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Laboratory measurement paradigm:Laboratory measurement paradigm:

�� Measuring systems that claim to measure the same Measuring systems that claim to measure the same 

analyte should give equivalent measurement results (for long analyte should give equivalent measurement results (for long 

term and within clinically meaningful limits)term and within clinically meaningful limits)

Laboratory results should be 

equivalent no matter where they 

are performed
�� Measurement results should be Measurement results should be 

independent of:independent of:

•• TimeTime

•• Location/laboratoryLocation/laboratory

•• Measuring systemMeasuring system



To becomeTo become equivalent for long termequivalent for long term, results , results 
must be traceable to highermust be traceable to higher--order referencesorder references

SI UnitsSI Units

Primary Ref. ProcedurePrimary Ref. Procedure

Primary Ref. MaterialPrimary Ref. Material

(e.g. pure analyte)(e.g. pure analyte)
Secondary Ref. ProcedureSecondary Ref. Procedure

ManufacturerManufacturer’’ss

Internal ProcedureInternal Procedure

EndEnd--useruser’’s Routines Routine

ProcedureProcedure

Secondary Ref. MaterialSecondary Ref. Material

(matrix(matrix--based)based)

ManufacturerManufacturer’’s Calibrators Calibrator

Routine SampleRoutine Sample

Test ResultTest Result
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REGULATION (EU) 2017/746REGULATION (EU) 2017/746 OF THE EUROPEAN PARLIAMENT OF THE EUROPEAN PARLIAMENT 

AND OF THE COUNCIL of 5 April 2017 on AND OF THE COUNCIL of 5 April 2017 on in vitro in vitro diagnostic diagnostic 

medical devices and medical devices and repealing Directive 98/79/ECrepealing Directive 98/79/EC and and 

Commission Decision 2010/227/EUCommission Decision 2010/227/EU

requires manufacturers to ensure requires manufacturers to ensure 

traceability of their analytical systems to traceability of their analytical systems to 

recognized higher order referencesrecognized higher order references



1.1. Establishment of a calibration hierarchy Establishment of a calibration hierarchy 

starting from the unequivocal definition starting from the unequivocal definition 

of the measurandof the measurand

2.2. Elimination of measurement biasElimination of measurement bias

3.3. Adequate estimation of measurement Adequate estimation of measurement 

uncertaintyuncertainty

Basic requirements to Basic requirements to 

establish traceabilityestablish traceability



THE TEMPLE OF LABORATORY STANDARDIZATIONTHE TEMPLE OF LABORATORY STANDARDIZATION

Braga F & Panteghini M, Braga F & Panteghini M, 

Clin Chim Acta 2014;432:55Clin Chim Acta 2014;432:55

CLASSICAL KEY ELEMENTSCLASSICAL KEY ELEMENTSCLASSICAL KEY ELEMENTS

4th PILLAR

TRACEABLE REFERENCE 

INTERVALS AND DECISION LIMITS  

44thth PILLARPILLAR

TRACEABLE REFERENCE TRACEABLE REFERENCE 

INTERVALS AND DECISION LIMITS  INTERVALS AND DECISION LIMITS  

5th pillar

ANALYTICAL (INTERNAL AND 

EXTERNAL) QUALITY CONTROL 

PROGRAM THAT MEETS 

METROLOGICAL CRITERIA  

55thth pillarpillar

ANALYTICAL (INTERNAL AND ANALYTICAL (INTERNAL AND 

EXTERNAL) QUALITY CONTROL EXTERNAL) QUALITY CONTROL 

PROGRAM THAT MEETS PROGRAM THAT MEETS 

METROLOGICAL CRITERIA  METROLOGICAL CRITERIA  

6th pillar

SETTING OF 

TARGETS FOR 

UNCERTAINTY 

AND ERROR OF 

MEASUREMENT 

THAT FIT FOR 

PURPOSE

66thth pillarpillar

SETTING OF SETTING OF 

TARGETS FOR TARGETS FOR 

UNCERTAINTY UNCERTAINTY 

AND ERROR OF AND ERROR OF 

MEASUREMENT MEASUREMENT 

THAT FIT FOR THAT FIT FOR 

PURPOSEPURPOSE



Model 1: Based on the effect of Model 1: Based on the effect of 

analytical performance on analytical performance on 

clinical outcomeclinical outcome

Model 2: Based on components of Model 2: Based on components of 

biological variation of the biological variation of the 

measurandmeasurand

Model 3: Based on state of the art Model 3: Based on state of the art 

of the measurement (i.e., the of the measurement (i.e., the 

highest level of analytical highest level of analytical 

performance technically performance technically 

achievable) achievable) 



The most innovative aspect of the new consensus is 

that it is recognized that some models are better 

suited for certain measurands than for others; the 

attention is therefore primarily directed towards the 

measurand and its biological and clinical 

characteristics. 



1.1. The measurand has a central role in diagnosis and The measurand has a central role in diagnosis and 

monitoring of a specific disease monitoring of a specific disease ⇒⇒ outcome outcome 

modelmodel

2.2. The measurand has a high homeostatic control The measurand has a high homeostatic control ⇒⇒
biological variability modelbiological variability model

3.3. Neither central diagnostic role nor sufficient Neither central diagnostic role nor sufficient 

homeostatic control homeostatic control ⇒⇒ statestate--ofof--thethe--art modelart model
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BIASBIASBIAS

IMPRECISIONIMPRECISIONIMPRECISION

TOTAL ERRORTOTAL ERRORTOTAL ERROR

Assumption behind the Assumption behind the uncertainty conceptuncertainty concept: : 

the bias should be appropriately eliminatedthe bias should be appropriately eliminated

For uncertainty the relevant goal that should be considered is that 

classically related to the allowable analytical variability     

= IMPRECISION

Minimum Desirable Optimal

Minimum

Minimum

Desirable Optimal

OptimalDesirable



<0.75 x CV<0.75 x CVII (Minimum)(Minimum)

<0.50 x CV<0.50 x CVII (Desirable)(Desirable)

<0.25 x CV<0.25 x CVII (Optimum)(Optimum)

UNCERTAINTYUNCERTAINTYUNCERTAINTY

<(0.75 x CV<(0.75 x CVII) x 2 (Minimum)) x 2 (Minimum)

<(0.50 x CV<(0.50 x CVII) x 2 (Desirable)) x 2 (Desirable)

<(0.25 x CV<(0.25 x CVII) x 2 (Optimum)) x 2 (Optimum)

kuU ×=

EXPANDED UNCERTAINTYEXPANDED UNCERTAINTYEXPANDED UNCERTAINTY

kk=2 is recommended for a 95% confidence interval=2 is recommended for a 95% confidence interval

Biological 
Biological 

Variation
Variation

approach
approach

GGUU

Total budget of Total budget of 

uncertaintyuncertainty



Measuring system imprecision

Measuring system calibration 

uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Uncertainty of

references 

Measurand definition

Patient result

uuresultresult = (u= (uref ref 
2 2 + u+ ucalcal

22 + u+ urandomrandom
22))½½

U
n

ce
rta

in
ty

GU: budget that should 

be fulfilled when 

combining the 

uncertainty of the 

measuring system 

employed in the 

individual laboratory 

(random uncertainty) to 

that accumulated along 

all the steps of 

metrological traceability 

chain.

GGUU: budget that should : budget that should 

be fulfilled when be fulfilled when 

combining the combining the 

uncertainty of the uncertainty of the 

measuring system measuring system 

employed in the employed in the 

individual laboratory individual laboratory 

(random uncertainty) to (random uncertainty) to 

that accumulated along that accumulated along 

all the steps of all the steps of 

metrological traceability metrological traceability 

chainchain.

UNCERTAINTY BUDGETUNCERTAINTY BUDGET

COMBINED UNCERTAINTY:COMBINED UNCERTAINTY:



Clinical Clinical 

laboratorylaboratory

IVD ManufacturerIVD ManufacturerReference providerReference provider

Measurement uncertainty

UNCERTAINTY BUDGETUNCERTAINTY BUDGET

Although independent in the tasks, their Although independent in the tasks, their 

performances contribute together to the performances contribute together to the 

total measurement uncertainty budgettotal measurement uncertainty budget



System imprecision

System calibration 

uncertainty

Individual lab 

performance 

Total measurement 

uncertainty

budget

Total measurement 

uncertainty

budget

Uncertainty of

references 

Patient result

? % of GU
? % of GU

100% of GU
100% of GU

Measurand definitionMeasurand definition

? % of GU
? % of GU

How much of the GHow much of the GUU should be used across should be used across 

the different steps of metrological the different steps of metrological 

traceability chain?traceability chain?



UNCERTAINTY LIMITS FOR HIGHER ORDER REFERENCESUNCERTAINTY LIMITS FOR HIGHER ORDER REFERENCES

Reference providerReference provider

UncertaintyUncertainty

33%33%

Characterization 

of certified 

reference 

materials



PatientPatient’’s results result

Uncertainty of references may affect the Uncertainty of references may affect the 

uncertainty of patientuncertainty of patient’’s resultss results

Higher order reference

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



System imprecision

System calibration 

uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Uncertainty of

references 

According to the outcome-based study of misclassification rates, the 
maximum allowable goal for 100% total uncertainty budget of cTnI

assays is 13% (minimum quality goal) for the clinical result and which 
allows for <2% result misclassification.

≤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



UNCERTAINTY LIMITS FOR COMMERCIAL UNCERTAINTY LIMITS FOR COMMERCIAL 

SYSTEM CALIBRATIONSYSTEM CALIBRATION

IVD ManufacturerIVD Manufacturer

UncertaintyUncertainty

50%50%

• Identification of 

the higher order 

materials or 

methods

• Definition of the 

metrological 

traceability chain to 

assign values (and 

uncertainty) to 

assay calibrators 



Paradigm shift in the thinkingParadigm shift in the thinking

•• If the manufacturer assumes total If the manufacturer assumes total 
responsibility for supplying products of responsibility for supplying products of 
acceptable quality in terms of traceability and acceptable quality in terms of traceability and 
uncertainty of the system (uncertainty of the system (““CE markedCE marked””), it is ), it is 
no longer possible to consider separately the no longer possible to consider separately the 
components of each measuring system (i.e., components of each measuring system (i.e., 
platform, reagents, calibrators and control platform, reagents, calibrators and control 
materials), which in terms of performance can materials), which in terms of performance can 
only be guaranteed and certified by the only be guaranteed and certified by the 
manufacturer as a whole.manufacturer as a whole.

•• Any change introduced by users or third Any change introduced by users or third 
parties (e.g., the use of reagents, calibrators or parties (e.g., the use of reagents, calibrators or 
control materials from other suppliers) may control materials from other suppliers) may 
significantly alter the quality of the measuring significantly alter the quality of the measuring 
system performance, removing any system performance, removing any 
responsibility from the manufacturer and responsibility from the manufacturer and 
depriving the system (and, consequently, the depriving the system (and, consequently, the 
produced results) of the certification originally produced results) of the certification originally 
provided through CE marking.provided through CE marking.



To define a calibration hierarchy to assign traceable To define a calibration hierarchy to assign traceable 

values to their system calibrators and to fulfil during values to their system calibrators and to fulfil during 

this process uncertainty limits, which represent a this process uncertainty limits, which represent a 

proportion of the total uncertainty budget allowed proportion of the total uncertainty budget allowed 

for clinical laboratory results.for clinical laboratory results.

Role of IVD manufacturersRole of IVD manufacturers

In practice they have toIn practice they have to……

select suitable select suitable reference materialsreference materials and/or identify a and/or identify a reference laboratoryreference laboratory

performing the performing the reference procedurereference procedure

define a define a calibration hierarchycalibration hierarchy to assign traceable value to their system to assign traceable value to their system 

calibratorcalibrator

calculate the calculate the [expanded] combined uncertainty[expanded] combined uncertainty associated to the associated to the 

commercial calibrator and verify that it fulfils the uncertaintycommercial calibrator and verify that it fulfils the uncertainty limit limit 

make the make the full informationfull information about the traceability and uncertainty of about the traceability and uncertainty of 

commercial calibrator commercial calibrator available to end usersavailable to end users ((ideally in the assay or ideally in the assay or 

calibrator package inserts)calibrator package inserts)



To define a calibration hierarchy to assign traceable To define a calibration hierarchy to assign traceable 

values to their system calibrators and to fulfil during values to their system calibrators and to fulfil during 

this process uncertainty limits, which represent a this process uncertainty limits, which represent a 

proportion of the total uncertainty budget allowed proportion of the total uncertainty budget allowed 

for clinical laboratory results.for clinical laboratory results.

Role of IVD manufacturersRole of IVD manufacturers

In practice they have toIn practice they have to……

select suitable select suitable reference materialsreference materials and/or identify a and/or identify a reference laboratoryreference laboratory

performing the performing the reference procedurereference procedure

define a define a calibration hierarchycalibration hierarchy to assign traceable value to their system to assign traceable value to their system 

calibratorcalibrator

calculate the calculate the [expanded] combined uncertainty[expanded] combined uncertainty associated to the associated to the 

commercial calibrator and verify that it fulfils the uncertaintycommercial calibrator and verify that it fulfils the uncertainty limit limit 

make the make the full informationfull information about the traceability and uncertainty of about the traceability and uncertainty of 

commercial calibrator commercial calibrator available to end usersavailable to end users ((ideally in the assay or ideally in the assay or 

calibrator package inserts)calibrator package inserts)



Panteghini M. Clin Biochem 2009;42:236Panteghini M. Clin Biochem 2009;42:236

Joint Committee for Traceability Joint Committee for Traceability 

in Laboratory Medicine (JCTLM)in Laboratory Medicine (JCTLM)

The WorldThe World’’s only qualitys only quality--assured database of:assured database of:

a)a) Higher Order Reference MaterialsHigher Order Reference Materials

b)b) Higher Order Reference Measurement ProceduresHigher Order Reference Measurement Procedures

c)c) Accredited Laboratory Reference Measurement Services Accredited Laboratory Reference Measurement Services 

For use by (primarily):For use by (primarily):

a) IVD industry (a) IVD industry (to assist them in following the EU Directive on to assist them in following the EU Directive on 

compliance and traceability of commercial systemscompliance and traceability of commercial systems))

b) Regulators (to verify that results produced by IVDs are b) Regulators (to verify that results produced by IVDs are 

traceable to)traceable to)



23

http://www.bipm.org/jctlm/http://www.bipm.org/jctlm/http://www.bipm.org/jctlm/



To define a calibration hierarchy to assign traceable To define a calibration hierarchy to assign traceable 

values to their system calibrators and to fulfil during values to their system calibrators and to fulfil during 

this process uncertainty limits, which represent a this process uncertainty limits, which represent a 

proportion of the total uncertainty budget allowed proportion of the total uncertainty budget allowed 

for clinical laboratory results.for clinical laboratory results.

Role of IVD manufacturersRole of IVD manufacturers

In practice they have toIn practice they have to……

select suitable select suitable reference materialsreference materials and/or identify a and/or identify a reference laboratoryreference laboratory

performing the performing the reference procedurereference procedure

define a define a calibration hierarchycalibration hierarchy to assign traceable value to their system to assign traceable value to their system 

calibratorcalibrator

calculate the calculate the [expanded] combined uncertainty[expanded] combined uncertainty associated to the associated to the 

commercial calibrator and verify that it fulfils the uncertaintycommercial calibrator and verify that it fulfils the uncertainty limit limit 

make the make the full informationfull information about the traceability and uncertainty of about the traceability and uncertainty of 

commercial calibrator commercial calibrator available to end usersavailable to end users ((ideally in the assay or ideally in the assay or 

calibrator package inserts)calibrator package inserts)



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

Comparison onComparison on

biological samplesbiological samples

AA BB

CC DD NIST SRM 917NIST SRM 917

ManufacturerManufacturer’’s s 

internal procedureinternal procedure

NIST SRM 917NIST SRM 917

CDC HexokinaseCDC Hexokinase
[accredited reference laboratory][accredited reference laboratory]

ManufacturerManufacturer’’s internals internal

procedureprocedure

CommercialCommercial

systemsystem

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

Comparison onComparison on

biological samplesbiological samples

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 JCTLM recognized*all JCTLM recognized



Chain A = 1.45% vs. Chain C = 3.26%

Are the measuring systems commercially available for glucose detAre the measuring systems commercially available for glucose determination able to ermination able to 

achieve the desirable limit for combined uncertainty in a clinicachieve the desirable limit for combined uncertainty in a clinical setting?al setting?

uurefref

(u(u22
refref ++ uu22

calcal))
½½

((uu22
ref ref + + uu22

calcal + + uu22
randomrandom))½½

System imprecision

System calibration 

uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Uncertainty of

references 

Measurand definition

Patient result

5.4%5.4% desirabledesirable

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

Pasqualetti S, Braga F, Panteghini M, Clin Biochem 2017;50:587Pasqualetti S, Braga F, Panteghini M, Clin Biochem 2017;50:587--94 94 



To define a calibration hierarchy to assign traceable To define a calibration hierarchy to assign traceable 

values to their system calibrators and to fulfil during values to their system calibrators and to fulfil during 

this process uncertainty limits, which represent a this process uncertainty limits, which represent a 

proportion of the total uncertainty budget allowed proportion of the total uncertainty budget allowed 

for clinical laboratory results.for clinical laboratory results.

Role of IVD manufacturersRole of IVD manufacturers

In practice they have toIn practice they have to……

select suitable select suitable reference materialsreference materials and/or identify a and/or identify a reference laboratoryreference laboratory

performing the performing the reference procedurereference procedure

define a define a calibration hierarchycalibration hierarchy to assign traceable value to their system to assign traceable value to their system 

calibratorcalibrator

calculate the calculate the [expanded] combined uncertainty[expanded] combined uncertainty associated to the associated to the 

commercial calibrator and verify that it fulfils the uncertaintycommercial calibrator and verify that it fulfils the uncertainty limit limit 

make the make the full informationfull information about the traceability and uncertainty of about the traceability and uncertainty of 

commercial calibrator commercial calibrator available to end usersavailable to end users ((ideally in the assay or ideally in the assay or 

calibrator package inserts)calibrator package inserts)



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

““A recommendation about the type of A recommendation about the type of 

uncertainty that must be provided by uncertainty that must be provided by 

manufacturers at the calibrator level, in manufacturers at the calibrator level, in 

addition to the need to standardize the addition to the need to standardize the 

approach employed by manufacturers to approach employed by manufacturers to 

estimate it, is therefore urgent.estimate it, is therefore urgent.””

ISO/TC 212 Working Group 2 ISO/TC 212 Working Group 2 

Reference systemsReference systems

IVD medical devices IVD medical devices —— Requirements for establishing Requirements for establishing 

metrological traceability of values assigned to metrological traceability of values assigned to 

calibrators, trueness control materials and human calibrators, trueness control materials and human 

samples samples 

New revision of ISO 17511 New revision of ISO 17511 

in prepin prep



To define a calibration hierarchy to assign traceable To define a calibration hierarchy to assign traceable 

values to their system calibrators and to fulfil during values to their system calibrators and to fulfil during 

this process uncertainty limits, which represent a this process uncertainty limits, which represent a 

proportion of the total uncertainty budget allowed proportion of the total uncertainty budget allowed 

for clinical laboratory results.for clinical laboratory results.

Role of IVD manufacturersRole of IVD manufacturers

In practice they have toIn practice they have to……

select suitable select suitable reference materialsreference materials and/or identify a and/or identify a reference laboratoryreference laboratory

performing the performing the reference procedurereference procedure

define a define a calibration hierarchycalibration hierarchy to assign traceable value to their system to assign traceable value to their system 

calibratorcalibrator

calculate the calculate the [expanded] combined uncertainty[expanded] combined uncertainty associated to the associated to the 

commercial calibrator and verify that it fulfils the uncertaintycommercial calibrator and verify that it fulfils the uncertainty limit limit 

make the make the full informationfull information about the traceability and uncertainty of about the traceability and uncertainty of 

commercial calibrator commercial calibrator available to end usersavailable to end users ((ideally in the assay or ideally in the assay or 

calibrator package inserts)calibrator package inserts)



In principle, laboratory users should be able to In principle, laboratory users should be able to 

access the following:access the following:

a) an indication of higher order references (materials 
and/or procedures) used to assign traceable values to 
calibrators, 

b) which internal calibration hierarchy has been applied by 
the manufacturer, and 

c) a detailed description of each step, 

d) the expanded combined uncertainty value of commercial 
calibrators, and 

e) which, if any, acceptable limits for uncertainty of 
calibrators were applied in the validation of the 
analytical system.

a) an indication of higher order references (materials 
and/or procedures) used to assign traceable values to 
calibrators, 

b) which internal calibration hierarchy has been applied by 
the manufacturer, and 

c) a detailed description of each step, 

d) the expanded combined uncertainty value of commercial 
calibrators, and 

e) which, if any, acceptable limits for uncertainty of 
calibrators were applied in the validation of the 
analytical system.

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

(ideally all this information should be available in (ideally all this information should be available in 

the assay or calibrator package inserts)the assay or calibrator package inserts)



UNCERTAINTY MARGINS FOR CLINICAL UNCERTAINTY MARGINS FOR CLINICAL 

LABORATORIESLABORATORIES

UncertaintyUncertainty

100%100%

Measuring 

clinical samples 

and estimating 

their 

performance 

(e.g., the lot-to-

lot reagent 

variation) Clinical Clinical 

laboratorylaboratory

GGUU

Total budget of Total budget of 

uncertaintyuncertainty



Internal Quality Control 

(Component II)

Internal Quality Control Internal Quality Control 

(Component II)(Component II)

Testing the uncertainty Testing the uncertainty 

due to the random effectsdue to the random effects
System stability at 

medium/long term

System stability at System stability at 

medium/long termmedium/long term

This program provides, through 

mechanisms of retrospective 

evaluation, data useful to the 

knowledge of variability of 

measuring system and of its use by 

the individual laboratory

This program provides, through This program provides, through 

mechanisms of retrospective mechanisms of retrospective 

evaluation, data useful to the evaluation, data useful to the 

knowledge of variability of knowledge of variability of 

measuring system and of its use by measuring system and of its use by 

the individual laboratorythe individual laboratory

System

Reagent lots

Laboratory



Monitoring the reliability of the measuring Monitoring the reliability of the measuring 

system through Internal Quality Control: system through Internal Quality Control: 

Evaluate the system + individual lab imprecisionEvaluate the system + individual lab imprecision

System imprecision

System calibration 

(combined) uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Cardiac troponin T [highly sensitive assay]Cardiac troponin T [highly sensitive assay]
Monitoring of imprecision by IQC materialMonitoring of imprecision by IQC material

Monthly 

mean, ng/L
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[adopted cut-off for myocardial necrosis  >15 ng/L][adopted cut[adopted cut--off for myocardial necrosis  >15 off for myocardial necrosis  >15 ng/L]ng/L]



Requirements for IQC material 

(Component II)

Requirements for IQC material Requirements for IQC material 

(Component II)(Component II)

RequirementRequirement CommentComment

Matrixed material from a thirdMatrixed material from a third--

party independent source party independent source 

should be used (e.g., freshshould be used (e.g., fresh--

frozen pool)frozen pool)

Material must be different from the Material must be different from the 

control material used for checking control material used for checking 

system alignmentsystem alignment

Specimens closely resembling Specimens closely resembling 

authentic clinical samples authentic clinical samples 

(commutability)(commutability)

Commercial nonCommercial non--commutable controls commutable controls 

may provide a different impression of may provide a different impression of 

imprecision performanceimprecision performance

Specimens of concentrations Specimens of concentrations 

appropriate to the clinical appropriate to the clinical 

application of the analyteapplication of the analyte

When clinical decision cutWhen clinical decision cut--points are points are 

employed, samples around these employed, samples around these 

concentrations should preferentially be concentrations should preferentially be 

selected selected 



Limits for combined Limits for combined uncertainty budget uncertainty budget 

(expressed as percentage of total budget goal) (expressed as percentage of total budget goal) 

in traceability implementationin traceability implementation

Clinical Clinical 

laboratorylaboratory

IVD ManufacturerIVD ManufacturerReference providerReference provider

((uurefref
22 uucalcal

22 uurandomrandom
22))½½

++ ++

33% 50% 100%

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



It would be interesting to verify, for each It would be interesting to verify, for each 

analyte measured in the clinical analyte measured in the clinical 

laboratory, if the current status of the laboratory, if the current status of the 

uncertainty budget of its measurement uncertainty budget of its measurement 

associated with the proposed associated with the proposed 

metrological traceability chain is suitable metrological traceability chain is suitable 

for clinical application of the test.for clinical application of the test.

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



Example 1Example 1

Glucose (Plasma)Glucose (Plasma)

Reference MaterialsReference MaterialsReference Materials

XY ManufacturerXY Manufacturer’’s calibrators calibrator

Clinical SamplesClinical Samples

(NIST SRM 917c)

(NIST SRM 965b)

99.7±0.3% pure

1.221.22--1.45%1.45%

DesirableDesirable

U limitU limit

(depends on the concentration level)

1.8%

C1: 120 ± 2.4 mg/dL 

≤≤2.47%2.47%

C2: 497 ± 10.0 mg/dL 2.7%

5.4%

DESIRABLE GOAL FROM DESIRABLE GOAL FROM 

BIOLOGICAL VARIATIONBIOLOGICAL VARIATION

The uncertainty of this measuring system has a high probability The uncertainty of this measuring system has a high probability to to 

fulfil the desirable specifications for the total uncertainty bufulfil the desirable specifications for the total uncertainty budgetdget

The end user has a 

margin until a 

CV of 2.4%

1/3 GU

50% GU

GU



Example 2Example 2

Creatinine (Serum)Creatinine (Serum)

Reference MaterialsReference MaterialsReference Materials

XY ManufacturerXY Manufacturer’’s calibrators calibrator

Clinical SamplesClinical Samples

(NIST SRM 914a)

(NIST SRM 967a)

99.7±0.3% pure

2.1%2.1%

DesirableDesirable

U limitU limit

2.0%

3.18%3.18%

3.0%

6.0%

1/3 GU

50% GU

GU

L1: 0.847 ± 0.018 mg/dL

L2: 3.877 ± 0.082 mg/dL

4.0 ± 0.12 mg/dL

DESIRABLE GOAL FROM DESIRABLE GOAL FROM 

BIOLOGICAL VARIATIONBIOLOGICAL VARIATION

The end user has a 

margin until a 

CV of 2.55%

The uncertainty of this measuring system has a medium probabilitThe uncertainty of this measuring system has a medium probability y 

to fulfil the desirable specifications for the total uncertaintyto fulfil the desirable specifications for the total uncertainty budgetbudget



Infusino I et al., Clin Chem Lab Med 2007

Overall improvement in precision of serum Overall improvement in precision of serum 

creatinine measurements using an enzymatic assaycreatinine measurements using an enzymatic assay
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Example 3Example 3

Sodium (Serum)Sodium (Serum)

Reference MaterialsReference MaterialsReference Materials

XY ManufacturerXY Manufacturer’’s calibrators calibrator

Clinical SamplesClinical Samples

(NIST SRM 919b)

(NIST SRM 956d)

99.835±0.020% pure

0.58%0.58%

DesirableDesirable

U limitU limit

0.33%

1.25%1.25% 0.5%

1.0%

1/3 GU

50% GU

GU

120 ± 0.7 mg/dL

C1: 120 ± 1.5 mmol/L

0.93%0.93%
C2: 160 ± 1.5 mmol/L

DESIRABLE GOAL FROM DESIRABLE GOAL FROM 

BIOLOGICAL VARIATIONBIOLOGICAL VARIATION

The end user has 

no margin to fulfil

specifications

The uncertainty of this measuring system has no possibility to fThe uncertainty of this measuring system has no possibility to fulfil ulfil 

the desirable specifications for the total uncertainty budgetthe desirable specifications for the total uncertainty budget



Grading different quality levels

The utility to elaborate specifications at different levels of quality 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 3Example 3

Sodium (Serum)Sodium (Serum)

Reference MaterialsReference MaterialsReference Materials

XY ManufacturerXY Manufacturer’’s calibrators calibrator

Clinical SamplesClinical Samples

(NIST SRM 919b)

(NIST SRM 956d)

99.835±0.020% pure

0.58%0.58%

MinimumMinimum

U limitU limit

0.50%

1.25%1.25% 0.75%

1.50%

1/3 GU

50% GU

GU

120 ± 0.7 mg/dL

C1: 120 ± 1.5 mmol/L

0.93%0.93%
C2: 160 ± 1.5 mmol/L

MINIMUM GOAL FROM MINIMUM GOAL FROM 

BIOLOGICAL VARIATIONBIOLOGICAL VARIATION

The uncertainty of this measuring system has a realistic possibiThe uncertainty of this measuring system has a realistic possibility to lity to 

fulfil the minimum specifications for the total uncertainty budgfulfil the minimum specifications for the total uncertainty budgetet

The end user has a 

margin until a 

CV of 0.6%



Final remarksFinal remarks

� In addition to the correct implementation of calibration 

traceability, the definition and the fulfillment of GU is essential 

in assuring that laboratory measurements are clinically usable.

� To understand if it is possible to achieve this specification, 

combined uncertainty budget limits across the entire 

metrological traceability chain must be defined.

� This is very helpful to identify those analytes for which further 

technological advancements are probably needed in order to 

reduce uncertainty associated with higher-order metrological 

references and/or to increase the precision of commercial 

measuring systems.

� In addition to the correct implementation of calibration 

traceability, the definition and the fulfillment of GU is essential 

in assuring that laboratory measurements are clinically usable.

� To understand if it is possible to achieve this specification, 

combined uncertainty budget limits across the entire 

metrological traceability chain must be defined.

� This is very helpful to identify those analytes for which further 

technological advancements are probably needed in order to 

reduce uncertainty associated with higher-order metrological 

references and/or to increase the precision of commercial 

measuring systems.
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