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Abstract 

Purpose of research: Circulating cardiac troponin (cTn) has been identified as a risk factor for 

cardiovascular and overall mortality in patients undergoing hemodialysis. However, its 

interpretation remains difficult due to the high prevalence of patients with cTn level beyond 

the 99th percentile. Determining the cTn reference change value (RCV) may help in assessing 

a clinically significant change of cTn during regular follow-up of patients. We aimed to 

determine the long-term RCV of cTn in such patients and to calculate the perdialytic 

reduction rate of cTn. 

Design and methods: To calculate RCV, high-sensitivity (hs)-cTnT (Roche), hs-cTnI 

(Abbott), and cTnI-ultra (Siemens)were determined every month before the midweek dialysis 

session over a 3-month period in 36 stable hemodialysis patients. cTn was also measured after 

the midweek dialysis session to calculate the cTn removal rate. 

Results: The mean RCV (95% confidence interval) was 22% (18–26) for hs-cTnT versus 53% 

(34–73) for hs-cTnI versus 65% (45–84) for cTnI-ultra. Log-normal RCV (%) was −19/+25 

for hs-cTnT, −33/+96 for hs-cTnI, and−39/+115 for cTnI-ultra. The index of individuality 

was b0.6 regardless of the cTn assay used. A significantly greater reduction rate was observed 

for hs-cTnT (48%) than for hs-cTnI (30%, p b 0.001) and cTnI-ultra (29%, p b 0.05). 

Conclusions: These results underline the need to use the RCV approach rather than cutoff 

points to identify the critical change in long-term serial cTn levels. In addition, RCV should 

be determined for each available assay due to significant differences between assays. 

Removal of cTn during hemodialysis sessions should also be considered if acute coronary 

syndrome is suspected during a session. 
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Cardiovascular risk 

 

1. Introduction 
 

Circulating cardiac troponin (cTn) level is commonly used as a biomarker for diagnosing 

myocardial infarction (MI) using the 99th percentile as a cutoff and considering kinetic 

measures [1]. With the emergence of high-sensitivity (hs)-cTn, circulating levels below the 



99th percentile are detected in N50% of presumably healthy volunteers, thus extending its 

field of interpretation. Indeed, circulating cTn level has been suggested as a prognostic factor 

in different populations including the elderly [2], those with chronic heart failure [3], and 

those undergoing hemodialysis (HD) [4]. It has been previously reported that HD patients 

evidenced chronic elevation of cTn levels [5], leading to inconclusive interpretation of a 

single cTn value above the 99th percentile. 

 

Therefore, serial measures of circulating cTn are needed to distinguish between acute 

coronary syndrome (ACS) and chronic elevation of cTn in HD. However, the magnitude of 

cTn change in HD that is clinically relevant both for MI diagnosis and for the worsening of 

chronic cardiac disease remains to be defined. Indeed, parameters including renal removal 

impairment, adsorption onto dialyzer membranes [6], or change in troponin molecular 

structure [7] could influence cTn levels, particularly cTnI. In the general population, 

algorithms based on the 99th percentile and/or relative and absolute changes of cTn during the 

kinetics have been proposed for MI diagnosis [1]. However, there are no recommendations to 

define the clinical change of long-term cTn in patients with high cardiovascular risk such as 

HD patients. 

 

In this context, knowledge of cTn reference change value (RCV) is necessary to better 

interpret cTn levels in the regular follow-up of HD patients. The concept of RCV considers 

both the analytical and biological variations of a biomarker in order to determine which 

percentage change between two consecutive measurements may be considered as a critical 

difference [8]. Biological variations depend on intra- and inter individual variations assessed 

through coefficients of variation (CV) within (CVi) and between (CVg) subjects, respectively.  

The determination of RCV for a biomarker in the healthy population is not always 

transposable to specific clinical conditions, as recently demonstrated in HD patients [9]. To 

date, only limited data are available for longterm RCV of cTn in this population. 

 

The aim of the present study was therefore to calculate long-term RCV of different cTn assays 

including cTnT and cTnI in patients with end-stage renal disease on stable HD maintenance, 

as well as to assess the reduction rate of cTn during an HD session. 

 

2. Patients and methods 

 
This longitudinal study included stable patients with end-stage chronic kidney disease 

undergoing hemodialysis thrice a week at the GCS HELP Dialysis Center at Montpellier 

(France). All patients enrolled were monitoring for their cTn every month for a 3-month 

period after receiving oral information and providing written consent. The study was 

approved by the local ethics committee and was declared under the number DC-2008-417. 

  

Patients were included if they were clinically stable, without cardiovascular events or change 

in dialysis conditions during the study period. Peripheral blood samples were collected before 

dialysis during a midweek session into evacuated tubes containing heparin as an 

anticoagulant. In addition, samples were drawn before and after dialysis in the last month of 

the study, to assess the removal rate of cTn. The reduction rate was corrected for hemo 

concentration using Bergson's formula: [c]before − ([c]after × (1 + (weight before − Weight 

after) / 0.2 × weight after)) / [c]before). Here, [c] corresponds to the concentration of the 

molecule [10].  

 



Hs-cTnT was measured by the chemiluminescent method using a Cobas8000/e602 analyzer 

and an hs-cTnT STAT reagent (Roche®) corresponding to our routine method. The samples 

were measured over the 3-month study period using multiple calibration curves. The 

manufacturer's claim was a CV10% at 13 ng/L, the 99th percentile at 14 ng/L, and a CVa at 

2.7% at 17.7 ng/L. A previous study in our laboratory revealed a 2.4%  CVa for hs-cTnT 

using a pool of plasma at 11 ng/L on a Cobas8000/e602 analyzer [11]. 

 

STAT hs-cTnI was measured on frozen aliquots with the chemiluminescent method on an 

Architect i1000 (Abbott®), which is used in our laboratory for other routine methods. All 

samples were measured using a single calibration curve. The manufacturer's claim was a CV 

10% at 4.7 ng/L, the 99th percentile at 26.2 ng/L, and CVa of 3.4% for a level of 43 ng/L. 

 

cTnI-ultra was determined on frozen aliquots using an acridinium ester-based assay on an 

ADVIA Centaur (Siemens®) device used in our laboratory for other routine methods. All 

samples were measured using a single calibration curve. The manufacturer's claim was a 

CV10% at 30 ng/L, the 99th percentile at 40 ng/L, and CVa at 5.3% for a level of 80 ng/L. 

 

RCV was calculated as RCV=21/2 ∗ Z ∗ CVt, with a Z-score of 1.96 for p b 0.05 and a CVt 

2 = Cvi 2 + CVa 2. A log-normal RCV was calculated according to the formula proposed by 

Fokkema et al. [12], as log transformation is recommended for biomarkers with skewed 

distribution. The total CV (CVt) was individually calculated using the results of serial 

measures. CVi was obtained after removing the analytical variation to CVt according to the 

formula CVi=(CVt 2−CVa 2)1/2. The index of individuality (II) was assessed through the 

ratio CVi/CVg, with CVg calculated as the between-subject variation. 

 

3. Results 
 

Thirty-six HD patients fulfilled the inclusion criteria. The median age was 75.6 ± 17.2 years, 

and 27.8% (n = 10) were women. All patients were treated thrice a week by hemodia-

filtration with a Fresenius 5008/5008Mix dialysis system (Fresenius Medical Care, Germany), 

using polysulfone (91.5%) (Fresenius FX 800 and 100 (86%), Asahi APS (5.5%)) and AN69 

(Evodial, Hospal, 8.5%) membranes. The duration of the dialysis session was 220 ± 25 min 

with an intradialytic weight loss of 1.82 ± 1.02 kg and a Kt/Veq of 1.63 ± 0.25 according to 

the Daugiras equation. 

 

At the first measurement, the median and interquartile (Q1;Q3) values for cTn (ng/L) were 76 

(56;100), 23 (13;34), and 23 (15; 38) for the Roche, Abbott, and Siemens assays, respectively. 

The mean of cTn was higher than the median values for each cTn assay, revealing a right-

skewed distribution. The cTn values were below the 99th percentile value provided by 

manufacturers (i.e., b14 ng/L for the Roche hs-cTnT, b26.2 ng/L for the Abbott hs-cTnI, and 

b40 ng/L for the Siemens cTnI-ultra) in, respectively, 0%, 62%, and 77% of patients. The 

level of cTn did not increase over the period study, regardless of the assay used. The 

individual kinetics of cTn for each assay are presented in Fig. 1. The mean reduction rate of 

cTn during a dialysis session calculated using a correction for hemo-concentration was 

significantly higher for cTnT (48% (43–51)) than for hs-cTnI (30% (22–37), p b 0.001) and 

for cTnI-ultra (29% (25–44), p b 0.05). We noted a return to value below the 99th percentile 

for four patients with hs-cTnT, five patients with hs-cTnI, and none for cTnI-ultra. The 

median cTn and interquartile of cTnI before and after the last dialysis session are presented in 

Fig. 1. 

 



The results for the calculation of RCV, CVi, CVg, and II are presented in Table 1. The CVi 

values were significantly higher for both cTnI compared with cTnT, whereas II was b0.6 for 

all assays. The RCV for both cTnI (upper 50%) was significantly higher than the RCV for 

cTnT (22%). Asymmetric RCV using the log-normal approach confirmed the significantly 

higher RCV for cTnI compared to cTnT for both decrease and increase. 

 

4. Discussion 

 
This study highlights the difficulties of interpreting cTn levels in the HD population. Indeed, 

as previously reported, the cTn levels are elevated and frequently exceed the 99th percentile, 

which is generally recognized as an alert threshold value. In addition, RCV values and low II 

strongly suggest that serial measurements are needed to obtain clinically relevant information. 

 

Recently, the European Society of Cardiology (ESC) proposed an alternative 0/1-h rapid rule-

out and rule-in algorithm for non-ST elevation ACS based on basal levels or very short (1-h) 

kinetic studies. A rule-in cutoff value of 52 ng/L has been validated for the Roche hscTnT and 

been proposed for the Abbott hs-cTnI assays, based on a single hs-cTn determination [1]. For 

hs-cTnT, 81% of our HD cohort exceeded the threshold established in the general population, 

whereas 15% of our patients exceeded the threshold for hs-cTnI. These repartitions highlight 

the complexity of cTn interpretation in HD. Nevertheless, considering the complexity of their 

condition, HD patients should be considered for further workup. Furthermore, clinicians must 

particularly focus on the laboratory method used for cTn measurement. This is because its 

interpretation depends on the characteristics of the test used, including the cutoff point, RCV, 

and additional clearance rates for HD patients. 

 

Beyond the diagnosis of MI, cTn was evidenced as a predictive factor of mortality in 

asymptomatic HD patients, even with classical cTnT [13] and hs-cTnT or cTnI [4,14]. 

Cardiovascular disease is known to be the first cause of mortality in HD, although often 

asymptomatic. Thus, regular follow-up of cTn may improve the clinical management of these 

high-risk patients. In this approach, determining long-term RCV of cTn is useful in assessing 

the significant change indicating worsening or occurrence of chronic cardiac disease. In the 

present study, RCV was significantly higher for both cTnI (Roche and Abott assays) 

compared with cTnT (Siemens assay), highlighting the need for determining RCV for each 

available cTn assay. Indeed, our results support that a change around 20% for hs-cTnT 

measured every month can be considered as a non-critical variation, whereas this change 

could be around 50% for hs-cTnI and 60% for cTnI-ultra. A more fine-tuned approach can be 

used with the log-transformed RCV, which allows distinguishing between variation of cTn in 

rise or fall. 

 

The CVi and RCV observed are close to the weekly (hs-cTnT and hs-cTnI) and monthly (hs 

cTnT and sensitive cTnI) data previously reported in HD patients [15,16]. They support the 

need to define different magnitude changes of cTn between HD patients and the general 

population, especially in absolute values. The use of cTn during HD sessions will be even 

more difficult if ACS is suspected. Indeed, the variation of cTn during the HD session may 

interfere in kinetic interpretation [5]. Although previous studies measured cTn before and 

after HD [5], only a few used hs-cTn [17]. Contrary to previous data reporting no change in 

cTnT, the present study showed a mean removal of cTnT at 48% using hemo-diafiltration. Of 

note, this reduction rate, corrected for hemo-concentration, appeared higher than the first 

reported rate using the same hs-cTnT assay [17]. Further, it is worth noting that lower 

removal of cTnI was observed compared to hs-cTnT. This finding was in discordance with 



previous data reporting higher adsorption onto polysulfone membrane dialysis for cTnI 

compared to cTnT [6]. 

 

 

 
___________________________________________________________________________

Fig. 1. Individual evolution of cTn over the 3-month period (M1, M2, and M3) and effect of a 

dialysis session on cTn level for each assay. The box plot represents median, first and third 

quartile, as well as minimum and maximum values. 

___________________________________________________________________________ 

 

The limitations of this study were the number of patients included and the relatively short 

follow-up period. However, this study was designed to provide information on three cTn 

assays in parallel. It was also difficult to ensure the cardiac stability of our population outside 

acute events. This was established through an overall clinical and biological stability. 



Table 1 Intra individual coefficient of variation (CVi, %), inter individual coefficient of 

variation (CVg, %)), index of individuality (II), and reference change value (RCV, %) for 

cardiac troponin (cTn) in hemodialysis patients. CVa was claimed by the manufacturer. 
 

 

In conclusion, this study determined the long-term RCV of several cTn assays in patients on 

regular maintenance HD for improved use of cTn in a context of chronic elevation of cTn. 

Our data evidenced higher biological variations with the cTnI assay compared to cTnT, 

highlighting the need to determine RCV for all available assays for identifying the magnitude 

of a critical change. These results strongly suggest that a serial monitoring of cTn, for 

instance, on a monthly or quarterly basis, could be included in the follow-up of HD patients. 

The long-term evolution of cTn in this population could be interpreted according to the RCV 

determined in a stable HD population. 
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