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The organisation of SKUP
Scandinavian evaluation of laboratory equipment for primary health care, SKUP, is a co-operative
commitment of NOKLUS 1 in Norway, “Afdeling BFG”2 in Odense, Denmark and EQUALIS 3 in
Sweden. SKUP was established in 1997 at the initiative of laboratory medicine professionals in the
three countries. SKUP is led by a Scandinavian steering committee and the secretariat is located at
NOKLUS in Bergen, Norway.
The purpose of SKUP is to improve the quality of near patient testing in Scandinavia by providing
objective and supplier-independent information on analytical quality and user-friendliness of
laboratory equipment. This information is generated by organising SKUP evaluations.
SKUP offers manufacturers and suppliers evaluations of equipment for primary healthcare and also of
devices for self-monitoring. Provided the equipment is not launched onto the Scandinavian market, it
is possible to have a confidential pre-marketing evaluation. The company requesting the evaluation
pays the actual testing costs and receives in return an impartial evaluation.
There are general guidelines for all SKUP evaluations and for each evaluation a specific SKUP
protocol is worked out in co-operation with the manufacturer or their representatives. SKUP signs
contracts with the requesting company and the evaluating laboratories. A complete evaluation requires
one part performed by experienced laboratory personnel as well as one part performed by the intended
users.
Each evaluation is presented in a SKUP report to which a unique report code is assigned. The code is
composed of the acronym SKUP, the year and a serial number. A report code, followed by an asterisk
(*), indicates a special evaluation, not complete according to the guidelines, e.g. the part performed by
the intended users was not included in the protocol. If suppliers use the SKUP name in marketing, they
have to refer to www.skup.nu and to the report code in question. For this purpose the company can use
a logotype available from SKUP containing the report code.
SKUP reports are published at www.skup.nu. A detailed list of previous SKUP evaluations is included
in this report.

1

NOKLUS (Norwegian Quality Improvement of Primary Care Laboratories) is an organisation founded by
Kvalitetsforbedringsfond III (Quality Improvement Fund III), which is established by The Norwegian Medical
Association and the Norwegian Government. NOKLUS is professionally linked to “Seksjon for
Allmennmedisin” (Section for General Practice) at the University of Bergen, Norway.

2

“Afdeling for Biokemi, Farmakologi og Genetik” (Afdeling BFG) is the Department for Clinical Chemistry at
the University Hospital in Odense, Denmark. Afdeling BFG in Odense and the national “Fagligt Udvalg
vedrørende Almen Praksis” (Professional Committee for General Practice) have through an agreement created
“the SKUP-division in Denmark”. “Fagligt Udvalg vedrørende Almen Praksis” is a joint committee for
“PLO”, “Praktiserende Lægers Organisation” (General Practioners Organisation) and “Sygesikringens
Forhandlingsudvalg” (Committee for Negotiations within the General Health Insurance System).

3

EQUALIS AB (External quality assurance in laboratory medicine in Sweden) is a limited company in Uppsala,
Sweden, owned by “Sveriges Kommuner och Landsting” (Swedish Association of Local Authorities and
Regions), “Svenska Läkaresällskapet” (Swedish Society of Medicine) and IBL (Swedish Institute of
Biomedical Laboratory Science).
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Summary

Summary

The Afinion™ system (Afinion) is intended for measurements performed by personnel in
primary health care. Afinion is so far launched with tests for C-reactive protein (CRP),
Albumin/Creatinine Ratio (ACR) and Haemoglobin A1c (HbA1c). CRP and ACR have not
been evaluated by SKUP. The test menu will be upgraded when new tests are launched.
The HbA1c test measures on whole blood from a capillary finger prick or a venous sample.
Afinion is manufactured by Axis-Shield PoC AS, Norway. The Medinor companies are the
agents for the system in the Scandinavian countries. Medinor AB in Sweden ordered this
evaluation.
The Afinion system for HbA1c consists of the Afinion AS 100 Analyzer and the Afinion
HbA1c Test Cartridges. The sampling device, which is a part of the Test Cartridge, is used to
bring the correct sample volume to the Test Cartridge. Afinion uses boronate affinity
chromatography to separate HbA1c in the sample. After the addition of the sample to the
cartridge and placement of the cartridge in the Analyzer, the procedure is automatic.
The result is displayed on the screen at the end of the test. The measuring range is 4,0 to 15,0
HbA1c% (NGSP standardised). The sample volume is about 1,5 µL blood. Measurement
duration is 3 minutes and 15 seconds.
This evaluation is a complete SKUP evaluation. An experienced biomedical scientist (medical
laboratory technologist) in a hospital laboratory carried out measurements on venous samples
and two staff nurses in two primary care centres carried out measurements on capillary
samples.
The comparison method was an accredited High Performance Liquid Chromatography
(HPLC) method using an ion exchange column called Mono S supplied by General
Diagnostics. The Mono S measurements were made in the Department of Clinical Chemistry
at the University Hospital MAS in Malmö (UMAS), Sweden. Their method is the Swedish
Designated Comparison Method (DCM) and their results are regularly compared with the
IFCC Reference Methods.
Results
The HbA1c values in this report are NGSP standardised.
Imprecision
According to the quality goals set by SKUP, the imprecision of Afinion should not exceed
4,0% in CV. The imprecision calculated for venous patient samples measured in the hospital
laboratory was 2,2% in CV. The imprecision calculated for capillary patient samples
measured at the primary care centres was 2,1% in CV. The imprecision expressed as standard
deviations was 0,1 to 0,3 HbA1c% for all the checked concentration intervals – the highest
figure for the high level group. The between-days imprecision calculated on patient sample
results was 1,6% in CV and not statistically significant different from the within-day
imprecision. The between-days imprecision from measurements on control blood materials
was about the same as from patient samples.
The overall assessment is that the precision of Afinion was good and fulfilled the quality goal.
Bias
According to the quality goals set by SKUP, the bias of Afinion should not exceed ±4,0%.
For all capillary sample results together (measured at the primary care centres), the Afinion
bias was estimated to approximately −3,5% and therefore fulfilled the quality goals.
In the hospital evaluation Afinion showed both positive and negative bias depending on the
HbA1c level. The bias could therefore only be assessed at different levels and a calculated
mean bias for all levels has no meaning. When the results were divided into three separate
…………………………….
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levels the estimated bias for the low level was non-significant positive and for the high level
non-significant negative. The bias for the medium level was estimated to −4,9% and was
significantly below −4,0%. This level with HbA1c concentrations between 5,7 and 9,7
HbA1c% is clinically interesting and includes two thirds of all results in the hospital
evaluation. When Afinion is used in primary health care it is expected that about 90% of the
results will be in this concentration interval. This justifies the assessment that Afinion did not
fulfil the SKUP quality goal for bias.
Total error
According to the quality goals set by SKUP, 95% of the B—HbA1c results of Afinion should
not deviate more than ±10% from the corresponding Comparison Method results. The Afinion
results with venous samples measured in the hospital laboratory did not fulfil the quality goal
for total error as only 88 out of 96 results, 92%, were inside the limits. The Afinion results
with capillary samples measured at the primary care centres did not either fulfil the quality
goal as only as 67 out of 72 results, 93%, were inside the limits. However, many of the
measurements outside the 10% limits were very close to the limits.
Analytical quality summarised
Afinion fulfilled the quality goal for precision. For the medium level group in the hospital
laboratory evaluation the bias was estimated to −4,9%. As this level group, with HbA1c
concentration from 5,7 to 9,7 HbA1c%, is clinically interesting and is expected to include
about 90% of all results in practical use, it justifies the overall assessment that Afinion did not
fulfil the quality goals for bias. Afinion did not neither fulfil the quality goals for total error.
User-friendliness summarised
The evaluators had the general opinion that Afinion was user-friendly. They liked the system
and thought it was easy to handle. The most important negative opinion concerns the high
frequency of error codes. The other negative opinion concerns the internal quality control
materials which were very viscous and difficult to mix and handle.
The error code frequency was 8%. The probable explanation was that the detection systems
causing the error codes were too sensitive. Regardless of cause, the frequency of error codes
was assessed as too high.
Conclusion
Afinion was easy to handle. The precision of Afinion was good and fulfilled the quality goal.
However, the bias for the medium level was −4,9 % and too many results were outside the
total error limits. Afinion did therefore not fulfil all analytical quality goals. The error code
frequency was also too high.
Comments from the manufacturer
For comments from Axis-Shield, please see attachment 5.
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Analytical quality goals

To assess a test in an evaluation, it is desirable to compare the results with analytical quality
goals. This part of the evaluation report was written already before the evaluation started as a
part of the protocol.
As there are no generally recognised analytical quality goals for HbA1c determinations,
various ways of setting analytical quality goals are discussed below.

2.1

Discussion about alternative quality goals

2.1.1 Quality goals based on biological variation
Abbreviations:
CVa

is the analytical imprecision expressed as coefficient of variation usually in percent
(CV %).

CVbw is the biological variation within healthy individuals, also called the intra-individual
biological variation
CVbb is the biological variation between healthy individuals, also called the inter-individual
biological variation
Setting quality goals on the basis of biological variation is an acknowledged method [1].
It is recommended that analytical imprecision should be less than, or equal to, half the intraindividual biological variation. In terms of HbA1c, it has been observed that CVbw for
diabetes patients is 4,2% to 9,8%. This creates the goal that imprecision must be less than
2% to 5% expressed as CV.
Ricos et al. [2] state the biological variation as CVbw =1,9%, CVbb = 4,0%, desirable
CVa = 1,0%, desirable bias = 1,1% and desirable total error = 2,7%. The term ”total-error” is
used for the combined effects of imprecision and bias, and the ”desirable total error” is the
interval around a true value covering 95% of the results. The word ”desirable” must not be
misunderstood. Imprecision, bias and total error are never desirable but should be as low as
possible and are “desirable” if they are as low as, or lower than, specified. However the
vocabulary from reference [2] is kept. Ricos et al. [2] provide a number of references, of
which the most recent is Rohlfing et al. [3], who states the biological variation as being
CVbw = 1,7%, CVbb = 4,0%.
The optimal quality goal for bias has been computed using the expression:
≤ 1 / 4 CV bb2 + CV bw2 , which with Ricós’ initial values gives a desirable systematic deviation

(bias) of 1,1%. Permitted total error is a function of permitted imprecision and bias. The total
error should be: ≤ bias +1,65 x CVa. Taking Ricós’ values [2], the quality goal for total error
is 2,7%.
In principle, quality goals based on biological variation do not take into account clinical
requirements. Another limitation of these calculated quality goals is that they are based on the
biological variation figures for healthy persons. As HbA1c is only measured on diabetes
patients, the biological variation figures for diabetes patients had been more accurate to use as
inputs in the calculations above.
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2.1.2 Quality goals based on recommendations from professionals/experts
According to the American Diabetes Association (ADA), analytical variation (CVa) for
HbA1c should be less than 5%.
The National Glycohemoglobin Standardization Program (NGSP) in the USA recommends
that between-day CV must be less than 4% and that 95% of the results must be within
±1,0 HbA1c% for the purpose of methodological comparison with a reference laboratory.
In a joint statement of December 2002 from the Endocrinological Association (NEF) and the
Society for Clinical Chemistry and Clinical Physiology (NSKKKF) in Norway, it is
recommended that suppliers of HbA1c methods should give evidence of a day-to-day
variation of less than 3%.
The Laboratory Committee under the Specialist Committee on General Practice in Denmark
recommends that analytical imprecision (CVa) for measurement of HbA1c in general practice
should be less than 4% and bias should not exceed 4%.
In Sweden all HbA1c results are standardised to the level obtained using the HPLC method
”Mono S”. That means that all values are about one HbA1c% lower than the NGSP
standardised values. EQUALIS’ Expert Group on Protein Analyses and the Swedish Board
for Accreditation and Conformity Assessment (SWEDAC) have laid down national quality
goals for HbA1c:
• The interlaboratory spread, i.e. reproducibility CV regardless of method, must be less
than 3,0%.
• A single measurement result from a laboratory taking part in EQUALIS’ external
quality assurance programme for HbA1c may deviate a maximum of ±0,4 HbA1c%
from the assigned value.
• The bias calculated over a 6 month period should not exceed ±0,2 HbA1c%.
The assigned value is the mean of five expert laboratories, all measuring HbA1c with the
HPLC system using a Mono S column.
The stipulation that Mono S standardised HbA1c results may deviate a maximum of
±0,4 HbA1c% corresponds
• at the level 4,0 HbA1c% to a total error goal of less than ±10%,
• at the level 8,0 HbA1c% to a total error goal of less than ±5%
• at the level 12,0 HbA1c% to a total error goal of less than ±3%
Throughout this report all HbA1c results are expressed as NGSP-levels, where not otherwise
specifically stated.

2.1.3 Quality goals based on "state-of-the-art"
Three different studies [4, 5, 6] show that analytical imprecision (CVa) for HbA1c
measurement ought to be <3%.

2.1.4 Quality goals derived from expectations among patients and doctors
General practitioners in Norway have been asked which analytical quality they need [7].
The median of wanted a within-laboratory analytical imprecision was 2,2% CV. However, in
reality they took notice of so small changes in HbA1c concentrations that they assumed that
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there was none imprecision. A majority of the doctors also expected a smaller betweenlaboratories CV than the measured 3,2 %.
Diabetes patients in Norway have also been asked about which analytical quality they expect
[8]. Which change in HbA1c from 9,4 HbA1c% is necessary for a patient to be certain that the
change indicate a true (real) improvement or deterioration of their diabetes, i.e., the so-called
critical difference (CD). From the answers, the expected analytical imprecision can be
calculated, considering the known biological variation, assuming the bias component to be
zero and statistical significance set to 5%. The patient-derived quality specification for
imprecision (CV) was in that way determined to about 3%.

2.2

SKUP’s quality goals for HbA1c

Based on the discussion about alternative quality goals above, SKUP has decided to assess the
results from HbA1c evaluations against the following quality goals:
Imprecision (CVa):
Systematic deviation from the Comparison Method (Bias):
Total error:

…………………………….
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Materials and methods

3.1

Definition of the HbA1c test

The Scientific Division of IFCC (International Federation of Clinical Chemistry and
Laboratory Medicine) together with IUPAC (International Union of Pure and Applied
Chemistry) co-operate in a committee “Nomenclature, Properties and Units (C-NPU)”.
This committee has defined most diagnostic tests in the NPU database [9] which contains
recommended name of the test, which property is measured and which unit the result should
be expressed in.
The HbA1c test has been defined like this:
NPU code
NPU03835

Name of the test according to NPU
Haemoglobin(Fe; Blood)—Haemoglobin A1c(Fe);
substance fraction
Molecular weight = 16 500 g/mol

Unit
Fraction without unit

Expressed in words; the determination of HbA1c measures the size of the (chromatographic)
fraction of all haemoglobin that is glycated to haemoglobin A1c. The results are often
expressed in % or HbA1c%.
It is of several reasons doubtful if the old definition is correct. The size of the
chromatographic fraction is depending on the used measurement procedure – the
chromatographic method. Therefore a complete result also has to state the method or the
standardisation (i.e. NGSP standardised / Mono S standardised).
According to a recent world-wide consensus decision the IFCC Reference Methods are on the
top of the traceability chain. That means that all HbA1c results shall be recalculated to agree
as well as possible with the IFCC Reference Method results. This also requires another
definition of the test:
NPU code

Name of the test according to NPU

Unit

NPU27300

Haemoglobin beta chain(Blood)—N-(1-deoxyfructos-1-yl)
haemoglobin beta chain; substance fraction

Fraction with the unit
mmol/mol

Expressed in words; the determination of HbA1c measures the (molar) fraction of all
haemoglobin-beta-chains that have glycated N-terminal valine. The short name of the test will
remain unchanged: (B—)HbA1c. It is not yet clear exactly how and when the
recommendations in the consensus decision will be put in practice.
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The evaluated measurement system: Afinion for HbA1c

3.2.1 Description of the Afinion™ system for HbA1c
The Afinion™ system (Afinion) is a point of care testing system intended for use by health
care personnel in primary health care. Afinion has been designed in a way that the test menu
can be upgraded when new tests are launched. So far Afinion is launched with tests for CRP,
Albumin/Creatinine Ratio (ACR) and HbA1c. The HbA1c test is intended for measurement of
HbA1c in whole blood from a capillary or a venous sample.
The Afinion system for HbA1c consists of the Afinion™ AS100 Analyzer (Analyzer) and the
Afinion™ HbA1c Test Cartridges (Test Cartridges). To check both Analyzer and HbA1c Test
Cartridges, the manufacturer provides human control blood, Afinion™ HbA1c Control, at two
HbA1c levels. Other accessories are the barcode reader and the printer. The Analyzer can also
be connected to a PC for data transfer.

Figure 1. Picture of Afinion AS 100 Analyzer
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3.2.1.1 Analysing a patient sample
Axis-Shield has the following quick guide description on their Internet pages.
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3.2.1.2 Mechanics and electronics
The electronics and the optics of the Analyzers are checked automatically every day it is used.
The automatic check is performed when the Analyzer is turned on in the morning.
If any Analyzer by mistake is not switched off during the night the check is anyhow done
automatically every 24 hours.
A Test Cartridge with patient or control sample is placed in the cartridge chamber of the
Analyzer. By closing the lid, the Cartridge is transported into the analysis compartment of the
Analyzer. Test and lot specific information is obtained from the barcode label, which then
initiates the processing of the Cartridge. The sample and reagents are automatically
transferred between the wells. A monochrome solid-state camera monitors the entire process.
When the assay is completed, light-emitting diodes (LEDs) illuminate a membrane, which has
been coloured in the detection reaction. The camera detects the reflected light, which is
converted to a test result and displayed on the touch screen. When the user accepts the result,
the lid covering the cartridge chamber opens automatically and the used Cartridge can be
removed and discarded. The Analyzer is then ready for the next run.
3.2.1.3 The chemical principle of the test
Afinion HbA1c is an automated boronate affinity assay for the determination of haemoglobin
A1c in human whole blood. The fraction of HbA1c, that is the share of HbA1c in relation to
all haemoglobin, is measured in the sample.
The Test Cartridge contains all of the reagents necessary for the determination. The sample is
collected with the sampling device, which is a detachable part of the Test Cartridge, before
the Test Cartridge is placed in the cartridge chamber of the Analyzer. The blood sample is
automatically diluted and mixed with a solution that releases haemoglobin from the
erythrocytes. The haemoglobin precipitates. In the sample mixture a blue boronic acid
conjugate is formed, which binds to the cis-diols of glycated haemoglobin. The reaction
mixture is soaked through a filter membrane and all precipitated haemoglobin, conjugatebound and unbound (i.e. glycated and non-glycated haemoglobin) get stuck on the membrane.
Any excess of conjugate is removed with a washing reagent.
The Analyzer evaluates the precipitate on the membrane. By measuring the reflectance, the
blue (glycated haemoglobin) and the red (total haemoglobin) colour intensities are evaluated
and the ratio between them is proportional to the fraction of HbA1c in the sample. The HbA1c
result is displayed on the screen of the Analyzer.

Figure 2. Binding of the blue boronic acid conjugate XC-DAPOL-CPBA of Afinion™ HbA1c to
the cis-diol of glycated haemoglobin.
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3.2.1.4 Specifications and basic facts
Table 1.

Afinion™ system for HbA1c test

Measuring principle:

Measurement duration:

Boronate affinity chromatography
Traceable to the IFCC Reference Methods.
The system can be set to produce HbA1c results according
to the nationally recommended standardisation:
In Denmark and Norway the results are reported according
to the DCCT/NGSP standard.
In Sweden the results are reported according to the Mono S
standard.
4,0 to 15,0 HbA1c% (NGSP standardised values)
About 1,5 µL blood, capillary or venous.
Should always be measured by the sampling device, which
is a part of the Afinion Test Cartridge.
3 minutes and 15 seconds

Wavelength:

440 nm (nominal)

Standardisation:

Measuring range:
Sample volume:

Table 2.

Afinion™ HbA1c Test Cartridges

Storage in refrigerator,
+2 to +8 ºC:
Storage in room temperature,
+15 to +25 ºC:
Opened foil pouch:
Package contents:

15 months in unopened sealed foil pouches.*
That means until expiry date stated on the foil pouch.
90 days, in unopened sealed foil pouches.*
Use within 10 minutes.
15 Afinion™ HbA1c Test Cartridges
Package insert

* The test cartridges have to reach room temperature before use. Therefore it is practical to
take them out of the refrigerator a day before they are expected to be used. According to the
package insert, it is sufficient with 15 minutes in room temperature before use.
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Afinion™ HbA1c Analyzer

Dimensions:

Width 170 mm; depth 320 mm; height 170 mm

Weight:

5 kg
LCD colour display with back light and integrated touch
panel.

Display:
Power supply
Mains adapter:

Separate AC to DC mains adapter.

Input:

90 to 264 V AC, 50 to 60 Hz, 40 W

Output:

24 V DC ±5%, 1,7 A

Operating conditions
Allowed ambient temperature:
Allowed ambient relative
humidity:
Location:
Preparations:

+18 to +30 ºC
10 to 90%, non-condensing.
Dry clean, horizontal surface. Avoid direct sunlight.
The Test Cartridges must be allowed reach allowed
ambient temperature, +18 to +30 ºC, before use.

Data transfer
Port for PC connection

RS-232

Optional accessories
Printer

Thermal paper type, 60 mm. USB interface.

Barcode reader

Code 128. USB interface.

3.2.2 Product details for Afinion
The software in the Afinion Analyzers had a major upgrade between the first and the second
evaluation. Version number 2.04 was used in the first and version number 3.00 in the second.
Seven Afinion Analyzers were originally available for the evaluation, but only six were used.
The serial numbers of used Analyzers and which Analyzers that were used at each evaluation
site are shown in chapter 4.1, table 7.
Three different lots of Test Cartridges were used in the evaluation:
lot 10128762 with expiry date 2008-06,
lot 10128335 with expiry date 2008-05 and
lot 10127761 with expiry date 2008-04.
Approximately one third of the measurements were performed with each lot at each
evaluation site.
The two measurements in each duplicate were performed with the same lot.
The lyophilised human control blood materials used for Afinion during the evaluation are
manufactured and supplied by Axis-Shield AS:
Afinion HbA1c Control, Control CI, lot number: 10127282, expiry date: 2007-12
Afinion HbA1c Control, Control CII, lot number 10127283, expiry date: 2007-12
…………………………….
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The shelf life of new lots of these control materials has recently been prolonged from one to
two years. They are stable until expiry date indicated on the vial label when stored unopened
in refrigerator (+2 to +8 °C). When opened they are stable for 30 days when stored in
refrigerator (+2 to +8 °C).

3.2.3 Manufacturer of Afinion
Axis-Shield PoC AS
P.O. Box 6863 Rodeløkka
NO-0504 Oslo, Norway
Internet: www.axis-shield-poc.com
Phone: +47 22 04 20 00
Contact persons for this evaluation:
Berit Löseth
E-mail: berit.loseth@no.axis-shield.com
and
Cathinca Vargmo
E-mail: cathinca.vargmo@no.axis-shield.com

3.2.4 Retailers of Afinion
Retailer in Sweden and orderer of this evaluation:
Medinor AB
Box 1215
SE-181 24 Lidingö, Sweden
Phone: +46 8 544 812 00
Contact person for this evaluation:
Gunilla Gustafsson
Phone: +46 8 544 812 05
Mobile phone: +46 705 68 32 80
E-mail: gunilla.gustafsson@medinor.com
Internet: www.medinor.se
Retailer in Denmark:

Retailer in Norway:

Medinor A/S
Langebjerg 35 B
Postboks 321
DK-4000 Roskilde
Phone: +45 70 15 10 41
E-mail: lene.nyboe@medinor.dk

Medinor ASA
Nils Hansens vei 4 / Postboks 94, Bryn
N-0611 Oslo
Phone: +47 22 07 65 00
E-mail: medinor@medinor.no
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The Comparison Method

One of the routine methods for HbA1c in the Department of Clinical Chemistry at UMAS was
selected as the Comparison Method in this evaluation. It is a High Performance Liquid
Chromatography (HPLC) method called the Mono S method [10]. The Comparison Method
and the verification of it is described in Attachment 2. As described in Attachments 1 and 2
this method is also the Swedish Designated Comparison Method (DCM) with a well
documented relation to the IFCC Reference Methods.

3.3.1 The chemical principle of the Comparison Method
In the Mono S method the blood sample is first heated to 37ºC to eliminate the labile Schiff
base, which otherwise could be determined as HbA1c. After haemolysis the HbA1c is
separated from the other haemoglobins through chromatography on the Mono S column.
The Mono S method has got its name from the name of cation exchanger in the separation
column. The separation buffer has pH 5,7 and an increasing salt (NaCl) concentration make
the different haemoglobins to be eluted at different points of time. The eluted fractions are
continuously measured photometrically and the area under each peak in the chromatogram is
calculated by means of an integrator and the fraction of HbA1c related to all haemoglobins is
calculated. The result is expressed in percent of all haemoglobins, HbA1c%.

3.3.2 Standardisation of the Comparison Method
HbA1c results are standardised differently in different countries. IFCC has set up a working
group to harmonise the HbA1c standardisations internationally. As a result of that work the
relations between the different standardisations can be described by a set of linear regression
equations. The equations can be used to recalculate results which are nationally standardised
to a common international standardisation. The different equations and the consequences for
this evaluation are described in Attachment 1 “Standardisation of HbA1c”.
The following recalculation formulas are used in this report.
HbA1c (NGSP) = 0,9148 x HbA1c (IFCC) + 2,153
HbA1c (Mono S) = 0,957 x HbA1c (IFCC) + 1,016
All Swedish laboratories report Mono S standardised HbA1c results. This is valid also for the
Comparison Method. Prior to the calculation of bias and total error for Afinion results in this
report, all results from the Comparison Method were recalculated from Mono S
standardisation to NGSP standardisation as described above.

3.3.3 Verification of the Comparison Method
The Comparison Method and the recalculation equation are verified in Attachment 2
“The Comparison Method”. In summary the verification showed that:
•

The imprecision figures of the Comparison Method were low and good.
The CV, calculated from the duplicate measurements on patient samples was less than
0,3 %. The CV for the internal quality control results, was less than 1,0 %. The
conclusion is that the precision of the Swedish DCM was good.

•

The recalculated Comparison Method results showed no bias to the IFCC Reference
Methods.
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Planning of the evaluation

In spring 2006, SKUP received a request for an evaluation of the Afinion HbA1c measuring
system, by Gunilla Gustafsson, representative of Medinor AB in Sweden. Afinion HbA1c is
manufactured by Axis-Shield PoC AS in Norway (Axis-Shield). At the time of the request, a
limited number of the system had already been sold on the Scandinavian market.
The protocol for the evaluation was drawn up during the spring and in summer 2006, based on
the guidelines:”Evaluation of analytic instruments. Guidelines particularly designed for
evaluation of instruments in primary health care” [11]. A first evaluation of Afinion was
carried out during October and November 2006. All the results from the first evaluation are
shown in Attachment 4 “The first SKUP evaluation…”. In section 5 of this report only the
results that differ between the first and second evaluation are commented. Considering the
preliminary results of the first evaluation, Axis-Shield wanted a new evaluation because a
major upgrade had been done in the software of the system. The measurements in the second
evaluation were carried out from April to June 2007. This report deals with the second
evaluation. Both evaluations are complete evaluations according to the SKUP guidelines.
Both evaluations comprised the following studies:
In a hospital laboratory:

In two primary care centres:

•
•
•

•

Imprecision

•

Comparison of Afinion results from
capillary samples and designated
Comparison Method results from
venous samples
Practical viewpoints from the users

•

Imprecision
Between-days imprecision
Comparison of Afinion results from
venous samples and designated
Comparison Method results from
venous samples
Practical viewpoints from the users

•

After an inquiry from SKUP, the Department of Clinical Chemistry at the University Hospital
MAS in Malmö (UMAS), in Sweden, made the hospital part of the two evaluations.
The evaluations in primary care were carried out at two primary care centres in Malmö city,
Granen and Södervärn.
Contracts were made between SKUP and the Department of Clinical Chemistry at UMAS,
and between SKUP and Medinor AB in Sweden.
Arne Mårtensson worked out the preliminary protocol before the first evaluation in
co-operation with co-workers within SKUP, Gunilla Gustafsson from Medinor AB, Berit
Løseth from Axis-Shield and involved persons at the participating hospital laboratory.
The protocol was also thoroughly discussed and finally agreed upon at a start-up meeting in
the UMAS laboratory 2006-09-13–14. All persons named in Table 4 except Mrs Cathinca
Vargmo participated in that meeting. The same protocol was followed also in this second
evaluation. The start-up meeting for the second evaluation was held in the laboratory at
UMAS 2007-03-05.
Arne Mårtensson has compiled this report. A preliminary report has been sent to co-workers
at EQUALIS, Gunilla Gustafsson at Medinor AB in Sweden, Cathinca Vargmo at Axis-Shield
AS in Norway and SKUP in Denmark and Norway. They have all discussed and commented
the preliminary report and this final report was then written.
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3.4.1 Evaluation sites and persons involved
Afinion is recommended for use by health care personnel in primary health care. According to
the SKUP model for evaluations of equipment for the primary care, this evaluation was done
both in a hospital laboratory by an experienced biomedical scientist (in many countries called
medical laboratory technologist) and under real-life conditions in the hands of the intended
users at two primary care centres, by primary care personnel with limited laboratory
education. This report shows the performance of the Afinion system both when it is most
likely to perform well, in the hospital laboratory and when the system is in realistic use in the
primary health care. This evaluation of Afinion was thus a complete SKUP evaluation.
At UMAS hospital laboratory most of the routine B—HbA1c samples are analysed on three
High Performance Liquid Chromatography (HPLC) systems, “Variant Turbo”-systems from
Bio-Rad. The laboratory also runs a more sophisticated HPLC method, the Mono S method.
The Mono S method is used as an internal reference for the Bio-Rad method and also for
samples collected capillary on filter paper. The Mono S method in Malmö was selected as the
Comparison Method in this evaluation.
At Primary Care Centre Granen there are eleven general practioners, six nurses –specialists in
primary care, two nurses – specialists in diabetes, three staff nurses and six medical
secretaries. The staff nurses do most of the laboratory work and are sometimes assisted by the
diabetes nurses. One of the staff nurses did all the measurements at Afinion in this evaluation.
Granen centre normally analyses their routine B—HbA1c samples on a DCA 2000 instrument
from Bayer Diagnostics.
At Primary Care Centre Södervärn there are twelve general practioners, six nurses, two nurses
– specialists in primary care, two nurses – specialists in diabetes, two staff nurses and five
medical secretaries. Most of the laboratory work is done by the staff nurses. One of the staff
nurses did all the measurements at Afinion in this evaluation. At the Södervärn centre they do
not normally analyse their routine B—HbA1c samples. They usually send such samples to the
Department of Clinical Chemistry at UMAS.
Table 4 contains an overview of the persons involved in the evaluation, and their respective
responsibility.
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Materials and methods

Persons responsible for various parts of this evaluation

Birgitta Alemo

Biomedical
scientist
and instructor

Leader of the evaluation in the Department of
Clinical Chemistry at UMAS.

Eva Mauritzson

Biomedical
scientist
and instructor

Operator of the evaluation in the Department of
Clinical Chemistry at UMAS. Also instructor
during the evaluation for the evaluators at the
primary care centres.

May-Lill Svensson

Biomedical
scientist

Responsible for the measurements with the
Comparison Method, in the Department of
Clinical Chemistry at UMAS.

Margareta Wedin

Staff nurse

Contact person for the evaluation at the Primary
Care Centre Granen in Malmö. Carried out all the
measurements on Afinion at the centre.

Marianne Rasmussen Staff nurse

Contact person for the evaluation at the Primary
Care Centre Södervärn in Malmö. Carried out all
the measurements on Afinion at the centre.

Gunilla Gustafsson

Product Manager

Representative for Medinor AB in Sweden.
Instructor at the start-up meeting for the
evaluators.

Berit Løseth

Customer
Communication
Manager

Representative for the manufacturer Axis-Shield
AS in Norway. Gave information to the
evaluators at the start-up meetings.

Cathinca Vargmo

Product Manager

Representative for the manufacturer Axis-Shield
AS in Norway.

Kjersti Grimsrud

Marketing Director Representative for the manufacturer Axis-Shield
AS in Norway. Gave information to the
evaluators at the start-up meetings.

Arne Mårtensson

Clinical
biochemist,
Co-ordinator for
SKUP in Sweden,
EQUALIS AB

Organiser of the evaluation.
Author of this report.
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3.5

Materials and methods

Product details

3.5.1 Blood sampling devices
The capillary punctures were made with Medlance single-use safety lancets manufactured by
HTL-STREFA S.A., 7 Adamówek St., PL-95-035 Ozorków, Poland.
The lancets were supplied by SelefaTrade, P.O. Box 68, SE-163 91 Spånga, Sweden.
The primary care centres used:
Medlance Blue, normal flow, penetration depth 1,8 mm, spring loaded needle lancet.
Lot numbers of lancets:
Primary Care Centre Granen used lot no.: L1H65D4.
Primary Care Centre Södervärn used lot no.: L5U95D4.

3.5.2 The Comparison Method
The product details for the Comparison method are presented in
Attachment 2 “The Comparison Method”.

3.5.3 Afinion
The product details for Afinion are presented in the section 3.2.2.
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Materials and methods

Evaluation procedure

3.6.1 Training
Medinor AB in Sweden was responsible for training at Afinion. Mrs Gunilla Gustafsson
provided training in Swedish for those who were going to do the hands-on work at Afinion.
Mrs Berit Løseth from the manufacturer Axis-Shield AS was involved as an expert.
The training session was similar to what is normal when the system is sold to a new customer.
It lasted less than one hour. When the evaluation began, the evaluators managed the
Analyzers single-handedly, without any supervision or correction from the
retailer/manufacturer.

3.6.2 Evaluation procedure in the hospital laboratory
3.6.2.1 Internal quality control
The electronics and the optics of the Analyzers were checked automatically every day during
the evaluation.
During the evaluation Afinion was checked with the Afinion HbA1c Controls on two levels.
They were measured on all days before any samples were measured.
3.6.2.2 Selection of specimens
100 venous specimens were used in this part of the evaluation. The specimens were selected
from the specimens sent to the hospital laboratory. HbA1c had already been measured
according to the routine with the measurement system Bio-Rad Variant II Turbo. Specimens
were selected to cover the entire concentration range as evenly as possible. As the specimens
with really low and really high HbA1c concentrations are so rare all of them were included in
the evaluation.
The Bio-Rad method is known to be interfered by high concentrations of Schiff’s base.
The Mono S method is known to be interfered by high concentrations of urea. By examination
of the Bio-Rad chromatograms it was possible to reveal which samples contained any of these
interfering substances. Those samples were sifted out and excluded from the evaluation.
3.6.2.3 Handling of specimens and measurements
After the venous specimens had been measured as routine specimens, they were stored in
refrigerator to the next day. They were then allowed to resume room temperature and were
measured in duplicates on Afinion and once with the Comparison Method (usually two days
after sampling). Each sample was drawn directly into the sampling device, which is a part of
the test cartridge. To save time the two specimens were measured simultaneously on two
separate Afinion Analyzers. Only one operator performed the Afinion measurements.
About five specimens were selected for the evaluation each day, and all measurements were
performed at 21 different days during period of 9 weeks.
The samples were at most five days when they were measured. This was valid also for the
measurements made for calculation of between-days imprecision.
The UMAS laboratory sent the results to SKUP once the first 10 specimens were ready.
SKUP evaluated the results and contacted Medinor AB/Axis-Shield AS to let them decide
whether to continue the evaluation or not.
3.6.2.4 Evaluation of user-friendliness
The biomedical scientist who did the measurements on Afinion also evaluated the userfriendliness. The evaluation was done during and immediately after the practical work, and in
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accordance with the form drafted by SKUP. The form was translated into Swedish and
adapted to this evaluation before being used.

3.6.3 Evaluation procedure at the two primary care centres
3.6.3.1 Quality control
The electronics and the optics of the Analyzers were checked automatically every day during
the evaluation.
Internal quality control measurements were also carried out throughout the evaluation period.
Control blood materials for Afinion supplied by Axis-Shield AS were used for that purpose.
On each day of analysis controls on two levels were analysed on each Analyzer.
3.6.3.2 Recruitment of patients and sampling
In the two primary care centres the Afinion results were achieved from measurements on
capillary patient samples. Specimens were collected from 40 patients at each of the two care
centres. Diabetes patients, visiting the care centres and scheduled to have an HbA1c blood
sample taken, were asked if they were willing to have two extra blood samples taken for
Afinion. It was explained to them that participation was voluntary. Verbal consent was thus
considered to be sufficient. From each patient, two capillary samples were drawn from the
same capillary puncture. Each sample was drawn directly into the sampling device, which is a
part of the test cartridge. The first drop of blood after the capillary puncture was dried off.
Venous samples intended for measurements with the Comparison Method were collected at
the same visit. The specimens were collected within 5 weeks, on 6 different days. Four to
eight patients were randomly selected to participate on each of these days at each primary care
centre.
There was no requirement that the HbA1c results from the care centres should be evenly
distributed over the measurement range.
3.6.3.3 Handling specimens, measurements
The two capillary specimens from each patient were analysed on Afinion immediately after
sampling. To save time the two measurements in each duplicate were performed
simultaneously on two separate Afinion Analyzers. At each primary care centre only one
operator performed the Afinion measurements. All results were signed off by the person
carrying out the practical work.
The venous specimens taken in the evaluation were sent at room temperature by ordinary
sample transports to the hospital laboratory. Each specimen was measured in duplicate with
the Comparison Method during the day of sampling or one day after sampling.
3.6.3.4 Evaluation of user-friendliness
The care centre staff who did the measurements on Afinion also evaluated the userfriendliness. The evaluation was done during and immediately after the practical work in the
evaluation of Afinion and in accordance with the form drafted by SKUP. The form was
translated into Swedish and adapted to this evaluation before being used.

3.7

Statistical expressions and calculations

See Attachment 3 ”Statistical...” .
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4

Results and discussion

4.1

Agreement between different Analyzers and
between different lots of Test Cartridges

4.1.1 Agreement between different Analyzers
The parallel evaluation in the hospital laboratory and at the primary care centres required six
Afinion Analyzers and one extra Analyzer was included for back-up. According to the SKUP
protocol, agreement between different instruments must be documented before the evaluation.
The seven Analyzers were placed next to each other in the laboratory at UMAS. Two pools of
patient samples, one with low and one with high B—HbA1c concentration were produced by
pooling selected routine samples. The two sample pools were analysed six times on each
Afinion Analyzer. The used Test Cartridges had lot number: 10127761 with expiry date:
2008-04.
Axis-Shield AS does not specify any between-instruments variation. In the Test Cartridge
insert Axis-Shield AS states the “within-series variation” and “total variation”. The withinseries variation (repeatability) is between 0,6% and 0,9% in CV. The stated “total variation” is
a measure of an imprecision that includes the repeatability and the between-days imprecision
component. The “total variation” is between 1,1% and 1,4% in CV. These results derive from
in-house measurements according to the NCCLS protocol EP5-A. These specifications have
not been used when assessing the agreement between the different Analyzers in this
evaluation.
In some earlier evaluations SKUP used the rule of thumb that the CV is allowed to be 30%
higher as a maximum, when the total imprecision of the results from all instruments is
compared with the mean imprecision within several individual instruments. If the total CV is
higher, the instruments do not fulfil the agreement requirement. In that case, calculations and
comparisons of the mean values for the individual instruments should determine which
instruments that show mean values significantly deviating from the others. The manufacturer
should, in such a case, be contacted for exchange of the deviating instrument. This model for
assessing the agreement has been used also in this evaluation. The results of the agreement
test of Afinion are shown in the tables 5, 6 and 7.
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Table 5.

Results and discussion

Agreement between different Analyzers
Analyzer number
AS0001333 AS0001332 AS0001066 AS0001173 AS0001223 AS0001327 AS0001112

Sample no. 1 (n = 6)
B—HbA1c mean
(HbA1c%)

5,63

5,65

5,70

5,68

5,58

5,70

5,45

CV (%)

1,4

1,5

1,6

0,7

2,6

0,0

1,9

B—HbA1c mean
(HbA1c%)

8,32

8,30

8,40

8,20

8,20

8,20

8,03

CV (%)

1,8

0,8

1,5

2,3

2,2

3,3

2,4

Mean CV

1,6

1,1

1,5

1,5

2,4

1,6

2,2

Sample no. 2 (n = 6)

Table 6.

ANOVA calculations of agreement between different Analyzers
Results after exclusion of one failing instrument
BetweenWithin-instrument
instruments
CV component
CV component
(%)
(%)

Sample
no.

B—HbA1c
mean
(HbA1c%)

1

5,66

1,5

2

8,27

2,1

Total
CV
(%)

Increase of
CV
(%)

0,5

1,6

5

0,5

2,2

3

"Within-instrument CV component" refers to the mean contribution to the "Total CV" originating
from the within instrument imprecision.
"Between-instruments CV component" refers to the mean contribution to the "Total CV" originating
from the between instruments imprecision. The within-instrument imprecision is not included in this
figure.
"Increase of CV" refers to the increase in percent of the CV from "Within-instrument CV component"
to "Total CV".
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Results and discussion

List of Analyzers used at each evaluation site and
check of calibration differences between the evaluation sites
Instrument
HbA1c mean (HbA1c%)
serial number
n = 6 for each mean
AS 0001333
5,63 8,32
UMAS hospital laboratory
AS 0001332
5,65 8,30
All at the site
5,64 8,31
AS 0001223
5,58 8,20
Granen Primary Care Centre
AS 0001327
5,70 8,20
All at the site
5,64 8,20
AS 0001066
5,70 8,40
Södervärn Primary Care Centre AS 0001173
5,68 8,20
All at the site
5,69 8,30
Evaluation site

Failed Analyzer

AS 0001112

5,45

8,03

The “HbA1c mean” in the right column are for each Analyzer the mean of six
determinations on the low level sample pool respectively the high level sample pool.
The bold figures show the means of the means for each evaluation site.

4.1.1.1 Assessment of the agreement between different Analyzers
As can be seen in table 5, Analyzer AS0001112 showed acceptable CVs but the HbA1c mean
results were different from those with the other Analyzers. Table 6 shows the “Increase in
total CV” in the agreement test when using all Analyzers instead of one. When that increase
was first calculated, the CV for Sample 1 increased 35 CV%. The requirements defined by
SKUP for agreement between the Afinion Analyzers were thus not fulfilled.
Analyzer AS0001112 was therefore excluded and the results in table 6 were calculated again
with results from the remaining six Analyzers. The requirements were now fulfilled. It was
decided to carry through the evaluation with six Analyzers excluding the deviating Analyzer.
Axis-Shield AS was informed about these results as soon as they were ready. Axis-Shield AS
accepted the decision
Table 7 shows which two Analyzers that were used at each site. In each duplicate, one result
was measured with one of the Analyzers and the other was measured with the other Analyzer
at the site. The right column in the table is shown to check that there were no calibration
differences between the Afinion Analyzers at the different evaluation sites. The conclusion
was that the mean results, from all Analyzers used at each site, showed good agreement.
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4.1.2 Agreement between different lots of Test Cartridges
Three different lots of Test Cartridges were used in the evaluation. About one third of the
measurements were performed with each lot at each evaluation site. Both duplicate
measurements on each sample were performed with the same lot.
The limited number of tests in a SKUP evaluation is not enough for statistical comparison of
different lots as each patient sample is measured just with one lot and not with all the three
lots.
The check of agreement between the different used lots of Test Cartridges is thus done just by
visual inspection of the difference plots. In the plots, the measurement results from the
different lots are shown with different symbols: squares, rings and triangles. See sections
4.2.5.1 and 4.3.5.1.
4.1.2.1 Assessment of the agreement between different lots of Test Cartridges
The difference plots, figure 3 and 4 in section 4, show no calibration differences between the
different lots of Test Cartridges used in this evaluation.
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4.2

Results and discussion

Analytical quality evaluated in the hospital laboratory

4.2.1 Internal quality control in the hospital laboratory
The electronics and the optics of each Analyzer were checked automatically every day during
the evaluation as described in section 3.2.1.2.
Internal quality control samples were measured daily at each Afinion Analyzers used during
the evaluation to check the function of the systems. All the obtained results were inside the
target intervals set by the manufacturer.

4.2.2 Missing or excluded results in the hospital laboratory
There was a total of 100 patient results. In the calculations and in the diagram some results are
missing or excluded. This is explained in Table 8. In Attachment 3 “Statistical…” Section 4
a detailed explanation of applied test for exclusion of statistical outliers is given. The number
of results remaining in respective calculation and in the diagram is shown in table 9.

Table 8.

Missing or excluded sample results in the hospital laboratory
B—HbA1c (HbA1c%)

Sample
no.
83

Comp.
1

2

Difference
causing exclusion

12,38

12,16

0,22

Missing/ excluded
due to

Excluded in
calculation of

Comp.1 ≠ Comp.2

All calculations

7 patient samples, incomplete duplicate

Afinion error code

1 patient sample, incomplete duplicate

Afinion error code

Afinion imprecision and
Afinion bias
Afinion between-days
imprecision

Reason for exclusion explained:
"Comp. 1 ≠ Comp. 2" means that the difference between these two duplicate Comparison method
results is so big that the results are considered to be outliers.

Table 9.

Patient sample results in the hospital laboratory included in calculations and diagram
Calculation/diagram

Number of results
included

Imprecision of the Comparison method

99

Imprecision of Afinion

92

Afinion between-days imprecision

39

Bias of Afinion

92

Total error of Afinion

99
including 3 error code results
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4.2.3 Imprecision evaluated in the hospital laboratory
4.2.3.1 Imprecision of patient sample results in the hospital laboratory
The imprecision of Afinion was calculated from duplicate results on 92 venous patient
samples. The results were divided into three level groups according to the duplicate means of
the Comparison method. The borders between the level groups were set after visual
examination of the total error diagram. The low results showed a positive bias, the medium
results had a negative bias and the high level results were more scattered. The calculated
imprecision is presented in Table 10A.

Table 10A.
Level

Imprecision of Afinion with venous patient samples in the hospital laboratory

Afinion
Comparison method
CV*
Excluded
n
mean
interval
(95% confidence interval) (%)
results
(HbA1c%)
(HbA1c%)

Low

3,8 to 5,6

0

18

5,1

1,7 (1,3 to 2,5)

Medium

5,7 to 9,7

0

61

7,1

1,9 (1,6 to 2,3)

High

9,8 to 13,0

1

13

11,0

2,5 (1,8 to 4,1)

All

3,8 to 13,0

1

92

7,3

2,2 (1,9 to 2,5)

* In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying instruments
between the two measurements on each sample, varying batches of Test Cartridges (3 different),
varying levels, varying matrix and varying days between measuring the different samples.

The calculation of imprecision from duplicates are explained in Attachment 3 “Statistical…”.
The used formula will produce correct CV values if there is no difference between the means
of 1st and the 2nd measurement. All the result groups in table 10A were tested for such
differences. Table 10B shows that the confidence intervals of the differences for all four result
groups include ±0,0 HbA1c%. For the total set of data the conclusion is that there is no
systematic difference between the 1st and the 2nd measurements in the duplicates.
The calculated CV values in table 10A are thus valid.

Table 10B.

Differences between the 1st and the 2nd measurements

Level

1. – 2.
mean difference
(95 % confidence interval)
(HbA1c%)

Low

±0,0 (−0,1 to +0,1)

Medium

±0,0 (−0,1 to +0,1)

High

+0,2 (±0,0 to +0,4)

All

±0,0 (−0,1 to +0,2)
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4.2.3.2 Between-day imprecision of patient sample results in the hospital laboratory
The duplicate measurements of Afinion for calculation of imprecision were performed on two
separate Analyzers. Thus, for each patient sample one first measurement was performed on
each of two Analyzers at the site. On 40 of the venous specimens, a third measurement was
also performed. On 20 of the specimens the third measurement was performed on the day
after the duplicate measurement and on the 20 remaining specimens the third measurement
was performed two days after the first measurement. Between-day imprecision was calculated
from the differences between the first and the third measurements. Some of the original
results were incomplete pairs of results as one of the results was an error code. When the
result was an error code it was replaced with the succeeding measurement result on the same
sample if available. The calculation of the between-days imprecision is summarized in
Table 11.

Table 11. Between-days imprecision with venous patient samples in the hospital laboratory

Level

Comparison
method
interval
(HbA1c%)

Number of
excluded
results

Afinion
mean
(HbA1c%)

Low

4,2 to 5,6

0

5,2

8

1,1 (0,7 to 2,2)

Medium

5,7 to 9,7

0

7,1

26

1,7 (1,3 to 2,3)

High

9,8 to 12,5

0

11,6

5

1,3 (0,7 to 3,5)

All

4,2 to 12,5

0

7,3

39

1,6 (1,3 to 2,1)

CV*
(95% confidence
interval) (%)

n

* In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying days between
the measurements on the same sample, varying lots of Test Cartridges (3 different) between the
different samples, varying levels and varying matrix between the different samples and varying days
between measuring the different samples.
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4.2.3.3 Imprecision of internal quality control results in the hospital laboratory
As mentioned in 4.2.1 internal quality control samples were measured daily at the Afinion
Analyzers during the evaluation to check the function of the systems. The internal quality
control results were also used for calculation of the between-day imprecision. See Table 12.

Table 12. Between-days imprecision with internal quality control blood materials
in the hospital laboratory
Afinion
HbA1c
Control

B—HbA1c
assigned value
(interval)*
(HbA1c%)

Number
of
excluded
results

n

Afinion
mean
(min. to max.)
(HbA1c%)

CV**
(95% confidence
interval) (%)

Control CI

6,1 (5,5 to 6,7)

0

18

6,0 (5,8 to 6,2)

1,5 (1,2 to 2,3)

Control CII

7,9 (7,1 to 8,7)

0

19

7,8 (7,5 to 7,9)

1,3 (1,0 to 1,9)

* The assigned values and the acceptable intervals are set by the manufacturer.
** In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying days between
the measurements on the same sample, varying instruments (2 different at each site) between the
measurements on the same sample and varying batches of Test Cartridges (3 different) between the
different measurements on the same sample.

4.2.3.4 Assessment of the imprecision evaluated in the hospital laboratory
According to the SKUP quality goals for HbA1c, the imprecision of Afinion should not
exceed 4% in CV. The imprecision is in this section calculated for venous patient samples
measured in the hospital laboratory. For all samples the estimated CV was 2,2%. When the
results were divided into separate level groups the CV-values were also inside the quality
goal. The confidence intervals for CV-value were also inside the quality goal, except on the
high level. The confidence interval for the high level group was wide partly due to the small
number of results in that level group. The imprecision expressed as standard deviations were
0,1 to 0,3 HbA1c% for all the checked concentration intervals – the highest figure for the high
level group.
The between-days imprecision was 1,6% in CV calculated on all patient sample results.
When the results were divided into separate level groups the CV-values and the confidence
intervals were also inside the quality goal.
The between-days imprecision was also estimated from measurements on control blood
materials. The between-days imprecision was 1,3% to 1,5% in CV, which was similar to the
results of patient blood samples.
All the estimations of the between-days imprecision were surprisingly low considering that
they theoretically include the higher within-series imprecision in the paragraph above. After
all, the estimations of within-series and between-days imprecision are not significantly
different.
The overall assessment is that the precision of Afinion was good and fulfilled the quality goal.
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4.2.4 Bias evaluated in the hospital laboratory
4.2.4.1 Bias with venous patient samples in the hospital laboratory
Bias was calculated from the determinations of 92 venous patient samples. The means of the
duplicate sample results of Afinion were compared with the means of the duplicate
determinations with the Comparison Method. The results were divided into three level groups
according to the duplicate means of the Comparison method. The borders between the level
groups were set after visual examination of the total error diagram: The low results were close
to each other and have a positive bias, the medium results were close to each and have a
negative bias and the high level results were more scattered and have a negative bias.
The results of the bias calculations are shown in Table 13.

Table 13. Bias with venous patient samples in the hospital laboratory
Level
group

Comparison Number
of
method
excluded
interval
(HbA1c%) results

n

Comparison
method
mean
(HbA1c%)

Bias
(95% confidence
interval)
(HbA1c%)

Bias
(95% confidence
interval)
(%)

Low

3,8 to 5,6

0

18

5,0

+0,07 (−0,08 to +0,21)

+1,4 (−1,6 to +4,3)

Medium

5,7 to 9,7

0

61

7,5

−0,37 (−0,43 to −0,30)

−4,9 (−5,7 to −4,1)

High

9,8 to 13,0

1

13

11,5

−0,45 (−0,86 to −0,05)

−3,9 (−7,5 to −0,4)

The control materials provided by Axis-Shield AS for internal quality control showed almost
no bias compared to the assigned values during the study period. See table 12 in section
4.2.3.3.
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4.2.4.2 Assessment of the bias evaluated in the hospital laboratory
According to the SKUP quality goals for HbA1c, the bias of Afinion should not exceed
±4,0%. The bias was in this section calculated for venous patient samples measured in the
hospital laboratory. The venous samples were usually collected two days before they were
measured, but according to the literature, HbA1c is stable in samples stored in refrigerator for
at least a week.
In this evaluation it was not suitable to calculate bias for all results together because Afinion
showed both positive and negative bias depending on the HbA1c level. The bias was therefore
only assessed in the different level groups:
• The bias for the low level was estimated to +1,4%, but the uncertainty in the
estimation includes the possibility that there was no bias as the confidence interval
overlapped ±0,0%. It was uncertain whether SKUP’s quality goal was fulfilled as all
the confidence interval was both inside and outside the quality goal limit.
• The bias for the medium level was estimated to −4,9%, but the uncertainty in the
estimation includes the possibility that the negative bias was not more than −4,1% as
that was the high limit of the confidence interval. SKUP’s quality goal was not
fulfilled as all the confidence interval was below the −4,0% limit.
• The bias for the high level was estimated to −3,9%, but the uncertainty in the
estimation includes the possibility that there was no bias as the confidence interval
overlapped ±0,0%. It was uncertain whether SKUP’s quality goal was fulfilled as all
the confidence interval was both inside and outside the quality goal limit.
At the medium level the bias was estimated to −4,9%. This level group, with HbA1c
concentrations between 5,7 and 9,7 HbA1c%, is clinically interesting and includes two thirds
of all results in the hospital evaluation. When Afinion is used in primary care about 90% of
the results are in this concentration interval, which can be seen in the evaluation at the
primary care centres. This justifies the assessment that Afinion did not fulfil the SKUP quality
goal for bias.
The negative bias seen in this evaluation has been confirmed during the year 2007 in the
external quality control scheme of NOKLUS as well as EQUALIS (Personal communication
with the EQA scheme coordinators).
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4.2.5 Total error evaluated in the hospital laboratory
4.2.5.1 Total error with venous samples in the hospital laboratory
The agreement between Afinion and the Comparison Method is illustrated in a difference
diagram (Figure 3). In the diagram the x-axis represents the mean result of the duplicate
measurements with the Comparison Method. The y-axis shows the deviation of the first
measurement on Afinion from the mean value of the duplicate results of the Comparison
Method. The difference diagram gives a picture of both random and systematic deviations and
reflects the total error of Afinion. The tolerance limits in the diagram are based upon the
SKUP quality goals specified in Section 2.2.
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Figure 3.
Difference diagram, venous samples in the hospital laboratory
The deviations of the Afinion results from the Comparison Method results are shown for 99 venous
patient samples. Stippled lines represent the tolerance limits ±10%.
Results are shown with different symbols depending on used lot of Test Cartridges:
lot 10128762 = blue squares, lot 10128335 = green circles and lot 10127761 = red triangles.
Three results which were error codes on Afinion are shown below −2,0 in the diagram.
In addition to the error code results there were eight results outside the tolerance limits.
Five results were below the low limit and three results were above the high limit.

4.2.5.2 Assessment of the total error evaluated in the hospital laboratory
According to the SKUP quality goals for HbA1c, 95% of the B—HbA1c results of Afinion
should not deviate more than ±10% from the Comparison Method result. Three results were
error codes. Then it remains 96 results for calculation of total error. There were five results
below the low limit and three results above the high limit. Three of the results outside the low
limit deviate less than −11%, but there are also three results deviating between −9% and
−10%.
Thus the Afinion results with venous samples measured in the hospital laboratory did not
fulfil this quality goal for total error as only 88 out of 96 results, that is 92%, were inside the
limits.
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Analytical quality evaluated at two primary care centres

4.3.1 Internal quality control at the primary care centres
The electronics and the optics of each Analyzer were checked automatically every day during
the evaluation as described in section 3.2.1.2.
Internal quality control samples were measured daily at each Afinion Analyzer used during
the evaluation to check the function of the systems. All the obtained results were inside the
target intervals set by the manufacturer.

4.3.2 Missing and excluded results at the primary care centres
Totally there were 80 patient results. In the calculations and in the diagram some results are
missing or excluded. The reasons for why they are missing or excluded are shown in
Table 14. In Attachment 3 “Statistical…” Section 4 a detailed explanation of the applied test
for exclusion of statistical outliers is given. The numbers of results remaining in the
calculations and in the diagram are shown in table 15.

Table 14. Excluded/missing results at the primary care centres
B—HbA1c (HbA1c%)

Missing/excluded
due to

Excluded in
calculation of

8 patients, incomplete duplicate

Afinion error codes

Afinion imprecision and
Afinion bias

2 control results, incomplete duplicate

Afinion error codes

Afinion between-days
imprecision with control
materials

Sample
no.

Afinion/Comp
Difference
causing exclusion
1
2

Granen Primary Care Centre:

Södervärn Primary Care Centre:
9

6,21

6,49

−0,28

Comp 1 ≠ Comp 2

7 patient results, incomplete duplicate

Afinion error codes

4 control results, incomplete duplicate

Afinion error codes

Comp. method imprec.,
and Afinion bias*
Afinion imprecision and
Afinion bias
Afinion between-days
imprecision with control
materials

Reasons for exclusion explained:
"Comp 1 ≠ Comp 2" means that the difference between these two Comparison Method duplicate
results was big and the results were considered to be outliers.
* For sample no. 9, there is no reliable result from the Comparison method due to big difference
between the duplicate results. On Afinion, the first result was an error code and can therefore, as other
error code results, still be shown in the total error diagram.
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Table 15. Patient sample results at the primary care centres included in calculations/diagram
Calculation/diagram

Number of results
included

Imprecision of the Comparison method

40 + 39

Imprecision of Afinion

32 + 33

Bias of Afinion

32 + 33
40 + 40
including 4 + 4 error code results

Total error of Afinion

4.3.3 Imprecision evaluated at the primary care centres
4.3.3.1 Imprecision with capillary patient samples at the primary care centres
The imprecision calculations for Afinion are made from results of 40 duplicate capillary
patient samples measured at each of the two primary care centres. As the two results in each
duplicate derive from two separate Analyzers and the calculated imprecision includes a
between-instruments variance component.
The results are divided into two level groups according to the duplicate means of the
Comparison method. A summary of the imprecision calculations are presented in Table 16A.

Table 16A.

Level

Imprecision of Afinion with capillary patient samples
at the primary care centres
Comparison
method
interval
(HbA1c%)

Number
of
excluded
results

n

Afinion
mean
(HbA1c%)

CV (%)*
(95% confidence
interval)

Primary Care Centre Granen:
Low

4,9 to 6,9

0

18

6,1

1,1 (0,8 to 1,7)

High

7,0 to 9,1

0

14

7,6

1,6 (1,2 to 2,6)

All

5,1 to 9,1

0

32

6,7

1,4 (1,2 to 1,9)

Primary Care Centre Södervärn:
Low

5,5 to 6,6

0

14

6,0

1,8 (1,3 to 3,0)

High

7,0 to 8,9

0

19

7,3

2,2 (1,7 to 3,3)

All

5,5 to 8,9

0

33

6,7

2,1 (1,7 to 2,8)

* In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying instruments
between the two measurements on each sample, varying lots of Test Cartridges (3 different), varying
levels and varying matrix between the different samples and varying days between measuring the
different samples.
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The calculation of imprecision from duplicates are explained in Attachment 3 “Statistical…”.
The used formula will produce correct CV values if there is no difference between the means
of 1st and the 2nd measurement. All the result groups in table 16A were tested for such
differences. Table 16B shows that the confidence intervals of the differences for five of six
result groups include ±0,0 HbA1c%. For Södervärn high the low value in the confidence
interval is +0,1 HbA1c%, which is an acceptable low value. For the total set of data the
conclusion is that there is no systematic difference between the 1st and the 2nd measurements
in the duplicates. The calculated CV values in table 16A are thus valid.

Table 16B.

Differences between the 1st and the 2nd measurements
1. – 2.
mean difference
Level
(95 % confidence interval)
(HbA1c%)

Primary Care Centre Granen:
Low

±0,0 (−0,1 to ±0,0)

High

−0,1 (−0,2 to ±0,0)

All

−0,1 (−0,1 to ±0,0)

Primary Care Centre Södervärn:
Low

±0,0 (−0,1 to +0,1)

High

+0,2 (+0,1 to +0,3)

All

+0,1 (±0,0 to +0,2)
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4.3.3.2 Imprecision of internal quality control results at the primary care centres
As mentioned in 4.3.1 internal quality control samples were measured daily at the Afinion
Analyzers during the evaluation to check the function of the systems. The internal quality
control results were also used for calculation of the between-day imprecision. See table 17.

Table 17. Between-days imprecision with internal quality control blood
at the primary care centres
B—HbA1c
assigned value
(interval)*
(HbA1c%)

Number
of
excluded
results

n

Afinion
mean
(min. to max.)
(HbA1c%)

CV**
(95% confidence
interval) (%)

Control CI

6,1 (5,5 to 6,7)

0

9

6,1 (5,9 to 6,2)

1,8 (1,2 to 3,4)

Control CII

7,9 (7,1 to 8,7)

0

9

7,8 (7,6 to 8,0)

1,8 (1,2 to 3,4)

Control CI

6,1 (5,5 to 6,7)

0

9

6,1 (5,8 to 6,2)

1,2 (0,8 to 2,2)

Control CII

7,9 (7,1 to 8,7)

0

9

7,8 (7,6 to 8,0)

0,9 (0,6 to 1,6)

Afinion
HbA1c
Control
Granen

Södervärn

* The assigned values and the acceptable intervals are set by the manufacturer.
** In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying days between
the measurements on the same sample, varying instruments (2 at each site) and varying lots of Test
Cartridges (3 different).

4.3.3.3 Assessment of the imprecision at the primary care centres
According to the SKUP quality goals for HbA1c, the imprecision of Afinion should not
exceed 4% CV. The imprecision was in this section calculated for capillary patient samples
measured at the primary care centres. The two measurements in each duplicate were
performed on two separate Afinion Analyzers and therefore the calculated imprecision also
include a between-instruments component. For all samples measured at each primary care
centre, the CV was 1,4% and 2,1% respectively. Thus Afinion fulfilled the analytical quality
goal for imprecision. Also the confidence intervals for these CV-values were inside the
quality goal. The imprecision expressed in standard deviations varies between 0,1 and 0,3
HbA1c% over the checked concentration intervals.
The between-day imprecision was calculated from measurements both on patient samples and
on the control blood recommended by the manufacturer. All of the obtained control blood
results were inside the target intervals. The imprecision for control blood results were about
the same as for patient blood results.
With capillary samples at the primary care centres Afinion fulfilled the analytical quality goal
for imprecision.
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4.3.4 Bias evaluated at the primary care centres
4.3.4.1 Bias with capillary samples at the primary care centres
Bias was calculated from the measurements of 32 + 33 capillary patient samples from adult
diabetes patients visiting the primary care centres. The mean values of the duplicate sample
results of Afinion are compared with the mean values of the duplicate results with the
Comparison Method. The results are divided into two level groups according to the duplicate
means of the Comparison method. The calculated results are shown in Table 18.

Table 18. Bias of capillary patient sample results at the primary care centres
Level
group

Comparison
Number of
method
excluded
interval
results

n

(HbA1c%)

Comparison
method
mean

Bias

Bias

(95% confidence
interval)

(95% confidence
interval)

(HbA1c%)

(HbA1c%)

(%)

Primary Care Centre Granen:
Low

4,9 to 6,9

0

18

6,2

−0,11 (−0,22 to ±0,00) −1,8 (−3,5 to ±0,0)

High

7,0 to 9,1

0

14

7,9

−0,37 (−0,60 to −0,15) −4,7 (−7,6 to −1,9)

All

4,9 to 9,1

0

32

7,0

−0,23 (−0,34 to −0,11) −3,3 (−4,9 to −1,6)

Primary Care Centre Södervärn:
Low

5,5 to 6,9

0

14

6,0

−0,05 (−0,10 to +0,01) −0,8 (−1,7 to +0,2)

High

7,0 to 8,9

0

19

7,7

−0,40 (−0,51 to −0,29) −5,2 (−6,6 to −3,8)

All

5,5 to 8,9

0

33

7,0

−0,25 (−0,34 to −0,16) −3,6 (−4,9 to −2,3)

It should be noted that at the same time as the bias above was observed, the human control
blood provided by Axis-Shield AS as internal quality control materials showed almost no bias
compared to the assigned values. See table 17.
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4.3.4.2 Assessment of the bias at the primary care centres
According to the SKUP quality goals for HbA1c, the bias of Afinion should not exceed
±4,0%. The bias was in this section calculated fresh capillary patient samples measured in the
two primary care centres. According to the literature, capillary samples are as good as venous
samples for HbA1c.
• The bias for all capillary sample results together was estimated to approximately
−3,5%, but the uncertainty in the estimation includes the possibility that the negative
bias was not more than −1,6% as that was the high limit of the confidence interval.
When the results were divided into two separate level groups the assessment could be
expressed like this:
• The bias for the low level was estimated to approximately −1,3%, but the uncertainty
in the estimation includes the possibility that there was no bias as the confidence
intervals overlapped ±0,0%. SKUP’s quality goal was fulfilled as the confidence
interval was all inside the quality limits.
• The bias for the high level was estimated to approximately −5%, but the uncertainty in
the estimation includes the possibility that the bias was as low as −1,9% as that was
the high limit of the confidence interval. It was uncertain whether SKUP’s quality goal
was fulfilled as the confidence interval was both inside and outside the quality limits.
For all capillary sample results together the Afinion bias was estimated to approximately
−3,5%. At the low level the SKUP quality goal was fulfilled.

…………………………….
SKUP/2008/65

37 of 50

Afinion HbA1c

Results and discussion

4.3.5 Total error evaluated at the primary care centres
4.3.5.1 Total error with capillary samples at the primary care centres
The agreement between Afinion results of capillary samples measured at the primary care
centres and the Comparison Method results is illustrated in a difference diagram, Figure 4.
In the diagram the x-axis represents the mean value of the duplicate results at the Comparison
Method. The y-axis shows the deviation of the first measurement of Afinion from the mean
value of the duplicate results of the Comparison Method. The difference diagram gives a
picture of both random and systematic deviations and reflects the total error of Afinion.
The tolerance limits in the diagram are according to the SKUP quality goals specified in
section 2.2.
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Figure 4.
Difference diagram, capillary samples in primary care
The deviations of the Afinion results from the Comparison Method results are shown for 80 capillary
patient samples. Stippled lines represent the tolerance limits ±10%.
The squares are results with Afinion Test Cartridges with lot number 10128762, the rings are results
with lot number 10128335 and the triangles are results with lot number 10127761.
The symbols with red colour derive from Primary Care Centre Granen and those with blue colour
derive from Primary Care Centre Södervärn.
Eight results which were error codes on Afinion are shown below −2,0 in the diagram.
In addition to the error code results there were five results outside the tolerance limits, all of them
below the low limit.

4.3.5.2 Assessment of the total error at the primary care centres
According to the SKUP quality goals for HbA1c, 95% of the B—HbA1c results of Afinion
should not deviate more than ±10% from the Comparison Method result. There were eight
error code results. 72 results remain for assessing of total error. There were five results
outside the tolerance limits, all of them below the low limit. The Afinion results with capillary
samples measured at the primary care centres thus did not fulfil the quality goal as only 67 out
of 72 results, that is 93%, were inside the limits.
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User-friendliness evaluated at all evaluation sites

4.4.1 Questionnaire to the evaluators
At the end of the first evaluation period, each user filled in a questionnaire about the userfriendliness of the Afinion. The questionnaire and expressed opinions are presented in
Tables 19 to 22. The first column explains the evaluated properties. The second column
shows the expressed opinions by each user in the order UMAS, Granen, and Södervärn.
The third to fifth column show the rating option the evaluators had. The cells that show the
overall ratings from all three evaluating sites are marked by thicker frames and bold text.
The last row in each table summarises the ratings in that table.
The total rating of each row is not determined by the arithmetic mean of the individual ratings
in the row. In the same way, the total rating of each table is not determined by the arithmetic
mean of the individual ratings on the rows above. The total ratings are more an overall
assessment of the property described on the row or in the headline of the table. Thus could a
single bad rating justify an overall bad rating if that property seriously influences on the userfriendliness of the system.
At the end of the second evaluation period, each user was asked again if their opinion from
the first evaluation had changed. Just a few changes concerning decreased frequency of error
codes were then noted.
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Table 19. Assessment of the information in the manual / insert
Overall rating
Information in manual / insert about:

Ratings
0 point

1 point

2 points

Table of content

2, 2, –

Unsatisfactory

Less
satisfactory

Satisfactory

Preparations /
pre-analytical procedures

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Specimen collection

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Measurement / reading

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Measurement principle

2, 2, –

Unsatisfactory

Less
satisfactory

Satisfactory

Sources of error

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Fault-tracing / troubleshooting

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Index

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Readability / clarity of presentation

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Available in Danish, Norwegian, Swedish

2, 2, 2

No

In part

Yes

Others comments about information in the
manual / insert (please specify)

–, 2, –

Unsatisfactory

Less
satisfactory

Satisfactory

Rating for information in manual / insert

Satisfactory

The evaluators made no additional comments concerning the information in the manual /
insert.
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Table 20. Assessment of the time factors
Overall rating
Time factors

Ratings
0 point

1 point

2 points

Preparations /
pre-analytical time

2, 2, 2

>10 min

6 to 10 min

<6 min

Analytical time

2, 2, 2

>20 min

10 to 20 min

<10 min

Others comments about
time factors (please
specify)

–, 2, –

Unsatisfactory

Less
satisfactory

Satisfactory

Rating for time factors

Satisfactory

The evaluators made no additional comments concerning the time factors.
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Table 21. Assessment of the quality control possibilities
Quality Control,
possibilities to perform:

Overall rating
Ratings
0 point

Internal quality control

0, 2, 0

External quality control

–, –, –

Stability of the quality
control materials, unopened
Stability of the quality
control materials, opened
Storage conditions for
quality control materials
Others comments about
quality control (please
specify).
Rating for quality control

Unsatisfactory
Unsatisfactory

2, 2, 2

<3 months

2, 2, 2

<1 day

1 point

Less
Satisfactory
satisfactory
Less
Satisfactory
satisfactory
3 to 5
>5 months
months
<1 week

>1 week

–20 °C

+2 to +30 °C

Unsatisfactory

Less
satisfactory

Satisfactory

Unsatisfactory

Less
satisfactory

Satisfactory

2, 2, 2
–, –, –

2 points

Comments:
Postive:

–

Negative:

UMAS: It was very difficult to mix the blood in the quality control bottles.
The blood is too viscous to be practical. Vigorous shaking was needed also
when they have reached room temperature.
Granen: The quality control check in the morning takes too long time.
It takes a long time to warm the controls to room temperature.
It was necessary to shake the quality control bottles for a long time.
Södervärn: Vigorous shaking was needed to mix the quality control blood.
It was difficult to pipette sample from the quality control bottles because the
blood is very viscous.

SKUP comment:
The evaluators at the evaluation sites had no opinion about “possibilities to perform external
quality control”. Based on experiences from EQUALIS external quality assurance
programme SKUP has chosen to give the rating 2 points.
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Table 22. Assessment of the operation facility
Overall rating
Operation facility
Content of the test kit.
Complete?
Preparations /
pre-analytical procedures

Rating
2, 1, 2
2, 2, 2

Application of specimen

2, 2, 2

Specimen volume

2, 2, 2

Number of
procedure steps
Instrument and
test cartridges

2, 2, 2
2, 2, 2

Reading

2, 2, 2

Sources of error

0, 2, 2

Cleaning/maintenance

–, 2, –

Hygiene, when using the test

–, 2, –

Stability of test cartridges,
unopened
Storage conditions for test
cartridges, unopened
Environmental aspects: waste
handling

2, 2, 2

0 point

1 point

Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory
Unsatisfactory

Less
satisfactory
Less
satisfactory
Less
satisfactory
Less
satisfactory
Less
satisfactory
Less
satisfactory
Less
satisfactory
Less
satisfactory
Less
satisfactory
Less
satisfactory
3 to 5
months

<3 months

2, 2, 2

–20 °C

2, 2, 2

Sorted
waste

2 points
Satisfactory
Satisfactory*
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
Satisfactory
>5 months*
+2 to +30 °C*

Infectious
waste or none
Laboratory
Biomedical
experience or
scientist
none

Educational requirements

2, 2, –

Required training time

2, 2, 2

Days

>2 hours

<2 hours

Size and weight of packages

2, 2, 2

Unsatisfactory

Less
satisfactory

Satisfactory

Others comments about
operation:
Frequent error codes.

–, –, –

Unsatisfactory

Less
satisfactory

Satisfactory

Rating for operation facility

Satisfactory
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Comments:
Postive:

UMAS: Easy to handle, silent instrument.
The test cartridges have good stability in room temperature.
Granen: Good and easy to handle, silent instrument.
The test cartridges have good stability in room temperature.
UMAS and Södervärn after the second evaluation:
The error code frequency has decreased.

Negative:

UMAS and Södervärn after the first evaluation: Frequent error codes.
Granen: The sampling device with the capillary is a part of each Test Cartridge.
If the sampling capillary is broken the Test Cartridge is unusable. We want
separate sampling devices packed one by one.
Granen after the second evaluation: Frequent error codes.

SKUP comments:
With the negative comment about the frequent error codes in mind, the UMAS evaluator gave
0 point for “Sources of error”.
Granen and Södervärn both gave 2 points for “Sources of error” probably because it is not
obvious that frequent error codes should be rated on this line.
All three evaluation sites commented on the frequent error codes. Due to insufficient
instructions to the evaluators, these comments were not assessed in points and are therefore
not shown in the table, but just in the text.
* The test cartridges are stable 15 months when stored in refrigerator and three months
when stored in room temperature. The test cartridges have to reach room temperature before
use. Therefore it is practical to take them out of the refrigerator a day before they are
expected to be used. According to the package insert, it is sufficient with 15 minutes in room
temperature before use.

4.4.1.1 Assessment of the user-friendliness
For all the items in the questionnaire, except one, Afinion got the best assessment
“Satisfactory”. For one item about the internal quality control possibilities Afinion got the
assessment “Less satisfactory”: The internal quality control materials were very viscous.
It took time and care to warm, mix and pipette them.
The overall opinion was that the evaluators liked the system and thought it was easy to
handle. However, all evaluation sites had negative comments concerning the high frequency
error codes. See section 4.4.2 for more information about the error codes.
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4.4.2 Error codes instead of HbA1c results
4.4.2.1 Error code frequency
The Afinion system has an elaborate system to warn the operator if the measurement is not
reliable. In such cases the Afinion Analyzers show an error code instead of the HbA1c
concentration. Table 23 shows the frequency of error codes at the Analyzers used at the
different evaluation sites. The frequency of error codes is calculated by dividing the number
of error codes among the first measurements at the same Analyzer with the total number of
measured samples.

Table 23. Frequency of error codes for patient and quality control samples at each evaluation
site and at each Analyzer

Evaluation site

Hospital laboratory, UMAS
Primary Care Centre Granen
Primary Care Centre Södervärn

Analyzer
serial number
AS0001333
AS0001332
Mean at the site
AS0001223
AS0001327
Mean at the site
AS0001066
AS0001173
Mean at the site

Frequency of error codes
Quality control
Patient samples
samples
4 of 100 = 4%
3 of 40 = 8%
7 of 100 = 7%
0 of 40 = 0%
11 of 200 = 6%
3 of 80 = 4%
3 of 40 = 8%
1 of 20 = 5%
5 of 40 = 13%
2 of 20 = 10%
8 of 80 = 10%
3 of 40 = 8%
4 of 40 = 10%
1 of 22 = 5%
4 of 40 = 10%
3 of 22 = 14%
8 of 80 = 10%
4 of 44 = 9%

Mean for all sites 27 of 360 = 8% 10 of 164 = 6%
The frequencies of error codes for patient samples are calculated only on the first measurements on
each sample at each Analyzer. For quality control samples all measurements are included in the
calculation.

4.4.2.2 The error codes explained
Table 24 lists all error codes, including codes from repeated measurements, shown by all
Analyzers at the evaluations sites. When an error code was shown, one more measurement
was performed on the same sample at the same Analyzer (maximum two measurements).
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Table 24. Error codes during the evaluation

1

AS
0001333
UMAS

Instr.

2

1

AS
0001332
UMAS

Instr.

0

0

0

AS
0001223
Granen

Instr.

1

0

0

0

AS
0001327
Granen

Instr.

2

0

0

1

AS
0001066
Söderv.

Instr.

1

1

0

0

AS
0001173
Söderv.

Instr.

8

1

4

3

All
instr.

False alarms?

A user fault?

Number of error code results

Haemoglobin over 200 g/L
2

0

1

Explanation
of the error code according to
the manual

104
HbA1c over 15,0 HbA1c%.

0

1

Error
code

106
Not enough sample:
- The capillary is empty
- There is an air bubble in the
capillary
- The capillary is not
completely filled
2

Results and discussion

Likely cause*

2

0

0

3

0

1

0

0

0

0

3

1

0

4

0

2

0

1

0

0

1

0

0

3

1

1

0

4

11

3

8

1

False alarms?

Misprinted bar codes?

Damage during transport or handling?

False alarms?

1

2

46 of 50

1

User faults?:
Too much sample on the outside of the
capillary in the sampling device?
Probably a correct code: The result with
the Comparison Method was 14,52
HbA1c%.

201

Coagulated sample

Erroneous Test Cartridge or
Analyzer

The Test Cartridge is used before

The capillary is broken or
damaged
The Test Cartridge bar code is
not readable (dirty or damaged)

204
205
206
208
213
215

* ”Likely cause” according to Axis-Shield.
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4.4.2.3 Assessment of the error code systems
A good system which warns the operator of errors for example error in handling of the
sample, error handling of the instrument or error in the measurement in the instrument, could
be a valuable feature of a safe measurement system.
During the evaluation it never happened that Afinion missed to show an error code when it
should have be shown.
The error code frequency was 8%. The probable explanation was that the detection systems
causing the error codes were too sensitive. Of totally 41 error codes, 18 were shown in pairs,
that is, the same error code was shown on both Analyzers in these duplicates. This does not
show that they were correct. This evaluation did not investigate how many of the error codes
that were false alarms.
Regardless of cause, the frequency of error codes was assessed as too high.
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The first evaluation

A first SKUP evaluation of Afinion HbA1c was carried out during October and November
2006. All the results from the first evaluation are shown in Attachment 4 “The first SKUP
evaluation…” and are not published elsewhere. Most of the results in the first and the second
evaluation agree very well. In this section only the results in the first evaluation that deviates
from the second evaluation results are commented.

5.1.1 Analytical quality
5.1.1.1 Bias at the primary care centres
According to the SKUP quality goals for HbA1c, the bias of Afinion should not exceed
±4,0%.
In the first evaluation the bias for all capillary sample results together was estimated to less
than ±1%. In the second evaluation the bias for all capillary sample results together was
estimated to approximately −3,5%, but the uncertainty in the estimation includes the
possibility that the negative bias was not more than −1,6% as that was the high limit of the
confidence interval.
Why the first and this second evaluation gave different bias with capillary samples at the
primary care centres has not been explained. The two evaluations were performed exactly in
the same way, at the same evaluation sites, according to the same protocol and with no
changes on the Comparison Method. The changes between the evaluations were:
Other Analyzers with new software and other Test Cartridges with other lot numbers.
According to Axis-Shield these changes can not explain the different results.
5.1.1.2 Total error at the primary care centres
According to the SKUP quality goals for HbA1c, 95% of the B—HbA1c results of Afinion
should not deviate more than ±10% from the Comparison Method result.
In the first evaluation the Afinion results with capillary samples measured at the primary care
centres fulfilled the quality goal for total error. In the second evaluation, the Afinion results
measured at the primary care centres did not fulfil the quality goal as only 67 out of 72 results,
that is 93%, were inside the limits.
The difference in total error between the first and this second evaluation is explained by the
different bias in the two evaluations.

5.1.2 User-friendliness evaluated at all evaluation sites
5.1.2.1 Questionnaire to the evaluators
At the end of the first evaluation period, each user filled in a questionnaire about the userfriendliness of the Afinion. At the end of the second evaluation period, each user was asked
again if their opinion from the first evaluation had changed. Just a few changes concerning
decreased frequency of error codes were then noted.
5.1.2.2 Error codes instead of HbA1c results
When an error code was shown in the second evaluation, one more measurement was
performed on the same sample at the same Analyzer (maximum two measurements).
When comparing with the first evaluation it must be remembered that in the first evaluation
maximum three measurements were performed on the same sample at the same Analyzer.
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The function of the error detection systems was improved between the first and the second
evaluation. With patient samples the mean error frequency was 12% in the first evaluation and
8% in the second evaluation.
In the second evaluation the error code 304 disappeared completely as well as the error
message (Attachment 4 “The first SKUP evaluation…”, last row in table 20). Error code 104
almost disappeared and the frequency of error code 204 decreased. On the other hand,
the frequencies of error codes 206 and 213 increased in the second evaluation.

5.1.3 Conclusion from the first evaluation
Considering the preliminary results of the first evaluation, Axis-Shield wanted a second
evaluation because a major upgrade had been done in the software of the Afinion system.
The results from the two evaluations are very similar. Where there are differences, the most
recent, the second evaluation should be trusted.
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Standardisation of HbA1c
The long-term vision for the international standardisation of HbA1c measurements is that all
measurement methods produce results that concord as far as possible with the results of the
IFCC reference method. The development has not reached that far yet. The focus so far has
been to harmonise the different commercial standardisations within each of the standardisation programmes and to describe the relation between the different standardisations.

1

International standardisation of HbA1c

“The IFCC Working Group on HbA1c Standardization” has described different types of
HbA1c methods in a metrological hierarchy with three levels [1]:
1 The IFCC reference methods
2 Designated Comparison Methods (DCMs)
3 Commercial methods
The DCMs have been used to harmonise the measurement result levels of commercial
methods within national standardisation programmes. There are at least three internationally
recognised standardisation programmes in the world, each connected to a DCM.
A The DCCT/NGSP standardisation in the USA
B The Mono S standardisation in Sweden
C The JDS/JSCC standardisation in Japan
The NGSP standardisation is used in most of the European countries, including Denmark and
Norway. The DCM in this programme is a cation exchange chromatography method using
BioRex 70 as column resin.
The Mono S standardisation is used solely in Sweden but has been very successful in
harmonising the laboratory results on the national level. The DCM in this programme is an
ion exchange chromatography method using Mono S as column resin.
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2

Conversion of results standardised differently

2.1

Calculation of regression equations

“The IFCC Working Group on HbA1c Standardization” has organised a network of
international reference laboratories, ”IFCC Reference System for Measurement of
Haemoglobin A1c in Human Blood”, which compares HbA1c results from five samples twice
a year. The purpose is to establish the relations between the IFCC reference method and the
three DCMs. The Department of Clinical Chemistry at the University Hospital MAS in
Malmö (UMAS) runs the Swedish DCM. The relations between the three DCMs are by the
Working Group described mathematically by regression equations calculated on data from
May 2001 until May 2003. The data is produced in the international surveys, in which 20 out
of 25 samples were kept cooled when distributed to the participating laboratories [1]. Five
samples were kept frozen when distributed.
The IFCC equations (master equations) are presented in the left column in Table 1.
Each equation has been assigned a systematic notation that is the letter I and a two-digit
number, as described in Figure 1. Equations I12 and I13 are published by the IFCC Working
Group and the other equations in the left column have been derived from them.
Equalis in Sweden has independently calculated regression equations based on the results in
the IFCC network surveys that were performed from May 2003 until October 2004.
The regression equations calculated by Equalis the year 2005 are presented in the centre
column of Table 1. In the table each Equalis equation has been assigned the same number as
the corresponding IFCC equation, but with a letter E in front of the digits. The Equations E12
and E13 are calculated from the measurement results in the IFCC network surveys. The other
equations in the centre column have been derived from E12 and E13.
The Equalis equations differ slightly from the IFCC master equations. There are several
possible reasons for the discrepancies. The Equalis equations are calculated on more recent
data sets. The Swedish DCM might have changed a little during the passed years. The routine
for distribution of the samples within the IFCC Network has also changed; the data in the
calculation of the Equalis equation derive only from samples that have been distributed
frozen.
The Equalis regression equations are calculated according to Deming [2, 3], taking into
account the uncertainty for each series of measurements. In lack of direct estimates of
uncertainties, the relative magnitudes have been assumed to be 1:2:4 for results from the
IFCC reference method, the NGSP DCM and the Swedish DCM method respectively.
The fact that Equalis used regression calculation according to Deming has afterwards turned
out to be of less importance. With the same data ordinary linear regression gives an equation
that is very close to that recommended by Equalis 2005. Ordinary linear regression with the
IFCC target values on the X-axis gives essentially identical equation:
Mono S = 0,956 x IFCC + 1,016.
As can be seen in chapter 2.2 Equalis has verified that Equalis equation gives slightly better
agreement between converted Mono S results and IFCC Reference Method results than the
IFCC equation. So Equalis still recommend the equations from 2005.
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When planning the evaluation Afinion, Axis-Shield accepted the Equalis equation for the
relation between the IFCC reference method and the Mono S method (E13) but for the
relation between the IFCC reference method and the NGSP standardisation Axis-Shield
prefers to use the equation published by IFCC: I12. Equalis accepted Axis-Shield’s
standpoint and have in the Afinion report used an equation of mixed origin for the conversion
of the comparison method Mono S results to NGSP standardised results, equation M32 in
Table 1. The right column in Table 1 also contains the other equations, which can be derived
from this combination of IFCC and Equalis equations.
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Figure 1.

(equation number and equation)

According to Equalis recommendation 2005 Mixed IFCC/ Equalis equations 2007

NGSP

E13

I12

Mono S = 0,957 x IFCC + 1,016

NGSP
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According to IFCC 2004

(equation number and equation)

From IFCC:

Regression equations describing the relations between different HbA1c standardisations

(equation number and equation)

From IFCC:

Table 1.

From IFCC:

E12

Mono S = 0,957 x IFCC + 1,016

= 0,9148 x IFCC + 2,153

I12 NGSP

E13

From NGSP:

= 0,892 x IFCC + 2,289

I13 Mono S = 0,9890 x IFCC + 0,884

From NGSP:

= 0,9148 x IFCC + 2,153

From NGSP:

= 1,093 x NGSP – 2,354

I21

IFCC

IFCC

M23 Mono S = 1,046 x NGSP – 1,236

= 1,121 x NGSP – 2,566

E21

Mono S = 1,073 x NGSP – 1,440

= 1,093 x NGSP – 2,354

I21 IFCC

E23

= 1,045 x Mono S – 1,062

I23 Mono S = 1,081 x NGSP – 1,444

E31

= 0,956 x Mono S + 1,182

From Mono S:
= 1,045 x Mono S – 1,062

M32 NGSP

From Mono S:
IFCC

= 0,932 x Mono S + 1,342

From Mono S:
= 1,011 x Mono S – 0,894

NGSP

IFCC

I31 IFCC

= 0,925 x Mono S + 1,335 E32

E31

I32 NGSP

…………………………….
SKUP/2008/65

Afinion HbA1c. Attachment 1.

2.2

Conversion of results standardised differently

Verification of the regression equations

Equalis has made follow-up check of the regression equations in table 1. Then only data from
samples measured in the IFCC Network of Reference laboratories after that both equations
were settled were used. Figure 2 show the result of this check with data from samples
measured in the Network during 2005 and 2006.
Figure 2 shows that when Mono S results are converted with the IFCC 2004 equation or with
the Equalis 2005 equation they show only small deviations from the IFCC Reference method
results. The Equalis 2005 equation gives smaller deviations than the IFCC 2004 equation.
So the Equalis 2005 equation is verified and is still recommended by Equalis.
Figure 2. Verification of the equations for conversion of Mono S results
to IFCC-standardised values.
0,3
EQUALIS 2005 equation
Deviation of converted Mono S
( IFCC-standardised HbA1c %)

IFCC 2004 equation
0,2

0,1

0,0

-0,1

-0,2

-0,3
0,0

2,0

4,0

6,0

8,0

10,0

12,0

14,0

B--HbA1c, IFCC Reference Method (IFCC-standardised HbA1c %)
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HbA1c standardisations in Sweden

When the international system for standardisation of HbA1c is applied in Sweden the
metrological hierarchy of methods has been supplemented with one level. The Swedish DCM
is set up only in one laboratory, but there are five Expert Laboratories that use the same
method. These laboratories form one level in the chain of standardisations. The survey of the
whole system in Sweden is presented in Figure 3. The relations between the different methods
have to be determined step by step from the IFCC Reference Method on the top down to a
routine method at the bottom.

3.1

Description of the Swedish national method hierarchy

3.1.1 The Swedish DCM
The Swedish DCM for B—HbA1c is set up in the Department of Clinical Chemistry at the
University Hospital MAS in Malmö (UMAS). The DCM is an accredited High Performance
Liquid Chromatography (HPLC) method called the Mono S method. The column described in
the original reference [4] is nowadays replaced by the column “Mono S 5/50 GL (Tricorn)”
with article code 17-5168-01. It is supplied by GE Healthcare Europe GmbH Tyskland, Filial
Sverige, Box 605, SE-751 25 Uppsala, Sweden. The supplier was previously called
Amersham Biosciences and before that Pharmacia.

3.1.2 The method in the five Swedish Expert Laboratories
The five Swedish Expert Laboratories use exactly the same Mono S HPLC method as is used
in the Swedish DCM. See description above. One of the five laboratories is in fact the
Swedish DCM. The measurement values from these laboratories are reported exactly as they
are and are never adjusted with calibrators, correction factors or correction intercepts.
When Equalis prepare calibrators for the routine methods the five Swedish Expert
Laboratories assign the values.

3.1.3 The routine methods
In May 2007 the following routine methods were used in Sweden. Numbers of users are also
given. Numbers of users in May 2006 are shown within brackets.
•

HPLC, Mono S, 10 (12) hospital laboratories

•

HPLC, Bio-Rad, 17(17) hospital laboratories

•

HPLC, Tosoh BioScience, 10 (10)hospital laboratories

•

Immunological method, Roche Tinaquant/Unimate, 11 (13) hospital laboratories

•

Immunological method, Bayer DCA 2000, 369 (340) users almost all
in the primary care

•

Immunological method, Medinor Afinion, 18 (8) users in the primary care

•

Immunological method, Medinor NycoCard, 0 (8) users in the primary care
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3.1.4 Relation between the methods in the national method hierarchy
Figure 3 shows a survey of the relations between the different methods in the hierarchy.
The first relation between the IFCC Reference Method and the Swedish DCM is determined
both by IFCC and Equalis with only minor differences between Equation I13 and Equation
E13.
The second relation between the Swedish DCM and the method of the five Expert
Laboratories is regularly checked by Equalis.
The third relation between the method of the five Expert Laboratories and a routine method is
checked by Equalis on request, from suppliers of instruments and from single laboratories.
The first two relations are used for description of how the results in different standardisation
programmes are related and for determination of conversion equations. The third relation is
used for determination of the calibration equation, and should be used as soon as possible to
correct the routine method.
Figure 3. Standardisation of a routine HbA1c method in Sweden.

The IFCC Reference Methods
Determination of the relation between
the IFCC Reference Methods and the
Swedish DCM.
Used samples: Samples in the IFCC
Network of Reference Laboratories
Result: Equation 31 and E31
The Swedish DCM
Determination of the relation between the
Swedish DCM and the method of the five
Expert Laboratories.
Used samples: Pooled samples from
Equalis
Result: No significant difference
The method of the five Expert Laboratories
Determination of the relation between the
method of the five Expert Laboratories and
a routine method.
Used samples: Equalis calibrators
Result: Instrument-specific calibration
equation
A Routine Method
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The Comparison Method = the Swedish DCM

The Comparison Method
The standard protocol for evaluations organised by SKUP includes a comparison of the results
of the evaluated measurement system with the results from a well established hospital
method. The hospital method used in this evaluation of Afinion is the same method as the
Swedish “Designated Comparison Method” (DCM) described in Attachment 1. It is below
called “the Swedish DCM”.

1

The Comparison Method = the Swedish DCM

1.1

Product details

As internal quality control the Bio-Rad Lyphochek Diabetes Control, Bilevel, catalogue
number 740, was used. These are human whole blood-based products at two levels (Level 1
(low), lot no: 33 691, Level 2 (high), lot no: 33 692). The UMAS laboratory buys big
quantities of these materials, so the same lots can be used for about three years.

1.2

Method manual

Selected parts of the method manual, Document name: Ery—HbA1c Reference method,
version 1.18, 2007-01-16, in the UMAS laboratory are reproduced below. Some comments in
italics have been entered by SKUP.

1.2.1 Measurement principle
Glycated haemoglobin, HbA1c, is separated from other haemoglobins with a cation exchanger
(Mono S™ 5/50, GE Health Care, No 175168-01) at pH 5,7 and gradient elution.
The absorbance is measured at 415 nm. Initially haemoglobin is incubated in a citrate
phosphate buffer, pH 5,40 during 30 minutes at 37 °C to eliminate pre-HbA1c.

1.2.2 References
1.

Jeppsson J-O, Jerntorp P, Sundkvist G, Englund H, Nylund V. Measurement of
Hemoglobin A1c by a New Liquid-Chromatographic Assay: Methodology,
Clinical Utility and Relation to Glucose Tolerance Evaluated.
Clin. Chem. 1986; Vol 32:1867-72.

2.

Eckerbom S, Bergqvist Y, Jeppsson J-O. Improved method for analysis of glycated
haemoglobin by ion exchange chromatography. Ann Clin Biochem 1994; 31: 355-360.

3.

Tahara Y, Shima K. Kineties of HbA1c, glycated albumin and fructosamin and analysis of
their weight functions against preceding plasma glucose level.
Diabetes Care 1995;18:440-447.

4.

The Diabetes Control and Complications Trial Research Group.
New Engl J Med 1993;319:977-986.

5.

Bäck, S-E et al. Towards Common Reference Intervals in Clinical Chemistry,
Clin.Chem.Lab.Med. 1999; 37( 5 ) 573-92.

…………………………….
SKUP/2008/65

3 of 16

Afinion HbA1c. Attachment 2.

The Comparison Method = the Swedish DCM

1.2.3 Apparatus and accessories
1.

Column: Mono S™ 5/50 (Tricorn), Item No 175168-01, GE Healthcare, Filial Sverige,
Box 605, SE-751 25 Uppsala, Sweden. This column, used today, is very similar to the
column described in reference 2. The supplier has been the same since the publication,
but the name has changed first from Pharmacia to Amersham Biosciences and then to GE
Healthcare.

2.

Pre-column: P-L SAX anion exchanger 5 mm x 3 mm, ID No 1651-0102, Scantec Lab
AB, Box 238, 433 24 Partille, Sweden.

3.

Filter Peek encased Titanium Frit 0,5 μ, peek in line.

4.

Pump: Shimadzu LC 10AD VP, FCV-10ALVP with degassing unit DGU 14A and
control unit SCL 10AP VP.

5.

Detector: Shimadzu SPD-10AV VP.

6.

Auto injector: Shimadzu SIL HT.

7.

PC with Windows-95. Software: Class–VP 5.02.

8.

Microtiter plate for 96 samples.

9.

Incubation oven, 37 °C, Heraeus.

1.2.4 Sample collection and sample handling
5 mL EDTA tube. Minimum allowable volume, 100 µL EDTA blood.
The samples are stable one week in refrigerator.

1.2.5 Reagents
1.

Lithium hydroxide 3 mol/L

2.

Citrate 0,02 mol/L-phosphate 0,055 mol/L buffer with Triton 0,1 % (weight/volume),
pH 5,40.

3.

Stock solution, malonate buffer 1 mol/L, pH 5,00 with sodium azide 1 %
(weight/volume)

4.

Gradient buffer A, malonate buffer 0,02 mol/L, pH 5,70 with sodium azide 0,02 %
(weight/volume)

5.

Gradient buffer B, malonate buffer 0,02 mol/L, lithium chloride 0,30 mol/L, pH 5,70 with
sodium azide 0,02 % (weight/volume)

6.

2 % Nitric acid
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1.2.6 Instructions to perform the test
1.2.6.1 General
Gradient buffer A and B shall have room temperature and shall be filtered with 0,45 µm filter
before use.
1.2.6.2 Preparation of haemolysates
14 µL well mixed sample is diluted with 0,7 mL citrate-phosphate buffer pH 5,40 (reagent 2).
The tubes are incubated 30 minutes at 37 °C and are then centrifuged at 3000 rpm in
15 minutes.
The colours of the haemolysates are checked visually. Haemoglobin concentration should be
between 1 and 4 g/L. Too high concentration is adjusted by adding Millipore water drop by
drop. Too low concentration is adjusted by making a new haemolysate with increased sample
volume.
The haemolysates are transferred to a microtiter plate and the samples are now ready for
analysis; 10μL is injected to the column.

1.2.7 Calibration
The Mono S method is not calibrated, but the dividend in the calculation is adjusted to keep
the internal quality control results at the same level. The dividend is changed only when
changing to a new column. All measurement results are divided with the dividend.
Only values between 0,98 and 1,02 are accepted and a new value is set only by certain
responsible persons. The dividend was been kept to 1,02 throughout the evaluation period.
The mean of the dividend calculated over a long term has been approximately 1,00.
Even small deviations from the described method may have influence on the level of the
results. E.g. the integration settings are important; valley-to-valley integration should be
used.

1.2.8 Quality control procedures
1.2.8.1 External quality control
Samples in the IFCC Monitoring Programme are measured according to the enclosed scheme,
after dilution according to the enclosed instructions. The tubes are incubated 30 minutes at 37
°C. Triple determinations. Report the IFCC-value on Internet. Use equation E31for
recalculation to IFCC-value:
HbA1c (IFCC standardised) = 1,045 x HbA1c (Mono S standardised) – 1,062.

Control samples from EQUALIS are analysed ten times a year. The material consists of whole
blood. Report the result from a single determination with two decimals.
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1.2.8.2 Internal quality control
Bio-Rad Lyphocheck Diabetes Control. Bio-Rad 1 (low level) and Bio-Rad 2 (high level).
Every day, one batch of specimens is started. In each batch the controls are run thus: First in
the batch, two low and one high, then a low every 20th specimen and finally two low and one
high.
Batches of analysed patient samples are approved if internal controls fall within ±2 SD.
Batches may also be approved if internal controls fall outside ±2 SD, and within ±3 SD, but
than a notice has to be done..
Batches are only as an exception approved if any of the internal controls fall outside ±3 SD.
Such a decision may only be taken by the doctor in charge signing it off.

1.2.9 Interferences and sources of error
In single cases of genetic variants of haemoglobin, carbamylated haemoglobin (uremic
patients) or acetylated haemoglobin the interpretation of the chromatogram is sometimes
difficult. Written routines for further examinations of these samples are followed.

1.2.10 Measuring range
2,0 to 20,0 HbA1c% (Mono S standardised)

1.2.11 Reporting
The results are reported in %HbA1c and are given with one decimal.

1.2.12 Reference interval
The reference values (Mono S standardised) are taken from Bäck et al. ref. 5. They constitute
mean ±2 SD for 200 subjective non-diabetics, 17 – 83 years of age, both men and women.
<50 years of age: 3,6 to 5,0 HbA1c %
≥50 years of age: 4,0 to 5,4 HbA1c %

1.2.13 Validation
Between-day imprecision, 2002-09-16 to 2002-10-15.
Internal control Internal control
Low level
High level
88

48

4,34

8,65

SD (HbA1c %)

0,058

0,062

CV (%)

1,342

0,719

N
Mean (HbA1c %)
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Within-day imprecision, 2002-08-01
Internal control Internal control
Low level
High level
20

20

Mean (HbA1c %)

4,263

9,647

SD (HbA1c %)

0,032

0,095

CV (%)

0,754

0,989

N

1.2.13.1 Author of the method manual:
May-Lill Svensson
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Verification of HbA1c standardisations in Sweden

In a SKUP evaluation it must be verified that the standardisation of the evaluated test is
correct. The verification should cover the whole traceability chain and is done stepwise,
from the top with the IFCC Reference Methods, to the SKUP-evaluated method intended for
use in primary health care. An overview of the different steps in this evaluation is shown in
Figure 1. This evaluation is simplified as the Swedish “Designated Comparison Method”
(DCM) is used as comparison method.
The verification is done in a similar manner to the standardisation. Compare Figure 1 in
this attachment with Figure 2 in Attachment 1. Even if the links in the verification and
the standardisation are similar, they are performed with separate samples. It is possible
to compare the results of a method with the results from another method higher up in the
hierarchy of methods by using the recalculation equations, which are produced in the
standardisation programme.
The following parts of this attachment are thus presented in this order:
• Imprecision of the Swedish DCM (= the Comparison Method)
• The first link in the verification chain, shown at the top of Figure 2:
Verification of the Swedish DCM (= the Comparison Method)
in relation to the IFCC Reference Method,
• The second link in the verification chain, shown to the left at the bottom of Figure 2:
Verification of the Swedish DCM in relation to the methods in the five Swedish
Expert Laboratories.
The third link in the verification chain, shown to the right at the bottom of Figure 2,
is presented in the SKUP report of Afinion.
One may think that the second link is not necessary verify as it is below the Swedish DCM in
the traceability chain. The methods in the five Expert Laboratories plays however a more
important rule than so. The results of Swedish DCM is continuously compared with the mean
results of the five Expert Laboratories and if necessary adjusted to them. In addition, in the
Swedish external quality scheme run by EQUALIS, the assigned values are set by the
methods in the five Expert Laboratories and not by the Swedish DCM.

…………………………….
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Figure 1.

Verification of HbA1c standardisations in Sweden

Stepwise verification of the standardisation
of theAfinion HbA1c in this evaluation.

The IFCC Reference Methods
Comparison
Samples: IFCC Monitoring Programme
Result: Verified stable relation shown in
this attachment.
The Comparison Method = the Swedish DCM
Comparison
Samples:
EQUALIS external
quality scheme
Result: Verified good
agreement shown in this
attachment.

Comparison
Samples:
Patient samples
Result: See the SKUP
report

The methods in the five
Expert Laboratories

The Afinion system
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3

Verification of the Swedish DCM

3.1

Imprecision of the Swedish DCM

3.1.1.1 Imprecision in the Afinion evaluations
Table 1A and 1B show the imprecision of the Swedish DCM with the venous patient samples
used in the evaluation for comparison with Afinion. From each patient one venous sample
was collected and measured in duplicate. In the evaluation at the primary care centres these
venous sample results were used for comparison with the Afinion capillary results from the
primary care centres. The imprecision of the Swedish DCM is calculated on the duplicate
results.
Table 1A. Imprecision of the Swedish DCM with venous patient samples used for comparison
with Afinion. Second evaluation.
Level

#

Comparison
Method interval
#
(HbA1c %)

Number of
excluded
results*

n

Comparison
Method mean
#
(HbA1c %)

CV (%)
(95 % confidence
interval)

5,0
7,5
11,6
7,7

0,2 (0,1 to 0,3)

0,3 (0,2 to 0,4)

Hospital laboratory at UMAS
Low

3,8 to 5,6

0

19

Medium

5,7 to 9,7

0

65

High

9,8 to 14,5

1

15

All

3,8 to 14,5

1

99

0,2 (0,2 to 0,3)
0,2 (0,1 to 0,3)
0,2 (0,2 to 0,3)

Primary Care Centre Granen
Low

4,9 to 6,9

0

22

High

7,0 to 9,1

0

18

All

4,9 to 9,1

0

40

6,2
7,9
7,0

0,3 (0,2 to 0,5)
0,3 (0,2 to 0,4)

Primary Care Centre Södervärn

#

Low

5,0 to 6,9

1

18

6,0

0,2 (0,1 to 0,3)

High

7,0 to 9,6

0

21

7,8

0,2 (0,2 to 0,3)

All

5,0 to 9,6

1

39

7,0

0,2 (0,2 to 0,3)

The calculations are made on the Mono S results recalculated to NGSP standardisation. The results
are divided into concentration subgroups according to the Mono S results to enable a comparison of
the results in Table 1A and 1B in this Attachment, Table 10A and Table 16A in the Afinion reports.
Tables 10A and 16A contain the corresponding Afinion results. Note: However, the calculated
imprecision values in Table 16A are of different kind; in Tables 1A, 1B and 10A the imprecision is
calculated from duplicate determinations on the same sample and in Table 16A it is calculated from
determinations of duplicate samples from the same finger puncture measured on two different
Afinion instruments.

* Please refer to the text in the Afinion report about applied test for exclusion of results.
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Table 1B. Imprecision of the Swedish DCM with the venous patient samples used for
comparison with Afinion. First evaluation.
Level#

Comparison
Method interval
#
(HbA1c %)

Number of
excluded
results*

n

Comparison
Method mean
#
(HbA1c %)

CV (%)
(95 % confidence
interval)

Hospital laboratory at UMAS
Low

4,7 to 5,9

0

31

4,8

0,3 (0,2 to 0,4)

Medium

6,0 to 9,9

0

55

7,5

0,2 (0,2 to 0,2)

High

10,0 to 16,8

0

14

11,9

0,2 (0,1 to 0,3)

All

4,7 to 16,8

0

100

7,3

0,2 (0,2 to 0,2)

1
1
2

21
17
38

6,2
7,9
6,9

0,2 (0,1 to 0,3)
0,2 (0,1 to 0,3)
0,2 (0,1 to 0,2)

1
0
1

28
11
39

6,0
8,6
6,7

0,1 (0,1 to 0,2)
0,2 (0,1 to 0,3)
0,2 (0,1 to 0,2)

Primary Care Centre Granen

Low
High
All

5,0 to 6,8
6,9 to 10,4
5,0 to 10,4

Primary Care Centre Södervärn

Low
High
All

4,8 to 6,8
6,9 to 10,8
4,8 to 10,8

See explanation under table 1A.

3.1.1.2 Internal quality control results
Table 2A and 2B contains the internal quality control results obtained with the Swedish DCM
during the evaluation periods. The Low control sample has been measured about three times
per day and the High about five times per day.
The results in Table 2A and 2B are standardised to Mono S level as the data and the statistics
derive from the UMAS laboratory computer system. If it had been possible to recalculate the
raw values to NGSP level the HbA1c values had been about 1 HbA1c % higher, but the SD
had not been changed. That means that the CVs had been a little lower if the values had been
presented as NGSP standardised.
Table 2A. Internal quality control results. Second evaluation 2007-04-16 – 06-08
B—HbA1c (HbA1c% Mono S standardised)

Quality
control
level

Assigned
value

Found
interval

Level 1

4,28

4,17 to 4,40

4,29

Level 2

8,61

8,43 to 8,74

8,59

n

CV %
(95 % conf. interval)

+0,01

167

0,9 (0,8 to 1,0)

−0,02

92

0,7 (0,6 to 0,8)

Found
Difference
average Found–Assigned
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Table 2B. Internal quality control results. First evaluation 2006-10-04 – 12
B—HbA1c Mono S level (HbA1c %)

Quality
control
level

Assigned
value

Found
interval

Level 1

4,28

4,20 to 4,33

4,27

Level 2

8,61

8,51 to 8,67

8,60

n

CV %
(95 % conf. interval)

−0,01

45

0,8 (0,7 to 1,0)

−0,01

22

0,5 (0,3 to 0,6)

Found
Difference
average Found–Assigned

3.1.2 Assessment of the imprecision of the Swedish DCM
The CV, calculated from the duplicate measurements on patient samples was less than 0,3 %.
The CV for the internal quality control results, was less than 1,0 %. The imprecision figures
of the Swedish DCM are considered to be low and good.
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Trueness of the Swedish DCM

3.2.1 Comparisons in the IFCC Monitoring Programme
The UMAS laboratory participates with the Swedish DCM in the international external
quality assurance programme called “IFCC Monitoring Programme”. The samples in this
programme have originally been measured by the network of international reference
laboratories participating in the ”IFCC Reference System for Measurement of Haemoglobin
A1c in Human Blood” described in chapter 2.1 in Attachment 1. Only approved reference
laboratories, using one of the IFCC Reference Methods, set the assigned values.
Other participants in this programme are the laboratories using the NGSP DCM and the
Japanese DCM, together with 15 companies which are manufacturers of HbA1c measuring
systems.
The Swedish DCM results are compared with the values assigned by IFCC reference
laboratories using the IFCC Reference Methods. Before comparison, the Mono S results
have been recalculated to IFCC standardisation with the EQUALIS Equation, E31:
HbA1c (IFCC standardised) = 1,045 x HbA1c (Mono S standardised) – 1,062.
The equation is presented in Table 1, Attachment 1.

Deviation of the Swedish DCM
from the IFCC Reference Methods (HbA1c %)

All the results from the Swedish DCM from August 2005 to August 2007 are shown in
Figure 3. The presented deviations are in IFCC standardised HbA1c%, but practically the
same as if they were expressed as NGSP standardised values.
0,3
0,2
0,1
0,0
-0,1
-0,2
-0,3

Date

Figure 3.

Deviations of the Swedish DCM results in the IFCC Monitoring Programme.
From September 2005 until and including July 2007.

3.2.1.1 Assessment of the comparisons in the IFCC Monitoring Programme
The Swedish DCM results show a stable relation to the IFCC Reference Method results in the
IFCC Monitoring Programme as shown in Figure 3. The individual results seldom deviate
more than approximately ±0.2 HbA1c % from the IFCC reference method results.
The bias for the whole shown period from September 2005 until and including July 2007 is
0,00 HbA1c.
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3.2.2 Comparisons with the five Expert Laboratories

Deviation of the Swedish DCM
from the mean of the five Expert Laboratories
(HbA1c% Mono S standardised)

All the five Swedish Expert Laboratories use the same Mono S method as the Swedish DCM
does. The Swedish external quality assurance programme for HbA1c is provided by
EQUALIS. EQUALIS distributes a sample to the participants ten times a year.
Each participant makes a single determination in each round. The assigned value for each
round is the mean of the results from the five Expert Laboratories. In Figure 4 the deviations
of the Swedish DCM in the programme are shown from January 2005 until and including
June 2007. The presented deviations in HbA1c% are Mono S standardised, but practically the
same as if they were expressed as NGSP standardised values.

0,20
0,10
0,00
-0,10
-0,20

Date (year ‐ week number)
Figure 4.

Deviations of the Swedish DCM results compared with the mean results of the
five Expert Laboratories from January 2005 until and including February 2008.

3.2.2.1 Assessment of the comparison with the five Expert Laboratories
The Swedish DCM results show a stable relation to the results with the methods in the five
Expert Laboratories in Sweden as shown in Figure 4. The individual results seldom deviate
more than approximately ±0.1 HbA1c % from the mean results from the Expert Laboratories.
The bias for the whole shown period from January 2005 until and including February 2008 is
0,00 HbA1c.
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3.2.3 Bias of the internal quality control results
The internal quality control results in Table 2A and 2B also give some indications of the
trueness of the Swedish DCM. The assigned values in the tables are set locally by the
laboratory. Before a new internal quality control lot is taken into routine use, it is measured
daily during at least 20 days. Mean and coefficient of variation (CV) are calculated on these
preliminary results. The values are assigned by the UMAS laboratory
2005-06-15 to 2005-07-20.

There are also NGSP standardised values assigned by the manufacturer Bio-Rad for these
control materials:
Level 1 5,40 (4,32 to 6,48) HbA1c %, which corresponds to 4,41 (3,28 to 5,54) in Mono S
standardised values. The recalculation to Mono S level is made by use of the mixed IFCCEQUALIS Equation M23 in Table 1, Attachment 1. The found mean deviates −0,12 HbA1c%
from the value assigned by Bio-Rad.
Level 2 10,20 (8,16 to 12,20) HbA1c %, which corresponds to 9,43 (7,30 to 11,53) in
Mono S standardised values. The found mean deviates −0,84 HbA1c% from the value
assigned by Bio-Rad.
3.2.3.1 Assessment of the trueness according to the internal quality control results
The internal quality control results agreed well with the values assigned by the UMAS laboratory
already 2005. Compared with the values assigned by the manufacturer Bio-Rad, the Swedish DCM
showed a negative bias. The deviations may be explained by the fact that the assigned values are not
for the Mono S method. The results with the Swedish DCM are well inside the given acceptance
intervals.
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The Mono S standardisation is defined by the results you get when you use the Mono S
method. The method is not calibrated. The most reliable Mono S value for a sample is the
mean value of the results from the five Expert Laboratories in Sweden.
The relation between the Mono standardisation and the IFCC standardisation is well
established and continuously supervised by regular comparisons of the results from the
Swedish DCM and the IFCC Reference Methods. These comparisons are made in the IFCC
Monitoring Program. The relation depends on the results from one Mono S method, the
Swedish DCM, run in the UMAS Laboratory in Malmö.
To check that the DCM continues to produce typical Mono S values, comparisons are made
regularly between the Swedish DCM and the methods in the four other Expert Laboratories.
These comparisons are made in the EQUALIS external quality assurance scheme.

4.1.1 Assessment of the verification in summary
The CV, calculated from the duplicate measurements on patient samples was less than 0,3 %.
The CV for the internal quality control results, was less than 1,0 %. The conclusion is that the
precision of the Swedish DCM was good.
The agreement between the reliable verifications of the trueness of the Swedish DCM was
good. Both the comparisons with the IFCC Reference Methods in the IFCC Monitoring Program and
the comparisons with the five Swedish Expert Laboratories showed ±0,00 HbA1c% in bias.

The conclusion is that the trueness of the Swedish DCM results was good.
The Mono S method has proven to be suitable as a national reference method as the results
with this method has good precision, good trueness and are stable over time without
calibration.
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Precision measured as imprecision

Precision measured as imprecision

“2.41 measurement precision / precision
closeness of agreement between measured quantity values obtained by replicate measurements on the same
or similar objects under stated specified conditions
NOTES
1.

Measurement precision is usually expressed numerically by measures of imprecision, such as standard
deviation, variance, or coefficient of variation under the specified conditions of measurement.

2.

The specified conditions can be repeatability conditions of measurement, intermediate precision
conditions of measurement, or reproducibility conditions of measurement.

3.

Measurement precision is used to define measurement repeatability, intermediate measurement
precision, and measurement reproducibility.“ [1]

Precision is a descriptive general term connected to words like good, acceptable and poor e.g.,
whereas the word imprecision is used for measures of precision and is often expressed as
standard deviation (SD) or coefficient of variation (CV). SD is reported in the same unit as the
analytical result and CV is usually reported in percent (%).
“2.42 repeatability condition of measurement / repeatability condition
condition of measurement in the set of conditions that includes the same measurement procedure, same
operators, same measuring system, same operating conditions and same location, and replicated
measurements on the same or similar objects over a short period of time
NOTE
In chemistry, the term ‘intra-serial precision condition of measurement’ is sometimes used to designate
this concept.“ [1]

The imprecision can be measured in many ways. One estimate of the imprecision is called
repeatability. See definition above. Different estimates of the imprecision give different
values and repeatability is the smallest value. All other imprecision measures are the
agreement between the results carried out under more or less changing measuring conditions.
The changing conditions could for example be varying laboratories, varying measuring days,
varying operators, varying lots of reagents, varying calibrators, varying instruments and even
varying methods. The repeatability value is a part of other imprecision values.
The conditions for repeatability are well defined, but for all other measures of imprecision the
conditions during the measurements have to be described. A term like between-series
imprecision or between-days imprecision is not defined by the expression, but has to be
described. The imprecision results in this report will be summarised in tables and under each
table the conditions during collection of the data are described.
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Trueness measured as bias

“2.27 measurement trueness / trueness of measurement / trueness
closeness of agreement between the average of an infinite number of replicate measured quantity values and a
true value of the measurand
NOTES
1.

Measurement trueness cannot be expressed numerically.

2.

Measurement trueness is inversely related to only systematic measurement error.

3.

Measurement trueness should not be used for measurement accuracy.“ [1]

Trueness is measured as bias (mean deviation or systematic error). Trueness is descriptive in
general terms (good, poor), whereas bias is the estimate, reported in the same unit as the
analytical result and/or in %. The bias at different concentration levels are in the report
summarised in tables.

3

Accuracy measured as total error

“2.11 measurement accuracy / accuracy of measurement / accuracy
closeness of agreement between a measured quantity value and a true value of the measurand
NOTES
1.

Measurement accuracy cannot be expressed numerically.

2.

Measurement accuracy is inversely related to both systematic measurement error and random
measurement error.

3.

The term ‘measurement accuracy’ should not be used for measurement trueness and the term
measurement precision should not be used for ‘measurement accuracy’.

4.

Sometimes ‘measurement accuracy’ is considered, in a qualitative sense, to be inversely related to
measurement uncertainty.” [1]

Inaccuracy is a measure of a single measurements deviation from a true value, and implies a
combination of random and systematic error (analytical imprecision and bias). Inaccuracy, as
defined by a single measurement, is not sufficient to distinguish between random and
systematic errors in the measuring system. Inaccuracy can be expressed as total error. The
inaccuracy will be illustrated by difference plots with quality goals for the total error shown as
deviation limits in percent.
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4

Check for and exclusion of statistical outliers

Check for and exclusion of statistical outliers

Before the duplicate results were used for the calculation of imprecision they have been
checked for the occurrence of outliers. Burnett's rule was applied to the differences between
the results of duplicate determinations. First, preliminary mean value and SD were calculated
for all differences within a level group. If any difference differs by more than approximately
±3 SD from the mean of all differences in the level group that duplicate pair is excluded.
The model takes into consideration the number of observations together with the statistical
significance level for the test. The significance level is often set to 5 %, which is also the case
in the SKUP evaluations. The exact numbers of standard deviations for exclusion thus varies
depending on the number of values the calculation is carried out for. For instance, for n = 20,
the limit is set at ±3,02 SD, for n = 30 at ±3,14 SD, and for n = 100 at ±3,47 SD. As described
by Burnett, the outlier test is repeated in the necessary number of steps until no value differs
more than allowed. The numbers of found and excluded outliers are presented in each table
and under the diagram.
In a similar way, before calculation of bias, Burnett's rule has been applied to the differences
between the tested method and the Comparison Method.
The sample results were first sorted with the concentrations in ascending order. The mean
result of each duplicate with the Comparison Method decided the sorting order. Then the
results were divided into three level groups. The outlier test described above was then applied
to the data in each level group separately. The following differences were tested for outliers:
o The differences between the two measurements with the Comparison Method.
o The differences between the two measurements with the Evaluated Measurement
System.
o The differences between the mean value of the two measurements with the Evaluated
Measurement System and the mean value of the two measurements with the
Comparison Method. These differences include an element of bias as described below.
Statistical outliers are treated differently in the calculations and in the diagram. The purpose
of the calculations of imprecision and bias is to give estimates valid for patient sample results.
The results with big differences between the two duplicate results are considered random
errors and thus excluded in these calculations. The total error diagram, on the other hand,
should show both systematic and random errors. Only the results with big differences between
the two duplicate results with the Comparison Method are excluded in the diagram.

5

Missing results

Besides the statistical outliers, some results are missing or excluded for other reasons in the
calculations. An overview of both missing and excluded values is shown in the Results and
discussion Section under Analytical quality for the hospital laboratory evaluation and for the
primary care evaluation separately.
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6

Calculations of imprecision

Calculations of imprecision

The duplicate measurements on the Evaluated Measurement System were in this evaluation
performed on two separate instruments. Thus, for each patient sample one first measurement
was performed on each of two instruments at the site. These results were used for calculation
of the imprecision.
On some of the venous specimens in the hospital laboratory, a third measurement was also
performed. On half of the specimens the third measurement was performed on the day after
the duplicate measurement and on the remaining half of specimens the third measurement was
performed two days after the first measurement. Between-days imprecision was calculated
from the differences between the first and the third measurements. These two measurements
were always performed with the same instrument.
The imprecision was calculated by use of duplicate measurement results, with the following
formula:

SD =

∑d2
2n

, d = difference between duplicate measurements, n = number of differences

The imprecision may also be calculated with the following formula:

∑ ( d / m)

d = difference between duplicate measurements
m = mean of the duplicate measurements
2n
n = number of differences
This formula is preferred when estimating CV over a large concentration interval within
which the CV is assumed to be reasonable constant.

CV =

2

Even if these formulas are based on the differences between duplicate measurements, the
SD/CV is still a measure of the imprecision of single values, and completely comparable with
the more commonly used calculation based on repeated measurements of only one sample
(repeatability).
The assumption, when using this formula for imprecision calculations, is that no systematic
difference of importance exists, between the two series of first measurements on the two
instruments. Before the evaluation started it had been checked that the between-instrument
variance was acceptable. In this evaluation the calculated imprecision includes a variance
component arising from the fact that two separate instruments of the Evaluated Measurement
System were used for the two measurements in each duplicate.

…………………………….
SKUP/2008/65

6 of 8

Afinion HbA1c. Attachment 3.

7

Calculation of bias

Calculation of bias

The bias is the mean deviation of the Evaluated Measurement System results from the
Comparison Method results. The means of the duplicate results are used for both methods
when calculating the bias. The bias can be either a positive or a negative value. It is calculated
in the same unit as the results and in percent (%) of the mean result.
In the SKUP reports, the bias of the Evaluated Measurement System is calculated at different
concentration levels. The results obtained in the hospital laboratory are divided into three
concentration intervals and the results from the primary care centres are divided into two
concentration intervals, respectively.
The bias was calculated by use of the formula:
Bias = Σd/n
d = deviation: the mean of the duplicate results with the Evaluated Measurement System
minus the corresponding mean of the duplicate results with the Comparison Method,
n = number of deviations

The bias was also calculated in percent by use of the following formula:
Bias (%) = Bias (units) / Mean value of the Comparison Method results (units) * 100

The standard deviation of all the deviations used for the bias calculation was calculated by use
of the following formula:
SDdeviations =

∑ ( d − Bias )2
n −1
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8

Illustration and calculation of total error

Illustration and calculation of total error

To evaluate the accuracy of the results at the Evaluated Measurement System, the agreement
between result with the Evaluated Measurement System and results with the Comparison
Method is illustrated in difference plots. In the plots the x-axis represents the mean value of
the duplicate results at the Comparison Method. The y-axis shows the difference between the
first measurement at the Evaluated Measurement System and the mean value of the duplicate
results at the Comparison Method for a total of three lots.

9

Reference

1. “International Vocabulary of Basic and General Terms in Metrology” (VIM):
Chapter 1, 3rd edition, draft October 2005. Chapter 1: Quantities and units.
The quotations from VIM are made exactly. When an expression is printed with bold letters in VIM it means that
those expressions are defined in other paragraphs of VIM.

…………………………….
SKUP/2008/65

8 of 8

Afinion HbA1c. Attachment 4.

Attachment 4.
The first SKUP evaluation of Afinion HbA1c

This is an abbreviated report, SKUP 2007/58, about the first evaluation of the Afinion HbA1c
system. How the evaluation was planned and carried through is explained in the full text
report, SKUP 2008/65, about the second evaluation of the same system.
The text is this report kept at a minimum. Explanations, comments and assessments are
written just when they differ from what is written in the second evaluation report.
If interested in the analytical quality and user-friendliness of Afinion HbA1c it is enough to
read the full text report, SKUP 2008/65. Most of the results in the two evaluations are similar.
The results which differ between the two evaluations are all commented in the second report.
In this first report all numbers of chapters and tables are the same as in the second report, so it
is easy to compare the results in the two evaluations.
The measurements in the first evaluation were performed during October and November
2006.
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Materials and methods

3

Materials and methods

3.4

Product details

3.4.3 Afinion
The software in the Afinion Analyzers had a major upgrade between the first and the second
evaluation. Version number 2.04 was used in the first and version number 3.00 in the second.
Seven Afinion Analyzers were available for the evaluation. The serial numbers of used
Analyzers and which Analyzers that were used at each evaluation site are shown in chapter
4.1, table 7.
According to a new policy in the SKUP protocols three different lots of Test Cartridges
should be used in an evaluation. In this evaluation two lots were available: lot 10125638 with
expiry date 2007-11 and lot 10126483 with expiry date 2008-1. In the hospital laboratory
about one half of the measurements were done with each lot. At the primary care centres only
the first lot was used. The two measurements in each duplicate were done with the same lot.
The lyophilised human control bloods used for Afinion during the evaluation are
manufactured and supplied by Axis-Shield AS. The control bloods had the following names
and lot numbers:
Afinion HbA1c Control, Control CI, lot number: 10123385, expiry date: 2007-02
Afinion HbA1c Control, Control CII, lot number 10123384, expiry date: 2007-02
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Results and discussion

4 Results and discussion
4.1

Agreement between Analyzers and
between lots of Test Cartridges

4.1.1 Agreement between Analyzers
In the agreement test the used Test Cartridges had lot number 10125638 with expiry date
2007-11.
Table 5.

Agreement between different Analyzers
Instrument number
AS0000634 AS0000629 AS0000635 AS0000649 AS0000647 AS0000577 AS0000650

Sample no. 1 (n = 6)
B—HbA1c mean
(HbA1c %)

5,60

5,52

5,57

5,50

5,55

5,68

5,52

CV (%)

2,8

1,4

2,7

1,1

1,5

1,7

2,9

B—HbA1c mean
(HbA1c %)

8,92

8,62

8,75

8,92

9,00

8,95

8,90

CV (%)

3,0

2,6

3,7

1,8

0,0

2,9

1,2

Sample no. 2 (n = 6)

Table 6.

Agreement between different Analyzers. ANOVA calculation.
The effect on total CV when using several instruments instead of a single instrument.
BetweenWithin-instrument
instrument
CV component
CV component
(%)
(%)

Sample
no.

B—HbA1c
mean
(HbA1c %)

1

5,6

2,1

2

8,9

2,5

Total
CV
(%)

Increase of
CV
(%)

0,7

2,3

6

1,1

2,7

10

"Within-instrument CV component" refers to the mean contribution to the "Total CV" originating
from the within instrument imprecision.
"Between-instrument CV component" refers to the mean contribution to the "Total CV" originating
from the between instruments imprecision. The within-instrument imprecision is not included in this
figure.
"Increase of CV" refers to the increase in percent of the CV from "Within-instrument CV component "
to "Total CV". The acceptance limit for this increase was set by SKUP to maximum 30 %.
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Table 7. List of Analyzers used at each evaluation site and
check of calibration differences between the evaluation sites.

Instrument HbA1c mean (HbA1c %)
serial number
n = 6 for each mean
AS0000647
5,55
9,00
AS0000577
5,68
8,95
UMAS hospital laboratory
AS0000650
5,52
8,90
All at the site
5,58
8,95
AS0000634
5,60
8,92
Granen Primary Care Centre
AS0000649
5,50
8,92
All at the site
5,55
8,92
AS0000635
5,57
8,75
Södervärn Primary Care Centre AS0000650
5,52
8,90
All at the site
5,55
8,83
Evaluation site

Back-up Analyzer

AS0000629

Not used

The mean results in the right column are for each Analyzer the mean of six determinations on the low
level pooled sample respectively the high level pooled sample. The bold figures show the mean of the
means for each evaluation site.

The right column in table 7 is a shown to check if the calibration differences between the
Afinion Analyzers in the evaluation could explain any of the observed differences between
venous results in the hospital laboratory and the capillary results at the primary care centres.
The mean the results with the Analyzers used in the hospital laboratory were not lower than
the results with Analyzers used at the primary care centres. Thus, calibration differences
between the Analyzers have probably not caused that the venous Afinion results and capillary
Afinion results have different bias compared to Mono S results.
4.1.1.1 Assessment of the agreement between different Analyzers
Axis-Shield AS was informed about these results as soon as they were ready. The assessment
of Axis-Shield AS was that these results are as expected according to their own experience
and that there was no reason to exclude any of the Analyzers in the evaluation.
The requirements defined by SKUP for agreement among the Afinion Analyzers were also
fulfilled. Which one of the seven Analyzers that would be used only as back-up instrument in
the evaluation was chosen by chance to be the Analyzer with serial number AS0000629.
Table 7 shows which Analyzers that were used at each site. For each site the Analyzer on the
first row was used for the first result in each duplicate and the Analyzers on the second or
third row were used for the second duplicate result.
During the evaluation in the hospital laboratory the Afinion Analyzer AS0000577 had to be
replaced because it frequently showed the error code “304”. The error codes showed up
during several days also after restart of the Analyzer. The failing Analyzer was first replaced
with Analyzer AS0000629, but that Analyzer was much more noisy than the others and also
showed the error code ”302” several times. Instead Analyzer AS0000650 replaced Analyzer
AS0000577 when 70 of the 100 patient samples in the hospital laboratory had been measured.

…………………………….
SKUP/2007/58 = Attachment 4 to SKUP/2008/65

6 of 18

Afinion HbA1c. Attachment 4.

Results and discussion

4.1.2 Agreement between lots of Test Cartridges
4.1.2.1 Assessment of the agreement between different lots of Test Cartridges
The difference plots show that there are no obvious calibration differences between the
different lots of Test Cartridges used in this evaluation.

4.2

Analytical quality in the hospital laboratory

4.2.2 Missing or excluded results in the hospital laboratory
Table 8.
Sample
no.

Excluded patient sample results in the hospital laboratory
B—HbA1c (HbA1c %)
Afinion
1
2
>18,0

Difference
causing exclusion

Reason for exclusion

—

Afinion >18,0 HbA1c %

>18,0

21 samples miss one of the duplicate results

Afinion error code

20

9,7

9,0

0,7

Afinion 1 ≠ Afinion 2

36

9,8

9,0

0,8

Afinion 1 ≠ Afinion 2

26

13,7

15.0

1,3

Afinion 1 ≠ Afinion 2

Excluded in
calculation of
All calculations except
comp.method imprec.
Afinion imprecision and
Afinion bias
Afinion imprecision and
Afinion bias

Reason for exclusion explained:
Afinion 1 ≠ Afinion 2 — the difference between these two duplicate results are bigger and statistically
deviating from the other duplicate differences.

Table 9.

Patient sample results in the hospital laboratory included in calculations and diagram
Calculation/diagram

Number of results
included

Imprecision of the Comparison method

100

Imprecision of Afinion

75

Bias of Afinion

75

Total error of Afinion

99
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4.2.3 Imprecision in the hospital laboratory
4.2.3.1 Imprecision of patient sample results in the hospital laboratory

Table 10. Imprecision of Afinion with venous patient samples in the hospital laboratory
Level

B—HbA1c
interval**
(HbA1c %)

Excluded
results*

n

B—HbA1c
mean**
(HbA1c %)

CV (%)
(95 % confidence
interval)

Low

3,1 to 5,9

0

14

5,3

1,4 (1,0 to 2,2)

Medium

6,0 to 9,9

2

47

7,4

1,5 (1,3 to 1,9)

High

10,0 to 14,2

1

14

11,4

1,3 (1,0 to 2,2)

All

4,7 to 14,2

3

75

7,8

1,5 (1,3 to 1,8)

* Please refer to the text in 0 for explanation of the missing and excluded results. The missing results
are not counted as excluded results.
** The B—HbA1c intervals and the means for the level groups derive from the Comparison method.
*** In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying instruments
between the two measurements on each sample, varying batches of Test Cartridges (3 different)
between the different samples, varying levels and varying matrix between the different samples and
varying days between measuring the different samples.
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4.2.3.2

Results and discussion

Between-day imprecision of patient sample results
in the hospital laboratory

In this evaluation the duplicate measurements on Afinion were done on two separate Analyzers.
Thus, for each patient sample one first measurement was done on both Analyzers. On 20 of the venous
specimens, a second measurement was also done. On ten of the specimens the second measurement
was done on the day after the duplicate measurement and on the ten remaining specimens the second
measurement was done two days after the first measurement. Between-day imprecision was calculated
from the differences between the first and the second measurements. Some of the original results were
incomplete pairs of results as one of the results was an error code. When the result was an error code it
has been replaced with the succeeding measurement result on the same sample if there is such a result.
The calculation of the between-days imprecision is summarized in Table 11.
Table 11. Between-days imprecision with venous patient samples in the hospital laboratory
Level

B—HbA1c
interval*
(HbA1c %)

Number of
excluded
results*

B—HbA1c
mean*
(HbA1c %)

n

CV** (%)
(95 % confidence
interval)

Low

3,1 to 5,9

0

5,3

17

2,4 (1,8 to 3,6)

Medium

6,0 to 9,9

0

7,5

37

2,7 (2,2 to 3,5)

High

10,0 to 14,2

0

11,4

10

1,4 (1,0 to 2,5)

All

4,7 to 14,2

0

7,5

64

2,3 (2,0 to 2,8)

* The B—HbA1c intervals and the means for the level groups derive from the Comparison method.
** In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying days between
the measurements on the same sample, varying batches of Test Cartridges (3 different) between the
different samples, varying levels and varying matrix between the different samples and varying days
between measuring the different samples..

4.2.3.3 Imprecision of internal quality control results in the hospital laboratory
Table 12. Between-days imprecision with internal quality control bloods
in the hospital laboratory
Afinion
HbA1c
Control

B—HbA1c
assigned value
(interval)*
(HbA1c %)

Number
of
outliers

n

B—HbA1c
mean (interval)
(HbA1c %)

CV (%)**
(95 % confidence
interval )

Control CI

6,1 (5,5 to 6,7)

0

31

6,35 (6,2 to 6,5)

1,1 (0,9 to 1,5)

Control CII

7,9 (7,1 to 8,7)

0

32

8,11 (7,9 to 8,3)

1,3 (1,1 to 1,8)

* The assigned values with the intervals belonging to them are set by the manufacturer.
** In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying days between
the measurements on the same sample, varying instruments (2 different at each site) between the
measurements on the same sample and varying batches of Test Cartridges (3 different) between the
different measurements on the same sample.
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4.2.4 Bias with venous patient samples in the hospital laboratory
4.2.4.1 Bias with patient samples in the hospital laboratory

Table 13. Bias with venous patient samples in the hospital laboratory
Level
group

B—HbA1c Number of
excluded
interval*
(HbA1c %) results*

n

B—HbA1c
mean*
(HbA1c %)

Bias

Bias

(95 % confidence
interval)

(95 % confidence
interval)

(HbA1c %)

(%)

Low

4,2 to 5,6

0

10

5,0

+0,14 (−0,05 to +0,33)

+1,4 (−1,6 to +4,2)

Medium

5,7 to 9,7

1

49

7,5

−0,29 (−0,37 to −0,21)

−3,9 (−4,9 to −2,8)

High

9,8 to 14,1

2

16

11,5

−0,34 (−0,61 to −0,07)

−3,0 (−5,3 to −0,6)

* The B—HbA1c intervals and the means for the level groups derive from the Comparison method.

The human control blood provided by Axis-Shield AS as internal quality control materials
show almost no bias. See table in section 0.

4.2.4.2 Assessment of the bias evaluated in the hospital laboratory
According to the protocol for this evaluation, the bias of Afinion should not exceed ±4 %.
The bias was in this section calculated for venous patient samples measured in the hospital
laboratory.
In this case there was both positive and negative bias depending on the HbA1c level. The bias
could therefore only be assessed in the different level groups and a calculated overall bias has
no meaning. When the results are divided into separate level groups the bias is also inside the
set up limits. As the confidence intervals for the bias values are partly outside the limits it is
probable but not for certain that the quality goals are fulfilled.
Expressed in HbA1c % the bias is +0,1 to −0,3 HbA1c %. The most negative bias is valid for
the high level group.
Afinion thus show a negative bias for most sample results but a positive bias for the really
low results. Afinion probably fulfils the quality goals for bias at all levels.
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4.2.5 Total error in the hospital laboratory
4.2.5.1 Total error with venous patient samples in the hospital laboratory

Deviation of Afinion
from
comparison method
(HbA1c %)

2,0
1,5
1,0
0,5
0,0
-0,5
-1,0
-1,5
-2,0
-2,5
Error code 104
-3,0
Error code 204
-3,5
0

5

10

15

20

B--HbA1c, comparison method (HbA1c %)

Figure 3.
Difference diagram, venous samples in the hospital laboratory
The deviations of the Afinion results from the Comparison Method results are shown for 99 patient
samples. One result is excluded because both Afinion duplicate results were >18 HbA1c %. The
corresponding Comparison method results were 16,84 and 16,87 HbA1c %. The blue squares are
results with Afinion test cartridges with lot number 10125638 and the red triangles are results with lot
number 10126483.
Bold stippled lines represent the tolerance limits ±10 %.
18 results which were error codes on Afinion are shown below −2,0 in the diagram.
There are five results below the low limit and one result above the high limit.

4.2.5.2 Assessment of the total error with venous patient samples
in the hospital laboratory
According to the protocol for this evaluation, 95 % of the B—HbA1c results with Afinion
should not deviate more than ±10 % from the Comparison Method result. There are five
results below the low limit and one result above the high limit. Thus the Afinion results with
venous samples measured in the hospital laboratory do not fulfil this quality goal as only 75
out of 81 results, that is 93 %, are inside the limits.
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Analytical quality at two primary care centres

4.3.2 Missing and excluded results at the primary care centres
Table 14. Excluded/missing results at the primary care centres.
Sample
no.

B—HbA1c (HbA1c %)
Measurement
Difference
causing exclusion
1
2

Excluded in
calculation of

Reason for exclusion

Granen Primary Care Centre:
35

3,20

3,10

0,10

Comp 1 ≠ Comp 2

37

9,14

9,46

−0,32

Comp 1 ≠ Comp 2

Comp. method imprec.,
Afinion bias and
Afinion total error

36

6,5

6,3

−1,2

Afin.mean ≠ Comp.mean

Afinion bias

2 samples incomplete duplicate

Afinion error code

One Afinion HbA1c Control result

Afinion ≠
Afinion mean

Afinion imprecision and
Afinion bias
Afinion between-days
imprecision with control
materials

Södervärn Primary Care Centre:
37

5,79

5,89

−0,10

Comp 1 ≠ Comp 2

39

9,9

10,8

−0,9

Afinion 1 ≠ Afinion 2

7 samples incomplete duplicate

Afinion error code

About 30 Afinion HbA1c Control results
are missing due to a mistake of the evaluator
Two Afinion HbA1c Control results

Afinion ≠
Afinion mean

Comp. method imprec.,
Afinion bias and
Afinion total error
Afinion imprecision and
Afinion bias
Afinion imprecision and
Afinion bias
Afinion between-days
imprecision with control
materials

Reasons for exclusion explained:
Comp 1 ≠ Comp 2 — the difference between these two Comparison method duplicate results are
bigger and statistically deviating from the other duplicate differences.
Afinion 1 ≠ Afinion 2 — the difference between these two Afinion duplicate results is bigger and
statistically deviating from the other duplicate differences.
Afinion ≠ Afinion mean — One Control C1 results at Granen Primary Care Centre, 6,8 HbA1c %
deviates from the mean 6,5 HbA1c %. Two Control C1 results at Södervärn Primary Care Centre, 5,1
and 5,2 HbA1c % deviates from the mean 6,3 HbA1c %. They were measured at the same occasion,
one on each instrument, and are excluded as obvious outlier results even if SKUP:s normal rules did
not identify them as outliers.
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Table 15. Patient sample results at the primary care centres included in calculations/diagram
Calculation/diagram

Number of results
included

Imprecision of the Comparison method

38 + 39

Imprecision of Afinion

36 + 32

Bias of Afinion

35 + 31

Total error of Afinion

38 + 39
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4.3.3 Imprecision at the primary care centres
4.3.3.1 Imprecision with capillary patient samples at the primary care centres
Table 16. Imprecision of Afinion with capillary patient samples at the primary care centres.

Level

B—HbA1c
interval*
(HbA1c %)

Number
of
excluded
outliers *

n

B—HbA1c
mean*
(HbA1c %)

CV (%)**
(95 % confidence
interval)

Primary Care Centre Granen:
Low

5,1 to 6,9

0

23

6,2

1,9 (1,5 to 2,7)

High

7,0 to 10,4

0

15

8,2

1,7 (1,3 to 2,8)

All

5,1 to 10,4

2

38

7,0

1,8 (1,5 to 2,4)

Primary Care Centre Södervärn:
Low

5,4 to 6,9

0

24

6,1

1,5 (1,3 to 2,3)

High

6,9 to 9,9

1

8

8,2

1,6 (0,8 to 2,5)

All

5,4 to 9,9

1

32

6,6

1,2 (1,2 to 2,0)

* The B—HbA1c intervals and the means for the level groups derive from the Comparison
method.
** In addition to the repeatability CV, the calculated CV values include some variance
components arising from changes in conditions during the collection of measurement data:
varying instruments between the two measurements on each sample, varying batches of Test
Cartridges (3 different) between the different samples, varying levels and varying matrix
between the different samples and varying days between measuring the different samples.

4.3.3.2 Imprecision of internal quality control results at the primary care centres
Table 17. Between-days imprecision with internal quality control blood
at the primary care centres
Afinion
HbA1c
Control

B—HbA1c
assigned value
(interval)*
(HbA1c %)

Number
of
outliers

n

B—HbA1c mean
(min. — max.)
(HbA1c %)

CV (%)**
(95 % confidence
interval )

Control CI

6,1 (5,5 to 6,7)

1

24

6,45 (6,3 to 6,7)

1,4 (1,1 to 1,9)

Control CII

7,9 (7,1 to 8,7)

0

26

8,20 (8,1 to 8,3)

0,9 (0,7 to 1,2)

Control CI

6,1 (5,5 to 6,7)

2

12

6,33 (6,2 to 6,5)

1,4 (1,0 to 2,3)

Control CII

7,9 (7,1 to 8,7)

0

10

8,09 (7,9 to 8,2)

1,2 (0,8 to 2,2)

* The assigned values with the intervals belonging to them are set by the manufacturer.
** In addition to the repeatability CV, the calculated CV values include some variance components
arising from changes in conditions during the collection of measurement data: varying days between
the measurements on the same sample, varying instruments (2 different at each site) between the
measurements on the same sample and varying batches of Test Cartridges (3 different) between the
different measurements on the same sample.
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4.3.4 Bias at the primary care centres
4.3.4.1 Bias with capillary samples at the primary care centres

Table 18. Bias of capillary patient sample results at the primary care centres
B—HbA1c
B—HbA1c
Level
Excluded
interval**
n
mean**
group
results*
(HbA1c %)
(HbA1c %)

Bias

Bias

(95 % confidence
interval)

(95 % confidence
interval)

(HbA1c %)

(%)

Primary Care Centre Granen:
Low

5,0 to 7,9

0

30

6,5

+0,05 (−0,04 to +0,15)

+0,8 (−0,6 to +2,3)

High

8,0 to 10,4

1

5

9,3

−0,19 (−0,71 to +0,33)

−2,0 (−7,6 to +3,5)

All

5,0 to 10,4

1

35

6,9

+0,02 (−0,08 to +0,12)

+0,3 (−1,2 to +1,7)

Primary Care Centre Södervärn:
Low

5,2 to 7,9

0

27

6,3

−0,03 (−0,12 to +0,06) −0,5 ( −1,9 to +1,0)

High

8,0 to 10,2

0

4

9,3

−0,27 (−1,07 to +0,54) −2,9 (−11,5 to +5,8)

All

5,2 to 10,2

0

31

6,7

−0,06 (−0,16 to +0,04) −0,9 ( −2,4 to +0,6)

* Please refer to the text in 0 for explanation of the missing and excluded results. The missing results
are not counted as excluded results.
** The B—HbA1c intervals and the means for the level groups derive from the Comparison method.

The human control blood provided by Axis-Shield AS as internal quality control materials
show almost no bias. See table in section 0.
4.3.4.2 Assessment of the bias with capillary patient samples at the primary care centres
According to the protocol for this evaluation, the bias of Afinion should not exceed ±4 %.
The bias is in this section calculated for capillary patient samples measured in the two primary
care centres. The bias for all samples was less than ±0,1 HbA1c % or less than ±1 %. The
negative bias is small at low levels but negative at higher levels. With capillary samples
Afinion fulfilled the quality goal for bias.
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4.3.5 Total error at the primary care centres
4.3.5.1 Total error with capillary samples at the primary care centres

Deviation of Afinion
from
comparison method
(HbA1c %)

2,0
1,5
1,0
0,5
0,0
-0,5
-1,0
-1,5
-2,0
-2,5
Error code 104
-3,0
Error code 204
-3,5
0

5

10

15

20

B--HbA1c, comparison method (HbA1c %)

Figure 4.
Difference diagram, capillary samples in primary care
The deviations of the Afinion results from the Comparison Method results are shown for 77 patient
samples. Three result is excluded because too big differences between the two comparison method
results. Bold stippled lines represent the tolerance limits ±10 %.
Two results which were error codes on Afinion are shown below −2,0 in the diagram.
There are two results outside the tolerance limits.

4.3.5.2 Assessment of the total error with capillary patient samples
at the primary care centres
According to the protocol for this evaluation, 95 % of the B—HbA1c results with Afinion
should not deviate more than ±10 % from the Comparison Method result. There are two error
code results. Then it remains 75 for calculation of total error. There are two results outside the
tolerance limits, one below the low limit and one above the high limit. The Afinion results with
capillary samples measured at the primary care centres thus fulfil the quality goal as 73 out of
75 results, that is 97 %, are inside the limits.
See more about the difference between the two evaluations in the section 0 in the SKUP
report about the second evaluation of Afinion HbA1c. This good total error result with
capillary patient samples at the primary care centres is connected to the low negative bias in
the first evaluation.
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User-friendliness

4.4.2 Error codes instead of HbA1c results
4.4.2.1 Error code frequency

Table 19. Frequency of error codes at each evaluation site and at each Analyzer.

Analyzer
serial number

Evaluation site

Hospital laboratory, UMAS

Primary Care Centre Granen
Primary Care Centre Södervärn

AS0000647
AS0000577
AS0000650
Mean at the site
AS0000634
AS0000649
Mean at the site
AS0000635
AS0000650
Mean at the site

Frequency of error codes
Quality control
Patient samples
samples
18 of 100 = 18 %
3 of 38 = 8 %
9 of 70 = 19 %
4 of 22 = 18 %
6 of 30 = 19 %
0 of 15 = 0 %
33 of 200 = 17 % 7 of 75 = 9 %
0 of 40 = 0 %
2 of 27 = 7 %
2 of 40 = 5 %
1 of 27 = 4 %
2 of 80 = 3 % 3 of 54 = 6 %
2 of 40 = 5 %
3 of 22 = 14 %
5 of 40 = 13 %
4 of 22 = 18 %
7 of 80 = 9 % 7 of 44 = 16 %

Mean for all sites 42 of 360 = 12 % 17 of 173 = 10 %
The frequencies of error codes for patient samples are calculated only on the first measurements on
each sample at each Analyzer. For quality control samples all measurement s are included in the
calculation. The bold figures show the mean frequency of all Analyzers used at each evaluation site.
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4.4.2.2 The error codes explained

Table 20. Number of error codes during the evaluation.

Error
code

Explanation
of the error
code
according to
the manual

Number of error code results
Instr.

Instr.

Instr.

Instr.

Instr.

Instr.

Instr.

AS 00
00647
UMAS

AS 00
00577
UMAS

AS 00
00650
UMAS

AS 00
00634

AS 00
00649

AS 00
00635

AS 00
00650

Granen

Granen

Söderv.

Söderv.

All
instr.

104

Haemoglobin
over 200 g/L

34

9

8

2

3

4

6

66

202

Excess of
sample on the
outside of the
cuvette

0

0

0

0

0

0

2

2

204

Coagulated
sample

13

6

6

0

0

1

1

27

Erroneous
Test Cartridge
0
1
0
0
0
0
0
1
or Analyzer
Temperature
304
in the Ana0
6
0
0
0
0
0
6
lyzer too high
False error
message:
0
0
0
0
0
0
3
3
Test Cartridge
not removed
When an Analyzer showed an error code the measurement was repeated on the same sample and at the
same Analyzer. Maximum three measurements were done on each sample at the same Analyzer. In the
calculation of number of error codes in the table above are all measurements included also the
repeated measurements.
213

4.4.2.3 Assessment of the error code systems
During the evaluation of Afinion some of the error detection systems designed for warning of
error in the measurements were too sensitive and produced false and too frequent error codes.
With patient samples the mean error frequency was 12 %
Especially error code 104 and error code 204 seems to frequent than necessary. Error code
304 was frequent on one Analyzer only.
The error code frequency in the evaluation (12 %) is assessed as being too high. Afinion
obviously have some teething problems with the error detection systems.
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Attachment 6.
List of previous SKUP evaluations

Summaries and complete reports from the evaluations are found at www.skup.nu
Evaluations performed in 2004 – 2008
Evaluation no.

Component

Instrument/testkit

Producer

SKUP/2008/69

Strep A

Diaquick Strep A test

Dialab GmbH

SKUP/2008/65

HbA1c

Afinion HbA1c

Axis-Shield PoC AS

SKUP/2007/64

Glucose¹

FreeStyle Lite

Abbott Laboratories

SKUP/2007/62*

Strep A

Confidential

SKUP/2007/60

Glucose¹

Confidential

SKUP/2007/59

Glucose¹

Ascensia BREEZE2

Bayer HealthCare

SKUP/2007/58

HbA1c

Afinion HbA1c – see SKUP/2008/65

Axis-Shield PoC AS

SKUP/2007/57*

PT (INR)

Simple Simon PT

Zafena AB

SKUP/2007/56*

PT (INR)

Confidential

SKUP/2007/55

PT (INR)

CoaguChek XS

SKUP/2006/53*

Strep A

Confidential

SKUP/2005/52*

Strep A

Clearview Exact Strep A Dipstick

Applied Biotech, Inc.

SKUP/2005/51*

Glucose¹

FreeStyle

Abbott Laboratories

SKUP/2006/50

Glucose¹

Glucocard X-Meter

Arkray, Inc.

SKUP/2006/49

Glucose¹

Precision Xtra Plus

Abbott Laboratories

SKUP/2006/48

Glucose¹

Accu-Chek Sensor

Roche Diagnostic

SKUP/2006/47

Haematology

Chempaq XBC

Chempaq

SKUP/2005/46*

PT (INR)

Confidential

SKUP/2006/45

Glucose¹

HemoCue Monitor

HemoCue AB

SKUP/2005/44

Glucose¹

Accu-Chek Aviva

Roche Diagnostics

SKUP/2005/43

Glucose¹

Accu-Chek Compact Plus

Roche Diagnostics

SKUP/2005/42*

Strep A

Twister Quick-Check Strep A

ACON laboratories, Inc.

SKUP/2006/41*

HbA1c

Confidential

SKUP/2005/40

Glucose¹

OneTouch GlucoTouch

LifeScan, Johnson & Johnson

SKUP/2005/39

Glucose¹

OneTouch Ultra

LifeScan, Johnson & Johnson

Roche Diagnostics

*A report code followed by an asterisk, indicates that the evaluation for instance is a pre-marketing evaluation,
and thereby confidential. A pre-marketing evaluation can result in a decision by the supplier not to launch the
instrument onto the Scandinavian marked. If so, the evaluation remains confidential. The asterisk can also mark
evaluations at special request from the supplier or evaluations that are not complete according to SKUP
guidelines, e.g. the part performed by the intended users was not included in the protocol.
¹ Including a user-evaluation among diabetes patients.

Evaluations performed in 1999 – 2004
Evaluation no.
SKUP/2004/38*
SKUP/2004/37*
SKUP/2004/36*
SKUP/2004/35*
SKUP/2004/34*
SKUP/2004/33
SKUP/2004/32*
SKUP/2004/31*
SKUP/2004/30
SKUP/2004/29
SKUP/2003/28*
SKUP/2003/27*
SKUP/2003/26*
SKUP/2003/25*
SKUP/2003/24*

Instrument/test kit
GlucoSure Plus
Quick response u-hCG
Dtec Strep A testcard
QuickVue u-hCG
RapidVue u-hCG
Hemochron Jr. Signature
QuickVue In-Line Strep A test
Confidential
Ascensia Contour
Hemo_Control
QuickVue In-Line Strep A test
QuickVue Dipstick Strep A test
Confidential
Confidential
OSOM Strep A test

Producer
Apex Biotechnology Corp.
Wondsfo Biotech
UltiMed
Quidel Corporation
Quidel Corporation
ITC International Technidyne
Quidel Corporation

ABX Micros CRP

ABX Diagnostics

GlucoMen Glycó
FreeStyle
HemoCue 201
Reagents and calibrators

Menarini Diagnostics
TheraSense Inc.
HemoCue AB

HemoCue

HemoCue AB

Biotest Hb
Aution Sticks
and PocketChem UA
GlucoSure
Precision Xtra
Microsed SR-system
QuikRead CRP

Biotest Medizin-technik GmbH

SKUP/2001/15*
SKUP/2001/14
SKUP/2001/13
SKUP/2001/12

Component
Glucose
u-hCG
Strep A
u-hCG
u-hCG
PT (INR)
Strep A
PT (INR)
Glucose¹
Haemoglobin
Strep A
Strep A
HbA1c
HbA1c
Strep A
Haematology
with CRP
Glucose¹
Glucose¹
Glucose
PT(INR)
Urine–
Albumin
Haemoglobin
Urine test
strip
Glucose
Glucose
SR
CRP

SKUP/2000/11

PT(INR)

ProTime

SKUP/2000/10
SKUP/2000/9
SKUP/2000/8*
SKUP/2000/7
SKUP/2000/6
SKUP/2000/5
SKUP/1999/4
SKUP/1999/3

PT(INR)
PT(INR)
PT(INR)
PT(INR)
Haematology
Glucose
HbA1c
HbA1c

SKUP/1999/2*

Glucose

SKUP/1999/1

Glucose

AvoSure PT
Rapidpoint Coag
Thrombotest/Thrombotrack
CoaguChek S
Sysmex KX-21
Accu-Chek Plus
DCA 2000
NycoCard HbA1c
Precision QID/Precision Plus
Electrode, whole blood calibration
Precision G/Precision Plus Electrode,
plasma calibration

SKUP/2002/23*
SKUP/2002/22
SKUP/2002/21
SKUP/2002/20
SKUP/2002/19*
SKUP/2002/18
SKUP/2001/17
SKUP/2001/16*

Bayer Healthcare
EKF-diagnostic
Quidel Corporation
Quidel Corporation

GenZyme, General Diag.

Arkray Factory Inc.
Apex Biotechnology Corp.
Medisense
ELECTA-LAB
Orion
ITC International Technidyne
Corp
Avocet Medical Inc.
Axis-Shield
Roche Diagnostics
Sysmex Medical Electronics Co
Roche Diagnostics
Bayer
Axis-Shield PoC AS
Medisense
Medisense

* A report code followed by an asterisk, indicates that the evaluation for instance is a pre-marketing evaluation,
and thereby confidential. A pre-marketing evaluation can result in a decision by the supplier not to launch the
instrument onto the Scandinavian marked. If so, the evaluation remains confidential. The asterisk can also mark
evaluations at special request from the supplier or evaluations that are not complete according to SKUP
guidelines, e.g. the part performed by the intended users was not included in the protocol.
¹ Including a user-evaluation among diabetes patients.
Grey area – The instrument is not in the market any more.

