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OBJECTIVE REDEFINITION OF OBJECTIVE REDEFINITION OF 

ANALYTICAL PERFORMANCE SPECIFICATIONSANALYTICAL PERFORMANCE SPECIFICATIONS

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

analyticalanalytical performance on clinical performance on clinical 

outcomeoutcome

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

biological variation of the biological variation of the 

measurandmeasurand

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

the measurement (i.e., the highest the measurement (i.e., the highest 

level of analytical performance level of analytical performance 

technically achievable)technically achievable)



The most innovative aspect of the new consensus is that The most innovative aspect of the new consensus is that 

it is recognized that it is recognized that some models are better suited for some models are better suited for 

certain measurands than for otherscertain measurands than for others; the attention is ; the attention is 

therefore primarily directed towards the measurand and therefore primarily directed towards the measurand and 

its biological and clinical characteristics.its biological and clinical characteristics.



The importance of grading different quality levels for APS
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



INTERNAL QUALITY CONTROL (IQC)INTERNAL QUALITY CONTROL (IQC)

Estimate of the random source of Estimate of the random source of 

measurement uncertaintymeasurement uncertainty

Set of procedures and specified materials used by laboratory staff 

for the repetitive monitoring of analytical performance of 

measuring systems

Check the alignment of measuring systemsCheck the alignment of measuring systems



INTERNAL QUALITY CONTROL (IQC)INTERNAL QUALITY CONTROL (IQC)

Estimate of the random source of Estimate of the random source of 

measurement uncertaintymeasurement uncertainty

Set of procedures and specified materials used by laboratory staff 

for the repetitive monitoring of analytical performance of 

measuring systems

Check the alignment of measuring systemsCheck the alignment of measuring systems



System

Reagent lots

Laboratory

ESTIMATE OF THE RANDOM SOURCE OF ESTIMATE OF THE RANDOM SOURCE OF 

MEASURING UNCERTAINTYMEASURING UNCERTAINTY

�� It is the evaluation, through mechanisms It is the evaluation, through mechanisms 

of retrospective evaluation, of of retrospective evaluation, of 

UNCERTAINTY CONTRIBUTIONUNCERTAINTY CONTRIBUTION concerning concerning 

the variability due to the random effects the variability due to the random effects 

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

individual laboratory (uindividual laboratory (uimpimp))

�� MATERIAL USED:MATERIAL USED:

�� third partthird part

�� commutablecommutable

�� concentration appropriate to the concentration appropriate to the 

clinical application of the analyteclinical application of the analyte

System stability

at medium/long 

term

System stabilitySystem stability

at medium/long at medium/long 

termterm



ubias

Bias evaluation/correction

SOURCES OF MEASUREMENT UNCERTANTY WITH 

THE ‘TOP-DOWN’ APPROACH

√(u2
cal + u2

imp)         

Random source of 

measurement uncertainty 

estimated by end-users



The uresult must fulfill clinically suitable

Analytical Performance Specifications

u result = (u2
imp + u2

cal)
½

After having derived uimp from IQC, the end-user must 

calculate uresult by the formula:

u result

Combined standard uncertainty Combined standard uncertainty 

declared by manufacturer for declared by manufacturer for 

commercial calibrator.commercial calibrator.

It must include:It must include:

--uurefref

--uubiasbias (if some bias has been corrected) (if some bias has been corrected) 



The measurand has a central The measurand has a central 

role in diagnosis and role in diagnosis and 

monitoring of a specific monitoring of a specific 

disease disease 



MU APS from MODEL 1: OUTCOMEMU APS from MODEL 1: OUTCOME--BASEDBASED

MU Misclassification

6.7% 0.5-0.9%

9.4% 0.9-1.2%

11.2% 1.2-1.4%

13.0% 1.4-1.8%

16.3% 1.8-3.8%

24.6% 3.8-7.7%

36.2% 7.7-15.2%

Panteghini M, AACB Troponin Monograph 2012

ANALYTICAL PERFORMANCE SPECIFICATION (APS) FOR CARDIAC TROPONIN 

MEASUREMENT UNCERTAINTY (MU) IN TERMS OF ALLOWABLE 

MISCLASSIFICATION RATES

Sheehan et al.

Ann Clin Biochem. 2002 May;39:231-6.

ExampleExample



The measurand has a high The measurand has a high 

homeostatic controlhomeostatic control



Setting APS 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

≤0.75 x CVI (minimum)

≤0.50 x CVI (desirable)

≤≤0.25 x CV0.25 x CVII (optimum)

APS
(quality level 

grading)



MU APS from MODEL 2: BIOLOGICAL VARIATIONMU APS from MODEL 2: BIOLOGICAL VARIATION--BASEDBASEDExampleExample



Neither central diagnostic Neither central diagnostic 

role nor sufficient role nor sufficient 

homeostatic controlhomeostatic control



MU APS from MODEL 3: BASED ON THE STATE OF ARTMU APS from MODEL 3: BASED ON THE STATE OF ARTExampleExample

Human chorionic gonadotropin (hCG)

Analytical systemAnalytical system MU (6 months)MU (6 months)

Modular Evo (Roche)Modular Evo (Roche) 2.3%2.3%

Architect i2000SR Architect i2000SR 

(Abbott)(Abbott)

5.4%5.4%

Alinity i (Abbott)Alinity i (Abbott) 3.8%3.8%

STATE OF ART: “the highest 

level of analytical 

performance technically 

achievable”

APS FOR hCG 

MEASUREMENT 

UNCERTAINTY

NOTE: If you consider this 
APS as desirable, you can also 
modulate the quality level to, 

e.g., minimum goal 
[2.3% + ½ 2.3% = 3.5%]



System imprecision

System calibration 

uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Uncertainty of

references 

Patient result

? % of TBU
? % of TBU

100% of TBU
100% of TBU

Measurand definition

? % of TBU
? % of TBU

How much of the total MU budget [TBU] should 

be used across the different steps of 

metrological traceability chain?



By selecting different traceability chains, IVD 

manufacturers may spend different amounts 

of the total MU budget in implementing 

traceability of their measuring systems

TRACEABILITY CHAINS AVAILABLE FOR IVD MANUFACTURERS FOR 

PLASMA GLUCOSE

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

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



Chain A = 0.73% vs. Chain C = 1.63%uurefref

(u(u22refref ++ uu22calcal))½½

((uu22ref + ref + uu22cal cal + + uu22randomrandom))½½

System imprecision

System calibration 

uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Uncertainty of

references 

Measurand definition

Patient result

4.05% minimum

2.70% desirable

1.35% optimum

The quality of glucose measurement may be dependent on the type 

of traceability chain selected for trueness transferring, sometimes making difficult 

(e.g., chain C) to achieve the suitable limits for MU on clinical samples

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

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

MU associated 
with the selected 
chain



[Braga F & Panteghini M, Clin Chem Lab Med 2013;51:1719]

HbA1c reference system and 

associated combined standard uncertainty

u
c



Clin Chem Lab Med 2013;51:1719Clin Chem Lab Med 2013;51:1719––2626

Further advances are needed to: 

1. reduce uncertainty associated with 

higher-order metrological references 

(reference materials and procedures)

2. decrease the imprecision (i.e. random 

uncertainty) of commercial HbA1c 

assays



u
c

Clin Chem Lab Med 2016; 54(3): e71–e73



INTERNAL QUALITY CONTROL (IQC)INTERNAL QUALITY CONTROL (IQC)

Estimate of the random source of Estimate of the random source of 

measurement uncertaintymeasurement uncertainty

Set of procedures and specified materials used by laboratory staff 

for the repetitive monitoring of analytical performance of 

measuring systems

Check the alignment of measuring systemsCheck the alignment of measuring systems



If the traceability of the measuring system to 

higher-order references is granted, the control 

materials from the IVD manufacturers as a part 

of the CE-marked measuring system have to be 

a good surrogate of the employed reference in 

order to permit checking the correct alignment 

to the declared reference.

CIRME Forum

IQC Component I



The target value of control The target value of control 

material must be unbiasedmaterial must be unbiased

What does it mean?What does it mean?

It must be calculated as mean value of replicate It must be calculated as mean value of replicate 

measurements of control material on the same measurements of control material on the same 

measuring system calibrated to the selected reference measuring system calibrated to the selected reference 

measurement system with a measurement system with a negligible biasnegligible bias

What does it mean?What does it mean?

The calibrator bias becomes negligible The calibrator bias becomes negligible 

when it permits to when it permits to fulfill clinically fulfill clinically 

suitable APS for MU on clinical samplessuitable APS for MU on clinical samples

THIS IS A ROLE OF THIS IS A ROLE OF 

IVD IVD 

MANUFACTURERSMANUFACTURERS



Threshold for overt 

folate deficiency: 2 µg/L

Threshold for possible 

folate deficiency: 4 µg/L

11%

3%

2%

BIAS APS from MODEL 1: OUTCOMEBIAS APS from MODEL 1: OUTCOME--BASEDBASEDExampleExample

Clinically acceptable misclassification

Plots of the fraction of population 

misclassification rate [in terms of false 

negatives] as a function of assay bias and 

imprecision at mean folate of 2 & 4 µg/L

3% 5%



BIAS APS from MODEL 2: BIOLOGICAL VARIATIONBIAS APS from MODEL 2: BIOLOGICAL VARIATION--BASEDBASED

Analytical Performance Specifications for bias 

derived from biological variation of the measurand

≤ 0.375 (CVI
2 + CVG

2)0.5 (Minimum)

≤ 0.25 (CVI
2 + CVG

2)0.5 (Desirable)

≤ 0.125 (CVI
2 + CVG

2)0.5 (Optimum)



BIAS APS from MODEL 2: BIOLOGICAL VARIATIONBIAS APS from MODEL 2: BIOLOGICAL VARIATION--BASEDBASEDExampleExample

SERUM CREATININE

� Intra-individual BV (CVI): 4.4%

� Inter-individual BV (CVG): 17.1%

Minimum: 6.6%Minimum: 6.6%

Desirable: 4.4%Desirable: 4.4%

Optimum: 2.2%Optimum: 2.2%

APS FOR CREATININE

BIAS



BIAS APS from MODEL 3: BASED ON STATE OF ARTBIAS APS from MODEL 3: BASED ON STATE OF ARTExampleExample

URINE SODIUM

APS FOR URINE 

SODIUM BIAS

STATE OF ART: “the highest 

level of analytical 

performance technically 

achievable”

NOTE: If you consider this APS as 
desirable, you can also modulate the 
quality level to, e.g., minimum goal 

[2.5% + ½ 2.5% = 3.8%]

Intra-assay 

variability



THE MANUFACTURERS’ SPECIFICATIONS TO VALIDATE 

THE CALIBRATOR TRACEABILITY TO THE SELECTED 

REFERENCE SYSTEM ARE SELDOM ESTABLISHED ON 

THE BASIS OF CLINICALLY SUITABLE BIAS GOAL!

- Creatinine Enzymatic Assay -

�Manufacturer’s calibrator release specification: ±5% from the target

- Serum folate -

�Manufacturer’s calibrator release specification: ±10% from the target

NOTE: Desirable bias on clinical samples: ±4.4%

NOTE: Desirable bias on clinical samples: ±3.0%



�� It is the verification of the measuring system alignment It is the verification of the measuring system alignment 

over time over time 

�� MATERIAL USED:MATERIAL USED: control material(s)                   control material(s)                   

provided by IVD manufacturers as a                   provided by IVD manufacturers as a                   

component of the whole measuring systemcomponent of the whole measuring system

�� unbiased target valueunbiased target value

�� concentrations appropriate to the clinical concentrations appropriate to the clinical 

application of the analyteapplication of the analyte

�� assigned acceptability range permitting to fulfil assigned acceptability range permitting to fulfil 

APS for suitable MU on clinical samplesAPS for suitable MU on clinical samples

CHECK THE ALIGNMENT OF MEASURING CHECK THE ALIGNMENT OF MEASURING 

SYSTEM SYSTEM 

PlatformPlatform



�� It is the verification of the measuring system alignment It is the verification of the measuring system alignment 

over time over time 

�� MATERIAL USED:MATERIAL USED: control material(s)                   control material(s)                   

provided by IVD manufacturers as a                   provided by IVD manufacturers as a                   

component of the whole measuring systemcomponent of the whole measuring system

�� unbiased target valueunbiased target value

�� concentrations appropriate to the clinical concentrations appropriate to the clinical 

application of the analyteapplication of the analyte

�� assigned acceptability range permitting to fulfil assigned acceptability range permitting to fulfil 

APS for suitable MU on clinical samplesAPS for suitable MU on clinical samples

CHECK THE ALIGNMENT OF MEASURING CHECK THE ALIGNMENT OF MEASURING 

SYSTEM SYSTEM 

PlatformPlatform



UNBIASED TARGET VALUE OF CONTROL MATERIAL:UNBIASED TARGET VALUE OF CONTROL MATERIAL:
mean value of replicate measurements of control material on the same measuring 

system calibrated to the selected reference measurement system with a negligible 

bias

ANALYTICAL ANALYTICAL 

PERFORMANCE PERFORMANCE 

SPECIFICATION FOR SPECIFICATION FOR 

MEASUREMENT MEASUREMENT 

UNCERTAINTYUNCERTAINTY
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HoweverHowever……

� The acceptability rangeThe acceptability range provided by manufacturers is provided by manufacturers is 

based on the statistical dispersionbased on the statistical dispersion of data obtained by of data obtained by n n 

laboratories using the measuring system (e.g., laboratories using the measuring system (e.g., ±±2SD or 2SD or 

±±20%): no relationship with clinically suitable APS. 20%): no relationship with clinically suitable APS. 

�� The target value of control materialsThe target value of control materials is often not is often not 

verified for biasverified for bias: it is simply the : it is simply the mean value of many mean value of many 

replicate measurements by different laboratories using replicate measurements by different laboratories using 

the same measuring system.the same measuring system.

�� On many analytical systems On many analytical systems it is only possible to set it is only possible to set 

statistical dispersion parameters.statistical dispersion parameters.



HbA1c    

By using the acceptability range provided by 

the manufacturer (±2 SD), the control shift, 

causing an excessively elevated random MU 

on patient samples, was not identified.

CASE STUDY



However, if the acceptability range was defined 

according to the appropriate MU APS, the shift of 

the measuring system, significantly impacting on 

MU of patient results, would have been 

identified and corrective actions immediately put 

in place.

APS fulfilling MU



Define clinically suitable APS for MU 

(and bias) according to the Milan models

Performance specifications & IQC

Validate the calibrator traceability to the 

selected reference system and assign 

unbiased target values and acceptability 

range to control materials permitting to fulfil 

APS for suitable MU on clinical samples

Improve the IQC process and judging criteria 

to establish a direct link between the 

laboratory performance and clinically 

suitable APS
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