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BACKGROUND: Cardiac troponin measurements are in-
dispensable for the diagnosis of myocardial infarction 
and provide useful information for long-term risk pre-
diction of cardiovascular disease. Accelerated diagnostic 
pathways prevent unnecessary hospital admission, but 
require reporting cardiac troponin concentrations at 
low concentrations that are sometimes below the limit 
of quantification. Whether analytical imprecision at 
these concentrations contributes to misclassification of 
patients is debated. 

CONTENT: The International Federation of Clinical 
Chemistry Committee on Clinical Application of 
Cardiac Bio-Markers (IFCC C-CB) provides evidence- 
based educational statements on analytical and clinical 
aspects of cardiac biomarkers. This mini-review dis-
cusses how the reporting of low concentrations of car-
diac troponins impacts on whether or not assays are 
classified as high-sensitivity and how analytical perform-
ance at low concentrations influences the utility of tro-
ponins in accelerated diagnostic pathways. Practical 
suggestions are made for laboratories regarding analytic-
al quality assessment of cardiac troponin results at low 
cutoffs, with a particular focus on accelerated diagnostic 

pathways. The review also discusses how future use of 
cardiac troponins for long-term prediction or manage-
ment of cardiovascular disease may require improve-
ments in analytical quality. 

SUMMARY: Clinical guidelines recommend using car-
diac troponin concentrations as low as the limit of detec-
tion of the assay to guide patient care. Laboratories, 
manufacturers, researchers, and external quality assess-
ment providers should extend analytical performance 
monitoring of cardiac troponin assays to include the 
concentration ranges applicable in these pathways.  

Introduction 

Acute coronary syndromes are common and present as 
unstable angina, acute myocardial infarction, or sudden 
cardiac death. Due to the risk of cardiac death, many pa-
tients with symptoms suggestive of acute coronary syn-
drome are admitted for investigation despite only 1 in 
10 having a final diagnosis of myocardial infarction 
(MI) (1). In response to clinical requirements, manufac-
turers have improved the analytical sensitivity and preci-
sion of cardiac troponin (cTn) assays (2). This has 
enabled the use of accelerated diagnostic pathways that 
may predict low, intermediate, or high risk of MI within 
a shorter time frame using high-sensitivity assays, com-
pared to conventional cTn assays (3). The cornerstone 
in these pathways is accurate measurements of cTn con-
centration below the upper reference limit of the assay 
and detection of small changes in cTn on serial testing 
(1, 4–9). Another benefit resulting from the improved 
analytical sensitivity, though not yet implemented in 
clinical practice, is the possibility of evaluating cardio-
vascular risk in stable patients or the general population 
(10–13). 

Some accelerated diagnostic pathways use clinical 
cutoffs below the limit of quantification (LOQ) of the 
assay and may be ineffective if quantitative results are 
not reported down to the limit of detection (LOD) 
(14). This has challenged conventional laboratory 
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practice in relation to the lower cutoff for reporting 
cTn results, where the laboratory needs to balance the 
risk of misclassification due to higher levels of impreci-
sion against improvements in efficacy of patient flow 
(14–18). 

The International Federation of Clinical Chemistry 
Committee on Clinical Application of Cardiac 
Bio-Markers (IFCC C-CB) provides evidence-based 
educational statements to support standard interpret-
ation and utilization of cardiac biomarkers in clinical la-
boratories and practice. This review focuses on the 
utility of very low cTn concentrations. It discusses 
how the classification of assays is influenced by the lower 
cutoff chosen for reporting, and how analytical perform-
ance at low concentrations could influence the clinical 
classification of patients as low or intermediate risk 
within accelerated diagnostic pathways for MI and 
future applications for cTn testing in the long-term pre-
diction or management of cardiovascular diseases. 
Recommendations are provided on how to ensure 
sufficient analytical performance, together with 
reflections on how future clinical applications may 
change what is considered an acceptable analytical 
performance goal. 

Definitions of Analytical Sensitivity Metrics 

The limit of blank (LOB) is the concentration found 
when a blank sample is measured repeatedly. The 
LOD refers to the lowest concentration that can be 
reliably distinguished from measuring a blank 
sample with a reasonable level of certainty (LOB +  
1.645(SD low-concentration sample)). It signifies the presence 
of cTn albeit with a substantial analytical error of the 
precise concentration. The LOQ is conventionally de-
fined as the lowest cTn concentration that can be mea-
sured and quantified with a defined level of precision, 
with an analytical variation of 20%. Laboratories com-
monly establish both the LOD and LOQ of their cTn 
assay, but the cutoff used as the lower limit for reporting 
results varies. Both scientific arguments and diagnostic 
testing regulations contribute to this heterogeneity. 
For example, in the United States, the Food and Drug 
Administration (FDA) mandates that the LOQ is the 
lowest reportable value. Although the difference be-
tween the LOD and LOQ for most assays is quantita-
tively small (1 to 4 ng/L), the choice for reporting has 
potentially important consequences for the safety and ef-
fectiveness of accelerated diagnostic pathways and fur-
thermore for the application of cTn results for 
long-term risk prediction. It is important to recognize 
that the LOB, LOD, and LOQ are assay-specific para-
meters, similar to the 99th percentile, and vary between 
cTn assays and platforms. 

Influence of Analytical Bias on Single-Sample 
Absolute Cutoffs 

For consistent performance of guideline-recommended ac-
celerated diagnostic pathways (19, 20) the analytical per-
formance of high-sensitivity cTn (hs-cTn) assays must be 
consistent over time at the applicable cutoffs. Changes in 
the calibrator or reagent lots may cause shifts in a measured 
concentration of the assay from the previous lots. Even 
though such shifts are embedded in the long-term analytical 
variation they may affect the classification of patients as low 
or intermediate risk within these pathways, for the applicable 
time period in use (16). Low-risk patients are eligible for im-
mediate discharge from the emergency department (ED), 
but those above this cutoff are classified as intermediate 
risk and undergo serial measurements and further clinical 
observation. An example of how assay shifts may influence 
clinical classification is shown in Fig. 1. In a hypothetical 
population of patients with cTn concentrations correspond-
ing to the low-risk cutoff, it would be expected that on any 
given measurement around half will fall above and half be-
low this value. If a calibrator or reagent shift occur, the pro-
portion of patients above or below the cutoff will change and 
be directly related to the magnitude of the shift expressed as 
number of analytical standard deviations of the assay. If the 
shift was of 1 analytical standard deviation, then 84% of pa-
tients from this hypothetical population will be measured 
above or below the cutoff depending on the direction of 
the shift. A shift of 2 analytical standard deviations would re-
sult in 97.5% of patients falling on the skewed side. This 
situation applies to all laboratory tests utilizing absolute cut-
offs but has the largest clinical impact when the cutoff is close 
to the median concentration or falls within the interquartile 
range (IQR) of concentrations typically measured in patients 
undergoing the test. This is particularly relevant for cTn as 
the median and IQR of cTn concentrations in patients with-
out MI are very similar to the cutoffs used to classify patients 
by the European Society of Cardiology (ESC) guidelines as 
“very low” and “low” risk in the 0/1 and 0/2 h pathways or 
the single-sample rule-out cutoff used in the 
High-Sensitivity Troponin in the Evaluation of patients 
with Acute Coronary Syndrome (High-STEACS) pathway 
(1, 4–9, 19). Analytical drift in the assay of 1 to 2 ng/L up-
wards could substantially influence the efficacy of these ac-
celerated diagnostic pathways (9), with one study 
suggesting that the percentage of ED patients being mea-
sured below the cutoff signalling low risk of MI might 
vary from 15% to 30%, depending on lot used (16). 

Influence of Analytical Bias on Assay 
Classification and Long-Term Risk Prediction 

When lot-to-lot variations are present, the percentage of 
healthy individuals with measurable concentrations may  
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vary depending on the level of the reagent/calibrator lot 
used. Such variations could explain some of the variation 
observed between studies reporting measurable results in 
healthy individuals, e.g., 24% to 58% (cTnT) and 64% 
to 81% (cTnI [Abbott Architect]) (21). As a hs-cTn assay 
is defined as one showing results above the LOD in more 
than 50% of healthy individuals (22), which reagent lots 
are used in the applicable studies may in fact influence 
the classification of assays as high sensitivity either in a posi-
tive or negative manner. This is of particular concern if the 
study has used only one reagent/calibrator lot. 

In the future, cTn measurements may be used for risk 
stratification in the general population or in the follow-up 
of patients with chronic coronary syndromes or structural 
heart disease. Current data suggest that the absolute differ-
ence between the lower quartile (low risk) and upper quar-
tile (high risk) in cohorts used for evaluating long-term risk 
of cardiovascular events may be, depending on assay, as lit-
tle as 2 to 6 ng/L (10–13). Within-laboratory lot variation 
or between-instrument variation of ±2 ng/L is commonly 
observed (9, 14, 16, 23, 24) and an assay shift of 4 ng/L 
may reclassify a substantial proportion of patients, or give 
a false signal of improvement or deterioration in those 
with chronic cardiac conditions. Recent data indicate 

that the total error across several laboratories, reagent, 
and calibrator lots is even larger (±3 ng/L) (25), and may 
overlap with the absolute concentration differences that 
classify individuals in the general population or with stable 
cardiac conditions as at low or high risk (10–13). These fu-
ture applications of hs-cTn testing highlight the need for 
rigorous long-term monitoring of assay performance and 
stability at low concentrations in routine clinical practice, 
both within and between laboratories. Another option 
could be inclusion of cTn results into clinical calculators 
or artificial intelligence tools providing long-term risk esti-
mates. Multivariable risk estimates may be less affected by 
analytical variation compared to single laboratory results. 
The acceptable analytical variation for cTn in such tools 
is likely to be algorithm-specific and remains to be tested 
and validated in future studies. 

Influence of Analytical Imprecision on Absolute 
Cutoffs and Delta Values 

As illustrated in Fig. 1, analytical imprecision has a 
gaussian distribution and the coefficient of variation of 
the assay determines the distribution of a result about 

Fig. 1. The figure shows how assay shifts affect classification of patients who have an in vivo biomarker 
concentration similar to the lower limit for reporting results that are applied. Upper panel: no shift, 
50% are measured below the cutoff and 50% are measured above the cutoff. Middle panel: the assay 
has shifted 1 analytical SD downward and 84% of patients are measured below the cutoff. Lower panel: 
the assay has shifted 2 analytical SDs downward and 97% of patients are measured below the cutoff. Light 
grey; rule-out, dark grey; rule-in/observe.   
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the true value. For a single measurement this will be n ±  
Z*SDA*n where SDA is the analytical standard devi-
ation, n is the analyte concentration, and Z is selected 
for the appropriate probability of the standard deviation. 
cTn should be reported as a whole number, therefore a 
value of, for example, 3 ng/L needs to lie in the range 2.5 
to 3.4 ng/L to be reported as 3 ng/L. Accordingly, it is 
possible to estimate the impact of analytical imprecision 
on the risk of misclassification of patients. This may only 
occur when the analytical error causes rounding to above 
or below the applicable cutoff. For a cutoff of <3 ng/L, 
patients with a true value of less than 3 ng/L, such as 
2 ng/L, could be reclassified to intermediate risk due 
to assay imprecision if cTn measures 2.5 ng/L or greater. 
To avoid this in 95% of patients (the analytical variation 
is considered as a one-tailed test; Z = 1.64 for 95% 
probability), the analytical variation should be less 
than 15.2% around this cutoff [0.5/(2.0*1.64)]*100. 
Similarly, reclassification to low risk may occur if a 
cTn concentration of 3 ng/L is measured as 2.4 ng/L 
or lower, due to analytical imprecision. This can occur 
in 5% of patients when the analytical variation is 
12.2%, [0.6/(3.0*1.64)]*100. Recommended single- 
sample cutoffs to identify patients as low risk vary by 
assay (currently from 1 to 5 ng/L) (19). Table 1 shows 
the analytical variation required to keep the combined 
rate of misclassifications below 2.5% to 20% for a 
range of cTn concentrations used within accelerated 
diagnostic pathways. According to this, assays need to 
have an LOQ at around 3 ng/L and an analytical vari-
ation of 10% below 7 ng/L for these imprecision goals 
to be achievable in routine laboratory practice. This 
performance may be achievable for within-series impre-
cision (26), even though higher analytical variation has 
been reported (15). 

When delta changes are included in accelerated 
diagnostic pathways, they are always combined with 
an absolute cutoff value. The acceptable imprecision 
for the rule-out delta will be based on the correspond-
ing absolute cutoff. Using the case scenario of a one- 
sided change (change up) the analytical variation 
goal will be (delta/1.64*

��
2
√

)/absolute value assuming 
that intra-individual biological variation is minimal 
over 1 h, as it is typically much lower compared to 
analytical variation (27, 28). For a delta value of 
<3 ng/L at an absolute concentration of 12 ng/L, 
the analytical variation needs to be less than 7.2%, 
{[2/(1.64*1.414)/12]}*100 to avoid misclassification 
in more than 5% of patients. Here the analytical im-
precision estimate should also include the effect of dif-
ferent instruments, as serial measurements may be 
performed on different instruments within the same 
laboratory. This needs close monitoring as studies 
have shown that the analytical variation across instru-
ments may indeed produce imprecision exceeding the 

delta value (29, 30). The analytical performance goals 
are summarized for different delta values with corre-
sponding absolute cutoffs in Table 2. Cutoff values 
with deltas are for the 0/1 h and 0/2 h pathway as sug-
gested by the ESC and the High-STEACs early rule- 
out pathway (4, 19). 

Preanalytical Performance 

Laboratories should consider how their preanalytical 
handling of samples may affect the total error of reported 
results and be particularly aware that small differences 
can be critical when using approaches such as single- 
sample rule-out or evaluation of small deltas. This in-
cludes sample matrix and tubes chosen, timing and 
speed of centrifugation, and storage stability. Hemolysis 
is problematic for many cTn assays (26, 30, 31), and ob-
taining blood via line draws from peripheral veins (typ-
ically done in the ED for practical reasons) will often 
cause hemolysis (32). This may be exacerbated by inad-
equate filling of the blood tubes and may be further ex-
aggerated if sample transport is not gentle. In routine 
practice, preanalytical errors may typically occur as ran-
dom errors affecting single samples and if frequent may 
influence the so-called “flier” rate of the laboratory. 
Fliers are defined as a measured concentration that can-
not be confirmed on re-sampling the patient or re- 
analyzing the sample. 

Systematic preanalytical errors may occur if the la-
boratory does not follow the instructions in the package 
insert of the assay, e.g., for practical purposes. If plasma 
or serum, tubes with different additives (or from differ-
ent manufacturers) or several storage options are used 
interchangeably it will be very difficult to predict and 
monitor the total error of the results and such practice 
should be avoided. 

Patient-related factors may also influence cTn con-
centrations. cTnT manifests circadian rhythm with var-
iations up to ±10% (28, 33) resulting in lower or higher 
concentrations at different times of the day. This may af-
fect classification of patients whose homeostatic set 
point is close to applicable cutoffs. There are no options 
to correct for this in the ED, but if testing is performed 
for risk stratification in the general population or for 
chronic disease monitoring, the use of a fixed time of 
the day for testing might be helpful. 

Diagnostic investigations may also influence cTn 
measurements. Dobutamine, which is often used for 
stress testing or moderate- to high-intensity exercise 
can cause increases in cTn even in healthy individuals 
(34, 35). Finally, smoking, for reasons that are unclear, 
can lower cTn concentrations (36). Thus, all these issues 
must be considered to reduce preanalytical variability of 
cTn measurements.  
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Monitoring the Analytical Performance of cTn 
Assays in the Routine Laboratory 

Laboratories that provide cTn results used for rapid 
rule-out of MI should monitor analytical performance 
carefully, with a particular focus on the concentrations cor-
responding to those used in these pathways. On standard 
central analytical platforms, this typically requires daily in-
ternal quality assessment at concentrations slightly above 
the cutoff that identifies patients as low risk (single-sample 
rule-out) and with a second intermediate control sample 
corresponding to the 99th percentile upper reference limit. 
Commercial material for internal quality assessment at 
such low concentrations is commonly not available, but 
the laboratory could use in-house plasma or serum pools 
at the applicable concentrations. If these are measured 
every day, and on different instruments, both the short- 
term, long-term, and between-instrument analytical vari-
ation may be calculated. External quality assessment 
should be performed regularly. If the laboratory wishes 
to monitor shifts across reagent/calibrator lots, the labora-
tory may establish up to 10 serum or plasma pools over the 
total measuring range of the assay, prioritizing the creation 
of pools at concentrations used for clinical decisions. The 
pools should be aliquoted and frozen and one series, in-
cluding all concentrations measured for every new reagent 
or calibrator lot, should be analyzed and compared to earl-
ier measurements, obtained from the same pool. Over time 

these data will demonstrate the total error of the assay and 
give the laboratory an accurate measure of the expected dif-
ferences between different reagent lots (16). The labora-
tory will also be able to detect clinically important lot 
shifts with high certainty, immediately upon receiving a 
new batch of reagents or calibrators. 

Analytical Performance during Development of 
Accelerated Diagnostic Protocols 

Total analytical imprecision includes short- (hours, days, 
weeks) and long-term (months, years) between- 
instrument analytical variation, with the latter including 
the impact of reagent/calibrator lot variation. If the cTn 
data used for developing accelerated diagnostic pathways 
are collected continuously and measured in fresh sam-
ples over longer time periods (including several different 
instruments, reagent, and calibrator lots) the data will re-
flect the total analytical variation and hence diagnostic 
sensitivity, specificity, and predictive values are esti-
mated based on results reflecting total preanalytical 
and analytical error (9). This means that overall error 
is more likely to be randomly distributed and the clinical 
data obtained will be more robust and transferable to 
other clinical laboratories using the same assay and in-
struments. This was the case for the High-STEACS early 
rule-out pathway, where the cutoff used to identify low- 
risk patients was derived and validated in consecutive pa-
tients using fresh samples measured in real-time across 

Table 1. Tabulated cutoffs with corresponding maximum allowable analytical coefficient of variation 
from 2.5% to 20% significance that will produce reclassification of patient to intermediate risk of MI 

(0.5 ng/L above the decision cutoff) or low risk of MI (0.6 ng/L below the decision cutoff plus an 
increment of 1 ng/L). 

Rule-out 
cut-off,  
ng/L 

Reclassification to intermediate risk due to  
analytical variation 

Reclassification to low risk due to  
analytical variation 

Rounded up 
concentration,  

ng/L 

Allowable CV (%) according to 
percentage misclassifications  

(z value, one-tailed) 

Rounded down 
concentration, ng/L 

Allowable CV (%) according to 
percentage misclassifications  

(z value, one-tailed) 

2.5% 
(1.96) 

5% 
(1.64) 

10% 
(1.28) 

20% 
(0.84) 

2.5% 
(1.96) 

5% 
(1.64) 

10% 
(1.28) 

20% 
(0.84)  

<1 NAa NA NA NA NA  0.4  30.6  36.6  46.9  71.4 

<2  1.5  25.5  30.5  39.1  59.5  1.4  15.3  18.3  23.4  35.7 

<3  2.5  12.8  15.2  19.5  29.8  2.4  10.2  12.2  15.6  23.8 

<4  3.5  8.5  10.2  13.0  19.8  3.4  7.7  9.1  11.7  17.9 

<5  4.5  6.4  7.6  9.8  14.9  4.4  6.1  7.3  9.4  14.3 

<6  5.5  5.1  6.1  7.8  11.9  5.4  5.1  6.1  7.8  11.9 

<7  6.5  4.3  5.1  6.5  9.9  6.4  4.4  5.2  6.7  10.2 

<8  7.5  3.6  4.4  5.6  8.5  7.4  3.8  4.6  5.9  8.9 

<9  8.5  3.2  3.8  4.9  7.4  8.4  3.4  4.1  5.2  7.9 

aAbbreviation: NA, non applicable.   
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multiple hospitals and instruments (7). Furthermore, for 
patients with intermediate cTn concentrations on pres-
entation who require serial measurements, the pathway 
uses a delta of less than 3 ng/L to identify those with 
stable intermediate values who could be considered for 
discharge. This delta value was based on an analytical 
performance evaluation using values in the intermediate 
range (17), so that the chances of a change of 3 ng/L or 
more on serial measurements being due to analytical im-
precision is less than 5% (4). In contrast, if samples are 
measured in one run using one lot of reagents and cali-
brators, as is typically done for biobank samples, only 
short-term analytical variation will be embedded in the 
data (9), and extra caution related to the long-term im-
precision should be taken. Total analytical error should 
be considered when rule-out pathways are suggested, 
and if the cutoffs are poorly validated (e.g., based on 
one study using biobank samples measured with one re-
agent/calibrator lot) special safety precautions should be 
considered until the data has been validated in a suffi-
cient number of studies, ensuring assay stability. 

Clinical Implications of Increasing the Lower 
Limits for Reporting cTn Results 

The lower limit for reporting quantitative cTn results 
differs between countries as some regions are able to 

report and use the LOD whilst others use the LOQ. 
The higher cutoff is chosen due to fear of misclassification 
based on the larger analytical error below the LOQ. On 
the contrary, it may be argued that increasing the cutoff 
above the LOD will decrease the clinical sensitivity for 
MI and hence also the safety of these pathways. What 
is considered to be an unacceptable miss rate for MI is de-
bated, with 1% to 3% or less (sensitivity of 97% to 99%) 
usually accepted (37, 38). Analytical imprecision will 
have less of a clinical impact when the disease is less preva-
lent. Increases in cTn within the reference range are asso-
ciated with higher risk of MI or cardiac death, but in 
consecutive patients presenting to the ED with concen-
trations below the 99th percentile the prevalence of MI 
or cardiac death at 30 days is as low as 4% (8). The num-
ber of affected patients may be calculated based on disease 
prevalence. As example, an analytical variation of 36% at 
a cutoff for rule-out of 2 ng/L would yield a probability of 
misclassifying an intermediate risk patient to rule-out of 
20% (Table 1). This might seem like a high probability, 
but if the prevalence of MI is 4% (8), the overall probabil-
ity of misclassifying a patient with MI would be 0.8% 
(4 × 0.20). It should be noted that the distribution of 
troponin concentrations amongst MI patients presenting 
with a baseline concentration below the 99th percentile 
will be left skewed, meaning that the prevalence of MI 
amongst patients with a baseline concentration around 
the 2 ng/L threshold is likely to be lower than 4%, 

Table 2. Summarizing the analytical imprecision (percentages) necessary to determine delta values with 
sufficient certainty at different absolute baseline concentrations. 

Delta, ng/L <2 <3 <4 <5 <6 <7 <8  

Baseline troponin, ng/L 

1  43.1  86.2  129.3  172.5  215.6  258.7  301.8 

2  21.6  43.1  64.7  86.2  107.8  129.3  150.9 

3  14.4  28.7  43.1  57.5  71.9  86.2  100.6 

4  10.8  21.6  32.3  43.1  53.9  64.7  75.5 

5  8.6  17.2a  25.9  34.5  43.1  51.7  60.4 

6  7.2  14.4  21.6  28.7  35.9  43.1  50.3 

7  6.2  12.3  18.5  24.6  30.8  37.0  43.1 

8  5.4  10.8  16.2  21.6  26.9  32.3  37.7 

9  4.8  9.6  14.4  19.2  24.0  28.7  33.5 

10  4.3  8.6  12.9  17.2  21.6  25.9  30.2 

11  3.9  7.8  11.8  15.7  19.6  23.5  27.4 

12  3.6  7.2b  10.8  14.4  18.0  21.6  25.2 

13  3.3  6.6  9.9  13.3  16.6  19.9  23.2 

14  3.1  6.2  9.2  12.3  15.4  18.5  21.6 

Analytical quality necessary for using the 0/1 h High-Sensitivity Troponin in the Evaluation of patients with Acute Coronary Syndrome algo-
rithm for hs-cTnI (Abbott); baseline cTnI < 5 ng/L and Δ < 3 ng/L): 17%a. Analytical quality necessary for using the 0/1 h European Society of 
Cardiology algorithm for hs-cTnT; baseline cTnT < 12 ng/L and Δ < 3 ng/L: 7%b   
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suggesting that the real-life risk of missing an MI is even 
lower than the estimate of 0.8%. This assumption is sup-
ported by large clinical observation studies demonstrating 
a 30-day risk of MI or death varying from 0.2% to 0.7% 
for accelerated diagnostic protocols using low concentra-
tions of hs-cTn (1). 

It is also important to consider the negative predict-
ive value (NPV). The NPV can be calculated as (specifi-
city × [1 − prevalence])/(specificity × [1 − prevalence]) +  
([1 − sensitivity] × prevalence). The specificity of cTn for 
the exclusion of myocardial injury or MI is effectively 
100% so this equation reduces to (1 − prevalence)/ 
([1 − prevalence] + [1 − sensitivity] × prevalence). As can 
be appreciated from Fig. 2, at a MI prevalence of 4%, 
a drop in clinical sensitivity to 90% as a consequence of 
analytical error will still yield a NPV of >99.5%. 

A consequence of increasing the lower limit for re-
portable results above the cutoff suggested by clinical 
studies for safe single-sample rule-out of MI would be 
that all patients would need serial measurements. This 
may increase the risk of overcrowding in the ED 
with subsequent risk of mortality and increased costs 
(39, 40). As outlined above, it is unlikely that this disad-
vantage will be compensated by greater precision in 

identification of patients with possible MI. 
Accordingly, it could be argued that the reduced efficacy 
associated with the stipulation that higher cutoffs are 
used for reportable cTn results to avoid assay imprecision 
may increase risk to the overall ED population, although 
this has not yet been evaluated in any scientific study. 

Conclusion 

Clinical guidelines suggest that using single-sample rule- 
out based on cTn cutoffs as low as the LOD of the assay 
is safe and efficient when investigating patients with pos-
sible MI. Laboratories and external quality assessment 
providers serving hospitals using such pathways should 
align their analytical performance goals and assessment 
to the applicable protocol and measure the long- and 
short-term stability of cTn assays carefully. Developers 
of guidelines, manufacturers, and regulatory bodies 
should be aware of how analytical quality at low concen-
trations affects the clinical utility of assays. If long-term 
monitoring of risk based on cTn measurements is rea-
lized, analytical performance goals should be reconsid-
ered as even stricter guidance may apply. 

Fig. 2. Effect of disease prevalence on negative predictive value for different values of test sensitivity. 
When test sensitivity is reduced due to imprecision the net effect will be lower when disease prevalence 
is low.   
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Nonstandard Abbreviations: MI, myocardial infarction; cTn, 
cardiac troponin; LOQ, limit of quantification; LOD, limit of detec-
tion; hs-cTn, high-sensitivity cTn; ED, emergency department. 
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