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Profession
(e.g., JCTLM, IFCC):

Define analytical objectives: reference
measurement systems (traceability chain) and 

associated clinically acceptable uncertainty (fit for 
purpose)

Diagnostic manufacturers: Implement suitable measuring systems 
(platform, reagents, calibrators, controls) 

fulfilling the above established goals

End users (clinical laboratories): Survey assay and laboratory performance through IQC 
and EQA redesigned to meet metrological criteria

Adapted from Panteghini M, Clin Chem Lab Med 2010;48:7

Steps of the process and different responsibilities in implementing traceability of 
patient results and defining their uncertainty



Braga F & Panteghini M, 
Clin Chim Acta 2014;432:55

CLASSICAL KEY ELEMENTS

4th pillar
TRACEABLE REFERENCE 

INTERVALS AND DECISION LIMITS  

5th pillar
ANALYTICAL (INTERNAL AND 

EXTERNAL) QUALITY CONTROL 
THAT MEETS METROLOGICAL 

CRITERIA  

6th pillar
TARGETS FOR 

UNCERTAINTY AND 
MEASUREMENT 
ERROR THAT FIT 
FOR PURPOSE

THE TEMPLE OF
LABORATORY STANDARDIZATION



• Definition and approval of reference measurement systems, 
possibly in their entirety;

• Implementation by IVD industry of traceability to such reference 
systems in a scientifically sound and transparent way;

• Definition by the profession of the clinically acceptable 
measurement uncertainty for each of the analytes used in the 
clinical field;

• Adoption by EQAS providers of commutable materials and use 
of an evaluation approach exclusively based on trueness;

• Monitoring of the analytical performance of individual 
laboratories by the participation in EQAS that meet metrological 
criteria and application of clinically acceptable limits;

• Abandonment by users (and consequently by industry) of 
nonspecific methods and/or of assays with demonstrated 
insufficient quality.



The definition and use of the reference system
concept for standardization of measurements must be 

closely associated with the setting of targets for 
uncertainty and error of measurement in order to make 

it clinically acceptable.

If these goals are not objectively defined and fulfilled, 
there is a risk of letting error gain the upper hand, 
thus obscuring the clinical information supplied by 

the result and possibly nullifying the theoretical 
advantages of metrological traceability and even 
causing negative effects on patients' outcome.

Braga F & Panteghini M, Clin Chim Acta 2014;432:55

L Thienpont et al., Clin Chem Lab Med 2004;42:842



ubias

Bias evaluation/correction

(u2
cal + u2

imp)         

Maximum allowable MU
The magnitude of MU should be suitable for a result 
to be used in a medical decision... For a given 
measuring system, estimating the uncertainty of the 
results produced is of very limited value unless it 
can be compared with the allowable MU based on 
the quality of results required for medical use. 



How to define maximum allowable MU



The measurand has a 
high homeostatic control

Neither central 
diagnostic role nor 

sufficient homeostatic 
controlThe measurand has a 

central role in diagnosis 
and monitoring of a 

specific disease 



Apply 
MILAN APS 
MODEL 2

Creatinine in serum has a 
strict metabolic control

Mean intra-individual biological variation (CVI) 
4.4%



Setting performance specifications for MU 
from Biological Variation (BV): Concept

If the intra-individual BV is high, the analytical
requirements are relatively low.
If, on the other hand, the intra-individual BV is
low, it increases the necessity to reduce the 
analytical part of the total variation.

VTOT = (MU2 + CVI
2)1/2

Measurement 
uncertainty

Intra-individual
biological variability



Impact of MU
on total variability of results
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[Adapted from Fraser CG et al. Ann Clin Biochem 1997;34:8]



≤0.75 x CVI (minimum)

≤0.50 x CVI (desirable)

≤0.25 x CVI (optimum)

Biological 
variation

model

Performance specifications for MU of 
creatinine measurement on clinical samples

=  3.3%

=  2.2%

=  1.1%

Average CVI = 4.4%



System imprecision

System calibration 
uncertainty

Individual lab 
performance 

Measurement 
uncertainty

budget

Uncertainty of
references 

Patient result

? % of TBU

100% of TBU

Measurand definition

? % of TBU

How much of the total MU budget [TBU] should be 
used across the different steps of metrological 

traceability chain?



100%

uref

(u2
ref + u2

cal)
½

(u2
ref + u2

cal + u2
random)½

System imprecision

System calibration 
uncertainty

Individual lab 
performance 

Measurement 
uncertainty

budget

Uncertainty of
references 

Measurand definition

Patient result

≤33%

≤50%

Recommended limits for combined MU budget 
(expressed as percentage of total budget goal)

Braga F, Infusino I, Panteghini M. Clin Chem Lab Med 2015;53:905



Measuring system 
imprecision

Measuring system 
calibration uncertainty

Individual lab 
performance 

Measurement 
uncertainty

budget

Uncertainty of
references 

Measurand definition

Patient result

Reference provider

Reference provider contribution 
to the MU budget

Due to error propagation in 
the calibration hierarchy the 
uncertainty of the certified 

value should be significantly 
lower than recommended 
performance specifications 

for routine procedures.



Patient’s result

Uncertainty of references may strongly 
influence the uncertainty of patient’s results

Higher-order reference

Adapted from G. Jones, 5th CIRME International Scientific Meeting – Milan, IT – Nov 2011



Turning the problem upside down: 
focus first on the field assays

Clin Biochem 2018;57:3



3.3% minimum

2.2% desirable

1.1% optimum

1.1% minimum

0.75% desirable

0.4% optimum

Allowable limit for the standard MU of 
creatinine reference materials @ 33% of the goal



Secondary CRM or RMP Combined standard uncertainty

JRC BCR-573 1.02 (fulfill minimum specification)

JRC BCR-574 0.62 (fulfill desirable specification)

JRC BCR-575 0.88 (fulfill minimum specification)

LGC ERM-DA250a 5.87 (do not fulfill specifications)

LGC ERM-DA251a 5.58 (do not fulfill specifications)

LGC ERM-DA252a 15.6 (do not fulfill specifications)

LGC ERM-DA253a 3.56 (do not fulfill specifications)

LNE CRM Bio 101a Level 1 1.09 (fulfill minimum specification)

LNE CRM Bio 101a Level 2 0.56 (fulfill desirable specification)

CENAM DMR 263 2.18 (do not fulfill specifications)

ID-GC-MS 0.49 to 0.50 (fulfill desirable specification)

ID-LC-MS 0.40 to 0.82 (fulfill desirable/min specs)

ID-SERS 1.23 to 2.24 (do not fulfill specifications)

Synopsis of higher-order references for creatinine in the JCTLM database and of 
their potential to fulfill goals for suitable uncertainty



By selecting different traceability chains, IVD manufacturers may spend 
different amounts of the total MU budget in implementing traceability 

of their measuring systems

Braga F, Infusino I, Panteghini M. Clin Chem Lab Med 2015;53:905



Identify those measurands for 
which further advancements 
to existing reference systems 

are needed or some 
components of the reference 

system are lacking

Identify and describe available 
reference measurement systems 

and metrological traceability chains 
in their entirety, based on the 

information available on JCTLM 
database

Illustrate the evolution of 
measurement uncertainty 

through the entire 
metrological traceability 

chains

Review the JCTLM guidance 
document on reporting 

metrological traceability and 
propose modifications, in a 

consistent way with the revised 
ISO 17511 standard

Task Force on 

Reference Measurement 

System Implementation 



Roles and responsibilities of 
IVD manufacturers

• Identification of higher-order metrological 
REFERENCES

• Definition of a CALIBRATION HIERARCHY to assign 
traceable values to their system calibrators 

• Estimation of combined MU of calibrators

• Fulfil MU GOALS, which represent a proportion of 
the uncertainty budget allowed for clinical 
laboratory results

To fulfill the EU IVD Directive and
REGULATION (EU) 2017/746 Requirements

[Braga F & Panteghini M, Clin Chim Acta 2014;432:55]



uncertainty
bias="error"

CRM 
assigned

concentration

coverage interval
CRM 

measured

BA

best 
estimate

uncertainty
bias="error"

CRM 
assigned

concentration

coverage interval
CRM 

measured

BA

best 
estimate

uncertainty

Role of IVD manufacturers

1) Elimination of measurement bias relative to the 
higher-order reference selected
CRM = certified reference material

2) Estimation of combined MU @ the calibrator 
level

Clinical laboratories have to rely on the manufacturers who must 
ensure traceability of their analytical systems to the highest available 

level. Therefore, estimation of a bias by the end-user laboratory 
should be rarely required. 



ubias

Bias evaluation/correction

(u2
cal + u2

imp)         

Higher-order references do not currently exist for 
some measurands, in which case calibrators are value-
assigned by manufacturers using in-house procedures 
that may lack external traceability. However, all end-
user calibrator assigned values have an uncertainty 
that contributes to the overall uncertainty of 
measurement results.



Measuring system imprecision

Measuring system calibration 
uncertainty

Individual lab 
performance 

Measurement 
uncertainty

budget

Uncertainty of
references 

Measurand definition

Patient result

Commercial calibrator contribution 
to the MU budget

IVD Manufacturer

Manufacturers should 
estimate the 

combined uncertainty! 

ucal = (u2
ref + u2

value ass)
½



And fulfil MU goals, which represent a proportion of the 
uncertainty budget allowed for clinical laboratory results



Metrological traceability chain and MU of the 
calibrator of Architect enzymatic creatinine assay

ABBOTT                                
Creatinine enzymatic assay (cod. 8L24)

Clin Chem Calibrator (LN 6K30) 

1.06%

1.29%

3.3% minimum

2.2% desirable

1.1% optimum

From MILAN 
APS MODEL 2

1.65% minimum

1.10% desirable

0.55% optimum

Allowable limit for the 
standard MU of 
creatinine calibrator 
@ 50% of the goal       



The individual laboratory should monitor the 
variability of the measuring system used 

locally through the Internal Quality Control

System

Reagent lots

Laboratory

Uncertainty margins for clinical laboratories

Clinical laboratory



ubias

Bias evaluation/correction

- within laboratory,
- same measuring system, but

changes in reagent/cal lots
- same staff, but changes in 

operators

(u2
cal + u2

imp)         



Testing MU due to the random effects [uimp]

The intermediate reproducibility should be estimated from 
consecutive 6-month data in order to capture systematic
sources of uncertainty, such as those caused by different

lots of reagents, different calibrations, different
environmental conditions such as room temperature and 

humidity. 

Braga F, Infusino I, Panteghini M. Clin Chem Lab Med 2015;53:905



Hage-Sleiman et al. Clin Chem Lab Med 2019;57:e49

pools

non commutable IQC



Performance in terms of MU of the Abbott 
Architect enzymatic creatinine assay

ABBOTT                                
Creatinine enzymatic assay (cod. 8L24)

Clin Chem Calibrator (LN 6K30) 

1.06%

1.29%

3.3% minimum

2.2% desirable

1.1% optimum

From MILAN 
APS MODEL 2

Allowable limits for the 
standard MU of serum 
creatinine measured on 
clinical samples

1.52%

[Sept 2014-Feb 2015] CV=0.8%





Traceability
chain

Adapted from M. Thelen, 10th CIRME International Scientific Meeting – Milan, IT – Nov 2016

MU budget

MU 
laboratory

margin



Example 1: Glucose (Plasma)

Reference material

XY manufacturer’s calibrator

Clinical samples

(NIST SRM 965b)

0.61-0.73%

Desirable
MU limit

(depends on the concentration level)

0.9%

C1: 120 ± 2.4 mg/dL 

≤1.25%

C2: 497 ± 10.0 mg/dL 
1.35%

2.7%

The uncertainty of this measuring system has a high probability to fulfil 
the desirable performance specifications for the total uncertainty 

budget (TBu)

The end user has a 
margin until a 

CV of 2.4%

33% TBU

50% TBU

TBU



Example 2: Creatinine (Serum)

Reference material

XY manufacturer’s calibrator

(NIST SRM 967a)

1.06%

0.75%

1.50%
1.1%

2.2%

33% TBU

50% TBU

TBU

L1: 0.847 ± 0.018 mg/dL

L2: 3.877 ± 0.082 mg/dL

4.0 ± 0.12 mg/dL

The end user has a 
margin until a 

CV of 2.0%

The uncertainty of this measuring system has a medium 
probability to fulfil the desirable performance specifications 

for the total uncertainty budget (TBu)

Desirable
MU limit

Clinical samples



Example 3: Sodium (Serum)

Reference material

XY manufacturer’s calibrator

(NIST SRM 956d)

0.29%

0.17%

0.63% 0.25%

0.50%

33% TBU

50% TBU

TBU

120 ± 0.7 mg/dL

C1: 120 ± 1.5 mmol/L

0.47%
C2: 160 ± 1.5 mmol/L

The end user has 
no margin to fulfil

specifications

The uncertainty of this measuring system has no possibility 
to fulfil the desirable performance specifications for the 

total uncertainty budget (TBu)

Clinical samples

Desirable
MU limit



The importance of grading different quality levels for analytical 
performance specifications

To move, in case, from desirable to minimum quality goals and, in the meantime, ask reference 

providers/IVD manufacturers to work for improving the quality of assay performance

DESIRABLE STANDARD

(satisfactory)

MINIMUM STANDARD 

(just satisfactory)

OPTIMUM STANDARD 

(no need to improve)

IDEAL

UNACCEPTABLE



Example 3: Sodium (Serum)

Reference material

XY manufacturer’s calibrator

(NIST SRM 956d)

0.29%

0.25%

0.63% 0.38%

0.75%

33% TBU

50% TBU

TBU

120 ± 0.7 mg/dL

C1: 120 ± 1.5 mmol/L

0.47%
C2: 160 ± 1.5 mmol/L

The end user has
a margin until a 

CV of 0.6%

Clinical samples

Minimum
MU limit

The uncertainty of this measuring system has a realistic possibility to 
fulfil the minimum performance specifications for the total 

uncertainty budget (Tbu)



To estimate MU is not enough!

• MU is not a finding to be calculated only to fulfil 
accreditation parameters and then immediately forgotten 

• Together with the MU, the laboratory must define the 
performance specifications (PS) to validate it

• All attempts must be made to improve on the MU value if PS 
are not achieved, including, as last option, the replacement 
of the measuring system

• MU must become a Key Quality Indicator in clinical 
laboratories because it can be used to describe both the 
performance of an IVD measuring system and the laboratory 
itself.

Infusino I, Panteghini M. Clin Biochem 2018;57:3



Clinical Chemistry 63:9 (2017) 1551


