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Measurement uncertainty: Measurement uncertainty: 

friend or foe?friend or foe?





‘The real-world uncertainty’



www.westgard.com/mu-global-survey.htm



www.westgard.com/mu-global-survey.htm



The measurement uncertainty

is surely a foe



Step 1:  Specify the measurand

Step 2: Identify uncertainty sources

Step 3: Quantify uncertainty components

Step 4: Calculate combined uncertainty

Estimation of measurement uncertainty



SOURCES OF MEASUREMENT UNCERTAINTY 

WITH THE ‘TOP-DOWN’ APPROACH



CALCULATE MEASUREMENT UNCERTAINTY 

WITH THE ‘TOP-DOWN’ APPROACH

The combined standard uncertainty (uc) is:

The appropriate coverage factor should be applied to give 
an expanded uncertainty (U):

The choice of the factor k is based on the desired level of confidence: 

U = k x u
c



WHY MEASUREMENT UNCERTAINTY IS NEEDED 

ISO 15189:2012 AND MEDICAL 
LABORATORIES ACCREDITATION

ISO 15189:2012 introduced the estimation of 

measurement uncertainty as a specific requirement 

for the accreditation of medical laboratories

NOTE 3 Examples of the practical utility of measurement 
uncertainty estimates might include confirmation that 
patients’ values meet quality goals set by the laboratory 
and meaningful comparison of a patient value with a 
previous value of the same type or with a clinical decision 
value.



Why measurement uncertainty matters

[with examples]

• Uncertainty of references → define their 

suitability

• Uncertainty of IVD calibrators → verify 

quality of IVD products

• Uncertainty of clinical results → evidentiate 

unpredictable bias and demonstrate their 

clinical suitability



WHAT IS MEASUREMENT UNCERTAINTY

“…In general use, the word uncertainty relates to the general 

concept of doubt… [however] uncertainty of measurement does 

not imply doubt about the validity of a measurement; on the 

contrary, knowledge of the uncertainty implies increased 

confidence in the validity of a measurement result… ”

Result = x ± u

measurement uncertaintyquantity value

[Ellison SLR, Williams A, eds. (2012). Eurachem Guide: Quantifying Uncertainty in Analytical Measurement, Eurachem, 3rd ed.]

If I measure my uncertainty of measurement it is 

no longer an uncertainty. It is now the confidence 

limit within which the result will fall. 



Unbroken                                  Unbroken                                  

traceability chaintraceability chain
Definition of higher order 

references to implement the 

appropriate trueness transfer 

process to commercial 

calibrators and patient results

STANDARDIZATIONSTANDARDIZATION

Measurement Measurement 

uncertaintyuncertainty
With definition of                          

permissible limits for clinical 

application of the 

measurements

PostPost--market market 

surveillancesurveillance

Survey the suitability of IVD 

assays for clinical use and of 

laboratory performance in 

using them

Laboratory users (i.e., doctors and patients) expect

lab results to be equivalent and

interpreted in a reliable and consistent manner



Uncertainty of measurement that fits for 

purpose must be defined across the entire 

traceability chain, 

→ starting with the provider of reference 

materials, 

→ extending through the IVD 

manufacturers and their processes for 

assignment of calibrator values, and 

→ ultimately to the final result reported to 

clinicians by end users (i.e. clinical 

laboratories).

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



Clinical Clinical 

laboratorylaboratory

IVD ManufacturerIVD ManufacturerReference Reference 

providerprovider

Measurement uncertainty budgetMeasurement uncertainty budget



Estimate the Estimate the 

combined uncertainty! combined uncertainty! 

System imprecision

System calibration 

uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Uncertainty of

references 

Measurand definition

Patient result

U
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u result = (u2
ref + u2

cal + u2
random)½

Avoid the common misconception that 

the reproducibility of a measurement 

result equals its overall measurement 

uncertainty



Why measurement uncertainty matters

[with examples]

• Uncertainty of references → define their 

suitability

• Uncertainty of IVD calibrators → verify 

quality of IVD products

• Uncertainty of clinical results → evidentiate 

unpredictable bias and demonstrate their 

clinical suitability



Measuring system imprecision

Measuring system calibration 

uncertainty

Individual lab 

performance 

Measurement 

uncertainty

budget

Uncertainty of

references 

Measurand definition

Patient result

Reference providerReference provider

REFERENCE PROVIDER contribution to the 

measurement uncertainty budget

Due to error propagation in the 

calibration hierarchy the 

uncertainty of the certified 

value should be significantly 

lower than the analytical 

performance goals for routine 

procedures.



JCTLM Database Reference Materials

293 entries

(March 2017)



uuCC >>2.5%>>2.5%

ERMERM--DA470DA470

U.S. National Reference U.S. National Reference 

Preparation no. 12Preparation no. 12--0575C0575C

ERMERM--DA470k/IFCCDA470k/IFCC

ManufacturerManufacturer’’s working calibrators working calibrator

(m(master lot)aster lot)

ManufacturerManufacturer’’s product calibrators product calibrator

Clinical sample resultClinical sample result

value transfer protocolvalue transfer protocol

ManufacturerManufacturer’’s standing immunoassays standing immunoassay

Commercial immunoassayCommercial immunoassay

value transfer protocolvalue transfer protocol

value transfer protocolvalue transfer protocol

uuCC 1.01%1.01%

uuC  C  1.61%1.61%

uuCC 1.74%1.74%

Combined Standard Combined Standard 

Uncertainty (Uncertainty (uuCC))

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

Infusino I & Panteghini M, Chim Clin Acta 2013;419:15

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

Serum albumin: An example

The uC  associated with 

serum albumin results on 

clinical samples is greater 

than the minimal goal for 

uncertainty (≤2.4%), 

showing that the 

uncertainty of albumin 

measurement in serum is 

probably too high to meet 

the requirements for its 

clinical application. 



Specifications of higher order references defined by intended use…

…intended use is the certification of reference materials/calibrators…

…the specifications of reference materials/calibrators are defined 
by the performance needs of the clinical assays on patient samples.

FieldField
assaysassays

CalibratorsCalibrators

ReferencesReferences
unce

rtainty

Turning the problem upside down 
Focus first on the field assays

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



Why measurement uncertainty matters

[with examples]

• Uncertainty of references → define their 

suitability

• Uncertainty of IVD calibrators → verify 

quality of IVD products

• Uncertainty of clinical results → evidentiate 

unpredictable bias and demonstrate their 

clinical suitability



IVD manufacturers should define a 

calibration hierarchy to assign traceable 

values to their system calibrators and to 

fulfil during this process uncertainty 

limits, which represent a proportion of 

the uncertainty budget allowed for 

clinical laboratory results.

Role of IVD manufacturers

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



Clinical laboratories need to rely on the manufacturers 

who must ensure traceability of their analytical 

systems to the highest available level 

concentration

coverage interval

B

best 

estimate

uncertainty

bias="error"

CRM 

assigned

CRM 

measured

A

uncertaintyuncertainty

[Adapted from Kallner A, 

Scand J Clin & Lab Invest 2010; 70(Suppl 242): 34]

Role of IVD manufacturers

1) Elimination of measurement bias

2) Estimation of measurement uncertainty @ 

the calibrator level



Limitations of CE mark

• Does not mean that 
manufacturer has transferred 
trueness successfully

• Does not mean that 
uncertainty of calibrator 
meets clinical needs[stating compliance with 

legislation, mainly by means of 

European standards]



Limitations of CE mark

• Does not mean that 
manufacturer has transferred 
trueness successfully

• Does not mean that 
uncertainty of calibrator 
meets clinical needs[stating compliance with 

legislation, mainly by means of 

European standards]



Percentage of Italian laboratories declaring 

to use methods for measuring enzyme 

employing the IFCC analytical principles



But, those who said to report 

enzyme results traceable to the 

IFCC RMPs, did they accurately 

recover the targets set by the 

reference laboratory?





Analytical systems measuring serum ALP marketed by four 

IVD companies

[Braga F et al. Biochim Clin, Volume 41, 2017, 64–71]



Limitations of CE mark

• Does not mean that 
manufacturer has transferred 
trueness successfully

• Does not mean that 
uncertainty of calibrator 
meets clinical needs[stating compliance with 

legislation, mainly by means of 

European standards]



[Braga F & Panteghini M. Clin Chim Acta 2014;432:55-61]

IVD manufacturers may spend different 
amounts of the total uncertainty budget 

in implementing traceability of their 
measuring systems

TRACEABILITY CHAINS AVAILABLE FOR IVD MANUFACTURERS FOR 
PLASMA GLUCOSE



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]

ALLOWABLE UNCERTAINTY BUDGET FOR PLASMA GLUCOSE

MEASUREMENT UNCERTAINTY 

GOAL

[for unbiased results]

uurefref

(u(u22
refref + u+ u22

calcal))
½½

(u(u22
ref ref + u+ u22

calcal + u+ u22
randomrandom))½½

System imprecision

System calibration 
uncertainty

Individual lab 
performance 

Measurement 
uncertainty

budget

Uncertainty of
references 

Measurand definition

Patient result

4.05%4.05% minimumminimum

2.70%2.70% desirabledesirable

1.35%1.35% optimumoptimum

From MILAN MODEL 2
From MILAN MODEL 2



Braga F, Panteghini M. Clin Chim Acta 2014;432:55-61

Chain A = 0.73% vs. Chain C = 1.63%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%4.05% minimumminimum

2.70%2.70% desirabledesirable

1.35%1.35% optimumoptimum

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 measurement uncertainty on clinical samples



GCGC--IDMS/LCIDMS/LC--IDMSIDMS

NIST SRM 914aNIST SRM 914a

ManufacturerManufacturer’’s s 

internal procedureinternal procedure

Commercial Commercial 

systemsystem

NIST SRM 967NIST SRM 967

(creatinine in human serum)(creatinine in human serum)

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

A

GCGC--IDMSIDMS

NIST SRM 914aNIST SRM 914a

ManufacturerManufacturer’’s s 

internal procedureinternal procedure

Commercial Commercial 

systemsystem

NIST SRM 909bNIST SRM 909b

(creatinine in human serum)(creatinine in human serum)

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

B

C
NIST SRM 914aNIST SRM 914a

ManufacturerManufacturer’’s s 

internal procedureinternal procedure

Commercial Commercial 

systemsystem

CommercialCommercial

calibratorcalibrator

PatientPatient’’s sample resultss sample results

GCGC--IDMS/LCIDMS/LC--IDMSIDMS

[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 914aNIST SRM 914a
D

Types of metrological chains that can be used to implement the traceability of blood creatinine results*

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



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



Metrological traceability chain and measurement 

uncertainty of Abbott Architect enzymatic creatinine assay

ABBOTT                                
Creatinine enzymatic assay (cod. 8L24)

Clin Chem Calibrator (LN 6K30) 

1.06%

1.29%

1.52%

[Sept 2014[Sept 2014--Feb 2015]Feb 2015] CV=0.8%CV=0.8%

4.5% minimum

3.0% desirable

1.5% optimum

From MILAN MODEL 2
From MILAN MODEL 2



38

Lot. Cal. 40043Y600Lot. Cal. 30410Y600

Case study #1: Creatinine @

Change calibrator lot

TEa



+3.53%

Abbott Diagnostics in a document released on August 2014 informed 

customers that the internal release specification for CAL was ±5% from 

the target value of SRM 967a L1, which is more than two times higher 

than the SRM expanded uncertainty.



4.5% minimum

3.0% desirable

1.5% optimum

Pasqualetti S et al. CCA 2015;450:125Pasqualetti S et al. CCA 2015;450:125



Therefore, we must improve the 

post-market surveillance of IVD 

medical devices through:

1. Availability and quality of information 

about IVD metrological traceability and 

uncertainty

2. Surveillance of IVD system traceability 

and uncertainty 

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



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

calibration is usually not availablecalibration is usually not available





+ 12% TD

Case study #2: Alkaline Phosphatase @

EQAS results 2017

[Architect [Architect 

c16000]c16000]

[Technopath Multichem[Technopath Multichem--S plus]S plus]

[Architect Alkaline [Architect Alkaline 

Phosphatase cod. 7D55 ]Phosphatase cod. 7D55 ]
[Calibration factor][Calibration factor]

[for the verification of system alignment]                      [for the verification of system alignment]                      



Case study #2: Alkaline Phosphatase @

EQA exercise 

April 2017

Peer 

220 U/L

TE = +11.4%

197.4 U/L

peer group



Case study #2: Alkaline Phosphatase @

Trueness verification of ALP measurement

Architect = 0.992 RMP + 0.9 U/L

R2 = 0.9999

Architect ALP combined measurement 

uncertainty (uc)
based on:

− uncertainty of values assigned by RMP (uref) = 1.25%

− bias (ubias) = 0.4%

− imprecision (uimp) = 1.5% (average CV Jan-Aug 2017)

uc = 2.0%

Infusino I et al. Clin Chem Lab Med 2017;55:334

Aloisio E et al. Clin Chem Lab Med 2017;in press



PI30JAN2015 

Procedure Theoretical 
Calibration Factor 
(recommended)

IFCC Standardized
Calibration Factor 

(optional)

Alkaline

Phosphatase 2150 2290

Based on

molar extinction 

coefficient of 

p-nitrophenol

Case study #2: Alkaline Phosphatase @

....the metrological traceability of values 

assigned to calibrators shall be assured 

through suitable reference measurement 

procedures… where available....

EU 98/79/ECEU 98/79/EC--IVD DirectiveIVD Directive



In collaboration with the EQA provider, a
survey was issued to assess among 

participating laboratories using the Architect 
system which calibration factor was used. 

Among 39 interviewed laboratories:

�87% used theoretical CF [2150]

�13% used experimental CF [2290]

The ‘peer-group’ consensus value used in the EQA was 

therefore expected to be strongly influenced by the type 

of calibration adopted by the majority of laboratories, i.e. 

the ‘theoretical’ CF.

We assume that this significantly lowers the EQA median 

value used as reference for evaluating the performance of 

individual participating laboratories and may explain our 

[apparent] positive total error. 

We now expect that Abbott does indicate only one 

CF, i.e. that obtained by correlation results using 

clinical samples with RMP-assigned values. 



Why measurement uncertainty matters

[with examples]

• Uncertainty of references → define their 

suitability

• Uncertainty of IVD calibrators → verify 

quality of IVD products

• Uncertainty of clinical results → evidentiate 

unpredictable bias and demonstrate their 

clinical suitability



Infusino I, Braga F, Mozzi R, Valente C, Panteghini M

2.4%2.4% minimumminimum

1.6%1.6% desirabledesirable

0.8%0.8% optimumoptimum
From MILAN MODEL 2From MILAN MODEL 2



2017 State of Harmonization of 

Serum Albumin Measurements

[Bachmann LR et al. Clin Chem 2017;63:770]



[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. increase the precision (i.e. random 

uncertainty) of commercial HbA1c 

assays



u
c

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



Measurement uncertainty is useful for a 

number of reasons

• Giving objective information about quality of individual 

laboratory performance

• Serving as management tool for the clinical laboratory and 

IVD manufacturers, forcing them to investigate and 

eventually fix the identified problem

• Helping those manufacturers that produce superior products 

and measuring systems to demonstrate the superiority of 

those products 

• Identifying analytes that need analytical improvement for 

their clinical use and ask IVD manufacturers to work for 

improving the quality of assay performance 

• Abandonment by users (and consequently by industry) of 

assays with demonstrated insufficient quality



To estimate measurement uncertainty 

is not enough!
• Uncertainty of measurement is not a finding to be 

calculated because you should fulfil accreditation 

parameters and then immediately forgotten. 

• Together with the measurement uncertainty, the 

laboratory must define the performance specifications 

to validate it.

• If needed, all attempts must be made to improve on the 

value.

• Measurement uncertainty must become a key Quality 

Indicator in your laboratory because it can be used to 

describe both the performance of an IVD measuring 

system and the laboratory itself.



Clinical Chemistry 63:9 (2017) 1551

The measurement uncertainty

is surely a friend



Calibration Laboratory

Università degli Studi di Milano
Centro per la Riferibilità Metrologica in Medicina di Laboratorio (CIRME)

Dipartimento di Medicina di Laboratorio

UOC Patologia Clinica


