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Progress and impact of 

enzyme measurement 

standardization



�� The determinations of most important The determinations of most important 

enzymes are among the 20 most frequently enzymes are among the 20 most frequently 

ordered tests in clinical laboratories.ordered tests in clinical laboratories.

�� These enzymatic determinations are These enzymatic determinations are 

important biomarkers for the diagnosis important biomarkers for the diagnosis 

and monitoring of diseases of the liver, and monitoring of diseases of the liver, 

pancreas, skeletal muscle, bone, etc.pancreas, skeletal muscle, bone, etc.

Standardization in  Standardization in  

clinical enzymology: why?clinical enzymology: why?

Panteghini M, Bais R. Tietz Textbook of Clinical Chemistry & MolPanteghini M, Bais R. Tietz Textbook of Clinical Chemistry & Molecular Diagnostics, 6th ed.ecular Diagnostics, 6th ed.



The lack of standardization may The lack of standardization may 

become an ethical issuebecome an ethical issue

Analytical improvements are matter of Analytical improvements are matter of 

patient safety and key to future.patient safety and key to future.

““Standardization of laboratory tests has an Standardization of laboratory tests has an 

ethical dimension as it aims to affect the ethical dimension as it aims to affect the 

way diagnostic tests are used in order to way diagnostic tests are used in order to 

guarantee optimal care for patients in a guarantee optimal care for patients in a 

global world.global world.””

Bossuyt X et al., Ann Rheum Dis 2008;67:1061Bossuyt X et al., Ann Rheum Dis 2008;67:1061

McLawhon RW. Clin Chem 2011;57:936McLawhon RW. Clin Chem 2011;57:936



→→ To becomeTo become equivalent for long equivalent for long 

termterm, results must be traceable , results must be traceable 
to higherto higher--order references.order references.

Objective of traceability implementation:Objective of traceability implementation:

to enable the results obtained by the calibrated to enable the results obtained by the calibrated 

routine procedure to be expressed in terms of the routine procedure to be expressed in terms of the 

values obtained at the highest available level of the values obtained at the highest available level of the 

calibration hierarchy.calibration hierarchy.

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



•• Establishment of a calibration hierarchyEstablishment of a calibration hierarchy

•• Establishment of the metrological Establishment of the metrological 

traceability for the measurement results traceability for the measurement results 

(understand the measurements)(understand the measurements)

•• Elimination of measurement biasElimination of measurement bias

•• Adequate estimation of measurement Adequate estimation of measurement 

uncertaintiesuncertainties

Basic requirements to establish Basic requirements to establish 

traceability traceability 

Fulfillment of the Requirements Fulfillment of the Requirements 

of the EU IVD Directive by Manufacturersof the EU IVD Directive by Manufacturers
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••We discussed how standardization in We discussed how standardization in 

clinical enzymology and the clinical enzymology and the 

achievement of interlaboratory achievement of interlaboratory 

agreement of enzyme catalytic activity agreement of enzyme catalytic activity 

measurements may represent a measurements may represent a 

challenge for the theory of metrological challenge for the theory of metrological 

traceability in laboratory medicine. traceability in laboratory medicine. 

••Furthermore, it is now clear that having Furthermore, it is now clear that having 

all traceability tools in place is not often all traceability tools in place is not often 

enough to ensure that patient care enough to ensure that patient care 

remains consistent, as the efficacy of remains consistent, as the efficacy of 

traceability implementation should also traceability implementation should also 

be considered.be considered.



Definition of Enzyme Catalytic Activity Definition of Enzyme Catalytic Activity 

An enzyme measurand cannot be described only by kind of An enzyme measurand cannot be described only by kind of 
quantity, name of enzyme and of system, but requires also the quantity, name of enzyme and of system, but requires also the 
specified measurement procedure and especially the indicator specified measurement procedure and especially the indicator 
component of the measured reaction.component of the measured reaction.

Example:Example:

Rate of conversion of NADH in the IFCC reference measurement proRate of conversion of NADH in the IFCC reference measurement procedure cedure 
for lactate dehydrogenase (LDH)for lactate dehydrogenase (LDH)

Reaction:Reaction:

Lactate + NADLactate + NAD++ →→ Pyruvate + NADH + HPyruvate + NADH + H++

LDHLDH

ISO 18153:2003. In vitro diagnostic medical devices ISO 18153:2003. In vitro diagnostic medical devices -- Measurement of quantities in biological samples Measurement of quantities in biological samples ––

Metrological traceability of values for catalytic concentration Metrological traceability of values for catalytic concentration of enzymes assigned to calibrators and of enzymes assigned to calibrators and 

control materials. control materials. 



The numerical results are methodThe numerical results are method--dependent dependent 

(i.e. depend entirely on the experimental conditions (i.e. depend entirely on the experimental conditions 

under which measurements are made)under which measurements are made)

Variables: Variables: 

11. pH and nature of the buffer. pH and nature of the buffer

22. substrate (nature and concentration). substrate (nature and concentration)

33. activators and inhibitors. activators and inhibitors

44. measurement temperature. measurement temperature

Measurement of enzymeMeasurement of enzyme

catalytic activitycatalytic activity





Aspects to be controlled in performing reference Aspects to be controlled in performing reference 

measurement procedures for enzymesmeasurement procedures for enzymes

�� Gravimetry controlled by calibrated test weightsGravimetry controlled by calibrated test weights

�� Volumetry controlled by gravimetryVolumetry controlled by gravimetry

�� Temperature controlled by calibrated thermometerTemperature controlled by calibrated thermometer

�� pH controlled by calibrated equipmentpH controlled by calibrated equipment

�� Photometric wavelength controlled by certified filters or Photometric wavelength controlled by certified filters or 

solutions of holmiumsolutions of holmium

�� Photometric absorbance checked by certified test Photometric absorbance checked by certified test 

solutionssolutions

Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:3Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:30101



Enzyme Enzyme 
catalyticcatalytic
concentrationconcentration

Reagents Reagents 

Purity of reagentsPurity of reagents

Lot of reagentsLot of reagents

Mass of reagentsMass of reagents

Volumetric devicesVolumetric devices

Quality of waterQuality of water

SolutionsSolutions

pH adjustmentpH adjustment

AgingAging

Water contentWater content

Reconstitution and Reconstitution and 

treatment of the treatment of the 

specimenspecimen

Purity of waterPurity of water

Mass of waterMass of water

TemperatureTemperature

LightLight

Storage, aging Storage, aging 

AgingAging

Spectrophotom.Spectrophotom.

measurement measurement 

parametersparameters

WavelengthWavelength

AbsorbanceAbsorbance

TemperatureTemperature

TimeTime

Path lengthPath length

Measurement Measurement 

procedureprocedure

Reagent blankReagent blank

Sample blankSample blank

LinearityLinearity

EvaporationEvaporation

Volume fractionsVolume fractions

RoundingRounding

Molar absorptionMolar absorption

coefficientcoefficient

Statistical methodStatistical method

OutlierOutlier

Overview of relevant uncertainty components of the enzyme Overview of relevant uncertainty components of the enzyme 

measurements using reference proceduresmeasurements using reference procedures

Data Data 

processingprocessing

Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:3Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:30101



Example of uncertainty budget for Example of uncertainty budget for 

ALT reference measurement procedureALT reference measurement procedure

Frusciante E, Infusino I, Panteghini M. Biochim Clin 2011;35:20Frusciante E, Infusino I, Panteghini M. Biochim Clin 2011;35:20



JCTLM databaseJCTLM database
Enzymes reference measurement proceduresEnzymes reference measurement procedures

Enzyme Reference

ALP Clin Chem Lab Med 2011;49:1439-46

ALT Clin Chem Lab Med 2002;4040:718-24

Amylase Clin Chem Lab Med 2006;4444:1146-55

AST Clin Chem Lab Med 2002;4040:725-33

CK Clin Chem Lab Med 2002;4040:635-42

GGT Clin Chem Lab Med 2002;4040:734-38

LDH Clin Chem Lab Med 2002;4040:743-48



IRMMIRMM

ASTAST ERMERM--AD457 (IFCC)AD457 (IFCC)

ALTALT ̶̶

γγGTGT ERMERM--AD452 (IFCC)AD452 (IFCC)

LDHLDH ̶̶

CKCK ERMERM--AD455 (IFCC)AD455 (IFCC)

AMYAMY IRMM/IFCC 456IRMM/IFCC 456

ALPALP ̶̶

JCTLM databaseJCTLM database
Enzymes reference materialsEnzymes reference materials



Reproduction of ERMs for ALT, CK and LDHReproduction of ERMs for ALT, CK and LDH

•• New ERMs producedNew ERMs produced

•• Characterisation completedCharacterisation completed

•• Stability & homogeneity data available by 0Stability & homogeneity data available by 099/2016/2016





Infusino I, Bonora R, Panteghini M. Clin Biochem Rev 2007;28:155Infusino I, Bonora R, Panteghini M. Clin Biochem Rev 2007;28:155
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CIRMECIRME (Centro Interdipartimentale per la Riferibilita(Centro Interdipartimentale per la Riferibilita’’ Metrologica in Medicina di Laboratorio Metrologica in Medicina di Laboratorio -- UniversitaUniversita’’ di Milano), Italy di Milano), Italy ––

Contact person: Prof. M Panteghini Contact person: Prof. M Panteghini 

DGKLDGKL (Reference Institute of the German Society of Clinical Chemistr(Reference Institute of the German Society of Clinical Chemistry and Laboratory Medicine), Germany y and Laboratory Medicine), Germany ––

Contact person: Prof. G Schumann  Contact person: Prof. G Schumann  

InstandInstand e.V., Germany e.V., Germany –– Contact person: Dr. P Kaiser Contact person: Dr. P Kaiser 

NCCLNCCL (National Center for Clinical Laboratories), China (National Center for Clinical Laboratories), China –– Contact person: Prof. Wenxiang ChenContact person: Prof. Wenxiang Chen

Beijing Aerospace General Hospital Reference LaboratoryBeijing Aerospace General Hospital Reference Laboratory, China , China –– Contact person: Dr. Baorong ChenContact person: Dr. Baorong Chen

LRECLREC ((Clinical Enzymology Reference Laboratory Clinical Enzymology Reference Laboratory -- Universitat Autònoma de Barcelona)Universitat Autònoma de Barcelona), Spain , Spain –– Contact person: Contact person: Dr. F Canalias 

SCCL SCCL (Shanghai Center for Clinical Laboratory), China (Shanghai Center for Clinical Laboratory), China –– Contact person: Dr. Contact person: Dr. Yuan Lu Yuan Lu 

CLNUCLNU (Center of Laboratory Medicine, Affiliated Hospital of Nantong (Center of Laboratory Medicine, Affiliated Hospital of Nantong University), China University), China –– Contact person: Dr. Huimin WangContact person: Dr. Huimin Wang

MakerBioMakerBio--RSPRSP, China , China –– Contact person: Dr. Lei LvContact person: Dr. Lei Lv

For use by (primarily): a) IVD industry (to ensure that resulFor use by (primarily): a) IVD industry (to ensure that results produced by IVDs are traceable to)ts produced by IVDs are traceable to)

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

c) EQAS providers (to assign true values to EQAS materialsc) EQAS providers (to assign true values to EQAS materials))

JCTLM databaseJCTLM database
Enzyme reference measurement service providersEnzyme reference measurement service providers



Lack of proper reference intervals may hamper the Lack of proper reference intervals may hamper the 

implementation of standardization in enzymologyimplementation of standardization in enzymology

•• The implementation of standardization can The implementation of standardization can 
modify enzyme results modify enzyme results 

•• Without adequate R.I. this situation can Without adequate R.I. this situation can 
impair the interpretation of the results and, impair the interpretation of the results and, 
paradoxically, worsen the patientparadoxically, worsen the patient’’s outcome  s outcome  

•• The absence of reliable R.I. for the newly The absence of reliable R.I. for the newly 
standardized commercial methods may standardized commercial methods may 
hamper their adoption hamper their adoption 

Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:3Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:30101







Are Asian results different?Are Asian results different?
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PremisePremise

Use of commercial assays that provide traceable results permits Use of commercial assays that provide traceable results permits to derive and employ to derive and employ 

traceable reference intervals.traceable reference intervals.

Common reference intervals for enzymes in adultsCommon reference intervals for enzymes in adults

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



Expected consequencesExpected consequences

1.1. Experts defines reference measurement systemsExperts defines reference measurement systems

2.2. Industry implements traceability to themIndustry implements traceability to them

3.3. Users (and industry) abandon nonUsers (and industry) abandon non--specific specific 

methods methods 

4.4. EQAS provide commutable materials and EQAS provide commutable materials and 

accuracyaccuracy--based gradingbased grading

5.5. Professionals establish clinically allowable errors Professionals establish clinically allowable errors 

6.6. Individual laboratories monitor their Individual laboratories monitor their 

performance by participating to EQAS and performance by participating to EQAS and 

applying allowable limitsapplying allowable limits

Adapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CAdapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:301CLM 2010;48:301



Expected consequencesExpected consequences
1.1. Experts defines reference measurement systemsExperts defines reference measurement systems

2.2. Industry implements traceability to themIndustry implements traceability to them

3.3. Users (and industry) abandon nonUsers (and industry) abandon non--specific specific 

methods methods 

4.4. EQAS provide commutable materials and EQAS provide commutable materials and 

accuracyaccuracy--based gradingbased grading

5.5. Professionals establish clinically allowable errors Professionals establish clinically allowable errors 

6.6. Individual laboratories monitor their Individual laboratories monitor their 

performance by participating to EQAS and performance by participating to EQAS and 

applying allowable limitsapplying allowable limits

Adapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CAdapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:301CLM 2010;48:301
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Assessment of enzyme measurementsAssessment of enzyme measurements

in 70 European laboratoriesin 70 European laboratories



Assessment of enzyme measurementsAssessment of enzyme measurements

in 4 European countriesin 4 European countries

CK is nicely standardized and a substantial improvement in analytical 

performance of marketed GGT assays was demonstrated.

Conversely, aminotransferases, LDH and AMY still showed major 

disagreement suggesting the need for improvement in implementing

traceability to higher order references.



Analytical systems measuring serum ALT Analytical systems measuring serum ALT 

marketed by four IVD companiesmarketed by four IVD companies



Kenneth Goossens,  Katleen Van Uytfanghe,  Linda M.  Thienpont. Clinica Chimica Acta, Volume 442, 2015, 44–45



Expected consequencesExpected consequences

1.1. Experts defines reference measurement systemsExperts defines reference measurement systems

2.2. Industry implements traceability to themIndustry implements traceability to them

3.3. Users (and industry) abandon nonUsers (and industry) abandon non--specific specific 

methods methods 

4.4. EQAS provide commutable materials and EQAS provide commutable materials and 

accuracyaccuracy--based gradingbased grading

5.5. Professionals establish clinically allowable errors Professionals establish clinically allowable errors 

6.6. Individual laboratories monitor their Individual laboratories monitor their 

performance by participating to EQAS and performance by participating to EQAS and 

applying allowable limitsapplying allowable limits

Adapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CAdapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:301CLM 2010;48:301



Analytical systems measuring serum LDH Analytical systems measuring serum LDH 

marketed by four IVD companiesmarketed by four IVD companies



Percentage of Italian laboratories declaring Percentage of Italian laboratories declaring 

to use methods employing the IFCC to use methods employing the IFCC 

analytical principlesanalytical principles



But, But, those who said to report those who said to report 

enzyme results traceable to the enzyme results traceable to the 

IFCC RMPs, did they accurately IFCC RMPs, did they accurately 

recover the targets set by the recover the targets set by the 

reference laboratory?reference laboratory?





Analytical systems measuring serum ALP Analytical systems measuring serum ALP 

marketed by four IVD companiesmarketed by four IVD companies



Expected consequencesExpected consequences
1.1. Experts defines reference measurement systemsExperts defines reference measurement systems

2.2. Industry implements traceability to themIndustry implements traceability to them

3.3. Users (and industry) abandon nonUsers (and industry) abandon non--specific specific 

methods methods 

4.4. EQAS provide commutable materials and EQAS provide commutable materials and 

accuracyaccuracy--based gradingbased grading

5.5. Professionals establish clinically allowable errors Professionals establish clinically allowable errors 

6.6. Individual laboratories monitor their Individual laboratories monitor their 

performance by participating to EQAS and performance by participating to EQAS and 

applying allowable limitsapplying allowable limits

Adapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CAdapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:301CLM 2010;48:301



True value assignment to EQAS materials True value assignment to EQAS materials 

allows objective evaluation of the allows objective evaluation of the 

performance of enzyme measurements performance of enzyme measurements 

through an accuracythrough an accuracy--based (instead of based (instead of 

inferior consensusinferior consensus--based) grading of the based) grading of the 

competency of participating clinical competency of participating clinical 

laboratories.laboratories.

Need of postNeed of post--market vigilance market vigilance 

of IVD systemsof IVD systems



Requirements for the applicability of EQAS results in the Requirements for the applicability of EQAS results in the 

evaluation of the performance of participating laboratories in evaluation of the performance of participating laboratories in 

terms of traceability of their measurementsterms of traceability of their measurements

FeatureFeature AimAim

EQAS materials valueEQAS materials value--assigned assigned 

with reference procedures by with reference procedures by 

an accredited ref. laboratoryan accredited ref. laboratory

To check traceability of commercial To check traceability of commercial 

system to reference systemssystem to reference systems

Proved commutability of Proved commutability of 

EQAS materialsEQAS materials

To allow transferability of To allow transferability of 

participating laboratory participating laboratory 

performance to the measurement of performance to the measurement of 

patient samplespatient samples

Definition and use of the Definition and use of the 

clinically allowable  clinically allowable  

measurement errormeasurement error

To verify the suitability of laboratory To verify the suitability of laboratory 

measurements in clinical settingmeasurements in clinical setting

Panteghini M. Clin Chem Lab Med 2010;48:7 Panteghini M. Clin Chem Lab Med 2010;48:7 

Infusino I et al. Clin Chem Lab Med 2010;48:301Infusino I et al. Clin Chem Lab Med 2010;48:301

Braga F & Panteghini M. Clin Chem Lab Med 2013;51:1719Braga F & Panteghini M. Clin Chem Lab Med 2013;51:1719

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





Expected consequencesExpected consequences

1.1. Experts defines reference measurement systemsExperts defines reference measurement systems

2.2. Industry implements traceability to themIndustry implements traceability to them

3.3. Users (and industry) abandon nonUsers (and industry) abandon non--specific specific 

methods methods 

4.4. EQAS provide commutable materials and EQAS provide commutable materials and 

accuracyaccuracy--based gradingbased grading

5.5. Professionals establish clinically allowable errors Professionals establish clinically allowable errors 

6.6. Individual laboratories monitor their Individual laboratories monitor their 

performance by participating to EQAS and performance by participating to EQAS and 

applying allowable limitsapplying allowable limits

Adapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CAdapted from Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:301CLM 2010;48:301





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

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

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

99thth CIRME International Scientific MeetingCIRME International Scientific Meeting
STRUCTURING EQAS FOR MEETING METROLOGICAL CRITERIA:STRUCTURING EQAS FOR MEETING METROLOGICAL CRITERIA:

READY FOR PRIME TIMEREADY FOR PRIME TIME
Milano Milano –– 27 November 201527 November 2015



Workflow for allocation of laboratory measurands Workflow for allocation of laboratory measurands 

to different models for performance specificationsto different models for performance specifications

Ceriotti F et al, Clin Chem Lab Med 2016Ceriotti F et al, Clin Chem Lab Med 2016



Quantifying Biological Variation

 How do you do the experiment?

� Subjects How many?

� Collect specimens Number? Frequency?

� Analyse specimens Minimise analytical variation?

� Analyse data Outliers? Statistics?

Braga F, Panteghini M. Crit Rev Clin Lab Sci. 2016 Mar 14:1-13



WithinWithin--subject biological variation (CVsubject biological variation (CVII) ) 

ALT, AST and ALT, AST and γγGTGT

The arrows show the values currently present in the RicosThe arrows show the values currently present in the Ricos’’ databasedatabase

11.1-58.1%

3.0 – 32.3% 3.9 – 14.5%

Carobene A et al., Clin Chem Lab Med 2013;51:1997Carobene A et al., Clin Chem Lab Med 2013;51:1997



A checklist for critical appraisal of studies of biological variation

Bartlett WA et al. Bartlett WA et al. Clin Chem Lab Med 2015;53: 879Clin Chem Lab Med 2015;53: 879
Biological Variation Working Group



Allowable maximum uncertainty for clinical Allowable maximum uncertainty for clinical 

measurements of enzymes measurements of enzymes 

Quality levelQuality level

MinimumMinimum DesirableDesirable OptimumOptimum

ASTAST ±±9.3%9.3% ±±6.2%6.2% ±±3.1%3.1%

ALTALT ±±14.6%14.6% ±±9.7%9.7% ±±4.9%4.9%

γγGTGT ±±5.6%5.6% ±±3.7%3.7% ±±1.9%1.9%

LDHLDH ±±6.5%6.5% ±±4.3%4.3% ±±2.2%2.2%

CKCK ±±17.1%17.1% ±±11.4%11.4% ±±5.7%5.7%

ALPALP ±±4.5%4.5% ±±3.0%3.0% ±±1.5%1.5%

AMYAMY ±±6.6%6.6% ±±4.4%4.4% ±±2.2%2.2%

Adapted from Panteghini M, Bais R. Tietz Textbook of Clinical ChAdapted from Panteghini M, Bais R. Tietz Textbook of Clinical Chemistry & Molecular emistry & Molecular 

Diagnostics, 6th ed.Diagnostics, 6th ed.
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-- Summarizing considerations Summarizing considerations --

•• Having all traceability tools in place is not enough.Having all traceability tools in place is not enough.

•• The IFCC standardization seems to be often The IFCC standardization seems to be often 
declared but not soundly adhered to and/or declared but not soundly adhered to and/or 
correctly implemented. correctly implemented. 

•• As a consequence, a sizeable bias of the analytical As a consequence, a sizeable bias of the analytical 
results vs. the reference method values is often results vs. the reference method values is often 
observed.observed.

•• Some manufacturers continue to sell on the Some manufacturers continue to sell on the 
market assays giving results which are not market assays giving results which are not 
traceable to the internationally accepted traceable to the internationally accepted 
reference systems.reference systems.



Why are we still not there? Why are we still not there? 

•• LegislationLegislation

•• IVD manufacturersIVD manufacturers

•• Professionals Professionals 



LegislationLegislation

•• EU IVD Directive 98/79 gives only generic indications on EU IVD Directive 98/79 gives only generic indications on 

traceabilitytraceability

•• The JCTLM database has no legal valueThe JCTLM database has no legal value

•• ISO 15189 Accreditation does not specifically require ISO 15189 Accreditation does not specifically require 

traceability to JCTLM referencestraceability to JCTLM references

•• ‘‘Accuracy assessmentAccuracy assessment’’ by existing EQA programs is based by existing EQA programs is based 

on consensus to peer groups using the same analytical on consensus to peer groups using the same analytical 

equipment and not on the true value assignment. This equipment and not on the true value assignment. This 

has created a situation where clinical laboratories can has created a situation where clinical laboratories can 

meet governmental regulations despite consistently meet governmental regulations despite consistently 

reporting biased test results.reporting biased test results.



Limitations of CE markLimitations of CE mark

• Does not mean that 
manufacturer has 
transferred trueness 
successfully

• Does not mean that 
uncertainty of calibrator 
meets clinical needs

• Does not mean that 
comparators (e.g., similar 
assays) are also traceable

[stating compliance with [stating compliance with 

legislation, mainly by means of legislation, mainly by means of 

European standards]European standards]

[Adapted from G. Jones, JCTLM & IVD Industry Meeting – Los Angeles, USA 2012]



Future EU regulatory frameworkFuture EU regulatory framework

•• Supervision of Notified BodiesSupervision of Notified Bodies

•• PostPost--market safety and surveillance market safety and surveillance 
activities, activities, with enhanced involvement of with enhanced involvement of 

healthcare professionals and patientshealthcare professionals and patients

•• TransparencyTransparency

–– Summary of safety and performance dataSummary of safety and performance data

–– Traceability of devicesTraceability of devices

•• Access to external expertise Access to external expertise (scientific experts, (scientific experts, 

reference laboratories)reference laboratories)



IVD ManufacturersIVD Manufacturers

•• Manufacturers may explicitly or implicitly object Manufacturers may explicitly or implicitly object 

harmonisation for marketing or cost reasons: in harmonisation for marketing or cost reasons: in 

absence of mandatory requirements and of absence of mandatory requirements and of 

clear requests from the profession they have no clear requests from the profession they have no 

interest in new investments interest in new investments 

•• No perception of a competitive advantage in No perception of a competitive advantage in 

offering IFCC traceable enzyme resultsoffering IFCC traceable enzyme results

•• To fulfill the request of a global market most of To fulfill the request of a global market most of 

them continue to offer different reagents for them continue to offer different reagents for 

the same enzymethe same enzyme

Adapted from F. Ceriotti, 7Adapted from F. Ceriotti, 7thth CIRME International Scientific Meeting CIRME International Scientific Meeting –– May 2013May 2013



ProfessionalsProfessionals

•• The advantages of enzyme standardization are The advantages of enzyme standardization are 

not fully perceived, nor by laboratorians neither not fully perceived, nor by laboratorians neither 

by cliniciansby clinicians

•• Changes require efforts: new reference intervals, Changes require efforts: new reference intervals, 

explanations to clinicians and patients, etc. explanations to clinicians and patients, etc. 

Resistance of laboratorians and clinicians Resistance of laboratorians and clinicians 

originates from common human conservatism.originates from common human conservatism.

•• Instead of requesting manufacturers to change, Instead of requesting manufacturers to change, 

most of us just waits for the new proposals from most of us just waits for the new proposals from 

industryindustry

Modified from F. Ceriotti, 7Modified from F. Ceriotti, 7thth CIRME International Scientific Meeting CIRME International Scientific Meeting –– May 2013May 2013



Standardization in clinical enzymology:Standardization in clinical enzymology:

the way forwardthe way forward

•• The definition by the laboratory professionals of the The definition by the laboratory professionals of the 

clinically acceptable measurement uncertainty for each clinically acceptable measurement uncertainty for each 

enzyme together with the adoption by EQAS providers of enzyme together with the adoption by EQAS providers of 

commutable materials and use of an evaluation commutable materials and use of an evaluation 

approach exclusively based on trueness represent the approach exclusively based on trueness represent the 

way forward to definitively reach the standardization in way forward to definitively reach the standardization in 

clinical enzymology.clinical enzymology.



Ferraro S, Braga F, Panteghini M. Clin Chem Lab Med 2016;54:523


