
EMPIR Project CardioMet



 11.3 million new cases of cardiac diseases and 1.8 million deaths/year 

in the EU with estimated costs of € 210 billion/year 

 Large between-methods variability due to a lack of traceability chains 

required by IVD Regulation 2017/746

 Measurement of cardiac biomarkers is challenging due to the low 

concentrations, structural heterogeneity & complex biological matrix

WP2:Biomarkers for acute 

myocardial infarction

 Development of a 

candidate reference

method for cTnI

 Application to patient

samples & EQA materials

 Development of a 

biosensor for quasi-

continuous monitoring

of cardiac biomarkers

WP3: Biomarkers for acute 

and chronic heart failure

 Reference a measurement 

procedure for NT-proBNP

 Application of reference 

measurement procedure 

for NT-proBNP to EQAS

 Understanding issues for 

1-32 BNP measurements 

in clinics

WP1: Biomarkers for long 

term CVD risk assessment

 Definemetrology needs and 

performance specifications 

for conventional biomarkers

 Standardization of ApoA-I, 

B, C-I, C-II, C-III, E & apo(a) 

through the development of 

an IDMS RMP & CRMs

 Document the clinical utility 

of apolipoprotein profiling 

advanced lipoprotein testing

EMPIR Project CardioMet - Overview
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EMPIR Project CardioMet - Consortium
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EMPIR Project CardioMet

WP1: Biomarkers for patient stratification and long-term CVD risk assessment 

Objective: provide the metrological support needed for clinicians to accurately 

predict CVD risk and properly stratify patients to select the best therapy

 Task 1.1 : document the state of the art in terms of CVD risk assessment and patient 

stratification based on conventional biomarkers with the goal of defining metrology 

needs and performance specifications for accurately estimating long-term CVD risk.

 Task 1.2 : standardization of a panel of apolipoproteins (apo) A-I, B, C-I, C-II , C-III, E 

and apo (a) through the development of an IDMS reference method and matrix CRMs

 Task 1.3 : document the clinical utility of alipoprotein profiling vs currently used lipid 

markers and determine performance specification of advanced lipoprotein testing 

methods for accurate CVD risk assessment and patient stratification.
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Why reliable lipid / lipoprotein testing is important 
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Task 1.1: conventional biomarkers

Task 1.1: Defining metrology needs for estimating long-term 

CVD risk with current biomarkers

Objective : document the state of the art regarding CVD risk prediction on the basis of 

diagnostic tests currently used in day to day clinical practice and determine what is the 

measurement uncertainty needed for routine methods to accurately stratify patients 

based on concentration of conventional biomarkers (e.g. LDL-C, non-HDL-C, TG, …). 
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Task 1.1: conventional biomarkers

 Using the Swedish cardiac registry, establish the relationship between the 

concentration of conventional biomarkers (e.g. LDL-C, non-HDL-C, ApoB…) 

and CVD events with the objective to estimate the rate of residual CVD risk 

during high intensity secondary preventive treatment
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Task 1.1: conventional biomarkers

 Organize an EQA scheme to document accuracy and between-methods agreement 

of assays relying on conventional biomarkers with a focus on direct LDL-C assays 

in presence of elevated concentrations of triglycerides

 Propose recommendations for analytical performance criteria for assays relying on 

conventional biomarkers currently used to estimate long-term CVD risk. 
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Task 1.1: conventional biomarkers
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Task 1.1: conventional biomarkers
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Beyond LDL-C in CVD risk assessment
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Beyond LDL-C in CVD risk assessment
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Beyond LDL-C in CVD risk assessment
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Beyond LDL-C in CVD risk assessment
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Beyond LDL-C in CVD risk assessment

Immuno-nephelometry

Immuno-turbidimetry

LC/MS/MS 

NMR

ES-DMA

VLP

How do the different ALT methods compare with each other?

VAP

NMR     ES-DMA
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Comparability of non-HDL-P measurements 

by IN, LC-MS/MS, NMR, ES-DMA and VAP 

16JCTLM Members’ and Stakeholders’ meeting - December 2nd & 3rd, 2019 – BIPM



Comparability of non-HDL-P measurments

by IN, LC-MS/MS, NMR, ES-DMA and VAP 
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 The different candidate reference methods for non-HDL-P 

do not  yet provide equivalent results

 LC/MS/MS is the most suitable candidate RMP to standardize

ApoB as it would provide results traceability to the SI

 Primary calibrators are needed to calibrate the IDMS RMP



IFCC WG-ApoMS
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Task 1.2 : Apolipoprotein profiling by LC/MS/MS

Objective :set up an MS-based reference measurement system for standardization 

of a panel of clinically relevant apolipoproteins

 Production and characterization of primary calibrators

 Development of an IDMS-based reference measurement procedure for the 

multiplexed analysis of apoA-I, B, C-I, C-II, C-III, E and Apo(a) 

 Production and characterization of commutable CRMs and EQA materials

 Evaluation of the clinical performance and clinical utility of apolipoprotein profiling 

for CVD risk stratification and treatment
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Task 1.3 : Towards advanced lipoprotein testing?

Objectives :

 Document the clinical utility of advanced lipoprotein testing methods for 

accurate CVD risk assessment and patient stratification; 

 Propose performance specification and suitable routes for standardization 

 identify theoretical subgroups of patients with acute coronary syndrome and 

specific lipid disorders for which apolipoprotein profiling and other advanced 

lipoprotein testing methods are expected to have the highest value added for CVD 

risk assessment and patient stratification compared with conventional makers

 Establish a patients cohort and measure samples by apolipoprotein profiling and 

other available advanced lipoprotein testing methods with the objective to :

• document the clinical utility of advanced lipoprotein testing to unravel residual 

CVD risk that cannot be diagnosed with conventional markers,

• establish standardized reference ranges for apolipoproteins
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Task 1.3 : Towards advanced lipoprotein testing?

Mora et al. Circulation 2009;119:2396-2404 
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WP2: Biomarkers for acute myocardial infarction

Cardiac troponin (cTn): Complex of three regulatory proteins

• Troponin T

 Specific marker

 35 924 Da

 Binds to Tropomyosin 

• Troponin I

 Specific marker

 24 008 Da 

 Binds to Actin

• Troponin C

 Cardiac and slow skeletal same

 18 403 Da

 Ca binding part 

 Diagnosis of acute coronary syndrome in combination with electrocardiograms

https://en.wikipedia.org/wiki/Troponin#/media/

File:Troponin_Ribbon_Diagram.png
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WP2: Troponin Degradation in Blood

Wu A. Analytical Issues for Clinical Use of Cardiac Troponin. Cardiovascular 

Biomarkers: Pathophysiology and Disease Management, Morrow DA (ED.), 2006.

For diagnosis, the 

increase of cTn over 3 h 

is important

After release into the blood:

• Trimer ICT

• Dimer IC

• Monomers I, C, T

• Fragments

• Phosphorylation

• Acetylation

• Glycosylation
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WP2: State of the Art

Troponin I Troponin T

Proficiency test for cardiac markers CM 4/19 organised by RfB

sample A/µg/L B/µg/L

mean 0.915 0.36

CV 57.201 55.458

participants 472

sample A/µg/L B/µg/L

mean 1.099 0.334

CV 14.104 10.327

participants 590
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WP2: State of the Art

Results from the French mandatory EQA scheme in 2015
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Between-lab CV : 79%! 



Task 2.1: 

Preparation and 

characterisation of 

reference and spike 

for cardiac troponin

Task 2.2: 

Development and validation 

of a suitable quantification 

method

Task 2.3: 

Application to patient 

samples

Task 2.4: 

Development of a 

biosensor for the 

quasi-continuous 

monitoring of cardiac 

biomarkers
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WP2: planned activities
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WP2: connection with IFCC WG-cTnI

• NIST produced certified reference material SRM 2921

(pure cardiac troponin complex)

• NIST developed an ID-LC-MS/MS method for cTnI:

Analytical and Bioanalytical Chemistry (2018) 410:2805–2813



WP3 : Biomarkers for acute & chronic heart failure

https://www.escardio.org/static_file/Escardio/Guidelines/Publications/

HF/d8025_Summary_Card-HF-6%20for%20web.pdf

NT-proBNP

≥125pg/mL

BNP

≥35pg/mL
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WP3 : Biomarkers for acute & chronic heart failure

Brain Natriuretic Peptides
Pro-BNP1 108

1 76 77 108

NT-proBNP

76 amino acid glycosylated protein

Not active

Stability 60-120min

BNP

32 amino acid peptide

Active form

Stability 20min

Bio-therapeutic

29JCTLM Members’ and Stakeholders’ meeting - December 2nd & 3rd, 2019 – BIPM



WP3 : Need for BNP standardization!
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Poor agreement between the different available immunoassays!
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Results from the French mandatory EQA scheme in 2014

Between-lab CV : 27%! 

WP3 : Need for BNP standardization!



WP3 : Challenges in BNP measurement

1-32 BNP degradation patterns

BNP(1-32) SPKMVQGSGCFGRKMDRISSSSGLGCKVLRRH

BNP(3-32) KMVQGSGCFGRKMDRISSSSGLGCKVLRRH

BNP(4-32) MVQGSGCFGRKMDRISSSSGLGCKVLRRH

BNP(5-32) VQGSGCFGRKMDRISSSSGLGCKVLRRH

BNP(5-31) VQGSGCFGRKMDRISSSSGLGCKVLRR

BNP(5-27) VQGSGCFGRKMDRISSSSGLGCK

BNP(5-26) VQGSGCFGRKMDRISSSSGLGC
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iJIFCC

2016



WP3 : Challenges in BNP measurement

Assay Antibody Standard materials

Alere

Triage BNP

Beckman 

Coulter

Abbott

Siemens (Bayer)

Siemens (Dade 

Behring)

v

ET Healthcare

Recombinant BNP

Recombinant BNP

Synthetic BNP

Synthetic BNP

Synthetic BNP

proBNP glycosylated

capture

detection

capture

detection

capture

detection

capture

detection

capture

detection

capture

Epitope 14-21

Epitope 5-13

Epitope 26-32

Epitope 27-32
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The different available immunoassays 

do not target the same epitope 

and rely on different types of calibrators



WP3 : BNP standardisation so far
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 SI traceable primary calibrator fully characterized

 Stabilisation protocol for BNP in plasma

 Candidate RMP for quantification of BNP in plasma

 Reference method target values assigned to 40 EQA materials

 Correlation between IDMS and immunoassays established

 Method available for monitoring metabolites

 Interlaboratory comparisons LGC / NIST



WP3 : Challenges in natriuretic peptides measurement

https://shop.hytest.fi/spree/products/2930/Human_proBNP__BNP_and_NT-proBNP_TechNotes.pdf?1560756922

NT-proBNP immunoassay detection
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WP3 : Biomarkers for acute & chronic heart failure

Objective :enhance BNP measurements and improve patient outcomes through 

provision of reference measurement procedures & standardization of EQAS :

 development of a candidate reference measurement procedure for NT-proBNP

 application to EQA schemes and clinical samples

 Definition of procedures for the calculation of measurement uncertainty within EQAS

 Definition of commutability requirements for EQA materials for NT-proBNP

 Monitor BNP circulating forms to understand issues for 1-32 BNP measurement
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Medical associations, national & international organizations

Health Authorities EQA Providers

Manufacturers Hospitals

Stakeholders & Partners



Acknolegements
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Thank you for your attention!

39JCTLM Members’ and Stakeholders’ meeting - December 2nd & 3rd, 2019 – BIPM

Contact : vincent.delatour@lne.fr


