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o Which procedures are of reference measurement procedures 
(RMP) of higher metrological order? 

o If labs are using the same RMP, could results be different, too? 

o When are results considered to be different?

o Are difference always errors of the performance?

o Who is right, who is wrong?

o Measurement uncertainty of individual result – Is the estimation 
appropriate?
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Reference Measurement Procedures and Results

Measurement principle and measurement method

Reagents and materials, apparatus, sampling and 

sample ...

Calibration, design of analytical series, operation of 

measuring system, data processing, calculation of 

results ...

Method validation

- analytical influence quantities

- measurement trueness

- interlaboratory comparison

- measurement uncertainty

- ...
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JCGM 200:2012 

Reference Measurement Procedures and Results
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JCTLM Database

The JCTLM database content:

Reference Materials 265

Reference Measurement Procedures 215

Reference Measurement Services 224

of 20 calibration labs
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Traceability Hierarchy – ISO 17511

National Metrology Institutes

Calibration Laboratories

IVD Manufacturers

Clinical Laboratories
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The services of calibration laboratories can be applied to assign traceable values to

 calibrators,

 control materials,

 panels of patient samples.

For metrological traceability, reference measurement procedure values with low

measurement uncertainties are analyzed by appropriately calibration procedures.

These values are used in

 the calibration of IVD procedures,

 the validation of IVD procedures,

 the quality assurance of clinical laboratories.

Services of Calibration Laboratories
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What does the end user see?

745 clinical labs

3 calibration labs

Limits of Acceptance: 35%

HM 1/16 vs. RELA2014
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Traceability Hierarchy – ISO 17511

National Metrology Institutes

Calibration Laboratories

IVD Manufacturers

Clinical Laboratories

CCQM comparisons

RELA surveys

EQA programs
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EQA for Calibration Laboratories - RELA

The reported results of each lab 
consist of the value and the 
estimated expanded 
uncertainty for each sample.

Additional information:

- JCTLM listed RMP?

- JCTLM listed Service?

Surveys for metabolites & 

substrates, electrolytes, 

enzymes, proteins, steroid 

hormones, drugs, ...
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EQA for Calibration Laboratories - RELA

The reported results of each lab 
consist of the value and the 
estimated expanded 
uncertainty for each sample.

Additional information:

- JCTLM listed RMP?

- JCTLM listed Service?

- Identity and address of the lab

Surveys for metabolites & 

substrates, electrolytes, 

enzymes, proteins, steroid 

hormones, drugs, ...
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Number of laboratories:

2005 11 Labs

2021  63 Labs

18 participants are accredited 

according to ISO 17025 AND

15195.

RELA Participants 2005 to 2021

Number of results:

2003 111       

2021        658
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The purpose of measurement intercomparisons between participants is to test, 

whether measurements performed by the laboratories are consistent taking 

into account the uncertainties assigned to the measurements. If an 

inconsistency is detected, the participating laboratories should take the 

corrective actions needed to obtain consistency. Otherwise, measurement 

results exchanged cannot be considered equivalent (without be in disharmony with 

the concept of the SI system of units).

L.Nieslen, Report DFM-99-R39, 3208 LN, Danish Institute of Fundamental Metrology, Lyngby, 

Denmark (2000)

Objective of Interlaboratory Comparisions
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Limits of Equivalence

Limits of Equivalence (LoE) are

- prescribed in the RELA 
procedure manual

- applied, if at least 5 labs use a 
JCTLM listed RMP

Are the values and their expanded 
MU within the LoE?
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Examples for comparisons between

- few participating laboratories (Digitoxin)

- laboratories using RMP with certified reference material (Calcium)

- laboratories using a conventional RMP (HbA1c)

Analysis and Action

Each calibration lab is responsible for the interpretation of its EQA results. If it observes 

any considerable differences, it has to organise further investigations by itself.

C-TLM as the advisory board could recommend additional experiments and support the 

participants. 

The organiser of RELA can provide additional materials to the calibration labs. 
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2 calibration labs

JCTLM listed CRM: no

JCTLM listed RMP: yes

RMP based on ID-LC-MS

Differences at Comparison with n<5 Laboratories

RELA 2017
No. of participants: 2

Accredition body states the

difference of the results and 

threatens to withdraw the

accreditation status
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2 calibration labs

JCTLM listed CRM: No

Accredition body threatens to

withdraw the accreditation

status

RELA 2017
No. of participants: 2

RELA 2018
No. of participants: 3

2 calibration labs

1 National Metrology Institute

JCTLM listed CRM: no

Differences at Comparison with n<5 Laboratories
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Additonal Study with Spiked Material - Sample A

Determined amount concentration

of Digitoxin in spiked serum

gravimetric reference value

standard uncertainty

Calibration labs and NMI exchanged

and used the same calibration

material 

Lab 1 NMI Lab 27
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Lab 1 NMI Lab 27

Additonal Study with Spiked Material - Sample B

Determined amount concentration

of Digitoxin in spiked serum

gravimetric reference value

standard uncertainty

Calibration labs and NMI exchanged

and used the same calibration

material 
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2 calibration labs

JCTLM listed CRM: No

Accredition body threatens to

withdraw the accreditation

status

RELA 2017
No. of participants: 2

RELA 2018
No. of participants: 3

Differences at Comparison with n<5 Laboratories
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RELA 2021
No. of participants: 9

RELA 2022 (preliminary)
No. of participants: 14

RMP with CRM
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RELA 2021
No. of participants: 9

RMP with CRM

RELA 2022 (preliminary)
No. of participants: 14
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Certified reference materials are an important anchor to avoid different results.

If no CRM is available, calibartion labs should use the same preparation and lot of a 

reference material.
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GH 1/18: fresh whole bloodGH 3/17: lyophilized hemolysate

New Limits of Acceptance: 

+/- 8%

Demostrating Traceability - HbA1c
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4%

3%

9%

9%

11%

12%

HbA1c – RELA 2018-2021
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CE method

MS method

Seoul 2 2020Munich 2021

HbA1c – IFCC Network Comparison
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fresh whole blood lyophilized prepared whole blood 
EurA1c study RELA IFCC network 

Mixed blood (1.5 mL) is washed twice with 10 mL saline (NaCl, 0.15 mol/L) 
centrifugation for 10 min at 3000 g at 8°C
incubation of sedimented cells in 10 mL saline at 37° C for 4 hour
centrifugation for 10 min at 3000 g at 8°C

hemolysis addition of 1 mL dest. water √   - (√)
determination of total hemoglobin concentration 
dilution of hemolysates to 50 mg/mL total hemoglobin by mixing with buffer, MES 50 mmol/L, 
EDTA 1 mmol/L and potassium cyanide 10 mmol/L, pH 6.2, adjusted by sodium hydroxide 4 mol/L 
centrifugation for 20 min at 3000 g
determination of total hemoglobin concentration, storage at -70°C for maximum of three years √

(√)

(√)

(√)

(√)remove of cell debris

√

√

√

√

elemination of pre-HbA1c

sample types
Sample Preparation 

whole blood washing 

Hb concentration

  - 

  - 

√

to be done by:

√ participant

(√) network 
coordinator

- not relevant

IFCC RMP HbA1c – Critical steps?



-15.0

-10.0

-5.0

0.0

5.0

10.0

15.0

D
oE

 /
 %

DoE RELA 2018-2021

Sample A 2021 Sample B 2021 Sample A 2020 Sample B 2020 Sample A 2018 Sample B 2018

𝑫𝒐𝑬 =
𝑥௅௔௕ − 𝑥௠௘ௗ௜௔௡

𝑥௠௘ௗ௜௔௡
ȉ 100%

Calculation of Degree of Equivalence



www.rfb.bio

EQALM Symposium 2022 – Athens, Greece – October 12-14, 2022

Individual network lab: Review RMP and data

 Critical steps? Challenges?

Special network meeting:
• Combine & discuss results of review
• Plan experiments / measures

Suggestion for further actions ...
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Conclusions

What to do when reference measurement procedures show different results?
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Conclusions

Even if a RMP is well described according to ISO 15193, many factors 

influence the results. A reference measurement procedure is a tool. It needs 

to be maintained for a lifetime.

Well trained technicians and practical knowledge as well as continuous 

monitoring are essential to minimize the risk of different results.

Calibration labs are responsible to look for any considerable differences. If 

inconsistencies are detected, further investigations are needed by the 

individual lab and in cooperation with colleagues.
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Thank you for your attention!

rela@spmd-rfb.de


