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Stato dell’arte dei metodi ad alta 

sensibilità per la cTnI 



DEFINIZIONE E SPECIFICHE DI QUALITA’ 



• Si definiscono test di laboratorio ad alta-sensibilità (high 

sensitivity) analitica per la misura delle troponine I e T 

esclusivamente i metodi immunometrici che sono in grado di 

misurare il 99° percentile della popolazione di riferimento con 

un errore (CV %) uguale o inferiore al 10%,  come 

raccomandato da tutte le linee guida nazionali  ed 

internazionali (primo criterio: conditio sine qua non).  

 

• I metodi ad alta-sensibilità devono essere anche in grado di 

misurare  i livelli circolanti delle troponine nella maggioranza 

dei soggetti adulti di una popolazione di riferimento (almeno 

300 individui) costituita solo da donne o solo da uomini 

(secondo criterio di classificazione).  
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Background: The study aim is to compare cTnI values measured with three high-sensitivity (hs) methods in

apparently healthy volunteers and patients admitted to emergency department (ED) with acute coronary syn-

drome enrolled in a large multicentre study.

Methods: Heparinized plasma samples were collected from 1511 apparently healthy subjects from 8 Italian

clinical institutions (mean age: 51.5 years, SD: 14.1 years, range: 18–65 years, F/M ratio:0.95). All volunteers

denied chronic or acute diseases and had normal values of routine laboratory tests. Moreover, 1322 heparinized

plasma sample were also collected by 9 Italian clinical institutions from patients admitted to ED with clinical

symptoms typical of acute coronary syndrome. The reference study laboratory assayed all plasma samples with

three hs-methods: Architect hs-cTnI, Access hs-cTnI and ADVIA Centaur XPT methods. Principal Component

Analysis (PCA) was also used to analyze the between-method dif erences among hs-cTnI assays.

Results: On average, a between-method dif erence of 31.2% CV was found among the results of hs-cTnI im-

munoassays. ADVIA Centaur XPT method measured higher cTnI values than Architect and Access methods.

Moreover, 99th percentile URL values depended not only on age and sex of reference population, but also on the

statistical approach used for calculation (robust non-parametric vs bootstrap).

Conclusions: Due to dif erences in concentrations and reference values, clinicians should be advised that plasma

samples of the same patient should be measured for cTnI assay in the same laboratory. Specif c clinical studies
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4.3. Patients admitted to Emergence Department (ED)

Considering the 1322 heparinized plasma sample collected by 9

Italian clinical institutions from patients admitted to ED with clinical

suspect of ACS, the plasma volume collected was not suf cient for cTnI

assay with all the 3 immunoassay methods, so the 3 immunoassay

methods gave dif erent numbers of cTnI results also for patients ad-

mitted to ED.

A between-method dif erence of 29.2% (expressed as % CV) was

found among the cTnI values measured with the three hs-cTnI methods.

The ADVIA XPT method on average showed signif cantly higher cTnI

values than Architect and Access methods, while Architect higher va-

lues than Access (Fig. 2 B). The correlation matrix between the cTnI

values measured with the three immunoassay methods in patients ad-

mitted to ED is reported in Table 3B, while the linear regressions be-

tween the measured values of the hs-cTnI immunoassay methods are

reported in Fig. 4B. The comparison of data reported in Table 3 and

Fig. 4 demonstrates that cTnI values measured with the three hs-

methods in plasma samples of patients admitted to ED are better cor-

related than those found in healthy volunteers.

4.4. Principal Component Analysis (PCA)

The loading plots (also known as variable correlation plot) of PCA

related to both apparently healthy subjects (Part A) and patients ad-

mitted to ED (part B) are reported in Fig. 5. Considering the data related

to apparently healthy volunteers (Fig. 5 A), the PCA allowed three

principal components respectively explaining 69.0%, 17.9% and 13.1%

of total variability of cTnI results (log-transformed values). Architect

and Access methods showed more similar results than ADVIA PTX

method. Considering the data related to patients admitted to ED (Fig. 5

B), the PCA allowed three principal components respectively explaining

98.5%, 0.9% and 0.5% of total variability of cTnI results (log-trans-

formed values). Moreover, the three hs-cTnI methods showed more

similar results in patinets admitted to ED (Part B), than in apparently

healthy subjects (Part A).

Finally, considering the results of linear regression analyses (Fig. 4)

and PCA (Fig. 5) as a whole, cTnI values observed in patients were on

average better inter-correlated compared to those found in apparently

healthy volunteers (mean R value in patients: 0.978 ± 0.005 SD; mean

R in healthy subjects: 0.536 ± 0.06 SD; N= 3, p= .0058 by paired t-

test). Furthermore, PCA data conf rm that the hs-cTnI methods, tested

in this study, show dif erent results when respectively tested in ap-

parently healthy volunteers and patients admitted to ED.

Fig. 2. The column plot reports the mean ( ± standard error) of cTnI values measured with the three immunoassay methods in samples of apparently healthy

volunteers (Part A) and patients admitted to ED (part B), respectively. The P values of paired t-test between the log-transformed cTnI values are also reported in the

Figure.

Fig. 3. Relationships between age (X-axis) and cTnI values measured with the

three immunoassay methods in plasma samples of apparently healthy volun-

teers, respectively. The non-linear trend between age and cTnI was evaluated

by means of regression spline analyses (indicated by color lines). The results of

the three methods are reported with dif erent colors.
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A B S T R A C T

Background: The study aim is to compare cTnI values measured with three high-sensitivity (hs) methods in

apparently healthy volunteers and patients admitted to emergency department (ED) with acute coronary syn-

drome enrolled in a large multicentre study.

Methods: Heparinized plasma samples were collected from 1511 apparently healthy subjects from 8 Italian

clinical institutions (mean age: 51.5 years, SD: 14.1 years, range: 18–65 years, F/M ratio:0.95). All volunteers

denied chronic or acute diseases and had normal values of routine laboratory tests. Moreover, 1322 heparinized

plasma sample were also collected by 9 Italian clinical institutions from patients admitted to ED with clinical

symptoms typical of acute coronary syndrome. The reference study laboratory assayed all plasma samples with

three hs-methods: Architect hs-cTnI, Access hs-cTnI and ADVIA Centaur XPT methods. Principal Component

Analysis (PCA) was also used to analyze the between-method dif erences among hs-cTnI assays.

Results: On average, a between-method dif erence of 31.2% CV was found among the results of hs-cTnI im-

munoassays. ADVIA Centaur XPT method measured higher cTnI values than Architect and Access methods.

Moreover, 99th percentile URL values depended not only on age and sex of reference population, but also on the

statistical approach used for calculation (robust non-parametric vs bootstrap).

Conclusions: Due to dif erences in concentrations and reference values, clinicians should be advised that plasma

samples of the same patient should be measured for cTnI assay in the same laboratory. Specif c clinical studies
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5. Discussion

5.1. Analytical performances and systematic dif erences among hs-cTnI

methods

The results of this study conf rm that Architect, Access and ADVIA

XPT methods show analytical performances in accordance with the

quality specif cations required by international guidelines for hs-cTnI

assay [5] . In particular, these hs-cTnI methods on averagemeasure 99th

percentile URL values with an imprecision ranging from 4 to 6% CV

(Table 1) [13–18] , and they are also able to determine cTnI con-

centrations of the majority of healthy women with values above LoD

values of the respective immunoassay methods (Table 2), in accordance

with the two fundamental criteria recommended by international

guidelines [5] .

This study reports for the f rst time a head-to-head comparison of

plasma cTnI concentration values measured with three hs-cTnI methods

in a large Italian population of apparently healthy volunteers and pa-

tients admitted to ED with ACS. Our results demonstrate that signif cant

systematic dif erences in measured cTnI values still persist even among

the last generation of hs-cTnI immunoassay methods (Fig. 2).

PCA is commonly used to reveal the internal structure of dif erent

data sets in such a way that it is possible to better explain the dif er-

ences (related to variances) amongexperimental data values [24,25] . In

this study, PCA was used to analyze more in detail the between-method

dif erences among hs-cTnI immunometric systems. Indeed, the f rst

principal component, which accounts for as much of the variability in

the data as possible, was found to be greatly dif erent when calculated

in a population including apparently healthy subjects (i.e., 69.0% of

total variability) rather than in a group of patients admitted to ED (i.e.,

98.5% of total variability) (Fig. 5). Accordingly, the second and third

components were signif cantly reduced when measured in the data set

Table 3

Correlation matrix of cTnI values measured with the immunoassay methods respectively measured in healthy volunteers (part A)

and patients admitted to ED (part B).

Methods Architect Access ADVIA XPT

Part Aa

Architect 1.0000 0.6060 0.5114

Access 0.6060 1.0000 0.4868

ADVIA XPT 0.5114 0.4868 1.0000

Methods logArchitect logAccess logADVIA XPT

Part Ba

logArchitect 1.0000 0.9826 0.9788

logAccess 0.9826 1.0000 0.9728

logADVIA XPT 0.9788 0.9728 1.0000

a Log1 0-transformation of original cTnI data were used for the calculation of correlation matrix.

Fig. 4. Linear regression analyses between cTnI values measured with three immunoassay methods in plasma samples of apparently healthy volunteers (part A) and

patients admitted to ED (part B). The linear regression equations are reported in the Figure.
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UTILIZZO DEI METODI AD ALTA SENSIBILITA’ 

ANALITICA IN PRONTO SOCCORSO 



• Il più evidente vantaggio dell’uso di metodi ad 

alta sensibilità per la misura delle troponine 

cardiache è il risparmio di tempo nella diagnosi 

differenziale della sindrome coronarica acuta. 

 

• Nell’anno 2000 occorreva per la diagnosi di IMA 

dalle 24 alle 48 ore, siamo poi passati a 6-12 ore 

intorno agli anni 2005-2010,  ed infine a 3 ore (o 

addirittura meno) dopo il 2015 per il rule-in e 

rule-out dell’infarto del miocardio in Pronto 

Soccorso. 

VANTAGGI DELL’USO DEI METODI AD ALTA 

SENSIBITA’ ANALITICA IN PRONTO SOCCORSO 



INTERPRETAZIONE CLINICA DELLA MISURA DELLE 

TROPONINE CON METODI AD ALTA SENSIBILITA’ IN PRONTO 

SOCCORSO 





• Il termine «danno miocardico» (myocardial 

injury) dovrebbe essere utilizzato nella pratica 

clinica quando vi è una evidenza di elevati valori 

di troponine cardiache (preferibilmente misurate 

con metodi high-sensitivity)  con almeno un 

valore al di sopra del 99° percentile URL.  

 

• Il danno miocardico è considerato «acuto» 

quando si può evidenziare una cinetica in 

aumento e/o diminuzione dei livelli del 

biomarcatore in una serie di campioni dello 

stesso paziente. 

DEFINIZIONE DI DANNO MIOCARDICO 



• Il documento Fourth Universal Definition of Myocardial 

Infarction pone in primo piano la “certificazione” della 

presenza di un danno cardiaco (myocardial injury), che 

assume, quindi, una valenza non solo fisiopatologica e 

clinica, ma anche anatomopatologica e medico legale.  

 

• Di fatto, si raccomanda al clinico di eseguire la misura 

della cTnI o cTnT, preferibilmente con metodi ad alta 

sensibilità, in tutti i soggetti/pazienti in cui vi sia un 

sospetto di malattia cardiovascolare.  

 

• La presenza di un valore di hs-cTn al di sopra del 99° 

percentile URL, stabilisce la presenza clinica del danno 

cardiaco. 

 

Dal danno miocardico all’infarto del miocardio (I) 



Determinata la presenza del danno miocardico, si deve stabilire 

se il paziente presenta un infarto acuto del miocardio (IMA): 

 

• Dapprima, mediante la cinetica delle hs-cTn, utilizzando 

almeno due campioni in serie del paziente (generalmente un 

campione basale e dopo 3 ore), si deve accertare se vi è un 

aumento (o una diminuzione) significativa dei valori di hs-Tn 

nel tempo (evidenza di danno acuto). 

 

• Successivamente, si potrà porre diagnosi di IMA se il danno è 

acuto e il paziente presenta clinicamente una ischemia 

miocardica per una grave alterazione del flusso coronarico 

(IMA Tipo 1), oppure se presenta un apporto insufficiente di 

ossigeno da parte del flusso coronarico rispetto alle richieste 

del miocardio (IMA Tipo 2). 

Dal danno miocardico all’infarto del miocardio (II) 



Purtroppo un aumento della sensibilità (analitica o 

clinica) si accompagna sempre ad una diminuzione 

della specificità.   
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Nuove applicazioni cliniche dei metodi hs-cTn 



• Dal punto di vista fisiopatologico, si può ipotizzare che la misura 

delle troponine cardiache I e T con metodi ad elevata sensibilità 

fornisca una stima del turnover (fisiologico o patologico) della 

cellula miocardica (cardiomyocyte renewal). 

 

• Infatti, i metodi ad elevata sensibilità della cTnI hanno 

dimostrato che mediamente i soggetti adulti sani presentano un 

99° percentile URL (15-45 ng/L), che sono compatibili con un 

turnover cardiaco giornaliero di circa 30-40 mg, simile a quello 

determinato sperimentalmente in mammiferi e nell’uomo*. 

Rilevanza fisiopatologica dei livelli 

«normali» di cTnI e cTnT 

* Cardiomyocyte Regeneration. A Consensus Statement. Circulation 2017;136:680-6 



Metodo hs-cTnI Architect

cTnI , ng/L
A)

Log-cTnI , ng/L

Metodo hs-cTnI Access

cTnI , ng/L
B)

Log-cTnI , ng/L

Metodo hs-cTnI ADVIA XPT

cTnI , ng/L
C)

Log-cTnI , ng/L

Parametri di distribuzione dei valori di hs-cTnI nella popolazione adulta italiana  

(circa 1500 soggetti, età 18-86 anni, F/M 0,95) 



 

Population groups Mean±SD 

 

Median 

 

25th percentile 75th percentile 97.5th percentile 99th percentile 99th perc. BS*  

(95% CI ) 
(99% CI ) 

ARCHITECT 

 

       

Whole Population 

(N= 1463) 
2.5±2.6 1.8 1.2 2.8 9.6 18.9 14.4 

(12.0-17.5) 
(11.4-19.2) 

Women 

(N=699) 
1.8±1.7 1.4 0.9 2.3 6.5 11.5 9.7 

(6.8-12.4) 
(6.7-12.5) 

 

Men 

(N=764) 
 

3.1±3.1 2.1 1.5 3.4 12.3 21.2 17.2 
(14.2-20.6) 
(13.4-23.9) 

 
ACCESS 

 

       

Whole Population 

(N= 1460) 
3.3±2.5 

 
2.7 1.9 4.0 10.0 16.8 13.1 

(11.8-15.2) 
(11.7-16.8) 

 
Women 

(N=703) 
2.7±1.9 2.3 1.6 3.2 6.4 15.5 9.2 

(7.2-14.2) 
(6.6-16.8) 

 
Men 

(N=757) 
3.9±2.8 3.2 2.3 4.6 11.8 17.5 14.0 

(12.4-17) 
(12.1-19.5) 

 
ADVIA 

 

       

Whole Population 

(N= 1411) 
4.6±6.1 

 
3.3 1.8 4.9 22.1 46.9 33.5 

(26.2-42.8) 
(25.2-47.1) 

 
Women 

(N=680) 
3.5±4.8 2.7 1.1 3.9 14.7 38.1 24.7 

(16.3-37.8.) 
(15.8-40.2) 

 
Men 

(N=731) 
 

5.7±7.0 3.9 2.6 5.6 26.0 50.0 41.8 
(28.7-48.8) 

        (26.6-52.2) 

 

* BS: Bootstrap method 

 

Parametri di distribuzione dei valori di hs- cTnI nella popolazione adulta Italiana 
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Spline interpolation analysis of cTnI values  and age in apparently healthy subjects 

of both sexes (range 18-86 years, F/M= 0,95) measured with 3 hs-cTnI methods 



Spline interpolation analysis of cTnI values  and age in healthy 

subjects of both sexes (range 18-86 years, N= 1463, F/M= 0.95) 
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Age, years 

99° percentile 26.2 ng/L con aumento 10-15 

volte 

aumento di circa 4 volte 

rispetto alla mediana 

mediana 1.7 ng/L 





According to Callum G. Fraser, the bidirectional Z-score RCV 

between two results (CI 95%) can be calculated by considering 

both the analytical variability of the method (CVA) and the intra-

individual variability (CVI), using the following formula:  

  
 

RCV= 1.96 [2(CVA
2 + CVI

2)] 1/2  
 
 
CVA: analytical variability of the method (ranging from 30% for  

cTnI of 2 ng/L to 5% for cTnI > 15 ng/L) 

CVI: intra-individual variability (for cTnI 9%) 

Reference Change Value (RCV) 

Una migliore strategia sembra quindi quella di confrontare due 

campioni in serie dello stesso individuo: uno che si riferisce ad uno 

stato ritenuto «basale» rispetto ad un successivo «controllo». 



24-h biological variation profile of cTnI measured by Architect 

method in individuals  with or without chronic kidney disease (CKD) 

(Van der Linden et al. Clin Chem 2017; 63:1655-6) 



Questi dati possono essere utilizzati per verificare se esiste una 
differenza significativa tra due valori di hs-cTnI, misurati  in due 
campioni prelevati dallo stesso paziente in tempi differenti.  

Reference Change Value (RCV) and absolute critical change (D change) of the hs-cTnI 

method using Architect platform in the range of cTnI concentration from 2 ng/L to 40 ng/L 

(Musetti V et al. Clin Chem Lab Med 2019;57:e241-e243) 



1 hour rule-in and rule-out  algorithms using hs-cTn assays 



Sze J et al. Cardiac troponin and its relationship to cardiovascular outcomes in 

community populations - A systematic review and meta-analysis. Heart Lung 

Circ  2016;25:217-28. 

 

Van der Lindel et al. Prognostic value of basal high-sensitive cardiac troponin 

levels on mortality in the general population: a meta-analysis. 

Medicine 2016;95:e5703. 

 

Willeit P, Welsh P, Evans JDW, et al. High-sensitivity cardiac troponin 

concentration and risk of first-ever cardiovascular outcomes in 154,052 

participants. J Am Coll Cardiol 2017;70:558-68. 

Già negli anni 2016-2017, tre meta-analisi hanno dimostrato che il 

rischio cardiovascolare correla positivamente con l’aumento della 

concentrazione del biomarcatore nei soggetti apparentemente sani di 

entrambi i sessi, anche per valori di cTnI e cTnT inferiori al 99° 

percentile URL.  



CONCLUSIONS The change in hs-cTnI in 5-years intervals better predicts risk of CVD in 

the general population.  

MORGAM/BiomarCARE Study 



Valori decisionali del rischio nella popolazione 

generale per la hs-cTnI suggeriti dallo studio HUNT 

I dati riportati della tabella dimostrano che anche il terzile a più 

elevato rischio (> 30% di mortalità) presenta valori di hs-cTnI al 

di sotto del 99° percentile URL specifico per il sesso (15,6 ng/L 

nelle donne e 34,2 ng/L negli uomini). 



CONCLUSIONI 

• I nuovi metodi ad alta sensibilità per le troponine 
possono quindi fornire informazioni diagnostiche e 
prognostiche essenziali che però necessitano di 
essere interpretate alla luce del quadro clinico del 
paziente. 

• Il dosaggio delle troponine cardiache I e T è cardio-
specifico, ma non malattia-specifico (non è un test 
infarto miocardico Si/No). 

• I nuovi metodi ad alta sensibilità per le troponine 
richiedono quindi da parte degli esperti di medicina 
di laboratorio e soprattutto dei clinici una attenta 
riflessione riguardo al quesito diagnostico per cui il 
test viene richiesto. 



• Livelli circolanti crescenti di hs-cTnI, anche all’interno 

dell’intervallo di normalità, sono associati a prognosi peggiore 

non solo nei pazienti con insufficienza cardiaca, ma anche in 

soggetti  a rischio, che non presentano ancora i sintomi dello 

scompenso cardiaco.   

 

• Il valore prognostico dei valori della cTnI, misurati con metodi ad 

alta-sensibilità, risulta indipendente ed additivo rispetto agli altri 

fattori classici di rischio.  

 

• Sebbene le linee guida non raccomandino ancora l’utilizzo dei 

metodi hs-cTnI per lo screening nella popolazione generale, molte 

evidenze supportano il loro utilizzo almeno in sotto-gruppi di 

soggetti che potrebbero essere a rischio di presentare 

rimodellamento cardiaco progressivo. 

CONCLUSIONI 
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