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Background: We established high-sensitivity cardiac troponin I (hsTnI) 99th percentile up-
per reference limits (URLs) for the Centaur XPT High-Sensitivity Troponin I assay (Centaur 
hsTnI; Siemens, Erlangen, Germany) and Atellica IM High-Sensitivity Troponin I assay (At-
ellica hsTnI; Siemens) and assessed the effect of outlier elimination.

Methods: The reference population comprised 380 men and 387 women, satisfying the 
strict systematic reference population criteria. After reference population verification by 
the N-terminal pro-B-type natriuretic peptide (NT-proBNP) assay, 99th percentile URLs 
for Centaur hsTnI and Atellica hsTnI were calculated before and after outlier elimination. 

Results: The 99th percentile URL for Centaur hsTnI was 60.4 (men, 74.7; women, 57.5) 
ng/L and that for Atellica hsTnI was 59.6 (men, 75.2; women, 55.1) ng/L. After the elimi-
nation of 61 (8.0%) outlier samples in Centaur hsTnI and 58 (7.6%) in Atellica hsTnI, the 
99th percentile URLs were 13.5 ng/L (men, 15.3 ng/L; women, 11.9 ng/L) and 13.4 ng/L 
(men, 15.5 ng/L; women, 12.9 ng/L), respectively, significantly lower than those before 
outlier elimination. The CVs at the 99th percentile URLs were 5.2% and 3.5%, respec-
tively. The measurable fractions among the reference population were 91.5% and 93.4%, 
respectively. Performance evaluation of Atellica B-type natriuretic peptide (BNP), Atellica 
NT-proBNP, Centaur hsTnI, and Atellica hsTnI showed outstanding results.

Conclusions: The Korean hsTnI 99th percentile URLs calculated in this study were signifi-
cantly lower after outlier elimination than before. Centaur hsTnI and Atellica hsTnI meet 
the “Guideline acceptable” and “Level 3 (second generation, high sensitivity)” require-
ments, satisfying international standards. 
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INTRODUCTION

Troponin (Tn), a structural protein, is a component of actin-my-

osin fibers and is involved in calcium-mediated muscle contrac-

tion. Among Tns, cardiac (c)TnT and cTnI are often used to di-

agnose and monitor cardiac diseases as they are specific to 

cardiac muscles [1, 2]. According to the European Society of 

Cardiology, American College of Cardiology, American Heart As-

sociation, and World Heart Federation Task Force Fourth Uni-

versal Definitions of Myocardial Injury and Myocardial Infarction, 
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myocardial infarction can be diagnosed when cTn values are 

above the 99th percentile of the upper reference limit (URL) 

values determined in healthy individuals and when at least one 

cardiac symptom specified in the guidelines occurs [2]. Hence, 

for rapid and accurate diagnosis of myocardial infarction, it is 

crucial to measure cTn values accurately and to establish a ref-

erence range for cTn based on a strictly selected healthy refer-

ence population [3, 4]. 

Multiple studies have reported that the 99th percentile URLs 

used as a cTn reference range in diagnosing myocardial infarc-

tion vary across demographics, especially considering the size 

and clinical characteristics of the reference population [5-9]. In 

2014, Sandoval and Apple [10] reported strict standards for se-

lecting a reference population to establish 99th percentile URLs 

for cTn. According to these standards, at least 300 men and 

300 women should be recruited. The American Association for 

Clinical Chemistry (AACC) and International Federation of Clini-

cal Chemistry and Laboratory Medicine (IFCC) guidelines sug-

gest the same criteria for the reference population size required 

to define the 99th percentile URL for each sex [11]. However, 

Hickman, et al. [12] showed that outlier elimination can dra-

matically alter cTn 99th percentile URLs. Thus, incorrect outlier 

evaluation may significantly increase 99th percentile URLs [6, 9, 

12, 13]. 

Recently, the ADVIA Centaur High-Sensitivity Troponin I assay 

(Centaur hsTnI) (Siemens, Erlangen, Germany), which is a fully 

automated version of the Centaur XP TnI-Ultra assay (Centaur 

TnI; Siemens), and the Atellica IM High-Sensitivity Troponin I 

assay (Atellica hsTnI; Siemens) were introduced in clinical labo-

ratories. The Centaur TnI and both hsTnI assays are chemilumi-

nescence immunoassays. However, the hsTnI assays newly 

employ trisulfopropyl acridinium ester, a strong anionic label 

with very low non-specific binding and the same high light yield 

that confers the hsTnI assays a 10-fold improvement in low-end 

precision sensitivity. Additionally, the hsTnI assays are robust, 

with a high tolerance for common interferents, such as biotin, 

hemolysis, and alkaline phosphatase. Further, they show an op-

timal precision of >90% across a measurable range. The two 

hsTnI assays have subtle differences. The time to first result is 

18 and 10 minutes for Centaur hsTnI and Atellica hsTnI, re-

spectively. In addition, the 99th percentile value (for men and 

women combined and for serum, according to the package in-

sert) is 46.8 ng/L and 45.4 ng/L for Centaur hsTnI and Atellica 

hsTnI, respectively. Both assays analyze the full cardiac panel, 

including high-sensitivity TnI (hsTnI), B-type natriuretic peptide 

(BNP), N-terminal pro-brain BNP (NT-proBNP), myoglobulin, 

and creatine kinase myocardial band, in a single platform.

We calculated 99th percentile URLs for cTnI for Centaur 

hsTnI and Atellica hsTnI in a healthy Korean population of suffi-

cient size, meeting the selection criteria suggested by Sandoval 

and Apple and the AACC and IFCC guidelines [10, 11], to de-

termine the effect of outlier elimination on the 99th percentile 

URLs. Additionally, we evaluated the performance of Centaur 

hsTnI, Atellica hsTnI, Atellica IM BNP, and Atellica IM NT-

proBNP, all of which can be used to assess cardiac function. 

MATERIALS AND METHODS

Ethics considerations 
This retrospective observational study was reviewed and ap-

proved by the Institutional Review Board (IRB) of Asan Medical 

Center, Seoul, Korea (approval number.: 2018-0731). As we 

used residual serum samples that had been used for regular 

laboratory assays and were completely anonymized, the require-

ment for informed consent was waived by the IRB.

Reference population selection and sample preparation
Residual serum samples bottled in BD Vacutainer Plus Plastic 

Serum Tubes (BD, Franklin Lakes, NJ, USA) from subjects who 

visited Asan Medical Center for general health checkups be-

tween October 10, 2019 and February 25, 2020 were collected. 

Within 24 hours after collection, the samples were divided into 

four 250-µL aliquots in Eppendorf tubes (Eppendorf North 

America, Enfield, CT, USA) and frozen at –70°C until assaying. 

At the end of the sample collection, all frozen samples were 

thawed, vortexed, and centrifuged for analysis. These samples 

were used to evaluate cTnI 99th percentile URLs. The inclusion 

criteria for reference population selection and the study flow-

chart are presented in Fig. 1. 

To assess “clinical history for known cardiovascular disease 

and medication usage,” we reviewed the subjects’ checkup 

questionnaire data, electronic medical records, and laboratory 

test results at the time of recruitment to screen those with active 

or historical cardiac diseases, including acute coronary syn-

dromes, congestive heart failure, myocarditis, ventricular 

tachyarrhythmias, and percutaneous coronary intervention or 

cardiac medication use. All subjects also underwent NT-proBNP 

measurement, which is a criterion for selecting the reference 

population, to screen out those with current or historical asymp-

tomatic cardiac diseases, as these can cause outliers and may 

affect the calculation of the 99th percentile URL [14, 15]. 

The NT-proBNP cutoff was set at the age- and sex-specific 
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Fig. 1. Flow diagram showing the reference population used, process of outlier elimination, and the final 99th percentile URLs calculated 
for Centaur hsTnI and Atellica hsTnI.
Abbreviations: eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; HbA1c, hemoglobin A1c; NT-proB-
NP, N-terminal pro-B-type natriuretic peptide; URL, upper reference limit; hsTnI, high-sensitivity troponin I; IQR, interquartile range.

First population who were collected from health check-up visitors of Asan Medical Center
and also satisfying the inclusion criteria: N=775 (male=385, female=390) 

▪ Inclusion criteria: 
- eGFR (CKD-EPI): >60 mL/min/1.73 m2 
- HbAlc: ≤6.0% 
- NT-proBNP: Within reference intervals 
- Clinical history for known cardiovascular disease and medication usage: No 
- Diverse distribution of ages: ≥18 years old 
- Ethnicity: East Asian (South Korean)
- Diverse population of sufficient sample size: Minimum inclusion of 300 men and 300 women 
- Description of the specimen type utilized: Serum

Excluded: N=8 (male=5, female=3) 
: Who showed NTproBNP results over the reference range

Total population: N=767 (male=380, female=387)

99th percentile URL calculated using population without outlier elimination 
: expressed as median (ng/L) (95% confidence interval)

- Centaur hsTnl: 60.4 (45.7−94.8) 
- Atellica hsTnl: 59.6 (44.7−96.6)

Outlier elimination identified using Tukey's 3-IQR test 
- Centaur hsTnl: N=61 (8.0%) (male=31, female=30) 
- Atellica hsTnI: N=58 (7.6%) (male=28, female=30)

Final population after outlier elimination for 99th percentile URL calculation
- Centaur hsTnl: N=706 (male=349, female=357) 
- Atellica hsTnl: N=709 (male=352, female=357)

99th percentile URL calculated using final population 
: expressed as median (ng/L) (95% confidence interval)

- Centaur hsTnl: 13.5 (12.8−13.6) 
- Atellica hsTnl: 13.4 (12.5−13.8)

values provided by the manufacturer (package insert of the 

Elecsys NT-proBNP assay, Roche, Basel, Switzerland) [18-54 

years: 143.0 (men) or 208.4 (women) ng/L; 55–64 years: 650.8 

(men) or 912.2 (women) ng/L; 65–74 years: 512.0 (men) or 

533.4 (women) ng/L; ≥75 years: 603.6 (men) or 665.0 (women) 

ng/L]. To include at least 300 men and 300 women in the cal-

culation of the cTnI 99th percentile URL, the subjects were di-

vided into the following age groups: <30, 30–39, 40–49, 50–

59, 60–69, and ≥70 years. The subjects were further divided 

into subgroups based on age ≤55 years or >55 years to com-

pare the effect of age on TnI 99th percentile URLs. 

Evaluation of precision
Precision was evaluated according to the CLSI guidelines EP5-

A3 [16]. Low, medium, and high levels of quality control (QC) 

materials (Liquichek Cardiac Markers Plus Control, lot numbers 
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99562, 99563, and 99565; Bio-Rad, Hercules, CA, USA) were 

used for Atellica IM BNP, Atellica IM NT-pro BNP, Centaur 

hsTnI, and Atellica hsTnI. Each QC standard was analyzed in 

duplicate and twice a day (with a ≥2-hour interval between 

analyses) for 20 days. 

Evaluation of linearity
Linearity was evaluated according to the CLSI guidelines EP6-A 

[17], using Atellica IM BNP Master Curve Material, Atellica IM 

PBNP Master Curve Material, Atellica IM TNIH Master Curve 

Material, and ADVIA Centaur TNIH Master Curve Material (all 

from Siemens). Each material was assayed four times. The data 

were subjected to polynomial regression analysis, and the devia-

tion from linearity was calculated. The allowable nonlinearity 

was set at 27.9% for hsTnI and 13% for BNP and ProBNP 

based on the total allowable error of the Desirable Biological 

Variation Database specifications available on the Westgard 

website [18].

Method comparison
Method comparison was conducted according to the CLSI 

guidelines EP9-A2 [19]. For BNP and hsTnI, Centaur XPT per-

formance was compared with that of Atellica IM. For NT-

proBNP, Cobas C8000 (Roche) was used in comparison with 

Atellica IM. To compare cTnI and hsTnI, Centaur XPT was used. 

Forty residual serum samples were analyzed separately for each 

of the four analytes. Data were analyzed using Deming regres-

sion, and the slope, intercept, and correlation coefficients (R 

values) were calculated. R2 ≥0.95 indicated a linear correlation 

between the two reagents over the comparison experiment 

range.

Determination of CVs at the 99th percentile URLs
We obtained whole blood samples from two healthy volunteers 

with informed consent. Serum was separated immediately after 

blood collection and stored at –70°C. The serum samples were 

thawed right before use and spiked with residual serum sam-

ples that showed high cTnI values to prepare serum pools with 

TnI values of 26.5–106.3 ng/L. Using the multilevel pools, we 

generated precision profile plots. Samples with six TnI values 

spanning the 99th percentile URLs were prepared. The TnI 

value of each sample was measured 80 times using Centaur 

hsTnI and Atellica hsTnI. The CVs at each TnI value for each 

assay were then analyzed according to the CLSI guidelines EP5-

A3 [16]. Based on the CVs of the six serum pools, we generated 

precision profile plots using the Variance Function Program 

(version 15.0; W. A. Sadler, Christchurch, New Zealand) and 

calculated the CVs at the 99th percentile URLs for Centaur 

hsTnI and Atellica hsTnI. 

Statistical analysis
The presence of outliers in data is a major problem and strongly 

affects 99th percentile URLs [8, 9, 11, 20, 21]. We determined 

the 99th percentile URLs using the total samples before and af-

ter outlier elimination by a one-tailed non-parametric method 

with 3,000 bootstrap replications and a 95% confidence interval 

(CI) in SPSS (version 18.0.0; IBM, Armonk, NY, USA). Outliers 

were identified using Tukey’s 3-interquartile range (IQR) test us-

ing the following formula: outlier hsTnI value >Q3+3 IQR, 

where Q3 and IQR are the third quartile and interquartile range 

(Q3–Q1) of the hsTnI distribution, respectively [9, 12]. We 

eliminated outliers manually. Since hsTnI values are higher in 

older subjects, especially at the reference age of 55 years in the 

general population, we stratified the reference population by age 

(≤55 years and >55 years) and determined the 99th percentile 

URLs for each group [8, 9].

As hsTnI values were not normally distributed, sex- and age-

related differences were evaluated using the Mann-Whitney and 

Kruskal-Wallis tests. hsTnI values are represented as the median 

and 95% CI [22]. Statistical significance was set at P <0.05.

For general statistical analysis, including the four analyte per-

formance evaluations, EP Evaluator Release 9 (Data Innova-

tions, Colchester, VT, USA) and Microsoft Excel 2016 (Microsoft, 

Redmond, WA, USA) were used. To calculate the 99th percen-

tile URLs and CVs, Variance Function Program version 15.0 

and SPSS version 18.0.0. (IBM) were used. 

RESULTS

Precision
The results of precision analyses are presented in Supplemental 

Data Table S1. For all assays, the total CV was 2.0%–4.1%. 

The CVs at the 99th percentile URLs were both <10%, which 

satisfied the criteria for hsTn assays according to the AACC and 

IFCC guidelines [11]. 

Linearity
The results of linearity evaluation are presented in Supplemental 

Data Fig. S1. Linearity was observed throughout the estimated ana-

lytical range for all analytes. R2 ≥0.99 was observed for all analytes, 

with R2=0.99 for Centaur hsTnI at 0.0–19,318.6 ng/L, R2=0.99 

for Atellica hsTnI at 1.9–18,884.9 ng/L, R2=0.99 for Atellica IM 
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BNP at 0.9–4,000.1 ng/L, and R2 =0.99 for Atellica IM NT-

proBNP at 0.6–29,593.9 ng/L. The percentage recovery ranged 

from 90% (BNP, low value) to 101% (NT-proBNP, high value).

Method comparison
Scatter and bias plots of the results of method comparison for 

BNP using Atellica IM and Centaur XPT, for NT-proBNP using 

Atellica IM and Roche Cobas 8000, for hsTnI using Atellica IM 

and Centaur XPT, and for cTnI and hsTnI using Centaur XPT for 

both are presented in Supplemental Data Fig. S2. For all ana-

lytes, the results showed strong correlations (R2 ≥0.95). Specifi-

cally, the correlation equation for BNP between Atellica IM and 

Centaur XPT was y=0.98 x+0.69 (R2 =0.99), showing a strong 

correlation between the two assays. The correlation coefficient 

for NT-proBNP between Atellica IM and Roche Cobas 8000 was 

strong (R2 =0.99), with a correlation equation of y =1.22 

x+23.35. The correlation equation and coefficient for hsTnI be-

tween Atellica hsTnI and Centaur hsTnI were strong (y=0.99 

x−11.99, R2 =0.99). cTnI values using Centaur XPT and hsTnI 

values using Centaur XPT showed strong correlation (R2 =0.96). 

The correlation equation slope was 0.853, indicating a propor-

tional difference between the two assays. Hence, it is essential 

for institutions to re-establish 99th percentile URLs when re-

placing Centaur TnI with Centaur hsTnI.

The 99th percentile reference values for hsTnI assays
After considering the NT-proBNP assay results, five men and 

three women showed higher values than the aforementioned 

cutoff values and were excluded from the reference population. 

We obtained 380 samples from men and 387 samples from 
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women before outlier elimination. Fig. 2 shows the TnI value 

distribution in the reference population in men and women be-

fore outlier elimination. 

The hsTnI value distributions according to age and sex in the 

reference population are shown in Figs. 3 and 4. Overall, hsTnI 

values were higher in men than in women within the same age 

group and tended to increase with age.

The 99th percentile URLs are listed in Table 1. The 99th per-

centile URLs of Centaur hsTnI and Atellica hsTnI before outlier 

elimination were 60.4 and 59.6 ng/L, respectively. After outlier 

elimination, which accounted for 6.6%–10.1% of each sub-

group, the number of subjects in the reference population de-

creased to 349 men and 357 women for Centaur hsTnI and to 

352 men and 357 women for Atellica hsTnI, and the 99th per-

centile URLs significantly decreased to 13.5 and 13.4 ng/L for 

Centaur hsTnI and Atellica hsTnI, respectively. 

When comparing men and women stratified according to age 

(≤55 years vs. >55 years), the hsTnI 99th percentile URLs of 

Centaur hsTnI and Atellica hsTnI were significantly higher in 

men aged >55 years than in women aged ≤55 years [8, 9] 

(P <0.001 for both; Fig. 4). The proportion of measurable sam-

ples above the limit of detection (LoD) was 91.5% and 93.4% 

for Centaur hsTnI and Atellica hsTnI, respectively (Table 2).
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DISCUSSION

Various studies have indicated that TnI 99th percentile URLs for 

Asians are lower than those for Caucasians [6, 7, 23-26]. Sur-

prisingly, the 99th percentile URLs obtained in our study before 

outlier elimination were higher than those previously reported 

and those provided by the manufacturer (Siemens). Further-

more, they were higher than the 99th percentile URLs of 20.0 

ng/L (men) and 11.6 ng/L (women) for Siemens ADVIA Centaur 

TnI in Koreans [5, 6].

As shown in Figs. 3 and 4, the average hsTnI values in-

creased with age, particularly at ages ≥55 years. Additionally, 

hsTnI values were significantly higher in men than in women 

within the same age groups for both assays. The Mann-Whitney 

test for comparison of hsTnI values in men and women showed 

P <0.031 for both Centaur hsTnI and Atellica hsTnI. This result 

may be explained by the possibility of remaining outliers that 

were not eliminated during statistical analysis, especially in the 
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>55 years age group for both sexes.

Although the manufacturers did not provide detailed stan-

dards for the recruitment of the reference population in which 

99th percentile URLs are to be determined, the proportion of 

subjects aged ≥50 years for the 99th percentile URLs estab-

lished by the manufacturer (Siemens) was 46%. In our refer-

ence population, subjects aged ≥50 years accounted for 78.7%. 

The fact that the 99th percentile URLs in our study were lower 

than those provided by the manufacturer can be explained by 

the more stringent selection criteria used in our study than those 

used in the manufacturer’s study.

The 99th percentile URLs in men and women were 15.3 and 

11.9 ng/L and 15.5 and 12.9 ng/L for Centaur hsTnI and Atel-

lica hsTnI, respectively. Kim, et al. [26] have reported that the 

99th percentile URLs in men and women for Beckman Coulter 

Access hsTnI were 11.3 and 9.5 ng/L, respectively, in the Ko-

Table 2. hsTnI 99th percentile URLs (ng/L), CV% at the URL, and proportion (%) of measurable samples above the LoD for both assays

Assay
hsTnI 99th percentile URL (ng/L) LoD 

(ng/L)
% Measurable Assay designation

Men (CV%) Women (CV%) All (CV%)

Centaur hsTnI 15.3 (5.1%) 11.9 (5.3%) 13.5 (5.2%) 2.2 91.5 Level 3 (second generation, high sensitivity)

Atellica hsTnI 15.5 (3.4%) 12.9 (3.5%) 13.4 (3.5%) 1.3 93.4 Level 3 (second generation, high sensitivity)

URLs were determined based on AACC and AFCC guidelines. Assay designation was performed according to the proportion (%) of measurable samples 
(Apple, 2009 [30]).
Abbreviations: URL, upper reference limit; LoD, limit of detection; AACC, American Association for Clinical Chemistry; IFCC, International Federation of Clini-
cal Chemistry; hsTnI, high-sensitivity troponin I.

Table 1. hsTnI 99th percentile URLs according to sex, age group, and before and after outlier elimination.

Age group Sex N
N and % of 

subjects 
eliminated

Centaur hsTnI 99th 
percentile URL

N
N and % of 

subjects 
eliminated

Atellica hsTnI 99th 
percentile URL

hsTnI 99th percentile URLs before outlier elimination

All ages Male 380 N/A 74.7 (47.5–117.9) 380 N/A 75.2 (47.3–122.7)

Female 387 N/A 57.5 (41.7–101.1) 387 N/A 55.1 (38.2–95.8)

All 767 N/A 60.4 (445.7–94.8) 767 N/A 59.6 (44.7–96.9)

≤55 yr Male 182 N/A 114.5 (65.9–256.1) 182 N/A 114.1 (64.7–256.1)

Female 158 N/A 64.8 (52.1–71.1) 158 N/A 62.3 (50.3–69.1)

All 340 N/A 66.7 (31.2–186.2) 340 N/A 66.1 (30.3–185.9)

>55 yr Male 198 N/A 72.6 (54.0–116.7) 198 N/A 73.4 (54.8–122.5)

Female 229 N/A 97.1 (53.6–187.6) 229 N/A 89.0 (51.2–177.0)

All 427 N/A 66.5 (50.1–116.7) 427 N/A 67.0 (49.9–122.7)

hsTnI 99th percentile URLs after outlier elimination

All ages Male 349 31 (8.2%) 15.3 (14.7–15.6) 352 28 (7.4%) 15.5 (15.5–16.0)

Female 357 30 (7.6%) 11.9 (11.1–12.4) 357 30 (7.6%) 12.9 (11.4–13.2)

All 706 61 (8.0%) 13.5 (12.8–13.6) 709 58 (7.6%) 13.4 (12.8–13.8)

≤55 yr Male 166 16 (8.6%) 11.9 (10.8–12.0) 169 13 (7.1%) 11.8 (10.7–12.4)

Female 142 16 (10.1%) 7.0 (6.8–7.0) 142 16 (9.5%) 7.5 (7.3–7.5)

All 308 32 (9.4%) 10.3 (9.6–10.5) 311 28 (8.2%) 10.5 (9.9–11.4)

>55 yr Male 183 15 (7.6%) 16.9 (16.4–18.6) 183 15 (7.6%) 17.4 (17.0–17.6)

Female 215 14 (6.1%) 13.6 (12.8–13.8) 215 14 (6.6%) 13.6 (12.9–14.8)

All 398 29 (6.8%) 16.2 (14.8–16.5) 397 30 (7.0%) 16.7 (15.2–17.6)

Outliers were eliminated using a non-parametric (Tukey’s 3-IQR) method as detailed in the Methods section. The values are presented as median (95% CI) 
ng/L.
Abbreviations: URL, upper reference limit; hsTnI, high-sensitivity troponin I; IQR, interquartile range; CI, confidence interval; N/A, not applicable.
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rean population. Apple, et al. [27] reported that hsTnI 99th per-

centile URLs were 35–43 ng/L for Centaur hsTnI and 30–43 

ng/L for Atellica, according to age in a United States population. 

In a mixed-sex population of 2,010 apparently healthy individu-

als from Italy, the 99th percentile URL value for Centaur hsTnI 

was 47.30 ng/L [28]. Based on the results of these and our 

studies, we conclude that hsTnI 99th percentile URLs are 

higher for Caucasians than for East Asians and specifically, Ko-

reans.

The hsTnI 99th percentile URLs are significantly higher in 

men than in women across all ages [23, 29]. In our previous 

study, 99th percentile URLs calculated for Centaur TnI in Ko-

rean men and women were 20.0 and 11.6 ng/L, respectively 

[6]. As hsTnI 99th percentile URLs are higher in men than in 

women, it is recommended that different hsTnI 99th percentile 

URLs are used for men and women. Furthermore, 99th percen-

tile URLs are higher in the older population than in the younger 

population. Thus, establishing guidelines for age distribution in 

the reference population used for calculating hsTnI 99th per-

centile URLs should be considered. 

We previously reported a CV of 43.0% at the 99th percentile 

URL using Centaur TnI, the predecessor of Centaur hsTnI [6]. 

In contrast, in this study, Centaur hsTnI and Atellica hsTnI 

showed CVs of 5.2% and 3.5%, respectively, at the 99th per-

centile URLs, indicating an improvement in precision. Applying 

the criteria suggested by Apple [30], the CVs at the 99th per-

centile URLs for Centaur hsTnI and Atellica hsTnI were ≤10%, 

which is clinically considered “Guideline acceptable.” The mea-

surable normal values (%), defined as the proportions of speci-

mens with values above the LoD, were 91.5% and 93.4% for 

Centaur hsTnI and Atellica hsTnI, respectively. Both systems 

were classified as level 3 (second generation, high sensitivity) in 

a scorecard designation [30]. Current AACC and IFCC guide-

lines state that hsTn assays must have an analytical imprecision 

of <10% CV at the 99th percentile URL in a healthy population 

and should be able to measure cTn above the LoD in 50% of 

the healthy population, ideally 95%. Both hsTnI assays can be 

defined as highly sensitive according to the AACC and IFCC cri-

teria [11].

We performed the NT-proBNP assay in the reference popula-

tion to screen for subjects with asymptomatic cardiac diseases, 

which can be considered a strength of the current study. How-

ever, we are aware that NT-proBNP assays cannot screen car-

diac patients perfectly. 

This study had some limitations. First, the reference popula-

tion used to determine hsTnI 99th percentile URLs was smaller 

than those used in previous similar studies [8, 9]. The number 

of outliers was relatively high, which reduced the size of the final 

reference population used to calculate the 99th percentile 

URLs. It was difficult to include subjects in the reference popu-

lation as our study was a single-center study, as opposed to 

multicenter or multinational studies. Second, in the comparison 

study, we did not use samples covering a wide range of values. 

In the comparison between Centaur TnI and Centaur hsTnI, 

samples with values ranging from 0.0 ng/L to 23.5 ng/L were 

used, which did not cover the entire analytical measurement 

range of the assays. In comparing NT-proBNP values between 

the Cobas C8000 and Atellica IM systems, there was a gap be-

tween 4,100 ng/L and 15,700 ng/L, and thus, our results do not 

reflect actual assay results obtained in clinical laboratories. 

Third, we used frozen serum instead of fresh serum for analysis, 

which may have influenced the study results. Finally, while re-

cruiting the reference population, we did not use imaging mo-

dalities, such as cardiac sonography or electrocardiography. As-

ymptomatic cardiac patients may have been missed, which may 

have increased the 99th percentile URLs.

Currently, hsTnI and hsTnT values are critical in diagnosing 

cardiac diseases, especially, acute myocardial infarction. These 

values are interpreted using various methods, and quality con-

trol of hsTnI and hsTnT is becoming essential to obtain accurate 

hsTnI and hsTnT values [31, 32]. Our study highlighted the im-

portance of outlier elimination in determining precise 99th per-

centile URL values.

Considering the clinical significance of hsTnI 99th percentile 

URLs, determining 99th percentile URLs using a strictly se-

lected population and a reliable and standardized method, in-

cluding proper outlier elimination, is important. To the best of 

our knowledge, this is the first study to report an outlier elimina-

tion effect in calculating hsTnI 99th percentile URL values, es-

pecially in a Korean population. When introducing a new hsTnI 

assay system, the 99th percentile URLs should be recalculated 

for clinical application as the Centaur hsTnI assay was not har-

monized with the Centaur TnI system according to our results.
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Supplemental Data Table S1. Precision profiles of Siemens Atellica IM BNP, Atellica IM NT-proBNP, Centaur hsTnI, and Atellica hsTnI

Analyte (Instrument) Unit Value Mean
CV (%)

Within-run Between-run Between-day Total

BNP (Atellica) ng/L 1 86.37 2.0 1.6 1.6 3.0

2 344.19 2.1 1.7 1.8 3.2

3 1,239.91 1.9 1.7 1.5 3.0

NT-proBNP (Atellica) ng/L 1 168.14 1.9 2.6 0.0 3.2

2 518.69 1.7 2.6 0.0 3.1

3 5,764.03 1.8 1.8 1.0 2.7

hsTnI (Centaur) ng/L 1 34.57 2.0 3.4 1.0 4.1

2 4,553.27 1.7 0.1 1.4 2.2

3 11,887.13 1.6 1.1 1.3 2.3

hsTnI (Atellica) ng/L 1 38.32 2.8 1.7 2.6 4.1

2 4,517.89 1.5 1.4 1.0 2.3

3 11,804.30 1.3 1.2 1.0 2.0

Abbreviations: BNP, B-type natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide; hsTnI, high-sensitivity troponin I.
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