
Page 10

Piotr Gajewski1, Magdalena Krintus 1*, Katarzyna Chudas2, Rafal Pawlowski3, Ewa Laskowska4, 
Malgorzata Jasiewicz4, Lukasz Szternel, Ahmad El-Essa2, Jacek Kubica4, Grazyna Sypniewska1 and 
Mauro Panteghini1

Validation of BD BarricorTM  tubes for hs-cTnI 

1 Department of Laboratory Medicine, Nicolaus Copernicus University, Collegium Medicum in Bydgoszcz, Poland
2 Department of Emergency Medicine, Nicolaus Copernicus University, Collegium Medicum in Bydgoszcz, Poland
3 Department of Biostatistics and Theory of Biomedical Systems, Nicolaus Copernicus University, Collegium Medicum in Bydgoszcz, Poland
4 Department of Cardiology and Internal Medicine, Nicolaus Copernicus University, Collegium Medicum in Bydgoszcz, Poland

Validation of Becton Dickinson BarricorTM tubes for use with 
Abbott AlinityTM and Siemens Atellica® highly sensitive cardiac 
troponin I measuring systems

Article Info

Author of correspondence: 
Magdalena Krintus
Department of Laboratory Medicine; 
E-mail: krintus@cm.umk.pl; 
Tel.: +48 52 585 36 02;
Fax.: +48 52 585 36 03;
Address: 
Nicolaus Copernicus University, Collegium Medicum, 
9 Sklodowskiej-Curie Street, 85-094 Bydgoszcz, Poland

Keywords
troponin I, hemolysis, clinical validation, lithium heparin 
plasma, sample quality, turnaround time.

BACKGROUND: BD BarricorTM tubes have been proposed 
to decrease laboratory turnaround time (TAT). We analytically 
validated and then clinically verified these tubes for use with 
Abbott AlinityTM and Siemens Atellica® highly sensitive 
cardiac troponin I (hs-cTnI) assays.

METHODS: hs-cTnI measurements were undertaken in 
paired BarricorTM and in-use PSTIITM tubes on both systems. 
359 matched samples with hs-cTnI levels between 3 and 
15,000 ng/L (Atellica® values) were used to assess the 
hemolysis rate and make method comparisons. 599 paired 
patient samples were collected on emergency department 
(ED) admission to compare the performance of the rapid 
acute myocardial infarction (AMI) rule-out strategy based on 
hs-cTnI concentrations lower than recommended thresholds 
(<4 ng/L AlinityTM; <5 ng/L Atellica®) when different tubes 
and systems were employed.

RESULTS: No between-tube differences in hemolysis rate 
were seen when free hemoglobin concentrations in plasma 
samples were ≥0.25 g/L, even if PSTIITM showed a significant 
increase of hemolysis rate vs. BarricorTM (31% vs. 22%, 
p=0.007) when a lower cut-off for hemolysis (≥0.11 g/L) was 
employed on the Atellica® detection system. The alternate use 
of these tubes did not influence the hs-cTnI results obtained 
from either of the two assays, which remained markedly 
biased (~40%) irrespective of the tube used. The expected 
optimal ability of very low hs-cTnI values on ED admission 
for ruling out AMI was confirmed by using both systems 
regardless of the tube type.

CONCLUSIONS: BarricorTM and PSTIITM tubes can provide 
analytically equivalent hs-cTnI results when used on either 
AlinityTM or Atellica® hs-cTnI assays. 
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Introduction
According to current clinical recommendations [1,2], cardiac 
troponins I or T are the preferred biomarkers for the detection 
of myocardial injury and key diagnostic elements in diagnosing 
acute myocardial infarction (AMI), especially in non-ST-
segment elevation myocardial infarction (NSTEMI) [2]. As 
such, an accurate quantification of these biomarkers, through a 
detailed knowledge of the preanalytical, analytical, and clinical 
performance of available assays, is crucial in avoiding erroneous 
results, potentially leading to wrong diagnosis and inappropriate 
management of patients with suspected AMI [3].
For measuring cardiac troponin I, several highly sensitive 
immunoassays are now marketed, which are available on fully 
automated, high-throughput platforms. Among others, the 
AlinityTM i STAT High Sensitive Troponin-I and the Atellica® IM 
High-Sensitivity Troponin I assays have an analytical turnaround 
time (TAT) <15 min. TAT is an important indicator of laboratory 
service performance [3,4] and a lag ≤60 min from the time 
of receipt of blood tubes in the central laboratory to troponin 
result reporting to clinical wards has been recommended. 
Meeting appropriate TAT to ensure timeliness in reporting 
troponin results is a prerequisite for the implementation of 
fast-track algorithms recommended in clinical guidelines [2]. 
Furthermore, a rapid TAT for troponin testing can facilitate 
early diagnosis, timely initiation of treatment, and improved 
patient outcomes [5,7]. The use of plasma allows for faster blood 
sample processing compared to serum as the clotting time is 
eliminated. Therefore, plasma providing tubes are widely used 
for troponin measurements in emergency departments (ED) 
[5]. In 2016, Becton Dickinson (BD) introduced a novel type 
of lithium heparin tube which contains a mechanical separator 
of blood cells (BarricorTM Lithium Heparin Plasma Blood 
Collection Tubes) as opposed to classical gel separation, e.g., 
in Plasma Separator Tubes II (PSTIITM). Importantly, BarricorTM 
tubes require a shorter centrifugation time than PSTIITM tubes 
(3 minutes as opposed to 10 minutes), potentially offering a 
further effective reduction of TAT when used in acute clinical 
setting [6,7]. Although BarricorTM tubes are available since a few 
years, data evaluating the BarricorTM tube as an alternate sample 
type for cardiac troponin I measurements are still limited [8,10]. 
Consequently, in this study we validated the use of BarricorTM 
tubes on the AlinityTM and Atellica® highly sensitive cardiac 
troponin I (hs-cTnI) measuring systems, by comparing them 
with in-use PSTIITM tubes.
Our study sought to evaluate: a) the frequency of hemolysis in 
using these two tubes, as quantified by the hemolysis index (HI) 
on both platforms; b) the impact, if any, of the tubes on the assay 
comparison; and c) the influence of the tubes, if any, on rapid 
AMI rule-out strategy employing recommended cut offs of hs-
cTnI assays.

Materials and Methods
Analytical study design 
Sample collection and processing
359 BarricorTM-PSTIITM lithium heparin paired samples were 
collected from hospitalized patients with routinely ordered hs-
cTnI testing. All study participants provided informed, written 
consent prior to adding the BarricorTM tube to PSTIITM tube 
needed for hs-cTnI measurements. No exclusion criteria, other 
than insufficient samples (blood volume <3 mL) or with troponin 
concentrations <3 ng/L, i.e., the lower limit of measurement 
range, were applied. Blood from each individual was collected 
into a 3 mL BarricorTM tube (ref. 365044) and then in a 3 mL 
PSTIITM tube (ref. 367374). Following blood drawing, tubes 
were gently inverted 4-5 times before immediate transfer to the 
laboratory, where they were centrifuged according to vendor 
recommendations, i.e., at 4000g for 3 min for BarricorTM, using a 
dedicated swing bucket DASH Apex 6 Compact STAT centrifuge 
(Drucker Diagnostics), and at 2000g for 10 min for PSTIITM 
using a swing bucket Eppendorf centrifuge 5702, respectively. 
HI measurements and hs-cTnI testing of plasma samples were 
performed within 30 min following centrifugation. The study 
was conducted from June 2019 to March 2021.

Characteristics of hs-cTnI assays and HI measurement systems
The hs-cTnI measuring interval was 3 to 50,000 ng/L for 
AlinityTM i and 3 to 25,000 ng/L for Atellica® IM, respectively. 
According to the IFCC recommendations to use whole numbers 
(no decimals) for hs-cTnI reporting in clinical practice [11], all 
values were rounded up or down to the nearest whole number. 
The lower end of the measuring interval was defined by the 
limit of quantitation for Atellica®, rounded to the smallest 
integer common on both systems. The overall 99th percentile 
URLs were 26 ng/L and 45 ng/L for AlinityTM and Atellica®, 
respectively. The respective HI were measured on the AlinityTM 
c and Atellica® CH. The performance of these photometric 
determinations has been previously described in detail [12-13]. It 
should be noted that AlinityTM c permits a quantitatively accurate 
estimate of free hemoglobin (fHb) concentrations in plasma, 
while in the Atellica® CH the quantitative results are bucketed 
into index intervals to report in qualitative terms. Based on 
previous experiences establishing 0.25 and 1.00 g/L of fHb as the 
clinically most important thresholds for hemolysis interference 
[14], we used for AlinityTM the corresponding HI of 25 and 100, 
and for Atellica® the index ranges of 1 (0.11-1.30 g/L fHb) and 2 
(1.31-2.49 g/L fHb) to establish the hemolysis rates by using the 
two evaluated tubes.
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Method comparison studies
The between-assay comparisons using the same tube and the 
between-tube intra-assay comparisons were carried out using 
the same 359 matched samples having hs-cTnI concentrations 
covering the range between 3 and 15,000 ng/L (Atellica® 
values). To highlight correlation results in the most important 
clinical range, comparisons were also done on a subgroup of 
300 paired samples with hs-cTnI ranging from 3 to 300 ng/L, a 
value previously identified as threshold for immediate rule-in at 
patient admission when using Abbott ArchitectTM platform [15]. 
All hs-cTnI measurements were performed in duplicate and the 
mean value was calculated. Method comparison studies were 
undertaken in compliance with CLSI EP09-A3 standards [16].

Clinical study design 
Study population and blood sampling
We prospectively enrolled 599 unselected patients admitted to 
the ED with chest pain of possible cardiac origin and suspected 
AMI and with pain onset within the last 6 h. Paired BarricorTM 
and PSTIITM samples were collected at patient presentation and 
processed promptly. Testing of paired plasma samples from each 
patient was performed firstly on the routinely employed Atellica® 
and shortly after on the AlinityTM measuring system. 

AMI rule-out strategy on ED admission and study endpoint
An hs-cTnI-based AMI rule-out strategy using previously 
recommended thresholds (<4 ng/L for AlinityTM [2], and <5 ng/L 
for Atellica® [17], was employed using single sample results 
obtained from these two types of primary tubes. The primary 
endpoint was to compare the performance of the aforementioned 
strategy to rule-out AMI using BarricorTM and PSTIITM tubes. 

AMI adjudication 
After review of relevant clinical information and the standards 
of the University Hospital No.1 in Bydgoszcz, cases were 
adjudicated for AMI (including type 1 and 2) following the 
Fourth Universal Definition of AMI consensus recommendations 
[1]. The adjudicators (cardiologists EL and MJ) were blinded 
to the investigational AlinityTM and Atellica® hs-cTnI. The hs-
cTnI Atellica® PSTIITM results were available to the adjudicators 
during the hospitalization period of the patient. 

Compliance with ethical standards
In compliance with the ethical principles for medical research 
involving human subjects the study protocol was approved 
by the Bioethics Committee of the Collegium Medicum in 
Bydgoszcz, Nicolaus Copernicus University in Torun, Poland 
in agreement with the Helsinki declaration on ethical standards 
[No. 402/2019]. All patients provided written informed consent 
for enrollment in the study. 

Statistical analysis 
Categorical variables were compared using the chi-square test 
and their percentage share in the entire group of results was 
determined. The compliance with the normal distribution was 
checked using the Shapiro-Wilk W test. Normally distributed 
values were presented as mean and standard deviation (SD). 
Values whose distribution deviated from normal were presented 
as medians with the 25th and 75th percentiles.
Depending on whether a given distribution met the criteria of a 
normal distribution, the obtained values were compared using 
the Student’s t-test or, if these conditions were not met, the 
U-Mann-Whitney test. Comparison of hs-cTnI concentrations in 
BD BarricorTM and BD PSTIITM tubes on Alinity i and Atellica 
IM analyzers was made using Deming regression analysis with 
the determination of the Pearson linear correlation coefficient. 
Scatter plots of hs-cTnI concentrations measured by the AlinityTM 
and Atellica® measuring systems were generated, slopes and 
intercepts [with corresponding 95% confidence intervals (CI) 
were estimated, and between-assay percentage differences 
calculated. Diagnostic sensitivities and negative predictive 
values (NPV), with corresponding CIs, were calculated to 
examine the diagnostic performance of AMI rule-out strategy for 
both the hs-cTnI AlinityTM and Atellica® assays and using the two 
different tubes. Differences in the proportion of results obtained 
with both tubes were compared. A p value <0.05 was considered 
statistically significant. All statistical analyzes were performed 
using MedCalc v.20.023 software (MedCalc Software, Ostend, 
Belgium).

Results
Comparisons of hemolysis rates using BarricorTM and PSTIITM 

tubes, as automatically detected by the AlinityTM c and Atellica® 
CH systems, are shown in Table 1. No between-tube differences 
were seen in the hemolysis rate on either platform when a medium 
degree of hemolysis, defined as fHb ≥1.00 g/L, was detected. The 
impact of different thresholds in detecting low degree hemolysis 
on these two platforms, i.e., AlinityTM ≥0.25 g/L and Atellica® 
≥0.11 g/L, may explain the significant increase in the percentage 
of hemolyzed samples detected by Atellica® compared to 
AlinityTM when using PSTIITM tubes (31% vs. 22%, p=0.011). It 
is indeed possible that some part of samples reported with HI ≥1 
on Atellica® were not detected as hemolyzed on AlinityTM, as an 
fHb range between 0.11 and 0.25 g/L approached the threshold 
for a low degree of hemolysis on AlinityTM. The same observation 
may explain significant increases in low-degree hemolysis rate 
(31% vs. 22%, p=0.007) on Atellica® when PSTIITM tubes were 
compared with BarricorTM tubes, indicating that PSTIITM may 
increase the number of samples displaying relatively low fHb 
(between 0.11 to 0.25 g/L). A direct relationship of hemolysis 
indices of the two blood collection tubes and the two analytical 
systems is presented in Supplementary Figure 1.
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Comparisons between plasma samples obtained from the two 
types of tubes run on either the AlinityTM or the Atellica® hs-cTnI 
measuring systems are shown in Supplemental Figure 2. The 
regression equations revealed near equivalence between tubes, 
showing that the alternate use of the two types of tubes did not 
influence hs-cTnI results obtained by each of the two measuring 
systems. Supplemental Figure 3 shows the between-assay 
comparisons using the same tube. Regression analyses remained 
the same regardless of tube type employed for obtaining plasma. 
As expected, the two hs-cTnI systems showed non-comparable 
results, with AlinityTM giving hs-cTnI results markedly lower 
than Atellica®. Slopes and intercepts for both comparisons 
indicated both constant and proportional difference. Difference 
plots confirmed the substantial between-assay bias, in average 
ranging from 38% to 40%, that was however unaffected by the 
employed type of tube (Figure 1). We also compared distributions 
of BarricorTM and PSTIITM paired samples according to the 
specific categories on either system: <4ng/L AlinityTM, <5ng/L 
Atellica®, between these low values and the assay-specific 99th 
percentiles, and >99th percentiles which showed no statistically 
significant differences between tubes regardless of the system 

used (Supplemental Table 1). A rapid AMI rule-out strategy using 
the two hs-cTnI measuring systems and the two types of tubes 
was applied to 599 patients admitted to ED with suspected AMI. 
Baseline characteristics of these patients and corresponding hs-
cTnI concentrations measured using both systems and tubes are 
shown in Table 2. The average age in patients with suspected 
AMI was 68.7 years and the majority of them were men. Patients 
finally diagnosed with AMI were of similar age to patients with 
AMI excluded. However, AMI was diagnosed significantly more 
frequently in men compared to women. The average age of 
women was 71.9 ± 11.7 years, while that of men was 66.8 ± 11.8 
years and the observed difference was statistically significant (P 
<0.001). The median hs-cTnI concentrations in the study group 
did not differ statistically significantly between both tubes on the 
same analyzer. Statistically significant differences were observed 
between median hs-cTnI concentrations obtained in the same 
tubes using two measurement systems. As expected, median 
hs-cTnI concentrations were statistically significantly higher in 
patients with confirmed AMI compared to patients with AMI 
excluded.

Validation of BD BarricorTM  tubes for hs-cTnI 

0.307†

0.247†

0.011§

0.494§

AlinityTM BarricorTM

AlinityTM PSTIITM

Atellica® BarricorTM

Atellica® PSTIITM

AlinityTM BarricorTM

AlinityTM PSTIITM

Atellica® BarricorTM

Atellica® PSTIITM

19%
22%
22%
31%

Medium-degree 
hemolysis†

5%
6%
3%
5%

0.229

0.007

0.613

0.327

P value between platformsP value between tubesLow-degree hemolysis*

Table 1: Hemolysis rates in 359 paired BarricorTM and PSTIITM lithium heparin plasma samples as detected by automatic 
hemolysis index on the two measuring systems. Chi-square test was used for comparisons.

* H-index ≥0.25 g/L for AlinityTM and ≥1 g/L (quantitative values in the range 0.11-1.30 g/L) for Atellica®. 
† H-index ≥1 g/L for AlinityTM and ≥2 g/L (quantitative values in the range 1.31-2.49 g/L) for Atellica®. 
‡ Differences between AlinityTM BarricorTM and Atellica® BarricorTM

§ Differences between AlinityTM PSTIITM and Atellica® PSTIITM
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Using this approach, excellent sensitivities and NPV were 
obtained, irrespective of the tube type employed (Table 3).

Sixty-nine (12%) patients were finally diagnosed with AMI. In 
reporting hs-cTnI values lower than the recommended cut-offs 
for the AMI rule-out procedure, we found overall agreement 
between both hs-cTnI measuring systems and both tube types 
employed (Supplemental Table 2). However, it should be noted 
that whilst AlinityTM did not show any false negative results 
(i.e., AMI patients with hs-cTnI <4 ng/L on ED admission), 
Atellica® displayed two false negative results in two different 
AMI patients, with both showing a hs-cTnI value of 4 ng/L, one 
when using the BarricorTM tube, the second the PSTIITM.

Discussion
In this study, we successfully performed an analytical validation 
and clinical verification of BD BarricorTM tubes for use on both 
the AlinityTM and the Atellica® hs-cTnI measuring systems in 
comparison with the in-use PSTIITM tubes. Our results clearly 
demonstrate that BD BarricorTM tubes displayed an acceptable 
analytical and clinical performance on both hs-cTnI measuring 
systems and that they are fit for purpose in an emergency setting 
for patients presenting with chest pain. Initially, we assessed 
the effect of BarricorTM tubes on the incidence of hemolysis. In 
vitro hemolysis is an undesirable, though relatively common 

problem, which may adversely affect patient management. 
Our data revealed that the incidence of a medium degree of 
hemolysis, as defined by a fHb concentration of ≥1.00 g/L, 
detected in our setting in approximately 5% of plasma samples, 
was independent of the blood collection tubes used. On the 
other hand, PSTIITM showed a significant increase in rate of 
hemolysis when compared with BarricorTM tubes if a lower cut-
off for hemolysis (≥0.11 g/L) was employed on the Atellica® 
CH detection system, demonstrating a slightly better quality 
of plasma being obtained from BarricorTM tubes and indicating 
that PSTIITM may increase the number of samples showing a 
very low hemolysis degree, which were however still within 
the physiological fHb range [18]. Other authors also noted a 
significantly lower frequency of hemolysis and a better quality 
of plasma in BarricorTM when compared to PSTIITM tubes, 
even if different centrifugation protocols for BarricorTM tubes 
were employed in the various studies [6, 7, 19, 20]. Our results 
showed that significant between-tube differences occurred where 
HI was relatively low. Increases in hemolysis severity cancelled 
out these differences. Nevertheless, interference thresholds for 
HI differed slightly in employed analyzers, further highlighting 
the need for establishing standardized and universally accepted
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Age [years]
Sex [female]

Alinity I BD BarricorTM 
hs-cTnI [ng/L]

Alinity i BD PSTIITM hs-
cTnI [ng/L]

Atellica IM BD 
BarricorTM hs-cTnI [ng/L]
Atellica IM BD PSTIITM 

hs-cTnI [ng/L]

68.7 ± 12.0
227 (38%)

68.7 ± 12.0
209 (39%)

68.5 ± 11.9
18 (26%)

0.988
<0.001

10 (5-33)

10 (5-33)

15 (8-52)

15 (8-52)

9 (5-26)

9 (5-26)

14 (8-41)

13 (7-40)

41 (13-428)

39 (11-406)

86 (24-747)

88 (23-751)

<0.001

<0.001

<0.001

<0.001

All patients

(n=599)

AMI patients

(n=69)

Non-AMI patients

(n-530)
p value

Table 2: Baseline characteristics of patients with suspected AMI and corresponding hs-cTn concentrations.

Sensitivity

Negative Predictive Value

100%
(95-100)

100%
(94-100)

100%
(95-100)

100%
(93-100)

99%
(92-100)

98%
(90-100)

99%
(92-100)

98%
(90-100)

AlinityTM 

 BarricorTM

Atellica® 

BarricorTM

AlinityTM 

PSTIITM

Atellica® 

PSTIITM

Table 3: Diagnostic performance of acute myocardial infarction rule-out strategy using recommended cut-offs for hs-cTnI on 
AlinityTM (<4 ng/L) and Atellica® (<5 ng/L) measuring systems with BarricorTM and PSTIITM tubes. 95% confidence intervals in 
parentheses.
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criteria for detecting and reporting HI among manufacturers 
as well as defining significant assay interference thresholds 
according to both the analytical criteria and clinical relevance. Our 
study is the first to demonstrate that hs-cTnI results obtained in 
both BD lithium heparin tubes fully agreed across the measuring 
range within the same system (AlinityTM or Atellica®). Dupuy 
et al. previously compared highly sensitive cardiac troponin T 
(hs-cTnT) measurements in both lithium heparin tubes, revealing 
only a negligible difference between the tubes [21]. Although 
these data were limited by the small sample size (samples were 
collected from only 9 patients and 5 healthy individuals) and the 
narrow range of evaluated hs-cTnT values (3-159 ng/L), those 
authors concluded that the use of BarricorTM tubes with a shorter 
centrifugation time did not affect hs-cTnT measurements, 
suggesting that both BarricorTM and PSTIITM tubes can be used 
interchangeably [21]. Our results confirmed that both tubes can 
also provide analytically equivalent results when used on either 
of the evaluated hs-cTnI measuring systems. As demonstrated 
in previous studies [22], marked differences in hs-cTnI 
concentrations between the two systems were observed even 
when using the same sample tube. The lack of both a commutable 
reference material and the different antibody configuration of 
assays may explain these differences. While Atellica® hs-cTnI 
is traceable to an internal standard manufactured using human 
heart homogenate, AlinityTM hs-cTnI is believed traceable to 
National Institute of Standards and Technology SRM 2921 
through an alignment to the ArchitectTM assay, even though 
specific information on traceability implementation and the 
assessment of SRM 2921 commutability is not available [23]. 
It is however noteworthy, that when between-assay comparisons 
were focused on the 3 to 300 ng/L range, i.e., the hs-cTnI values 
having the most clinically important role in classifying patients 
with suspected AMI and in which assay harmonization is most 
desirable, the intercept, indicating the existence of a constant 
bias due to the different selectivity of antibody sandwiches in the 
two assays, was reduced to 5 ng/L. This supports the concept that 
differences between hs-cTnI assays could be markedly reduced 
by the availability of a commutable reference material utilized 
as a common calibrator in commercial systems [24]. Finally, in 
employing an AMI rapid single-measurement rule-out strategy 
using hs-cTnI with assay-specific cut-offs, we have clinically 
validated BarricorTM tubes [2,17]. With this approach, we showed 
that the rule-out ability for both evaluated hs-cTnI systems was 
excellent, with high NPV irrespective of the employed tube 
type. Sensitivities and NPVs found in this study corresponded 
with those found in previous reports using hs-cTnI assays, in 
which the safety and clinical efficacy of early AMI rule-out 
strategies using marker concentrations near to the assay limit 
of detection were evaluated [25, 27]. As recently highlighted in 
guidelines released by the UK National Institute for Health and 
Care Excellence (NICE) [28], no specific diagnostic accuracy 
evidence has been published to date for AlinityTM hs-cTnI. 

In selecting the AlinityTM cut-off for the optimal ruling out of 
AMI in this study, we followed the NICE suggestion in using 
the recommended ArchitectTM cut-off, as AlinityTM uses the 
same method principle and reagents as an alternative version of 
the test, the only marked difference being that they are run on 
different analyzers [28]. With accord to this approach, several 
studies previously evaluated the diagnostic performance of very 
low ArchitectTM hs-cTnI concentrations on ED admission, with 
their results being consistent with our AlinityTM data [29,31]. 
Only three studies evaluating AMI rule-out power at patient ED 
admission have been published [17,22,32]. Our study obtained 
the same sensitivity figure (99%) as Sandoval et al. [17], and 
that approached (98%) by Chapman et al. [32], with both studies 
using the same 5 ng/L cut-off. Our NPV was slightly lower 
possibly influenced by differences in cohort patient numbers and 
recruitment protocols. It has been shown that the NPV may be 
higher in enrolled populations that have a higher prevalence of 
non-ischemic myocardial injury [33]. Although AMI rule-out 
performance may vary in principle among measuring systems 
[34], our study showed that the rule-out strategy based on a 
single sample with very low hs-cTnI concentrations measured 
at ED admission did not alter its outcome whichever of the 
two tubes were employed. Nevertheless, we observed two 
false negative hs-cTnI  results with using Atellica® measuring 
system. Two hypothesis may explain this undesirable 
situation. Importantly, is the possible variability of hs-cTnI 
measurements due to the imprecision of the assay at these very 
low concentrations. Similarly, rounding results to the smallest 
integer may introduce a bias of an estimator. There are several 
limitations which should be acknowledged. Firstly, we did not 
provide a detailed characteristics of patients with suspected AMI 
as we focused specifically on the rapid rule-out strategy in non-
selected ED patients with suspected AMI which may limit the 
generalizability of our findings. Secondly, our study is limited 
by the lack of information on a 30-day risk of major adverse 
cardiovascular events (MACE). Furthermore, the quality of 
plasma obtained using BD Barricor tubes has not been evaluated 
by plasma residual cells. In conclusion, we demonstrated that 
BarricorTM tubes performed equally well, both analytically and 
clinically, when compared with PSTIITM tubes. Assuming a 
potential reduction in laboratory TAT, without impairment of the 
quality of laboratory service, BarricorTM tubes may provide an 
advantage which is of particular interest in hs-cTnI testing where 
a more expeditious availability of results has a central clinical 
role.
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Figure 1: Difference plots for hs-cTnI results:  (A) in PSTIITM tubes on the AlinityTM and Atellica® systems for hs-cTnI in the 
range 3 to 15,000 ng/L; (B) in BarricorTM tubes on the AlinityTM and Atellica® systems for hs-cTnI in the range 3 to 15,000 ng/L; 
(C) in PSTIITM tubes on the AlinityTM and Atellica systems for hs-cTnI in the range <300 ng/L; (D) in BarricorTM tubes on the 
AlinityTM and Atellica® systems for hs-cTnI in the range <300 ng/L.
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AlinityTM <4 ng/L
Atellica® <5 ng/L
AlinityTM 4 ng/L – 26 ng/L
Atellica® 5 ng/L – 45 ng/L
AlinityTM >26 ng/L
Atellica® >45 ng/L

AlinityTM BarricorTM vs. AlinityTM PSTIITM

AlinityTM BarricorTM vs. Atellica® BarricorTM

AlinityTM BarricorTM vs. Atellica® PSTIITM

AlinityTM PSTIITM vs. Atellica® BarricorTM

AlinityTM PSTIITM – Atellica® PSTIITM

AtellicaTM BarricorTM vs. Atellica® PSTIITM

37
37
181
179
141
143

29
37
185
179
145
143

29
37
185
179
145
143

0.301
1.000
0.765
1.000
0.760
1.000

0.301
1.000
0.765
1.000
0.760
1.000

P value for comparisons

between tubes

P value

PSTIITM

No. of samples

System and tube typeSystem and tube type

BarricorTM

No. of samples

Supplemental Table 1: Distributions of Barricor and PSTII paired samples according to the categories on either system: <4ng/L 
Alinity, <5ng/L Atellica, between these low values and the assay-specific 99th percentiles and > 99th percentiles. Chi-square test 
was used for comparisons.

Supplemental Table 2: Paired comparisons between both measuring systems and the two tube types regarding the number and 
proportion of hs-cTnI results <4 ng/L for Alinity and <5 ng/L for Atellica. Chi-square test was used for comparisons.
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Supplemental Figure 1: Comparisons of hemolysis indices in the BarricorTM vs. PSTIITM tubes employing each of the two 
evaluated measuring systems:
(A) Comparison between BarricorTM tubes and PSTIITM tubes on the AlinityTM;  rho = -0.11; CI: -0.18, -0.01; p = 0.032
(B) Comparison between BarricorTM tubes and PSTIITM tubes on the Atellica®; rho = 0.38; CI: 0.29, 0.48; p < 0.001
(C) Comparison between AlinityTM and Atellica® systems in BarricorTM tubes; rho = 0.82; CI: 0.73, 0.87; p < 0.001
(D) Comparison between AlinityTM and Atellica® systems in PSTIITM tubes; rho = -0.15; CI: -0.22, -0.05; p = 0.004
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Supplemental Figure 2: Regression analyses of comparisons of hs-cTnI measurements in BarricorTM vs. PSTIITM tubes 
employing each of the two evaluated measuring systems:
(A) Comparison on the AlinityTM on all 359 samples; regression equation: BarricorTM = 0.99 (CI: 0.97-1.01) PSTIITM + 6 (2-10) 
ng/L; r=0.99.
(B) Comparison on the Atellica® on all 359 samples; regression equation: BarricorTM = 1.01 (CI: 1.00-1.02) PSTIITM − 1 (−3 to 1) 
ng/L; r=0.99.
(C) Comparison on the AlinityTM on 300 samples with hs-cTnI <300 ng/L; regression equation: BarricorTM = 0.99 (CI: 0.96-1.01) 
PSTIITM + 0.2 (−0.04 to 0.5) ng/L; r=0.99.
(D) Comparison on the Atellica® on 300 samples with hs-cTnI <300 ng/L; regression equation: BarricorTM = 1.01 (CI: 0.99-1.03) 
PSTIITM + 0.1 (−0.3 to 0.4) ng/L. r=0.99.
Dashed line corresponds to the identity line. Continuous red lines correspond to the 95% confidence intervals of the regression 
line.
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Supplemental Figure 3: Regression analyses of comparisons of hs-cTnI results obtained by the two evaluated measuring systems 
in the same type of tube: 
(A) Comparison between AlinityTM and Atellica® systems in BarricorTM tubes on all 359 samples; regression equation: AlinityTM = 
0.83 (CI: 0.72-0.95) Atellica® − 48 (−76 to −19) ng/L; r=0.96.
(B) Comparison between AlinityTM and Atellica® systems in PSTIITM tubes on all 359 samples; regression equation: AlinityTM = 
0.85 (CI: 0.73-0.97) Atellica® − 56 (−87 to −24) ng/L; r=0.96.
(C) Comparison between AlinityTM and Atellica® systems in BarricorTM tubes on 300 samples with hs-cTnI <300 ng/L; regression 
equation: AlinityTM= 0.74 (CI: 0.64-0.84) Atellica® − 5 (−8 to −1) ng/L; r=0.89.
(D) Comparison between AlinityTM and Atellica® systems in PSTIITM tubes on 300 samples with hs-cTnI <300 ng/L; regression 
equation: AlinityTM = 0.76 (CI: 0.66-0.87) Atellica® − 5 (−8 to −2) ng/L; r=0.88. 
Dashed line corresponds to the identity line. Continuous red lines correspond to the 95% confidence intervals of the regression 
line.
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