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Abstract
Background: The study aim was to evaluate and compare
the analytical performance of the new chemiluminescent immunoassay for cardiac troponin I (cTnI), called
Access hs-TnI using DxI platform, with those of Access
AccuTnI + 3 method, and high-sensitivity (hs) cTnI method
for ARCHITECT platform.
Methods: The limits of blank (LoB), detection (LoD) and
quantitation (LoQ) at 10% and 20% CV were evaluated
according to international standardized protocols. For the
evaluation of analytical performance and comparison of
cTnI results, both heparinized plasma samples, collected
from healthy subjects and patients with cardiac diseases,
and quality control samples distributed in external quality
assessment programs were used.
Results: LoB, LoD and LoQ at 20% and 10% CV values of
the Access hs-cTnI method were 0.6, 1.3, 2.1 and 5.3 ng/L,
respectively. Access hs-cTnI method showed analytical performance significantly better than that of Access
AccuTnI + 3 method and similar results to those of hs
ARCHITECT cTnI method. Moreover, the cTnI concentrations measured with Access hs-cTnI method showed close
linear regressions with both Access AccuTnI + 3 and ARCHITECT hs-cTnI methods, although there were systematic differences between these methods. There was no difference
between cTnI values measured by Access hs-cTnI in heparinized plasma and serum samples, whereas there was
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a significant difference between cTnI values, respectively
measured in EDTA and heparin plasma samples.
Conclusions: Access hs-cTnI has analytical sensitivity
parameters significantly improved compared to Access
AccuTnI + 3 method and is similar to those of the highsensitivity method using ARCHITECT platform.
Keywords: analytical sensitivity; automated immunometric assays; cardiac biomarkers; cardiac troponins; high-
sensitivity methods; methods comparison; myocardial
infarction; quality control materials; quality specifications.

Introduction
The international guidelines on redefinition of acute myocardial infarction (AMI) published in the year 2000 recommended for the first time that the increase in cardiac
troponin I (cTnI) or cTnT levels over the 99th percentile
upper reference limit (99th URL) should be considered as
clinically relevant, and they also specifically indicated
that this cutoff value should be measured with an imprecision ≤10 CV% [1]. Of course, these quality specifications
for troponin assay require that cTnI and cTnT are also
present and can be measured even in blood of healthy
subjects [2–4]. Indeed, to measure the 99th URL of circulating cTnI and cTnT levels with an error ≤10 CV% is a
hard challenge due to the very low biomarker concentrations found in healthy subjects [2–5]. Only after the year
2006, some manufacturers set up the first new generation
of cTnI and cTnT immunoassays with improved analytical
sensitivity [6–10], in accordance with the quality specifications requested by international guidelines and consensus documents [11–20]. Considering that the plasma/
serum volume needed for troponin assay with automated
platforms usually ranges from 10 to 100 μL, an immunoassay for cTnI or cTnT should detect with analytical confidence an amount of 1–5 ng/L (or even less) of protein to be
considered a high-sensitivity (hs) method [3–5].
As discussed in detail in several reviews and consensus documents [4, 12, 13, 16–21], there are, at present
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time, only few commercially available methods for cTnI
and cTnT assay, which are able to completely satisfy the
quality specifications recommended by international
guidelines. The IFCC Task Force on Clinical Applications
of Cardiac Biomarkers recommends that an hs cardiac
troponin assay should be able to measure at least 50%
of healthy individuals above the assay’s limit of detection (LoD) along with a CV of ≤10% at the 99th percentile [16]. Commercially available troponin immunoassays,
which do not meet these quality specifications, measuring
the 99th URL values with an error ≤20% CV%, should be
defined to be contemporary sensitive methods [16, 21].
The aim of this study is to evaluate the analytical
performance of the Access hs-cTnI method using standardized protocols [22, 23]. This method is a chemiluminescent immunoassay for the quantitative determination of
cTnI levels using DxI platform. This laboratory test was
not commercially available at the moment of this evaluation. We also compared the cTnI concentrations measured
with Access hs-cTnI to those obtained in our laboratory
with other two cTnI methods: the contemporary sensitive
Access AccuTnI + 3 immunoassay for DxI platform and
the hs TnI method for ARCHITECT platform. Both plasma
samples of apparently healthy subjects and patients with
cardiac disease and quality control (QC) samples distributed in an external quality assessment (EQA) program
[24–26] were used for this comparison.

1089 healthy individuals (595 females and 494 males), are as follows:
overall 17.5 ng/L (12.6–20.7 ng/L); females 11.6 ng/L (8.4–18.3 ng/L);
males 19.8 ng/L (14.0–42-9 ng/L) (personal communications from
Beckman Coulter, Inc. Clinical Division).
For comparison of cTnI values measured with Access hs-cTnI
and AccuTnI + 3 methods, two DxI platforms were used, respectively installed in the two clinical laboratories of the Fondazione
CNR Regione Toscana G. Monasterio, sited in Pisa and Massa. The
alignment between these two DxI instruments was online evaluated
with the same QC control materials used in other studies [24–26]. On
the other hand, the analytical performances of the Access hs-cTnI
method were analyzed only in the laboratory sited in Pisa.
For between-method comparisons with the Access hs-cTnI
method, other two methods were also tested: the STAT Architect
hs TnI method using the ARCHITECT i1000SR platform (Abbott
Diagnostics, Ref. B3P250) [10] and the Access AccuTnI + 3 assay for
DxI platform (code A98264, Beckman Coulter, Inc. Brea, CA 92821,
USA) [24]. Analytical characteristics and clinical results of these two
immunoassay methods were previously evaluated in our laboratory
using the same standardized protocols [10, 24, 25].

Evaluation of analytical performance
For evaluation of analytical performance of the Access hs-cTnI
method, the limits of blank (LoB) and detection (LoD) were calculated
following the CLSI EP17-A protocol [22], whereas the reproducibility

140,000

Materials and methods
Assay methods
This evaluation study began in March 15, 2017, and was completed
in July 18, 2017. The Access hsTnI (IUO) (REF B52699) assay is a twosite immunometric assay method (Beckamn Coulter, Inc. Brea, CA
92821, USA). Monoclonal anti-cTnI antibody conjugated to alkaline
phosphatase is added to a reaction vessel along with a surfactantcontaining buffer and sample. After a short incubation, paramagnetic particles coated with monoclonal anti-cTnI antibody are added.
The human cTnI binds to the first cTnI antibody on the solid phase,
whereas the second cTnI antibody-alkaline phosphatase conjugate
reacts with different antigenic sites on the cTnI molecules. After
incubation in a reaction vessel, materials bound to the solid phase
are held in a magnetic field, whereas unbound materials are washed
away. Then the chemiluminescent substrate Lumi-Phos* 530 is
added to the vessel, and light generated by the reaction is measured
with a luminometer. The light production is directly proportional to
the concentration of cTnI in the sample (Figure 1). The amount of
analyte in the sample is determined from a stored, multipoint calibration curve using seven calibrators from 0 to about 27,000 ng/L
(Cat. no. B52700). Beckman Coulter, Inc reports that 99th percentile
URL values (95% CI), calculated in a reference population including

RLU, arbitrary units
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Figure 1: Linear regression analysis between the cTnI concentrations (x-axis), calculated by DxI instrumentation with the Access
hs-cTnI method, and the respective RLU values (y-axis), considering
the range of cTnI concentrations <60 ng/L.
For valuation of this linear regression, 599 samples, including calibrators, plasma pools and plasma samples of healthy subjects or
patients with cardiac disease, were assayed. The equation of linear
regression was also reported in this figure; this equation was used
for the calculation of LoB value for Access hs-cTnI, as described in
detail in the text. This linear regression should be considered as an
accurate estimation of the mean standard curve used by DxI platform for the calculation of cTnI concentrations throughout 3 months,
using two different lots of materials and calibrators.
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was tested according to the CLSI EP5-A2 protocol [23], using two heparinized plasma pool samples.
To accurately estimate the sampling error near to the zero point
of the standard calibration curve [22], authors evaluated the linear
relationship between cTnI concentration and RLU values measured
in 599 samples (including samples of healthy subjects or patients,
QC samples and the first two calibrators of standard curves) by DxI
platform considering only the cTnI concentration range between 0
and 60 ng/L (Figure 1). This linear regression should be considered
as an accurate estimation of the mean standard curve used by DxI
platform for calculation of cTnI concentrations throughout 3 months,
using two different lots of materials and calibrators. In particular,
two different experimental approaches were used to estimate the LoB
value. First, the zero calibrator of the Access hs-cTnI method, which
does not contain cTnI, was measured in 92 different runs, using two
lots of reagents throughout 3 months and five different curve calibrations. The LoB value was then calculated by interpolation considering this SD value in the linear regression reported in Figure 1.
The second approach was based on the direct measurement of zero
calibrator, considered as the blank of the method, using the formula:
LoB (ng/L) = median value (ng/L) + SD (ng/L) × 1.645 [22]. According
to linear regression reported in Figure 1, it was possible to calculate
cTnI concentrations, respectively related to RLU values of 92 measurements of zero calibrator. The LoD value was then calculated
according to the formula: LoD = LoB + 1.645 SD [22], where SD was
estimated by the distribution of cTnI values measured in a heparinized pool sample collected from healthy women with very low cTnI
concentrations.
The imprecision profile was estimated by measuring 10 heparinized plasma pools, which were measured in 42 different runs

Table 1: Heparinized plasma pools for evaluation of imprecision
profile.
Pool

Subjects/
patientsa

Mean,
ng/L

Median,
ng/L

SD,
ng/L

CV, %

1
2
3
4
5
6
7
8
9
10

Healthy subjects
Healthy subjects
Healthy subjects
Healthy subjects
Healthy subjects
Healthy subjects
Healthy subjects
Subjects/patients
Patients
Patients

1.48
2.18
3.10
3.21
7.34
9.80
13.42
20.58
30.58
46.98

1.55
2.30
3.10
3.20
7.35
9.90
13.30
20.70
30.35
46.86

0.42
0.40
0.44
0.44
0.48
0.81
0.79
1.13
1.32
2.25

28.62
18.45
14.30
13.7
6.59
8.24
5.87
5.47
4.30
4.78

Subjects/patients: in this column the characteristics of individuals
included in heparinized samples pools are indicated. Each sample
pool included plasma of about 20–40 adult normal subjects or
patients with cardiac disease (age 20–80 years). The pools with the
lowest cTnI concentrations were obtained especially from healthy
women (age <65 years), whereas those with highest concentrations
were from patients with cardiovascular disease (especially heart
failure). Plasma pools with intermediate cTnI concentrations were
prepared by mixing plasma samples of healthy men and patients of
both sexes. Each pool was measured in 42 different runs using two
different lots of materials and calibrators throughout 3 months.
a

throughout 3 months using two different lots of materials and calibrators. These plasma pools were prepared in order to cover a range
of cTnI concentrations from about 1 to about 50 ng/L (Table 1). Each
plasma pool was prepared using residuals of heparinized plasma
samples collected from healthy subjects or patients with cardiac
diseases. Each pool of about 20 mL included plasma of 20–40 adult
individuals (age range 20–80 years). The pools with lowest cTnI concentrations were obtained especially from healthy women, whereas
those with highest concentrations from patients with cardiac disease (in particular heart failure). Plasma pools with intermediate
cTnI concentrations were prepared by mixing plasma samples from
healthy subjects with those of patients with cardiac diseases. Soon
after the preparation, the pools were distributed in several tubes containing 0.5 mL of plasma and then stored at −20 °C until the assay.
To calculate the limit of quantitation (LoQ), the relationship between
the error of the measurement (expressed as % CV values) and cTnI
concentrations was interpolated by means of a nonlinear regression
curve.

Experimental samples
All blood samples used in this study were collected from patients
with cardiac disease admitted to clinical ward or ambulatory of the
Fondazione CNR Regione Toscana G. Monasterio (Pisa and Massa,
Italy) or healthy volunteers, as previously reported in detail [10, 23,
25–27].
Considering the healthy volunteers, heparinized blood samples
were collected from healthy subjects, enrolled from laboratory and
clinical staff, blood donors and volunteers enrolled in multicenter
studies [27] in order to prepare some plasma pools with low cTnI
concentrations for estimation of analytical sensitivity and betweenmethod comparison. In particular, heparinized blood samples from
78 healthy subjects, enrolled from the laboratory and clinical staff,
were also collected (mean age 45.7 years, SD 10.8 years, median
45.7 years; 51 women and 27 men). The presence of acute or chronic diseases of cardiovascular and other apparatus was excluded by means of
medical history and physical examination, as well as laboratory tests
(including NT-proBNP and hs-cTnI or hs-cTnT assay) and non-invasive
investigations (including ECG and echocardiography) [27].
Heparinized blood samples were also collected from patients
with acute or chronic cardiac diseases, referred to the Division of Cardiovascular Medicine of Fondazione CNR-Regione Toscana G. Monasterio (Pisa, Italy). The diagnosis of acute or chronic heart failure was
made according to ESC [28] and ACCF/AHA guidelines [29]. The diagnosis of AMI was made according to the Third Universal Definition of
Myocardial Infarction [15] and to the most recent ESC guidelines [20].
In order to reduce the volume of collected blood, cTnI was measured in plasma remaining after routine clinical analyses. Samples
were collected in polypropylene tubes with lithium heparin (heparinized plasma) (VACUTEST Lithium Heparin, code 12010, Vacutest
Kima, Italy); serum plasma EDTA (VACUTEST K3 EDTA, code 13040,
Vacutest Kima, Italy) samples were also used in order to test some
possible matrix effects. Plasma was obtained shortly after venipuncture by centrifugation for 10 min at room temperature (about 22 °C),
and then the samples, if not immediately assayed, were frozen and
stored at –20 °C in 0.5-mL aliquots in polypropylene tubes if the assay
was expected within some weeks, or alternatively, at −80 °C for long
term storage.
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For between-method comparisons, heparinized plasma samples
of healthy subjects and patients with AMI were used in order to cover
all clinical working range of cTnI concentrations below the LoD value
of Access hs-cTnI method (i.e. 1.3 ng/L) to about 75,000 ng/L. All the
plasma samples with cTnI concentrations higher than 20,000 ng/L
were diluted 1:2 and 1:4 using the diluent buffer supplied by manufacturer, following the instructions recommended by the reference
manual (UniCel DxI, Reference Manual, P/N B13864E, June 2015,
Beckman Coulter, Inc.).
In our laboratory, 31 QC samples with different cTnI concentrations according to the ILAC G13 guidelines were also prepared. These
QC samples were measured by all laboratories (about 90 Italian laboratories for each annual cycle) participating in the Immunocheck
QualiMedLab EQA annual cycles from 2014 to 2016, as previously
described in detail [24–26]. Sample pools were prepared using residuals from heparinized plasma samples collected from healthy subjects
or patients with cardiac diseases. For preparation of these QC samples, several heparinized plasma specimens, containing different
cTnI concentrations, were pooled together (about 30–60 individuals
for each pool) to obtain several sample pools with a final volume of
about 100 mL. After the preparation, these pools were immediately
stored at −20 °C. All samples were tested for absence of HBsAg,
antiHCV and antiHIV. QC samples were sent by mail as lyophilized
materials. Stored sample pools were thawed then distributed in
approximately 150 vials (each containing a plasma volume of 0.5 mL)
and finally lyophilized, within 2 weeks after preparation of sample
pools, as previously reported [24–26]. The lyophilized materials were
reconstituted with 0.5 mL of distilled water by participant laboratories before the assay. The consensus mean values of cTnI concentrations, measured in QC samples by the laboratories participating
of EQA cycles (about 30 laboratories/year) and using the Access
AccuTnI + 3 assay with DxI platform, were used for comparison with
the results of Access hs-cTni method.
All subjects and patients gave the informed consensus for the
use of their residual blood samples in the study.

Statistical analyses
For the evaluation and comparison of the analytical performance
of tested cTnI immunoassay methods, standard statistical analyses
were carried out using the JMP program (version 12.1.0, SAS Institute Inc., SAS Campus Drive, Cary, NC, USA). Because cTnI circulating levels are not normally distributed, both non-parametric and
parametric tests after logarithmic transformation of data were used
for statistical analysis. Accordingly, for linear regression analyses
between the cTnI values measured by the two Access methods and
the ARCHITECT method, both the original data and log-transformed
values were used. For between-method comparison, both original
data (using non parametric tests) and log-transformed data were
used. The log10-transformed values were also used for regression
analyses because: (1) cTnI concentrations are not normally distributed in both healthy subjects and cardiac patients, but these values
approximate a log-normal distribution; (2) the use of log-transformed values allows a more accurate evaluation and detection of
all the working clinical range, especially for cTnI concentrations
within the normal range. In particular, the log-transformed values
allowed an accurate detection and comparison of results related
to both clinical and QC samples. (3) Better correlations (R-values)
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Table 2: Values of limit of blank (LoB), limit of detection (LoD), limit
of quantitation (LoQ) at 10% CV and 20% CV of the cTnI immunoassay systems evaluated in the study.
Method
Access AccuTnI + 3
hs-cTnI DxI
hs-cTnI Architect

LoB, LoD, LoQ 20% LoQ 10% Reference
ng/L ng/L CV, ng/L CV, ng/L
4.5 10.9
0.6 1.3
0.7 1.3

17.1
2.1
1.8

30.4 [24]
5.3 Present study
4.7 [10]

were obtained when log-transformed data were used and compared
to original cTnI data. Indeed, the best fit for comparisons between
two sets of original cTnI data should be a non-linear regression (for
example, using a spline function), but results derived from nonlinear curves are less easily interpretable than those from linear
regression equations using log10-transformed data. In the regression analyses for method comparisons, all samples with cTnI values below the LoD values were equalized to the LoD values of the
respective method (i.e. 1.3 ng/L for both hs-cTni Access and hs-cTnI
ARCHITECT methods, and 4.5 ng/L for Access AccuTnI + 3 method,
respectively) (Table 2).
For EQA program, the statistical analyses of immunoassay
results used for the periodical and cumulative reports were previously
described in detail in other studies from our laboratory [24–26].

Results
Evaluation of analytical performance
Estimation of LoB and LoD values
The LoB value of the Access hs-cTnI method was estimated
by means of two different experimental approaches. The
first approach is based on estimation of measurement error
of standard curve zero calibrator, expressed as RLU arbitrary
units, according to the following formula: LoB = blank of
the method + SD × 1.645 [22]. SD value (i.e. 796.404 RLU) was
estimated by measuring zero calibrator in 92 different runs,
using two lots of reagents throughout 3 months and five different curve calibrations. According to the linear equation
reported in Figure 1, the y-intercept to 0 was 10906.24 RLU.
Therefore, the estimated error of the blank of the method
(i.e. LoB value), expressed as RLU, was calculated by the
following formula [22]: LoB (RLU) = 10906.24 +[SD of zero
calibrator (i.e. 796.404 RLU) × 1.645] = 12216.32 RLU. The LoB
value (expressed as ng/L) was then calculated by interpolation of this value (i.e. 12216.32 RLU) using the linear equation Y = 10906.24 + 2383.48 X (Figure 1). The interpolated
LoB value was 0.55 ng/L.
The second experimental approach is based on direct
measurement of zero calibrator, considered as the blank of
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the method [22]. According to linear regression reported in
Figure 1, the distribution of cTnI concentrations related to
RLU values of 92 measurements of zero calibrator was calculated. These values approximated the normal distribution: mean 0.103 ng/L, SD 0.328 ng/L, median 0.043 ng/L,
minimum value −0.58 ng/L, maximum value 0.96 ng/L.
The following formula was then used to estimate the
LoB value: mean (0.103 ng/L) + [SD (0.328 ng/L) × 1.645] =
0.64 ng/L [22].
It is important to note that similar results (i.e. 0.55 ng/L
and 0.64 ng/L, mean value 0.595 ng/L) for the estimation
of LoB value were obtained with these two approaches.
Accordingly, a value of 0.6 ng/L was considered to be a
reliable estimation of the LoB for the Access hs-cTnI, and
this value is reported in Table 2.
LoD was then calculated according to the following formula [22]: LoD = LoB (0.6 ng/L) + 1.645 SD (0.44
ng/L) = 1.3 ng/L. SD was estimated considering the distribution of cTnI values measured in a heparinized sample
pool collected from healthy women with very low cTnI
concentrations (mean 1.48 ng/L, SD 0.44 ng/L, n = 42).
LoB and LoD values of Access hs-cTnI method using
the DxI 800 platform, evaluated in our laboratory according to the CLSI EP17-A protocol [22], are reported in Table 2.
For comparison, the analytical parameters, previously
evaluated in our laboratory with the same standardized
protocol [22] for Access AccuTnI + 3 [24] and ARCHITECT
hs-cTnI [10] methods, are also reported in the Table 2.

Evaluation of LoQ values by means of imprecision profile
The imprecision profile of Access hs-cTnI method is
reported in Figure 2. The imprecision profile was estimated
by measuring 10 heparinized plasma pools assayed in 42
different runs with mean cTnI concentrations ranging
from about 1 to about 50 ng/L, and prepared from healthy
subjects and patients with cardiovascular diseases, as
reported in Table 1. To calculate the LoQ value at 10%
(i.e. 5.3 ng/L) and 20% CV (i.e. 2.1 ng/L), the relationship
between the error of the measurement and cTnI concentrations (expressed as CV) was interpolated by means of
a reciprocal regression equation (Figure 2); for comparison with the two other cTnI methods, the calculated LoQ
values are also reported in Table 2.
It is important to note that there were significant differences (p < 0.0001 by Wilcoxon test) between the cTnI
values of plasma pools 1, 2 and 3 (Table 1). These results
confirm the data of LoD value (i.e. 1.3 ng/L) that the Access
hs-cTnI method is able to detect on average about 1 ng/L in
plasma pools collected from healthy subjects (especially

30
Y = 3.275 + 35.618 * 1/X
R = 0.9916
n = 10
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20
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Figure 2: Imprecision profile of the Access hs-cTnI method using
the DxI platform.
The imprecision profile was estimated by measuring 10 heparinized
plasma pools in at least 40 different runs, collected from healthy
subjects and patients with cardiovascular diseases, using two
different lots of reagents and calibrators throughout 2 months. The
characteristics of these 10 plasma pools were reported in detail in
Table 1. The interpolated reciprocal curve is reported. The calculation of the LoQ value at 10% CV was also indicated.

women), at least under experimental protocols used in
this study.

Evaluation of reproducibility
Results of reproducibility evaluation for Access hs-cTnI
method using DxI 800 platform, according to the CLSI
EP5-A2 protocol [23], are reported in Table 3. Reproducibility was evaluated using two heparinized plasma pools
collected from healthy subjects with mean cTnI concentrations of 3.25 ng/L (sample A) and 18.33 ng/L (sample B),
respectively. These two plasma pools were measured in
double in every morning and afternoon of 20 consecutive working days [23]. The formulas recommended by the
CLSI EP5-A2 document [23] were used for evaluation of
within-run and between-run variability.

Table 3: Reproducibility evaluation of the ACCESS hs-cTnI method
for DxI platform.
Sample
Sample A
Sample B

Mean cTnI,
ng/L

Within-run
variability, CV%

Between-run
variability, CV%

3.25
18.33

11.21
3.76

14.96
7.24
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Matrix effects
Matrix effects were evaluated in 109 couples of serum
samples and heparinized plasma samples collected from
the same healthy subjects and patients with myocardial
infarction (range of cTnI concentration from about 2 to
about 20,000 ng/L). There was no difference between cTnI
values measured by Access hs-cTnI in heparinized plasma
and serum samples (mean serum concentration: 5022.8
ng/L; mean heparin concentration: 4467.7; mean difference 555.1 ng/L, p = 0.5824 by Wilcoxon test; linear regression: log-heparin = 0.0186 + 0.9919 log-serum, R = 0.9994,
n = 109). On the contrary, there was a significant difference between cTnI values measured by the Access hs-cTnI,
respectively measured in EDTA and heparin plasma samples
(mean EDTA concentration: 3205.34 ng/L; mean heparin
plasma concentration: 3850.86 ng/L; mean difference 645.52
ng/L; p < 0.0001 by Wilcoxon test; linear equation: logEDTA = −0.0448 + 0.9756 log-heparin, R = 9772, n = 46).

Between-method comparisons
Comparison between the two access methods
In Figure 3, it is reported the close linear regression between
cTnI concentrations measured with the two Access cTnI
methods for DxI platform, using both plasma samples collected from 257 healthy subjects and patients with cardiac
disease and 31 QC samples, distributed in an EQA study
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with cTnI concentrations from about 20 to about 1700 ng/L.
The cTnI concentrations were measured by Access hs-cTnI
method in our laboratory, including those concerning the
QC samples. cTnI values were measured in our laboratory
with Access AccuTnI + 3 method measured for the 257 clinical samples, whereas the cTnI values of the 31 QC samples
represent the mean values measured by laboratory participant to EQA study (about 30 Italian laboratories), as previously described in detail [23–25]. It is important to note
that the regression between the two Access cTnI methods
was not significantly different when the 31 QC samples
were excluded by regression analysis (Y = −28.4972 [SE
154.74] + 0.7698 [SE 0.011] X, R = 0.9761, n = 257).
In Supplemental Figure 1, regression analysis
between log-transformed cTnI-values, measured with
Access hs-cTnI and AccuTnI + 3 methods, was reported
to evaluate in more detail all the working range of cTnI
concentrations measured with these two methods. These
data demonstrate that cTnI values of the 31 QC samples
(black circles) showed the same analytical behavior of
257 samples of healthy subjects and patients (gray circles)
because the values of QC samples were always within the
95% prediction interval of calculated regression (indicated by gray zone around linear regression).
Although a close regression was found between
the cTnI values measured with the two Access methods
(Figure 3 and Supplemental Figure 1), the data of
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Figure 3: Linear regression between cTnI concentrations, measured
by the Access AccuTnI + 3 (x-axis) and hs-cTnI methods (y-axis).
For this regression analysis, 257 heparinized plasma samples of
healthy subjects and patients with cardiac disease (including some
patients with AMI) and 31 QC samples were evaluated. The calculated linear equation is reported in figure.

Figure 4: Bland-Altman plot analysis of the linear regression
between cTnI concentrations, measured by Access AccuTnI + 3 and
hs-cTnI methods.
On the x-axis, the mean cTnI concentrations ([AccuTnI + 3 + hscTnI]/2) measured by the two methods was reported, whereas the
percent difference between the original (not-transformed) values
measured cTnI values {([AccuTnI + 3 – hs-cTnI]/AccuTnI + 3) × 100}
were reported on the y-axis. The calculated mean percent difference
is also reported in figure.
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Figure 5: Linear regression between cTnI concentrations, measured
by Access AccuTnI + 3 (x-axis) and hs-cTnI (y-axis) methods considering the range of cTnI values <150 ng/L.
For the regression analysis, 138 heparinized plasma samples of
healthy subjects and patients with cardiac disease were evaluated.
The calculated linear equation is also reported in figure.

Comparison between Access cTnI and ARCHITECT
cTnI methods
The linear regression between cTnI concentrations
measured with Access hs-cTnI and ARCHITECT hs-cTnI
methods in 318 samples (also including 31 QC samples)
is reported in Figure 6. In the Supplemental Figure 2,
the regression analysis between log-transformed cTnIvalues, measured with the Access hs-cTnI method
and the ARCHITECT hs-cTnI method, is reported to
better evaluate all the working range of cTnI concentrations measured with the two methods. These data
also demonstrate that cTnI values of the 31 QC samples
(black circles) showed the same analytical behavior
of 287 samples of healthy subjects and patients (gray
circles) because the values of QC samples were included
within the 95% prediction interval (gray zone around
the linear regression).
Although a close correlation was found between the
results of these methods, a significant percent difference
([ARCHITECT method – Access method]/mean concentration) was found between cTnI values measured by these
two methods, which tends to increase with mean concentration values, as demonstrated by Bland-Altman plot
analysis reported in Figure 7 (mean percent difference
3.9%, SD 38.3%, p < 0.0001).
To better evaluate the relationship between the Access
hs-cTnI and ARCHITECT hs-cTnI methods in samples
with very low cTnI concentrations, the linear regression
between cTnI values measured in 177 plasma samples
cTnI measured with Access hs-cTnI method, ng/L

Bland-Altman plot, considering the original (non-transformed) data (Figure 4), indicate that on average the
AccuTnI + 3 method showed significantly higher cTnI
values than the hs-cTnI method (mean percent difference
value: 31.2%, SD: 29.9%, p < 0.0001).
To better evaluate the relationship between the cTnI
concentrations measured with these two methods in
samples with very low cTnI concentration, the linear
regression between cTnI values measured in 138 plasma
samples with concentration <150 ng/L is reported in
Figure 5. Considering this low range value, the percent
difference value between by the cTnI values measured by
two Access methods was 43.9% (SD 26.6%, p < 0.0001).
In particular, when only the results concerning the
78 healthy subjects are considered, the distribution
parameters of cTnI values measured by Access hs-cTnI
method were as follows: median 1.9 ng/L, 25th percentile 1.6 ng/L and 75th percentile 2.5 ng/L; on the contrary,
the distribution parameters of cTnI values measured by
AccuTnI + 3 method were as follows: median 3.0 ng/L,
25th percentile 2.0 ng/L and 75th percentile 5.0 ng/L.
It is important to note that with Access cTnI method,
only nine samples (11.5%, two men and seven women)
showed cTni concentrations below the LoD value (i.e. 1.3
ng/L). On the contrary, the major part (66.7%) of samples
showed cTni value <LoD value (i.e. 4.5 ng/L) when measured with AccuTnI + 3 method. There was a significant
difference considering the number of healthy subjects
with cTnI < LoD value (i.e. 1.3 ng/L) between the two
Access methods (p < 0.0001 by χ2-test).
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Figure 6: Linear regression between cTnI concentrations, measured
by ARCHITECT hs-cTnI (x-axis) and Access hs-cTnI methods (y-axis).
For this regression analysis, 287 heparinized plasma samples of
healthy subjects and patients with cardiac disease (including some
patients with AMI) and 31 QC samples were evaluated. The calculated linear equation is reported in figure.
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Figure 7: Bland-Altman plot analysis of linear regression between
the cTnI concentrations, measured by ARCHITECT hs-cTnI and Access
hs-cTnI methods (Figure 6).
On the x-axis, the mean cTnI concentrations ([ARCHITECT
hs-cTnI + Access hs-cTnI]/2) measured by the two methods is
reported, whereas the percent difference values between the measured cTnI values {([ARCHITECT hs-cTnI – Access hs-cTnI]/mean concentration) × 100} are reported on the y-axis. The linear regression
between mean cTnI concentration and percent difference values is
also reported in the figure.
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Figure 8: Linear regression between cTnI concentrations, measured
by ARCHITECT hs-cTnI (x-axis) and Access hs-cTnI (y-axis) methods
considering only the range of cTnI values <120 ng/L.
For this regression analysis, 177 heparinized plasma samples of
healthy subjects and patients with cardiac disease are evaluated.
The calculated linear equation is also reported in the figure.

with concentration <120 ng/L is reported in Figure 8.
Considering this low range value, a significant difference was found between cTnI values measured by these
two methods (p = 0.0052): Access hs-cTnI method, mean
11.5 ng/L, SD 17.1 ng/L, median 3.5 ng/L, 25th percentile
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1.9 ng/L and 75th percentile 14.1 ng/L; ARCHITECT hs-cTnI
method mean 13.9 ng/L, SD 25.8 ng/L, median 3.7 ng/L,
25th percentile 1.4 ng/L and 75th percentile 11.7 ng/L.
In particular, when only the results concerning the
78 healthy subjects are considered, distribution parameters
of cTnI values measured by ARCHITECT hs-cTnI method
were as follows: median 1.8 ng/L, 25th percentile 1.0 ng/L
and 75th percentile 2.1 ng/L. Furthermore, 31 samples
(39.7%) showed cTnI value <LoD value (i.e. 1.3 ng/L) with
the ARCHITECT hs-cTnI method. There was a significant
difference considering the number of healthy subjects with
cTnI < LoD value (i.e. 1.3 ng/L) between Access hs-cTnI and
ARCHTECT hs-cTnI methods (p < 0.0001 by χ2-test).

Discussion
According to Apple and Collinson [30], two basic criteria are
needed to define an hs troponin assay: (1) the total imprecision (expressed as CV%) at the 99th percentile value should
be <10%; (2) measurable concentrations below the 99th
percentile should be attainable with an assay at a concentration value above the assay’s limit of detection for at least
50% (and ideally 95%) of healthy individuals.
The results of present study demonstrate that the
Access hs-cTnI method using DxI platform shows analytical performance significantly better than that of Access
AccuTnI + 3 method (Table 2). Moreover, the analytical
performances of Access hs-cTnI method are similar to
those previously found in our laboratory for ARCHITECT
hs-cTnI method using the same standardized protocols
(Table 2) [10].
The manufacturer of the Access hs-cTnI method suggests a value of 17.5 ng/L (CI 12.6–20.7 ng/L) as the 99th
reference limit for the overall reference population (combined population including adult men and women).
According to the imprecision profile of the Access hs-cTnI
reported in Figure 2, cTnI values between 12 and 21 ng/L
are measured with an analytical error <10%, which is the
analytical imprecision recommended by international
guidelines for evaluation of the 99th URL values [14–20].
In particular, the cutoff value of 17.5, suggested by the
manufacturer, should be measured with a CV value of
5.3% (Figure 2). Therefore, the Access hs-cTnI method
actually satisfies the first of the two criteria to be defined
an hs method [30].
Preliminary results obtained in the present study,
considering 78 healthy subjects (including 51 women,
65%, with very low cTnI concentrations), suggest that
the Access hs-cTnI is able to measure cTnI values > LoD
(i.e. 1.3 ng/L) in the major part of healthy individuals (in
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the present study in 88.5% of enrolled healthy subjects),
as requested by international guidelines and consensus
documents for hs cTnI methods [30]. However, further
studies, based on large reference populations (divided for
age, gender and ethnic origin) are needed to demonstrate
that Access hs-cTnI is able to measured cTnI concentrations above the LoD value (i.e. 1.3 ng/L) in the majority of
healthy subjects, according to the second criteria required
for definition of an hs method for cTn assay [19, 30].
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