being processed, and one 
patient who demised and thus the sample was not processed. 
Fifty-one DiaSpect samples were omitted, eighteen of which 
were attributed to cuvette shortage, whilst the remainder 
were unaccounted for. The study started with 350 DiaSpect 
cuvettes, but only 214 samples were obtained, and nil cuvettes 
remained at the end of the study. This raises the question of 
user-friendliness and financial feasibility regarding the DiaSpect 
if only 63% of cuvettes will yield results. It could also reflect a 
lack of familiarity with the DiaSpect versus the HemoCue, 
despite in-service training. The reasons for this wastage need to 
be elucidated, whether they are the result of cuvette failure or 
training shortcomings. This study was not designed to do this 
but may represent an area for further research.

A disadvantage of POC testing is a lack of training, poor 
standardisation in obtaining blood samples and insufficient 
internal/external quality assessment. Considering the reasonable 
expectation that POC testing use will increase in all pathology 
disciplines, it is imperative that systems are put in place to 
oversee these issues.16

Limitations

To ensure reliability of results and enable uniform sampling this 
study was conducted in an ICU population, thereby possibly 
limiting the generalisability of these results. However, by only 
sampling from a central venous line at a specific time in a specific 
quantity the possible confounders related to sampling were 
eliminated.7,8 The study was also limited in that samples were 
measured by two makes of laboratory automated haemoglobin 
analysers; however, previous studies have found them 
comparable.17,18 Further, due to ICU patients having on average a 
lower haemoglobin than normal each POC unit was only tested 
within a narrow measurement range. Thus, the upper spectrum 
validity cannot be deduced accurately. Finally, there was also no 
distinction made between which patients were actively bleeding 
or whether blood transfusions had been received. Multiple 
personnel were involved in the collection of samples, which 
could have introduced error or incorrect sampling. To minimise 
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this all ICU staff participating in this study received in-service 
training and training in strict protocol adherence. 

Conclusion

POC testing may become the standard of practice, but there is a 
further need for research on its utility within the ICU.8 It is prudent 
to evaluate a POC testing device against a reference method 
before introducing it into practice.3 The DiaSpect is comparable 
in regard to accuracy and reliability to the HemoCue, and has 
the added advantage of being faster and cheaper. However, 
factoring in the need for multiple samples being wasted negates 
its cost benefit of R9.90/test. Therefore, this study does not 
recommend replacing the HemoCue POC with DiaSpect. Further 
research into the reasons for cuvette wastage is recommended 
as it may help support the economic advantage of the DiaSpect. 
In the meantime, the use of POC tests in the ICU should not be 
viewed as a replacement for conventional laboratory services 
but as a supplement.
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