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materials of high metrological order in 
the field of biomedical diagnostics.





Example of uncertainty budget for 

ALT reference measurement procedure

Infusino I et al. Clin Chim Lab Med 2016;in press



CIRME reference measurement services in the JCTLM list
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In cooperation with



Pasqualetti S et al. CCA 2015;450:125
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Estimating folate deficiency and need to 

predict the effect of assay recalibration

• To improve assay harmonization, some 

commercial folate methods have recently 

undergone recalibration to the WHO NIBSC 

03/178 International Standard

• After recalibration, a significant change in 

the average folate measured values was 

recorded



At a folate concentration around the lower reference 

limit of the old Roche assay, a positive bias of 50% vs. 

the new Roche assay can be observed

Roche Folate III assay 

code 04476433190 

(home-made 

calibration)

Roche Folate III assay 

code 07559992190 

(traceable to NIBSC 03/178 IS)
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Taking into account the ∼50% difference experimentally 

found at the lower reference limit (LRL) level, the shift from 

4.6 μg/L (Roche recommended LRL for old calibration) to 3.9 

μg/L (Roche recommended LRL for recalibrated assay) 

appears to be inconsistent.

Consequently, a misleading overestimate of the prevalence of 

folate deficiency is expected if the recalibrated Roche assay 

will be used together the manufacturer’s newly 

recommended LRL. 

New experimental data from healthy individuals have, 

therefore, to be quickly obtained with the recalibrated assay 

in order to accurately define the traceable reference interval 

and derive correct decisional strategies for folic acid 

supplementation.
Ferraro S et al., Clin Chem Lab Med 2016: in press



2.5th

percentile

traceable to 
NIBSC 

03/178 IS

home-made 
calibration

Ferraro S et al., submitted

Estimation of the Reference Interval for Serum Folate

Measured with Assays Traceable to the WHO International 

Standard



Currently, the full information about Currently, the full information about 

calibration is usually not availablecalibration is usually not available





GCGC--IDMS @ NISTIDMS @ NIST

NIST SRM 917NIST SRM 917

ManufacturerManufacturer’’s s 

internal procedureinternal procedure

Commercial Commercial 

systemsystem

NIST SRM 965NIST SRM 965

(glucose in human serum)(glucose in human serum)

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

GCGC--IDMS IDMS 
[accredited reference laboratory][accredited reference laboratory]

ManufacturerManufacturer’’s internals internal

procedureprocedure

CommercialCommercial

systemsystem

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

ComparisonComparison onon

biologicalbiological samplessamples

AA BB

CC DD NIST SRM 917NIST SRM 917

ManufacturerManufacturer’’s s 

internal procedureinternal procedure

NIST SRM 917NIST SRM 917

CDC CDC HexokinaseHexokinase
[accredited reference laboratory][accredited reference laboratory]

ManufacturerManufacturer’’s internals internal

procedureprocedure

CommercialCommercial

systemsystem

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

ComparisonComparison onon

biologicalbiological samplessamples

NIST SRM 917NIST SRM 917

Commercial Commercial 

systemsystem

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

Types of metrological chains that can be used to implement the tTypes of metrological chains that can be used to implement the traceability of blood glucose results*raceability of blood glucose results*

Braga F & Panteghini M, Clin Chim Acta 2014;432:55Braga F & Panteghini M, Clin Chim Acta 2014;432:55
*all*all JCTLM JCTLM recognizedrecognized



Three main components of uncertainty:

1. Uncertainty of references - reference materials, reference procedures;

2. Uncertainty of commercial system calibrators - manufacturer ’s calibrator values [transfer 

process];

3. Uncertainty of random sources – system imprecision, individual lab performance.

Braga F et al. Clin Chem Lab Med 2015;53:905-12
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[Braga F & Panteghini M, Clin Chim Acta 2014;432:55]
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Types of metrological chains that can be used to implement the traceability of blood creatinine results*

*All*All JCTLM JCTLM recognizedrecognized[Braga F, Infusino I, Panteghini M. Clin Chem Lab Med 2015;53:905]
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Picrate Enzymatics

Traceability implementation does not correct for 

creatinine analytical non-selectivity problems!

Percent bias of overall means for the two method macro-categories based on different 
analytic principle in post-standardization years (2010-2011). The dotted and the dashed 
line indicate the maximum acceptable bias at desirable (±4.0%) and at minimum quality 
level (±6.0%), respectively.

Carobene A et al., Clin Chim Acta 2014;427:100Carobene A et al., Clin Chim Acta 2014;427:100



[Braga F, Infusino I, Panteghini M. Clin Chem Lab Med 2015;53:905]
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[Carobene A et al., Clin Chim Acta 2014;427:100]

EQAS materials with physiologic (88.4 μmol/L) and borderline (123.8 μmol/L) 

creatinine concentrations vs. the desirable goal for TE (±8.9%). Notwithstanding

the marked difference in size of two groups, it was evident that the vast majority 

(87%) of laboratories using systems employing enzymatic assays were able to

fulfill the desirable performance, while only one third of laboratories using

picrate-based systems were able to meet the target.

Enzymatic assays (n=23) Alkaline picrate assays (n=296)



Sample 2

Fig. 1

Mosca A et al., Clin Chim Acta 2015;451:305





Research Centre for 

Metrological Traceability in 

Laboratory Medicine (CIRME) 

– Educational activities

CIRME organizes international and national 

conferences on the topic of Traceability and 

Standardization in Laboratory Medicine and 

works actively to promote postgraduate 

specialization courses
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Lack of proper reference intervals/decision limits may 

hamper the implementation of standardization

• The implementation of standardization can modify 

the analyte results 

• Without adequate R.I./D.L. this situation can impair 

the interpretation of the results and, paradoxically, 

worsen the patient’s outcome  

• The absence of reliable R.I./D.L. for the newly 

standardized commercial methods hampers their 

adoption 

[Adapted from Ceriotti F, Hinzmann R, Panteghini M. Ann Clin Biochem 2009;46:8]



Traceable reference intervals as 4Traceable reference intervals as 4thth pillar of pillar of 

the reference measurement system:the reference measurement system:

how a problem becomes a solutionhow a problem becomes a solution

HistoricallyHistorically

Method-dependent 

results

Method-dependent 

reference intervals

Traceability eraTraceability era

Standardized methods 
that provide traceable 

results

Traceable reference 
intervals

InfusinoInfusino I, Schumann G, I, Schumann G, CeriottiCeriotti F, F, PanteghiniPanteghini M. CCLM 2010;48:301M. CCLM 2010;48:301

Ferraro S, Ferraro S, BragaBraga F, F, PanteghiniPanteghini M. CCLM 2016;54:523M. CCLM 2016;54:523





Infusino I et al. Clin Chem Lab Med 2016;in press.



The implementation of standardization in 
clinical practice needs first the availability 
of the 3 main pillars:
•Reference measurement procedures

•Reference materials

•Accredited reference laboratories

Then, it needs to define a 4th pillar:
•Traceable reference intervals/decision limits

And, an appropriately organized analytical 
(internal and external) quality control 
should become the 5th pillar.

44thth CIRME CIRME InternationalInternational ScientificScientific MeetingMeeting
RETHINKING QUALITY CONTROL IN THE TRACEABILITY ERARETHINKING QUALITY CONTROL IN THE TRACEABILITY ERA

Milano Milano -- 30 30 NovemberNovember 20102010





PlatformPlatform

CalibratorsCalibratorsReagentsReagents

Control material(s)Control material(s)

Monitoring the reliability of the analytical system 

through Internal Quality Control: 

Component I. Check alignment (“system traceability”)

Clinical laboratories must verify the consistency of declared performance during routine 

operations performed in accordance with the manufacturer’s instructions, by checking that 

values of control materials provided by the manufacturer as component of the analytical 

system are in the established range, with no clinically significant changes in the assumed 

traceable results.

Braga F et al. J Med Biochem 2015;34:282

Braga F et al. Clin Chem Lab Med 2015;53:905



PlatformPlatform

CalibratorsCalibratorsReagentsReagents

Control material(s)Control material(s)

PlatformPlatform

CalibratorsCalibratorsReagentsReagents

PlatformPlatform

CalibratorsCalibratorsReagentsReagents

Control material(s)Control material(s)

Acceptance/rejection of 
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Testing alignment

[“system traceability”]

Any “out of control” signal must be made available with 

sufficient time to allow immediate corrective actions to 

bring again the situation under control (virtually 

“unbiased”) and before reports related to the samples 

analyzed in the affected analytical run are issued.

Any “out of control” signal must be made available with 

sufficient time to allow immediate corrective actions to 

bring again the situation under control (virtually 

“unbiased”) and before reports related to the samples 

analyzed in the affected analytical run are issued.

Braga F, Panteghini M. Biochim Clin 2015;39:551



Monitoring the reliability of the analytical system through 

Intrnal Quality Control: 

Component II. Estimating the measurement uncertainty 

due to random effects (“imprecision”)

System imprecision

System calibration 

(combined) uncertainty

Individual lab 

performance 

(IQC safety margin)

Measurement 

uncertainty

budget

System

Reagent lots

Laboratory

Braga F et al. J Med Biochem 2015;34:282

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

Main characteristics for a control material to be used in the Main characteristics for a control material to be used in the 

IQC component II program in order to derive the uncertainty IQC component II program in order to derive the uncertainty 

of the analytical system due to the random effects.of the analytical system due to the random effects.

Measurand definition

Patient result





Analytical performance specification (APS) derivation

should be added to the Miller’s EQAS categorization

Category 1/2A → Milan model 1 or 2 as basis for APS

Category 1/2B → Other models

[[MillerMiller WG WG etet al.al. ClinClin ChemChem 2011;57:1670]2011;57:1670]

Infusino I et al. Clin Chem Lab Med 2016;in press.

99thth CIRME CIRME InternationalInternational ScientificScientific MeetingMeeting
STRUCTURING EQAS FOR MEETING METROLOGICAL CRITERIA:STRUCTURING EQAS FOR MEETING METROLOGICAL CRITERIA:

READY FOR PRIME TIMEREADY FOR PRIME TIME
Milano Milano –– 27 27 NovemberNovember 20152015



The application of the analytical 

performance specifications can be 

modulated depending on its use. For 

example:

Reference material providers

Manufacturers producing calibrators

Individual laboratories who provide 

patient results 

EQAS organizations
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≤33%

≤50%

Recommended limits for combined uncertainty budget (expressed as 

percentage of total budget goal) in traceability implementation

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



This approach should be applied to every 

analyte measured in the clinical laboratory 

in order to establish if the current status 

of the uncertainty budget of its 

measurement associated with the 

proposed metrological traceability chain is 

suitable for clinical application of the test.

[Panteghini M, Clin Chem Lab Med 2012;50:1237]



System imprecision

System calibration 

uncertainty

Individual lab 

performance 

(IQC safety margin)

Measurement 

uncertainty

budget

Uncertainty of

references 

According to the outcome-based study of misclassifi cation rates, the 
maximum allowable goal for 100% total uncertainty b udget of cTnI
assays is 13% (minimum quality goal) for the clinic al result and which 
allows for <2% result misclassification.

Anticipate 50% of uncertainty budget (6.5%) at manu facturer’s 
calibration and value transfer level.

≤33% of uncertainty budget due to SRM uncertainty (~ 4.5%).

IFCC WGIFCC WG--TNI Technical DiscussionTNI Technical Discussion

Value assignment of NIST SRM 2922 and measurement uncertaintyValue assignment of NIST SRM 2922 and measurement uncertainty

Measurand definition

Patient result

Turning the problem upside down 

Focus first on the field assays



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

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

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

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

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

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



The three most highly cited CIRME papers

biochimica clinica, 2007, vol. 31, n. 4 247



Clin Biochem Rev Vol 28 November 2007 I 155



J Clin Pathol 2013;66:273.









ISO normative standards related to metrological

traceability of IVD MD
[ISO/TC 212 Working Group 2, Reference systems] 

• IVD MD — Measurement of quantities in biological samples — Metrological traceability of 

values assigned to calibrators and control materials (ISO 17511:2003)

• IVD MD — Measurement of quantities in biological samples — Metrological traceability of 

values for catalytic concentration of enzymes assigned to calibrators and control materials 

(ISO 18153:2003)

• IVD MD — Measurement of quantities in samples of biological origin — Requirements for 

content and presentation of reference measurement procedures (ISO 15193:2009, 2nd ed.)

• IVD MD — Measurement of quantities in samples of biological origin — Requirements for 

certified reference materials and the content of supporting documentation (ISO 

15194:2009, 2nd ed.)

• Laboratory medicine - Requirements for reference measurement laboratories (ISO 

15195:2003)

• ISO/NP 20914 — Medical laboratories – Practical guide for the estimation of measurement 

uncertainty

• ISO/NP 21151 — IVD MD -- Measurement of quantities in samples of biological origin --

Requirements for international harmonization protocols intended to establish metrological 

traceability of values assigned to product (end user) calibrators and patient samples 

Revised version under development

To be incorporated into revised 17511




