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Abstract

Objectives: Until now, the external quality assessment
(EQA) of glucose point-of-care testing (POCT) has lacked a
high quality, suitable and commutable control material to
assess measurement accuracy. Here we present a concept
for determining the accuracy of glucose measurements,
which uses human whole blood and does not require sta-
bilising agents.
Methods: This new generation of quality control samples
uses a bead that contains a specific amount of glucose. The
bead is then dissolved in a whole blood matrix by the EQA
participant immediately before the POCT. We analysed its
suitability as an EQA material with respect to its reproduc-
ibility, homogeneity and stability, and applied it in an EQA
pilot study. The glucose target value was determined using
the reference measurement procedure and served as an
evaluation criterion for the accuracy of the EQA survey
results.
Results: The homogeneity and stability of the new control
material fulfilled the quality requirements of ISO 17043.
Based on the reference measurement value for glucose, the
results of the pilot EQA scheme showed a pass rate of 84.6 %
for the participating POCT devices. The acceptance limit was
a 15 % permitted deviation from the target value according
to Rili-BAEK. All of the device collectives deviated from the
target value by 0–4.4 % with the exception of one device
type, which deviated by 21 %.
Conclusions: The newconcept offers, for thefirst-time,whole
blood-based trueness controls for glucose POCT analysis for
external quality assurance. The concept does not require the
addition of any stabilising reagent and is easy to use.

Keywords: glucose bead; glucometer; proficiency testing;
reference measurement procedure; traceability; whole
blood

Introduction

Glucose measurements are performed either in labora-
tories using clinical chemistry analysers, or close to the
patient using point-of-care testing (POCT) devices. For
measurements conducted in clinical laboratories, blood
samples are commonly stabilized with citrate and fluoride
salts in order to inhibit in vitro glycolysis in the blood cells
[1, 2]. Without glycolysis inhibitors, glucose concentrations
in patient samples would decrease by 5–7 % per hour after
blood sampling [3]. Glucose POCT is performed immedi-
ately after blood sampling in fresh human whole blood.
Whereas clinical laboratories require specially trained
employees, POCT devices can be handled by non-laboratory
personnel without the need for further laboratory equip-
ment. Overall, glucose POCT is of great medical and eco-
nomic importance [2, 4].

Internal and external quality assurance for glucose
measurements in plasma, serum, whole blood, urine and
cerebrospinal fluid are mandatory in Germany. The fre-
quency of participation as well as the evaluation criteria are
defined in the guideline of the German Medical Association
for the Quality Assurance of Laboratory Medical Examina-
tions (Rili-BAEK) [5]. For internal quality controls, the
permissible deviation is 8 % of the manufacturer’s target
value. For external quality controls, it is 15 % of the reference
measurement value (RMV). Other limits and evaluation
criteria might be applicable for other countries or EQA or-
ganizations. Providing sample material for POCT analysis
controls poses a particular challenge due to the rapid
glycolysis in whole blood. A patient-like sample of unpro-
cessed human whole blood without additives and stabilisers
cannot be used. With regard to the external quality assess-
ment (EQA) of POCT, several studies propose preparing the
POCT EQA samples by adding stabilisers and further pro-
cessing the whole blood [6–8]. Another approach is to
separate the plasma from the glycolysis-driving blood cells:

*Corresponding author: Patricia Kaiser, Instand e.V., Ubierstr. 20, 40223
Duesseldorf, Germany, E-mail: kaiser@instand-ev.de
Udo Kramer, Hannah Rosenthal, Nathalie Weiss, Ingo Schellenberg
and Michael Spannagl, Instand e.V., Duesseldorf, Germany
Christian Genz, Hart Biologicals Ltd., Hartlepool, UK

Clin Chem Lab Med 2025; 63(3): 552–558

Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/cclm-2024-0822
mailto:kaiser@instand-ev.de


The plasma fraction is spiked with glucose and both blood
fractions are then mixed again prior to performing the
measurement [9]. However, most EQA providers worldwide
circulate serum or plasma which is not a suitable matrix for
POCT quality control. Due to matrix effects, the RMV often
cannot be used to evaluate the EQA results. Instead, the
results must be evaluated within collectives using the same
measurement procedure [10].

We propose a novel EQA material for POCT which is
comparable to a patient whole blood sample, andwhich can
also be adeptly handled by non-laboratory personnel
without the need for laboratory equipment such as
pipettes. The concept is based on a two-component sample
where the matrix and the analyte are kept apart until the
measurement is performed. The matrix contains human
venous whole blood from a healthy donor with lithium
heparin as a natural anticoagulant. After blood sampling
from a healthy donor, no stabilisers, processing steps or
further additives are applied to the matrix. For the analyte,
a defined amount of glucose is prepared with an inert
supporting material and formed into a solid bead. Prior to
the measurement, the glucose bead is completely dissolved
in the whole blood matrix. This whole blood-bead (WBB)
material is therefore comparable to a patient sample. Its
measurement results can be compared to the RMV,
regardless of which measurement procedure the POCT
device uses. For the first time, an evaluation can be made
based on accuracy. In this study, the novel EQA material
was validated under controlled laboratory conditions. It
was used in parallel with commercially available control
material as part of an EQA pilot study, and the performance
of the two materials was compared.

Materials and methods

Instruments

This study used two commercially available POCT devices for
plasma-based glucose measurements: (1) StatStrip Xpress2
(Nova Biomedical GmbH, Moerfelden-Walldorf, Germany)
and (2) Accu-Chek Aviva Nano (Roche Diagnostics GmbH,
Mannheim, Germany). For comparison, a medical laboratory
device, the AU480 Clinical Chemistry Analyser (Beckman
Coulter GmbH, Krefeld, Germany), was used whose analytical
method is based on the hexokinase reaction. For trueness
verification, RMVs were determined using the gas chroma-
tography isotope dilution mass spectrometry (GC-IDMS)
reference measurement procedure listed in the JCTLM data-
base for higher order reference methods (https://www.
jctlmdb.org/). The procedure was carried out in INSTAND’s

calibration laboratory, which is accredited according to DIN
EN ISO/IEC 17025:2018 [11] and DIN EN ISO 15195:2019 [12].

Production of the glucose beads

The glucose beads covered a clinically relevant sample con-
centration range (3.1–19.9 mmol/L) and were obtained from
Hart Biologicals (Hartlepool, UK). Individual beads were
produced from a precisely adjusted standard solution of pure
glucose (D-(+)-Glucose, Sigma Aldrich, G5767-500G) and 10%
polyvinylpyrrolidone (PVP, PVP40, Sigma Aldrich, PVP40-
50G). A high-precision pump was used to eject droplets of a
very specific volume into liquid nitrogen. These droplets
formed near-perfect spheres when placed into the liquid ni-
trogen. In order to prevent multiple beads from sticking
together, a patented manufacturing process [13] was used to
keep them separated while they were frozen solid. The beads
were then freeze-dried following a specific protocol. Once
they were dry, the beads were separated into individual glass
vials, evacuated and stored at ambient temperature where,
according to the manufacturer, they can remain stable for at
least 12 months. The homogeneity of the bead lots was tested
and approved by INSTAND’s calibration laboratory in accor-
dance with DIN EN ISO/IEC 17043:2010 [14].

Preparation of the whole blood matrix

The whole blood matrix was obtained from a professional
manufacturer. Whole blood was drawn from a healthy
donor by venous puncture using a collection bag with a pre-
set Li heparin concentration of 17–19 IU/mL. Immediately
after blood sampling, aliquots of 0.5 mL were prepared in
polypropylene (PP) screw-on dropper vials (obtained from
Changsha Renji Medical Equipments Co., Ltd.). The aliquots
were first stored at 2–8 °C for 96 h and then at ambient
temperature for 24 h. Careful blood collection and gentle
handling of the samples prevents haemolysis of the whole
blood. The absence of glucose in the whole blood aliquots
was verified. The whole blood aliquots were stored at 2–8 °C
and used for the measurements within three days. The
donated blood was tested by the manufacturer and found to
be negative for HIV, hepatitis B and C virus. Homogeneity
was also tested and approved by the manufacturer.

Determination of dissolving conditions

The optimum dissolving time was then established for four
different glucose concentrations within the clinically
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relevant range of 3.1–19.9 mmol/L. To do this, a glucose bead
was transferred to the whole blood aliquot for each glucose
measurement. This was mixed 10 times overhead, left to rest
for 15, 20, 30 and 60 min, and mixed again 10 times overhead
at ambient temperature. The glucose concentrations were
measured in 20 µL aliquots with all instruments.

Reliability of the WBB concept

To verify the reliability of the WBB concept, the four
different glucose concentrations in a clinically relevant
range of 3.1–19.9 mmol/L were determined nine times un-
der the predetermined dissolving conditions. Glucose
beads with a concentration of 5.2 mmol/L were tested six
times on three consecutive days. Beads that contained no
glucose were tested to verify the inertness of the PVP sup-
porting material. The glucose measurements were per-
formed on all instruments and the RMVs were determined.

The homogeneity of the beads was tested in INSTAND’s
calibration laboratory in batches of three different glucose
concentrations. This was done by dissolving 10 beads in
0.5 mL pure water (grade 1) each and measuring the glucose
concentration in duplicate with the routine analyser AU480.

EQA survey

INSTAND offers the EQA scheme “Dry Chemistry 01 – POCT:
Glucose (800)” six times a year. The scheme is conducted in
accordance with the requirements of DIN EN ISO/IEC
17043:2010 [14]. Our study includes results fromOctober 2023
andMarch 2024 inwhich two commercially available, ready-
for-use plasma samples with different clinically relevant
concentrations were circulated.

EQA pilot study

In March 2024, each participant received an additional
sample of the novel EQA material as part of the regular EQA
survey for glucose POCT. Detailed instructions for handling
the novel EQA material were enclosed with the dispatched
sample (see Supplementary Material).

Results were submitted online via the platform RV-
online (https://rv-online.instandev.de). The participants
were given 17 days to report the results for the plasma
samples and three days for the bead sample after dispatch.
Participation in the EQA pilot study was voluntary and not
part of the external quality control certification process.

The homogeneity and stability of all EQA samples were
within the acceptance criterion of ≤4.5 % according to
INSTAND’s quality policy.

Reference measurement values

The RMVwas determined in plasma since themanufacturers
of the POCT devices had already followed the recommen-
dation of the International Federation on Clinical Chemistry
and Laboratory Medicine (IFCC) to report the concentration
in plasma irrespective of sample type and measurement
technique [15].

In the case of the commercial plasma samples, the target
values were determined before the EQA material was dis-
patched. For this purpose, two samples from each batch
were analysed on three consecutive days using the reference
measurement procedure.

In order to assign a target value to the novel EQA ma-
terial, two aliquots were prepared daily over the three days
of the EQA pilot study in accordance with the preparation
instructions. The prepared samples were centrifuged, and
the plasma was immediately frozen and stored at −40 °C
until it could be analysed by the reference measurement
procedure.

The GC-IDMS reference measurement procedure is lis-
ted as a calibration procedure in the JCTLM database for
higher order reference methods. Metrological traceability of
glucose measurement values was established by using the
primary reference material D-Glucose NIST 917c. For quality
control intercomparison, samples from the RELA-IFCC
External Quality Assessment Scheme for Reference Labo-
ratories in Laboratory Medicine or certified reference ma-
terials from NIST (National Institute of Standards and
Technology, Gaithersburg, USA) with assigned target values
were analysed as part of each measuring sequence.

Data analysis and statistics

The results of the glucose measurements of the EQA scheme
from October 2023 are presented as a Youden Plot for the
sample pairs of each participant. Collectives were created
for devices with the most participants and represented as
coloured ellipses, indicating 95 % of the data of the corre-
sponding split. The results for the pilot study in March 2024
are presented as a box plot diagram. For all boxes, the
whiskers stretch from the 1st quartile − 1.5*(interquartile
range) to the 3rd quartile + 1.5*(interquartile range). Statis-
tical analyses were performed using JMP 17.0.0 from SAS
Institute (Cary, NC, USA).
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To calculate the RMV, a mean value was determined
from the six individual values of each EQA sample batch. The
corresponding expanded measurement uncertainty was
calculated using the GUM Workbench (Metrodata GmbH,
Grenzach-Wyhlen, Germany) with a coverage factor of k=2
in each case; all issued with 1 %.

Results and discussion

The new concept of EQA material for glucose testing using
POCT systems enables the use of whole blood samples
without the addition of stabilisers. The challenge of very
limited glucose stability in the whole blood matrix can be
overcome by having the usermix the analytewith thematrix
immediately prior to analysis. The new concept is designed
to be used without any dosing aids so that an accuracy
control material that is manufacturer independent can also
be provided outside of laboratory facilities, for example in
care settings.

Reliability of the WBB concept

As part of the development of the application instructions,
an investigation was conducted into the length of time the
beads needed to soak until theywere completely dissolved in
the whole blood matrix. Glucose concentration was found to
reach maximum values 20 min after addition of the beads
for all tested bead glucose levels, which then remained stable
for at least 1 h.

An investigation was also conducted on how to ensure
the samplewas completelymixedwith the dissolved glucose.
We found it was important to carefully mix the viscous
matrix whole blood with the dissolved glucose at least 10
times overhead in the screw-on dropper vials to ensure
reproducible mixing.

Under the optimised sample processing conditions,
whole blood samples were prepared with beads of different
glucose levels.

The results presented in Table 1 show that four different
glucose levels ranging from 3.1 to 19.9 mmol/L could be

generated with good reproducibility. The glucose concen-
trations in the freshly preparedWBB samples were analysed
in parallel using two different POCT systems. The impreci-
sion of these measurement results is due to the overall error
generated by the test strips and the preparation of the
samples from the glucose beads. Therefore, these samples
were additionally measured with the high-precision routine
device AU480 which produces measurements with minimal
imprecision. In addition, the glucose concentration in
the WBB samples was analysed for each of the four bead
glucose levels using the reference measurement procedure.
Applying the RMV as the target value, the deviation of the
measurement results for the POCT systems and AU480
routine values was calculated as a measure of accuracy. The
bead model was shown to have good precision and accuracy
for the clinically relevant concentration range.

The reliability of the bead production was tested in a
homogeneity test on three batches as part of a validation
procedure (see Table 2). The glucose concentration in the
beads with a CV between 0.39 and 1.62 % was shown to be
highly reproducible. The beads were prepared by adding
10 % PVP. The glucose-free ‘empty beads’ demonstrated that
10 % PVP in the bead neither interferes with measurements
of the POCT systems tested, nor with the AU480 and the
reference measurement procedure.

The novel EQA material was found to meet the stability
requirements of DIN EN ISO/IEC 17043:2010 [14] with respect
to the processing time of three days for all investigated
devices and measurement procedures (see Figure 1). A pro-
cessing time of three days is sufficient to conduct an EQA
survey. The novel EQA material should undergo further
investigation regarding maximum stability over time in
order to potentially extend the EQA submission deadline.

Table : Mean glucose measurement results of beads with four different glucose levels in whole blood (number of samples n=).

RMVa, mmol/L . . . .

Accu-Chek
Aviva Nano

StatStrip
Xpress

AU


Accu-Chek
Aviva Nano

StatStrip
Xpress

AU


Accu-Chek
Aviva Nano

StatStrip
Xpress

AU


Accu-Chek
Aviva Nano

StatStrip
Xpress

AU


Mean, mmol/L . . . . . . . . . . . .
CV, % . . . . . . . . . . . .
Bias, % . −. . . −. . . . . . . .

aRMV, reference measurement value, determined as a mean of six single values with expanded measurement uncertainty U=%, k=.

Table : Homogeneity test by AU  for three different glucose bead
batches dissolved in HO (number of samples per batch n=, CI, confi-
dence interval).

Batch Mean, mmol/L CV, %  % CI, mmol/L

 . . .–.
 . . .–.
 . . .–.

Kaiser et al.: New concept for glucose POCT in EQAS 555



Performance of the plasma samples in the
regular EQA scheme

The current situation of using plasma samples as EQA
material for glucose POCT is shown in Figure 2. The results
from October 2023 serve as a representative example. The
results of the individual device collectives of the POCT test
systems show a strong scatter within the collectives and the
means of the collectives at times differ strongly from each

other. The mean value of the collective is in good agreement
with the RMV for both samples in the case of only a few
manufacturers. The deviation of the mean value from the
target value is over 20% for several collectives; for one
manufacturer it is even over 60%. According to Rili-BAEK, the
acceptance criteria for glucose in an EQA scheme is a ±15 %
permitted deviation from the RMV. Hence, the pass rate for
Sample 1 would have been 43%, for Sample 2 it would have
been 34%. As a result, in the INSTAND EQA scheme, an
evaluation of the participant results against the RMV for
plasma samples was only applied to those collectives whose
mean value did not deviate bymore than 10% from the RMV.

Performance of the WBB concept in an EQA
pilot study

In the March 2024 EQA survey, participants received two
plasma samples and oneWBB sample (see Figure 3). Based on
the acceptance criterium of a ±15 % permitted deviation from
the RMV for the plasma samples, the pass rates of the par-
ticipants’ resultswere under 50 % – comparable to those from
October 2023. TheWBB sample, on the other hand, had a pass
rate of 84.6 % under the same acceptance criteria. The mean
of the individual device collectives deviated from the RMV by
between 0 and 4.4 %. Interestingly, the device collective that
deviated most from the RMV in the plasma samples with a
positive bias, also exhibited a 21 % deviation in the WBB
sample, but with a negative deviation from the RMV. As the
WBB samples are not ready to use upon delivery, participants
must take some care and attention when preparing the ma-
terial. However, this challenge also applies to other EQA

Figure 1: Stability test for the glucose beads inwhole blood from the EQA
pilot study conducted in March 2024. Displayed are the mean values with
the standard deviation on three consecutive measurement days
separately for the reference measurement procedure (RMP) and each
investigated instrument. The reference measurement value (RMV) was
calculated from the mean of the six single values (2 single values were
measured per day by the RMP). The expanded measurement uncertainty
of U=1 %, k=2 was estimated using the GUM Workbench.

Figure 2: EQA scheme results for glucose POCT
in October 2023. The Youden plot presents the
glucose POCT results for sample 1 and sample
2 from 683 participants. Different device
collectives are marked in coloured ellipses
which contain approximately 95 % of the
points for each device. The RMVs (sample 1:
9.2 mmol/L, sample 2: 4.8 mmol/L) are
marked by a black cross and served as target
values for the EQA evaluation. The black frame
indicates the acceptance range of ±15 %,
which was the permitted deviation from the
target value.
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samplematerials, such as lyophilisedmaterial, whichmust be
reconstituted before use. The detailed instructions provided
to the participant and training measures were helpful.

Commutability of the WBB control material

TheWBB concept presents a control material which is as close
to a patient sample as possible. Stabilising additives and
further processing of the whole blood matrix are completely
avoided, the small amount of PVP showed no interferences
with the different devices and measurement procedures
applied. Unfractionated heparin a naturally occuring glycos-
aminoglycan is used as anticoagulant. Therefore, a high degree
of commutability of the WBB concept could be assumed but
further commutability investigationswith a focus on thewhole
blood matrix are required. However, the design of commut-
ability studies for POCT, which requires comparison mea-
surements with completely unprocessedwhole bloodmaterial
anda fast degradingmeasurandas glucose are challengingand
will be addressed in further studies of the WBB concept.

Conclusions

The new concept for preparing whole blood material for the
glucose POCT EQA scheme is a promising approach to
providing quality control material without the addition of

stabilising additives. The glucose WBB model demonstrates
very good reliability according to the validation data and
meets the performance criteria for use as EQA material ac-
cording to Rili-BAEK [5] and DIN EN ISO/IEC 17043:2010 [14].
By completely avoiding the use of stabilising additives, the
newmodelmakes it possible to provide an EQAmaterial that
is as close as possible to patient material. Preparing the
material for use as sample material in quality assurance is
simple and can be performed by the user without any
additional laboratory equipment. For the first time, our
model allows glucose POCT results to be measured against a
target value that is metrologically traceable to a true value.
The concept can also be used as control material outside of
large laboratories, such as in care facilities or pharmacies.
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its submission.
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Tools: None declared.
Conflict of interest: The authors state no conflict of interest.
Research funding: None declared.
Data availability: The datasets generated and/or analyzed
during the current study are available from the corre-
sponding author on reasonable request.

Figure 3: Results for glucose POCT from the regular EQA survey and the pilot study conducted in March 2024. The boxplot shows the glucose POCT
measurement results for three samples. The EQA samples containing plasma aremarked blue, and the whole blood bead sample is marked red. Analysis
of the device-dependent deviation from the RMV in per cent, based on the EQA sample material used. The blue dotted lines mark the evaluation range of
±15 % around the RMV. For all boxes, the whiskers stretch from the 1st quartile − 1.5*(interquartile range) to the 3rd quartile + 1.5*(interquartile range).

Kaiser et al.: New concept for glucose POCT in EQAS 557



References

1. Fischer MM, Hannemann A, Winter T, Schäfer C, Petersmann A,
NauckM. Relative efficacy of different strategies for inhibition of in vitro
glycolysis. Clin Chem 2021;67:1032–4.

2. Sacks DB, ArnoldM, Bakris GL, Bruns DE, Horvath AR, Lernmark Å, et al.
Guidelines and recommendations for laboratory analysis in the
diagnosis and management of diabetes mellitus. Diabetes Care 2023;
46:e151–99.

3. Chan AY, Swaminathan R, Cockram CS. Effectiveness of sodium fluoride
as a preservative of glucose in blood. Clin Chem 1989;35:315–7.

4. Clarke S, Foster J. A history of blood glucose meters and their role in
self-monitoring of diabetes mellitus. Br J Biomed Sci 2012;69:83–93.

5. Bundesärztekammer. Richtlinie der Bundesärztekammer zur
Qualitätssicherung laboratoriumsmedizinischer Untersuchungen;
2023. Available at: https://www.bundesaerztekammer.de/fileadmin/
user_upload/BAEK/Themen/Qualitaetssicherung/_Bek_BAEK_RiLi_
BAEK_ONLINE_FINAL_VERS_26_05_2023.pdf [Accessed 4 Jun 2024].

6. Wang Y, Plebani M, Sciacovelli L, Zhang S, Wang Q, Zhou R.
Commutability of external quality assessment materials for point-of-
care glucose testing using the Clinical and Laboratory Standards
Institute and International Federation of Clinical Chemistry
approaches. J Clin Lab Anal 2020;34:e23327.

7. Wütherich J, Zylla S, Bissé E, Nauck M, Petersmann A. Proof of concept:
stabilizedwhole bloodmaterial suitable for external quality assessment
of near-patient testing devices. J Lab Med 2023;47:243–9.

8. Bukve T, Sandberg S, Vie WS, Sølvik U, Christensen NG, Stavelin A.
Commutability of a whole-blood external quality assessment material

for point-of-care C-reactive protein, glucose, and hemoglobin testing.
Clin Chem 2019;65:791–7.

9. Jungerius BJ, Huizing CJ, Maas BHA, inventors. Method for determining
the reliability of a device for measuring the concentration of a
substance in whole blood, method for treating whole blood, container
and kit. European Patent Office patent EP2531834B1, 2020.

10. Gidske G, Sandberg S, Fauskanger P, Pelanti J, Tollånes MC, Solsvik AE,
et al. Aggregated data from the same laboratories participating in two
glucose external quality assessment schemes show that commutability
and transfers of values to control materials are decisive for the biases
found. Clin Chem Lab Med 2024;62:77–84.

11. International Organization for Standardization. General requirements
for the competence of testing and calibration laboratories (ISO/IEC
17025:2017), 2018.

12. International Organization for Standardization. Laboratory medicine –
requirements for the competence of calibration laboratories using
reference measurement procedures (ISO 15195:2018), 2019.

13. Ebinger AM, Ramplin KH, inventors. Apparatus and method for
individually freezing pellets. GB patent GB2527853, 2017.

14. International Organization for Standardization. Conformity
assessment – general requirements for proficiency testing (ISO/IEC
17043:2010), 2010.

15. D’Orazio P, Burnett RW, Fogh-Andersen N, Jacobs E, Kuwa K,
Külpmann WR, et al. Approved IFCC recommendation on reporting
results for blood glucose (abbreviated). Clin Chem 2005;51:1573–6.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/cclm-2024-0822).

558 Kaiser et al.: New concept for glucose POCT in EQAS

https://www.bundesaerztekammer.de/fileadmin/user_upload/BAEK/Themen/Qualitaetssicherung/_Bek_BAEK_RiLi_BAEK_ONLINE_FINAL_VERS_26_05_2023.pdf
https://www.bundesaerztekammer.de/fileadmin/user_upload/BAEK/Themen/Qualitaetssicherung/_Bek_BAEK_RiLi_BAEK_ONLINE_FINAL_VERS_26_05_2023.pdf
https://www.bundesaerztekammer.de/fileadmin/user_upload/BAEK/Themen/Qualitaetssicherung/_Bek_BAEK_RiLi_BAEK_ONLINE_FINAL_VERS_26_05_2023.pdf
https://doi.org/10.1515/cclm-2024-0822

	New concept for control material in glucose point-of-care-testing for external quality assessment schemes
	Introduction
	Materials and methods
	Instruments
	Production of the glucose beads
	Preparation of the whole blood matrix
	Determination of dissolving conditions
	Reliability of the WBB concept
	EQA survey
	EQA pilot study
	Reference measurement values
	Data analysis and statistics

	Results and discussion
	Reliability of the WBB concept
	Performance of the plasma samples in the regular EQA scheme
	Performance of the WBB concept in an EQA pilot study
	Commutability of the WBB control material

	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


