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Research Centre for 
Metrological Traceability 
in Laboratory Medicine 
(CIRME) 
created on 2006 with the scope to 
join in a sole entity scientists and 
activities of various Departments of 
the University of Milan interested in 
the development of reference 
methods and calibration materials of 
high metrological order in the field 
of biomedical diagnostics.  







In cooperation with 



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



Pasqualetti S, Infusino I, Carnevale A, Szőke D, Panteghini M. 

Clin Chim Acta. 2015 2015;450:125-6  

Note: For serum creatinine 
measurements on patient 
samples, the acceptable limits 
for expanded uncertainty 
derived from its CVI are 6.0% 
(desiderable) and 9.0% 
(minimum quality level), 
respectively. 



uc 



Currently, the full information about 
calibration is usually not available 

Manufacturers only provide the name of higher 
order reference material or procedure to which the 

assay calibration is traceable, without any 
description of implementation steps and their 

corresponding uncertainty. 
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Types of metrological chains that can be used to implement the traceability of blood glucose results* 

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

*all JCTLM recognized 







Mosca A et al., Biochim Clin 2015;39:in press 



Campione 2 B Fig. 1 

Mosca A et al., Biochim Clin 2015;39:in press 



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 





THE TEMPLE OF 
LABORATORY STANDARDIZATION 

RE
FE

RE
N

CE
 M

ET
HO

DS
 

RE
FE

RE
N

CE
 M

AT
ER

IA
LS

 

AC
CR

ED
IT

ED
 R

EF
ER

EN
CE

 LA
BO

RA
TO

RI
ES

 

TR
AC

EA
BL

E 
RE

FE
RE

N
CE

  I
N

TE
RV

AL
S 

AN
D 

DE
CI

SI
O

N
 LI

M
IT

S 

AP
PR

O
PR

IA
TE

LY
 O

RG
AN

IZ
ED

 
AN

AL
YT

IC
AL

 Q
U

AL
IT

Y 
CO

N
TR

O
L 

TA
RG

ET
S 

FO
R 

U
N

CE
RT

AI
N

TY
 A

N
D 

ER
RO

R 
 

O
F 

M
EA

SU
RE

M
EN

T 
(F

IT
 F

O
R 

PU
RP

O
SE

) 

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



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] 

http://acb.sagepub.com/content/current


Traceable reference intervals as 4th pillar of the 
reference measurement system: 

how a problem becomes a solution 

Historically 
 

Method-dependent 
results 

 
Method-dependent 

reference intervals 
 

Traceability era 
 
Standardized methods that 

provide traceable results 
 

Traceable reference 
intervals 

[Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:301] 





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

 
 
 

4th CIRME International Scientific Meeting 
RETHINKING QUALITY CONTROL IN THE TRACEABILITY ERA 

Milano - 30 November 2010 





Platform 

Calibrators Reagents 

Control material(s) 

Monitoring the reliability of the analytical system through IQC:  
Component I. Check alignment (“system traceability”) 

Braga F et al. J Med Biochem 2015;34:282-7 

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.  



Monitoring the reliability of the analytical system through IQC:  
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;34:282-7 
Braga F, Infusino I, Panteghini M. Clin Chem Lab Med 2015;53:905–12 

 

Main characteristics for a control material to be used in the IQC 
component II program in order to derive the uncertainty of the analytical 
system due to the random effects. 





EQAS categorization 

Category 1A → Milan model 1 or 2 as basis for Perf. Specs 
Category 1B → Other models 

9th CIRME International Scientific Meeting 
STRUCTURING EQAS FOR MEETING METROLOGICAL CRITERIA: 

READY FOR PRIME TIME 
Milano – 27 November 2015 

Miller WG et al. Clin Chem 2011;57:1670 



The application of the analytical performance 
specifications can be modulated depending 
on its use. For example: 
 

Manufacturers producing calibrators 
Reference material providers 
Individual laboratories who provide patient 
results  
EQAS organizations 
 



Clin Chem Lab Med 2013; 51:973 

→ Allowable limit for the combined uncertainty 
of manufacturer’s commercial calibrators @ 
50% of the goal on patient result  

        

System imprecision 

System calibration  
(combined) uncertainty 

Individual lab  
performance  

(IQC safety margin) 

Measurement  
uncertainty 
budget 

Need to define criteria for manufacturers that can be achieved 
for their calibrators leaving enough uncertainty budget for the 

laboratories to produce clinically acceptable results. 
Measurand definition 

Patient result 



Specifications of reference measurement procedure defined by 
intended use… 

…intended use is the certification of reference materials… 

…the specifications of certified reference materials are defined by 
the performance needs of the clinical assays. 

Routine 
assays 

CRMs 

RMP 

uncertainty 

Adapted from D. Bunk - 5th CIRME International Scientific Meeting 
Milano - 30 November 2011 
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System imprecision 
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(IQC safety margin) 
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Uncertainty of 
references  

Measurand definition 

Patient result 

≤33% 

≤50% 

Recommended limits for combined uncertainty budget (expressed as percentage of total 
budget goal) in traceability implementation 

Braga F et al. 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 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. 

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

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

IFCC WG-TNI Technical Discussion 
Value Assignment of NIST SRM 2922 and measurement uncertainty 

Measurand definition 

Patient result 



“THE TRACEABILITY REVOLUTION MANIFESTO” 

• 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 (error) 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. 

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



The three most highly cited CIRME papers 
Clin Biochem Rev Vol 28 August 2007 I 97 





Calibration Laboratory 

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

A Mosca, I Infusino, R Paleari, F Braga, E Frusciante 

A Dolci, D Szöze, S Ferraro, S Birindelli, S Pasqualetti 

Dipartimento di Medicina di Laboratorio 
UOC Patologia Clinica 
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