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

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

When are results considered to be different?

Are difference always errors of the performance?

Who is right, who is wrong?

Measurement uncertainty of individual result — Is the estimation
appropriate?

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



www.rfb.bio

Reference Measurement Procedures and Results

INTERNATIONAL ISO Measurement principle and measurement method
STANDARD 15193 Reagents and materials, apparatus, sampling and
sample ...

Second edition
2009-05-01

Calibration, design of analytical series, operation of
measuring system, data processing, calculation of
results ...

In vitro diagnostic medical devices — Method validation

Measurement of quantities in samples of Ivtical infl Fiti

biological origin — Requirements for analytical influence quantities

content and presentation of reference measurement trueness
interlaboratory comparison

measurement procedures
measurement uncertainty

Dispositifs médicaux de diagnostic in vitro — Mesurage des grandeurs
dans des échantillons d'origine biclogique — Exigences relatives au
contenu et a la présentation des procédures de mesure de référence
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Reference Measurement Procedures and Results

INTERNATIONAL ISO
STANDARD 15193

Second edition
2009-05-01

In vitro diagnostic medical devices —
Measurement of quantities in samples of
biological origin — Requirements for
content and presentation of reference
measurement procedures

Dispositifs médicaux de diagnostic in vitro — Mesurage des grandeurs
dans des échantillons d'origine biclogique — Exigences relatives au
contenu et a la présentation des procédures de mesure de référence

2.9 (3.1)
measurement result
result of measurement

set of quantity values being attributed to a meas-
urand together with any other available relevant
information

NOTE1 A measurement result generally contains
‘relevant information” about the set of quantity values,
such that some may be more representative of the
measurand than others. This may be expressed in the
form of a probability density function (PDF).

NOTE 2 A _measurement result is generally expressed
as a single|measured quantity value and a measure:|
Iment uncertainty.| If the measurement uncertainty is
considered to be negligible for some purpose, the
measurement result may be expressed as a single
measured quantity value. In many fields, this is the
common way of expressing a measurement result.

JCGM 200:2012
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JCTLM Database
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NEWS

CONTACT US

JCTLM Database: higher-order reference materials, methods and services

Search database © The JCTLM database content:
Please type a key word or select a criteria * Q
i — Reference Materials 265
— _ ’ Reference Measurement Procedures 215
- Reference Measurement Services 224
[ somcn | of 20 calibration labs
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Traceability Hierarchy - ISO 17511

material

measurement procedure

m.1.certified primary reference
material [CRM] - ISO 15194 conforming

p.1. fit for purpose measurement procedure(s) for
purity assessment or identity of pure substances,
e.g. qNMR, mass balance, gene sequencing

m.2. primary calibrator - prepared as
solution of m.1 in suitable solvent

p.2. primary reference measurement procedure for
calibrator, e.g. gravimetric preparation,
enumeration/counting

m.3. secondary (commutable) calibrator/CRM
(1ISO 15194 conforming), or other
commutable reference samples e.g. panels
and/or pools of human samples

p.3. reference measurement procedure - for
the measurand (ISO 15193 conforming)

p.4. manufacturer’s selected
measurement procedure

m.4. manufacturer's working
calibrator (master calibrator(s))

m.5. end-user IVD MD
calibrator (various lots)

p.5. manufacturer’s standing
measurement procedure

AVAVAVAVA

p.6. end-user IVD MD

m.6. human sample with result

National Metrology Institutes

Calibration Laboratories

IVD Manufacturers

Clinical Laboratories
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Services of Calibration Laboratories

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.
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What does the end user see?

HM 1/16 vs. RELA2014

Anaiyte  Testosterone
Method all methods

success rate 97,1 % out of range 3 60
o B
50
®
45
e ° ° 40
0 0 0
. o 30
k| 0
20
0
. . © 745 clinical labs
o
o
L] O = =
, ° 3 calibration labs
. 0
o - -
- o0y 375 75 125 15 Limits Of Acceptance : 35%
0,0 50 10,0 15,0 nmal/l
A
No of participants 745
sample/unit A nmol/| B
mean 7.10 25.4
standard deviation 1.04 3.64
coefficient of variation 14.7 14.3
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Traceability Hierarchy - ISO 17511

material measurement procedure
p.1. fit for purpose measurement procedure(s) for
purity assessment or identity of pure substances,
. : .2 qNMR, mass balance, gene sequencing . .
%ru, > | M-lcertified primary reference oEd National Metrology Institutes
Yoru,,, material [CRM] - ISO 15194 conforming / gy
CCQM comparisons
p.2. primary reference measurement procedure for
/ calibrator, e.g. gravimetric preparation,
m.2. primary calibrator - prepared as enumeration/counting
solution of m.1 in suitable solvent . . .
\ Calibration Laboratories
p.3. reference measurement procedure - for
- / the measurand (1SO 15193 conforming) RELA Surveys
m.3. secondary (commutable) calibrator/CRM
(1ISO 15194 conforming), or other
commutable reference samples e.g. panels
and/or pools of human samples \ p.4. manufacturer’s selected
/ measurement procedure IVD Manufacturers
m.4. manufacturer’s working
calibrator (master calibrator(s)) \ p.5. manufacturer’s standing
measurement procedure
%ru_b m.5. end-user IVD MD /
ot calibrator (various lots) \
p.6. end-user IVD MD Clinical Laboratories
Y%ru(y)*
Www.rfb.bio ) m.6. human sample with result EQA programs




EQA for Calibration Laboratories - RELA

Ifec

[ RELA Home

b j RELA - Homepage RfB
J(l T Ll\ 1 External quality control for Referer!:e Lagboratories @ T
fir Bioanalytik

|

Welcome

login

Registration/
Account

RELA in progress

order RELA 2022

enter RELA 2022
results

former RELA results

www.rfb.bio

RELA 2021
show resul ot
[ Allor choose Lab ... ¢ B
select lab analytes full address with limits of equivalence
For highlighting a specific result please click on the
corresponding result line.
Testosteron Result lines printed in bold indicate JCTLM listed
services.
B e.u e.u
Labcode | A A i B B 7 Method
2% 1 13.82 | 0.14 | 23.9 | 0.25 | ID/LC/MS/MS
1 13.81 | 0.413 | 23.66 | 0.711 IDIGC/MS
18 13.63 | 0.23 | 23.67 | 0.31 | ID/ILC/MS/MS
L 25 [13.82| 0.38 |23.89| 0.66 | ID/LC/MS
B ———— e 27 13.83 | 0.21 | 24.04 | 0.36 ID/IGC/IMS
[ e c;“j ” 51 |13.87| 0.26 |23.78 | 0.46 |ID/LC/MS/MS
| - |
[I] # o‘?. ‘ J 54 [13.89| 041 [24.37| 0.64 |ID/LC/MS/MS
| +
[ | | 61 14.17 | 0.28 [ 23.99 | 0.46 | ID/LC/MS/MS
. ‘ 2 65 [13.94] 043 [ 235 | 1 |IDILC/MS/MS
87 14.2 | 0.37 | 24.28| 0.53 | ID/LC/MS/MS
22 98 13.95| 0.17 |24.09| 0.27 | ID/ALC/MS/IMS
134 13.74 | 0.34 [23.62| 0.59 | ID/LC/MS/MS
152 14.29 | 0.312 | 24.18 | 0.769 | ID/LC/MS/MS
1&.6 15.3 1:1 1‘4".' 154
A [nmoliT]

Surveys for metabolites &
substrates, electrolytes,
enzymes, proteins, steroid
hormones, drugs, ...

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?

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



EQA for Calibration Laboratories - RELA

l’l.'t JCTIM RELA - Homepage o RfB

vernationol Federor External quality control for Reference Laboratories erEE——

d laboral fur Bioanalytik
IRELAHome —|
[~ ocome Reua 2021

login

Registration/
Account

RELA in progress

order RELA 2022

enter RELA 2022
results

former RELA results

Choose year... &

www.rfb.bio

v All or choose Lab ...

001 - Referenzinstitut fir Bio , Dr. C. Stobe

003 - Medizinische Hochschule , Dr. D. Grote-Koska

005 - Roche Diagnostics GmbH , Herrn Gernot Brunny
006 - UOC Patologia Clinica , CIRME-Prof. Mauro Panteg
008 - Physikalisch-Technische , Dr. Brauckmann, Dr. Rien
011 - Refd4U, Laboratory of Tox , Dr. Katleen Van Uytfangh
012 - Fundacion Bioguimica Arg , Raul Girardi

018 - National Center f. Clini , Prof. Wenxiang Chen

019 - Reference Material Insti , Eri Shimizu

023 - BioSystems, S.A. , Dr. Petraki Munujos

024 - Children's Wisconsin , Attn: Dr. Stanley Lo/Lau

025 - Deputy Director , Dr. David Ducroqg

027 - Instand e. V., Dr. Patricia Kaiser

030 - Centers f. Disease Contr , Uliana Danilenko,

041 - Roche Diagnostics GmbH , Steffen Bossert-Reuther
046 - Clinical Enzymology Ref. , Francesca Canalias, Depa
047 - Beijing Aerospace Genera , Yu Hongyuan

048 - Biosine Bio-Technology a, Jiang lin

051 - Maccura Biotechnology Co , Sun Keqi

052 - Queen Beatrix Hospital , Carla Siebelder

054 - shanghai Center for Clin, Ju Yi

P

25
24

23

Testosteron % | show result plot

with limits of equivalence

For highlighting a specific result please click on the
corresponding result line.

Result lines printed in bold indicate JCTLM listed

services.
Labcode | A e‘.:. B egl. Method
1 13.82 | 0.14 | 23.9 | 0.25 | ID/LC/MS/MS
1 13.81 | 0.413 | 23.66 | 0.711 ID/GC/MS
18 13.63 | 0.23 | 23.67 | 0.31 | ID/LC/MS/MS
25 13.82 | 0.38 | 23.89 | 0.66 ID/LC/MS
27 13.83 | 0.21 |24.04 | 0.36 ID/GC/IMS
51 13.87 | 0.26 |23.78 | 0.46 | ID/LC/MS/MS
54 13.89 | 0.41 [24.37 | 0.64 | ID/LC/MS/MS
61 14.17 | 0.28 [23.99 | 0.46 | ID/LC/MS/MS
65 13.94 | 0.43 | 235 1 | ID/LC/MS/MS
87 14.2 | 0.37 | 24.28 | 0.53 | ID/ILC/IMS/MS
98 13.95| 0.17 | 24.09 | 0.27 | ID/LC/MS/MS
134 13.74 | 0.34 | 2362 | 0.59 | ID/LC/MS/IMS
152 14.29 1 0.312 | 24.18 | 0.769 | ID/LC/MS/MS

Surveys for metabolites &
substrates, electrolytes,
enzymes, proteins, steroid
hormones, drugs, ...

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
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RELA Participants 2005 to 2021

South America
» North America
® Europe
W Asia
e

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

Number of laboratories:
2005 11 Labs
2021 63 Labs

18 participants are accredited

according to ISO 17025 AND
15195.

Number of results:
2003 111
2021 658



Objective of Interlaboratory Comparisions

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)

www.rfb.bio ‘ ‘
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Limits of Equivalence

ffec  JErM | meactemense | (o> RfB

RELA Home -]
ReLa 2021

Testosteron v show result plot . - -
login (Al or choose Lab ... ¢ D LImItS Of EqL“Valence (LOE) are
select lab analytes full address with limits of equivalence
Reglstrationt For highlighting a specific result please click on the - p reSC rl b ed I n th e RE LA
Accolmt Toatost corresponding result line.
estosteron Result lines printed in bold indicate JCTLM listed
L s procedure manual
order RELA 2022 Labcode| A [ ®2 | B [ °% | Method . .
A B
- applied, if at least 5 labs use a
anter RELA2022 " 1 |13.82] 014 | 239 | 0.25 [IDLC/MSMS
results 11 [13.81(0.413(23.66 | 0.711 | IDIGCIMS JCTLM listed RMP

18 13.63 | 0.23 | 23.67| 0.31 | ID/LC/MS/MS
former RELA results

25 25 [13.82| 0.38 |23.89| 0.66 | ID/LC/MS
= 27 |13.83| 0.21 |24.04| 0.36 | IDIGCIMS
e L]® 51  [13.87| 0.26 | 23.78 | 0.46 |ID/LCIMSIMS H
ig. '8 u Are the values and their expanded
so | 54 |13.89| 0.41 |24.37| 0.64 | ID/LC/MS/MS

61 |14.17| 0.28 | 23.99| 0.46 | IDILCIMSIMS MU within the LoE?

2 65 1394|043 | 235 | 1 |IDLC/MSMS
87 | 142 | 037 |2428] 0.53 |IDLCMSMS
2 98 |13.95| 047 |24.09| 0.27 |IDLCMSMS
134 1374 034 | 2362/ 059 |IDILC/MS/MS
152 [14.20| 0312 24.18 | 0.769 | IDLC/MS/MS
126 133 14 147 154

A [nmoli]
www.rfb.bio o O
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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.

Examples for comparisons between

- few participating laboratories (Digitoxin)

- laboratories using RMP with certified reference material (Calcium)
- laboratories using a conventional RMP (HbA1c)

www.rfb.bio o O
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Differences at Comparison with n<5 Laboratories

T 13,5

T13

T 125

+12

T 1.5

RELA 2017

No. of participants: 2

Digitoxine

-]
-]
1-‘:1,7 1;,4 1:5.1 1:5,8 1:7‘5 1:8.2

A [nmolll]

www.rfb.bio ® O0

l’tt

RELA 2017
02.11.18

LabCode A e.u. B eu. method

001 © 16,73 0.16 12,79 017 IDILCMSMS

027 @ 16,2 04 12,3 03 IDILC/MSMS

2 calibration labs

JCTLM listed CRM: no
JCTLM listed RMP: yes
RMP based on ID-LC-MS

Accredition body states the
difference of the results and
threatens to withdraw the

accreditation status
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Differences at Comparison

RELA 2017 RELA 2018
No. of participants: 2 No. of participants: 3
Digitoxine Digitoxine
B B
+245
T 13,5
T 23,8
: 113 ©
°
° T 231
T12,5
-]
r224
+12 e
T21,7
+ 11,5
T 21
1-‘:1,7 1;,4 1:5.1 1:5,8 1:7‘5 1:8.2 3b-3 3:|.5 3'2.2 3'2.9 31'3.6 3:1‘3
A [nmoll] A [nmolf]
www.rfb.bio o o

with n<5 Laboratories

RELA 2018
e
12.11.20
LabCode A e.u. B e.u. method
001 @ 32,49 038 23,55 032 IDILCMS
008 @ 33,09 08 23,02 0,54 IDILCMS
027 © 31,6 08 22,2 06 IDILC/MSIMS

2 calibration labs

1 National Metrology Institute

JCTLM listed CRM: no
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Additonal Study with Spiked Material - Sample A

Calibration labs and NMI exchanged

11 =
and used the same calibration
11.&3
material B
.-;:- 140
B
Determined amount concentration ;Ezz 0
E
of Digitoxin in spiked serum S }
[
1050
— gravimetric reference value
1083
----- standard uncertainty i

www.rfb.bio ‘ .
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Additonal Study with Spiked Material - Sample B

Calibration labs and NMI exchanged

24
and used the same calibration .
material |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
P
=
_T;. 134 .
Determined amount concentration L}
E 3
of Digitoxin in spiked serum =
o 2
. . TE
— gravimetric reference value
1T 6
----- standard uncertainty o

www.rfb.bio ‘ .
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Differences at Comparison with n<5 Laboratories

RELA 2017 RELA 2018
No. of participants: 2 No. of participants: 3
Digitoxine Digitoxine
B B
T 245
T 13,5
T 23,8
: 113 ©
°
° T 231
T12,5
-]
r224
+12 e
T21,7
+ 11,5
T 21
1-‘:1,7 1;,4 1:5.1 1:5,8 1:7‘5 1:8.2 3E’-8 3:|.5 3'2.2 3'2.9 31'3.6 3:1‘3
A [nmoll] A [nmolf]
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RELA 2018
e
12.11.20
LabCode A e.u. B e.u. method
001 @ 32,49 038 23,55 032 IDILCMS
008 @ 33,09 08 23,02 0,54 IDILCMS
027 © 31,6 08 22,2 06 IDILC/MSIMS
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RMP with CRM

RELA 2021
No. of participants: 9
Calcium
B
1,95
1.9
- 1,85
i" 1.8
1,75
1.7
3:1 3..2 33 3.'4 3:5 3.'6
A [mmol/l]
o O

RELA 2022 (preliminary)
No. of participants: 14

Calcium

+ 2,07

T 2,01

T 1,98

T 195

2,35 2,4 2,45 25 2,55 26
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RMP with CRM

RELA 2021
No. of participants: 9
Calcium
B
1,95
"1.9
+ 1,85
oha |0 118
=
- + 1,75
T1.7
31 32 33 34 35 36
A [mmol/l]
o O0

RELA 2022 (preliminary)

No. of participants: 14

Calcium

0N

—J

121

T 207

T 204

T 2,01

T 1,98

T 1,95

2,35 24 2,45 2,5
A

limits of equivalence = *2,50%
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National Jnstitute of Standards & Technology

(ertificate of Analysis

Standard Reference Material® 915b

Calcium Carbonate

This Standard Reference Material (SRM) is intended for use as an analytical standard of known purity. It is intended
primarily for use in the calibration and standardization of procedures for calcium (Ca) determinations employed in
clinical analysis and for routine critical evaluation of the daily working standards used in these procedures. This lot
of calcium carbonate (CaCOs) was prepared to ensure a material of high purity and homogeneity and has been assayed
after heating at 200 °Cto 210 °C. A unit of SRM 915b consists of a single glass bottle containing 20 g of the material.

INSTRUCTIONS FOR USE

Drying Instructions: Dry the material at 200 °C to 210 °C for 4 h. After the SRM has been dried, store it in a
desiccator over anhydrous magnesium perchlorate.

www.rfb.bio ® O
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<NST

NIST Store

Calibrations~ Standard Reference Data~- Standard Reference Materials- Help- Contact Us

Home SRM Chemical Composition Health/Industrial Hygiene Calcium Carbonate

Browse NIST products by name.

Search Products n
My Cart -

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.

www.rfb.bio o O
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Demostrating Traceability - HbAl1c

GH 3/17: lyophilized hemolysate

GH 1/18: fresh whole blood

Analyt Hb Alc Analyte Hb Alc
Methode  Alle Methoden Methed  all methods
Erfolgsquote 91,2 % Ausreisser 6 rate 97,5 % out of range 5
® ® ® B B
L]
100
50
.
s 80
() .
0 o®
40 L]
e °
s
s 60
. . .
30
L °
L
40
20 -
°
8
)
40 60 80 100 120 140 mmol/ 20 30 40 50 60 mmol/n
A A
R 755 ——_—_——— S New Limits of Acceptance:
Probe/Einheit A mmal/mol B sample/unit A mmol/mol B
Mittelwert 99.8 38.9 mean 37.3 67.8 + / - 80/0
Standardabweichung 6.16 3.47 standard deviation 2.16 3.00
Variationskoeffizient 6.18 8.91 coefficient of variation 5.80 4.42

www.rfb.bio ® O
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HbAlc - RELA 2018-2021

HbA1c HbA1c HbA1c
B B B
175
+38
175
%o
+36 170 —
r—° . s o ! A
= 39% 1 ]
o (P° I 9% ,—9 BaE 170
P ° =11
! - .~ 1 |
34 =9 Pt o 12%
-—— © 465 -] _0 L
4% m
; 165
T3 < > [ 701 ] v
9% ¢
11%
160
© + + + t t t t t t + ' : ; +
35 36 37 38 39 32 34 36 38 40 32 34 36 38
A [mmolimol] A [mmol/mol] A [mmolimol]
www.rfb.bio ‘ .
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Systematic Blas

HbAlc - IFCC Network Comparison

Approval Lab Elliptic (Study 2021 Munich)

Munich 2021 | Seoul 2 2020

MS method

\
|
L]
et
CE method
.
g
.E. L .
.23 0.2 0,15 -1 005 o 0as 01
Proportional Bias
www.rfb.bio o 0
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IFCC RMP HbA1c - Critical steps?

sample types

Sample Preparation fresh whole blood| lyophilized |prepared whole blood
EurAlc study RELA IFCC network
. Mixed blood (1.5 mL) is washed twice with 10 mLsaline (NaCl, 0.15 mol/L)
whole blood WaShmg centrifugation for 10 min at 3000 g at 8°C v (V)
. . incubation of sedimented cells in 10 mLsaline at 37° C for 4 hour
elemination of pre-HbA1c centrifugation for 10 min at 3000 g at 8°C v B (V)
hemolysis addition of 1 mL dest. water ' - (\/)
determination of total hemoglobin concentration
Hb concentration dilution of hemolysates to 50 mg/mL total hemoglobin by mixing with buffer, MES 50 mmol/L, Vv Vv (\/)
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
remove of cell debris determination of total hemoglobin concentration, storage at -70°C for maximum of three years v v (V)

to be done by:

V participant

network
(\/) coordinator

- not relevant

www.rfb.bio o O
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DoE / %

10.0

5.0

0.0

-5.0

-10.0

-15.0

Calculation of Degree of Equivalence

XLab — Xmedian

DoE = -100%

Xmedian

DoE RELA 2018-2021

e Sample A 2021

e Sample B 2021

e Sample A 2020

Sample B 2020

e Sample A 2018

e Sample B 2018

o — o ommmme o mm— o m— 4o
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Suggestion for further actions ...

Individual network lab: Review RMP and data
- Critical steps? Challenges?

!

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

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




Conclusions

What to do when reference measurement procedures show different results?

Step 1: Identify risks and opportunities

Step 2: Evaluate the risk

Step 3: Rank the risks and opportunities

Step 4: Determine actions to be taken

Step 5: Implement, monitor and follow up

Five steps in the ISO 17025 laboratory risk management process

www.rfb.bio o O
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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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